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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM PRODUCTION

MONTHLY VOLUMES

Paved Unpaved Silage Pit
Roof Area Slab Area Lot Area Surface Facility

Square Feet Square Feet Square Feet Area, SF Water Use Solids Liquids
Month 0 0 0 0 Cubic Feet Cubic Feet Cubic Feet Cubic Feet Pounds Cubic Feet Pounds Cubic Feet Pounds Cubic Feet

October 0 0 0 0 41 342 1,326 25 302 1,694 60,970 0 0 1,694
November 0 0 0 0 40 289 1,119 21 255 1,429 51,439 0 0 1,429
December 0 0 0 0 41 167 646 12 147 825 29,703 0 0 825

January 0 0 0 0 41 167 646 12 147 825 29,703 0 0 825
February 0 0 0 0 37 151 584 11 133 745 26,829 0 0 745

March 0 0 0 0 41 167 646 12 147 825 29,703 0 0 825
April 0 0 0 0 40 204 790 15 180 1,009 36,310 0 0 1,009
May 0 0 0 0 41 342 1,326 25 302 1,694 60,970 0 0 1,694
June 0 0 0 0 40 331 1,284 24 293 1,639 59,003 0 0 1,639
July 0 0 0 0 41 342 1,326 25 302 1,694 60,970 0 0 1,694

August 0 0 0 0 41 342 1,326 25 302 1,694 60,970 0 0 1,694
September 0 0 0 0 40 331 1,284 24 293 1,639 59,003 0 0 1,639

Annual 0 0 0 0 488 3,173 12,304 234 2,804 15,710 565,572 0 0 15,710
Annual Gallons 0 0 0 0 3,650 23,732 92,034 1,748 117,513 0 117,513

DAILY NUTRIENT PRODUCTION
Pounds/Day of Nutrients from Pounds/Day of Nutrients from Pounds/Day of Nutrients from Grazing Confined

LIQUIDS SOLIDS GRAZING Manure Manure
Type of Animal N P2O5 K2O N P2O5 K2O N P2O5 K2O Gallons/Yr Cubic Feet/Yr

MINK(FEMALE) 0.00 0.00 0.00 14.10 28.52 2.17 0.00 0.00 0.00 0 7,556
MINK(MALE) 0.00 0.00 0.00 3.76 7.61 0.58 0.00 0.00 0.00 0 2,015
KIT 0.00 0.00 0.00 18.80 38.03 2.89 0.00 0.00 0.00 0 5,906
SHEEP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
BEEF COW 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
CALF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0

Total- 0 15,477

Total
Solids

Masog Ranch LLC   road facillity
Technical Service Provider ODA anderson

Runoff in Cubic Feet

Manure
Bedding Solids Separated Solids in Liquids
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM PRODUCTION

Masog Ranch LLC   road facillity
Technical Service Provider ODA anderson

MONTHLY NUTRIENT PRODUCTION
Pounds of Nutrients from Pounds of Nutrients from Pounds of Nutrients from Total Pounds of Nutrients from

LIQUIDS SOLIDS GRAZING ALL SOURCES
Month N P2O5 K2O N P2O5 K2O N P2O5 K2O N P2O5 K2O

October 0 0 0 1,136 2,299 175 0 0 0 1,136 2,299 175
November 0 0 0 959 1,940 147 0 0 0 959 1,940 147
December 0 0 0 554 1,120 85 0 0 0 554 1,120 85

January 0 0 0 554 1,120 85 0 0 0 554 1,120 85
February 0 0 0 500 1,012 77 0 0 0 500 1,012 77

March 0 0 0 554 1,120 85 0 0 0 554 1,120 85
April 0 0 0 677 1,369 104 0 0 0 677 1,369 104
May 0 0 0 1,136 2,299 175 0 0 0 1,136 2,299 175
June 0 0 0 1,100 2,225 169 0 0 0 1,100 2,225 169
July 0 0 0 1,136 2,299 175 0 0 0 1,136 2,299 175

August 0 0 0 1,136 2,299 175 0 0 0 1,136 2,299 175
September 0 0 0 1,100 2,225 169 0 0 0 1,100 2,225 169

Annual 0 0 0 10,542 21,326 1,622 0 0 0 10,542 21,326 1,622



OREGON ANIMAL WASTE MANAGEMENT DESIGN AID (ORAWM)
Version 4.7

9/3/26

Page 10 of 33 160720masog storage evall.xls

Cubic Feet
41
40
41
41
37
41
40
41
40
41
41
40
488

3,650

Total Liquids
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Assumed
Solids

Density
lbs/CF

36
36
36
36
36
36
36

Travel Rate
Needed in

Feet/Minute
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM UTILIZATION

Masog Ranch LLC   road facillity
Technical Service Provider ODA anderson

PERCENT OF MANURE TO BE APPLIED TO FIELD AND UTILIZATION ACRES NEEDED BASED ON
LIQUIDS SOLIDS GRAZING
Pounds Acres Pounds Acres Pounds Acres

Percent of Nutrients Needed for Percent of Nutrients Needed for Percent of Nutrients Needed for
Field to be to be Utilization to be to be Utilization to be to be Utilization
Number Acres Crop Applied Applied of Nutrients Applied Applied of Nutrients Applied Applied of Nutrients

Main 1 37.8 Perennial Hay/Pasture(Med Intensity) 0% 0 0 0% 0 0 0% 0 0
Main 2 5.5 Perennial Hay/Pasture(Med Intensity) 0% 0 0 0% 0 0 0% 0 0

14.0 Perennial Hay/Pasture(Med Intensity) 0% 0 0 0% 0 0 0% 0 0
18.3 Grass/Legume Hay/Pasture 100% 0 0 0% 0 0 0% 0 0
2.1 Grass/Legume Hay/Pasture 0% 0 0 5% 225 2 0% 0 0

23.7 Grass/Legume Hay/Pasture 0% 0 0 67% 3,011 22 0% 0 0
9.4 Grass/Legume Hay/Pasture 0% 0 0 28% 1,258 9 0% 0 0
         
         

Off Farm  0% 0  0% 0  100% 0  
TOTALS- 110.85 100% 0 0 100% 4,494 33 100% 0 0

NUTRIENT BALANCE BASED ON AVAILABLE ACRES
NUTRIENTS APPLIED  -           NUTRIENTS REMOVED =             NUTRIENT BALANCE

Nitrogen, Phosphorous, Potassium, Nitrogen, Phosphorous, Potassium, Nitrogen, Phosphorous, Potassium,
Field N P2O5 K2O N P2O5 K2O N P2O5 K2O
Number Acres Crop Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre

Main 1 37.8 Perennial Hay/Pasture(Med Intensity) 0 0 0 163 55 156 -163 -55 -156
Main 2 5.5 Perennial Hay/Pasture(Med Intensity) 0 0 0 163 55 156 -163 -55 -156

14.0 Perennial Hay/Pasture(Med Intensity) 0 0 0 163 55 156 -163 -55 -156
1 18.3 Grass/Legume Hay/Pasture 0 0 0 136 49 36 -136 -49 -36

2.1 Grass/Legume Hay/Pasture 107 457 35 136 49 36 -29 408 -2
23.7 Grass/Legume Hay/Pasture 127 542 41 136 49 36 -9 493 5
9.4 Grass/Legume Hay/Pasture 134 570 43 136 49 36 -2 522 7
           
           

Off Farm            

NITROGEN, N
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Weight of 
Separated

Solids
Lbs/Day

1,815
464

2,975
402

1,277
330

 
 
 

7,264
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM PRODUCTION

MONTHLY VOLUMES

Paved Unpaved Silage Pit
Roof Area Slab Area Lot Area Surface Facility

Square Feet Square Feet Square Feet Area, SF Water Use Solids Liquids
Month 0 0 0 0 Cubic Feet Cubic Feet Cubic Feet Cubic Feet Pounds Cubic Feet Pounds Cubic Feet Pounds Cubic Feet

October 0 0 0 0 83 930 3,652 116 930 4,698 169,126 0 0 4,698
November 0 0 0 0 80 654 2,580 95 683 3,328 119,796 0 0 3,328
December 0 0 0 0 83 412 1,645 78 473 2,136 76,890 0 0 2,136

January 0 0 0 0 83 412 1,645 78 473 2,136 76,890 0 0 2,136
February 0 0 0 0 75 372 1,486 71 427 1,929 69,449 0 0 1,929

March 0 0 0 0 83 412 1,645 78 473 2,136 76,890 0 0 2,136
April 0 0 0 0 80 526 2,086 85 570 2,697 97,103 0 0 2,697
May 0 0 0 0 83 930 3,652 116 930 4,698 169,126 0 0 4,698
June 0 0 0 0 80 900 3,534 113 900 4,546 163,671 0 0 4,546
July 0 0 0 0 83 930 3,652 116 930 4,698 169,126 0 0 4,698

August 0 0 0 0 83 930 3,652 116 930 4,698 169,126 0 0 4,698
September 0 0 0 0 80 900 3,534 113 900 4,546 163,671 0 0 4,546

Annual 0 0 0 0 976 8,307 32,763 1,176 8,621 42,246 1,520,864 0 0 42,246
Annual Gallons 0 0 0 0 7,300 62,139 245,065 8,798 316,002 0 316,002

DAILY NUTRIENT PRODUCTION
Pounds/Day of Nutrients from Pounds/Day of Nutrients from Pounds/Day of Nutrients from Grazing Confined

LIQUIDS SOLIDS GRAZING Manure Manure
Type of Animal N P2O5 K2O N P2O5 K2O N P2O5 K2O Gallons/Yr Cubic Feet/Yr

MINK(FEMALE) 0.00 0.00 0.00 33.84 68.46 5.21 0.00 0.00 0.00 0 18,133
MINK(MALE) 0.00 0.00 0.00 8.65 17.49 1.33 0.00 0.00 0.00 0 4,634
KIT 0.00 0.00 0.00 55.46 112.19 8.53 0.00 0.00 0.00 0 16,844
SHEEP 0.00 0.00 0.00 1.80 0.64 1.45 1.80 0.64 1.45 6,192 92
BEEF COW 0.00 0.00 0.00 6.30 3.30 5.42 6.30 3.30 5.42 73,863 1,097
CALF 0.00 0.00 0.00 2.70 1.10 2.10 2.70 1.10 2.10 18,134 269

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0

Total- 98,189 41,070

Bedding Solids Separated Solids in Liquids
Total

Solids

Masog Ranch LLC  facillity
Technical Service Provider ODA anderson

Runoff in Cubic Feet

Manure
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM PRODUCTION

Masog Ranch LLC   facillity
Technical Service Provider ODA anderson

MONTHLY NUTRIENT PRODUCTION
Pounds of Nutrients from Pounds of Nutrients from Pounds of Nutrients from Total Pounds of Nutrients from

LIQUIDS SOLIDS GRAZING ALL SOURCES
Month N P2O5 K2O N P2O5 K2O N P2O5 K2O N P2O5 K2O

October 0 0 0 3,070 6,158 495 301 141 250 3,371 6,299 745
November 0 0 0 2,153 4,305 353 292 136 242 2,445 4,441 595
December 0 0 0 1,351 2,680 230 301 141 250 1,652 2,821 481

January 0 0 0 1,351 2,680 230 301 141 250 1,652 2,821 481
February 0 0 0 1,220 2,421 208 272 127 226 1,492 2,548 434

March 0 0 0 1,351 2,680 230 301 141 250 1,652 2,821 481
April 0 0 0 1,730 3,449 288 292 136 242 2,022 3,585 530
May 0 0 0 3,070 6,158 495 301 141 250 3,371 6,299 745
June 0 0 0 2,971 5,959 479 292 136 242 3,262 6,095 721
July 0 0 0 3,070 6,158 495 301 141 250 3,371 6,299 745

August 0 0 0 3,070 6,158 495 301 141 250 3,371 6,299 745
September 0 0 0 2,971 5,959 479 292 136 242 3,262 6,095 721

Annual 0 0 0 27,376 54,765 4,478 3,548 1,656 2,945 30,924 56,421 7,423
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Cubic Feet
83
80
83
83
75
83
80
83
80
83
83
80
976

7,300

Total Liquids
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Assumed
Solids

Density
lbs/CF

36
36
36
36
36
36
36

Travel Rate
Needed in

Feet/Minute
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM UTILIZATION

Masog Ranch LLC   facillity
Technical Service Provider ODA anderson

PERCENT OF MANURE TO BE APPLIED TO FIELD AND UTILIZATION ACRES NEEDED BASED ON
LIQUIDS SOLIDS GRAZING
Pounds Acres Pounds Acres Pounds Acres

Percent of Nutrients Needed for Percent of Nutrients Needed for Percent of Nutrients Needed for
Field to be to be Utilization to be to be Utilization to be to be Utilization
Number Acres Crop Applied Applied of Nutrients Applied Applied of Nutrients Applied Applied of Nutrients

Main 1 37.8 Grass/Legume Hay/Pasture 34% 0 0 34% 3,659 27 50% 1,206 9
Main 2 5.5 Grass/Legume Hay/Pasture 5% 0 0 5% 532 4 7% 169 1
Johnson 14.0 Grass/Legume Hay/Pasture 13% 0 0 8% 859 6 43% 1,037 8

Mcdowell 1 18.3 Grass/Legume Hay/Pasture 35% 0 0 17% 1,772 13 0% 0 0
McDowell 2 2.1 Grass/Legume Hay/Pasture 13% 0 0 2% 203 1 0% 0 0

Lebra 23.7 Grass/Legume Hay/Pasture 0% 0 0 26% 2,790 21 0% 0 0
Craig Lane 9.4 Grass/Legume Hay/Pasture 0% 0 0 8% 912 7 0% 0 0

        
        

Off Farm  0% 0  0% 4  0% 0  
TOTALS- 110.85 100% 0 0 100% 10,731 79 100% 2,413 18

NUTRIENT BALANCE BASED ON AVAILABLE ACRES
NUTRIENTS APPLIED  -           NUTRIENTS REMOVED =             NUTRIENT BALANCE

Nitrogen, Phosphorous, Potassium, Nitrogen, Phosphorous, Potassium, Nitrogen, Phosphorous, Potassium,
Field N P2O5 K2O N P2O5 K2O N P2O5 K2O
Number Acres Crop Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre

Main 1 37.8 Grass/Legume Hay/Pasture 129 467 75 136 49 36 -7 418 39
Main 2 5.5 Grass/Legume Hay/Pasture 128 466 74 136 49 36 -8 417 37
Johnson 14.0 Grass/Legume Hay/Pasture 135 333 113 136 49 36 0 284 77

Mcdowell 1 18.3 Grass/Legume Hay/Pasture 97 445 36 136 49 36 -39 396 0
McDowell 2 2.1 Grass/Legume Hay/Pasture 97 445 36 136 49 36 -39 396 0

Lebra 23.7 Grass/Legume Hay/Pasture 118 540 44 136 49 36 -18 491 8
Craig Lane 9.4 Grass/Legume Hay/Pasture 97 445 36 136 49 36 -39 396 0

           
           

Off Farm            

NITROGEN, N
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM INVENTORY

Masog Ranch LLC 
Technical Service Provider ODA anderson

SOLIDS SEPARATION FACTOR
Volume of Volume of Volume of Volume of Accumulated Density of Weight of 

Separation Solids Solids in Manure in Manure in Sludge in Separated Separated
Factor Separated Liquids Liquids Solids Storage Solids Solids

Type of Animal Type of Separator % CF/Day CF/Day CF/Day CF/Day CF/Day Lbs/CF Lbs/Day
100% 29 0 0 29 0 36 1,059
100% 7 0 0 7 0 36 262
100% 55 0 0 54 0 36 1,967
100% 11 0 0 3 0 36 402
100% 35 0 0 30 0 36 1,277
100% 9 0 0 7 0 36 330

 
 
 

Total Solids>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 147 0 0 130 0 5,297

MINK(FEMALE)
MINK(MALE)
KIT
SHEEP
BEEF COW
CALF

Dry Scrape System
Dry Scrape System
Dry Scrape System
Dry Scrape System
Dry Scrape System
Dry Scrape System
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM PRODUCTION

MONTHLY VOLUMES

Paved Unpaved Silage Pit
Roof Area Slab Area Lot Area Surface Facility

Square Feet Square Feet Square Feet Area, SF Water Use Solids Liquids
Month 0 0 0 0 Cubic Feet Cubic Feet Cubic Feet Cubic Feet Pounds Cubic Feet Pounds Cubic Feet Pounds Cubic Feet

October 0 0 0 0 41 588 2,325 91 628 3,004 108,156 0 0 3,004
November 0 0 0 0 40 492 1,954 83 540 2,529 91,051 0 0 2,529
December 0 0 0 0 41 246 999 66 326 1,311 47,187 0 0 1,311

January 0 0 0 0 41 246 999 66 326 1,311 47,187 0 0 1,311
February 0 0 0 0 37 222 902 60 294 1,184 42,620 0 0 1,184

March 0 0 0 0 41 246 999 66 326 1,311 47,187 0 0 1,311
April 0 0 0 0 40 365 1,461 73 428 1,899 68,358 0 0 1,899
May 0 0 0 0 41 588 2,325 91 628 3,004 108,156 0 0 3,004
June 0 0 0 0 40 569 2,250 88 608 2,907 104,667 0 0 2,907
July 0 0 0 0 41 588 2,325 91 628 3,004 108,156 0 0 3,004

August 0 0 0 0 41 588 2,325 91 628 3,004 108,156 0 0 3,004
September 0 0 0 0 40 569 2,250 88 608 2,907 104,667 0 0 2,907

Annual 0 0 0 0 488 5,304 21,117 955 5,968 27,376 985,549 0 0 27,376
Annual Gallons 0 0 0 0 3,650 39,677 157,955 7,144 204,775 0 204,775

DAILY NUTRIENT PRODUCTION
Pounds/Day of Nutrients from Pounds/Day of Nutrients from Pounds/Day of Nutrients from Grazing Confined

LIQUIDS SOLIDS GRAZING Manure Manure
Type of Animal N P2O5 K2O N P2O5 K2O N P2O5 K2O Gallons/Yr Cubic Feet/Yr

MINK(FEMALE) 0.00 0.00 0.00 19.74 39.93 3.04 0.00 0.00 0.00 0 10,578
MINK(MALE) 0.00 0.00 0.00 4.89 9.89 0.75 0.00 0.00 0.00 0 2,619
KIT 0.00 0.00 0.00 36.66 74.16 5.64 0.00 0.00 0.00 0 11,766
SHEEP 0.00 0.00 0.00 1.80 0.64 1.45 1.80 0.64 1.45 6,192 92
BEEF COW 0.00 0.00 0.00 6.30 3.30 5.42 6.30 3.30 5.42 73,863 1,097
CALF 0.00 0.00 0.00 2.70 1.10 2.10 2.70 1.10 2.10 18,134 269

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0

Total- 98,189 26,421

Masog Ranch LLC 
Technical Service Provider ODA anderson

Runoff in Cubic Feet

Manure
Bedding Solids Separated Solids in Liquids

Total
Solids
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM PRODUCTION

Masog Ranch LLC 
Technical Service Provider ODA anderson

MONTHLY NUTRIENT PRODUCTION
Pounds of Nutrients from Pounds of Nutrients from Pounds of Nutrients from Total Pounds of Nutrients from

LIQUIDS SOLIDS GRAZING ALL SOURCES
Month N P2O5 K2O N P2O5 K2O N P2O5 K2O N P2O5 K2O

October 0 0 0 1,933 3,859 320 301 141 250 2,235 4,000 570
November 0 0 0 1,617 3,221 271 292 136 242 1,909 3,357 513
December 0 0 0 797 1,560 145 301 141 250 1,098 1,701 395

January 0 0 0 797 1,560 145 301 141 250 1,098 1,701 395
February 0 0 0 720 1,409 131 272 127 226 992 1,536 357

March 0 0 0 797 1,560 145 301 141 250 1,098 1,701 395
April 0 0 0 1,194 2,365 206 292 136 242 1,486 2,501 448
May 0 0 0 1,933 3,859 320 301 141 250 2,235 4,000 570
June 0 0 0 1,871 3,735 310 292 136 242 2,163 3,871 552
July 0 0 0 1,933 3,859 320 301 141 250 2,235 4,000 570

August 0 0 0 1,933 3,859 320 301 141 250 2,235 4,000 570
September 0 0 0 1,871 3,735 310 292 136 242 2,163 3,871 552

Annual 0 0 0 17,398 34,581 2,943 3,548 1,656 2,945 20,946 36,236 5,888
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Cubic Feet
41
40
41
41
37
41
40
41
40
41
41
40
488

3,650

Total Liquids
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Assumed
Solids

Density
lbs/CF

36
36
36
36
36
36
36

Travel Rate
Needed in

Feet/Minute
#VALUE!
#VALUE!
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#VALUE!
#VALUE!
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CLIENT:
ASSISTED BY:

ANIMAL WASTE MANAGEMENT SYSTEM UTILIZATION

Masog Ranch LLC 
Technical Service Provider ODA anderson

PERCENT OF MANURE TO BE APPLIED TO FIELD AND UTILIZATION ACRES NEEDED BASED ON
LIQUIDS SOLIDS GRAZING
Pounds Acres Pounds Acres Pounds Acres

Percent of Nutrients Needed for Percent of Nutrients Needed for Percent of Nutrients Needed for
Field to be to be Utilization to be to be Utilization to be to be Utilization
Number Acres Crop Applied Applied of Nutrients Applied Applied of Nutrients Applied Applied of Nutrients

Main 1 37.8 Perennial Hay/Pasture(Med Intensity) 100% 0 0 71% 4,842 30 51% 1,230 8
Main 2 5.5 Perennial Hay/Pasture(Med Intensity) 0% 0 0 10% 682 4 9% 217 1
Johnson 14.0 Perennial Hay/Pasture(Med Intensity) 0% 0 0 19% 1,296 8 40% 965 6

Mcdowell 1 18.3 Grass/Legume Hay/Pasture 0% 0 0 0% 0 0 0% 0 0
McDowell 2 2.1 Grass/Legume Hay/Pasture 0% 0 0 0% 0 0 0% 0 0

Lebra 23.7 Grass/Legume Hay/Pasture 0% 0 0 0% 0 0 0% 0 0
Craig Lane 9.4 Grass/Legume Hay/Pasture 0% 0 0 0 0 0% 0 0

         
        

Off Farm  0% 0  0% 0  0% 0  
TOTALS- 110.85 100% 0 0 100% 6,820 42 100% 2,413 15

NUTRIENT BALANCE BASED ON AVAILABLE ACRES
NUTRIENTS APPLIED  -           NUTRIENTS REMOVED =             NUTRIENT BALANCE

Nitrogen, Phosphorous, Potassium, Nitrogen, Phosphorous, Potassium, Nitrogen, Phosphorous, Potassium,
Field N P2O5 K2O N P2O5 K2O N P2O5 K2O
Number Acres Crop Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre

Main 1 37.8 Perennial Hay/Pasture(Med Intensity) 161 607 89 163 55 156 -3 552 -66
Main 2 5.5 Perennial Hay/Pasture(Med Intensity) 163 593 96 163 55 156 0 538 -59
Johnson 14.0 Perennial Hay/Pasture(Med Intensity) 161 470 120 163 55 156 -2 415 -36

Mcdowell 1 18.3 Grass/Legume Hay/Pasture 0 0 0 136 49 36 -136 -49 -36
McDowell 2 2.1 Grass/Legume Hay/Pasture 0 0 0 136 49 36 -136 -49 -36

Lebra 23.7 Grass/Legume Hay/Pasture 0 0 0 136 49 36 -136 -49 -36
Craig Lane 9.4 Grass/Legume Hay/Pasture 0 0 0 136 49 36 -136 -49 -36

           
           

Off Farm            

NITROGEN, N
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Soil scientists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the sequence of natural layers, or horizons, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Map Unit Legend

Linn County Area, Oregon (OR639)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

19 Chapman loam 58.6 91.9%

67 McBee silty clay loam 5.1 8.1%

Totals for Area of Interest 63.7 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

Custom Soil Resource Report
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An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Linn County Area, Oregon

19—Chapman loam

Map Unit Setting
National map unit symbol: 24wb
Elevation: 170 to 700 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Chapman and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Chapman

Setting
Landform: Flood plains, terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed silty, clayey, and sandy alluvium derived from mixed sources

Typical profile
H1 - 0 to 13 inches: loam
H2 - 13 to 52 inches: clay loam
H3 - 52 to 60 inches: gravelly sandy loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high

(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Rare
Frequency of ponding: None
Available water storage in profile: High (about 9.2 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Other vegetative classification: Well drained < 15% Slopes (G002XY002OR)

67—McBee silty clay loam

Map Unit Setting
National map unit symbol: 24yz

Custom Soil Resource Report
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Elevation: 150 to 600 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Mcbee and similar soils: 85 percent
Minor components: 3 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mcbee

Setting
Landform: Flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Moderately fine textured alluvium derived from mixed sources

Typical profile
H1 - 0 to 19 inches: silty clay loam
H2 - 19 to 60 inches: silty clay loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high

(0.57 to 1.98 in/hr)
Depth to water table: About 24 to 36 inches
Frequency of flooding: Occasional
Frequency of ponding: None
Available water storage in profile: High (about 10.7 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C
Other vegetative classification: Moderately Well Drained < 15% Slopes

(G002XY004OR)

Minor Components

Wapato
Percent of map unit: 3 percent
Landform: Flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Poorly Drained (G002XY006OR)

Custom Soil Resource Report
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Soil Information for All Uses

Suitabilities and Limitations for Use
The Suitabilities and Limitations for Use section includes various soil interpretations
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process
is defined for each interpretation.

Waste Management

Waste Management interpretations are tools designed to guide the user in evaluating
soils for use of organic wastes and wastewater as productive resources. Example
interpretations include land application of manure, food processing waste, and
municipal sewage sludge, and disposal of wastewater by irrigation or overland flow
process.

Manure and Food-Processing Waste

The application of manure and food-processing waste not only disposes of waste
material but also can improve crop production by increasing the supply of nutrients in
the soils where the material is applied. Manure is the excrement of livestock and
poultry, and food-processing waste is damaged fruit and vegetables and the peelings,
stems, leaves, pits, and soil particles removed in food preparation. The manure and
food-processing waste are solid, slurry, or liquid. Their nitrogen content varies. A high
content of nitrogen limits the application rate. Toxic or otherwise dangerous wastes,
such as those mixed with the lye used in food processing, are not considered in the
ratings.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, the rate at which the waste is applied, and the method
by which the waste is applied. The properties that affect absorption include saturated
hydraulic conductivity (Ksat), depth to a water table, ponding, the sodium adsorption
ratio, depth to bedrock or a cemented pan, and available water capacity. The
properties that affect plant growth and microbial activity include reaction, the sodium
adsorption ratio, salinity, and bulk density. The wind erodibility group, soil erosion
factor K, and slope are considered in estimating the likelihood that wind erosion or
water erosion will transport the waste material from the application site. Stones,
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cobbles, a water table, ponding, and flooding can hinder the application of waste.
Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.

Custom Soil Resource Report
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Tables—Manure and Food-Processing Waste

Manure and Food-Processing Waste— Summary by Map Unit — Linn County Area, Oregon (OR639)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

19 Chapman loam Somewhat limited Chapman (85%) Too acid (0.03) 58.6 91.9%

67 McBee silty clay
loam

Somewhat limited McBee (85%) Depth to
saturated zone
(0.86)

5.1 8.1%

Flooding (0.60)

Too acid (0.03)

Totals for Area of Interest 63.7 100.0%

Manure and Food-Processing Waste— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Somewhat limited 63.7 100.0%

Totals for Area of Interest 63.7 100.0%

Rating Options—Manure and Food-Processing Waste

Aggregation Method:  Dominant Condition

Component Percent Cutoff:  None Specified

Tie-break Rule:  Higher

Custom Soil Resource Report
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Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports
(tables) containing data for each selected soil map unit and each component of each
unit. No aggregation of data has occurred as is done in reports in the Soil Properties
and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and
qualities. A description of each report (table) is included.

Soil Physical Properties

This folder contains a collection of tabular reports that present soil physical properties.
The reports (tables) include all selected map units and components for each map unit.
Soil physical properties are measured or inferred from direct observations in the field
or laboratory. Examples of soil physical properties include percent clay, organic
matter, saturated hydraulic conductivity, available water capacity, and bulk density.

Physical Soil Properties

This table shows estimates of some physical characteristics and features that affect
soil behavior. These estimates are given for the layers of each soil in the survey area.
The estimates are based on field observations and on test data for these and similar
soils.

Depth to the upper and lower boundaries of each layer is indicated.

Particle size is the effective diameter of a soil particle as measured by sedimentation,
sieving, or micrometric methods. Particle sizes are expressed as classes with specific
effective diameter class limits. The broad classes are sand, silt, and clay, ranging from
the larger to the smaller.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to 2
millimeters in diameter. In this table, the estimated sand content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters in
diameter.

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05 millimeter
in diameter. In this table, the estimated silt content of each soil layer is given as a
percentage, by weight, of the soil material that is less than 2 millimeters in diameter.

Clay as a soil separate consists of mineral soil particles that are less than 0.002
millimeter in diameter. In this table, the estimated clay content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters in
diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle size
is important for engineering and agronomic interpretations, for determination of soil
hydrologic qualities, and for soil classification.

The amount and kind of clay affect the fertility and physical condition of the soil and
the ability of the soil to adsorb cations and to retain moisture. They influence shrink-
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swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease of soil
dispersion, and other soil properties. The amount and kind of clay in a soil also affect
tillage and earthmoving operations.

Moist bulk density is the weight of soil (ovendry) per unit volume. Volume is measured
when the soil is at field moisture capacity, that is, the moisture content at 1/3- or 1/10-
bar (33kPa or 10kPa) moisture tension. Weight is determined after the soil is dried at
105 degrees C. In the table, the estimated moist bulk density of each soil horizon is
expressed in grams per cubic centimeter of soil material that is less than 2 millimeters
in diameter. Bulk density data are used to compute linear extensibility, shrink-swell
potential, available water capacity, total pore space, and other soil properties. The
moist bulk density of a soil indicates the pore space available for water and roots.
Depending on soil texture, a bulk density of more than 1.4 can restrict water storage
and root penetration. Moist bulk density is influenced by texture, kind of clay, content
of organic matter, and soil structure.

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a
saturated soil transmit water. The estimates in the table are expressed in terms of
micrometers per second. They are based on soil characteristics observed in the field,
particularly structure, porosity, and texture. Saturated hydraulic conductivity (Ksat) is
considered in the design of soil drainage systems and septic tank absorption fields.

Available water capacity refers to the quantity of water that the soil is capable of storing
for use by plants. The capacity for water storage is given in inches of water per inch
of soil for each soil layer. The capacity varies, depending on soil properties that affect
retention of water. The most important properties are the content of organic matter,
soil texture, bulk density, and soil structure. Available water capacity is an important
factor in the choice of plants or crops to be grown and in the design and management
of irrigation systems. Available water capacity is not an estimate of the quantity of
water actually available to plants at any given time.

Linear extensibility refers to the change in length of an unconfined clod as moisture
content is decreased from a moist to a dry state. It is an expression of the volume
change between the water content of the clod at 1/3- or 1/10-bar tension (33kPa or
10kPa tension) and oven dryness. The volume change is reported in the table as
percent change for the whole soil. The amount and type of clay minerals in the soil
influence volume change.

Linear extensibility is used to determine the shrink-swell potential of soils. The shrink-
swell potential is low if the soil has a linear extensibility of less than 3 percent; moderate
if 3 to 6 percent; high if 6 to 9 percent; and very high if more than 9 percent. If the
linear extensibility is more than 3, shrinking and swelling can cause damage to
buildings, roads, and other structures and to plant roots. Special design commonly is
needed.

Organic matter is the plant and animal residue in the soil at various stages of
decomposition. In this table, the estimated content of organic matter is expressed as
a percentage, by weight, of the soil material that is less than 2 millimeters in diameter.
The content of organic matter in a soil can be maintained by returning crop residue to
the soil.

Organic matter has a positive effect on available water capacity, water infiltration, soil
organism activity, and tilth. It is a source of nitrogen and other nutrients for crops and
soil organisms.

Erosion factors are shown in the table as the K factor (Kw and Kf) and the T factor.
Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by water.
Factor K is one of six factors used in the Universal Soil Loss Equation (USLE) and the
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Revised Universal Soil Loss Equation (RUSLE) to predict the average annual rate of
soil loss by sheet and rill erosion in tons per acre per year. The estimates are based
primarily on percentage of silt, sand, and organic matter and on soil structure and Ksat.
Values of K range from 0.02 to 0.69. Other factors being equal, the higher the value,
the more susceptible the soil is to sheet and rill erosion by water.

Erosion factor Kw indicates the erodibility of the whole soil. The estimates are modified
by the presence of rock fragments.

Erosion factor Kf indicates the erodibility of the fine-earth fraction, or the material less
than 2 millimeters in size.

Erosion factor T is an estimate of the maximum average annual rate of soil erosion by
wind and/or water that can occur without affecting crop productivity over a sustained
period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have similar properties affecting their
susceptibility to wind erosion in cultivated areas. The soils assigned to group 1 are the
most susceptible to wind erosion, and those assigned to group 8 are the least
susceptible. The groups are described in the "National Soil Survey Handbook."

Wind erodibility index is a numerical value indicating the susceptibility of soil to wind
erosion, or the tons per acre per year that can be expected to be lost to wind erosion.
There is a close correlation between wind erosion and the texture of the surface layer,
the size and durability of surface clods, rock fragments, organic matter, and a
calcareous reaction. Soil moisture and frozen soil layers also influence wind erosion.

Reference:
United States Department of Agriculture, Natural Resources Conservation Service.
National soil survey handbook, title 430-VI. (http://soils.usda.gov)
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Physical Soil Properties–Linn County Area, Oregon

Map symbol
and soil name

Depth Sand Silt Clay Moist
bulk

density

Saturated
hydraulic

conductivity

Available
water

capacity

Linear
extensibility

Organic
matter

Erosion factors Wind
erodibility

group

Wind
erodibility

indexKw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

19—Chapman
loam

Chapman 0-13 -40- -38- 18-23- 27 1.20-1.30-
1.40

4.00-9.00-14.00 0.19-0.20-0.2
1

0.0- 1.5- 2.9 2.0- 3.5-
5.0

.28 .28 5 6 48

13-52 -35- -38- 20-28- 35 1.20-1.30-
1.40

4.00-9.00-14.00 0.13-0.15-0.1
6

3.0- 4.5- 5.9 1.0- 2.0-
3.0

.28 .28

52-60 -68- -20- 5-13- 20 1.30-1.40-
1.50

14.00-28.00-42.
00

0.07-0.09-0.1
0

0.0- 1.5- 2.9 0.3- 0.6-
1.0

.15 .24

67—McBee silty
clay loam

Mcbee 0-19 - 7- -62- 27-31- 35 1.20-1.30-
1.40

4.00-9.00-14.00 0.19-0.20-0.2
1

3.0- 4.5- 5.9 3.0- 4.5-
6.0

.32 .32 5 6 48

19-60 - 7- -63- 25-30- 45 1.20-1.30-
1.40

4.00-9.00-14.00 0.13-0.17-0.2
1

3.0- 4.5- 5.9 0.5- 2.3-
4.0

.37 .37
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Vegetative Productivity

This folder contains a collection of tabular reports that present vegetative productivity
data. The reports (tables) include all selected map units and components for each
map unit. Vegetative productivity includes estimates of potential vegetative production
for a variety of land uses, including cropland, forestland, hayland, pastureland,
horticulture and rangeland. In the underlying database, some states maintain crop
yield data by individual map unit component. Other states maintain the data at the
map unit level. Attributes are included for both, although only one or the other is likely
to contain data for any given geographic area. For other land uses, productivity data
is shown only at the map unit component level. Examples include potential crop yields
under irrigated and nonirrigated conditions, forest productivity, forest site index, and
total rangeland production under of normal, favorable and unfavorable conditions.

Irrigated Yields by Map Unit Component

The average yields per acre that can be expected of the principal crops under a high
level of management are shown in this table. In any given year, yields may be higher
or lower than those indicated in the table because of variations in rainfall and other
climatic factors.

The yields are based mainly on the experience and records of farmers,
conservationists, and extension agents. Available yield data from nearby counties and
results of field trials and demonstrations also are considered.

The management needed to obtain the indicated yields of the various crops depends
on the kind of soil and the crop. Management can include drainage, erosion control,
and protection from flooding; the proper planting and seeding rates; suitable high-
yielding crop varieties; appropriate and timely tillage; control of weeds, plant diseases,
and harmful insects; favorable soil reaction and optimum levels of nitrogen,
phosphorus, potassium, and trace elements for each crop; effective use of crop
residue, barnyard manure, and green manure crops; and harvesting that ensures the
smallest possible loss.

If yields of irrigated crops are given, it is assumed that the irrigation system is adapted
to the soils and to the crops grown, that good-quality irrigation water is uniformly
applied as needed, and that tillage is kept to a minimum.

Pasture yields are expressed in terms of animal unit months. An animal unit month
(AUM) is the amount of forage required by one mature cow of approximately 1,000
pounds weight, with or without a calf, for 1 month.

The estimated yields reflect the productive capacity of each soil for each of the
principal crops. Yields are likely to increase as new production technology is
developed. The productivity of a given soil compared with that of other soils, however,
is not likely to change.

Crops other than those shown in the table are grown in the survey area, but estimated
yields are not listed because the acreage of such crops is small. The local office of
the Natural Resources Conservation Service or of the Cooperative Extension Service
can provide information about the management and productivity of the soils for those
crops.
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The land capability classification of map units in the survey area is shown in this table.
This classification shows, in a general way, the suitability of soils for most kinds of field
crops (United States Department of Agriculture, Soil Conservation Service, 1961).
Crops that require special management are excluded. The soils are grouped
according to their limitations for field crops, the risk of damage if they are used for
crops, and the way they respond to management. The criteria used in grouping the
soils do not include major and generally expensive landforming that would change
slope, depth, or other characteristics of the soils, nor do they include possible but
unlikely major reclamation projects. Capability classification is not a substitute for
interpretations designed to show suitability and limitations of groups of soils for
rangeland, for forestland, or for engineering purposes.

In the capability system, soils are generally grouped at three levels: capability class,
subclass, and unit.

Capability classes, the broadest groups, are designated by the numbers 1 through 8.
The numbers indicate progressively greater limitations and narrower choices for
practical use. The classes are defined as follows:

- Class 1 soils have slight limitations that restrict their use.
- Class 2 soils have moderate limitations that restrict the choice of plants or that

require moderate conservation practices.
- Class 3 soils have severe limitations that restrict the choice of plants or that

require special conservation practices, or both.
- Class 4 soils have very severe limitations that restrict the choice of plants or that

require very careful management, or both.
- Class 5 soils are subject to little or no erosion but have other limitations,

impractical to remove, that restrict their use mainly to pasture, rangeland,
forestland, or wildlife habitat.

- Class 6 soils have severe limitations that make them generally unsuitable for
cultivation and that restrict their use mainly to pasture, rangeland, forestland, or
wildlife habitat.

- Class 7 soils have very severe limitations that make them unsuitable for
cultivation and that restrict their use mainly to grazing, forestland, or wildlife
habitat.

- Class 8 soils and miscellaneous areas have limitations that preclude commercial
plant production and that restrict their use to recreational purposes, wildlife
habitat, watershed, or esthetic purposes.

Capability subclasses are soil groups within one class. They are designated by adding
a small letter, e, w, s, or c, to the class numeral, for example, 2e. The letter e shows
that the main hazard is the risk of erosion unless close-growing plant cover is
maintained; w shows that water in or on the soil interferes with plant growth or
cultivation (in some soils the wetness can be partly corrected by artificial drainage);
s shows that the soil is limited mainly because it is shallow, droughty, or stony; and
c, used in only some parts of the United States, shows that the chief limitation is climate
that is very cold or very dry.

In class 1 there are no subclasses because the soils of this class have few limitations.
Class 5 contains only the subclasses indicated by w, s, or c because the soils in class
5 are subject to little or no erosion.

Capability units are soil groups within a subclass. The soils in a capability unit are
enough alike to be suited to the same crops and pasture plants, to require similar
management, and to have similar productivity. Capability units are generally
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designated by adding an Arabic numeral to the subclass symbol, for example, 2e-4
and 3e-6. These units are not given in all soil surveys.

Reference:
United States Department of Agriculture, Soil Conservation Service. 1961. Land
capability classification. U.S. Department of Agriculture Handbook 210.

Report—Irrigated Yields by Map Unit Component

Irrigated Yields by Map Unit Component–Linn County Area, Oregon

Map symbol and soil name Land capability Grass hay Pasture Perennial
ryegrass seed

AUM

19—Chapman loam

Chapman 1 — 18.0 —

67—McBee silty clay loam

Mcbee 2w — 16.0 —

Water Features

This folder contains tabular reports that present soil hydrology information. The reports
(tables) include all selected map units and components for each map unit. Water
Features include ponding frequency, flooding frequency, and depth to water table.

Water Features

This table gives estimates of various soil water features. The estimates are used in
land use planning that involves engineering considerations.

Hydrologic soil groups are based on estimates of runoff potential. Soils are assigned
to one of four groups according to the rate of water infiltration when the soils are not
protected by vegetation, are thoroughly wet, and receive precipitation from long-
duration storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These consist
chiefly of moderately deep or deep, moderately well drained or well drained soils that
have moderately fine texture to moderately coarse texture. These soils have a
moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or soils
of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.
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Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell potential,
soils that have a high water table, soils that have a claypan or clay layer at or near the
surface, and soils that are shallow over nearly impervious material. These soils have
a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is for
drained areas and the second is for undrained areas.

Surface runoff refers to the loss of water from an area by flow over the land surface.
Surface runoff classes are based on slope, climate, and vegetative cover. The concept
indicates relative runoff for very specific conditions. It is assumed that the surface of
the soil is bare and that the retention of surface water resulting from irregularities in
the ground surface is minimal. The classes are negligible, very low, low, medium, high,
and very high.

The months in the table indicate the portion of the year in which a water table, ponding,
and/or flooding is most likely to be a concern.

Water table refers to a saturated zone in the soil. The water features table indicates,
by month, depth to the top (upper limit) and base (lower limit) of the saturated zone in
most years. Estimates of the upper and lower limits are based mainly on observations
of the water table at selected sites and on evidence of a saturated zone, namely
grayish colors or mottles (redoximorphic features) in the soil. A saturated zone that
lasts for less than a month is not considered a water table.

Ponding is standing water in a closed depression. Unless a drainage system is
installed, the water is removed only by percolation, transpiration, or evaporation. The
table indicates surface water depth and the duration and frequency of ponding.
Duration is expressed as very brief if less than 2 days, brief if 2 to 7 days, long if 7 to
30 days, and very long if more than 30 days. Frequency is expressed as none, rare,
occasional, and frequent. None means that ponding is not probable; rare that it is
unlikely but possible under unusual weather conditions (the chance of ponding is
nearly 0 percent to 5 percent in any year); occasional that it occurs, on the average,
once or less in 2 years (the chance of ponding is 5 to 50 percent in any year); and
frequent that it occurs, on the average, more than once in 2 years (the chance of
ponding is more than 50 percent in any year).

Flooding is the temporary inundation of an area caused by overflowing streams, by
runoff from adjacent slopes, or by tides. Water standing for short periods after rainfall
or snowmelt is not considered flooding, and water standing in swamps and marshes
is considered ponding rather than flooding.

Duration and frequency are estimated. Duration is expressed as extremely brief if 0.1
hour to 4 hours, very brief if 4 hours to 2 days, brief if 2 to 7 days, long if 7 to 30 days,
and very long if more than 30 days. Frequency is expressed as none, very rare, rare,
occasional, frequent, and very frequent. None means that flooding is not probable;
very rare that it is very unlikely but possible under extremely unusual weather
conditions (the chance of flooding is less than 1 percent in any year); rare that it is
unlikely but possible under unusual weather conditions (the chance of flooding is 1 to
5 percent in any year); occasional that it occurs infrequently under normal weather
conditions (the chance of flooding is 5 to 50 percent in any year); frequent that it is
likely to occur often under normal weather conditions (the chance of flooding is more
than 50 percent in any year but is less than 50 percent in all months in any year); and
very frequent that it is likely to occur very often under normal weather conditions (the
chance of flooding is more than 50 percent in all months of any year).
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The information is based on evidence in the soil profile, namely thin strata of gravel,
sand, silt, or clay deposited by floodwater; irregular decrease in organic matter content
with increasing depth; and little or no horizon development.

Also considered are local information about the extent and levels of flooding and the
relation of each soil on the landscape to historic floods. Information on the extent of
flooding based on soil data is less specific than that provided by detailed engineering
surveys that delineate flood-prone areas at specific flood frequency levels.
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Absence of an entry indicates that the data were not estimated. The dash indicates no documented presence.

Water Features–Linn County Area, Oregon

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

19—Chapman loam

Chapman B — January — — — — None — Rare

February — — — — None — Rare

March — — — — None — Rare

April — — — — None — Rare

May — — — — None — Rare

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — Rare

November — — — — None — Rare

December — — — — None — Rare
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Water Features–Linn County Area, Oregon

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

67—McBee silty clay loam

Mcbee C — January 2.0-3.0 >6.0 — — None Brief (2 to 7
days)

Occasional

February 2.0-3.0 >6.0 — — None Brief (2 to 7
days)

Occasional

March 2.0-3.0 >6.0 — — None Brief (2 to 7
days)

Occasional

April 2.0-3.0 >6.0 — — None — None

May — — — — None — None

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November 2.0-3.0 >6.0 — — None Brief (2 to 7
days)

Occasional

December 2.0-3.0 >6.0 — — None Brief (2 to 7
days)

Occasional
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Soil scientists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the sequence of natural layers, or horizons, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Map Unit Legend

Linn County Area, Oregon (OR639)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

24 Clackamas variant silt loam 36.1 52.6%

29 Courtney gravelly silty clay loam 8.1 11.7%

33 Dayton silt loam 13.8 20.1%

46 Holcomb silt loam 10.7 15.6%

Totals for Area of Interest 68.6 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If
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intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Linn County Area, Oregon

24—Clackamas variant silt loam

Map Unit Setting
National map unit symbol: 24wl
Elevation: 170 to 800 feet
Mean annual precipitation: 40 to 60 inches
Mean annual air temperature: 50 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Clackamas variant and similar soils: 85 percent
Courtney and similar soils: 2 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Clackamas Variant

Setting
Landform: Stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Silty alluvium over gravelly alluvium derived from mixed sources

Typical profile
H1 - 0 to 13 inches: silt loam
H2 - 13 to 27 inches: gravelly silty clay loam
H3 - 27 to 60 inches: very gravelly clay

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 24 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 7.6 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C
Other vegetative classification: Moderately Well Drained < 15% Slopes

(G002XY004OR)

Description of Courtney

Setting
Landform: Stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear, concave

Custom Soil Resource Report
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Across-slope shape: Linear, concave
Parent material: Gravelly and clayey alluvium derived from mixed sources

Typical profile
H1 - 0 to 17 inches: gravelly silty clay loam
H2 - 17 to 33 inches: gravelly clay
H3 - 33 to 48 inches: very gravelly clay loam
H4 - 48 to 60 inches: extremely gravelly sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

low (0.00 to 0.06 in/hr)
Depth to water table: About 0 to 18 inches
Frequency of flooding: Rare
Frequency of ponding: Frequent
Available water storage in profile: Moderate (about 7.1 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Other vegetative classification: Poorly Drained (G002XY006OR)

Minor Components

Awbrig
Percent of map unit: 3 percent
Landform: Stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Other vegetative classification: Poorly Drained (G002XY006OR)

Conser
Percent of map unit: 2 percent
Landform: Stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Other vegetative classification: Poorly Drained (G002XY006OR)

29—Courtney gravelly silty clay loam

Map Unit Setting
National map unit symbol: 24wr
Elevation: 90 to 1,000 feet
Mean annual precipitation: 30 to 60 inches
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Mean annual air temperature: 50 to 55 degrees F
Frost-free period: 160 to 235 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Courtney and similar soils: 85 percent
Conser and similar soils: 3 percent
Minor components: 8 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Courtney

Setting
Landform: Stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Gravelly and clayey alluvium derived from mixed sources

Typical profile
H1 - 0 to 17 inches: gravelly silty clay loam
H2 - 17 to 33 inches: gravelly clay
H3 - 33 to 48 inches: very gravelly clay loam
H4 - 48 to 60 inches: extremely gravelly sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: 10 to 19 inches to abrupt textural change
Natural drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

low (0.00 to 0.06 in/hr)
Depth to water table: About 0 to 18 inches
Frequency of flooding: Rare
Frequency of ponding: Frequent
Available water storage in profile: Low (about 3.0 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Other vegetative classification: Poorly Drained (G002XY006OR)

Description of Conser

Setting
Landform: Stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Silty and clayey alluvium derived from mixed sources

Typical profile
H1 - 0 to 17 inches: silty clay loam
H2 - 17 to 64 inches: silty clay

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
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Natural drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 to 18 inches
Frequency of flooding: Rare
Frequency of ponding: Frequent
Available water storage in profile: High (about 9.8 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Other vegetative classification: Poorly Drained (G002XY006OR)

Minor Components

Bashaw
Percent of map unit: 4 percent
Landform: Flood plains

Awbrig
Percent of map unit: 4 percent
Landform: Stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Other vegetative classification: Poorly Drained (G002XY006OR)

33—Dayton silt loam

Map Unit Setting
National map unit symbol: 24x2
Elevation: 200 to 400 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Dayton and similar soils: 85 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Dayton

Setting
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
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Parent material: Silty and clayey alluvium and lacustrine deposits

Typical profile
H1 - 0 to 9 inches: silt loam
H2 - 9 to 15 inches: silt loam
H3 - 15 to 40 inches: silty clay
H4 - 40 to 76 inches: silt loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: 12 to 24 inches to abrupt textural change
Natural drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

low (0.00 to 0.06 in/hr)
Depth to water table: About 0 to 18 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Available water storage in profile: Low (about 3.2 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Other vegetative classification: Poorly Drained (G002XY006OR)

Minor Components

Concord
Percent of map unit: 3 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Other vegetative classification: Poorly Drained (G002XY006OR)

Dayton, gravelly clay substratum
Percent of map unit: 2 percent
Landform: Terraces

46—Holcomb silt loam

Map Unit Setting
National map unit symbol: 24xt
Elevation: 200 to 400 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: Prime farmland if drained

Map Unit Composition
Holcomb and similar soils: 85 percent
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Minor components: 6 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Holcomb

Setting
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Parent material: Silty and clayey alluvium derived from mixed sources

Typical profile
H1 - 0 to 7 inches: silt loam
H2 - 7 to 27 inches: silty clay loam
H3 - 27 to 47 inches: clay
H4 - 47 to 60 inches: silty clay loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: 15 to 30 inches to abrupt textural change
Natural drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

low (0.00 to 0.06 in/hr)
Depth to water table: About 12 to 18 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 5.2 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: D
Other vegetative classification: Poorly Drained (G002XY006OR)

Minor Components

Concord
Percent of map unit: 3 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Other vegetative classification: Poorly Drained (G002XY006OR)

Dayton
Percent of map unit: 3 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Other vegetative classification: Poorly Drained (G002XY006OR)
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Soil Information for All Uses

Suitabilities and Limitations for Use
The Suitabilities and Limitations for Use section includes various soil interpretations
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process
is defined for each interpretation.

Vegetative Productivity

Vegetative productivity includes estimates of potential vegetative production for a
variety of land uses, including cropland, forestland, hayland, pastureland, horticulture
and rangeland. In the underlying database, some states maintain crop yield data by
individual map unit component. Other states maintain the data at the map unit level.
Attributes are included for both, although only one or the other is likely to contain data
for any given geographic area. For other land uses, productivity data is shown only at
the map unit component level. Examples include potential crop yields under irrigated
and nonirrigated conditions, forest productivity, forest site index, and total rangeland
production under of normal, favorable and unfavorable conditions.

Yields of Non-Irrigated Crops (Component): Grass-
legume hay (Tons)

These are the estimated average yields per acre that can be expected of selected
nonirrigated crops under a high level of management. In any given year, yields may
be higher or lower than those indicated because of variations in rainfall and other
climatic factors.

In the database, some states maintain crop yield data by individual map unit
component and others maintain the data at the map unit level. Attributes are included
in this application for both, although only one or the other is likely to contain data for
any given geographic area. This attribute uses data maintained at the map unit
component level.

The yields are actually recorded as three separate values in the database. A low value
and a high value indicate the range for the soil component. A "representative" value
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indicates the expected value for the component. For these yields, only the
representative value is used.

The yields are based mainly on the experience and records of farmers,
conservationists, and extension agents. Available yield data from nearby areas and
results of field trials and demonstrations also are considered.

The management needed to obtain the indicated yields of the various crops depends
on the kind of soil and the crop. Management can include drainage, erosion control,
and protection from flooding; the proper planting and seeding rates; suitable high-
yielding crop varieties; appropriate and timely tillage; control of weeds, plant diseases,
and harmful insects; favorable soil reaction and optimum levels of nitrogen,
phosphorus, potassium, and trace elements for each crop; effective use of crop
residue, barnyard manure, and green manure crops; and harvesting that ensures the
smallest possible loss.

The estimated yields reflect the productive capacity of each soil for the selected crop.
Yields are likely to increase as new production technology is developed. The
productivity of a given soil compared with that of other soils, however, is not likely to
change.

Custom Soil Resource Report
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Table—Yields of Non-Irrigated Crops (Component): Grass-legume
hay (Tons)

Yields of Non-Irrigated Crops (Component): Grass-legume hay (Tons)— Summary by Map Unit — Linn County Area, Oregon
(OR639)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

24 Clackamas variant silt
loam

36.1 52.6%

29 Courtney gravelly silty
clay loam

8.1 11.7%

33 Dayton silt loam 2.90 13.8 20.1%

46 Holcomb silt loam 0.10 10.7 15.6%

Totals for Area of Interest 68.6 100.0%

Rating Options—Yields of Non-Irrigated Crops (Component):
Grass-legume hay (Tons)

Crop:  Grass-legume hay

Yield Units:  Tons

Aggregation Method:  Weighted Average

Component Percent Cutoff:  None Specified

Tie-break Rule:  Higher

Interpret Nulls as Zero:  Yes

Custom Soil Resource Report
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Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports
(tables) containing data for each selected soil map unit and each component of each
unit. No aggregation of data has occurred as is done in reports in the Soil Properties
and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and
qualities. A description of each report (table) is included.

Soil Physical Properties

This folder contains a collection of tabular reports that present soil physical properties.
The reports (tables) include all selected map units and components for each map unit.
Soil physical properties are measured or inferred from direct observations in the field
or laboratory. Examples of soil physical properties include percent clay, organic
matter, saturated hydraulic conductivity, available water capacity, and bulk density.

Engineering Properties

This table gives the engineering classifications and the range of engineering
properties for the layers of each soil in the survey area.

Hydrologic soil group is a group of soils having similar runoff potential under similar
storm and cover conditions. The criteria for determining Hydrologic soil group is found
in the National Engineering Handbook, Chapter 7 issued May 2007(http://
directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17757.wba).
Listing HSGs by soil map unit component and not by soil series is a new concept for
the engineers. Past engineering references contained lists of HSGs by soil series. Soil
series are continually being defined and redefined, and the list of soil series names
changes so frequently as to make the task of maintaining a single national list virtually
impossible. Therefore, the criteria is now used to calculate the HSG using the
component soil properties and no such national series lists will be maintained. All such
references are obsolete and their use should be discontinued. Soil properties that
influence runoff potential are those that influence the minimum rate of infiltration for a
bare soil after prolonged wetting and when not frozen. These properties are depth to
a seasonal high water table, saturated hydraulic conductivity after prolonged wetting,
and depth to a layer with a very slow water transmission rate. Changes in soil
properties caused by land management or climate changes also cause the hydrologic
soil group to change. The influence of ground cover is treated independently. There
are four hydrologic soil groups, A, B, C, and D, and three dual groups, A/D, B/D, and
C/D. In the dual groups, the first letter is for drained areas and the second letter is for
undrained areas.

The four hydrologic soil groups are described in the following paragraphs:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.
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Group B. Soils having a moderate infiltration rate when thoroughly wet. These consist
chiefly of moderately deep or deep, moderately well drained or well drained soils that
have moderately fine texture to moderately coarse texture. These soils have a
moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or soils
of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell potential,
soils that have a high water table, soils that have a claypan or clay layer at or near the
surface, and soils that are shallow over nearly impervious material. These soils have
a very slow rate of water transmission.

Depth to the upper and lower boundaries of each layer is indicated.

Texture is given in the standard terms used by the U.S. Department of Agriculture.
These terms are defined according to percentages of sand, silt, and clay in the fraction
of the soil that is less than 2 millimeters in diameter. "Loam," for example, is soil that
is 7 to 27 percent clay, 28 to 50 percent silt, and less than 52 percent sand. If the
content of particles coarser than sand is 15 percent or more, an appropriate modifier
is added, for example, "gravelly."

Classification of the soils is determined according to the Unified soil classification
system (ASTM, 2005) and the system adopted by the American Association of State
Highway and Transportation Officials (AASHTO, 2004).

The Unified system classifies soils according to properties that affect their use as
construction material. Soils are classified according to particle-size distribution of the
fraction less than 3 inches in diameter and according to plasticity index, liquid limit,
and organic matter content. Sandy and gravelly soils are identified as GW, GP, GM,
GC, SW, SP, SM, and SC; silty and clayey soils as ML, CL, OL, MH, CH, and OH;
and highly organic soils as PT. Soils exhibiting engineering properties of two groups
can have a dual classification, for example, CL-ML.

The AASHTO system classifies soils according to those properties that affect roadway
construction and maintenance. In this system, the fraction of a mineral soil that is less
than 3 inches in diameter is classified in one of seven groups from A-1 through A-7
on the basis of particle-size distribution, liquid limit, and plasticity index. Soils in group
A-1 are coarse grained and low in content of fines (silt and clay). At the other extreme,
soils in group A-7 are fine grained. Highly organic soils are classified in group A-8 on
the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7 groups are further classified as
A-1-a, A-1-b, A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional refinement,
the suitability of a soil as subgrade material can be indicated by a group index number.
Group index numbers range from 0 for the best subgrade material to 20 or higher for
the poorest.

Rock fragments larger than 10 inches in diameter and 3 to 10 inches in diameter are
indicated as a percentage of the total soil on a dry-weight basis. The percentages are
estimates determined mainly by converting volume percentage in the field to weight
percentage.

Percentage (of soil particles) passing designated sieves is the percentage of the soil
fraction less than 3 inches in diameter based on an ovendry weight. The sieves,
numbers 4, 10, 40, and 200 (USA Standard Series), have openings of 4.76, 2.00,
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0.420, and 0.074 millimeters, respectively. Estimates are based on laboratory tests of
soils sampled in the survey area and in nearby areas and on estimates made in the
field.

Liquid limit and plasticity index (Atterberg limits) indicate the plasticity characteristics
of a soil. The estimates are based on test data from the survey area or from nearby
areas and on field examination.

References:

American Association of State Highway and Transportation Officials (AASHTO). 2004.
Standard specifications for transportation materials and methods of sampling and
testing. 24th edition.

American Society for Testing and Materials (ASTM). 2005. Standard classification of
soils for engineering purposes. ASTM Standard D2487-00.
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Absence of an entry indicates that the data were not estimated. The asterisk '*' denotes the representative texture; other possible
textures follow the dash. The criteria for determining the hydrologic soil group for individual soil components is found in the
National Engineering Handbook, Chapter 7 issued May 2007(http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?
content=17757.wba).

Engineering Properties–Linn County Area, Oregon

Map unit symbol and
soil name

Pct. of
map
unit

Hydrolo
gic

group

Depth USDA texture Classification Fragments Percentage passing sieve number— Liquid
limit

Plasticit
y index

Unified AASHTO >10
inches

3-10
inches

4 10 40 200

In Pct Pct Pct

24—Clackamas variant
silt loam

Clackamas variant 85 C 0-13 Silt loam ML A-4 0- 0- 0 0- 0- 0 80-90-1
00

75-88-1
00

70-85-1
00

65-78-
90

25-30
-35

NP-3 -5

13-27 Silty clay loam,
gravelly silty clay
loam

CL A-6 0- 0- 0 0- 3- 5 75-88-1
00

70-85-1
00

65-83-1
00

60-75-
90

35-38
-40

15-18-2
0

27-60 Very gravelly clay GC A-2, A-7 0- 0- 0 5- 8- 10 35-43-
50

30-38-
45

25-35-
45

25-35-
45

45-50
-55

20-25-3
0

Courtney 2 D 0-17 Gravelly silty clay
loam

CL, ML A-6 0- 0- 0 0- 5- 10 65-73-
80

60-68-
75

55-63-
70

50-55-
60

35-38
-40

10-13-1
5

17-33 Gravelly clay,
gravelly silty clay

CH A-7 0- 0- 0 0- 3- 5 60-70-
80

55-65-
75

50-60-
70

50-58-
65

60-70
-80

35-43-5
0

33-48 Very gravelly clay
loam, extremely
gravelly clay loam

GC, GM A-2 0- 0- 0 5- 8- 10 20-30-
40

15-25-
35

15-25-
35

10-18-
25

35-38
-40

10-13-1
5

48-60 Very gravelly sand,
extremely gravelly
sand

GP, GW A-1 0- 0- 0 5-10- 15 20-30-
40

15-25-
35

10-20-
30

0- 3- 5 0-7 -14 NP
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Engineering Properties–Linn County Area, Oregon

Map unit symbol and
soil name

Pct. of
map
unit

Hydrolo
gic

group

Depth USDA texture Classification Fragments Percentage passing sieve number— Liquid
limit

Plasticit
y index

Unified AASHTO >10
inches

3-10
inches

4 10 40 200

In Pct Pct Pct

29—Courtney gravelly
silty clay loam

Courtney 85 D 0-17 Gravelly silty clay
loam

CL, ML A-6 0- 0- 0 0- 5- 10 65-73-
80

60-68-
75

55-63-
70

50-55-
60

35-38
-40

10-13-1
5

17-33 Gravelly clay,
gravelly silty clay

CH A-7 0- 0- 0 0- 3- 5 60-70-
80

55-65-
75

50-60-
70

50-58-
65

60-70
-80

35-43-5
0

33-48 Very gravelly clay
loam, extremely
gravelly clay loam

GC, GM A-2 0- 0- 0 5- 8- 10 20-30-
40

15-25-
35

15-25-
35

10-18-
25

35-38
-40

10-13-1
5

48-60 Very gravelly sand,
extremely gravelly
sand

GP, GW A-1 0- 0- 0 5-10- 15 20-30-
40

15-25-
35

10-20-
30

0- 3- 5 0-7 -14 NP

Conser 3 C/D 0-17 Silty clay loam CL A-6 0- 0- 0 0- 0- 0 100-100
-100

95-98-1
00

95-98-1
00

85-90-
95

35-38
-40

15-18-2
0

17-64 Clay, silty clay, silty
clay loam

CH, CL A-7 0- 0- 0 0- 0- 0 100-100
-100

95-98-1
00

95-98-1
00

90-93-
95

45-50
-55

20-25-3
0

33—Dayton silt loam

Dayton 85 D 0-9 Silt loam ML A-4 0- 0- 0 0- 0- 0 100-100
-100

95-98-1
00

90-95-1
00

85-93-1
00

30-33
-35

5-8 -10

9-15 Silt loam, silty clay
loam

ML A-4, A-6 0- 0- 0 0- 0- 0 100-100
-100

95-98-1
00

90-95-1
00

90-95-1
00

30-35
-40

5-10-15

15-40 Silty clay, clay CH A-7 0- 0- 0 0- 0- 0 100-100
-100

95-98-1
00

90-95-1
00

90-95-1
00

55-63
-70

35-40-4
5

40-76 Silt loam, silty clay
loam

ML A-4, A-6 0- 0- 0 0- 0- 0 100-100
-100

95-98-1
00

90-95-1
00

85-90-
95

30-35
-40

5-10-15
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Engineering Properties–Linn County Area, Oregon

Map unit symbol and
soil name

Pct. of
map
unit

Hydrolo
gic

group

Depth USDA texture Classification Fragments Percentage passing sieve number— Liquid
limit

Plasticit
y index

Unified AASHTO >10
inches

3-10
inches

4 10 40 200

In Pct Pct Pct

46—Holcomb silt loam

Holcomb 85 D 0-7 Silt loam ML A-4 0- 0- 0 0- 0- 0 100-100
-100

95-98-1
00

90-93-
95

90-93-
95

30-33
-35

5-8 -10

7-27 Silty clay loam, silt
loam

CL, ML A-4, A-6 0- 0- 0 0- 0- 0 100-100
-100

100-100
-100

95-98-1
00

90-93-
95

30-35
-40

5-10-15

27-47 Clay, silty clay CH A-7 0- 0- 0 0- 0- 0 80-90-1
00

75-88-1
00

70-85-1
00

65-83-1
00

60-70
-80

40-45-5
0

47-60 Silt loam, silty clay
loam, clay loam

ML A-7, A-4,
A-6

0- 0- 0 0- 0- 0 85-93-1
00

80-90-1
00

75-85-
95

70-83-
95

30-40
-50

5-13-20
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Physical Soil Properties

This table shows estimates of some physical characteristics and features that affect
soil behavior. These estimates are given for the layers of each soil in the survey area.
The estimates are based on field observations and on test data for these and similar
soils.

Depth to the upper and lower boundaries of each layer is indicated.

Particle size is the effective diameter of a soil particle as measured by sedimentation,
sieving, or micrometric methods. Particle sizes are expressed as classes with specific
effective diameter class limits. The broad classes are sand, silt, and clay, ranging from
the larger to the smaller.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to 2
millimeters in diameter. In this table, the estimated sand content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters in
diameter.

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05 millimeter
in diameter. In this table, the estimated silt content of each soil layer is given as a
percentage, by weight, of the soil material that is less than 2 millimeters in diameter.

Clay as a soil separate consists of mineral soil particles that are less than 0.002
millimeter in diameter. In this table, the estimated clay content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters in
diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle size
is important for engineering and agronomic interpretations, for determination of soil
hydrologic qualities, and for soil classification.

The amount and kind of clay affect the fertility and physical condition of the soil and
the ability of the soil to adsorb cations and to retain moisture. They influence shrink-
swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease of soil
dispersion, and other soil properties. The amount and kind of clay in a soil also affect
tillage and earthmoving operations.

Moist bulk density is the weight of soil (ovendry) per unit volume. Volume is measured
when the soil is at field moisture capacity, that is, the moisture content at 1/3- or 1/10-
bar (33kPa or 10kPa) moisture tension. Weight is determined after the soil is dried at
105 degrees C. In the table, the estimated moist bulk density of each soil horizon is
expressed in grams per cubic centimeter of soil material that is less than 2 millimeters
in diameter. Bulk density data are used to compute linear extensibility, shrink-swell
potential, available water capacity, total pore space, and other soil properties. The
moist bulk density of a soil indicates the pore space available for water and roots.
Depending on soil texture, a bulk density of more than 1.4 can restrict water storage
and root penetration. Moist bulk density is influenced by texture, kind of clay, content
of organic matter, and soil structure.

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a
saturated soil transmit water. The estimates in the table are expressed in terms of
micrometers per second. They are based on soil characteristics observed in the field,
particularly structure, porosity, and texture. Saturated hydraulic conductivity (Ksat) is
considered in the design of soil drainage systems and septic tank absorption fields.
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Available water capacity refers to the quantity of water that the soil is capable of storing
for use by plants. The capacity for water storage is given in inches of water per inch
of soil for each soil layer. The capacity varies, depending on soil properties that affect
retention of water. The most important properties are the content of organic matter,
soil texture, bulk density, and soil structure. Available water capacity is an important
factor in the choice of plants or crops to be grown and in the design and management
of irrigation systems. Available water capacity is not an estimate of the quantity of
water actually available to plants at any given time.

Linear extensibility refers to the change in length of an unconfined clod as moisture
content is decreased from a moist to a dry state. It is an expression of the volume
change between the water content of the clod at 1/3- or 1/10-bar tension (33kPa or
10kPa tension) and oven dryness. The volume change is reported in the table as
percent change for the whole soil. The amount and type of clay minerals in the soil
influence volume change.

Linear extensibility is used to determine the shrink-swell potential of soils. The shrink-
swell potential is low if the soil has a linear extensibility of less than 3 percent; moderate
if 3 to 6 percent; high if 6 to 9 percent; and very high if more than 9 percent. If the
linear extensibility is more than 3, shrinking and swelling can cause damage to
buildings, roads, and other structures and to plant roots. Special design commonly is
needed.

Organic matter is the plant and animal residue in the soil at various stages of
decomposition. In this table, the estimated content of organic matter is expressed as
a percentage, by weight, of the soil material that is less than 2 millimeters in diameter.
The content of organic matter in a soil can be maintained by returning crop residue to
the soil.

Organic matter has a positive effect on available water capacity, water infiltration, soil
organism activity, and tilth. It is a source of nitrogen and other nutrients for crops and
soil organisms.

Erosion factors are shown in the table as the K factor (Kw and Kf) and the T factor.
Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by water.
Factor K is one of six factors used in the Universal Soil Loss Equation (USLE) and the
Revised Universal Soil Loss Equation (RUSLE) to predict the average annual rate of
soil loss by sheet and rill erosion in tons per acre per year. The estimates are based
primarily on percentage of silt, sand, and organic matter and on soil structure and Ksat.
Values of K range from 0.02 to 0.69. Other factors being equal, the higher the value,
the more susceptible the soil is to sheet and rill erosion by water.

Erosion factor Kw indicates the erodibility of the whole soil. The estimates are modified
by the presence of rock fragments.

Erosion factor Kf indicates the erodibility of the fine-earth fraction, or the material less
than 2 millimeters in size.

Erosion factor T is an estimate of the maximum average annual rate of soil erosion by
wind and/or water that can occur without affecting crop productivity over a sustained
period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have similar properties affecting their
susceptibility to wind erosion in cultivated areas. The soils assigned to group 1 are the
most susceptible to wind erosion, and those assigned to group 8 are the least
susceptible. The groups are described in the "National Soil Survey Handbook."

Wind erodibility index is a numerical value indicating the susceptibility of soil to wind
erosion, or the tons per acre per year that can be expected to be lost to wind erosion.
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There is a close correlation between wind erosion and the texture of the surface layer,
the size and durability of surface clods, rock fragments, organic matter, and a
calcareous reaction. Soil moisture and frozen soil layers also influence wind erosion.

Reference:
United States Department of Agriculture, Natural Resources Conservation Service.
National soil survey handbook, title 430-VI. (http://soils.usda.gov)
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Physical Soil Properties–Linn County Area, Oregon

Map symbol
and soil name

Depth Sand Silt Clay Moist
bulk

density

Saturated
hydraulic

conductivity

Available
water

capacity

Linear
extensibility

Organic
matter

Erosion factors Wind
erodibility

group

Wind
erodibility

indexKw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

24—Clackamas
variant silt
loam

Clackamas
variant

0-13 -26- -52- 18-22- 25 1.20-1.30-
1.40

4.00-9.00-14.00 0.16-0.19-0.2
1

0.0- 1.5- 2.9 3.0- 4.0-
5.0

.24 .24 4 6 48

13-27 -20- -49- 27-31- 35 1.30-1.35-
1.40

1.40-3.00-4.00 0.14-0.18-0.2
1

3.0- 4.5- 5.9 0.5- 1.8-
3.0

.24 .43

27-60 -23- -29- 40-48- 55 1.30-1.35-
1.40

0.42-0.91-1.40 0.04-0.08-0.1
1

6.0- 7.5- 8.9 0.0- 0.3-
0.5

.10 .24

Courtney 0-17 -20- -49- 27-31- 35 1.30-1.35-
1.40

1.40-3.00-4.00 0.16-0.18-0.1
9

3.0- 4.5- 5.9 2.0- 3.5-
5.0

.20 .37 3 7 38

17-33 -17- -28- 50-55- 60 1.30-1.35-
1.40

0.01-0.20-0.42 0.11-0.13-0.1
4

6.0- 7.5- 8.9 0.5- 1.3-
2.0

.10 .24

33-48 -35- -34- 27-31- 35 1.30-1.35-
1.40

1.40-3.00-4.00 0.07-0.10-0.1
3

3.0- 4.5- 5.9 0.2- 0.6-
1.0

.10 .32

48-60 -96- - 2- 0- 3- 5 1.30-1.35-
1.40

42.00-92.00-14
1.00

0.03-0.04-0.0
5

0.0- 1.5- 2.9 0.2- 0.3-
0.5

.02 .05
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Physical Soil Properties–Linn County Area, Oregon

Map symbol
and soil name

Depth Sand Silt Clay Moist
bulk

density

Saturated
hydraulic

conductivity

Available
water

capacity

Linear
extensibility

Organic
matter

Erosion factors Wind
erodibility

group

Wind
erodibility

indexKw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

29—Courtney
gravelly silty
clay loam

Courtney 0-17 -20- -49- 27-31- 35 1.30-1.35-
1.40

1.40-3.00-4.00 0.16-0.18-0.1
9

3.0- 4.5- 5.9 2.0- 3.5-
5.0

.20 .37 3 7 38

17-33 -17- -28- 50-55- 60 1.30-1.35-
1.40

0.01-0.20-0.42 0.11-0.13-0.1
4

6.0- 7.5- 8.9 0.5- 1.3-
2.0

.10 .24

33-48 -35- -34- 27-31- 35 1.30-1.35-
1.40

1.40-3.00-4.00 0.07-0.10-0.1
3

3.0- 4.5- 5.9 0.2- 0.6-
1.0

.10 .32

48-60 -96- - 2- 0- 3- 5 1.30-1.35-
1.40

42.00-92.00-14
1.00

0.03-0.04-0.0
5

0.0- 1.5- 2.9 0.2- 0.3-
0.5

.02 .05

Conser 0-17 -20- -49- 27-31- 35 1.20-1.30-
1.40

4.00-9.00-14.00 0.19-0.20-0.2
1

3.0- 4.5- 5.9 4.0- 6.0-
8.0

.32 .32 5 6 48

17-64 - 6- -47- 35-48- 60 1.20-1.30-
1.40

0.42-0.91-1.40 0.14-0.15-0.1
6

6.0- 7.5- 8.9 0.5- 2.3-
4.0

.28 .28

33—Dayton silt
loam

Dayton 0-9 -29- -53- 15-18- 20 1.30-1.35-
1.40

4.00-9.00-14.00 0.18-0.22-0.2
5

0.0- 1.5- 2.9 1.0- 2.5-
4.0

.43 .43 3 5 56

9-15 -25- -53- 15-23- 30 1.25-1.33-
1.40

4.00-9.00-14.00 0.18-0.21-0.2
4

0.0- 1.5- 2.9 0.5- 0.8-
1.0

.49 .49

15-40 - 7- -48- 40-45- 50 1.25-1.33-
1.40

0.01-0.20-0.42 0.03-0.04-0.0
5

6.0- 7.5- 8.9 0.5- 0.8-
1.0

.32 .32

40-76 -25- -53- 15-23- 30 1.30-1.35-
1.40

1.40-8.00-14.00 0.15-0.18-0.2
0

0.0- 1.5- 2.9 0.0- 0.3-
0.5

.43 .43
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Physical Soil Properties–Linn County Area, Oregon

Map symbol
and soil name

Depth Sand Silt Clay Moist
bulk

density

Saturated
hydraulic

conductivity

Available
water

capacity

Linear
extensibility

Organic
matter

Erosion factors Wind
erodibility

group

Wind
erodibility

indexKw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

46—Holcomb
silt loam

Holcomb 0-7 -25- -53- 20-23- 25 1.30-1.35-
1.40

4.00-9.00-14.00 0.19-0.20-0.2
1

0.0- 1.5- 2.9 3.0- 4.0-
5.0

.32 .32 4 6 48

7-27 -20- -53- 25-28- 30 1.30-1.35-
1.40

4.00-9.00-14.00 0.18-0.19-0.2
0

3.0- 4.5- 5.9 1.0- 2.0-
3.0

.37 .37

27-47 -26- -29- 40-45- 50 1.30-1.35-
1.40

0.01-0.20-0.42 0.03-0.04-0.0
5

6.0- 7.5- 8.9 0.5- 0.8-
1.0

.28 .28

47-60 -20- -48- 25-33- 40 1.30-1.35-
1.40

0.42-0.91-1.40 0.05-0.10-0.1
5

3.0- 4.5- 5.9 0.0- 0.3-
0.5

.43 .43
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Vegetative Productivity

This folder contains a collection of tabular reports that present vegetative productivity
data. The reports (tables) include all selected map units and components for each
map unit. Vegetative productivity includes estimates of potential vegetative production
for a variety of land uses, including cropland, forestland, hayland, pastureland,
horticulture and rangeland. In the underlying database, some states maintain crop
yield data by individual map unit component. Other states maintain the data at the
map unit level. Attributes are included for both, although only one or the other is likely
to contain data for any given geographic area. For other land uses, productivity data
is shown only at the map unit component level. Examples include potential crop yields
under irrigated and nonirrigated conditions, forest productivity, forest site index, and
total rangeland production under of normal, favorable and unfavorable conditions.

Nonirrigated Yields by Map Unit Component

The average yields per acre that can be expected of the principal crops under a high
level of management are shown in this table. In any given year, yields may be higher
or lower than those indicated in the table because of variations in rainfall and other
climatic factors.

The yields are based mainly on the experience and records of farmers,
conservationists, and extension agents. Available yield data from nearby counties and
results of field trials and demonstrations also are considered.

The management needed to obtain the indicated yields of the various crops depends
on the kind of soil and the crop. Management can include drainage, erosion control,
and protection from flooding; the proper planting and seeding rates; suitable high-
yielding crop varieties; appropriate and timely tillage; control of weeds, plant diseases,
and harmful insects; favorable soil reaction and optimum levels of nitrogen,
phosphorus, potassium, and trace elements for each crop; effective use of crop
residue, barnyard manure, and green manure crops; and harvesting that ensures the
smallest possible loss.

If yields of irrigated crops are given, it is assumed that the irrigation system is adapted
to the soils and to the crops grown, that good-quality irrigation water is uniformly
applied as needed, and that tillage is kept to a minimum.

Pasture yields are expressed in terms of animal unit months. An animal unit month
(AUM) is the amount of forage required by one mature cow of approximately 1,000
pounds weight, with or without a calf, for 1 month.

The estimated yields reflect the productive capacity of each soil for each of the
principal crops. Yields are likely to increase as new production technology is
developed. The productivity of a given soil compared with that of other soils, however,
is not likely to change.

Crops other than those shown in the table are grown in the survey area, but estimated
yields are not listed because the acreage of such crops is small. The local office of
the Natural Resources Conservation Service or of the Cooperative Extension Service
can provide information about the management and productivity of the soils for those
crops.
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The land capability classification of map units in the survey area is shown in this table.
This classification shows, in a general way, the suitability of soils for most kinds of field
crops (United States Department of Agriculture, Soil Conservation Service, 1961).
Crops that require special management are excluded. The soils are grouped
according to their limitations for field crops, the risk of damage if they are used for
crops, and the way they respond to management. The criteria used in grouping the
soils do not include major and generally expensive landforming that would change
slope, depth, or other characteristics of the soils, nor do they include possible but
unlikely major reclamation projects. Capability classification is not a substitute for
interpretations designed to show suitability and limitations of groups of soils for
rangeland, for forestland, or for engineering purposes.

In the capability system, soils are generally grouped at three levels: capability class,
subclass, and unit.

Capability classes, the broadest groups, are designated by the numbers 1 through 8.
The numbers indicate progressively greater limitations and narrower choices for
practical use. The classes are defined as follows:

- Class 1 soils have slight limitations that restrict their use.
- Class 2 soils have moderate limitations that restrict the choice of plants or that

require moderate conservation practices.
- Class 3 soils have severe limitations that restrict the choice of plants or that

require special conservation practices, or both.
- Class 4 soils have very severe limitations that restrict the choice of plants or that

require very careful management, or both.
- Class 5 soils are subject to little or no erosion but have other limitations,

impractical to remove, that restrict their use mainly to pasture, rangeland,
forestland, or wildlife habitat.

- Class 6 soils have severe limitations that make them generally unsuitable for
cultivation and that restrict their use mainly to pasture, rangeland, forestland, or
wildlife habitat.

- Class 7 soils have very severe limitations that make them unsuitable for
cultivation and that restrict their use mainly to grazing, forestland, or wildlife
habitat.

- Class 8 soils and miscellaneous areas have limitations that preclude commercial
plant production and that restrict their use to recreational purposes, wildlife
habitat, watershed, or esthetic purposes.

Capability subclasses are soil groups within one class. They are designated by adding
a small letter, e, w, s, or c, to the class numeral, for example, 2e. The letter e shows
that the main hazard is the risk of erosion unless close-growing plant cover is
maintained; w shows that water in or on the soil interferes with plant growth or
cultivation (in some soils the wetness can be partly corrected by artificial drainage);
s shows that the soil is limited mainly because it is shallow, droughty, or stony; and
c, used in only some parts of the United States, shows that the chief limitation is climate
that is very cold or very dry.

In class 1 there are no subclasses because the soils of this class have few limitations.
Class 5 contains only the subclasses indicated by w, s, or c because the soils in class
5 are subject to little or no erosion.

Capability units are soil groups within a subclass. The soils in a capability unit are
enough alike to be suited to the same crops and pasture plants, to require similar
management, and to have similar productivity. Capability units are generally
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designated by adding an Arabic numeral to the subclass symbol, for example, 2e-4
and 3e-6. These units are not given in all soil surveys.

Reference:
United States Department of Agriculture, Soil Conservation Service. 1961. Land
capability classification. U.S. Department of Agriculture Handbook 210.

Report—Nonirrigated Yields by Map Unit Component

Nonirrigated Yields by Map Unit Component–Linn County Area, Oregon

Map symbol and soil name Land capability Grass hay Grass-legume hay Pasture

Tons AUM

24—Clackamas variant silt loam

Clackamas variant 2w — — 8.0

Courtney 4w — — 8.0

29—Courtney gravelly silty clay loam

Courtney 4w — — 8.0

Conser 3w — — 10.0

33—Dayton silt loam

Dayton 4w — 3.00 8.0

46—Holcomb silt loam

Holcomb 3w — — 10.0

Waste Management

This folder contains a collection of tabular reports that present soil interpretations
related to waste management. The reports (tables) include all selected map units and
components for each map unit, limiting features and interpretive ratings. Waste
management interpretations are tools designed to guide the user in evaluating soils
for use of organic wastes and wastewater as productive resources. Example
interpretations include land application of manure, food processing waste, and
municipal sewage sludge, and disposal of wastewater by irrigation or overland flow
process.

Agricultural Disposal of Manure, Food-Processing
Waste, and Sewage Sludge

Soil properties are important considerations in areas where soils are used as sites for
the treatment and disposal of organic waste and wastewater. Selection of soils with
properties that favor waste management can help to prevent environmental damage.

This table shows the degree and kind of soil limitations affecting the treatment of
agricultural waste, including municipal and food-processing wastewater and effluent
from lagoons or storage ponds. Municipal wastewater is the waste stream from a
municipality. It contains domestic waste and may contain industrial waste. It may have
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received primary or secondary treatment. It is rarely untreated sewage. Food-
processing wastewater results from the preparation of fruits, vegetables, milk, cheese,
and meats for public consumption. In places it is high in content of sodium and chloride.
In the context of this table, the effluent in lagoons and storage ponds is from facilities
used to treat or store food-processing wastewater or domestic or animal waste.
Domestic and food-processing wastewater is very dilute, and the effluent from the
facilities that treat or store it commonly is very low in content of carbonaceous and
nitrogenous material; the content of nitrogen commonly ranges from 10 to 30
milligrams per liter. The wastewater from animal waste treatment lagoons or storage
ponds, however, has much higher concentrations of these materials, mainly because
the manure has not been diluted as much as the domestic waste. The content of
nitrogen in this wastewater generally ranges from 50 to 2,000 milligrams per liter.
When wastewater is applied, checks should be made to ensure that nitrogen, heavy
metals, and salts are not added in excessive amounts.

The ratings in the table are for waste management systems that not only dispose of
and treat organic waste or wastewater but also are beneficial to crops. The ratings are
both verbal and numerical. Rating class terms indicate the extent to which the soils
are limited by all of the soil features that affect agricultural waste management. Not
limited indicates that the soil has features that are very favorable for the specified use.
Good performance and very low maintenance can be expected. Somewhat limited
indicates that the soil has features that are moderately favorable for the specified use.
The limitations can be overcome or minimized by special planning, design, or
installation. Fair performance and moderate maintenance can be expected. Very
limited indicates that the soil has one or more features that are unfavorable for the
specified use. The limitations generally cannot be overcome without major soil
reclamation, special design, or expensive installation procedures. Poor performance
and high maintenance can be expected.

Numerical ratings in the tables indicate the severity of individual limitations. The
ratings are shown as decimal fractions ranging from 0.01 to 1.00. They indicate
gradations between the point at which a soil feature has the greatest negative impact
on the use (1.00) and the point at which the soil feature is not a limitation (0.00).

Application of manure and food-processing waste not only disposes of waste material
but also can improve crop production by increasing the supply of nutrients in the soils
where the material is applied. Manure is the excrement of livestock and poultry, and
food-processing waste is damaged fruit and vegetables and the peelings, stems,
leaves, pits, and soil particles removed in food preparation. The manure and food-
processing waste are solid, slurry, or liquid. Their nitrogen content varies. A high
content of nitrogen limits the application rate. Toxic or otherwise dangerous wastes,
such as those mixed with the lye used in food processing, are not considered in the
ratings.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, the rate at which the waste is applied, and the method
by which the waste is applied. The properties that affect absorption include saturated
hydraulic conductivity (Ksat), depth to a water table, ponding, the sodium adsorption
ratio, depth to bedrock or a cemented pan, and available water capacity. The
properties that affect plant growth and microbial activity include reaction, the sodium
adsorption ratio, salinity, and bulk density. The wind erodibility group, the soil erosion
factor K, and slope are considered in estimating the likelihood that wind erosion or
water erosion will transport the waste material from the application site. Stones,
cobbles, a water table, ponding, and flooding can hinder the application of waste.
Permanently frozen soils are unsuitable for waste treatment.
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Application of sewage sludge not only disposes of waste material but also can improve
crop production by increasing the supply of nutrients in the soils where the material is
applied. In the context of this table, sewage sludge is the residual product of the
treatment of municipal sewage. The solid component consists mainly of cell mass,
primarily bacteria cells that developed during secondary treatment and have
incorporated soluble organics into their own bodies. The sludge has small amounts of
sand, silt, and other solid debris. The content of nitrogen varies. Some sludge has
constituents that are toxic to plants or hazardous to the food chain, such as heavy
metals and exotic organic compounds, and should be analyzed chemically prior to
use.

The content of water in the sludge ranges from about 98 percent to less than 40
percent. The sludge is considered liquid if it is more than about 90 percent water, slurry
if it is about 50 to 90 percent water, and solid if it is less than about 50 percent water.

The ratings in the table are based on the soil properties that affect absorption, plant
growth, microbial activity, erodibility, the rate at which the sludge is applied, and the
method by which the sludge is applied. The properties that affect absorption, plant
growth, and microbial activity include Ksat, depth to a water table, ponding, the sodium
adsorption ratio, depth to bedrock or a cemented pan, available water capacity,
reaction, salinity, and bulk density. The wind erodibility group, the soil erosion factor
K, and slope are considered in estimating the likelihood that wind erosion or water
erosion will transport the waste material from the application site. Stones, cobbles, a
water table, ponding, and flooding can hinder the application of sludge. Permanently
frozen soils are unsuitable for waste treatment.

Report—Agricultural Disposal of Manure, Food-Processing
Waste, and Sewage Sludge

[Onsite investigation may be needed to validate the interpretations in this table and to
confirm the identity of the soil on a given site. The numbers in the value columns range
from 0.01 to 1.00. The larger the value, the greater the potential limitation. The table
shows only the top five limitations for any given soil. The soil may have additional
limitations]
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Agricultural Disposal of Manure, Food-Processing Waste, and Sewage Sludge–Linn County Area, Oregon

Map symbol and soil name Pct. of
map unit

Application of manure and food-
processing waste

Application of sewage sludge

Rating class and limiting
features

Value Rating class and limiting
features

Value

24—Clackamas variant silt
loam

Clackamas variant 85 Very limited Very limited

Slow water movement 1.00 Slow water movement 1.00

Depth to saturated zone 0.86 Depth to saturated zone 0.86

Too acid 0.11 Too acid 0.42

Courtney 2 Very limited Very limited

Filtering capacity 1.00 Filtering capacity 1.00

Slow water movement 1.00 Slow water movement 1.00

Ponding 1.00 Ponding 1.00

Depth to saturated zone 1.00 Depth to saturated zone 1.00

Runoff 0.40 Too acid 0.67

29—Courtney gravelly silty clay
loam

Courtney 85 Very limited Very limited

Filtering capacity 1.00 Filtering capacity 1.00

Slow water movement 1.00 Slow water movement 1.00

Ponding 1.00 Ponding 1.00

Depth to saturated zone 1.00 Depth to saturated zone 1.00

Strongly contrasting textural
stratification

1.00 Strongly contrasting textural
stratification

1.00

Conser 3 Very limited Very limited

Slow water movement 1.00 Ponding 1.00

Ponding 1.00 Depth to saturated zone 1.00

Depth to saturated zone 1.00 Slow water movement 1.00

Leaching 0.50 Flooding 0.40

Too acid 0.03 Too acid 0.14

33—Dayton silt loam

Dayton 85 Very limited Very limited

Slow water movement 1.00 Slow water movement 1.00

Ponding 1.00 Ponding 1.00

Depth to saturated zone 1.00 Depth to saturated zone 1.00

Strongly contrasting textural
stratification

1.00 Strongly contrasting textural
stratification

1.00

Runoff 0.40 Too acid 0.67
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Agricultural Disposal of Manure, Food-Processing Waste, and Sewage Sludge–Linn County Area, Oregon

Map symbol and soil name Pct. of
map unit

Application of manure and food-
processing waste

Application of sewage sludge

Rating class and limiting
features

Value Rating class and limiting
features

Value

46—Holcomb silt loam

Holcomb 85 Very limited Very limited

Slow water movement 1.00 Slow water movement 1.00

Depth to saturated zone 1.00 Depth to saturated zone 1.00

Strongly contrasting textural
stratification

0.71 Strongly contrasting textural
stratification

0.71

Runoff 0.40 Too acid 0.14

Too acid 0.03

Water Features

This folder contains tabular reports that present soil hydrology information. The reports
(tables) include all selected map units and components for each map unit. Water
Features include ponding frequency, flooding frequency, and depth to water table.

Water Features

This table gives estimates of various soil water features. The estimates are used in
land use planning that involves engineering considerations.

Hydrologic soil groups are based on estimates of runoff potential. Soils are assigned
to one of four groups according to the rate of water infiltration when the soils are not
protected by vegetation, are thoroughly wet, and receive precipitation from long-
duration storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These consist
chiefly of moderately deep or deep, moderately well drained or well drained soils that
have moderately fine texture to moderately coarse texture. These soils have a
moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or soils
of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell potential,
soils that have a high water table, soils that have a claypan or clay layer at or near the
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surface, and soils that are shallow over nearly impervious material. These soils have
a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is for
drained areas and the second is for undrained areas.

Surface runoff refers to the loss of water from an area by flow over the land surface.
Surface runoff classes are based on slope, climate, and vegetative cover. The concept
indicates relative runoff for very specific conditions. It is assumed that the surface of
the soil is bare and that the retention of surface water resulting from irregularities in
the ground surface is minimal. The classes are negligible, very low, low, medium, high,
and very high.

The months in the table indicate the portion of the year in which a water table, ponding,
and/or flooding is most likely to be a concern.

Water table refers to a saturated zone in the soil. The water features table indicates,
by month, depth to the top (upper limit) and base (lower limit) of the saturated zone in
most years. Estimates of the upper and lower limits are based mainly on observations
of the water table at selected sites and on evidence of a saturated zone, namely
grayish colors or mottles (redoximorphic features) in the soil. A saturated zone that
lasts for less than a month is not considered a water table.

Ponding is standing water in a closed depression. Unless a drainage system is
installed, the water is removed only by percolation, transpiration, or evaporation. The
table indicates surface water depth and the duration and frequency of ponding.
Duration is expressed as very brief if less than 2 days, brief if 2 to 7 days, long if 7 to
30 days, and very long if more than 30 days. Frequency is expressed as none, rare,
occasional, and frequent. None means that ponding is not probable; rare that it is
unlikely but possible under unusual weather conditions (the chance of ponding is
nearly 0 percent to 5 percent in any year); occasional that it occurs, on the average,
once or less in 2 years (the chance of ponding is 5 to 50 percent in any year); and
frequent that it occurs, on the average, more than once in 2 years (the chance of
ponding is more than 50 percent in any year).

Flooding is the temporary inundation of an area caused by overflowing streams, by
runoff from adjacent slopes, or by tides. Water standing for short periods after rainfall
or snowmelt is not considered flooding, and water standing in swamps and marshes
is considered ponding rather than flooding.

Duration and frequency are estimated. Duration is expressed as extremely brief if 0.1
hour to 4 hours, very brief if 4 hours to 2 days, brief if 2 to 7 days, long if 7 to 30 days,
and very long if more than 30 days. Frequency is expressed as none, very rare, rare,
occasional, frequent, and very frequent. None means that flooding is not probable;
very rare that it is very unlikely but possible under extremely unusual weather
conditions (the chance of flooding is less than 1 percent in any year); rare that it is
unlikely but possible under unusual weather conditions (the chance of flooding is 1 to
5 percent in any year); occasional that it occurs infrequently under normal weather
conditions (the chance of flooding is 5 to 50 percent in any year); frequent that it is
likely to occur often under normal weather conditions (the chance of flooding is more
than 50 percent in any year but is less than 50 percent in all months in any year); and
very frequent that it is likely to occur very often under normal weather conditions (the
chance of flooding is more than 50 percent in all months of any year).

The information is based on evidence in the soil profile, namely thin strata of gravel,
sand, silt, or clay deposited by floodwater; irregular decrease in organic matter content
with increasing depth; and little or no horizon development.
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Also considered are local information about the extent and levels of flooding and the
relation of each soil on the landscape to historic floods. Information on the extent of
flooding based on soil data is less specific than that provided by detailed engineering
surveys that delineate flood-prone areas at specific flood frequency levels.
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Absence of an entry indicates that the data were not estimated. The dash indicates no documented presence.

Custom Soil Resource Report

44



Water Features–Linn County Area, Oregon

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

24—Clackamas variant silt
loam

Clackamas variant C — January 2.0-3.0 2.2-3.1 — — None — None

February 2.0-3.0 2.2-3.1 — — None — None

March 2.0-3.0 2.2-3.1 — — None — None

April 2.0-3.0 2.2-3.1 — — None — None

May 2.0-3.0 2.2-3.1 — — None — None

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November 2.0-3.0 2.2-3.1 — — None — None
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Water Features–Linn County Area, Oregon

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

December 2.0-3.0 2.2-3.1 — — None — None

Courtney D — January 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

February 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

March 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

April 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

May 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

December 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare
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Water Features–Linn County Area, Oregon

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

29—Courtney gravelly silty
clay loam

Courtney D — January 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

February 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

March 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

April 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

May 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare
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Water Features–Linn County Area, Oregon

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

December 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

Conser C/D — January 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

February 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

March 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

April 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

May 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare

December 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — Rare
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Water Features–Linn County Area, Oregon

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

33—Dayton silt loam

Dayton D — January 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — None

February 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — None

March 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — None

April 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — None

May 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — None

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — None

December 0.0-1.5 >6.0 0.0-0.5 Long (7 to 30
days)

Frequent — None
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Water Features–Linn County Area, Oregon

Map unit symbol and soil
name

Hydrologic
group

Surface
runoff

Month Water table Ponding Flooding

Upper limit Lower limit Surface
depth

Duration Frequency Duration Frequency

Ft Ft Ft

46—Holcomb silt loam

Holcomb D — January 1.0-1.5 >6.0 — — None — None

February 1.0-1.5 >6.0 — — None — None

March 1.0-1.5 >6.0 — — None — None

April 1.0-1.5 >6.0 — — None — None

May 1.0-1.5 >6.0 — — None — None

June — — — — None — None

July — — — — None — None

August — — — — None — None

September — — — — None — None

October — — — — None — None

November 1.0-1.5 >6.0 — — None — None

December 1.0-1.5 >6.0 — — None — None
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Water Management

This folder contains a collection of tabular reports that present soil interpretations
related to water management. The reports (tables) include all selected map units and
components for each map unit, limiting features and interpretive ratings. Water
management interpretations are tools for evaluating the potential of the soil in the
application of various water management practices. Example interpretations include
pond reservoir area, embankments, dikes, levees, and excavated ponds.

Irrigation - Surface

This table shows the degree and kind of soil limitations that affect irrigation systems
on mineral soils. The ratings are both verbal and numerical. Rating class terms
indicate the extent to which the soils are limited by all of the soil features that affect
these uses. Not limited indicates that the soil has features that are very favorable for
the specified use. Good performance and very low maintenance can be expected.
Somewhat limited indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. Very limited indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings in the table indicate the severity of individual limitations. The ratings
are shown as decimal fractions ranging from 0.01 to 1.00. They indicate gradations
between the point at which a soil feature has the greatest negative impact on the use
(1.00) and the point at which the soil feature is not a limitation (0.00).

Irrigation systems are used to provide supplemental water to crops, orchards,
vineyards, and vegetables in area where natural precipitation will not support desired
production of crops being grown.

Irrigation, surface (graded)  evaluates a soil for graded flood or furrow irrigation
systems. The ratings are for soils in their natural condition and do not consider present
land use. .

Graded surface irrigation systems include graded border and graded furrow irrigation
systems. Graded border irrigation systems allow irrigation water to flow across the soil
surface while being confined by borders. Graded furrow irrigation systems are systems
that allow irrigation water to flow down furrow valleys while the crop being irrigated is
planted on the furrow ridge. Generally, graded border systems are suitable for small
grains while graded furrow systems are suitable for row crops.

The soil properties and qualities important in the design and management of graded
surface irrigation systems are depth, available water holding capacity, sodium
adsorption ratio, surface rocks, permeability, salinity, slope, wetness, and flooding.
Features that affect system performance and plant growth are salinity, sodium
adsorption ratio, wetness, calcium carbonate content, and available water holding
capacity. .
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Irrigation, surface (level)  evaluates a soil for basin, paddy, level furrow, or level border
irrigation systems. The ratings are for soils in their natural condition and do not
consider present land use.

Level surface irrigation systems are irrigation systems that use flood irrigation
techniques to spread irrigation water at a specified depth across the application area.
Basin, paddy, and borders generally use external ridges or borders to confine the
irrigation application while level furrow systems use furrow valleys and end blocks or
border ridges to confine the irrigation application during irrigation. With furrow irrigation
the crop is usually planted on the furrow ridge. Generally, basin, paddy and level
border irrigation systems are suitable for rice, small grain, pasture, and forage
production. Level furrow systems are generally suited for row crops.

The soil properties and qualities important in the design and management of level
surface irrigation systems are depth, available water holding capacity, sodium
adsorption ratio, permeability, salinity, slope, and flooding. The soil properties and
qualities that influence installation are depth, flooding, and ponding. The features that
affect performance of the system and plant growth are salinity, sodium adsorption
ratio, and available water holding capacity.

Information in this table is intended for land use planning, for evaluating land use
alternatives, and for planning site investigations prior to design and construction. The
information, however, has limitations. For example, estimates and other data generally
apply only to that part of the soil between the surface and a depth of 5 to 7 feet.
Because of the map scale, small areas of different soils may be included within the
mapped areas of a specific soil.

The information is not site specific and does not eliminate the need for onsite
investigation of the soils or for testing and analysis by personnel experienced in the
design and construction of engineering works.

Government ordinances and regulations that restrict certain land uses or impose
specific design criteria were not considered in preparing the information in this table.
Local ordinances and regulations should be considered in planning, in site selection,
and in design. The irrigation interpretations are not designed or intended to be used
in a regulatory manner.

Report—Irrigation - Surface

[The information in this table provides irrigation interpretations for mineral soils. Onsite
investigation may be needed to validate the interpretations and to confirm the identity
of the soil on a given site. The numbers in the value columns range from 0.01 to 1.00.
The larger the value, the greater the potential limitation. The table shows only the top
five limitations for any given soil. The soil may have additional limitations]
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Irrigation - Surface–Linn County Area, Oregon

Map symbol and soil name Pct. of
map unit

Irrigation, Surface (graded) Irrigation, Surface (level)

Rating class and limiting
features

Value Rating class and limiting
features

Value

24—Clackamas variant silt
loam

Clackamas variant 85 Somewhat limited Somewhat limited

Slope 0.50 Rapid water movement 0.03

Rapid water movement 0.03

Courtney 2 Very limited Very limited

Seepage 1.00 Seepage 1.00

Ponding 1.00 Ponding 1.00

Slope 0.50

29—Courtney gravelly silty clay
loam

Courtney 85 Very limited Very limited

Seepage 1.00 Seepage 1.00

Ponding 1.00 Ponding 1.00

Slope 0.50

Conser 3 Very limited Very limited

Ponding 1.00 Ponding 1.00

33—Dayton silt loam

Dayton 85 Very limited Very limited

Ponding 1.00 Ponding 1.00

46—Holcomb silt loam

Holcomb 85 Somewhat limited Somewhat limited

Rapid water movement 0.69 Rapid water movement 0.69

Slope 0.50
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Monitoring Soil Nutrients
Using a Management Unit Approach
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B.D. Brown, and R.G. Stevens

What’s in this publication?
This publication focuses on how to

design a soil nutrient monitoring strategy
that fits today’s requirements for record
keeping and increased accuracy in manag-
ing nitrogen (N), phosphorus (P), and
other nutrients. We advocate the use of
management units or zones for soil testing
and nutrient application. To measure a real
change in soil test values over time, you
will need to use consistent management
units over many growing seasons.

In this publication, a management unit is
considered an area in a field that is soil-
sampled and fertilized separately for one
or more nutrients. Different management
unit delineations may be more appropriate
for insect, weed, and disease control; irriga-
tion water management; and other cultural
practices.

The management unit approach is
designed to provide better information to
make nutrient management decisions at a
reasonable cost. This approach combines
the ease of traditional whole-field sam-
pling and the power of an intensive grid
sampling method (see pages 2–3). With a
management unit approach, a grower can
vary the amount and type of nutrient
applications within a field without the
need for grid sampling.

A monitoring strategy will answer only
the questions it was designed to answer.
Each field will have a specific soil sampling
strategy. Key questions to consider when
developing a soil testing strategy for nutri-
ent management are discussed in this
publication, including time of sampling,
depth of sampling, number of subsamples,
and location for sampling in the manage-
ment unit.

A soil sampling protocol designed to
measure changes in soil nutrient status
over time must minimize random variabil-
ity in soil test results. This is especially
important when soil sampling is part of a
required nutrient management plan. This
publication suggests strategies for mini-
mizing random variability.

Two examples of nutrient monitoring are
provided to illustrate the process of decid-
ing when, where, and how to sample, as
well as how to interpret the soil test results.
One example uses reference sampling areas
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Whole-field sampling
The whole-field soil sampling

approach is a simple protocol used
for many cropping systems. Soil
cores are collected from the entire
field, mixed together, and a single
composite sample is sent to a labora-
tory for analysis.

The problem with whole-field
sampling is that it treats the entire
field the same regardless of differ-
ences in landscape position, soil
characteristics, or cropping history.
Thus, conclusions drawn from the
soil test may not be appropriate for
each part of the field. Often, average
nutrient levels are found in only a
small part of the field. The rest of the
field is either higher or lower than
the average. Basing fertilizer applica-
tion on the field average means that
some areas will be overfertilized and
others will be underfertilized.

within management units, and the other
uses random sampling throughout the
management unit. These examples are
intended to illustrate the process of using
management units to make nutrient man-
agement decisions.

What are the advantages of the
management unit approach?

The sidebars on this page and the fol-
lowing page describe two approaches to
sampling: whole-field sampling and grid
sampling. Each sampling strategy has
limitations that can be overcome by adopt-
ing a management unit approach, as
described in this publication.

The goal of using a management unit
approach is to save money, and often time,

compared to grid-based sampling meth-
ods, while obtaining more accurate data
than that provided by whole-field sam-
pling. The management unit approach is
designed to provide many of the benefits
of grid sampling while overcoming its high
cost and other limitations. In many cases,
this process allows growers to make fertil-
izer or amendment applications without
the use of global positioning system (GPS)
units and expensive variable-rate
controllers.

Developing and using management
units can allow a producer to apply
amendments in varying amounts within a
field. Higher levels of a particular nutrient
can be applied in areas of the field that are
likely to respond or have not reached a
critical limit, while less or none can be
applied in areas that have higher values
and are less likely to respond. In most
cases, this type of sampling plan satisfies
many regulatory requirements while
allowing the crop to be managed in a
reasonable way.

What criteria are used to divide a
field into management units?

When deciding how to divide a field
into management units, both soil features
and the grower’s needs and priorities for
managing each field should be considered.
The goal is to divide fields into areas that
are more uniform than the field as a whole.

The basis for consideration can include
inherent variability (soil texture, topogra-
phy, mineralogy, drainage, soil test values),
variability associated with current man-
agement (tillage, irrigation water distribu-
tion), and historical variability (previous
crop yields, manure application, field
leveling, old fence lines) within a field. The
minimum size of a management unit
should be defined by equipment size, so
that each management unit is large enough
to be fertilized separately.
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Grid sampling
The most accurate picture of the characteristics of a field would be produced by

sampling every point within the field. Since it is impractical to do so, grid sampling
can be used as an improvement over whole-field sampling. First, a field is systemati-
cally divided into areas of uniform size and shape (called cells) to form a grid. Cells
often consist of 1 to 5 acres. Then, samples (consisting of a composite of 10 or more
cores) are taken from each cell and analyzed. Thus, each cell has its own sample and
analysis result.

The purpose of grid sampling is to create a detailed map of the field that allows
the grower to identify areas that will receive a unique management practice. Using
software that estimates soil test results between cells, patterns of estimated nutrient
availability can be determined and a nutrient application map created.

The main challenge of grid sampling is its expense. A 125-acre field can have as
many as 125 individual samples (if the field is divided into 1-acre cells). On a farm of
several hundred acres, the cost of sampling (labor and equipment) and lab fees can
become prohibitive. On the other hand, some labs give a substantial discount to
growers who grid sample.

Grid sampling does not need to be done every year for most soil tests. The cost
could be spread over a rotation by sampling intensively before one crop to create
management units and then taking a few samples in subsequent years to verify the
spatial patterns of soil nutrients.

Another limitation to grid sampling is that the grid spacing chosen may either
obscure or exaggerate variability caused by a regular pattern such as wheel rows or
movable sprinkler lines. However, modified versions of grid sampling patterns can
overcome this potential weakness.

Dividing a field into management units
is a combination of art and science. The
management unit approach for soil sam-
pling described in this publication enables
growers to use their knowledge of the field
to help define management units. Often,
management units can be delineated on the
basis of soil color or other landscape fea-
tures that are easy to identify visually.

Certain field features, such as areas
where soil was removed for field leveling,
are not clearly delineated on most maps.
However, you might be able to obtain cut-
and-fill maps from the operator who did
the leveling. Such maps can be quite useful
in delineating nutrient management units.

Consider using other sources of informa-
tion to delineate management units. Maps
produced from remote sensing data
(e.g., aerial photos or satellite imagery) and
yield monitors are useful visual aids. Other
tools include geographic information
systems (GIS) software and GPS units.

Time and skill are required to manipu-
late the raw map data into a format that
allows overlay of maps for the same field.
After a multiple layer map is created, many
factors can be considered simultaneously
to delineate management units. These
maps are also useful for recording soil
sampling locations within the field.
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Where should I collect soil samples
from within a management unit?

Collect soil cores throughout each man-
agement unit (unit sampling) or from a
smaller reference sampling area within a
management unit (Figure 1). Select one of
these approaches, and use it consistently.

In the center-pivot irrigated field shown
in Figure 1, each of the three management
units is delineated by one or more soil
properties or management practices. For
example, Management Unit 1 may be an
eroded hilltop, Management Unit 2 may
consist of side slopes with shallow topsoil,

and Management Unit 3 may consist of
bottomlands with poor drainage and high
organic matter. The sampling plan for the
field on the left (A) uses a zigzag pattern to
collect subsamples, or cores, across the
entire management unit. Soil cores col-
lected within each management unit are
composited into one sample for that man-
agement unit. In the field on the right (B),
reference sampling areas are established
away from the edges of the field but near
access points such as the pivot road.

The sampling location for each core may
or may not be recorded (georeferenced).

Management Unit 1

Management Unit 2

Management Unit 3

Pivot access road

Boundary lines between
management units

Individual soil core

Field A

Field B

0.5–1 acre
reference
area

Figure 1.—Aerial view of two fields with a center-pivot overhead sprinkler irrigation system that have been divided into
three management units. The top left field (A) illustrates a random sampling approach for sampling within each
management unit. The lower right field (B) illustrates the reference sampling area approach for sampling within each
management unit.
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The benefit of georeferencing sampling
locations is that in subsequent years you
can return to the same areas with some
degree of accuracy and minimize year-to-
year variability. Georeferencing commonly
is done with a GPS unit. Currently, the
least expensive units can be accurate to
± 15 to 20 feet, under ideal conditions.
Alternatively, it may be possible to install
markers in the field that will withstand
farming practices, allowing them to be
found for future sampling.

For either the unit or reference sampling
approach, avoid collecting samples from
small, atypical areas such as animal feed-
ing areas, gate and watering areas, corral
and home sites, old roads, field edges, and
eroded hilltops. It might be useful to ana-
lyze such samples separately for possible
consideration as separate management
units.

Management unit sampling approach
Take individual soil cores (10 or more)

randomly over the entire management unit
and mix them into a composite (Figure 1a).

Advantages of sampling randomly
within management units include:
• One sample represents the entire man-

agement unit.
• Likely to provide better data than the

reference sampling area approach when
uniformity in soil or management prac-
tices (e.g., manure application) is
uncertain.

Disadvantages of sampling randomly
within management units include:
• Sample collection requires more time

compared to sample collection by the
reference sampling area approach
(described at right).

• Heavy sampling equipment, if required,
must be moved across the management
unit.

Reference sampling area approach
Reference sampling areas are smaller

sampling areas within a management unit.
They can be used for representative soil
sampling and other crop monitoring activi-
ties, such as plant tissue sampling, soil
moisture measurement, or crop yield
estimates. This method is most beneficial
when heavy sampling equipment is used
or when the management unit is very
uniform.

The intensity of management and vari-
ability of the field should dictate how large
an area can be represented by one reference
sampling area. A local expert (university
Extension personnel; private certified crop
advisor, agronomist, or soil scientist; or
Natural Resources Conservation Service
personnel) can be consulted to assist you in
determining what might be appropriate for
your situation.

Reference sampling areas should be
representative of the entire management
unit and easy to access. To make sure a
reference sampling area is representative,
compare soil test values from proposed
reference sampling area(s) with soil test
values for a composite sample taken from
the entire management unit (see “Manage-
ment unit sampling approach”).

Within each management unit, select an
area of 0.5 to 1 acre for each reference
sampling area (Figure 1b). Plan to
georeference the four corners of the sam-
pling area to minimize year-to-year vari-
ability. Ways to georeference reference
sampling areas, besides using GPS, include
using specific tree numbers in an orchard,
measuring the distance from a fence or
fixed equipment, or installing markers.

Advantages of reference sampling areas
include the following.
• Fields can be sampled more quickly.
• It is easier to georeference sampling

locations.
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• You can use more than one reference
sampling area within a management unit
to allow for differences in known man-
agement variables (e.g., irrigation water
distribution).

• There is more year-to-year consistency
due to less spatial variability.

Disadvantages of reference sampling
areas include the following.
• The reference sampling area may not

represent the management unit as a
whole.

• If georeference coordinates or field
markers are lost, the exact location of the
reference sampling area may be lost.

• Heavy traffic within the reference area
may occur if care is not taken.

• The sampling area will be compromised
if a nutrient or other amendment spill
occurs within the reference sampling
area.

The reference sampling area approach
often is used for in-season testing for soil
nitrate, because:
• More soil cores can be collected in a

given amount of time.
• Fixed soil moisture monitoring sites

(e.g., neutron probe) can be located
within the same reference sampling area.

• Reduced sampling equipment traffic
over the field reduces crop damage and
soil compaction.

How to develop a plan
for soil nutrient monitoring

Soil test data will answer only the ques-
tions the test was designed to answer. The
following steps and questions can help you
design a monitoring system tailored to
your needs (Table 1). Two examples of how
to develop a plan are included (see
Examples 1 and 2, pages 10–13).

Table 1.—Considerations and questions for designing a soil nutrient monitoring plan.

Soil monitoring considerations Specific questions

Objectives • What is (are) your objective(s) for nutrient monitoring?
• What nutrients or other soil chemical properties do

you want to measure?
• Are you required by any agreement to monitor specific

nutrients or soil chemical properties?
Where to sample • Should you collect samples throughout the manage-

ment unit, or use a reference sampling area?
• Do you plan to georeference locations where soil cores

are collected?
• What method will you use to georeference sampling

locations?
How to sample • When should samples be collected?

• What soil sampling depth(s) are appropriate?
• How many soil cores will be collected for each com-

posite sample sent to a laboratory for analysis?
• Should you sample using a zigzag approach or a sys-

tematic sampling method within the sampling area?
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Objectives
Think carefully about your objectives.

Soil testing can be used just to monitor
nutrient levels for record-keeping require-
ments, or it can be used to guide nutrient
application decisions. Agricultural profes-
sionals (university Extension personnel;
private certified crop advisors, agrono-
mists, or soil scientists; and Natural
Resources Conservation Service personnel)
often can help in designing a customized
sampling strategy.

What nutrients or other soil chemical properties
do you want to measure?

Soil tests that provide useful information
for nutrient management purposes are
listed in Table 2.

One of the goals of a soil testing program
may be to avoid excessive application of
nutrients or salts. Repeated application of
organic materials, such as compost,
manure, or biosolids, typically results in
buildup of one or more nutrients, and

possibly soluble salts. As an example, if
manure application rates are based on
supplying enough N for the crop, other
nutrients (e.g., phosphorus and potassium)
usually are added at rates greater than crop
utilization. Soil testing can be used to track
nutrient accumulation over time.

Because each organic material
(e.g., manure, biosolids, compost) contains
a unique balance of nutrients, a nutrient
analysis of the organic material often is
helpful in deciding which soil tests are
appropriate. General information about the
nutrient concentrations present in various
organic materials can be found in Exten-
sion publications (see “For more
information”).

Several tests commonly offered by agri-
cultural testing laboratories—organic
matter, ammonium-N (NH4-N), and
sulfur (S)—are less useful in assessing
management effects on soil fertility. Their
shortcomings are discussed briefly here.

Table 2.—Typical frequency for assessment of changes in soil test values.
As needed Periodic Once,
for specific (once per crop if necessary,
cropping rotation or for initial
system Annually** every 3 to 5 years) site assessment

Nitrate-N extractable boron (B), pH, lime requirement, soil texture,
(NO3-N)*: total or sulfate-sulfur (S)***, Bray or Olsen P, cation exchange
preplant, electrical conductivity (EC) extractable bases capacity (CEC),
in-season, or (K, Ca, Mg, Na), organic matter
postharvest extractable

micronutrients
(DTPA-Zn, Mn, Cu, Fe)

* Soil testing frequency for nitrate-N varies widely for different cropping systems.
** For cropping systems with high-sodium (Na) irrigation water, an annual test for sodium absorp-

tion ratio (SAR) is recommended. The SAR test includes determination of exchangeable calcium
(Ca), magnesium (Mg), and sodium (Na).

*** For sulfur (S), plant-tissue testing is preferred over soil testing. Soil test sulfur (sulfate-S or total
S) is not a good predictor of crop yield response to S fertilizer in many situations.
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Soil sampling for ammonium-N (NH4-N)
is not recommended unless fertilizer or
other organic amendments have been
applied during the past 30 days, or if soil
has remained dry or cold since N applica-
tion. In most situations, ammonium-N is
rapidly converted to nitrate-N (NO3-N) in
soil.

Soil organic matter testing often is part
of a “routine” soil test, but it has limited
value for nutrient management. Most
fertilizer guides for irrigated crops do not
use soil organic matter as a basis for
nutrient management recommendations.
(Some dryland fertilizer guides use
soil organic matter values to adjust N
recommendations.)

Soil organic matter content changes very
slowly in response to management changes
(tillage or organic amendment addition).
Annual testing of soil organic matter is not
recommended because random measure-
ment error usually obscures small changes
in organic matter content over time. Peri-
odic soil organic matter testing (once per
crop rotation or every 5 years) may be
useful in measuring the impact of long-
term management changes that are
expected to build soil organic matter.

For sulfur (S), plant-tissue testing is
preferred over soil testing. Soil test sulfur
(sulfate-S or total S) is not a good predictor
of crop yield response to S fertilizer in
many situations.

Are you required by any agreement
to monitor specific nutrients or
soil chemical properties?

Nutrient management plans required by
state or federal agencies often specify
required soil analyses and sampling fre-
quency. At a minimum, a sampling plan
should meet agency requirements (if appli-
cable). For example, landowners who
participate in the Natural Resources Con-
servation Service (NRCS) Environmental

Quality Incentives Program (EQIP) for
nutrient management often are required to
collect soil test data according to NRCS
specifications.

Where to sample
Collect soil cores throughout each man-

agement unit (unit sampling) or from a
reference sampling area within each man-
agement unit, as discussed previously in
“Where should I collect soil samples from
within a management unit?”

How to sample
When should samples be collected?

The recommended sampling frequency
is based on the rate of change in soil test
values over time (Table 2). Tests for soil
characteristics that do not change greatly in
response to fertilizer or organic amend-
ment addition (e.g., soil texture and cation
exchange capacity) often are not necessary.

Timing of soil sampling is most critical
for nitrate-nitrogen, because this form of N
is mobile in soil water. Generally, it is best
to collect soil samples for nitrate-N analysis
close to N fertilizer application time.

Soil tests for soil characteristics that
change slowly in response to management
(periodic soil tests in Table 2) are recom-
mended once per crop rotation or every
3 to 5 years. For these tests, small varia-
tions occur seasonally due to soil biological
processes, crop residue decomposition, soil
water status, and tillage. In determining
management effects on these soil test
values, develop a consistent protocol for
the timing of sample collection.

What soil sampling depth(s) are appropriate?
Consult university fertilizer guides or

nutrient management guides for the crop.
Determine the soil sampling depth and any
other special considerations for soil sam-
pling in a particular cropping system. For
many agronomic crops, interpretive tables
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for soil test values are based on a sample
taken to a 0- to 6-inch or a 0- to 12-inch
depth. However, some N recommenda-
tions are based on sample depths up to
24 or 48 inches.

Using shallower sampling depths, in
some cases, can allow for the detection of
changes in soil nutrient status before they
would be detected using a traditional
sampling depth (6 or 12 inches). For pas-
tures and some perennial crops where
tillage is absent, nutrients with limited
mobility (e.g., P and K) may accumulate
near the soil surface. Sampling closer to the
soil surface increases the probability of
detecting changes in soil test values over
time.

In some cases it is useful to split a
sample by depth. For example, if the uni-

versity guide is based on a 12-inch depth, it
might be useful to collect two samples, 0 to
3 inches deep and 3 to 12 inches deep.
Splitting the samples by depth allows you
to compare soil test values for the 0- to
12-inch depth (weighted average of 0- to
3- and 4- to 12-inch depths) with the fertil-
izer guide, while also evaluating changes
in surface soil test values (0 to 3 inches)
over time. Table 3 shows how to calculate a
weighted average.

How many soil cores should you collect
for a composite sample?

Increasing the number of soil cores
(subsamples) taken in a sampling area
generally increases the accuracy of the
data. Fewer soil cores are needed to repre-
sent a smaller sampling area (Table 4).
Mix soil cores thoroughly and submit a

Table 4.—Minimum number of cores per sample and size of sampling areas.
Reference sampling

area within
Whole field Entire management unit management unit

Minimum cores/sample 20 10 5–8

Minimum acres/site 100% of field varies 1% or less
of management unit

Table 3.—Calculating a weighted average.
Sample depth Soil core length Soil test value

How measured (inches) (inches) (ppm)

Sampled 0–3 3 40

Sampled 4–12 9 20

Calculated* 0–12 12 25

*Weighted average of 0- to 3- and 4- to 12-inch depths is derived by:
[(core length x soil test value) + (core length x soil test value)] ÷ total sample depth

Example: [(3 x 40) + (9 x 20)] ÷ 12 = 25
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composite sample to the laboratory. Check
with the laboratory to determine the
amount of soil needed for the desired
analyses.

Should you sample in a zigzag pattern
or use a systematic sampling method
within the sampling area?

For some crops, a zigzag pattern or other
haphazard approach to collecting soil cores
is appropriate. Systematic sampling
perpendicular to a furrow-irrigated bed,
fertilizer band, or perennial crop row
sometimes is used to reduce variability in
test results. If you choose a systematic
sampling method, you must use it consis-
tently in order to compare soil test values
over time.

Sampling checklist
Consistent sampling techniques are

essential. Make sure each of the following
aspects (each was discussed above) will be
handled before going to the field to take
soil samples:
• Nutrients to be monitored
• Size and location of management units

or reference sampling areas
• Sampling depth(s)
• Number of cores per composite sample
• Systematic sampling instructions (if

applicable)

See “For more information” for publica-
tions describing routine soil sampling
collection and handling techniques.

Example 1: Monitoring nitrogen in
a silage corn field

Two years ago a grower purchased a
75-acre field. The new owner has no soil
test data and little information on how the
field was managed. He plans to conven-
tionally till the field and plant it to silage
corn and is concerned about how best to
manage nitrogen fertilization. He uses best
management practices to ensure timely

and even distribution of irrigation water
via overhead sprinklers.

The grower has a 20-year old aerial
photo of the field and the soil survey report
for the area. The photo shows that there
was a corral in a part of the field. The
grower decides that the former corral area
will need to be a separate management
unit (Management Unit 1), and the rest of
the field will be the second management
unit (Management Unit 2).

Developing a monitoring plan
Nutrient monitoring objectives

The grower wants to determine an
appropriate nitrogen application rate for
silage corn in this field. From a longer term
perspective, by creating management units,
he will be able to more closely meet the
nutritional needs of the crops and, ideally,
to reduce his fertilizer expenses and pos-
sible nitrate loss from the field.

Because part of the field has been a
corral, the grower suspects this area may
have a higher nutrient-supplying capacity
than the rest of the field. The grower does
not own livestock and will not be applying
manure to the field.
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Sampling approach
The grower wants to keep his sampling

plan fairly simple by using reference sam-
pling areas in the two management units.
The reference sampling areas are located
on the same side of the field and are fairly
close to the road for easy access. Should
plant tissue testing become necessary, those
samples also will be taken from the refer-
ence sampling areas.

The grower has a GPS unit and uses it to
record the location of the four corners of
the reference sampling areas in the two
management units. He collects 10 cores
(5 cores is the minimum per unit) in each
reference sampling area to create a repre-
sentative sample.

Both soil and plant tissue testing will be
used to monitor crop N status. Soil samples
(0- to 12-inch depth) will be collected at the
six-leaf growth stage. Plant tissue (corn
stalks) will be collected at harvest. A uni-
versity nutrient management guide, The
Presidedress Soil Nitrate Test (PSNT) for
Western Oregon and Western Washington,
will be used to determine methods used in
soil and plant tissue sampling. The guide
also will be used to interpret soil test and
plant tissue test results.

Results
Table 5 shows the results of soil and

tissue testing for both management units.
The presidedress soil nitrate test value

for Management Unit 1 (previous corral

Table 5.—PSNT and at-harvest stalk nitrate-nitrogen for Example 1.
                                                                      Nitrate-nitrogen (mg/kg or ppm)

Management Unit 1 (old corral site) Management Unit 2 (rest of field)

Soil test (PSNT) at
six-leaf growth stage 30 10

Corn stalk at harvest 4,500 5,500

site) was above the 25 ppm nitrate-N
sufficiency level given in the nutrient
management guide. Thus, fertilizer N was
not applied to this unit. Nitrogen was
applied at sidedress time to Management
Unit 2 at a rate of 100 lb N per acre as
recommended in the guide.

The at-harvest stalk nitrate-N concentra-
tion in corn from Management Unit 1 was
in the range required for optimum yield
(above 3,500 ppm) given in the nutrient
management guide. This result confirmed
the decision not to sidedress N fertilizer in
that management unit. Corn in Manage-
ment Unit 2 had an at-harvest stalk nitrate
value of 5,500 ppm, indicating that suffi-
cient N was present for maximum yield. By
using the management unit approach,
yields were maintained and N fertilizer use
was reduced.

Example 2: Monitoring soil
phosphorus over a 6-year period

A grower has a 105-acre field that is
irrigated with overhead sprinklers
mounted on a wheel line. He wants to
utilize composted manure from a drylot
dairy and commercial fertilizers to supply
nutrients for potatoes, a spring small grain
crop, and a winter small grain crop grown
in a 3-year rotation.

The grower worked with a consulting
soil scientist to define management units
for this field. The field was leveled many
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years ago when it was furrow irrigated.
Bare-soil aerial photographs were used to
delineate management units defined by the
amount of exposed subsoil. Soil color was
directly related to topsoil depth, soil
organic matter content, and soil test values.
The management unit with the lightest
color on the aerial photo, Management
Unit 1, had the lowest organic matter
content and the lowest soil test P value
(15 ppm bicarbonate extractable P). Man-
agement Unit 3 had the highest organic
matter content and the highest soil test P
(29 ppm). Management Unit 2 had inter-
mediate organic matter and intermediate
soil test P (21 ppm).

Developing a monitoring plan
Nutrient monitoring objectives

The goal of the soil testing program is to
efficiently use a combination of composted
manure and fertilizer P to satisfy crop
needs. Composted manure will be applied
each year to Management Unit 1 (lowest
soil test P) and every third year to Manage-
ment Unit 2 (intermediate soil test P).
Management Unit 3 will not receive
composted manure application because it
has higher soil test P values. (See Table 6.)

The phosphorus fertilizer rate for each
crop will be determined using university
nutrient management guides in conjunc-
tion with P soil test values for Management
Unit 2 (intermediate soil test P) (Table 6).
Phosphorus fertilizer (if needed for a
particular crop) will be placed near the row

Table 6.—Nutrient management strategies for Example 2.
      Management unit Initial soil test P Strategy

1 15 Apply compost every year.

2 21 Apply compost every third year.

3 29 No compost applied.

at a single rate across the entire field. The
grower does not have equipment capable
of delivering a variable rate fertilizer
application.

Sampling approach
Annual sampling will be used to track

changes in soil test P over time. Because
composted manure distribution across the
field is not always uniform, the grower
chooses a random sampling scheme, col-
lecting soil cores in a zigzag pattern
through each management unit. He records
each management unit boundary and soil
core collection location with a GPS unit to
minimize year-to-year variation.

Management units will be sampled
every year in the late winter or early
spring. Samples will be taken at the 0- to
12-inch depth, as this is the depth recom-
mended in university fertilizer guides for
this region. From each management unit,
10 cores will be taken and composited into
a single sample.

Results
Figure 2 (page 13) shows that soil test P

values remained relatively constant in each
management unit in the field over a 6-year
period. All crops received adequate P for
maximum yield.

The management unit approach allowed
the grower to continue composted manure
application to the portion of the field
where additional P has agronomic benefit
(Management Unit 1), while avoiding
excess P buildup in the portion of the field
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with higher soil test P values (Man-
agement Unit 3). Fertilizer costs were
reduced because a portion of crop P
needs was supplied by composted
manure.

For more information
Franzen, D.W. and L.J. Cihacek. Soil

Sampling as a Basis for Fertilizer
Application, SF-990 (North Dakota
State University, revised 1998).

Mahler, R.L. and T.A. Tindall. Soil
Sampling, Bulletin 740 (University
of Idaho, revised 1994).

Marx, E.S., N.W. Christensen, J. Hart,
M. Gangwer, C.G. Cogger, and
A.I. Bary. The Pre-sidedress Soil Nitrate
Test (PSNT) for Western Oregon and
Western Washington, EM 8650 (Oregon
State University, reprinted 1997).

Marx, E.S., J. Hart, and R.G. Stevens. Soil
Test Interpretation Guide, EC 1478
(Oregon State University, reprinted
1999).
Many OSU Extension Service publica-

tions, including fertilizer guides for a
variety of crops, may be viewed or
downloaded from the Web. Visit the
Publications and Videos catalog at
http://eesc.oregonstate.edu.

Copies of many of our publications and
videos also are available from OSU Exten-
sion and Experiment Station Communica-
tions. For prices and ordering information,
visit our online catalog or contact us by fax
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Figure 2.—Soil test P values for three management units in Example 2.
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Good management practices are essential if 
optimum fertilizer responses are to be realized. 
TTiese practices include use of recommended 
varieties, selection of adapted soils, weed 

control, disease and insect control, good seedbed prepara- 
tion, proper seeding methods, and timely harvest. 

Because of the influence of soil type, climatic condi- 
tions, and cultural practices, crop response to fertilizer may 
not always be predicted accurately. Soil test results, field 
experience, and knowledge of specific crop requirements 
help determine the nutrients needed and the rate of appli- 
cation. 

Follow recommended soil sampling procedures to 
estimate fertilizer needs. The Oregon State University 
Extension Service agent in your county can provide you 
with soil sampling instructions, soil sample bags, and 
information sheets. 

Field experiments with spring grains in western Oregon 
have shown that early seeding (by April 1 or earher) and 
the proper use of fertilizer give best results. Near normal 
yields can be obtained even if the crop is infected with 
yellow dwarf virus. 

In recent years, yellow dwarf virus disease has reduced 
yields of spring grain in western Oregon. Damage has 
varied with the seasons and between areas. The virus is 
carried by aphids, and infection can be serious whenever 
conditions favor mass movement of aphids into the grain 
in the early stages of growth. If virus infection occurs 
when the young grain plants have only two or three leaves, 
severe stunting and possible crop failure may result. 
Damage is less severe if the plants develop at least five or 
six leaves before the aphid infestation occurs. 

Method of Applying FertiKzer 
Banding the fertilizer close to the seed is essential for 

maximum seedling growth. Band apphcations of nitrogen, 
phosphorus, potassium, and sulfur have increased yields. 
Yield response of virus-susceptible varieties to banded 
phosphorus and potassium has been profitable in years 
when virus is present, even on soils with these nutrients at 
levels normally considered adequate. 

Broadcast fertilizers may not be effective in increasing 
early seedling growth. 

OREGON STATE UNIVERSITY 
EXTENSION SERVICE 

With early seeding in moist soil, up to 40 lb N/a + 40 lb 
P205/a + 40 lb KjO/a have been banded with the seed 
without serious damage. Banding higher rates of fertilizer 
with the seed could decrease yields. 

Urea and DAP (diammonium phosphate) can be toxic to 
seedlings and therefore should not be used as an N source 
when fertilizer is banded close to seed. Vigorous seedling 
growth has more than compensated for any fertilizer bum 
with other fertihzer materials. 

The "burning" effect of banded fertilizer increases as 
the soil becomes drier and decreases when the band is 
located a short distance (1-2 inches) from the seed. 

Nitrogen (N) 
Spring grain yields are increased by the application 

ofN. 
The application of too much N can result in lodging, 

particularly where weaker strawed varieties are seeded. 
The amount of N recommended depends on the preced- 

ing crop (Table 1). 

Table 1.—N fertilization rates for spring grains. 

Apply this amount (lb N/a)1 

Band and broadcast23 

Preceding crop 
Good stand of 
legumes or row 
crop 

Grain or 
grass seed4 

Total    Close to seed 

20 20(0) or 

With seed 

20(0) 

40-50       40(0-10)       or     20(20-30) 

'The difference between total N and banded N should be 
broadcast before or at the time of planting. 
2The figures in parentheses represent the lb N/a that should be 
broadcast. 
3Urea should not be banded close to seed. 
"Broadcast N should be increased by 10 lb/a for each ton of 
grain or grass straw incorporated in the spring. 

Prepared by E. Hugh Gardner, professor emeritus of soil science; 
T.L. Jackson, former Extension soil scientist; and W.E. Kronstad, 
professor of crop science; Oregon State University. Reviewed by a 
committee of western Oregon county Extension agents. 



Estimating N Rates 
from Yield Potential 

About 40 lb of added N are required for each 1,000 lb 
yield increase. Experienced growers can adjust N rates for 
maximum economic yield with this formula. However, 
you must be realistic when estimating maximum yield 
potentials. Yield potential varies with crop, soil depth, 
drainage, and previous management. 

Example: The estimated yield is 2,000 lb/a with 40 lb 
of applied N on a field that should produce 3,000 lb/a. To 
increase the yield by 1,000 lb requires about 40 lb of 
additional N if other factors are not limiting. 

Phosphorus (P) 
Band applications of P, close to or with the seed, are 

much more effective than broadcast applications 
(Table 2). When P is broadcast, increase the rate by 50 
percent. 

Table 2.—Rate of band apphcation of P for spring grains. 

If the soil test 
for Pis 
(ppm) 

0-30 
over 30 

Band this amount 
of phosphate (P205) 

Qb/a)* 
40-60 

40 

"These P rates assume that soil pH is 5.6 or higher. 

When the soil test value for P exceeds 30 ppm, it is 
doubtfiil that a response to broadcast P will be obtained. 

Potassium (K) 
Band apphcations of K close to or with the seed are 

more effective than broadcast apphcations (Table 3). 
With early planting and favorable soil moisture, up to 

40 lb KjO/a can be banded with the seed with little risk of 
seedling bum. 

Table 3.—Rate of band application of K for spring grains. 

If the soil test 
for K is 
(ppm) 

0-100 
over 100 

Band this amount 
of potash (K20) 

(lb/a) 
40 
30 

When K is broadcast, increase the rate to 70 lb/a. 
When the soil test value for K is greater than 125 ppm, 

it is doubtful there will be a response to broadcast K. 

Sulfur (S) 
Plants absorb S in the form of sulfate. Fertihzer 

materials supply S in the form of sulfate and elemental S. 
Elemental S must be converted to sulfate in the soil before 
the S becomes available to plants. The conversion of 
elemental S to sulfate usually is rapid for fine-ground 
(less than 40-mesh) material in warm, moist soil. 

The S requirements of spring grains can be provided 
by: 

1. Applying 15-20 lb S/a in the form of sulfate at planting 
time 

2. Applying 30-40 lb S/a as fine-ground elemental 
S the preceding year 

3. Applying coarser ground elemental S at higher rates 
and less frequently 

Some S fertilizer materials, such as elemental S and 
ammonium sulfate, have an acidifying effect on soil. 

Magnesium and Micronutients 
To date, increases pf spring grain yields from apphca- 

tions of magnesium and micronutrient elements have not 
been observed in western Oregon. 

Lime 
Lime apphcation is not suggested if the soil pH is 5.8 

or higher. Lime apphcation rates can be estimated from 
Table 4. 

Table 4.—Lime apphcation rates for spring grains. 

If the SMP buffer 
test for lime is 

under 5.5 
5.5-5.8 
5.8-6.2 

over 6.2 

Apply this amount 
of lime 

(t/a) 
3^1 
2-3 
1-2 

0        * 

Lime rate is based on 100-score lime. 
Mix lime into the seedbed several weeks before 

seeding. Lime apphcations are effective for several years. 
Some soils may have a fairly high SMP buffer value 

(over 6.2) and a low pH (below 5.3). This condition can 
be caused by the apphcation of acidifying fertilizer. This 
temporary "active" acidity from fertihzer is found after 
applications of most nitrogen fertilizers. Acidifying 
fertilizers also have a long-term, cumulative acidifying 
effect on soils. 

Recommendations based on experiments conducted by T.L. Jackson and W.H. Foote, Oregon Agricultural Experiment Station. 

This pubUcation was produced and distributed in furtherance of the Acts of Congress of May 8 and June 30, 1914. Extension work is a cooperative program of 
Oregon State University, the U.S. Department of Agriculture, and Oregon counties. Oregon State University Extension Service offers educational programs, 
activities, and materials—without regard to race, color, religion, sex, sexual orientation, national origin, age, marital status, disability, and disabled veteran or 
Vietnam-era veteran status—as required by TiUe VI of the Civil Rights Act of 1964, Title IX of the Education Amendments of 1972, and Section 504 of the 
Rehabilitation Act of 1973. Oregon State University Extension Service is an Equal Opportunity Employer. 

Revised April 1983. Reprinted January 2000. 



What’s in this publication?
This publication describes the use of post-

harvest soil nitrate testing as a tool for assess-
ment of nitrogen (N) management in
manured cropping systems west of the Cas-
cade Mountains in Oregon, Washington, and
south coastal British Columbia.

The first section of this publication gives
general information on the test and is
designed for use by growers and dairy opera-
tors. This section gives a brief introduction to
soil sampling, but does not provide all of the
technical details. The focus is on how to use
the post-harvest test to improve nutrient
management. This section describes:
� What the post-harvest test measures

� How to collect soil samples

� Units used in soil nitrate testing

� How to interpret soil nitrate test results for
grass and silage corn crops

In addition, background information
explains the rationale for the test:
� How to use the post-harvest test as a

management tool (page 3)

� Crop and soil response to excess plant-
available N (page 4)

Post-harvest Soil Nitrate Testing
for Manured Cropping Systems
West of the Cascades
D.M. Sullivan and C.G. Cogger

EM 8832-E
May 2003

$2.00

Dan M. Sullivan, Extension soil scientist, Oregon
State University, and Craig G. Cogger, Extension
soil scientist, Washington State University.
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The second section of this publication is
designed primarily for use by conservation
planners and other agricultural professionals
working with farmers to implement nutrient
management plans. This section is also
designed for dairy operators who do their own
soil sampling. This section includes detailed
suggestions for the following:
� Collecting, preserving, and analyzing the

soil sample

� Developing a long-term soil sampling plan

The post-harvest test
and how to use it
What the post-harvest
test measures

The post-harvest soil nitrate test measures
the quantity of plant-available nitrogen
present in the nitrate form in the surface foot
of soil in the late summer or early fall. The
test measures nitrate-N not utilized by the
recently harvested crop. Because crops differ
in their ability to remove nitrate-N from the
soil, test interpretation is crop-specific.

The test looks backward in time. It evalu-
ates the balance between N supply and crop
uptake for the crops produced during the
summer. Nitrate-N accumulates in the soil
when more plant-available N is supplied than
can be utilized by the summer crop (see
“Crop and soil response to excess plant-
available N,” page 4).

Use the post-harvest test to:
� Get a general idea of balance between N

supply from manure and other sources and
crop N demand

� Identify imbalances in N supply among
fields on a farm

� Identify fields that may respond to changes
in timing or amount of manure application
or other agronomic practices

Soil sampling protocols
Sampling depth

Sample the 0- to 12-inch depth for the
post-harvest test. This shallow sampling
depth is a good predictor of nitrate in the rest
of the soil profile when (1) in-season irriga-
tion is not excessive, and (2) samples are
taken prior to heavy rains in the fall.

Composite soil sample
Collect a composite soil sample consisting

of a mixture of 15 to 30 soil cores from each
field or management unit. See “Collecting,
preserving, and analyzing the soil sample”
(page 9) for detailed sampling instructions
and suggestions for special situations.

What fields to sample
In general, it is not necessary to sample

every field on a farm every year. Consult with
your farm advisor to determine any regulatory
requirements for sampling frequency. We
recommend that you sample selected fields
that represent typical manure and crop
management practices each year to track
long-term trends in post-harvest soil nitrate
values. See “Developing a sampling plan”
(page 11) for more information.

When to sample
In general, samples for the post-harvest

test should be collected as soon as possible
after a crop harvest. Avoid sampling a field
that has had manure application within the
past 30 days.

Samples must be taken before heavy fall
rains move nitrate below the 12-inch depth.
Because the timing of fall rainfall is unpre-
dictable, the best strategy is to sample fields
before October 1 whenever possible.

Collect samples from medium- to fine-
textured soils (loams, clay loams, and clays)
prior to 5 inches of cumulative fall rainfall.
Sandy soils (sand, loamy sand, or sandy loam
soil texture) have lower water-holding
capacities and should be sampled prior to

continues on page 5
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Sampling depth and timing are critical.
Interpretation tables for this test apply only to
samples taken to a 12-inch depth. Surface soil
(0 to 12 inches) typically contains the highest
nitrate-N levels and requires the least time and
effort for sample collection. Samples must be
taken before heavy fall rains move nitrate below
the 12-inch depth. The target sampling period
generally is August 15 to October 15.

To get the most value from this test, it is
important to understand:
� How the test fits into an overall nutrient

management program

� Limitations to interpretation of test results

� How not to use the test

Using the test as part of a nutrient
management program

The post-harvest test is but one measure of
success in nutrient management. Post-harvest
nitrate test data should be assessed in the
context of the current N management plan and
records of manure application. Successful N
management involves a number of components,
including:
� Assessing crop N needs

� Planning manure application to meet crop N
needs

� Applying manure according to the plan

� Recording manure application amount and
estimated plant-available N amount

� Measuring crop yield and N content

� Monitoring success of the plan

All components of the nutrient management
system should be evaluated together.

Limitations to test results
Interpretive values for post-harvest soil

nitrate are:
� Calibrated only for high-rainfall portions of

the Pacific Northwest (west of the Cascades).
Extrapolation to other environments is not
recommended.

� Provided only for corn silage and grass hay/
silage crops. Field research has been used as
the basis for interpretive levels for these crops.
Applicable research data are not available for
other crops to determine post-harvest nitrate-
N levels associated with good crop and
nutrient management practices. However, the
test may be used for relative comparisons
among fields planted to another crop
(e.g., comparisons among grass pasture fields).

� Based on the assumption that summer irriga-
tion is less than, or close to, evapotranspira-
tion to ensure that significant nitrate leaching
does not occur before the fall test.

� Designed for fields with a history of applied
manure (more than 3 consecutive years of
regular manure application). Lower post-
harvest soil nitrate test values are attainable
where only fertilizer N is used, or where
manure is applied infrequently.

� Based on good management of the crop and
normal yields. Crop moisture stress, insect
damage, or plant disease will reduce crop yield
and crop uptake of nitrogen, thus increasing
post-harvest soil nitrate test levels.

How not to use the post-harvest test
The test will not:

� Detect a shortage of plant-available nitrogen
for crop production. Continual mineralization
of nitrogen (conversion of organic N forms to
plant-available N forms in the soil) can
provide enough plant-available nitrogen for a
crop without accumulation of nitrate-N in
soil.

� Determine the source(s) of excess plant-
available N. Sources of N may include
manure slurry, lagoon water, fertilizer, soil
organic matter, or previous crop residues.

� Predict crop response to fall manure or N
fertilizer applications. The test does not
predict the amount of plant-available N that
will be mineralized from soil organic matter or
crop residues in the fall.

How to use the post-harvest test as a management tool
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Crop response to applied N. Crop N uptake
is controlled by the environment, crop N uptake
potential, and management. Crops respond to
plant-available nitrogen supply (ammonium +
nitrate-N) by the law of diminishing returns
(Figure 1). Without added N, some crop yield is
produced from N supplied by soil organic matter,
residual plant-available N, and other non-
fertilizer sources (e.g., mineralization of crop
residues). Additional N supplied from manure or
fertilizer increases crop yield until site yield
potential is reached.

The application rate of manure or N fertilizer
needed to reach near-maximum yield is termed
the agronomic rate. Rather than a single agro-
nomic rate, the crop response to N is best
described as an agronomic rate range (Figure 1).
The agronomic rate range concept allows for
variability in crop performance among years and
for crop uptake of N beyond the yield maximum
(increased protein).

Post-harvest soil nitrate test measures
nitrate-N not used by the crop. At excessive
plant-available N supply levels, crop yield and
crop N uptake do not respond to further N
additions. The extra soil N not used by the crop
accumulates as nitrate-N.

Elevated post-harvest soil nitrate-N concen-
trations are an indicator of one or more of the
following: (1) excess plant-available N,
(2) N supplied too late in the season for crop
utilization, or (3) poor crop growing conditions
due to insect infestation, moisture/heat stress,
plant disease, or other cultural problems. If crop
yields are acceptable and crop protein is at
typical levels, then the most likely explanation is
that plant-available N was supplied in excess of
crop needs.

Because grass is more efficient than corn at
N uptake, target post-harvest soil nitrate levels
given in this publication are lower for grass
than for corn. There are two key reasons that
grass is more efficient than corn in N removal.
� Grass has a greater capacity to take up N

supplied in excess of that needed for maxi-
mum yield. After enough N has been supplied

for maximum yield, grass protein content
increases in response to increased N supply.
With grass, soil nitrate increases only when
the available N supply exceeds that required
to produce near-maximum protein. Corn does
not take up additional N after the maximum
yield is reached. Corn silage protein does not
increase much in response to excess N supply.

� Grass utilizes N mineralized late in the grow-
ing season more efficiently. Grass managed for
silage or hay continues to take up N until
harvest. Corn grown for silage completes its N
uptake approximately 4 weeks before harvest.
Some of the soil nitrate measured after corn
harvest is produced by mineralization of soil
organic N to available forms during the final
weeks of the growing season.

Crop and soil response to excess plant-available N

Figure 1.—Crop yield and soil nitrate response to
increased N supply. Agronomic rate range = range
of N supplied from all sources that results in near-
maximum crop yield with acceptable post-harvest
nitrate accumulation. Above the agronomic rate
range, excess N accumulates as nitrate in soil.
More nitrate accumulates in the agronomic rate
range with corn (b) than with grass (a).
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3 inches of cumulative fall rainfall. The
starting date for calculating cumulative fall
rainfall is September 1. Include inches of
irrigation water applied after September 1 in
your estimate of cumulative rainfall.

Table 1 shows the average calendar date
when cumulative fall rainfall (after Septem-
ber 1) reaches 5 inches at a variety of loca-
tions. For most locations, sampling prior to
October 15 is acceptable in an average year.
In high rainfall areas (coastal areas and the
Cascade foothills), plan to sample earlier. A
late October sampling date usually is accept-
able in lower rainfall areas of southern
Oregon, the Puget Sound islands, Olympic
Peninsula, or Vancouver Island.

Units used in soil nitrate testing
In this publication, interpretation of a

post-harvest soil nitrate test (Tables 3 and 4)
is based on units of parts per million (ppm).
Some labs report soil test nitrate-N in units
of lb/acre by assuming a standard value for
soil bulk density. If the lab reports nitrate-N
results in pounds per acre, ask them to pro-
vide a conversion factor to express data in
units of ppm. The conversion factor assumed
by laboratories usually is between 3 and 4,
because 1 acre-foot of dry soil usually weighs

about 3.5 million pounds (3.5 lb per acre-foot
= 1 ppm).

Interpreting soil nitrate test results
Data quality and variability

The first step in evaluating your soil
nitrate data is to verify data quality. Deter-
mine whether the sample collection method,
timing of sample collection, sample preserva-
tion, and laboratory analysis methods are
acceptable. Reject data that did not result
from reasonable protocols. For example,
Tables 3 and 4 should not be used for soil
samples collected in November after heavy
fall rains.

Make sure that you understand the units
used to report test results. See Table 2 for an
explanation of units found in soil test reports.

Table 1.—Average calendar date when cumulative rainfall (after September 1) reaches
5 inches west of the Cascades.a

Calendar date to reach specified cumulative rainfall

Cumulative Lynden (WA)
rainfall after Medford Salem Tillamook Coupeville Centralia Abbotsford Agassiz Comox

Sept. 1 (OR) (OR) (OR) (WA) (WA) (BC) (BC) (BC)

(inches)
3 10 Nov 20 Oct 26 Sep 31 Oct 8 Oct 1 Oct 26 Sep 10 Oct
5 29 Nov 1 Nov 8 Oct 24 Nov 23 Oct 15 Oct 9 Oct 25 Oct
7 16 Dec 13 Nov 18 Oct 15 Dec 4 Nov 27 Oct 19 Oct 6 Nov

aAverage daily precipitation data for many other locations is available at: Western Regional Climate
Center (http://wrcc.dri.edu) or Environment Canada (http://www.msc-smc.ec.gc.ca/climate/
climate_normals/index_e.cfm).

Table 2.—Units used to report soil
nitrate analyses.

Equivalent
Name Interpretation units

nitrate-N N present in mg/kg or
or NO

3
-N the nitrate ppm

form, soil dry (dry weight
weight basis basis)
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Response of post-harvest soil test N
to changes in management

Success in N management is indicated by
long-term trends in post-harvest soil nitrate
(at least 3 to 5 years). Because of the large
pool of readily mineralizable N in manured
soils, fall soil nitrate values may not decline
for 3 to 5 years in response to improved
management. For multiyear comparisons,
sampling methods and timing must be
consistent.

Some portions of a crop rotation will have
higher fall nitrate values because of rapid N
mineralization stimulated by tillage or incor-
poration of crop residues. For example, soil
nitrate concentrations typically are high,
regardless of overall N management, after a
perennial grass sod is plowed down and
reseeded.

Reductions in fall soil N are most likely to
be measured when (1) commercial N fertil-
izer amounts are reduced or eliminated,
(2) cropping systems that maximize N
removal in late summer and fall (August to
October) are used, and (3) manure or N
application is eliminated after August 1. It is
more difficult to attain post-harvest soil
nitrate-N values of less than 20 ppm for corn
than for grass (see “Crop and soil response to
excess plant-available N,” page 4).

Interpretation for individual fields
Interpretations of soil test nitrate-N should

be made first at the field level. You may be
able to discover a probable cause for differ-
ences in test values among fields. Questions
to ask include:
� Are relationships present between known

management factors (e.g., manure applica-
tion rate or timing, crop yield and quality,
irrigation frequency, distance to the barn)
and soil test values?

� Is a large amount of variation present
between fields? Is there a logical explana-
tion for unusual values?

� Are values for grass and corn fields similar?

Annual averages across grass
and corn crops

After looking at test values for individual
fields, it may be useful to look at averages
across all grass or corn fields. You may want
to calculate averages only for fields under
similar management.

Average nitrate-N test values are most
useful for consideration of changes in whole
farm nutrient management. Tables 3 and 4
present interpretive information separately
for grass and corn fields.

If a few fields have unusual test values, you
may be justified in excluding those fields
from an average. Although you may want to
exclude unusually high test values from the
farm average, you definitely should evaluate
those fields further to determine the probable
cause of the high soil test values. The unusu-
ally high test values may reflect the need for
management changes or may reflect a soil
sampling or analytical error.

Using the interpretive tables
(Tables 3 and 4)

Interpretations and management sugges-
tions given in Tables 3 and 4 (pages 7–8) are
general in nature and should serve as only
one portion of a nutrient management plan
evaluation. Some of the management sugges-
tions can be implemented for individual
fields, while others need to be implemented
on a whole farm basis.

Remember not to focus solely on post-
harvest nitrate-N in evaluating N manage-
ment. Include other important aspects of N
management in your evaluation, such as
success in following a plan for manure appli-
cation, calibration of manure application
equipment, maintaining good manure appli-
cation records, and effective irrigation
management.
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Table 3.—Silage corn. Suggested interpretation for post-harvest soil nitrate-N
(0- to 12-inch depth). a

If post-harvest nitrate-N is less than 20 ppm (less than approximately 70 lb N per
acre)
� Continue present N management.

If post-harvest nitrate-N is 20 to 45 ppm (approximately 70 to 160 lb N per acre)
� Reduce or eliminate sidedress N fertilizer application. Use the pre-sidedress nitrate test

(PSNT). Apply sidedress N only when PSNT indicates a need.

� Reduce lagoon water application after August 1.

� Keep records to document crop yield, dry matter, and crop N removal. Total applied
manure-N + fertilizer-N should be less than 125 percent of documented crop N
removal.

� Reduce manure application on fields where corn follows grass sod plow-down.

� Plan to reduce manure-N application by 10 to 25 percent.

� Improve whole farm N balance.

If post-harvest nitrate-N is greater than 45 ppm (greater than approximately 160 lb N
per acre)
� Apply only starter N (20 to 40 lb N/acre at planting).

� Plan not to sidedress N fertilizer in June. Apply sidedress N only when PSNT indicates
a need.

� Eliminate lagoon water application after August 1.

� Keep records to document crop yield, dry matter, and crop N removal. Apply manure N
at a rate less than or equal to crop N removal (approximately 200 lb total N per acre).

� Eliminate manure application on a few fields or a few strips within a field next year to
determine the contribution of mineralized N vs. current-season application of manure.

� Plan to reduce manure-N application by 25 to 40 percent.

� Consult experts to improve whole farm nutrient balance.

aThe post-harvest test values listed above are for the end of a growing season. Management
changes (if needed) should be implemented in future years. Interpretive values assume
near-optimum crop yields. If yield is below average, improve agronomic practices to
increase crop yield and crop N uptake.
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Table 4.—Grass for hay or silage. Suggested interpretation for post-harvest soil nitrate-N
(0- to 12-inch depth). a

If post-harvest nitrate-N is less than 15 ppm (less than approximately 55 lb N per
acre)
� Continue present N management.

If post-harvest nitrate-N is 15 to 30 ppm (approximately 55 to 105 lb N/acre)
� Apply manure earlier in the growing season.

� Keep records to document crop yield, dry matter, and crop N removal. Total applied
manure-N + fertilizer-N should be less than 125 percent of documented crop N
removal.

� Check protein levels in forage. Grass crude protein greater than 21 percent is associ-
ated with increased potential for nitrate toxicity to cows.

� Plan to reduce manure-N application by 10 to 25 percent.

� Improve whole farm nutrient balance.

If post-harvest nitrate-N is greater than 30 ppm N (greater than approximately
105 lb N/acre)
� Apply manure earlier in the growing season. Reduce manure application after

August 1.

� Keep records to document crop yield, dry matter, and crop N removal. Total
manure-N + fertilizer-N should be less than or equal to crop N removal. Even if
calculated crop removal exceeds 400 lb N per acre, apply manure-N + fertilizer-N
not to exceed 400 lb N per acre per year.

� Consider reseeding or interseeding if grass yield is limited by poor stand or undesir-
able species.

� Check protein levels in forage. Grass crude protein greater than 21 percent is associ-
ated with increased potential for nitrate toxicity to cows.

� Plan to reduce manure-N application by 25 to 40 percent.

� Consult experts to improve whole farm nutrient balance and reduce danger of nitrate
toxicity to cows.

a The post-harvest test values listed above are for the end of a growing season. Manage-
ment changes (if needed) should be implemented in future years. Interpretive values
assume near-optimum crop yields. If yield is below average, improve agronomic prac-
tices to increase crop yield and crop N uptake.
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Detailed suggestions for soil
sampling and planning

Collecting, preserving, and
analyzing the soil sample
Tools for field sampling

Collect a sample that is representative of
the entire sampling depth. For example, a
representative sample for a 0- to 12-inch
depth has the same amount of soil from
the soil surface (0 to 6 inches) and from
the bottom of the sampling depth (6 to
12 inches).

Always use a tool specifically designed for
soil sampling. Don’t use a shovel, because the
samples won’t be uniform with depth. Tools
for soil sampling often are called soil probes
or augers. There are several kinds available.

Push probes are tubes that you push into
the soil. They have a T-shaped handle
attached to a cylindrical tube (about 1 inch
diameter) with a beveled tip. The tube
collects a cylinder, or “core,” of soil. Push
probes work well in soft, uncompacted soils.

 Hammer probes are designed for hard or
compacted soils. They have a sliding weight
(hammer) instead of a T-handle to drive the
probe into soil.

Soil test consultants often use hydraulic
probes mounted on a tractor or pickup to
sample soils. These reduce the time and effort
of sampling in hard soils. Gravelly and rocky
soils are difficult to sample. A hydraulic
probe with a rotating auger can sample some
gravelly soils.

A mud auger or bucket auger is the best
tool for hand-sampling at sites that are
difficult to sample with push probes. Use an
auger for compacted, muddy, rocky, or dry
soils. Augers can be purchased from several
manufacturers. A 2- to 4-inch diameter mud
auger (open-sided) works best for most
situations because it is easy to remove the
sample from the bucket. Use a larger

diameter auger for soils with large rocks.
Augers sample a 4- to 6-inch depth. You will
need to take several bites from the same hole
to sample to 12-inch depth. You will collect a
larger sample volume, about 5 to 10 times
that collected with a push tube. Because of
the extra effort required for auger sampling,
use this method only if other sampling
methods are difficult or impossible.

Field sampling protocol
Plan ahead. Use field maps and soil maps

to divide the farm into different management
units. A management unit is usually a field,
but you may want to subdivide a large field if
sections can be managed separately for
nutrient application. The simplest approach
is to collect a composite sample from the
entire management unit. You may choose to
restrict sampling to the dominant soil type if
the management unit has soils that differ
markedly in visual appearance (soil color,
texture, organic matter).

Alternatively, you can restrict your sam-
pling to a representative area (usually about
an acre in size) within the management unit.
Choosing a representative area within the
field where manure application rate, timing,
and uniformity are well documented is
essential. If you use the “representative area”
sampling approach, record the sampling
location using a GPS receiver or record the
distance from a fixed location (e.g.,
fenceline).

Avoid large buffer zones that are some-
times present adjacent to water bodies or
roads, especially with big gun manure appli-
cators. Avoid small atypical areas such as:
� Swales

� Very rocky or shallow soil (less than
12 inches deep)

� Site of an old manure pile or a feeding,
watering, or resting area for livestock

� Abandoned field roads

� Field edges
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Collect 15 to 30 soil cores from each
management unit or representative sampling
area with a push probe or similar tool. If you
use an auger, 10 holes per management unit
or zone is sufficient.

Choose sampling locations in a zigzag
pattern across the field. Your general route of
travel should be across rows, rather than
down one row in the field. Make sure you
sample within the part of the field where
manure is routinely applied. For grazed
pastures, choose sampling locations that have
average crop growth and productive forage
species.

Scrape away loose crop residues or manure
present on the soil surface. Sample only the
soil. Including the accumulated organic
debris from the soil surface in the soil sample
will increase variability in test results.

 Once you are satisfied with a sampling
strategy, repeat the same procedure each year.
This will increase the validity of year-to-year
comparisons of results.

Obtaining a representative sample from
fields where manure has been injected into
soil or placed in bands on the soil surface is
difficult. The depth of manure injection, the
width of injection zone, and the spacing
between bands depend on equipment, soil,
and the applicator. Some injection equip-
ment can place manure below the 12-inch
sampling depth used for the post-harvest
nitrate test. Manure may be injected or
banded more than one time per year, with
several orientations in a field (e.g., north–
south or east–west). Because of the added
variability associated with manure injection
or banding, plan to collect a larger number of
soil cores to obtain a representative compos-
ite sample.

Sample handling
Mixing. If it is not too hard to break up

the soil cores, break them, mix them all
together, and homogenize thoroughly. Take a
1-cup subsample for shipment to the lab. If

the soil cores are too hard to break apart,
send the entire sample to the lab, where they
can pass the sample through a mechanical
grinder. Check with the lab to make sure
they will grind and mix the entire sample
before subsampling.

Preservation. Soils kept moist and warm
continue to accumulate nitrate via biological
activity after sampling. The simplest way to
limit biological activity is to cool the soil
after collection. Put the samples in plastic
bags and place them in a cooler on ice while
still in the field. Refrigerate them when you
return from the field. Freeze the samples if
they will be held longer than 48 hours before
analysis.

Shipment. Keep the samples refrigerated or
frozen until you deliver them to the lab.
Contact the lab before you sample, so they
will be prepared to receive the samples. Use a
shipping method that will get the samples to
the lab within 48 hours. You may want to
freeze the samples before shipping to make
sure they remain cool in transit.

Working with an analytical laboratory
Choose a laboratory that has experience

with agricultural samples. Ask if they partici-
pate in the North American Proficiency
Testing Program or a similar quality assurance
program for agricultural testing labs. Find out
what extraction and analytical procedures
they use. Procedures should be consistent
with those recommended for the western
states (Gavlak et al., 1994).

Labs may use one of several colorimetric
(color-based) lab procedures or they may use
an electrode method to measure nitrate.
Sample comparisons have shown that the
colorimetric procedures usually are more
precise than the electrode method.

Some testing labs also have sampling and
consulting services. This can be convenient
for people who have little experience in
sampling or need help with sampling.
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Find out how the lab reports soil test data.
Standard units for soil nitrate-N are parts per
million (ppm, Table 2). If you aren’t familiar
with the lab, it’s a good idea to obtain a copy
of a sample laboratory report.

Because you will use sample results to
compare post-harvest soil nitrate across years,
laboratory consistency over time is a major
issue. A standard reference sample (soil
sample with known concentration of nitrate)
can help you assess laboratory variability.
Consider submitting a standard reference
sample (approximately 50 to 100 g dry
weight) with a nitrate-N concentration of
20 to 45 ppm with each batch of soil samples.
Keep track of test results for the standard
reference sample over time. If you note a
major error in the nitrate concentration
reported for the standard reference sample,
then the test data is questionable.

Standard reference samples are available
from the North American Proficiency Test-
ing Program (see “For more information,”
page 15). Standard reference samples must be
dried, ground, and thoroughly mixed.

We do not recommend that you split a
field sample to check laboratory consistency.
The one-time nature of such comparisons,
the uncertainty of obtaining a homogeneous
sample, and the uncertainty of sample preser-
vation in-transit to the lab limit the interpre-
tation of split-sample data.

Developing a sampling plan
Nutrient management plans can be volun-

tary, required by regulatory agencies, or a part
of an agreement with a conservation plan-
ning agency (e.g., Natural Resources Conser-
vation Service or conservation district). If
your nutrient management plan is not volun-
tary, consult the agency that supervises your
nutrient management plan to determine
whether they have specific requirements for
how often fields must/should be sampled.

Suggestions given here for sampling fre-
quency are general in nature and are not
intended to serve as policy for any agency.

Representative fields
for long-term monitoring

Representative fields are fields that you
sample every year to track trends in sample
values over time. Select fields that represent
typical management practices. Criteria that
can be used to choose representative fields
include: (1) records or estimates of annual
manure application rate, (2) number of years
of continuous manure application, (3) soil
test values for P and K. On dairies where P
and K fertilizers are not routinely applied, soil
test values above 75 ppm P (Bray P1 method)
and 400 ppm K (ammonium acetate method)
usually reflect substantial manure application
in the past.

Sample the representative fields every year
to assess trends over time. If you grow corn
silage and perennial grass forage, plan to
sample at least four grass fields and four corn
fields each year. At a small dairy (fewer than
four fields), sample all fields each year.

Other fields
Periodically, you will need to evaluate the

fields not designated as “representative”
fields. Consider sampling all fields every
3 years. Compare whole farm soil data to
representative field data.

If you have only a few fields with elevated
soil test N, then focus management on those
fields. If all fields on the farm give similar test
data, then focus your N management efforts
at the whole farm level. If representative
fields consistently have test values of less
than 15 ppm (grass) or less than 20 ppm
(corn) over a 3-year period, and all other
fields sampled have similar test values, con-
sider reducing the number of post-harvest soil
nitrate tests.
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Sampling priority
Prioritize fields for fall sampling ahead of

time so that you get high-priority fields
sampled at an appropriate time. Highest
priority should be given to representative
fields used to track long-term trends. Fields
with high manure application rates or
elevated soil test N the previous year should
also have a high priority.

Corn fields can be sampled for soil nitrate
in June (PSNT, pre-sidedress nitrate test) or
in the fall (post-harvest test described in this
publication). You will get the most manage-
ment information by sampling your high-
priority representative corn fields both in
June (PSNT) and after harvest. You also may
want to sample fields with PSNT values
greater than 45 ppm nitrate-N again in the
fall.

For other corn fields where only one soil
test per year is planned, we recommend using
the PSNT in preference to the post-harvest
soil nitrate test. The PSNT is preferred
because test results are applicable to
in-season N management. Growers can save
money and reduce post-harvest nitrate by
omitting sidedress N fertilizer application on
fields where sufficient soil nitrate-N is
present in June.

Sampling corn fields at PSNT time also
will reduce the number of post-harvest
samples that need to be collected during the
short interval between harvest and the end of
the fall sampling window (approximately
October 15). If you miss a planned fall sam-
pling on a corn field, consider sampling next
year using the PSNT.

Grass fields are best sampled in the fall,
using the protocols described in this publica-
tion. Think carefully about the best way to
achieve consistent timing of sample collec-
tion for your fields. The timing of manure
application and the timing of grass harvest
are key variables to consider.

Samples collected shortly after manure
application are not a good indicator of the

balance between N supply and crop N
demand over the entire growing season. If
manure is applied late in the year, postpone
soil sampling until after a fall grass harvest.
Wait at least 30 days after a late-season
manure application before sampling. Sam-
pling need not be postponed until after the
last manure application or until after the last
grass harvest in the fall.

Questions and answers
Why is it difficult to achieve post-harvest
nitrate-N less than 15 to 20 ppm with
organic sources such as manure?

First, the timing and rate of application for
organic sources is less flexible than for fertil-
izer N. Second, environmental processes that
control the quantity and timing of N avail-
ability from organic sources are difficult to
manage. The biggest factors controlling N
availability are soil temperature and moisture.
The timing of crop N uptake usually does not
match the timing of N supplied from manure
and other organic sources. Soil temperature
and moisture often support continued release
of available N after crop N uptake is
complete.

Is there a relationship between soil
organic matter content and potential N
mineralization?

Research west of the Cascades has demon-
strated a lack of correlation between soil
organic matter content and N mineralization
potential for soils having 3 to 8 percent
organic matter. The active fraction of soil
organic matter that controls annual N miner-
alization rates is a small proportion of total
organic matter (usually less than 10 percent
of total). Recent site management affects soil
N mineralization potential; it does not have
much effect on soil organic matter content.
Because most soil total N is contained in soil
organic matter, soil total N is also an unreli-
able indicator of mineralization potential.
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What other soil tests can be used to
provide information to guide N
management for corn?

Soil nitrate testing in spring and early
summer can assist with N management for
silage corn. Test soil ammonium + nitrate-N
several weeks after a spring manure applica-
tion to track early-season N availability. Test
soil nitrate when corn is at the four- to six-
leaf stage (pre-sidedress nitrate test, PSNT)
to determine the need for sidedress N appli-
cation to corn.

How much variability should I expect in
post-harvest nitrate-N test values for the
same grass field sampled between August
15 and October 15?

It all depends on weather, soil biology, and
crop management. A good stand of actively
growing grass can maintain nitrate-N con-
centrations of less than 15 ppm throughout
the post-harvest sampling period. Where soil
is dry in late summer, increased N availability
may occur for 2 or 3 weeks following the first
heavy rain. It may be useful to take several
soil nitrate tests from the same field in the
fall to document changes in nitrate concen-
tration with time. Soil nitrate values given in
the interpretive table in this publication are
for typical precipitation and sampling date.

Ammonium-N is plant-available. Why
doesn’t the post-harvest test include
ammonium-N analysis?

Post-harvest ammonium-N analyses cost
money, and they do not yield reliable inter-
pretive information. Ammonium-N does not
accumulate in soils supplied with an excess of
plant-available N. It is rapidly converted to
nitrate. Soil samples taken at least 30 days
after manure application usually have
negligible ammonium-N concentrations
unless soil has remained dry.

Drying of soils after sampling releases
ammonium-N from microbial biomass. Most
dried soils have 2 to 20 ppm ammonium-N

that is caused by the soil drying process. Dry
soil ammonium-N concentrations are poorly
correlated with other indices of N availability
in controlled experiments.

Should post-harvest nitrate tests be used for
fields with organic soils?

Other methods should be used to assess the
success of nutrient management plans on
organic soils. Goals for post-harvest nitrate-N
of less than 20 ppm are difficult if not impos-
sible to attain on organic soils, which contain
more than 20 percent organic matter. These
soils formed as organic matter accumulated
under natural poorly drained conditions. Soil
organic matter decomposition and N miner-
alization processes are greatly accelerated
under typical farming practices such as
artificial drainage and tillage.

Should I measure or estimate soil bulk
density to estimate post-harvest nitrate-N
in units of pounds per acre?

The variation in bulk densities among soils
typically is less than the variation associated
with soil nitrate sampling and testing. Inter-
pretive information in this publication is
based on units of parts per million (ppm;
mg per kg dry soil). You can approximate soil
nitrate-N in the surface foot of soil by assum-
ing typical bulk density (ppm x 3.5 =
lb/acre). This conversion factor is based on
the weight of 1 acre-foot of soil at a bulk
density of 1.3 g cm3 (1 acre-foot = 3.5 million
lb). Organic soils (more than 20 percent
organic matter) have lower bulk density
(0.6 to 0.8 g cm3).

What is whole farm nutrient management?
The goals of whole farm management are:

(1) to move toward a balance of nutrient
imports and exports, and (2) to utilize
nutrients on the farm at agronomic rates that
minimize nutrient losses to the environment.
Managing nutrients at the whole farm level
requires knowledge of the major nutrient
imports, major nutrient exports, crop
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utilization of nutrients on the farm, and
nutrient losses to air and water.

The Livestock and Poultry Environmental
Stewardship (LPES) Curriculum, available
through the Midwest Plan Service, includes a
Web presentation of whole farm nutrient
management principles and a worksheet for
evaluating whole farm nutrient balance. See
“For more information” (page 15) for details.

What is the role of post-harvest nitrate
testing in connection with Comprehensive
Nutrient Management Plans (CNMPs)?

CNMPs, developed by the Natural
Resources Conservation Service (NRCS) or
other nutrient management professionals
under NRCS supervision, are broader than
just nutrient management. Other compo-
nents of a CNMP are: (1) manure and waste-
water handling and storage, (2) land treat-
ment practices, (3) record-keeping, (4) feed
management, and (5) other waste utilization
options.

Post-harvest nitrate test values may be
used as part of a process to develop a new
CNMP or to update an existing CNMP. The
CNMP typically includes a plan for regular

soil testing. Appropriate timing of the post-
harvest nitrate test is critical (see “When to
sample,” page 2), while soil samples for P and
K analysis may be collected any time of the
year. Soil samples collected for the post-
harvest nitrate test can be analyzed by rou-
tine agronomic soil testing procedures and
used in developing plans for P and K utiliza-
tion in a CNMP.

What are the implications of high nitrate
concentrations in forages?

Nitrate in ensiled forages can interfere
with normal fermentation processes, resulting
in poor-quality forage. Forage nitrate affects
the distribution of nitrogen compounds in
silage. It is difficult to use the silage to formu-
late rations that meet cow needs for specific
protein fractions. Enough nitrate is some-
times present in the silage itself to create a
health risk to the animal. Grass silage that is
greater than 21 percent crude protein should
be tested for the level of nitrate-N. See
Johnson et al. (2002) for interpretation of
forage nitrate concentrations.
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For more information
OSU Extension Service publications
Hart, J. 2002. A List of Analytical Laborato-

ries Serving Oregon, EM 8677.

Marx, E.S., J. Hart, and R.G. Stevens. 1996.
Soil Test Interpretation Guide, EC 1478.

Marx, E.S., N.W. Christensen, J. Hart,
M. Gangwer, C.G. Cogger, and A.I. Bary.
1996. The Pre-sidedress Soil Nitrate Test
(PSNT) for Western Oregon and Western
Washington, EM 8650.

Sullivan, D.M., C.G. Cogger, and A.I. Bary.
1997. Which Test Is Best? Customizing
Dairy Manure Nutrient Testing, PNW 505.

Sullivan, D.M., C.G. Cogger, and A.I. Bary.
1997. Date, Rate, and Place: The Field
Book for Dairy Manure Applicators,
PNW 506.

Many OSU Extension Service publica-
tions, as well as additional gardening infor-
mation, may be viewed or downloaded from
the Web (http://eesc.oregonstate.edu).

Copies of many of our publications and
videos also are available from OSU Extension
and Experiment Station Communications.
For prices and ordering information, visit our
online catalog (http://eesc.oregonstate.edu)
or contact us by fax (541-737-0817), e-mail
(puborders@oregonstate.edu), or phone
(541-737-2513).

WSU Cooperative Extension publications
Bary, A.I., C.G. Cogger, and D.M. Sullivan.

2000. Fertilizing with Manure, PNW 533.

Daniels, C.H. 2002. Analytical Laboratories
and Consultants Serving Agriculture in
the Pacific Northwest, EB1578E.

Visit the WSU Cooperative Extension
publications Web site at http://pubs.wsu.edu

Other resources
Gavlak, R.G., D.A. Horneck, and

R.O. Miller. 1994. Plant, Soil and Water
Reference Methods for the Western
Region, WREP 125 (University of Alaska-
Fairbanks).

Johnson, L., J. Harrison, F. Hoisington, and
M. Bueler. 2002. Nitrate levels in grass
silage. Washington State Dairy News
11(2). Available at: http://www.puyallup.
wsu.edu/dairy/. Verified 1 August 2002.

Mahler, R.L. and T.A. Tindall. 1994. Soil
Sampling, Bulletin 704 (University of
Idaho Cooperative Extension System,
Moscow, ID).

Midwest Plan Service. Livestock and Poultry
Environmental Stewardship (LPES)
Curriculum. Available at: http://www.
lpes.org/. Verified 14 January 2002.

North American Proficiency Testing Pro-
gram. Standard Reference Soil Samples
(Soil Science Society of America,
677 S. Segoe Rd., Madison, WI 53711;
phone: 608-273-8080; Web: http://
www.soils.org).
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Composting, a controlled process for stabilization of organic matter, can turn 
waste into a valuable soil amendment. Creating compost from waste materials 
provides an opportunity to return nutrients and organic matter to the soil, a 

proven practice for soil quality enhancement. Compost can improve crop growth and 
provide environmental benefits by improving soil tilth and its capacity to absorb and 
hold water and plant nutrients. A properly managed composting process can destroy 
weed seeds, plant pathogens, and human pathogens. 

This publication is designed to assist farmers in conducting efficient, cost-effective, 
on-farm composting that presents reduced risk to surface and groundwater quality. 
It was written for operators of small to medium-size on-farm composting enterprises 
who handle about 100 to 5,000 tons of raw organic material per year.

Most on-farm com-
posting enterprises 
are now required to 
operate under some 
form of permit. The 
type of permit, and the 
details specified in it, 
vary depending upon 
the situation. Before 
you begin composting, 
understand the regula-
tions that apply to your 
activities. 

The Oregon 
Department of 
Environmental Quality 
(DEQ) revised its com-
posting regulations in 
2009. This publication 
is intended to assist 
farmers who are regu-
lated by DEQ rules to 

Compost can improve soil quality and plant growth. Sunflowers in compost-amended soil 
(right) vs. no compost (left). 
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qualify for DEQ registration permits, the simplest DEQ composting permit. 
Livestock operations that compost manure under a permit from the Oregon 
Department of Agriculture may not need a DEQ permit. 

This publication is organized into six interrelated chapters. We recommend 
that you spend a few minutes browsing the whole publication. If you are new to 
composting, some of the basic compost process terms and options are outlined 
in Chapters 1 and 4. If you are an experienced composter, you might want to 
view water quality issues first.

Inside, you’ll find:
Chapter 1	 On-Farm Composting: What You Need to Know. . . . . .       page 3
Chapter 2	 Site Selection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                      page 5
Chapter 3	 Compost Site Layout and Design. . . . . . . . . . . . . . . . . . . .                     page 8
Chapter 4	 Choose the Composting Method That’s Right  

for You. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                          page 13
Chapter 5	 The Composting Process and its Impact on  

Water Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                    page 17
Chapter 6	 Manage Runoff and Leachate. . . . . . . . . . . . . . . . . . . . . .                       page 25
References and Resources. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     page 27 

As you read these chapters, jot down notes and ideas. These can help you 
develop a site plan and management strategy that will maximize the efficiency 
of the composting process and minimize threats to water quality.

The compost cycle
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Chapter 1 

On-Farm Composting: What You 
Need to Know 

Composting on the farm is an enterprise. This chapter discusses two impor-
tant aspects of enterprise development: the potential value of compost, and 
regulatory considerations.

The value of composting
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Composting waste from crops or live-
stock reduces the volume of the material, 
converting it from a potential problem 
into a valuable resource. Crop farmers 
value compost as an amendment for field 
soil or as an ingredient in potting mix. 
Livestock operations can turn manure into 
a value-added product such as bedding or 
a soil amendment. When applied to the 
soil, compost can: 
•	 Improve soil physical properties like 

water infiltration, aggregate stability, and 
water-holding capacity

•	 Improve soil chemical properties like 
nutrient content and cation exchange 
capacity

•	 Improve soil biological properties like disease suppression and nutrient 
cycling 

Making your own compost gives you control over feedstock. You also have 
control over the quality of the finished compost, such as its maturity, stability, 
weed seed and human pathogen content, nutrient and salt content, particle size, 
and herbicide residues. 

Making your own compost may save money as well. Some farmers compost 
feedstock from their own farms and other nearby sources, using relatively low-
cost methods to produce a valuable product. It’s always recommended that you 
compare that cost to the ultimate value of the crops you produce. 

Rules for Oregon composting facilities
Composting is the managed biological decomposition of feedstock that 

includes but is not limited to reducing particle size, adding moisture, manipu-
lating piles, and performing procedures to achieve human pathogen reduction. 
Leachate is any water that has come into contact with compost or feedstock. 
Leachate can easily contaminate surface or groundwater and may pose risks to 
health and the environment. 
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The Oregon DEQ implemented composting rules in September 2009 that 
establish environmental performance standards and permit requirements for 
composting facilities. DEQ’s goal is to promote composting while protect-
ing public health and the environment, including water quality. You will find 
the complete rules on the DEQ website “Composting Program Policy and 
Composting Facility Rules” (see “References and Resources,” page 27). 

All non-CAFO operations (concentrated animal feeding operations) that 
compost 100 tons or more of feedstock per year, or more than 20 tons of animal 
carcasses or meat waste per year, must submit screening information and a 
Land Use Compatibility Statement to DEQ to apply for a composting permit. 
A Land Use Compatibility Statement is a document signed by a city or county 
planner after a period of public comment. DEQ reviews the application, con-
ducts a site visit, and evaluates the level of environmental risk posed by the 
composting site. During the screening process, DEQ staff can help identify ways 
to minimize environmental risk.

Low-risk sites are issued a simple registration permit. These facilities must 
follow their composting plan and meet environmental standards. They must 
also notify DEQ of any changes to the plan.  

If DEQ determines that your site poses greater environmental risk, you may 
be required to submit a site operations plan as a step toward receiving a com-
posting permit. If you are required to develop permanent infrastructure at 
your composting site to protect the environment, seek professional guidance 
if needed. This publication does not address the technical details involved in 
designing composting pads, roofs, or leachate collection and treatment systems. 

Seasonal runoff.
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If you apply for a composting facility envi-
ronmental risk screening, you may wish to 
review your plans with DEQ staff before you 
develop or modify your site. Detailed informa-
tion about the DEQ rules is available at http://
www.deq.state.or.us/lq/sw/compost/

http://www.deq.state.or.us/lq/sw/compost/
http://www.deq.state.or.us/lq/sw/compost/
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Chapter 2 

Site Selection
Thoughtful site selection will minimize your composting operation’s risk to 

surface and groundwater. It reduces the need for expensive infrastructure and 
improves process efficiency. When choosing a site for your on-farm composting 
operation, consider the following:
•	 Whether the site will operate seasonally or year-round
•	 The volume of materials to be processed, cured, and stored, and the space 

available for these activities
•	 Capacity of the site to support equipment traffic during the rainy season
•	 Depth of the seasonal high water table
•	 Proximity to drinking water wells and septic systems
•	 Topography of the site and its distance from surface water, including ditches, 

wells, and tile drains 

Site infrastructure
Dedicated composting areas should be large enough to stockpile feedstock; 

blend, build, and manage actively composting piles; and store compost while 
it is curing and until use. The composting method you choose dictates the size 
of your site and whether it needs surface improvement, electricity, access for 

Roofed composting area
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equipment, and a water source. See Chapter 4 
for more detail on the requirements for the 
various composting methods. 

The availability of feedstock and the need 
for storage before composting will clarify 
some requirements for site infrastructure. For 
example:
•	 Livestock operations produce manure year-

round. Most raw manure requires covered 
storage or a year-round site for continuous 
composting. 

•	 Food waste and yard debris rich with grass 
clippings require immediate incorporation 
into bulking materials to avoid problems 
with odors, rodents, and flies. 

Choose a site with surface soil that is firm 
enough to support heavy equipment during 
periods of high use. 

When you choose your site, be a good 
neighbor and reduce the potential for 
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complaints. Use distance, trees, and existing buildings as buffers to keep 
noise, dust, and odors from neighboring properties. 

Specialists at Oregon DEQ can assist you in choosing likely compost-
ing sites on your property, and advise you on the merits of one site over 
another to minimize water quality impacts.  

Site features and management practices  
affecting water quality

Soil
The nature of the soils and geologic strata beneath your composting 

site determines the risk to groundwater and neighboring wells. Soils 
differ in many characteristics that control infiltration, drainage, and 
runoff. The NRCS Web Soil Survey provides general information about 
the soils beneath your site and what these soil characteristics mean for 
water movement. DEQ specialists will evaluate geologic strata underly-
ing the site for their potential to allow leachate to reach groundwater. 

Exposed feedstock
Raw feedstock exposed to wet weather can lead to surface or ground-

water contamination. These materials and wet feedstock must be 
quickly combined with dry, high-carbon material to reduce leachate, 
odor, and fly problems. See Table 6 (page 24) for the relative water qual-
ity risk of contrasting feedstock.

In general, the risk of nutrients and pathogens reaching water is 
reduced during the dry season. 

Proximity to surface water
There is no fixed distance-to-surface-water rule, but farther—100 feet 

or more—is usually better. See Chapter 6 for information on berms, filter 
strips, and other techniques, and their roles in protecting water quality. 

Plug tile drains under or adjacent to the compost site to prevent 
transfer of runoff and leachate to surface water. Convert unvegetated 
drainage ditches to grassy swales. 

Topography
Moderate slopes reduce pooling. Excessive slopes accelerate the rate 

at which water leaves the site and may promote erosion. Choose a site 
with a gentle slope, or grade a steeper site to a 1- to 2-percent slope to 
avoid erosion.

Site management
During site construction, take measures to prevent erosion and 

runoff. Common strategies include building silt fences and filter berms 
and re-establishing grass or other soil-retaining vegetation soon after 
construction. 

Siting assistance 

Without access to specialized information, 
it can be almost impossible to predict the 
likelihood of leachate reaching groundwater. 
While reviewing your application for 
environmental risk screening, DEQ staff 
can assist you in finding areas on your 
farm where you can compost with minimal 
environmental impact, and often with 
minimal infrastructure. If you provide them 
the legal description of your proposed site, 
they’ll send you soil maps, soil descriptions, 
an indication of the depth to the aquifer, 
and characteristics of the overlying soil. This 
information can help you site the operation. 
It may help you think of ways to protect 
water quality during construction and use of 
the site. 

The Natural Resources Conservation 
Service (NRCS) Web Soil Survey can help you 
identify the areas on your farm that have 
limitations for use as a composting site. 
http://websoilsurvey.nrcs.usda.gov/app/
WebSoilSurvey.aspx

http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
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Consider how you may use the site after the composting operation ends. 
Remediating compaction from heavy equipment may require extra effort.  

See Chapter 6 for more information.

Keep these guidelines in mind when you choose your site.
•	 Consider space requirements, and accessibility and availability of electricity 

and water.
•	 Choose a site with surface soil that is dry and firm enough during the dry 

season to support heavy equipment during periods of high use.

Even on well-drained soils, compaction can make the site unusable in midwinter.
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•	 Minimize leachate potential 
by composting as much 
as possible during the dry 
season and managing water 
additions. Locate compost 
sites as far as possible from 
wells, drainage ditches, 
and surface water. Plug tile 
drains. Avoid sites with 
high seasonal water tables.

•	 A gentle slope and per-
manent grass filter strips 
reduce the risk of erosion.
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Chapter 3

Compost Site Layout and Design 
Thoughtful site layout and design promote the efficient production of qual-

ity compost and protect water quality. This chapter covers the characteristics of 
good composting sites, how to estimate the area required, and how to organize 
your site so that the work process flows smoothly. Be sure to choose your site 
and plan the layout and workflow before you collect any feedstock or begin 
composting. 

Here we focus on site designs that do not require permanent structures. 
Temporary sites that will be returned to farming within a few years are designed 
differently than permanent sites. If your site requires permanent structures, seek 
professional guidance (as from a consulting engineer) if needed. 

We recommend that you sketch your site and then stake it out before begin-
ning construction.

Site layout 
Plan the site so that material is easily handled and moved through the com-

posting process. Adjust the length of piles and space between piles to minimize 
movement of materials. This approach maximizes the volume of compost 
produced per square foot of the site. Add the areas required for each phase 
and activity of the composting process to determine the total area for your 
operation.

Figure 1 (page 9) shows a typical site layout for two types of composting 
operations. Use these illustrations as a general guide when planning the layout 
of your compost site. Note the movement of materials across the site. Notice 
that finished and stored compost occupy the higher side of the site, and feed-
stock is received at the lower side. This prevents the finished compost from 
being contaminated by materials with higher pathogen content. (The dashed 
line divides the clean side from the dirty side.) If possible, select a site with a 
slope that follows the prevailing wind direction. This will minimize the spread 
of pathogens by wind and water within the production area.

Berms placed upslope from large piles divert water away from them. The 
illustrations show typical placement of berms to direct surface flows away from 
the composting site and swales or filter strips to filter or direct flows down-
stream from the composting site. See Chapter 6 for more ideas and information.
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Figure 1. Concepts for site design. 
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Compute the size of your composting area 
First, determine the volume of feedstock at peak times. Then, estimate the 

footprint of the receiving and mixing area, and of the active composting, curing, 
and storage areas. Finally, allow enough space between areas to manage the 
compost and maintain the site. Use Table 1 to calculate the footprint of a com-
post windrow. Pile volume and footprint vary with the shape of the pile. Table 1 
assumes a compost windrow with a rounded top to be turned with a front-end 
loader. The On-Farm Composting Handbook (see “References and Resources,” 
page 27) contains formulas and tables to help you calculate the footprint of 
other pile profiles.

  Table 1. Calculate the footprint of a turned compost pile.

Line Calculation Formula Example Your pile

1 Volume of compost 200 yd3

2 Width of the base (yd) 4 yards

3 Pile height (yd) 2 yards

4 Area of cross section (yd2) 2⁄3 x width x height 2 x 4 x 2⁄3 = 51⁄3 yd2

5 Pile length (yd) volume ÷ cross section 
Line 1 ÷ Line 4

200 ÷ 51⁄3 = 37½ yd

6 Area of footprint (yd2) width x length 
Line 2 ÷ Line 5

4 x 37½ = 150 yd2

Table 1 assumes you have an estimate of the volume of feedstock you will 
compost. You can adjust the measurements for the width of the base and the 
height of the pile to try out various site configurations. 

Active composting reduces pile volume as carbon dioxide is released, par-
ticle size is reduced, and the pile settles. The amount of reduction depends on 
the type of feedstock. Plant materials reduce more than manure, which reduces 
more than wood products or soil. A rough guide to reduction might be that 
curing piles are about 55 percent of the original feedstock volume and finished 
compost is about 45 percent. Curing and storage piles can be as high as 12 to 
18 feet, limited only by the lifting capacity of the loader or excavator. For piles 
to be at least 3 feet high after a month of active composting, build them higher 
than 3 feet initially. 

In your plan, allow room for alleyways and pile edges. Driving on the edge of 
a pile creates undesirable compaction of the compost. Consider whether more 
than one piece of equipment may be operating at the same time. If so, allow 
enough space so that vehicles can pass. Windrow turners require 25 to 45 feet 
to turn at the end of each row. Allow enough room between piles to maneuver 
your tractor for front-end loader turned piles. See Chapter 4 for more detail on 
pile turning methods.
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Combine small compost piles whenever possible. Their high surface-to-
volume ratio and low water-holding capacity can generate high volumes of 
leachate. 

Infrastructure for high-risk feedstock
There are several strategies for handling high-risk feedstock with the goal of 

protecting water quality. Each strategy has advantages and limitations. From 
most expensive to least expensive, options include:
•	 Build a feedstock handling facility with a roof and composting pad.
•	 Build a roof without a pad or a pad without a roof.
•	 Cover feedstock with a tarp. 
•	 Store feedstock, such as deep bedded litter, in the barn until you actively com-

post it.
•	 Receive high-risk feedstock from off the farm only during the dry season.

High-risk feedstock that is exposed to wet weather can lead to surface or 
groundwater contamination. Some high-risk feedstock, such as food waste or 
livestock mortalities, is not amenable to storage and must be composted imme-
diately. See Table 6 (page 24) for a comparison of feedstock and water quality 
risk.

Impermeable pads do not prevent leachate generation, but they can allow 
you to collect, store, and use this liquid appropriately. Compost pads allow 
material handling during wet weather, though they can be expensive. They limit 
infiltration of air and water into the soil, change the soil’s microbial community, 
and prevent you from using the site for other purposes. 

Covers prevent storm water from coming into contact with high-risk feed-
stock and can prevent leachate generation. Well-managed, active compost piles 
often generate enough heat to evaporate excess moisture and reduce the need 
for covers.  

Keep these guidelines in mind when you design and lay out 
your site.

Pile orientation
•	 Choose a site with a gentle slope, or grade a 1- to 2-percent slope to avoid 

puddles or erosion. Orient piles parallel to the slope to minimize leachate 
production during high rainfall seasons. 

•	 Place curing and storage piles at the top of the slope, with active compost-
ing areas just below, and feedstock receiving areas at the bottom. Runoff 
from curing and storage areas is generally much cleaner than runoff from the 
receiving and active composting areas.

Site size
•	 Feedstock availability and quantity dictate in part how much area you must 

devote to composting. Estimate the volume of material you plan to handle, 

Erosion control

Prior to site construction, check 
state and local ordinances to 
see whether grading or erosion 
control permits are required. In 
these cases, the agency issuing 
the permit identifies and enforces 
the conditions to control erosion. 
Current regulations (2013) require 
that composting site preparation 
that disturbs an area larger than 
1 acre requires a DEQ 1200C 
Erosion Control Permit. 

Whether or not a permit is 
required, land stewardship 
dictates that erosion and impacts 
to surface water be minimized 
during site construction. Gentle, 
1 to 2 percent slopes with straw or 
hay bales, filter berms, and filter 
strips can reduce erosion.



     Ag r i c u lt u r a l Co m p o s t i n g a n d Wat e r Qua l i t y12

and calculate the area needed for feedstock, active composting, and curing 
piles. 

•	 Make feedstock collection and handling areas as small as practical. Smaller 
areas force timely management of fresh feedstock and reduce the area to be 
cleaned and maintained. 

•	 Combine small piles to minimize the area under cover. Small, unmanaged 
quantities of feedstock or compost can generate large volumes of leachate.

•	 Reserve uncovered storage space for bulking agents and very stable feedstock, 
such as leaves or straw. 

•	 Work high-risk feedstock into bulking agents immediately upon arrival at 
your site; never store them.

•	 Plan a storage area for finished compost that can accommodate compost pro-
duction sufficient for farm needs. 

Site maintenance
•	 Create a layout that allows smooth movement of material and equipment 

through the site and minimizes leachate generation. 
•	 Sod in alleyways may improve traction and reduce runoff. Mow the grass 

periodically during the growing season and compost it.

Sod may improve traction in alleyways.
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•	 Allow room to keep alleyways and areas 
near the piles clean. Small mounds of 
compost and the edges of piles have low 
water-holding capacity and can generate 
high volumes of leachate. 

•	 Consider whether there may be more than 
one piece of equipment operating at the 
same time. If so, be sure access areas are 
wide enough to allow vehicles to pass. 

•	 Allow enough space to maneuver equip-
ment without compacting the edges of 
compost piles.
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Chapter 4 

Choose the Composting Method 
That’s Right for You

Choose a composting method that suits your farm, your feedstock, and your 
goals. Consider the characteristics you want in the finished compost and the 
equipment available to you. Manage your composting operation to meet the 
needs of your farm while protecting water quality.

Composting operations tend to evolve over time according to the manager’s 
experience, the scale of the operation, and opportunities to reduce cost. The 
most common methods of on-farm composting are turned windrows and aer-
ated static piles. They differ in aeration management. 

Turned windrows
Compost managed as turned windrows is aerated by physically moving the 

composting feedstock. Turning a pile reduces particle size and breaks apart 
clumps of feedstock which can otherwise become anaerobic. Turning increases 
oxygen levels in the pile for a short time and provides a good opportunity to 
adjust pile moisture content and further mix materials. Common equipment for 
turning windrows includes front-end loaders and windrow turners. 

Turning with a front-end loader
A front-end loader is a common piece of farm equipment that you may 

already own. It provides a convenient way to proportion and mix feedstock. 
Three to five turns may be required for adequate mixing. This is a slower process 
than other forms of mixing and requires more area per unit of feedstock. See 
Tables 2, 3, and 4 in this chapter (pages 15 and 16) for design limits and oppor-
tunities associated with using a front-end loader to turn piles.
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An adaptation of this method turns com-
post with a front-end loader and a manure 
spreader. Although two tractors are required, 
it is a very effective method to build and turn 
compost windrows. The manure spreader 
is attached to one tractor and the front-end 
loader is attached to the other. The front-
end loader loads feedstock into the manure 
spreader. As the spreader gradually moves 
forward, the feedstock is spun out, creating a 
windrow. The same technique is used to turn 
the windrow. A hose-fed metal water pipe 
with spray nozzles installed along its length 
can be added to the back of the manure 
spreader to add water while turning compost. 
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Turning with a windrow turner 
A windrow turner is a piece of specialty 

equipment that enhances compost homo-
geneity and simplifies adding water. You’ll 
need a front-end loader to proportion feed-
stock and shape the windrows so that they fit 
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Windrow turner

within the turner’s capacity. The tractor that 
pulls the windrow turner must have creeper 
gears. Self-propelled units are available.

Use the turner to mix and water the pile 
during the first 1 to 2 months. Base turning 
decisions on pile temperature and moisture 
levels; add water as needed during turning. 
In a typical turning schedule, you would turn 
weekly for the first month, and once or twice 
more after that as the pile begins to cool. 
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Blowers can be plumbed to push air through the pile, pull air 
from the pile, or alternate air flow direction.

Aerated static piles 
Aerated static piles (ASP) are aerated with an electric 

blower connected to a network of aeration pipes. ASPs are 
turned much less frequently than turned windrows, and 
generally not at all during the first 30 days of composting. 

Place a layer of coarse woodchips or other porous 
material over the pipes to allow even distribution of air 
at the base of the pile. Then use a front-end loader to 
proportion and mix feedstock and to shape piles. The air 
flows through the compost, maintaining aerobic condi-
tions throughout the pile. After 1 month, remix the pile 
with a loader, adding water if needed. Energetic feedstock 
may reheat or generate odors after re-wetting, indicating 
that the composting process is not yet complete.

Blowers can be plumbed to push air through the pile, 
pull air from the pile, or alternate air flow direction. Cycle 
timers often are used to operate the blowers at desired 
intervals. 

Turning without watering reduces moisture content, which may or may not be 
desirable. If adding more water is not an option, conserve moisture levels by 
building larger piles and turning them less frequently. 

Combine windrows as they shrink and stockpile them into curing or storage 
piles when they are finished. Because turning costs time and money, many on-
farm composters seek to minimize this activity. See tables 2, 3, and 4 (pages 15 
and 16) for design limits and opportunities associated with windrow turners.
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Pulling air from the pile reduces moisture and helps manage odor, but it 
generates significant condensate that must be removed with a trap and treated 
as leachate. This condensate is corrosive, so blowers may require more frequent 
maintenance. 

Ideally, freshly-built piles are covered with a 6- to 12-inch layer of clean 
woody feedstock or finished compost. See Chapter 5 for more detail about 
covering compost.

For highly engineered systems, seek professional guidance to correctly calcu-
late pipe diameter-to-length ratio and the number and size of orifices and pump 
capacity. On a less complex system, with careful attention, trial and error may 
suffice. See Tables 2, 3, and 4 (page 16) for design limits and opportunities asso-
ciated with aerated static piles.

Comparison of composting methods 
As you consider the composting opportunities, needs, and goals for your 

farm, use the following tables to determine the method that is right for you. 
These tables offer comparisons of overall performance, space requirements, and 
management tasks for windrows turned with a front-end loader or with a wind-
row turner, and for aerated static piles.

  Table 2. Composting methods: compare overall performance

Method Cost PFRP1 Time to finished compost

Windrow—front-end 
loader

Minimal added 
investment

May not consistently meet 
PFRP with infrequent turning

6–12 months

Windrow—windrow 
turner

Specialty equipment Routinely meets PFRP in 15 
days with 5+ turns

2–6 months

Aerated static pile 
(ASP)

Engineering, design 
consultation advisable

Routinely meets PFRP in 3 days 2–4 months. Usually ASP for 2+ weeks, 
until temperature drops. Then, curing 
for 1–3 months.

1 PFRP is a composting process that meets prescribed conditions for human pathogen control.  See page 18 for details.

  Table 3. Composting methods: compare space requirements

Method Space Height Width Distance between piles

Windrow—front-end 
loader

Largest site 5–8 feet Base: 12–18 feet Aisles wide enough for bucket 
loader and other equipment.

Windrow—windrow 
turner

Intermediate Dictated by 
turner height

Dictated by 
turner width

Depends on turner. Self-propelled 
units allow narrow alleyways. Wider 
aisles for tractor-mounted units. 
Aisle clean-up may be hand labor.

Aerated static pile 
(ASP)

Smallest site for active 
(hot) composting. Same 
area needed for curing 
as with other methods. 

8–12 feet Dictated by 
pipe and blower 
capacity

Saves space because PFRP is rapidly 
met and active composting area is 
reused more often. Compost can 
be put into larger curing piles after 
about a month.
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  Table 4. Composting methods: compare management tasks

Method Feedstock mixing Turning frequency Adding water

Windrow—front-end 
loader

Materials must be well 
mixed prior to forming 
windrows.

Usually turned two or 
three times.

Hard to do when turning.

Windrow—windrow 
turner

Turning provides additional 
mixing. Turning usually 
reduces particle size and 
porosity.

Usually turned more than 
four times during active 
composting, and several 
times during curing.

Most turners can be equipped 
with a water supply hose to wet 
feedstock when turning.

Aerated static pile 
(ASP)

Feedstock must be well 
mixed and raised to the 
proper moisture level 
before the ASP is formed.

Mix when ASP is taken 
down and moved to 
curing site.

Cannot add water after ASP is 
formed. Can add water when 
moving compost to curing site. 
Forced air movement through 
ASP increases rate of water loss.

Keep these guidelines in mind for all composting methods.
•	 Evenly shaped windrows have fewer dry spots and process more evenly.
•	 Plan ahead. Keep piles slightly drier before and during seasonal rains and 

wetter just before and during seasonal dry periods.
•	 Direct flowing water away from the edges of the piles and reduce leachate 

generation.

Perforated pipe laid at the angle of repose as the pile is built 
provides passive aeration.
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Chapter 5 

The Composting Process  
and its Impact on Water Quality

The practices that protect water quality also contribute to the 
production of high quality compost. Composting proceeds effi-
ciently when there is adequate moisture and porosity, and a good 
carbon-to-nitrogen ratio. 

Carbon and nitrogen
Think of compost feedstock as a food supply for decomposer 

bacteria and fungi. For humans, a quality diet is expressed as rec-
ommended daily allowances. For decomposer organisms, a quality 
diet is expressed as carbon-to-nitrogen ratio (C:N).With a bal-
anced C:N, decomposer organisms efficiently use up the available 
nutrients and leave less nitrogen to escape into the environment. 

The process of balancing the C:N of your available feedstock 
is like formulating a recipe. Starting with the right mix of carbon 
to nitrogen can contribute to an efficient composting process and 
quality compost. Consider whether the feedstock available on your 
farm requires supplemental feedstock to compost well. If it does, 
look for nearby feedstock that will provide the C or N you need. 
Many materials compost well without additional feedstock. 

Mixtures of feedstock with 20 to 40 parts carbon to one part 
nitrogen (20:1 to 40:1) compost well. The WSU Compost Mix 
Calculator (see page 21) provides typical values for the C:N ratio 
of feedstock and calculates the C:N ratio of different feedstock 
combinations. Well-mixed piles use nitrogen efficiently, decom-
pose feedstock quickly, and heat up enough to reduce plant and 
human pathogens and kill weed seeds. Agricultural testing labo-
ratories can provide an analysis of C:N as well as other nutrients, 
permitting you to optimize feedstock mixtures. See the sidebar on 
page 21 for a summary of National Organic Program standards for 
compost. 

Feedstock that contains more nitrogen than decomposers can 
use releases nitrogen as ammonia gas (NH3) or as soluble nitrate 
(NO3). Released nitrogen reduces air and water quality and 
wastes valuable plant nutrients. With too little nitrogen, much of 
the carbon goes undigested, and the compost pile may not heat 
up enough to kill weed seeds and pathogens. See the sidebar on 
page 18 about processes to further reduce pathogens (PFRP). 

Water quality risks of contrasting 
feedstocks

Feedstock with higher nutrient content, lower 
C:N, or more pathogens poses greater risk to water 
quality than other feedstock. High-risk feedstock 
is more likely to require covers and pads or other 
infrastructure than low-risk feedstock. Table 6 
(page 24) rates the relative environmental risk of 
common feedstock. 

Use caution and experiment on a small scale with 
higher risk feedstock, until you understand how to 
manage it properly.

Herbicides in feedstock

It can be difficult to know whether feedstock 
originating off-farm has been exposed to 
herbicides that can persist through the composting 
process. Compost contaminated with some pyridine 
herbicides such as chloropyralid and aminopyralid 
can harm sensitive plants. These materials are 
active in compost at low concentrations. 

The herbicide labels indicate that the feedstock 
provider must warn you at the time of transfer 
that persistent pesticides have been used on the 
feedstock. This often is not done, and if feedstock 
changes hands through a middleman or hauler, 
that person may not know. Washington State 
University Extension Service offers a simple 
bioassay for persistent herbicides at: http://www.
puyallup.wsu.edu/soilmgt/clopyralid.htm 

Aside from pesticides, you could bring disease 
or weed seeds onto your property in feedstock 
originating off-farm. The best way to avoid these 
problems is to talk to the feedstock provider about 
the source of materials, pesticide applications, and 
other contaminant risks.

http://www.puyallup.wsu.edu/soilmgt/clopyralid.htm
http://www.puyallup.wsu.edu/soilmgt/clopyralid.htm


     Ag r i c u lt u r a l Co m p o s t i n g a n d Wat e r Qua l i t y18

The molecular form of carbon-rich material influences its susceptibility to 
decomposition. Fresh, soft, green leaves, fruits, and processed grains contain 
carbon in the form of simple sugars. Bacteria readily digest these materials, 
often within 2 to 10 days. This form of carbon is called available carbon. Straw, 
stems, hulls, bark, and wood are made of cellulose, hemi-cellulose, and lignin. 
These complex carbons are more resistant to decomposition. In active compost 
piles, many of these materials will decompose fairly quickly, but larger wood 
particles do not. Under dry conditions, fungi decompose woody structures over 
months or years. 

What is PFRP?

PFRP stands for a “process to further reduce pathogens.” The U.S. Environmental Protection 
Agency (EPA) developed standards for PFRPs to reduce human pathogens of concern in biosolids, 
including E. coli 0157:H7, Salmonella, Staphylococcus, Bacillus, Clostridium, Lysteria, roundworms, 
and tapeworms. These pathogens originate in manure and other animal byproducts. 

In its composting rules, the Oregon DEQ adopted the EPA’s time and temperature requirements 
(PFRPs) for commercial composting facilities. Commercial composters must meet PFRP before 
selling compost. Organic growers who include manure feedstock and apply compost less than 
90 to 120 days before harvest must also meet these PFRPs, if crops are for human consumption. 
Commonly used PFRPs include:

Windrows: Compost temperatures must be measured at or above 55°C (131°F) for at least 
3 days, between each of five consecutive turning events. 

Static aerated piles with an insulation cover must reach 55°C (131°F) for 3 days. 
Microbial studies have found that compost managed in windrows may leave viable pathogens 

in compost, even when PFRP has been met. This occurs because the cooler outer layers of the pile 
have not reached required temperatures when the internal temperature reading is at or above 
55°C or 131°F. Pay careful attention to time, temperature, turning, and moisture levels.

Compost, food safety, and good agricultural practices

Compost use is one of many topics for self-assessment in the National Good Agricultural Practices 
(GAPs) food safety program: http://www.gaps.cornell.edu/farmassessmentws.html. The program’s 
materials include some questions of importance for composters who apply compost to food crops 
or sell compost to farmers who do so. For composters, the goal of this program is to ensure that 
PFRP has been met, and that the compost has not been cross-contaminated after meeting PFRP. 

The water used to moisten the curing piles must be clean. Usually, well water has fewer 
pathogens than surface water from a nearby creek or pond. Leachate from new piles usually has a 
high pathogen content, so if it is applied to compost, PFRP must be met after leachate application. 

Food Safety Modernization Act (FSMA) requirements for composting are similar to those already 
mandated for compost allowed under the USDA-Organic rule, allowing either windrow or aerated 
static pile composting methods operated under prescribed time and temperature conditions, 
followed by adequate compost curing. Check current FSMA rules at the FDA website. http://www.
fda.gov/Food/FoodSafety/FSMA/ucm334552.htm#F

http://www.gaps.cornell.edu/farmassessmentws.html
http://www.fda.gov/Food/FoodSafety/FSMA/ucm334552.htm#F
http://www.fda.gov/Food/FoodSafety/FSMA/ucm334552.htm#F
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Compost moisture content
Correct moisture content is the most important variable in compost 

management. Without enough water, even feedstock mixtures with ideal C:N 
will not compost. All compost piles develop dry spots over time. Thorough 
turning redistributes moisture.

A thin layer of moisture on particles of organic matter is essential for 
microbes to move and multiply. Excess water can prevent heating and limits the 
action of more efficient oxygen-breathing (aerobic) bacteria, leaving the pile wet 
and cold. Under these conditions, composting slows significantly and pathogens 
may survive in finished compost.

Water holds five times as much heat per gram as compost. Heat is transferred 
when water evaporates and condenses in a compost pile. When water evapo-
rates in hot spots, heat energy is consumed. The water vapor condenses after 
rising into cooler spots. During condensation, energy is released and can warm 
the compost. High-energy feedstock that readily generates heat can lose mois-
ture rapidly as compost heats up. Moisture content below 40 percent by weight 
severely limits composting. After moisture is provided, dry piles often reheat 
and complete the composting process.  

If your feedstock is too dry or wet, look for supplemental feedstock to 
increase or decrease the moisture content of the pile. If needed, add water as 
you build a compost pile, and then adjust moisture as you turn it. Generally, 
a moisture content of 60 to 65 percent is ideal during the first 2 to 3 weeks of 
composting. As composting nears completion, consider allowing compost to 
dry enough for your intended use. For livestock bedding or screening (i.e., for 
potting soil), drier compost is normally preferred (40 to 45 percent moisture). 
For field application, avoid dusty or saturated compost and aim for 45 to 
55 percent moisture. 

Weather and moisture content
Use the weather to your advantage to maintain correct moisture levels. 

Changes in wind speed, relative humidity, and ambient temperature affect the 
rate of moisture loss. When the weather is very hot, actively composting piles 
can lose as much as 2 or 3 percent of their moisture per day. Under these con-
ditions, moisture could decline from 60 percent to 40 percent — too dry to 
compost — in 1 week. Taller piles tend to conserve moisture. 

Maintain moisture at recommended levels. Piles with too much moisture 
lack sufficient oxygen to support hot, aerobic decomposition, are prone to 
developing objectionable odors, and may not reach temperature targets. These 
anaerobic conditions are common with low-energy, uncovered piles in the wet 
season. Piles that are too dry will not sustain active composting. Manage your 
compost at optimum moisture ranges to avoid a host of problems, including 
leachate generation.

Tracking the temperature and moisture content of fresh compost piles 
through the seasons will sharpen your “composting sense” and support your 
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decisions about when and how to turn or cover your piles relative to weather 
conditions. 

Testing for moisture content
The following methods measure compost pile moisture accurately and 

consistently.

Hand squeeze test 
You can develop the ability to estimate a compost pile’s moisture level using 

the “hand-squeeze” test. With practice, and confirming your estimates with the 
drying test, your hand becomes “calibrated.” This method is fast and useful, but 
you must practice and compare with results from oven drying. 

Reach into the pile and grab a handful of composting material. Observe your 
fist while squeezing the material firmly. Release your grip, palm up, and observe 
the material and your hand. Scan the list of observations in Table 5 and estimate 
your moisture content.

  Table 5. Hand squeeze test observation key

Observation % Moisture 

Material is crumbly; doesn’t stick together; feels dusty; glove is dry 42 or less

Material feels mostly dry but has a hint of moisture in it 42 to 47

Material feels tacky 47 to 52

Material feels moist 52 to 58

Material sticks together; glove glistens or has a wet sheen 58 to 63

Squeezing releases one to two drops of water 63 to 68

Squeezing releases many drops of water 68 to 73

Squeezing releases a stream of water or material has a pudding texture >73

Fine-textured materials can give accurate estimates. Coarse-textured materials result in low moisture 
estimates. Adjust upwards by as much as 4%.

Used with permission of Jeff Gage, Compost Design Services.

Drying test 
You can accurately determine the moisture content of a compost sample by 

weighing it, then drying it with a silage (or similar) dryer. You can use oven or 
even sun drying if dryers are not available. Weigh and dry the compost repeat-
edly until the sample loses no additional weight. A reasonable temperature for 
drying compost is 110 to 140°F. Enter your wet and dry weights into this equa-
tion to calculate the percent moisture:

[(wet weight – dry weight) ÷ wet weight] x 100 = % moisture

The WSU Compost Mix Calculator (see page 21) can help you estimate the 
amount of water needed to establish good moisture content when mixing a pile.



     Ag r i c u lt u r a l Co m p o s t i n g a n d Wat e r Qua l i t y21

Porosity and bulk density 
Porosity is a measure of the free air space between compost particles. The 

more a feedstock weighs per unit volume, the less free air there is between its 
particles. Bulk density measures the weight per unit volume of a material. It is 
inversely related to porosity. The higher the porosity, the lower the bulk density. 

An ideal feedstock balances porosity and density, and usually requires less 
frequent turning to maintain working temperatures. Feedstock porosity influ-
ences management of the composting process. High porosity promotes airflow 
through the pile, which in turn cools it and replenishes the oxygen supply. 
Because of their capacity to lose water, highly porous mixtures may require 
more careful moisture content monitoring. 

Dense, low porosity feedstock requires more frequent turning or greater air 
pressure to assure adequate airflow. Detailed directions for measuring porosity 
and bulk density are included in the WSU Compost Mix Calculator. 

WSU Compost Mix Calculator
To determine your feedstock recipe, see Washington State University’s 

Compost Mix Calculator, available for download on their “Organic Farming 
Systems and Nutrient Management” website: http://www.puyallup.wsu.edu/
soilmgmt/Pubs/Compost_Mix_Calculator_12dec12.xls. The calculator is an Excel 
file with six worksheets: a list of feedstock characteristics, a worksheet on which 
you enter your feedstock characteristics and their proportions in a proposed 

What do the National Organic Program standards say about compost?

From §205.203, Soil fertility and crop nutrient management practice standard.

(c) The producer must manage plant and animal materials to maintain or improve soil organic matter content in a 
manner that does not contribute to contamination of crops, soil, or water by plant nutrients, pathogenic organisms, 
heavy metals, or residues of prohibited substances. Animal and plant materials include:

(2) Composted plant and animal materials produced through a process that:
(i) Established an initial C:N ratio of between 25:1 and 40:1; and
(ii) Maintained a temperature of between 131°F and 170°F for 3 days using an in-vessel or static aerated pile 
system; or
(iii) Maintained a temperature of between 131°F and 170°F for 15 days using a windrow composting system, 
during which period, the materials must be turned a minimum of five times.

(3) Uncomposted plant materials.

The National Organic Standards Board Compost Task Force final report includes the following policy statement that is 
used for guidance, but is subject to change as needed by the USDA:

Compost, in addition to that described in section 205.203(c)(2), is acceptable if (i) made from only allowed feedstock 
materials, except for incidental residues that will not lead to contamination, (ii) the compost undergoes an increase in 
temperature to at least 131°F (55°C) and remains there for a minimum of 3 days, and (iii) the compost pile is mixed or 
managed to ensure that all of the feedstock heats to the minimum temperature.

http://www.ecfr.gov/cgi-bin/retrieveECFR?gp=1&SID=d2c3a16922f77755841c75898e60283c&ty=HTML&h=L&n
=7y3.1.1.9.32&r=PART#7:3.1.1.9.32.3.354.4

http://www.puyallup.wsu.edu/soilmgmt/Pubs/Compost_Mix_Calculator_12dec12.xls
http://www.puyallup.wsu.edu/soilmgmt/Pubs/Compost_Mix_Calculator_12dec12.xls
http://www.ecfr.gov/cgi-bin/retrieveECFR?gp=1&SID=d2c3a16922f77755841c75898e60283c&ty=HTML&h=L&n=7y3.1.1.9.32&r=PART#7:3.1.1.9.32.3.354.4
http://www.ecfr.gov/cgi-bin/retrieveECFR?gp=1&SID=d2c3a16922f77755841c75898e60283c&ty=HTML&h=L&n=7y3.1.1.9.32&r=PART#7:3.1.1.9.32.3.354.4
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mix, a sheet that calculates C:N ratio and water needs of the proposed recipe, 
and sheets that calculate bulk density and free air space (porosity). Use the 
Calculator to optimize your compost recipe based on available feedstock, and to 
calculate bulk density and porosity. In calculations for C:N, ignore woody parti-
cles over ½ inch thick. These increase porosity and maintain airflow but provide 
little available carbon. 

Equipment maintenance
When turning or managing your piles, begin with the more processed mate-

rial (i.e., curing piles) before moving on to less processed, active piles and raw 
feedstock. Equipment can easily re-contaminate curing compost with patho-
gens. After handling feedstock or active piles that have not gone through PFRP, 
thoroughly clean equipment with a pressure washer before handling cured com-
post. Maintain your equipment so that fuels and lubricants do not contaminate 
your compost. 

Covering piles
Most compost piles in the hot, active phase of composting won’t require cov-

ering. Lower-risk feedstock, such as leaves and ground woody yard debris, may 
not require covering until the curing phase. 

Carefully monitor a cooling or curing pile and cover it before it becomes sat-
urated and generates leachate. Covered compost is less likely to be re-inoculated 
with weed seeds or pathogens from stray animals and wildlife, or become too 
wet for easy use.

The following factors influence how much and how quickly moisture levels 
increase and leachate can appear: 
Composting stage. Fresh, energetic feedstock mixtures are likely to generate 

enough heat to drive off excess water. More mature piles are less likely to do 
so. Curing or storage piles may need covering in wet weather. After the end of 
the active composting phase, curing takes an additional 30 to 60 days. 

Shape of the pile. Tall piles with narrow tops and steep sides catch less rainfall 
and shed rain more easily. Short piles with flatter sides catch more rainfall 
and shed less rain. Taller curing and storage piles retain moisture and can be 
covered with smaller tarps. With experience, you can manipulate pile shape to 
manage moisture content. 

Clean pile edges. Compacted soil mixed with compost can quickly generate 
large amounts of leachate when saturated.

How to cover
Choose one of these methods: 

Tarp. Position weighted or tied tarps over the pile so that it sheds water. Tarps 
must be secured against high winds. While tarping is not recommended for 
actively composting feedstock, finished compost can be tarped without nega-
tive effects.
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Build a roof. Actively composting feedstock will 
benefit from the increased airflow that a roof 
permits. A roof permits you to easily maintain 
optimum composting conditions and avoid 
leachate. 

Mulch. Aerated static piles may be covered with a 
6- to 12-inch layer of fine, finished compost, saw-
dust, or other pathogen-free material. However, 
a mulch cover can be difficult to apply and can 
require a considerable volume of mulch. This 
cover layer serves several purposes:

•	 Retains heat and ensures that all raw materi-
als meet criteria for pathogen destruction 
(PFRP)

•	 Reduces odors
•	 Retains nitrogen and moisture
•	 Reduces access for birds, rodents, and flies

Weighted tarps permit compost piles to shed storm water and reduce 
leachate generation.
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Keep these guidelines in mind when building windrows 
and during the composting process
•	 A well-mixed compost recipe with good C:N ratio, moisture content, and 

porosity will decompose efficiently.
•	 Build and maintain piles that are large enough to retain moisture during 

dry weather and absorb moisture without becoming saturated during wet 
weather.

•	 Monitor moisture content and adjust as needed when turning.
•	 Mix and turn energetic or wet feedstock into an active compost pile soon after 

delivery to avoid strong odors, rodents, and large fly populations. 
•	 Cover piles as needed to protect them from heavy rainfall.
•	 Control the direction of airflow in aerated static piles to manage moisture 

content.  
•	 During a slow season, section off unused areas and sweep or scrape them 

clean. Divert surface water away from these areas. 
•	 Water trucks or irrigation lines are a common way to provide sufficient water 

when and where it is needed. 
•	 Make sure that the compost is protected from contamination from fueling 

stations or pesticide mixing areas. If you use compost in filter berms to absorb 
such spills, you must dispose of it in a landfill. Do not re-incorporate contam-
inated compost into active or finished compost piles. 
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  Table 6. Relative water quality risk of contrasting feedstock

 
Feedstock

 
Nutrient content

Pathogen 
content

Relative risk to  
water quality1

Ground wood or bark Low Low Low

Fallen deciduous leaves Low Low Low

Ground woody yard debris Low Low Low

Ground leafy yard debris Medium Low Medium

Wood shavings with some horse manure Low High Medium

Separated dairy solids Low High Medium

Vegetable packing waste Medium Low Medium 

Vegetative food waste Medium Low Medium

Mixed food waste High Medium High

Bedding and manure Medium High High

Concentrated manure High High High

Livestock mortalities and  
slaughterhouse waste High High High

1Based on authors’ professional experience and judgment.

Woody mulch and leaf mulch

Some farmers use woody materials and leaves as mulch for caneberries, rhubarb, fruit trees, or 
other perennial crops. These mulches typically do not need to be composted to meet pathogen 
elimination standards (PFRP) because they do not contain feedstocks that are a source of human 
pathogens. 

Piling woody materials is usually called aging rather than composting, because it is not a 
managed process, and the end product does not have the properties of compost. Aged mulch 
typically is not well mixed, sometimes making it difficult to spread. Plant diseases carried by 
woody feedstock, such as Phytophthora ramorum, are not reliably eliminated by the aging 
process. For this reason, be cautious in choosing mulch feedstock and in selecting crops for mulch 
application. Consider composting instead of aging when there is significant risk of plant disease 
or weed seed spread. 

Because woody materials and deciduous tree leaves have a high C:N (carbon to nitrogen ratio), 
they present a low risk to water quality when stored outdoors without cover. But, they should be 
stockpiled at farm locations that are not subject to flooding. 
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Chapter 6

Manage Runoff and Leachate 
The best way to manage leachate is to prevent its production in the first place. 

Previous chapters discuss ways to minimize leachate production. This chapter 
introduces some strategies to manage any leachate that is produced.
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Saturated compost piles generate leachate, a threat to water quality.

Runoff and leachate
Runoff is water that flows off-site. If runoff 

comes into contact with compost, it becomes 
leachate and must be managed. 

Leachate is contaminated water that has been 
in direct contact with feedstock or compost-
ing materials. This water may be from the 
composting process itself, or precipitation. 
Most leachate comes from the alleyways 
between compost piles. If uncontrolled, 
leachate can contaminate surface or ground-
water and affect human health. Regulators 
take leachate very seriously, as do managers 
of sustainable compost operations.

Biological oxygen demand (BOD) is a 
measure of the amount of oxygen that 
is consumed (demanded) by aerobic bacteria as they decompose organic 
matter in water. As material with high BOD decomposes, dissolved oxygen is 
depleted; this can be harmful to fish and other aquatic life.

	 Leachate may contain nitrate, pathogens, metals, salts, other nutrients, and 
organic compounds with high biological oxygen demand. The threat leach-
ate poses to water quality varies depending on the type of feedstock and the 
stage of the composting process at which leachate is created. Ammonium-N is 
more prevalent in the early stages of composting. Nitrate-N is more prevalent 
as compost reaches maturity.  

	 Compost in earlier processing stages produces higher biological oxygen 
demand in leachate than more mature compost. The BOD of leachate from 
food and yard waste compost can range from 2 to 500 mg/L or more. The 
BOD of clean rivers is less than 1 mg/L. The BOD of moderately polluted 
rivers may be 2 to 8 mg/L. You can see the potential for serious environmental 
impacts to water from uncontrolled leachate.

The best use of collected leachate is to moisten an actively composting pile early 
enough in the process to meet PFRP. Alternatively, collected leachate can be applied 
to cropland requiring water and nutrients. Determine application rates according to 
the nutrient content of the leachate and the nutrient requirements of the crop.
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Landscape features to protect water quality
Several methods can prevent leachate from reaching surface and ground

water. The key is to ask yourself in advance where runoff or leachate from your 
site would go. Site slope, soil type, and the type of vegetation in buffer areas 
dictate the distance needed to separate the composting site from surface water 
and aquifers.
Filter berms are mesh bags filled with mature compost, woodchips, woody 

overs, or other coarse material. They filter out large sediment or slow 
sediment-laden water and allow particulates to settle out. You can place filter 
berms almost anywhere, and they are particularly useful downslope of the 
composting site.

Berms are raised banks, usually of soil and compost with grass or other plant 
cover. Berms provide a second line of defense against leachate migration. 
Packed soil or fine compost berms can direct water downslope along a desir-
able path. Berms restrict flow and cause leachate to pool, providing time for it 
to infiltrate and for sediment to settle out. 

A swale is a shallow channel that captures and slows runoff and leachate, allow-
ing them to infiltrate. Swales can be planted to grasses or other water-tolerant 
plants that take up excess nutrients. Sometimes, rock check dams are placed 
across a swale to increase ponding and infiltration. 

A filter strip is an area of thick vegetation, typically grass, at least 50 feet wide 
and perpendicular to the direction of flow. Steeper grades require wider filter 
strips. The vegetation in the filter strip protects underlying soil from erosion, 
permits leachate to infiltrate, and takes up nutrients. 
Contaminated water spreads evenly over a well-constructed filter strip or 

swale, further slowing the water and promoting settling of contaminants. If 
leachate reaches the end of an effective filter strip or swale, it carries less sedi-
ment, nutrients, metals, and pathogens, though it will not be free of these 
contaminants. 

Filter strips and swales are most effective after a filter berm has removed 
gross sediments. Place filter strips and swales downslope of composting opera-
tions and filter berms. They are best as permanent installations at the low points 
on the property, and should be located some distance from surface water.

These features must be properly designed and built to be effective. Seek pro-
fessional guidance if needed. 

Keep these guidelines in mind for managing leachate
•	 Prevent stormwater and runoff from coming into contact with compost that is 

likely to generate leachate.
•	 Grade the site and use diversion ditches or berms to reduce water flowing 

through the composting area. 
•	 Use filter berms, berms, filter strips, or swales to keep leachate out of surface 

water. 



     Ag r i c u lt u r a l Co m p o s t i n g a n d Wat e r Qua l i t y27

References and Resources
References
Composting Program Policy and Composting Facility Rules, Oregon 

Department of Environmental Quality. http://www.deq.state.or.us/lq/sw/
compost/

Cooperband, L. 2002. The Art and Science of Composting: A resource for farm-
ers and compost producers. University of Wisconsin-Madison, Center for 
Integrated Agricultural Systems. http://www.cias.wisc.edu/wp-content/
uploads/2008/07/artofcompost.pdf

Cox, D. 2010. Organic Waste Management and Composting. In Smith, T., 
and P. Lopes (eds.).: Massachusetts Greenhouse Industry Best Management 
Practices Guide. UMass Extension, University of Massachusetts Amherst.

Gage, J., K. Dunkin, N. Dart, B. Sargent, J. Bartlett, K. Dorsey, C. Gregory, 
T. Walters, and C. Allison. 2007. Guidelines for Pathogen Control at Organic 
Material Processing Facilities. Washington Organic Recycling Council. http://
www.compostwashington.org/images/stories/pdf/final%20bmp%20patho-
gens%2012072007%20worc.pdf

Gamroth, Mike. 2012. Composting: An Alternative for Livestock Manure 
Management and Disposal of Dead Animals (EM 8825). Oregon State 
University Extension Service. http://ir.library.oregonstate.edu/xmlui/bitstream/
handle/1957/29173/em8825.pdf 

Hart, J. 2008. Laboratories Serving Oregon: Soil, Water, Plant Tissue, and Feed 
Analaysis (EM 8677). Oregon State University Extension Service. http://
ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20037/em8677.pdf

Martinson, S., M. van de Kamp, and S. Tso. 2011. Guide to Agricultural 
Composting. Massachusetts Department of Agricultural Resources. http://www.
mass.gov/eea/docs/agr/programs/compost/guidetoagcomposting2011.pdf

Natural Resources Conservation Service vegetative filter strip reference: http://
www.nrcs.usda.gov/wps/portal/nrcs/detail/nj/technical/?cid=nrcs141p2_018851

Natural Resources Conservation Service Web Soil Survey: http://websoilsurvey.
nrcs.usda.gov/app/WebSoilSurvey.aspx

Oregon State University Compost and Water Quality website: http://smallfarms.
oregonstate.edu/compost-and-water-quality 

Paul, J.W. and D. Geesing. 2009. Compost Facility Operator Manual. Abbotsford, 
BC, Canada. http://www.transformcompostsystems.com/learn-compost-opera-
tor-manual.php

Permit Application for Composting Facility Environmental Risk Screening, 
Oregon Department of Environmental Quality. http://www.deq.state.or.us/lq/
sw/permitcompinstructions.htm

http://www.deq.state.or.us/lq/sw/compost/
http://www.deq.state.or.us/lq/sw/compost/
http://www.cias.wisc.edu/wp-content/uploads/2008/07/artofcompost.pdf
http://www.cias.wisc.edu/wp-content/uploads/2008/07/artofcompost.pdf
http://www.compostwashington.org/images/stories/pdf/final%20bmp%20pathogens%2012072007%20worc.pdf
http://www.compostwashington.org/images/stories/pdf/final%20bmp%20pathogens%2012072007%20worc.pdf
http://www.compostwashington.org/images/stories/pdf/final%20bmp%20pathogens%2012072007%20worc.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/29173/em8825.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/29173/em8825.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20037/em8677.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20037/em8677.pdf
http://www.mass.gov/eea/docs/agr/programs/compost/guidetoagcomposting2011.pdf
http://www.mass.gov/eea/docs/agr/programs/compost/guidetoagcomposting2011.pdf
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/nj/technical/?cid=nrcs141p2_018851
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/nj/technical/?cid=nrcs141p2_018851
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
http://smallfarms.oregonstate.edu/compost-and-water-quality
http://smallfarms.oregonstate.edu/compost-and-water-quality
http://www.transformcompostsystems.com/learn-compost-operator-manual.php
http://www.transformcompostsystems.com/learn-compost-operator-manual.php
http://www.deq.state.or.us/lq/sw/permitcompinstructions.htm
http://www.deq.state.or.us/lq/sw/permitcompinstructions.htm
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Process to Further Reduce Pathogens. http://www.epa.gov/nrmrl/pec/basic.html. 
See the document titled “What are Processes to Further Reduce Pathogens 
(PFRPs) and Processes to Significantly Reduce Pathogens (PSRPs)?” in the 
table of contents.

Rynk, R. 1992. On-Farm Composting Handbook (NRAES-54). Northeast 
Regional Agricultural Engineering Service. 

Siting and Operating Composting Facilities in Washington State: Good 
Management Practices. 2011. Washington Department of Ecology.  
https://fortress.wa.gov/ecy/publications/publications/1107005.pdf 

Special Rules Pertaining to Composting: Groundwater Protection (ORS 340-
096-0120) http://arcweb.sos.state.or.us/pages/rules/oars_300/oar_340/340_096.
html 

Stoffella, P.J. and B.A. Kahn. (eds.) 2001. Compost utilization in horticultural 
cropping systems. Lewis Publishers, CRC Press, Boca Raton, FL. 

USDA National Organic Standards. www.ams.usda.gov/AMSv1.0/NOP

Washington State University Compost Calculator: http://www.puyallup.wsu.edu/
soilmgmt/Pubs/Compost_Mix_Calculator_12dec12.xls

Well Log Database: http://apps.wrd.state.or.us/apps/gw/well_log/

Resources
Oregon Department of Agriculture Natural Resources Division: 503-986-4700
Oregon Department of Environmental Quality (DEQ) 

These regional offices can connect you to a hydro-geologist:
•	 Eastern Region: Bend, 541-633-2025 

Providing services to Baker, Crook, Deschutes, Gilliam, Grant, Harney, 
Hood River, Jefferson, Klamath, Lake, Malheur, Morrow, Sherman, 
Umatilla, Union, Wallowa, Wasco, and Wheeler counties

•	 Northwest Region: Portland, 503-229-5562 
Providing services to Clackamas, Clatsop, Columbia, Multnomah, 
Tillamook, and Washington counties

•	 Western Region: Eugene, 541-687-7342 
Providing services to Benton, Coos, Curry, Douglas, Jackson, Josephine, 
Lane, Lincoln, Linn, Marion, Polk, and Yamhill counties

Composting Facility Risk Screening Checklist, Oregon Department of 
Environmental Quality. http://www.deq.state.or.us/lq/sw/permitcompinstruc-
tions.htm

http://www.epa.gov/nrmrl/pec/basic.html
https://fortress.wa.gov/ecy/publications/publications/1107005.pdf
http://arcweb.sos.state.or.us/pages/rules/oars_300/oar_340/340_096.html
http://arcweb.sos.state.or.us/pages/rules/oars_300/oar_340/340_096.html
www.ams.usda.gov/AMSv1.0/NOP
http://www.puyallup.wsu.edu/soilmgmt/Pubs/Compost_Mix_Calculator_12dec12.xls
http://www.puyallup.wsu.edu/soilmgmt/Pubs/Compost_Mix_Calculator_12dec12.xls
http://apps.wrd.state.or.us/apps/gw/well_log/
http://www.deq.state.or.us/lq/sw/permitcompinstructions.htm
http://www.deq.state.or.us/lq/sw/permitcompinstructions.htm
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Silage corn quick reference
Soil testing. Apart from nitrogen (N), nutrient recommendations in this

guide are based on a preplant soil test. Collect the preplant soil sample

in the fall or in spring prior to corn seeding. Recommendations in this

guide are valid only when the laboratory employs soil test methods as

described for western Oregon in the Soil Test Interpretation Guide,

(https://catalog.extension.oregonstate.edu/ec1478) EC 1478.

Liming. Silage corn grows best at a soil pH greater than 5.5. Apply lime,

based on soil test, according to Table 2.

Nitrogen. On dairy farm fields that receive annual manure or lagoon

water application, additional N fertilizer application in the form of urea

or ammonium sulfate is usually not required to meet crop N need.

Soil nitrate testing is recommended to determine the balance between

N supply and crop N requirement. The most important time to collect a

soil sample for nitrate analysis is when the corn has four to six collared

leaves (V4 to V6 growth stage). Soil nitrate-N greater than 25 ppm at

this stage indicates that N supply is sufficient; additional N will not

increase crop yield.

Several diagnostic tests can be used to determine balance between N

supply from all sources and crop N uptake capacity. See “Monitoring soil

and crop N.”

Phosphorus. If soil test P is below 50 ppm, apply P according to Table 9.

Potassium. If soil test K is below 200 ppm, apply K according to Table

10.

Magnesium. If soil test Mg is below 100 ppm or 0.8 meq/100 g soil,

band 10 to 15 lb Mg/acre at planting or apply 1 t dolomitic lime/acre

and incorporate it in fall.

Zinc. If soil test Zn is below 0.8 ppm (1.5 ppm in the Stayton area), band

3 to 4 lb Zn/acre at planting or broadcast 10 lb Zn/acre before planting.

(Table 12)

Soil, climate, crop rotation and corn

variety all affect silage corn yield

potential. Silage corn yields are

greater in the Willamette Valley than

near the coast in Tillamook and Coos

counties because the longer growing

season is suited to higher-yielding

corn varieties.

Most silage corn in western Oregon

is grown on soils with silt loam or

silty clay loam surface horizons.

These soils have a high water-holding

capacity but vary in drainage. Soils

with better drainage (NRCS

Hydrologic Group B) are usually

more productive than more poorly

drained soils (Hydrologic Groups C

and D). Soils used for silage corn

production in the Willamette Valley

include Amity, Chehalis, Cloquato,

Coburg, Concord, Helvetia, McAlpin,

Willamette and Woodburn. Soils used

for silage corn production near the

coast in Tillamook and Coos counties

include Kirkendall, Nestucca,

Nehalem and Quosatana.

Silage corn is an excellent feed for

dairy cattle because of its high dry-

matter yield, energy content and

palatability, especially when

supplemented by other feed. This

guide addresses silage corn produced

in western Oregon with conventional

tillage or by direct seeding using a

no-till drill. 

This guide is applicable to fields that receive manure and for those that do not. Recommendations in this guide are

adequate to produce high yields where weeds, insects and diseases do not limit crop yield. Soil pH above 5.5 is

required for maximum crop yield response to nitrogen and other nutrient inputs.
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Nutrient removal
Table 1 shows typical nutrient

removal values for silage corn at a

high yield level. Here, high yield

means 8-ton DM/acre or

approximately 32 ton as harvested

silage. Nutrient concentrations in

biomass remain relatively constant

across silage yield levels; use the

concentration in DM column to

calculate expected nutrient removal

for site-specific silage DM yields.

Table 1. Nutrient removal by silage corn, based on estimated yield of 8-ton

DM/acre

Nutrient

Yield,

ton

DM/acre

Concentration,

% in DM

Nutrient

removed in

lb/ton

(100%DM)

Nutrient

removed

in lb/ton

(25%

DM)

Nutrient

removed

in lb/acre

N 8 1.3 26 6.5 205

P 8 0.2 4 1.0 32

K 8 1.2 24 6.0 192

Silage corn removes approximately the same amounts of N and K, while P removal is lower (Table 1). When applied

nutrients are not removed by harvest, they are lost to air or to water or they accumulate in soil. The major pathways

for N loss are 1) ammonia loss to the atmosphere during the first days after manure application, and 2) nitrate

leached during fall and winter months. About half of the total N applied in manure is in organic form. Some of the

organic N is converted to nitrate in the year of application; the remainder is incorporated into soil organic matter.

The amount of manure N that is held in soil organic matter for longer than a year is approximately 10–30% of

manure N applied. By contrast, P and K are not lost to the atmosphere, and they are relatively insoluble in soil.

Therefore, P and K accumulate in topsoil when inputs (manure) exceed nutrients removed in the harvested crop.

On dairy farms, silage corn is often double-cropped with annual ryegrass or a cereal cover crop. This protects soil

from erosion and increases annual crop nutrient removal. A fall-seeded annual ryegrass cover crop, when harvested

in April with a dry matter yield of 3-ton/acre, removes approximately 115 lb N, 18 lb P and 150 lb K per acre.

Manure also supplies other nutrients that are required for corn, including sulfur (S), calcium (Ca), magnesium (Mg),

zinc (Zn) and micronutrients. Usually, when manure has been applied annually, application of these nutrients does

not increase silage corn yield.

Soil pH and liming
Corn for silage grows best at a soil pH greater than 5.5. When soil pH is less than 5.5, silage corn yields can be

reduced by excess aluminum (Al) or manganese (Mn) in soil solution. Soil pH less than 5.5 can also inhibit root

growth to the point that plants appear to be P deficient, exhibiting purple color early in the growing season.

Lime application increases soil pH (reduces soil acidity). To be effective, incorporate lime into the soil by tillage prior

to seeding. To determine the need for lime, we recommend testing soil for pH (1:2 soil:water method) and for lime

requirement (SMP buffer method or other OSU Extension-approved test method).

The lime requirement test does not measure the actual soil pH in the field; it only serves as an index value for a lime

rate recommendation (Table 2). If soil pH in water is greater than 5.5), no lime is required.
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Keep in mind that soil pH fluctuates

0.3 to 0.5 units seasonally. It is

lowest (most acidic) in late August

and September, before the fall rains

begin, and highest in February or

March, when the soil is wettest. To

track trends in soil pH across years,

sample at the same time each year.

Applying Lime to Raise Soil pH for Crop

Production (Western Oregon)
(https://catalog.extension.oregonstate.edu/e

m9057), EM 9057, provides additional

details on interpretation of lime

requirement test results.

Table 2. Lime rate recommendations for western Oregon using the SMP

buffer lime requirement test

Apply lime to maintain soil pH (in water) above 5.5.

Lime requirement test result

(SMP buffer)

Apply this amount of lime (ton/acre)

Based on 100-score lime

Below 5.5 3–4

5.5–5.8 2–3

5.8–6.2 1–2

Over 6.2 none

Calcium and magnesium
Calcium is an essential plant nutrient. Agricultural lime is calcium carbonate, so it supplies calcium as it increases

soil pH. Some sandy soils such as the Newberg series have a soil pH above 5.5 but have less than 5 meq Ca/100 g

soil. In such cases, 1-ton lime/acre is recommended to supply Ca, even if the SMP buffer test is above 6.2.

Manure supplies Mg. Soil test values less than 0.8 meq/100g are unusual in manured fields. Apply Mg when soil test

indicates that Mg is below 100 ppm (0.8 meq/100 g soil).  When Mg need is identified by a spring soil test, apply

magnesium sulfate as a banded starter fertilizer application at 10 to 15 lb Mg/acre at seeding. If magnesium

deficiency is identified by a fall soil test and the field will benefit from liming, fall-applied dolomitic lime can be used

to supply Mg.

Nitrogen
Timing of corn N uptake
Corn grows slowly during the first 30–40 days after

seeding. At the six-leaf growth stage (V6), corn contains

15 to 25 lb N per acre. Corn N uptake is most rapid from

V6 to silking (VT). Between the six-leaf and silking

growth stages, corn accumulates N at a rate of 3–4 lb N

per acre per day. Crop N uptake rate declines as ears

mature. Crop N uptake nears completion at the milk

stage (R3).

The line in Figure 2 represents average crop N uptake

values determined in three grower fields near Modesto,

California (Geisseler et al., 2012). Unharvested stubble

contained approximately 25 lb N per acre.
Figure 2. Cumulative crop N uptake for silage corn.
Credit: Geisseler et al., 2012
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Nitrogen supplied by manure
The most common time to broadcast manure is prior to seeding. Base manure application rate on manure N

analyses. Table 3 shows the volume of liquid or slurry manure required to achieve N application rates of 50, 100 and

150 lb/acre. Table 3 is based on manure N analyses. Units shown for manure N analysis in the same row (left side of

the table) are equivalent. For example, an N concentration of 2 lb N per thousand gallons equals 240 ppm N. To use

Table 3, find a manure analysis value in lb per thousand gallons or ppm in the columns on left. Then choose an

application rate (50, 100, or 150 lb/acre) in the row at the top of the table. Find the volume of manure to apply in

the body of the table. Calculating Dairy Manure Nutrient Application Rates,

(https://catalog.extension.oregonstate.edu/em8768) EM 8768, provides guidance for calibration of manure application

equipment.

The amount of N supplied by manure, as indicated in Table 3, is an approximate value that may vary by + or -30%

from the target value. This variability in actual N application is due to manure N analyses variability and the lack of

precision in manure application methods. We strongly recommend a midseason soil nitrate test (also referred to as a

pre-sidedress nitrate test or PSNT) to assess the balance between soil N supply and crop N requirements.

Most fields with a history of manure application require no starter N fertilizer at planting. Fields that have not

received manure for more than three years may require a small amount of N (20–40 lb/acre) at planting time.
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Table 3. Volume of lagoon water or slurry manure required to achieve N application rates of 50, 100 and 150

lb/acre, based on manure N analyses

Manure analysis Target manure N application rate (lb/acre)

Lagoon water

lb N per thousand gal Parts per million (ppm) Acre-inches to apply

2 240 0.9 1.8 2.8

4 480 0.5 0.9 1.4

6 720 0.3 0.6 0.9

8 960 0.2 0.5 0.7

Slurry

lb N per thousand gal Parts per million (ppm) Thousand gal/acre to apply

10 1,200 5 10 15

15 1,800 3 7 10

20 2,400 3 5 8

25 2,990 2 4 6

30 3,590 2 3 5

Using soil nitrate testing to fine-tune N management
Soil nitrate testing is a valuable

diagnostic tool to measure nitrate

present at the time of sampling.

Interpretations of a soil nitrate test

vary, depending upon when the

sample is collected.

In western Oregon, most nitrate

moves below the rooting zone in

winter by leaching. In February, soil

nitrate concentrations are low,

regardless of manure applied during

the previous year.

Table 4. Midseason nitrogen application recommendations for western

Oregon, based on the pre-sidedress nitrate test (PSNT)

Soil test nitrate-N (NO3-N) Apply this amount of N

0-10 ppm 100-175 lb/acre

11-20 50-100

21-25 0-50

Above 25 None

Based on a soil sample collected between rows (0–12 inch depth) when corn has

four to six collared leaves (V4–V6 growth stage)
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Preplant soil nitrate in May usually underestimates the amount of nitrate available to the crop for the full growing

season. Additional nitrate is mineralized after planting, as the soil warms. Therefore, a preplant soil test cannot

accurately determine the need for additional N inputs.

Table 5. Overview of soil and plant tissue testing methods for monitoring N

Method

Test

reliability (1

= most

reliable)

Timing
Sample

instructions

Target

nitrate-N

value

Additional comments

PSNT (pre-

sidedress soil

nitrate test)

1
Corn at V4–V6 growth

stage

15 cores. 0–12

inch depth.

Sample between

rows.

25–30

ppm

Avoid starter fertilizer

bands when sampling

PHNT (post-

harvest soil

nitrate test)

2

Sample before Oct. 1

at the coast

(Tillamook), or by Oct.

15 (Willamette Valley)

15 cores. 0–12

inch depth.

Sample between

rows.

Less than

20 ppm

See Postharvest Soil

Nitrate Testing for

Manured Grass and Silage

Corn (West of the

Cascades), EM 8832

At-harvest

cornstalk

nitrate test

3
7 days before or after

harvest
15 stalks

3,500 to

5,000

ppm

Submit an 8-inch length of

stalk cut 6–14 inches above

the ground for sampling.

See Figures 1 and 2.

Soil nitrate measured at midseason (PSNT, described below) provides the most useful management information for

the current year (Tables 4 and 6).

Postharvest soil nitrate tests are not useful for this year’s N management decisions but can provide feedback to use

in planning for future years (Table 7).

Midseason soil nitrate testing
The recommended timing for PSNT soil sample collection is at the four- to six-leaf growth stage, before the period of

rapid N uptake in corn (Figure 1).

Soil nitrate-N values of 5-15 ppm at planting can increase to over 30 ppm by PSNT sampling time, because of

mineralization of soil organic matter to nitrate.

PSNT sampling protocol
Collect PSNT samples when the corn has four to six collared leaves (V4-V6 growth stage). This usually coincides with

a plant height of about 12 inches at the center of the whorl.

Sample between rows, away from any fertilizer bands. Avoid irregular areas, such as low spots, field entries or places

where manure accumulates.
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Collect at least 15 cores.•

Sample soil to a depth of 12 inches.•

Mix the sample thoroughly in a clean container.•

Fill a soil sample bag with a subsample of the composite soil sample.•

The sample should be delivered to the lab immediately. Keep the sample cool until it arrives at the laboratory.

Changes in N occur as the soil warms. To avoid shipping delays over the weekend, do not mail samples on Thursday

or Friday. Send the sample to a soil testing lab to be analyzed for nitrate-N (NO
3
-N). Request results from the

laboratory in units of ppm or mg/kg, not lb/acre.

Soils that are high in clay may pose difficulty in sampling to the 12-inch depth at PSNT sampling time. PSNT soil test

interpretations (Tables 4 and 6) should be used with caution when soil samples were collected from 0–6 or 0–8

inches, as all PSNT calibration research employed a soil sampling depth of 12 inches. Soil nitrate concentrations

generally are highest in the plow layer near the soil surface.

Using PSNT to determine midseason N application rate
Table 4 shows recommended midseason sidedress N inputs (fertilizer or lagoon water) based on PSNT testing. If soil

nitrate is below 25 ppm, additional N from fertilizer or lagoon water is likely to increase silage corn yield. Table 3

shows the volume of lagoon water required to supply a target amount of N, based on water or slurry N analysis. If

PSNT values are greater than 25 ppm, additional in-season N application as fertilizer or as lagoon water is not

recommended.

The following sections provide additional details on interpretation of N monitoring tests.

Pre-sidedress nitrate test, or PSNT
Soil samples are collected for the PSNT when corn has four to six collared leaves (V4–V6 growth stage). Although

the main purpose of the PSNT is to determine the need for in-season lagoon water or N fertilizer application (Table

4), it can also serve as an indicator of excess N supply for silage corn. PSNT values above 45 ppm NO
3
-N (0–12 inch

depth) indicate excess soil N supply relative to corn uptake capacity (Table 6).

Table 6. Interpretation of the PSNT as a predictor of postharvest soil nitrate for silage corn produced on manured

fields in western Oregon

PSNT

(ppm)
Category Interpretation

Less than

25
Deficient Crop yield increase expected in response to N input (fertilizer or lagoon water).

25–30 Target
Crop N requirement met. Minimal postharvest nitrate accumulation expected if no additional

N inputs are applied after PSNT.

30–45
Above

target

Soil nitrate is above crop N uptake capacity. Any additional fertilizer or lagoon water

application applied after PSNT will likely increase postharvest nitrate-N.

More

than 45
Excess

Soil nitrate exceeds crop N uptake capacity by a considerable margin. Any additional fertilizer

or lagoon water applied after PSNT will almost always increase postharvest nitrate-N.
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Postharvest soil nitrate test, or PHNT
The PHNT measures soil nitrate-N not used by the crop. The PHNT is a look backward in time to evaluate the

balance between N supply and crop N uptake. Nitrate accumulates in the soil when the total of applied N plus plant-

available N mineralized from soil organic matter exceeds corn N uptake. Although we are inclined to think of this as

an annual process being evaluated, it’s important to remember that soil organic matter content and manure

application history over the past five to 10 years also influence PHNT results.

Low postharvest soil nitrate concentrations are difficult

to achieve in fields that have been manured for many

years. In manured fields, late summer soil N

mineralization is often rapid. At the same time, crop N

uptake capacity is limited as the crop matures (Figure 1).

This late season imbalance between N supplied by

mineralization and N removed by the crop results in an

accumulation of soil nitrate in August and September.

Silage corn grown in fields that have not been manured

can often achieve maximum yield with low postharvest

soil nitrate-N concentrations (less than 10 ppm NO
3
-N),

because late-season N mineralization rates in such fields

are lower.

Table 7. Interpretation of the Postharvest Nitrate Test

(PHNT) (0–12-inch depth) for silage corn on western

Oregon dairy farms

Postharvest soil nitrate-N (ppm) Interpretation

Less than 20 Target

20-45 Above target

Over 45 Excess

See Postharvest Soil Nitrate Testing for Manured Grass and

Silage Corn (West of the Cascades), EM 8832, for additional

context to interpret the PHNT and suggested management

actions to reduce PHNT values in future years.

Target soil test values listed in Table 7 are based on best professional judgment, as informed by field research

studies (Source: Marx; Cogger; See Appendix 1). Target values listed in the table assume near-maximum crop yield,

with some late season nitrate release via soil organic matter mineralization in manured soils.

If postharvest soil nitrate-N is above target, consider ways to reduce the N surplus in the future. Evaluate the overall

N supply, including the timing and amount of current-season application(s) of N fertilizer, manure or lagoon water.

Also consider managing corn and a winter cover crop to maximize crop N removal. See Postharvest Soil Nitrate

Testing for Manured Grass and Silage Corn (West of the Cascades), (https://catalog.extension.oregonstate.edu/em8832) EM

8832, for management options to reduce fall soil nitrate concentrations.

Note that a low PHNT test value (less than 20 ppm NO
3
-N) does not indicate that too little N was applied. Continual

mineralization of plant-available N from soil organic matter can provide enough N to meet crop need without

accumulation of high concentrations of nitrate-N in the soil in the fall. Heavy rainfall or excess irrigation can also

leach nitrate below the 12-inch PHNT soil sampling depth.

Cornstalk nitrate test
The cornstalk nitrate-N test is performed at harvest and can be a valuable diagnostic tool to determine the N status

of the corn crop. Unlike soil nitrate tests, the stalk nitrate test will identifies whether N supply limited crop yield. If

silage yield is low, but the stalk nitrate-N test is adequate, an N deficiency was not the cause of the low yield.

For this test, collect an 8-inch-long section of stalk from 15 plants. Make the lower cut in the stalk about 6 inches

above the soil surface. Submit samples to the laboratory immediately. See End-of-Season Corn Stalk Nitrate-Nitrogen

Test for Postharvest Evaluation, (https://pubs.extension.wsu.edu/end-of-season-corn-stalk-nitrate-nitrogen-test-for-post-harvest-
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evaluation-2) WSU FS336E, for sample preparation details. A 2017 study (Source: Ketterings) reported that stalks

could be stored at room temperature or in a refrigerator for up to eight days after collection without affecting

nitrate test values.

Figure 3. Collect an 8-inch portion

of the cornstalk between 6 and 14

inches above the ground.
Credit: Haiying Tao​​​​​​​

Figure 4. Prepare cornstalk for analysis by removing leaves and leaf

sheaths.
Credit: Haiying Tao.​​​​​

Interpretive categories in Table 8 reflect Oregon-based research (Source: Marx). Research findings from Iowa

showed a similar target value (3,500 ppm) for cornstalk nitrate in manured fields (Source: Kyverga). Iowa researchers

also found a strong correlation between soil nitrate at the six-leaf stage (PSNT) and the cornstalk nitrate test values

taken from the same fields at harvest (Source: Balkcom). Oregon-based research confirmed this finding (Appendix

2).

Table 8. Interpretation of at-harvest cornstalk nitrate test for silage corn grown on dairy fields receiving manure in

western Oregon

Cornstalk nitrate-N

(ppm)
Category Interpretation

Below 3,500 Low
Nitrogen supply may have been inadequate or late. Poor root growth may have

reduced crop capacity for N uptake.

3,500–5,000 Target
Adequate N supply at time of maximum crop N demand. Nitrogen did not limit crop

yield.

Above 5,000 Excess Nitrogen supply was excessive, late or both.

Interpretive values based on Marx (1995)
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Phosphorus
Manure is an excellent source of phosphorus for silage corn. Phosphorus from manure or lagoon water is 100%

plant-available and equivalent to P from mineral fertilizer. When manure is applied at a rate to satisfy the silage corn

N requirement, the amount of manure P applied often exceeds the amount of P removed by the crop. On dairy

farms, soil test P is an indicator of the long-term balance between P inputs from manure and fertilizer versus crop

removal of P via silage harvest.

Too much P in soil is not a crop

production issue. However, P lost

from the field and transported to

surface water can stimulate algal or

other aquatic plant growth and

reduce water quality. Often, P is the

limiting nutrient for aquatic plant

growth. Soil phosphorus is only very

slightly soluble in water, so P loss via

leaching is small. Phosphorus can be

lost from fields via soil erosion and

surface runoff. When fields are not

tilled routinely, P can also move

through soil cracks or vole holes to

reach subsurface tile drains.

Table 9. Phosphorus recommendations based on soil text

Soil test P, Bray P1 soil test

method

Apply this rate to maximize silage corn

yield*

ppm lb P
2

O
5

/acre lb P/acre

8-15 60-80 26-35

16-30 40-60 17-26

31-50 20-40 9-17

Over 50
None required; soil alone will supply

sufficient P

*1 lb P
2
O

5
 = 0.44 lb P. Fertilizers are marketed in units of P

2
O

5
. Manure P

analyses may be expressed in units of P
2
O

5
 or in units of elemental P.

Table 9 shows that when soil test P exceeds 50 ppm, applied P is not expected to benefit corn yields. Elevated soil P

levels are slow to change in response to management actions; it cannot be easily or quickly reduced. Soil test P in

western Oregon soils typically declines at a rate of approximately 10–20 ppm per decade in response to forage crop

P removal, provided no additional P input is provided. Annual soil testing is not useful to document changes in soil

test P in response to management. A big change in soil test P over a few years is likely caused by inconsistency in

soil sampling methods or in laboratory analytical techniques.

Temporary phosphorus deficiency in young corn plants
Although manure usually provides more than enough P, silage corn

occasionally appears P deficient. Purple leaves at the three- to six-leaf stage

(Figure 5) indicate P deficiency. This symptom is rarely visible before

development of three leaves, and typically disappears as the corn “grows out

of” the problem as the season advances and the soil warms. Research in

British Columbia indicates that the purple color is associated with tissue P

deficiency even when the Bray soil test for P is in the adequate range—above

50 ppm (Source: Bittman). Symptoms of early season P deficiency are

common with early planting dates, cool and wet spring weather, and in areas

of compacted soil such as field entry and exit areas.

Figure 5. Young corn plant with the

purple leaves typical of a

phosphorus deficiency.
Photo: John Hart, © Oregon State University
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Corn roots must be colonized by mycorrhizal fungi if corn is to grow normally without turning purple. These

mycorrhizal fungi extract nutrients from soil and deliver it to the crop, in exchange for carbohydrates – the products

of photosynthesis. On the commercial scale, amending soils with mycorrhizal fungi has not been successful. Rather,

crop rotation and reduced tillage practices are the best ways to encourage mycorrhizal fungi. Mycorrhizal fungi will

be present in soil if the previous crop was a host. Annual ryegrass is commonly grown in rotation with silage corn on

dairies. It is a host of mycorrhizal fungi. Planting corn after fallow provides fewer mycorrhizal fungi for corn root

colonization. In research trials conducted in lower mainland British Columbia, minimum tillage was superior to

plowing for reducing the incidence of purple color in young corn plants (Source: Bittman). Mycorrhizal fungi grow

much like roots and must remain intact to function. Tillage disrupts the fungal network in the soil.

Recommendation: If silage corn turns purple between the three- and six-leaf stages, even when soil test P exceeds

50 ppm, adopt the following management practices in subsequent years:

Plant corn after a crop that hosts mycorrhizal fungi. Most crops support mycorrhizal fungi. However, crops in the

beet and brassica families do not.

•

Reduce tillage. Most important, do not plow.•

At planting, apply P fertilizer in a band 2 inches from the seed at a rate of 30 lb P
2
O

5
/acre.•

Potassium
Manured soils usually supply adequate or excess potassium (K). When manure is used as an N source for silage corn,

more K is added than the crop can remove. Soil test K is often highest in fields near the barn and in fields that

receive the most manure. Potassium has limited mobility in soil and remains near the site of placement. Soil test K is

usually highest in the surface foot of soil or to the tillage depth.

High soil K concentrations in forage

can contribute to milk fever

(hypocalcaemia) and other metabolic

disorders in dry cows. However,

silage corn does not accumulate high

levels of K in forage as cool-season

grasses do. Even when soil test K is

high, K concentration in silage corn is

usually between 0.8 and 1.8% and is

typically 1.2%. Cool-season grasses

can contain 5% K in fields receiving

manure. The lower K concentration in

corn silage compared to grasses is

related to crop growth stage at

harvest. Leaf K in young corn plants

18 to 24 inches tall can be greater

than 4.5%.

Table 10. Potassium recommendations based on soil test

Soil test K, ammonium acetate

extraction method

method Apply this rate to maximize

corn silage yield*

ppm lb K
2

O/acre lb K/acre

0-75 80-120 66-100

76-100 60-80 50-66

101-150 40-60 33-50

151-200 0-40 0-33

Over 200
None required; soil alone will supply

sufficient K

*1 lb K
2
O = 0.83 lb K. Fertilizers are marketed in units of K

2
O. Manure K analyses

may be expressed in units of K
2
O or in units of elemental K.

If a soil test indicates that K is needed (Table 10), it can be supplied by banding or broadcasting mineral fertilizer (K

chloride or K sulfate) or by manure or lagoon water application. Potassium from manure or lagoon water is 100%
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plant-available and is considered equivalent to K from mineral fertilizer.

Corn is sensitive to salt damage from

fertilizer, especially at germination.

Potassium and nitrogen fertilizers are

water soluble, so placing too

much near the seed can kill or injure

seedings. Table 11 shows maximum

N plus K application rates.

Table 11. Maximum application rates of banded nitrogen plus potassium for

silage corn

Distance between fertilizer band and seed row Do not apply more than:

1 inch 40 lb (N + K
2
O)/acre

2 inches 100 lb (N + K
2
O)/acre

Micronutrients
Because western Oregon soils are acidic and contain relatively high amounts of organic matter, metal

micronutrients such as Mn, Zn, Cu and Fe are usually adequate for corn production. These micronutrients are more

soluble in acidic soils and are thus more available to plants. Manure application also supplies these micronutrients.

Micronutrient deficiencies are rare. Corn research trials conducted in western Oregon have not shown economic

benefit from fertilization with micronutrients other than Zn.

Commercial soil testing laboratories working under OSU guidelines use a chelate extractant (DTPA) when analyzing

soil for metal micronutrients (Zn, Mn, Fe and Cu).

Zinc
It is unusual to observe zinc deficiency on manured soils in western Oregon. Manure is considered an excellent

source of plant-available zinc because the organic matter from manure can serve to chelate Zn and maintain it in

plant-available form in soil solution. When corn is severely deficient in zinc, the upper leaves are yellow between the

veins. Zinc deficiency in corn is likely when the uppermost fully expanded leaves contain less than 25 ppm Zn. Corn

plants with a poorly developed root system may exhibit zinc deficiency symptoms, even when there is plenty of

plant-available Zn present in soil.

Sweet corn and field corn have similar Zn requirements. OSU research

conducted with sweet corn is the basis for the recommendations in Table 12.

When the Zn soil test results are less than 0.8 ppm, a yield increase from Zn

application is expected on any soil. Where Zn is required, broadcast 10 lb

Zn/acre and incorporate into soil before planting to meet crop requirements

for two or three years. An alternative approach is to band 3 to 4 lb Zn/acre at

planting. Gravelly, dark-colored soil such as the Sifton and Salem series in the

Stayton area require higher Zn application rates to supply the crop with

adequate Zn. The reduced plant-availability of Zn in these soils is probably

associated with the presence of volcanic ash in the soil parent material.

Figure 6. Young corn plant with

stripes typical of zinc deficiency.
Credit: Troy Downing, © OSU
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Table 12. Zinc fertilizer recommendations for silage corn in western Oregon

based on the DTPA soil test

Soil
Soil test Zn

(ppm)

Apply this amount Zn

(lb/acre)

Banded Zn
Broadcast

Zn

Sifton and similar dark-colored

gravelly soils near Stayton*
Below 1.6 3-4 10

Other soils Below 0.8 3-4 10

* Field research on dark-colored gravelly soils in the Stayton area demonstrated

that these soils required a higher Zn soil test level for maximum corn yields.

Figure 7. Typical zinc and copper

footbath in a dairy barn. Applying

footpath solutions to the field with

manure increases zinc and copper

levels.
Credit: © Oregon State University

Dairy farms sometimes employ foot baths containing Cu and Zn sulfate to maintain hoof health. Footbath effluent is

often mixed with slurry manure or lagoon water, and then applied to fields. 

Although Cu and Zn are plant-essential nutrients, in excess they can injure plants and produce feed with elevated Cu

and Zn concentrations. Elevated soil test Cu and Zn have been measured in western Oregon fields where footbath

Cu and Zn have been routinely applied (Source: Downing). More than 75% of soil samples collected from western

Oregon dairy farms in 2010 had soil test Cu concentrations (DTPA method) considered high (greater than 2 ppm),

and 38% of the soil samples had extremely high Cu (greater than 5 ppm). This interpretation is of DTPA Cu and Zn

soil tests is based on Soil Test Interpretation Guide, (https://catalog.extension.oregonstate.edu/ec1478) EC 1478. To avoid

buildup of Cu and Zn to excessive levels in soil, we recommend regular monitoring of soil test Cu and Zn in fields

receiving footbath effluent.

A summary of published research (Source: Reuter) provides general guidance for interpretation of corn leaf Zn and

Cu concentrations:

Typical Zn concentrations in corn leaf tissue are 25–50 ppm.•

Leaf Zn concentration above 100–300 ppm can reduce yields.•

Leaf Zn concentrations greater than 500 ppm can severely reduce yields.•

Leaf Cu concentrations above 20 ppm can reduce yields.•

Leaf Cu above 50 ppm can severely reduce yields.•
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Appendix 1: Postharvest soil nitrate distribution in soil
profiles
The recommended sampling depth for the PHNT is 12 inches. This appendix provides supporting data for the choice

of a 12-inch sampling depth. This data was collected from N monitoring trials on Willamette Valley dairies (Source:

Marx). At harvest, an auger mounted on a tractor was used to collect soil samples in 12-inch depth increments.

At all field locations, the 0–12-inch depth contained the highest concentration of postharvest soil nitrate in the top

36 inches of the soil (Figure 8). On average, nitrate in the top 12 inches represented 78% of the total nitrate present

in the top 36 inches of soil. Postharvest nitrate-N was at or below the target PHNT concentration (20 ppm in 0–12

inches; Table 7) in eight of 26 fields.

Postharvest soil nitrate showed a similar distribution

with depth (highest concentrations in 0–12 inch depth)

in field trials conducted near Lynden in Whatcom

County, Washington (Source: Cogger).

Figure 8. Postharvest soil nitrate-N measured at 25

field sites in the Willamette Valley. Each bar

represents one field site-year. Soils were sampled in

12-inch depth increments. Fields are sorted left to

right on the x axis by nitrate-N concentration in 0–12

inch depth. Data for one field with very high soil

nitrate (90 ppm in 0–12 inch depth) is not shown.

Source: Marx, 1995.
Credit: © Oregon State University
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Appendix 2: Relationship between midseason and
postharvest indicators of N sufficiency
A series of N monitoring trials was conducted on dairy farms producing silage corn in the Willamette Valley in

1993–94 (Source: Marx). Twenty-six replicated field experiments were conducted on 17 dairy farms. Most trials (24

out of 26) were conducted in fields receiving manure application. Dairy farmers applied manure and lagoon water

according to their usual crop production practices. Data was collected on crop yield response to N fertilizer (urea)

applied at sidedress time (V6 growth stage) to small plots within each field. Soil nitrate was measured near the time

of planting, just prior to sidedress N fertilizer application, and at harvest. These trials provided an opportunity to

evaluate the relationships among three N monitoring tests: PSNT, PHNT and stalk nitrate concentration at harvest.

The guidance provided in the Monitoring soil and crop N section of this publication is based on these field trials.

Figure 9. Relationship between pre-sidedress soil

nitrate (PSNT; 0–12-inch depth) collected at V6, and

cornstalk nitrate concentrations at harvest. Soil

samples were collected from dairy farm fields in the

Willamette Valley. Each data point represents a field

site-year. Eight of the 26 data points represent fields

that received lagoon water application after the PSNT

soil sample was collected. Source: Marx, 1995.
Credit: © Oregon State University

Figure 10. Relationship between pre-sidedress soil

nitrate (collected at V6) and postharvest soil nitrate

concentrations in 26 field experiments on Willamette

Valley dairies. Each data point represents a field site-

year. Both PSNT and PHNT samples were collected

from 0–12 inch depth. Eighteen fields were irrigated

solely with fresh water and eight fields received some

dairy lagoon water application during the growing

season. The regression line shown above is based on

data from fields irrigated with fresh water. Source:

Marx, 1995.
Credit: © Oregon State University

Silage corn yields demonstrated that in most fields, N supply from manure plus other nonfertilizer N sources (for

example, N mineralization from organic matter) was adequate or more than adequate to maximize crop yield. Silage
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corn yield was increased by sidedress N fertilizer application at four of 26 field sites. At the other 22 sites, there was

no statistical difference between silage yield with or without sidedress N fertilizer. When PSNT soil nitrate

concentrations at the 0–12-inch depth were greater than 25 ppm, sidedress N fertilizer application did not increase

corn yield. Interpretive ranges for the PSNT (Tables 4 and 6) are based on data from this study.

A linear relationship was demonstrated between soil PSNT concentrations (V6 growth stage) and stalk nitrate at

harvest for field plots that did not receive N fertilizer application at midseason (after the PSNT soil sample was

collected; Figure 9). A soil nitrate-N concentration of 25–30 ppm at the recommended level at PSNT time resulted in

a stalk nitrate-N concentration of about 5,000 ppm at harvest (Figure 9). Stalk nitrate-N concentrations of 3,500 to

5,000 ppm are considered adequate (Table 8). When soil nitrate-N at PSNT was considered excessive (greater than

45 ppm; Table 6), stalk nitrate-N was also at a level considered excessive (above 5,000 ppm; Table 8).

Soil nitrate concentrations in fields receiving irrigation from fresh water only demonstrated a strong correlation

between midseason (PSNT) and at harvest (PHNT, Figure 10) values. Postharvest soil nitrate concentrations

represented two-thirds (64%) of PSNT values (slope of line in Figure 10). A PSNT test value at the recommended

concentration (less than 30 ppm; Table 6) was correlated with postharvest soil nitrate-N concentrations of less than

20 ppm (Figure 10).

Fields that received dairy lagoon water applications had some of the highest postharvest soil nitrate values (Figure

10). For these fields, the PSNT was not a reliable indicator of postharvest soil nitrate.

Basis for recommendations given in this publication
This publication is an update of the 2009 guide. John Hart, Extension soil fertility specialist (emeritus), led the

preparation of the 2009 guide, based on research published in 1997 and 1995 (Source: Hart; Marx) and on

recommendations in Field Corn—Western Oregon, FG-10. OSU has not conducted field research with silage corn

in western Oregon since 2009. The nutrient recommendations for liming, P, K, Mg and Zn presented in this

guide are similar to those in the 2009 guide. Recommendations in the Monitoring soil and crop N section in this

guide have been updated to reflect the professional judgment of the primary author (Sullivan).

The nutrient recommendations presented here for liming and N, P, K, Mg, S and Zn management are similar to

those in Nutrient and Soil Health Management for Sweet Corn (Western Oregon)

(https://catalog.extension.oregonstate.edu/em9272), EM 9272, published in 2020, and summarize research conducted

in 2010–2016. Silage corn growers may be interested in information presented in the sweet corn guide. The

2020 sweet corn guide includes research findings on midseason soil nitrate test calibration, crop response to

banded P fertilizer, crop response to urea treated with urease or nitrification inhibitors, and the establishment

of winter crops by interseeding (relay cropping).
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I n western Oregon and Washington, forage short-
ages typically occur in late fall and early spring. In
contrast, an excess supply may exist in late spring. By
fertilizing in early fall and late winter, you can increase

forage supply in deficient times. To reduce production in
times of excess, reduce or eliminate late spring fertilization.

 A single fertilization program will not fit all pastures.
Determine which combination of grazing management,
fertilization, and irrigation fits your resources and environ-
ment. Use a soil test and an assessment of forage supply and
forage species to determine fertilizer need.

If suitable species are not present, fertilization will not
compensate. In this case, consider renovating the pasture.

New Seedings
Match the pasture species to site conditions and livestock

needs when renovating a pasture. Cows prefer grasses over
legumes and graze perennial ryegrass before tall fescue.
Sheep graze selectively, preferring clover and grass mixtures
with short, lush feed to tall, coarse plants.

Horses are selective grazers, eating a wide range of plants.
The horse digestive system cannot handle large amounts of
legumes. Small and frequent amounts of forage are best.
Horses avoid grazing near their own manure and urine;
therefore, managing grazing on horse pastures is difficult.

Cool season forages such as tall fescue, perennial ryegrass,
orchardgrass, subclover, and white clover are suited for our
climate.

After choosing the appropriate forage species and planting
method, use a soil test as the basis for fertilization. EC 628,
How to Take a Soil Sample . . . and Why, contains instructions
for obtaining a soil sample.

For a preplant soil test, obtain samples from the tillage
depth, generally the surface to 6 inches. If you use a minimum
tillage method of planting, you may wish to divide the sample
into two parts: the top 2 inches and the lower 4 inches.

Analyze the soil sample for the following:
• pH
• Lime requirement (SMP or LR)
• Phosphorus (P)
• Potassium (K)
• Calcium (Ca)
• Magnesium (Mg)

Soil pH indicates whether lime is needed, and the SMP
buffer or lime requirement (LR) test estimates the amount of
lime needed. Estimate the rate of lime application from the
following SMP buffer table.

Table 1.—Lime application rates for grass or white clover-
grass pastures.

If the SMP buffer Apply this amount
test for lime is: of lime (t/a):

under 5.5 4–5
5.5–5.8 3–4
5.8–6.1 2–3
6.l–6.5 1–2

over 6.5 0–1

If soil pH is below 5.5, incorporate lime for stand estab-
lishment and longevity. Mix lime into the seedbed before
seeding to allow time for lime to neutralize soil acidity.

Exceptions to Table 1 are subclover seedings and pastures
on coastal county bottomland soils. For new subclover
seedings where the pH of the top 2 to 3 inches of soil is 5.5 or
lower, mix 1 to 2 t lime/a into the surface 2 inches of soil
before seeding. Using lime-pelleted seed also can improve
seedling establishment on acidic soils.

 If your pasture is on coastal county bottomland soils,
apply a maximum of 2 t lime/a if the soil pH is below 5.5.

Additional information about lime requirement and the
SMP buffer is in FG 52, Fertilizer and Lime Materials.

Nitrogen fertilization usually is necessary to establish grass
forages in western Oregon and Washington. Broadcast 20 to
40 lb N/a at planting, or band this amount 1 to 2 inches below
the seed. When P or K is needed, N can be banded with these
nutrients. The total N plus K

2
O in the band should not exceed

100 lb/a. Do not include B in band applications because this
concentration of B can be toxic to seedlings.

Working P into the top 2 inches of the soil during seedbed
preparation is more effective than broadcasting after seeding.
The most effective P application method is banding.

If you band P, place the band 1 to 2 inches to the side or
below the seed. Some soil should separate seed from fertil-
izer. Phosphorus fertilization rates are given in Table 2.

In new clover or clover and grass seedings, broadcast K
and work it into the seedbed anytime before seeding. See
Table 3 for fertilization rates based on a soil test.

John Hart, Extension soil scientist; Gene Pirelli, Extension agent, Polk
County; Lynn Cannon, Extension agent emeritus, Coos County; Oregon
State University; and Steve Fransen, Washington State University.
Reviewed by western Oregon county Extension agents.
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If soil test K is below 125 ppm, band an additional 20 lb
K

2
O/a at the time of planting. At least 1 inch of soil should

separate the seed and fertilizer. Potassium can be banded with
N and P. Potassium fertilization at planting will not meet the
need for K in subsequent years.

Inoculate legume seed immediately before planting to
ensure an adequate supply of nitrogen-fixing bacteria. Use
fresh, effective live culture of the correct rhizobial strain.

Established Pastures
Manage fertilization and grazing jointly in established

pastures. Although growth rates are influenced by tempera-
ture, moisture, solar radiation, and soil fertility, grazing
management has a profound impact on pasture production.

New Zealand sheep producers use plant growth phases in
ryegrass pastures to manage pasture growth, grazing, and
fertilizer applications. Phase I (lag phase), Phase II (vegeta-
tive phase), and Phase III (maturity) describe the stages of
growth and the impact on grazing and dry matter production.

Grass-clover pastures in Phase II provide high-quality feed.
The goal is to graze before excess forage is produced (Phase
III) and to supply fertilizer for rapid regrowth after grazing.

Figure 1 is an example of how this works with a perennial
ryegrass pasture grazed by sheep or cattle. In Phase I (3/4 inch,
550 lb of dry matter), the plants grow very slowly because
they lack sufficient leaf area for photosynthesis.

Phase II (3/4 to 41/4 inches high, 550 to 1,900 lb of dry
matter/a) growth is desired in pastures. Plants grow most
rapidly and efficiently in this stage. Their leaf area is great
enough for efficient use of sunlight.

Growth slows in Phase III (greater than 41/4 inches), as
lower leaves become shaded and die, and the plant moves
toward maturity and seed production.

The grey line represents Phases I, II, and III if the pasture
were managed for cattle. Cattle do not graze as closely as
sheep, so the growth curve is based on higher initial and
residual dry matter amounts. Other grass species such as
orchardgrass and tall fescue have similar growth phases, but
the grass heights listed for perennial ryegrass should be
multiplied by two.

Fertilization of established pastures should be based on a
soil test and the amount of forage needed. Obtain soil samples
the year after establishment and every 2 to 3 years thereafter.
Obtain samples from the top 3 inches of established pastures.

Nitrogen (N)
N fertilization should be based on moisture and tempera-

ture, which control pasture growth. Time N applications to
crop and forage production needs. Avoid the following:

• N applications in November and December. N applied to
cold, wet soils in winter can be leached beyond the root
zone before slow-growing plants can use the fertilizer.

• Late winter or early spring N application to saturated
soils. Soils that are too wet to drive on with a tractor may
be too wet for plant growth. The plants may be yellow
due to lack of oxygen from wet conditions and not lack
of fertilizer. Wait for conditions conducive to plant
growth before applying fertilizer.

See Figure 2 for an application schedule.

Fall
Assume the growing season begins with the fall rains. If

sufficient rain falls in September to initiate growth, apply 40
to 60 lb N/a for the fall growing season (September and
October). Do not apply N if adequate rain does not fall until
late October or if the air temperature drops to or below
freezing in October.

Many growers apply fertilizer to dry soil and note that the
granules disappear before any rain. They fear volatile N loss.
Nitrogen fertilizers, especially ammonium nitrate, often
disappear overnight. Usually, this N has dissolved in dew and
has moved onto the surface soil.

Winter
In cold conditions, pastures will not grow enough to use

fertilizer. Forages in southwest coastal sites generally grow
throughout winter, while conditions in the northern
Willamette Valley allow only occasional winter growth.

For warm winters in the south coastal counties, apply 50 to
60 lb N/a in January or February (in addition to fall N
application). Apply 50 to 60 lb N/a in the Willamette Valley
or other cooler areas when a temperature of 40 to 45°F is
maintained in the surface 2 inches.

Another method to estimate nitrogen demand is to monitor
air temperature, then change the air temperature into heat
units. A heat unit is the average of the high and low tempera-
ture for the day (in centigrade) and is a way to measure heat
accumulation over time.
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Figure 1.—Rate of perennial ryegrass pasture regrowth
following grazing. For other grasses, multiply height by 2.
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Phosphorus (P)
Adequate P fertilization is particularly important for

clover. Estimate the need for P fertilization with a soil test.

Table 2.—Phosphorus application rates for pastures.

If the Bray soil test Apply this amount of
for P is phosphate (P

2
O

5
)

 (ppm) (lb/a)
0–15 60–100

15–30 0–60
over 30 0

Apply P on established pastures in the fall or spring before
growth begins. When using ammonium phosphate materials,
do not over-apply N to supply adequate P.

Moderate rates of N and P (40 to 60 lb/a) applied together
sometimes have a synergistic effect on plant growth. Fall
applications of N and P from ammonium phosphate materials
on south coastal Oregon pastures produced more forage than
individual applications of either N or P.

Potassium (K)
An adequate level of available K is essential for optimal

growth of clover-grass pastures. Potassium is particularly
important for clover. Grass competes vigorously with clover
for K. High-producing pastures can rapidly deplete soil test
K. Test soil every 2 years to determine available K levels.

Potassium deficiency is indicated by light-colored spots
around the margins of clover leaves and yellow to brown
coloring of grass leaf tips. Growth responses to K fertilizer
often can be obtained before deficiency symptoms are seen.

Table 3.—Potassium application rates for pastures.

If the soil test Apply this amount
for K is of potash (K

2
O)

 (ppm) (lb/a)
0–125 100–150

125–200 70–100
over 200 None—Watch soil

tests for K depletion

We suggest split applications of K for established, high-
yielding irrigated pastures, with the first application in late

Figure 2.—Pasture nitrogen application calendar. Apply 50 to
60 lb N/a each time a solid arrow appears for your region. Addi-
tional applications for irrigated pastures are indicated by dotted
lines. See nitrogen section in text for an explanation.

Table 4 shows a sample calculation of heat units. The
process is as follows:

1. Beginning January 1, add together each day’s maximum
temperature and minimum temperature, and divide this total
by 2. The result is the day’s average temperature (column 4).

2. If this average temperature is in Fahrenheit, convert it to
centigrade (column 5). To convert to centigrade, subtract 32
from the Fahrenheit temperature and then multiply by 0.556.
For example:

42°F - 32 = 10
10 x 0.556 = 5.6°C

The centigrade average temperature is the number of heat
units accumulated for that day. (If the average temperature is
below freezing, give it a heat unit value of zero.)

3. To find the number of heat units that have accumulated
since January 1, add together the heat units for each day
(column 6).

Apply nitrogen when 200 heat units are accumulated or
soon thereafter. The 30-year average for accumulation of
200 heat units is January 30 to February 14 in the Willamette
Valley. Foothill temperatures and pasture growth typically
lag 2 to 3 weeks behind the Willamette Valley.

Spring
Intensively grazed pastures that are expected to produce a

high level of forage through June should receive a second
application of nitrogen. Apply nitrogen only if moisture is
sufficient for additional growth after mid-May. Apply
summer N in July on irrigated coastal pastures.

Table 4.—Sample heat unit calculation.

Max Temp. Min Temp. Average Temp (°F) Average Temp. (°C) Cumulative
Day (°F) (°F) (Max T + Min T)/2 = Daily Heat Units Heat Units

Jan 1 47 37 42 5.6 5.6
Jan 2 46 32 39 3.9 9.5
Jan 3 45 36 40 4.7 14.2

heat unit = (Max T + Min T)/2. Convert temperatures to centigrade to determine heat units. The equation to convert Fahrenheit to centigrade is:
(°F - 32) x 0.556.
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grass and legume growth. Determine the need for lime by
soil pH or a calcium (Ca) soil test. The amount of lime
required to raise soil pH is determined by the SMP buffer or
lime requirement (LR) test. Additional information is
available in FG 52, Fertilizer and Lime Materials.

Grass pastures have a moderate tolerance to soil acidity.
We suggest a lime application if the soil pH is below 5.4 or
the Ca soil test is below 5 meq Ca/100 g of soil. For acidic
soils low in Mg (less than 0.8 meq Mg/100 g of soil), use
1 t/a of dolomitic lime as an Mg source. Dolomitic lime and
ground limestone have about the same ability to neutralize
soil acidity. Liming rate is based on 100-score lime.

Subclover is an annual, reseeding itself each year. We
recommend lime on subclover pastures where soil pH in the
surface 2 to 3 inches of soil is below 5.5. Broadcast 1 t lime/a
on established stands.

Clovers other than subclover are more responsive to
liming than grasses. We recommend a 1–2 t/a lime applica-
tion when soil pH is below 5.8. Broadcasting lime on estab-
lished pastures is not as effective as mixing lime with the soil
at planting, but is the only alternative on established pastures.

Pasture yield responses to Mg have not been observed in
western Oregon and Washington. We suggest trial applica-
tions of a soluble Mg fertilizer where soil test levels are
below 0.8 meq/100 g soil.

Incidence of grass tetany, however, may make Mg
applications desirable. If tetany is a problem, do not apply
K fertilizer until after the tetany period, since K reduces plant
Mg and can induce tetany.

spring to avoid tetany and the second in midsummer. For
other pasture types, apply K in the fall or spring.

Sulfur (S)
Plants absorb S as sulfate. Most fertilizer materials

(ammonium sulfate, gypsum, sulpomag) supply S as sulfate.
Soil sulfate, which increases in the fall, is decreased by

leaching in November and December and use by microorgan-
isms in the spring. Thus, we recommend late winter or spring
applications unless there is a severe deficiency, which may
require additional fall or spring applications.

You can meet pasture S requirements by applying 20 to
30 lb S/a annually as sulfate or by applying 30 to 40 lb S/a as
sulfate every other year.

Boron (B)
Clover-grass pastures need adequate B. Clovers have a

higher B requirement than grasses. Too much B can be
highly toxic to plants; therefore, do not exceed suggested
rates of B application. Distribute B evenly over the field.
Never band B-containing fertilizer materials.

If the soil test for B is below 0.7 ppm, we suggest an
application of 2 to 3 lb B/a. Mix thoroughly when applying B
with other fertilizers. Spring applications are preferred. Apply
B in the fall only when B is critically low.

Lime, Calcium (Ca), and Magnesium (Mg)
Soils west of the Cascades are naturally acidic. Lime

applications overcome soil acidity, allowing for increased

Suggested P, K, Mg, B, and lime applications are based on soil test methods used in the Central Analytical Laboratory, OSU, Corvallis, OR. This fertilizer
guide is based on experiments and field trials conducted by Lynn Cannon, M.D. Dawson, E. Hugh Gardner, John Hart,
T.L. Jackson, W.S. McGuire, and Gene Pirelli, Agricultural Experiment Station and Extension Service, Oregon State University. This guide replaces FG 1,
Irrigated Clover-Grass Pastures (W. Ore.); FG 4, Subclover-Grass Pasture (W. Ore.); FG 16, Perennial Grass Pasture
(W. Ore.); FG 58, Irrigated Clover-Grass Pastures (SW Ore.); and FG 63, Subclover-Grass Pastures (W. Ore.).
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of Oregon State University, the U.S. Department of Agriculture, and Oregon counties. Oregon State University Extension Service offers educational
programs, activities, and materials—without regard to race, color, religion, sex, sexual orientation, national origin, age, marital status, disability, and
disabled veteran or Vietnam-era veteran status—as required by Title VI of the Civil Rights Act of 1964, Title IX of the Education Amendments of 1972, and
Section 504 of the Rehabilitation Act of 1973. Oregon State University Extension Service is an Equal Opportunity Employer.
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