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Table Al.

Mean chemical and physical characleristics of the Center tillage study from the 1987 access tube

cores.t
Chemical Physical
Depth pll EC Sat.% SAR OrgC | VFSt Sand Siit Clay Texture
(cm) %p- G-
0-15 78 07 451 0.3 20 173 445 392 163 Loam
15-30 7.8 0.7 445 0.3 1.8 161 449 385 166 Loam
3045 78 09 421 0.7 1.2 131 558 283 159 Sandy Loam
45-60 7.8 09 406 0.8 0.8 105 624 231 145 Sandy Loam
60-75 78 08 412 0.8 108 618 235 147 Sandy Loam
7590 7.8 1.1 410 0.8 107 617 237 146 Sandy Loam
90-105 7.7 10 412 1.0 --- 110 598 248 154 Sandy Loam
105-120 7.7 1.1 421 20 141 576 269 155 Sandy Loam
120-135 78 12 437 3.2 208 555 301 144 Sandy Loam
135-150 79 08 430 2.2 --- 230 580 276 144 Sandy Loam

TMean of 10 replications (materials from six cores were combined to make one replication).

*Based on total sample weight.




Table A2. Mean chemical and physical characteristics of the Coteau tillage study from the 1987 access tube
+
cores.

v6

Chemical Physical
Depth  pll EC Sat.% SAR Org. C VFSt Sand Silt Clay Texture
(cm) -%- -%-
015 74 08 476 04 1.6 100 301 477 222 Loam
1530 74 08 516 04 1.5 82 301 468 231 Loam
3045 76 12 49.1 1.0 11 93 369 406 225 Loam
4560 18 14 464 1.5 0.6 100 474 316 210 Loam
6075 79 15 474 1.6 106 474 312 214 Loam
7590 79 13 418 1.5 102 484 307 209 Loam
90-105 79 20 507 @ 27 99 438 331 231 Loam
105-120 78 37 599 60 99 359 370 211 Loam
120-135 78 55 769 129 9.6 247 423 330 Clay Loam
135-150 7.8 56 836 149 - 98 206 446 348 Clay Loam

tMean of 10 replications (materials from six cores were combined to make one replication).

*+Based on total sample weight.




Table A3. Mean soil physical and chemical properties obtained in 1989 during tube
installation at the Glenharold location.™

Depth (m)
0-03 03-06 0.6-09 0.9-1.2 1.2-1.5
Sand (%) Mean 27 20 27 42 40
Min/Max  24/31 11/29 18/43 10/61 18/60
Silt (%) Mean 48 47 44 34 36
Min/Max 45/51 41/33 31/48 22/51 24/51
Clay (%) Mean 25 33 29 24 24
Mix/Max 21728  28/41 24/34 14/39 15/31
Texture* L CL CL L L
pH Mean 7.8 8.0 8.0 8.0 8.0
MinMax 7.7/19 7.7/83 7.8/8.2 7.7/8.3 7.7/8.4
EC¥%mmhos/cm) Mean 1.4 2.8 3.0 4.0 3.9
Min/Max 1.0/20 1.6/40 1.8/42 1.6/6.3 1.5/6.3
Saturation (%) Mean 66 80 93 95 97
Min/Max 60/87 64/100 65/114 81/108 81/114
SAR! Mean 2.5 9.8 13.0 22.2 23.3
Min/Max 1.3/4.6 3.7/15.1 5.7/22.3 15.6/28.3

12.3/30.2

12 replications per mean.
*L = loam and CL = clay loam.
®Electrical conductivity.

1Sodium adsorption ratio.
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Table A4. Mean soil physical and chemical properties obtained in 1989 during
tube installation at the Knife River locaton.t

Depth (m)
0-0.3 0.3-0.6 0.6-0.9 0.9-1.2 1.2-1.5
Sand (%) Mean 65 61 52 52 38
Min/Max 59/70 51/68 42/62 43/61 22/53
Silt (%) Mean 20 22 27 27 34
Min/Max 15/26 18/25 21/32 21/34 28/44
Clay (%) Mean 15 17 21 21 28
Mix/Max 10/20 12/24 15/28 17/29 19/39
Texture® SL SL SCL SCL CL
pH Mean 7.7 7.7 7.9 7.9 7.9
Min/Max 7.5/8.0 7.5/80 7.7/81 7.8/81 7.6/8.2
EC%mmhos/cm) Mean 1.1 1.1 2.3 2.2 2.9
Min/Max 0.8/1.4 0.8/1.6 1.4/3.1 1.1/39 1.1/438
Saturation (%) Mean 38 41 51 53 59
Min/Max 32/46  34/52  43/59 39/60 47/78
SAR! Mean 0.4 0.6 1.0 0.9 4.3
Min/Max 0.4/0.5 0.4/1.1 0.5/3.3 0.5/1.8 0.5/12.4

+12 replications per mean.

*SL = sandy loam, SCL = sandy clay loam and CL = clay loam.

®Electrical conductivity.

fSodium adsorption ratio.
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Table AS. Topsoil tillage effects with time on bulk density at Center and Coteau.

Profile Depth (m)®
Data Yeart  Tillage Treatment 0-03  03-0.6 0-03 03-0.6
(Mg/m®)
Center Coteau

1987C CH 147 1.53 1.47 1.58
DR 1.47 1.55 1.49 1.59
GR 1.48 1.53 1.45 1.56

LSD(0.10)* NS 0.01 0.02 0.01

1989R CH 1.56 1.70 1.42 1.61
DR 1.48 1.58 . 1.44 1.57
GR 1.50 1.66 1.50 1.62

LSD(0.10) 0.04 0.06 0.06 NS
1990P CH 1.50 1.66 1.41 1.62
DR 1.49 1.66 1.42 1.65
GR 1.49 1.69 1.43 1.62

LSD(0.10) NS NS NS NS
1990R CH 143 1.69 1.36 1.57
DR 144 1.59 1.22 1.55
GR 1.39 1.68 1.40 1.59

LSD(0.10) NS 0.04 0.12 NS
1991P CH 142 1.70 1.31 1.59
DR 1.35 1.63 134 1.58
GR 141 JOA 1.35 1.63

LSD(0.10) 0.05 0.04 NS NS
1991R CH 1.38 1.70 1.36 1.60
DR 1.33 1.65 1.35 1.58
GR 1.34 171 1.38 1.62

LSD(0.10) NS NS NS NS

1992P CH 1.36 1.72 ND* ND
DR 1.34 1.61 ND ND

GR 1.34 1.66 ND ND

LSD(0.10) NS 008 - -

1992R CH 1.56 1.77 ND ND
DR 1.50 1.69 ND ND

GR 1.50 1.72 ND ND

LSD(0.10) NS NS - -

Yr x Top LSD(0.10) NS NS 0.07 NS

+C = access tube installation, P = penetrometer sampling spring, and R = root sampling
fall,

*CH = chisel, DR = deep rip, and GR = grader rip.

%0.3-0.6 m depth averaged across subsoil tillage treatments.

*Least significant difference at the P = 0.10 level. NS indicates no significant difference
among mean values. :

HSite discontinued in 1991 due to mining activities.
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Table A6. Subsoil tillage effects with time on bulk density at Center and Coteau.

Profile Depth (m)*

Date Yeart  Tillage Treatment*  03.06 0.6-09  09-12 03-06 0.6-09  09-12
(Mg/m’)
Center Coteau

1987C CH 1.55 1.56 1.57 1.57 1.61 1.60
DL 1.50 1.54 1.55 1.57 1.62 1.59
DR 1.54 1.55 1.57 1.60 1.61 1.59
GR 1.54 1.56 1.55 1.58 1.62 1.60
NT 1.54 1.57 1.56 1.56 1.58 1.56
LSD(0.10)° 0.03 NS NS NS NS 0.02

1989R CH 1.67 ND# ND 1.60 ND ND
DL 1.66 ND ND 1.54 ND ND

DR 1.60 ND ND 1.59 ND ND

GR 1.67 ND ND 1.61 ND ND

NT 1.64 ND ND 1.62 ND ND

LSD(0.10) NS - - NS - o
1990P CH 1.68 ND ND 1.57 1.55 1.62
DL 1.62 1.47 1.66 1.64 1.57 1.59
DR 1.64 1.52 1.84 1.66 1.69 1.57
GR 1.70 1.86 1.80 1.62 1.65 1.67
NT 1.71 1.60 1.82 1.64 1.69 1.80

LSD(0.10) NS - - NS NS NS
1990R CH 1.70 1.75 1.74 1.47 1.59 1.64
DL 1.56 1.63 1.59 1.69 1.66 1.73
DR 1.64 1.68 1.68 1.55 1.57 1.65
GR 1.66 1.65 1.60 1.62 1.51 1.57
NT .72 1.75 1.76 1.52 1.64 1.70

LSD(0.10) 0.08 NS NS NS NS NS

1991P CH 1.69 1.74 1.70 1.54 1.59 1.61
DL 1.59 1.61 1.62 1.55 1.53 1.55
DR 1.64 1.67 1.66 1.57 1.65 1.72
GR 1.71 .74 1.75 1.56 1.60 1.59
NT 1.76 1.76 1.78 1.78 1.94 1.90
LSD(0.10) 0.07 0.05 0.07 012 0.10 0.10

1991R CH 1.72 ND ND 1.58 1.56 1.78
DL 1.62 1.62 1.73 1.63 1.51 1.52

DR 1.62 1.67 1.60 1.64 1.67 ND

GR 1.75 1.834 ND 1.52 1.58 ND

NT 1.73 1.65 ND 1.63 1.67 ND

LSD(0.10) 0.08 NS - NS NS -
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Table A6 continued.

Profile Depth (m)?
Date Year Tillage Treatment 03.06 06-09 09-12 0306 0609 0912
Mg/m®)

1992P CH 1.70 1.80 1.78 ND ND ND
DL 1.59 1.67 176 ND ND ND

DR 1.66 1.61 1.71 ND ND ND

GR 1.65 1.69 1.76 ND ND ND

NT 1.72 1.66 1.81 ND ND ND

LSD(0.10) NS NS NS - - -

1992R CH 178 194 172 ND ND ND
DL 1.65 1.62 1.55 ND ND ND

DR 1.72 1.77 1.83 ND ND ND

GR 1.69 1.62 177 ND ND ND

NT 1.80 1.78 ND ND ND ND

LSD(0.10) NS NS NS - - -
Yr x Sub LSD(0.10) NS 0.10 NS 0.08 020 0.10

*+C = access tube installation, P = penetrometer sampling, and R = root sampling.
*CH = chisel, DL = deep lift, DR = deep rip, GR = grader rip, and NT = no till.
8Averaged across topsoil tillage treatments which may have penetrated one or more depth increments.

*Least significant difference at the P = 0.10 level. NS indicates no significant difference among mean values.  ---
indicates insufficient data for analysis. :

+No data. Coteau discontinued after 1991 due to mining activities.
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Table A7. Yearly changes in bulk density measured at the
Center and Coteau locations.

Profile Depth (m)

Year of Datat 0-03 0.3-0.6 0.6-0.9 0.9-1.2
Mg/m?)
Center Location
1987C 1.47a*  1.54a 1.56a 1.56a
1989R 1.52ab  1.65b ND? ND
1990P 1.49ac 1.67b 1.61a 1.75bcd
1990R 1.42d  1.66b 1.69b 1.67¢
1991P 1.39de  1.68b 1.70b 1.70bc
1991R 1.35¢ 1.69b 1.69b 1.67bc
1992P 1.35¢ 1.66b 1.69b 1.76de
1992R 1.52bc  1.73c 1.69b 1.73be
Coteau Location
1987C 1.47a 1.58a 1.60ab 1.59a
1989R 1.45ab  1.60ab ND ND
1990P 1.42b 1.63b 1.62b 1.63ab
1990R 1.33¢ 1.57a  1.59ac 1.65bc
1991P 1.33¢ 1.60ab  1.66d 1.67cd
1991R 1.36¢ 1.60ab  1.60bc  1.65abd

*Core data from access tube installation (C), penetrometer
measurements (P) and root measurements (R).

*Values within locations and depths followed by the same
letter are not significantly different at the P = 0.10 level.

%No data.
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Table A8. Selected mean cone index values by tillage depths with time at the Center tillage location.

Tillage* Profile Depth (cm)
Year Topsoil  Subsoil 0-15 1530  30-35 35-50 50-65  65-100
(MPa)
Year Effects
1990 244A° 573A  6.4A 7.86A 9.06A 691A
1991 400B 773B 9.70B 12.73B 14.88B  13.60A
1992 372B 691B 870B  12.20B 13.03B  10.86A
Year x Topsoil Tillage Effects
1990 CH 220A 624A 8.03A 9.78A 10.01A  7.24AB
DR 236A 487A 531A 6.04A 780A  7.00B
GR 276A  6.06A 7.04A 8.16A 10.59A  6.08AB
LSD(0.10)* NS NS 131 136 NS
1991 CH 3.86A 892A 12.14A 14.65A 1446A 1225A
DR 3.56A 6.04A 6.78A  10.00A 12.76A 12.06A
GR 463A 828A 1039A 13.75A 17.82A 18.01C
LSD(0.10) 0.73 1.70 2.60 240 NS NS
1992 CH 407A  834A 11.71A  14.26A 1397A 11.16A
DR 346A 6.04A 643A  10.06A 1229A 11.60A
GR 3.64A  635A 8.16A 1243A 13.05A 9.84A
LSD(0.10) NS 1.43 2.00 245 NS NS
Year x Subsoil Tillage Effects
1990 CH 239A  493A 554A 8.62A 1128A NDH
DL 249A  667A 7.38A 7.76AB 8.46A 8.29A
DR 194A  493A 730A 8.05AB 8.51A 8.48A
GR 258A  6.14A 7.22A 7.93AB 10.15A 8.54A
NT 278A  596A 6.34A 6.96B 837A 5.94A
LSD(0.10) 042 0.98 1.33 NS NS
1991 CH 380A  740A 1054A 1397CDE  16.10A 15.87A
DL 490A  7.J4A T.12A 8.80AB 11.56A 10.99A
DR 337A  747A 1039A 1244DFG  1598A 1201A
GR 376A  9.61A 1143A 1537C 1527A 1791A
NT 416A  725A 941A 1368CEF 18.17A ND
LSD(0.10) 0.79 NS NS NS NS NS
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Table A8 continued.

Tillage Profile Depth (cm)
Year  Topsoil Subsoil 0-15 15-30  30-35* 35-50 50-65 65-100
(MPa)

1992 CH 4.13A 7.66A 9.57A 14.34CF 14.54A 13.14A
DL 3.03A 593A 6.81A 10.09AG 13.18A 12.02A
DR 3.70A 720A 9.43A 12.84CD 1247A 7.89A
GR 3.25A 644A 797A 8.94AB 1243A 9.89A
NT 451A 732A 9381A 15.03C 1241A 11.92A

LSD(0.10) NS NS NS 203 NS NS

*CH = chisel, DL = deep lift, DR = deep rip between shank tracks, GR = grader rip, and NT = no tll.

*+Transition zone between topsoil and subsoil.

#Values in columns by depth and effect followed by the same letter are not significantly different at the P =

0.10 level.

*Least significant difference at the P = 0.10 level for within year values. NS indicates no significant
difference among mean values. -— indicates not enough data points for the ANOVA model.

HNo data.
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Table A9. Selected mean cone index values by tillage depths with time at the Coteau tillage location.

Tillage* Profile Depth (cm)
Year Topsoil Subsoil 0-15 15-40  40-56* 56-73 73-85  85-100
(MPa)
Year Effects
1990 1L.11A*  392A 7.68A 8.74A 7.72A 7.54A
1991 2.25B 6.33B 9.79B 12.48B 1297B 10.11B
Year x Topsoil Tillage Effects
1990 CH 1.02A  3.18A T48A 8.25A 731A 6.67A
DR 1.01A 347A 7.24A 9.28A 8.48A 841A
GR 129A 5.11A 8.33A 847A 731A 7.40A
LSD(0.10)* NS 0.90 NS NS NS 0.28
1991 CH 195A  548A 9.76A 1240A 13.89A 1046A
DR 225A  5.58A 9.50A 12.60A 11.86A 1047A
GR 256A 793A 10.13A  1243A 13.11A 949A
LSD(0.10) NS 1.24 NS NS ‘NS NS
Year x Subsoil Tillage Effects
1990 CH 1.09A  3.90A 6.74A 795A 7.86A 6.82A
DL 1.11A  407A 9.03A 8.89A 641A 7.02A
DR 096A 342A 7.58A 9.15A 7.16A 8.38A
GR 1.11A  3.85A 7.17A 8.88A 9.18A 7.22A
NT 1.26A 437A 7.70A 9.01A 7.34A 9.22A
LSD(0.10) NS NS NS NS NS 1.30
1991 CH 200A 595A 8.09A 10.79A 11.52A  9.00A
DL 3.3A  8.09A 11.39A 11.84A 1235A 9.64A
DR 212A 591A 827A 1253A 13.67A 11.60A
GR 231A  6.59A 11L.79A 13.75A  12.72A  9.66A
NT 1.71A 5.12A 944A 13.76A 1525A 11.70A
LSD(0.10) NS 1.72 2.05 NS NS NS

*CH = chisel, DL = deep lift, DR = deep rip between shank tracks, GR = grader rip, and NT = no till.

*Transition zone between topsoil and subsoil.

Syalues in columns followed by the same letter by depth and effect are not significantly different at
the P = 0.10 level.

*Least significant difference at the P = 0.10 level for within year values. NS indicates no significant
difference among mean values.
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Table A10. Selected mean cone index values with time from the
deep rip topsoil tillage treatment at the Center location.

Profile Depth (cm)

Year Topsoil Tillaget 0-20 20-100
(MPa)
Year Effects
1990 2.86A* 4.76A
1991 3.98B 6.75B
1992 3.94B 7.60C
Shank vs Nonshank Effects

DR 3.66A 8.69A

DRSH 3.52A 4.05B

. Year x Shank/Nonshank Effects

1990 DR 2.88A 5.98A
DRSH 2.83A 3.54B

LSD(0.10)° NS 1.51
1991 DR 4.05A 10.23C
DRSH 3.92A 3.28B

LSD(0.10) NS 1.10
1992 DR 4.05A 9.87C
DRSH 3.83A 5.33A

LSD(0.10) NS 1.49

DR = between shank tracks and DRSH = within shank tracks.

*Values within columns by depth and effect followed by the same
letter are not significantly different at the P = 0.10 level.

*Least significant difference at the P = 0.10 level for within year
values. NS indicates no significant difference between mean values.
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Table All. Selected mean cone index values from the deep rip topsoil
tillage treatment with time at the Coteau location.

Tillage* Profile Depth (cm)
Year Topsoil Subsoil 0-20 20-60 60-100
(MPa)
Year Effects

1990 , 1.24A% 4.81A 8.86A
1991 2.55B 7.10B  12.39B
Year x Topsoil Tillage Effects
1990 DR 1.19A 5.73A 9.24A
DRSH 1.30A 3.89A 8.56A

LSD(0.10)* NS 0.92 NS
1991 DR 2.71A 8.04A 12.58A
DRSH 2.38A 6.16A 12.20A

LSD(0.10) NS 1.32 NS
Year x Subsoil Tillage Effects
1990 CH 1.45A 3.92A 8.16A
DL 1.12A 4.78A 8.60A
DR 1.06A 4.25A 9.05A
GR 1.25A 5.44A 8.82A
NT 1.33A 5.66A 10.45A

LSD(0.10 NS NS NS
1991 CH 2.33A 5.30A 10.46A
DL 3.15A 9.08A 12.85A
DR 2.76A 6.69A 11.62A
GR 2.78A 6.48A 11.54A
NT 1.72A 7.93A 17.01A

LSD(0.10) NS NS NS

TDR = deep rip between shank tracks, DRSH = deep rip within shank, CH =
chisel tracks, DL = deep lift, GR = grader rip, and NT = no till.

*Values in columns by depth and effect followed by the same letter are not
significantly different at the P = 0.10 level.

SLeast significant difference at the P = 0.10 level for within year values. NS
indicates no significant difference among mean values.
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Table A12. Mean volumetric soil water percent for cone index cores at the

Center and Coteau locations.™

Profile Depth (cm)

Year 0-15 15-30 30-45 45-60 60-75 75-90 90-105
(%)
Center Location
1990 11.8 11.7 110 128 106 12.8 15.1
1991 8.8 11.0 108 123 123 126 12.9
1992 80 112 116 132 147 149 15.7
LSD©.10)* 14 04 NS NS NS NS 0.5
Coteau Location
1990 190 20.1 151 140 140 159 17.0
1991 135 143 142 132 138 149 17.9
LSD(0.10) 16 03 0.3 NS NS NS NS

TAveraged over tillage treatments.

*Least significant differences at the P = 0.10 level. NS indicates no significant

difference among mean values.
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Table Al13. Tillage influences on yearly forage yields at the Center and Coteau locations.

Location/Year of Data

Tillage Treatmentt Center Coteau
Topsoil Subsoil 1990 1991 1992 1990 1991
(Mg/ha)
CH 1.16 2.36 225 1.87 2.38
DR - 1.05 2.19 1.94 2.09 237
GR 124 2.52 2.17 1.79 2.34
LSD(0.10)* NS 023 NS NS NS
CH 0.99 2.56 233 1.83 245
DL 1.37 2.15 2.02 2.14 207
DR 1.34 243 226 2.22 2.56
GR 121 233 2.03 1.75 2.36
NT 0.83 230 1.96 1.64 2.38
LSD(0.10) NS NS NS 0.30 NS
CH CH 0.89 2.11 2.13 1.90 2.52
DL 137 2.30 241 1.64 2.08
DR 1.08 233 2.14 221 2.58
GR 1.72 2.75 228 1.98 233
NT 0.72 230 2.30 1.62 2.38
DR CH 0.69 2.40 2.18 1.79 2.53
DL 1.17 1.87 1.51 295 224
DR 1.76 2.49 2.55 245 247
GR 0.88 2.04 1.96 1.74 2.44
NT 0.75 2.14 1.49 1.53 2.18
GR CH 1.40 3.16 2.68 1.80 2.31
DL . 1.58 228 2.13 1.83 1.90
DR 1.17 246 2.08 1.99 2.62
GR 1.04 2.20 1.86 1.52 2.30
NT 1.03 2.48 2.10 1.78 2.56
LSD(0.10) NS 0.52 NS NS NS

*CH = chisel, DL = deep lift, DR = deep rip, GR = grader rip, and NT = no till.

*Least significant difference at the P = 0.10 level. NS indicates no significant difference among
mean values.
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Table A14. Deep rip topsoil tillage influences on yearly forage yields at the Center

and Coteau locations.

Location/Year of Data

Tillage Treatment’ Center Coteau
Topsoil Subsoil 1990 1991 1992 1990 1991
(Mg/ha)
DR 1.05 219 194 209 2.37
DRSH 1.09 2.1 1.90 1.83 222
LSD¢0.10) NS NS NS 0.19 NS
CH 0.87 222 2.27 1.78 2.36
DL 1.13 194 158 244 213
DR 1.71 235 237 231 247
GR 0.88 2.13 1.88 1.62 2.28
NT 0.76 2.09 1.39 1.64 224
LSD(0.10) 0.37 NS  0.30 NS NS
DR CH 0.69 240 2.18 1.79 2.53
DL 1.17 1.87 1.51 295 224
DR 1.76 2.49 255 245 247
GR 0.88 2.04 196 1.74 2.44
NT 0.75 2.14 1.49 1.53 2.18
DRSH CH 1.05 204 236 1.78 2.18
DL 1.09 202 1.66 1.94 2.02
DR 1.66 222 2.19 2.16  2.47
GR 0.89 222 1.99 1.51 2.13
NT 0.77 2.03 1.30 1.76  2.31
NT  LSD(0.10) NS NS NS 0.42 NS

*CH = chisel, DL = deep lift, DR = deep rip, DRSH = deep rip shank track,

grader rip, and NT = no till.

*_east significant difference at the P = 0.10 level. NS indicates no

significant difference among mean vaiues.
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Table Al5. Selected mean forage yields with time at Center and Coteau.

Tillage Treatment® Location
Year Topsoil  Subsoil Center Coteau
(Mg/ha)
No DRSH Data

1990 1.15 1.92
1991 ’ 2.35 2.36
1992 2.12 ----
LSD(0.10)* 0.18 0.27
CH 1.92 2.12
DR 1.72 2.33
GR 1.98 2.06
LSD(0.10) 0.16 NS
CH 1.96 2.14
DL 1.85 2.10
DR 2.01 2.39
GR 1.86 2.05
NT 1.70 2.01
LSD(0.10) NS 0.20

Topsoil DR vs DRSH Data
1990 1.07 1.96
1991 2.15 2.30
1992 1.92 ----
LSD(0.10) 0.19 NS
DR 1.72 2.23
DRSH 1.70 2.03
LSD(0.10) NS 0.12
CH 1.79 2.07
DL 1.55 2.29
DR 2.14 2.39
GR 1.66 1.95
NT 1.41 1.94
LSD(0.10) 0.21 NS

*CH = chisel, DL = deep lift, DR = deep rip between shank tracks, DRSH
= deep rip shank track, GR = grader rip, and NT = no tillage.

*Least significant difference at the P = 0.10 level. NS indicates no
significant difference among mean values.
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Table A16. Mean alfalfa root length density by years as influenced by topsoil tillage treatments at the two topsoil/subsoil tillage locations.

Profile Depth (cm)

Year Topsoll Titlage 5-15 15-30 30-45 45-60 60-75 75-90 90-105 105120 120-135 135-150
(cav/em® x 10)
Center Locatlon
1989 Chisel (CH) 19.8 11.8 7.1 0.6
Deep Rip (DR) 20.5 9.2 38 0.9
Grader Rip (GR) 219 124 8.3 0.0
LSD(0.10)t NS NS NS NS
1990 CH 24.7 13.4 59 1.2 0.6
DR 235 133 6.1 25 0.4
GR 24.2 14.7 56 0.6 0.3
LSD(0.10) NS NS NS NS NS
1991 CH 449 29.2 11.1 5.1 08 04 0.5 1.6
DR 39.8 19.7 14.2 45 08 0.7 03 0.1
GR 436 278 138 4.7 1.2 0.1 0.1 0.2
LSD(0.10) NS 50 NS NS NS 04 NS 0.2
1992 CH 86.6 513 317 58 3.0 3.7 3.9 1.1 13.6 0.0
DR 819 55.7 30.4 7.2 6.0 1.7 4.1 50 3.2 0.0
GR 924 468 355 124 3.6 03 0.2 1.3 20 76
LSD(0.10) NS NS NS NS NS NS NS NS NS NS
Coteau Localion
1989 CH 315 198 10.8 9.2
DR 24.4 125 9.0 23
GR 266 219 7.1 1.0
LSD(0.10) NS NS NS 34
1990 CH 298 16.4 7.0 34 1.3
DR 288 174 9.3 34 1.6
GR 289 154 7.4 28 0.0
LSD(0.10) - V'NS NS NS NS NS
1991 CH 49.5 279 15.1 8.3 40 2.1 0.0 0.0
DR 63.2 309 224 5.6 49 25 0.4 08
GR 66.2 338 143 6.6 1.7 0.0 0.0 0.0
LSD(0.10) 120 NS NS NS NS NS NS NS

tBlanks indicate no roots found for those depth increments.

+Loast significant difference ai the P = 0.10 level. NS indicates no significant dilferences among mean values.
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Table A17. Mcan alfalfs root lengih density by years as influenced by subsoil tillage sscatments at the swo 10psoil/subsoil tillage locations.t

Profile Depth (cm)

Year Subsoll Tilage 5-15 1530 3045 4560 6075 7590  90-105 105.120 120-135§ 135-150
(cmvem? x10)
Center Locatlon
1989 Chisel (CH) 19.1 10.3 42 05
Deep Lift (OL) 208 122 59 06
Deep Rip (DR) 244 129 10.2 00
Grader Rip (GR) 211 14 6.3 09
No Till (NT) 18.6 1.0 9.7 00
LSD(. 10} NS NS NS 03
1950 CH 24.1 155 52 1.7 03
DL 185 122 53 1.3 08
OR 278 12.7 6.2 18 04
GR 231 135 6.0 11 07
NT 276 15.6 68 1.2 00
1.SD(0.10) NS NS NS NS NS
1991 CH 428 216 109 as 00 00 0.0 0.0
DL 390 183 154 53 24 1.2 0.8 26
DR 34.2 24.2 98 2.8 1.0 0.7 05 04
GR 54.7 338 13.2 4.9 08 <0.1 0.0 0.0
NT 43.2 30.2 1.7 71 04 00 0.0 0.0
LSD(0.10) NS NS NS NS NS 04 05 04
1992 CH 88.3 46.8 275 85 26 0.2 08 1.3 0.0 00
DL 58.3 350 276 58 40 1.1 22 14 0.0 0.0
DR 918 530 26.2 48 56 6.4 74 30 7.2 76
GR 768 471 323 86 88 1.8 33 64 71 00
NT 1238 74.7 49.2 146 0.0 0.0 0.0 0.0 0.0 0.0
LSD(0.10) NS NS NS NS NS NS NS NS NS NS
Coleau Locatlon
1989 CH 23.7 19.9 100 13.1
DL 354 220 45 28
DR 213 215 139 32
GR 209 206 8.0 30
NT 260 157 86 30
LSD(0.10) NS NS NS 51



Table A 17 continued.

Profile Depth (cm)

Year  Subsoll Tillage §-15 15-30 3045 4560 60-75 7590 90-105 105-120  120-135  135-150

1990 cH 207 182 94 32 08
DL 202 138 60 02 00
DR 342 199 71 57 08
GR 300 159 79 30 1.3
NT 228 142 91 40 19
LSD(0.10) NS NS NS NS NS

1991 CH 612 308 234 65 68 27 06 13
DL 513 288 167 a1 05 00 0.0 0.0
DR 464 410 174 98 39 00 00 00
GR 788 290 144 74 49 49 00 00
NT 438 256 174 78 15 00 00 0.0
LSD(0.10) NS NS NS NS 20 NS NS NS

tBlanks indicate no roots found lor these depth increments.

L east significant difference at the P = 0.10 level. NS indicates no signilicant difference among mean values.
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Table A18. Mean alfalfa coot mass by years as influenced by topsoil tillage treatments at the two topsoil/subsoil tillage locations.t

Profile Depth (cm)

Year Topsoil Tillage 515 1530 3045 4560 6075 7590 90-105 105-120 120-135 135-150

(9 x 10)

Center Location
1989 Chisel (CH) 32 1.2 03 <0.1
Deep Rip (DR) 27 1.1 02 <0.1
Grader Rip (GR) 35 19 05 0.0
LSD(0.10) NS NS 0.2 NS

1990 CH 79 4.2 1.0 0.1 <0.1
DR 58 2.4 0.9 0.2 <0.1
GR 8.7 3.6 0.8 0.1 <0.1
LSD(0.10) NS NS NS NS NS
1991 CH 215 12.6 25 03 <0.1 <0.1 <0.1 <0.1
DR 18.0 7.0 24 0.4 <0.1 0.1 0.1 <0.1
GR 17.6 9.1 29 0.6 0.1 <0.1 <0.1 <0.1
LSD(0.10) NS NS NS NS NS NS NS NS
1992 CH 249 13.0 3.0 0.6 02 05 0.7 0.1 04 0.0
DR 208 128 74 1.1 07 13 1.3 0.2 0.1 0.0
GR 339 16.0 34 05 03 <0.1 <0.1 o1 08 03
LSD(0.10) NS NS NS NS NS NS NS NS NS NS
Coteau Location
1989 CH 4.0 22 09 04
DR 44 2.6 04 0.1
GR 33 1.2 03 <0.1
LSD(0.10) NS 0.8 0.5 0.3
1990 CH 16.3 78 16 0.7 0.2
DR 19.4 8.4 22 03 0.1
GR 122 45 0.7 0.2 00
LSD(0.10) NS NS NS 03 NS
1991 CH 29.1 98 3.2 0.7 0.2 <0.1 0.0 0.0
DR 329 15.8 4.2 11 03 02 <0.1 <0.1
GR 345 8.0 1.3 0.5 0.1 0.0 0.0 0.0
LSD(0.10) NS 6.0 NS NS NS NS NS NS

tBlanks indicate no roots found for those depth increments.

+Least significant ditference at the P = 0.10 level. NS indicates no significant ditferences among mean values.
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Table A19. Mean alfalfa root mass by years as influenced by subsoil tillage treatment at the two fopsoil/subsoil tillage locations.t

Prolite Depth (cm)
Year Subsoll Tillage 5-15 15-30 30-45 45-60 60-75 75-90 80-105 105-120 120-135 135-150
{g x 10)
Ceanter Locatlon
1989 Chisel (CH) 2.2 18] 0.2 <0.1
Deep Lift (DL) 33 15 03 <0.1
Deep Rip (DR} 3.7 18 0.7 0.0
Grader Rip (GR) 32 1.1 03 <0.1
No Till {NT) 38 19 0.4 0.0
LsD(o.10) NS NS NS NS
1990 CH 106 54 1.2 0.1 <0.1
DL 6.2 3.0 0.7 0.1 <0.1
DR 5.6 38 1.2 0.2 <0.1
GR 60 23 0.6 0.1 <0.1
NT 8.9 2.2 08 0.1 00
LSD{0.10) NS NS NS NS NS
1991 CH 16.6 7.4 2.1 0.5 0.0 0.0 00 0.0
oL 125 4.1 24 03 0.2 <0.1 <0.1 <0.1
OR 218 13.1 21 03 <0.1 0.1 0.1 <0.1
GR 154 8.2 3.0 04 <0.1 <0.1 00 0.0
NY 29.1 15.1 3.4 0.6 <0.1 0.0 00 0.0
LSD(0.10) NS NS NS NS NS NS NS NS
1992 CH 224 148 28 0.6 0.1 <0.1 1.6 0.1 0.0 0.0
DL 123 6.4 36 1.6 0.3 0.1 0.1 0.1 0.0 00
DR 35.6 173 36 0.2 1.1 28 1.6 03 05 0.3
GR 19.2 120 79 05 0.6 0.1 0.1 0.2 0.2 0.0
NT 445 193 52 0.6 00 0.0 0.0 0.0 00 0.0
LSD(0.10) NS NS NS NS NS NS NS NS NS NS
Coteau Locatlon
1989 CH 41 23 0.6 04
DL 19 08 0.2 0.1
DR 29 1.7 05 0.1
GR 45 2.1 0.5 0.1
NT 55 22 1.2 03
LSD(0.10) .7 NS NS NS
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Table A19 continued.

Profile Depth (cm)

Year  Subsoll Tllage 515 1530 3045 4560 60-75 7590 90-105 105120 120-135 135150
1990 CH 196 8.1 15 0.3 0.1
DL 147 49 07 <01 00
DR 179 85 1.9 1.1 0.2
GR 153 65 16 03 0.1
NT 126 64 18 04 0.1
LSD(010) NS NS NS 04 NS
1991 CH 502 138 23 06 05 02 0.1 0.1
DL 205 96 34 02 <©1 00 0.0 0.0
DR 242 76 28 1.2 02 00 0.0 0.0
GR 257 10 27 08 03 02 0.0 0.0
NT 206 139 34 1.2 0.1 0.0 0.0 0.0
1SD©.10) NS NS NS NS 02 NS NS NS

Blanks indicate no roots found for those depth increments.

+Least significant difference at the P = 0.10 level. NS indicates no significant difference among mean values.




Table A20. Mean soil bulk densities obtained from access tube installation at the
Glenharold tillage location (spring, 1989).

Depth (m)
Tillage Crop 0-03 03-06 0.6-0.9 09-1.2 1.2-15
Mg m?)
Chisel Alfalfa 1.26 128 142 148 1.51
Native Mix 1.26 1.30 142 1.58 1.67
Precrop Mix 1.16 143 142 1.67 1.64
Pubescent Wheatgrass  1.10 1.46 1.40 1.60 1.62
Small Grain 1.20 1.41 1.40 1.56 1.58
Tall Wheatgrass 134 1.54 1.50 1.55 1.52
Subsoil Alfalfa 1.16 1.18 1.50 1.58 1.59
Native Mix 1.18 1.38 135 1.40 1.58
Precrop Mix 1.18 135 1.28 1.59 1.54
Pubescent Wheatgrass  1.12 1.38 1.48 1.52 140
Small Grain 1.11 1.16 146 1.64 1.52
Tall Wheatgrass 1.24 128 1.46 1.56 1.62

Table A21. Mean soil bulk densities obtained from access tube installation at the
Knife River tillage location (spring, 1989).

Depth (m)
Tillage Crop 0-03 03-06 0.6-09 09-12 1.2-15
(Mg m?)
Chisel Alfalfa 149 1.66 1.56 1.75 1.82
Native Mix 1.59 1.80 1.49 1.64 1.62
Precrop Mix 1.44 1.72 1.50 1.76 1.69
Pubescent Wheatgrass  1.42 1.72 1.67 1.80 1.80
Small Grain 1.58 1.68 146 1.43 1.29
Tall Wheatgrass 142 1.81 1.77 1.76 1.62
Subsoil Alfalfa 144 1.28 1.78 1.60 1.78
Native Mix 1.37 1.68 1.39 1.40 1.71
Precrop Mix 1.50 1.70 1.60 1.59 1.58
Pubescent Wheatgrass  1.56 144 142 1.72 1.62
Small Grain 1.56 1.61 1.58 1.62 1.70
Tall Wheatgrass 1.44 1.64 1.62 1.52 1.76
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Table A22. Mean soil bulk densitics obtained from the Glenharold tillage location.

Year Tillage Crop 0-03 03-0.6 0.6-09 09-12 12.15
Mg m™)
1989  Chisel Alfaifa 1.26 1.28 142 1.48 1.51
Native Mix 1.26 1.30 142 1.58 1.67
Precrop Mix 1.16 1.43 1.42 1.67 1.64
Pubescent Wheatgrass  1.10 1.46 140 1.60 1.62
Small Grain 1.20 141 140 1.56 1.58
Tall Wheatgrass 1.34 1.54 1.50 1.55 1.52
Subsoil Alfalfa 1.16 1.18 1.50 1.58 1.59
Native Mix 1.18 1.38 1.35 1.40 1.58
Precrop mix 1.18 1.35 1.28 1.59 1.54
Pubescent Wheatgrass  1.12 1.38 148 1.52 140
Small Grain 1.11 1.16 146 1.64 1.52
Tall Wheatgrass 1.24 1.28 146 1.56 1.62
1990  Chisel Alfalfa 1.73 1.74 1.58 185
Native Mix 1.74 1.72 1.72 1.82
Precrop Mix 1.70 1.69 1.67 1.87
Pubescent Wheatgrass  1.73 1.69 1.76 1.71
Small Grain 1.65 1.80 1.78 1.82
Tall Wheatgrass 1.78 1.74 1.77 1.81
Subsoil Alfaifa 1.66 1.70 1.68 1.67
Native mix 1.69 1.72 1.76 191
Precrop Mix 1.63 1.69 1.67 1.78
Pubescent Wheatgrass  1.59 1.70 1.75 1.81
Small Grain 1.59 1.68 1.82 1.80
Tall Wheatgrass 1.60 1.69 1.78 1.80
1991  Chisel Alfalfa 1.47 1.65 1.64 1.66
Native Mix 1.47 1.66 1.61 1.64
Precrop Mix 1.49 1.62 1.65 1.39
Pubescent Wheatgrass  1.43 1.62 1.63 1.68
Small Grain 1.36 1.68 1.66 1.69
Tall Wheatgrass 1.53 1.63 1.60 1.79
Subsoil Alfalfa 148 1.67 1.55 1.57
Native Mix 1.46 1.55 1.57 1.59
Precrop Mix 1.49 1.56 1.67 1.69
Pubescent Wheatgrass  1.48 1.64 1.65 1.58
Small Grain 142 1.55 1.65 1.64
Tall Wheatgrass 136 1.49 1.59 1.71
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Table A22 (continued).

Profile Depth (m)

Year Tillage Crop 0-03 0306 0.6-09 09-12 12-15
Mg m?)
1992  Chisel Alfalfa 1.52 1.84 1.53 1.69
Native Mix 146 1.76 1.58 1.58
Precrop mix 1.62 1.80 1.61 1.56
Pubescent Wheatgrass  1.47 1.76 1.67 1.34
Small Grain 1.51 1.75 1.69 1.87
Tall Wheatgrass 1.57 1.60 1.62 1.86
Subsoil Alfalfa 1.44 1.73 1.82 1.96
Native Mix 1.39 1.67 1.71 1.87
Precrop Mix 1.66 1.85 1.76 1.81
Pubescent Wheatgrass  1.51 1.68 1.75 1.90
Small Grain 150  1.84 1.83 1.76
Tall Wheatgrass 163 173 191 1.95
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Table A23. Mean soil buik densities obtained from the Knife River tillage

location.
Depth (m)
Year Tiilage Crop 0-03 03-06 0.6-09 0.9-12
(Mg m*)
1989  Chisel Alfaifa 1.49 1.67 1.56 1.75
Native Mix 1.59 1.80 1.49 1.55
Precrop Mix 1.50 1.70 1.55 1.76
Pubescent Wheatgrass  1.42 1.72 1.67 1.79
Small Grain 1.58 1.68 146 143
Tall Wheatgrass 1.43 1.81 1.77 1.77
Subsoil Alfalfa 145 1.27 1.78 1.60
Natve Mix 1.37 1.68 1.39 1.40
Precrop mix 143 1.73 1.55 1.59
Pubescent Wheatgrass  1.56 1.44 142 1.72
Smail Grain 1.56 1.61 1.57 1.62
Tall Wheatgrass 144 1.64 1.62 1.52
1990  Chisel Alfaifa 1.73 1.74 1.58 1.85
Native Mix 1.74 1.72 1.72 1.82
Precrop Mix 1.70 1.69 1.67 1.87
Pubescent Wheatgrass  1.73 1.69 1.76 1.71
Small Grain 1.65 1.80 1.78 1.82
Tall Wheatgrass 1.78 1.74 1.77 1.81
Subsoil Alfalfa 1.66 1.70 1.68 1.67
Native mix 1.69 1.72 1.76 1.91
Precrop Mix 1.63 1.69 1.67 1.78
Pubescent Wheatgrass  1.59 1.70 1.75 1.81
Small Grain 1.59 1.68 1.82 1.80
Tall Wheatgrass 1.60 1.69 1.78 1.80
1991  Chisel Alfalfa 147 1.65 1.64 1.66
Native Mix 147 1.66 1.61 1.64
Precrop Mix 1.49 1.62 1.65 1.39
Pubescent Wheatgrass  1.43 1.62 1.63 1.68
Small Grain 1.36 1.68 1.66 1.69
Tall Wheatgrass 1.53 1.63 1.60 1.79
Subsoil Alfalfa 148 1.67 1.55 1.57
Native Mix 1.46 1.55 1.57 1.59
Precrop Mix 1.49 1.56 1.67 1.69
Pubescent Wheatgrass  1.48 1.64 1.65 1.58
Small Grain 142 1.55 1.65 1.64
Tall Wheatgrass 1.36 1.49 1.59 1.71
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Table A23 (continued)

Profile Depth (m)

Year Tillage Crop 0-03 0306 0.6-09 09-12
(Mg m?)
1992  Chisel Alfalfa 1.52 1.84 1.53 1.69
Native Mix 146 1.76 1.58 1.58
Precrop mix 1.62 1.80 1.61 1.56
Pubescent Wheatgrass 147 1.76 1.67 1.84
Small Grain 1.51 1.75 1.69 1.87
Tall Wheatgrass 1.57 1.60 1.62 1.86
Subsoil Alfaifa 144 1.73 1.82 1.96
Native Mix 1.39 1.67 1.71 1.87
Precrop Mix 1.66 1.85 1.76 1.81
Pubescent Wheatgrass  1.51 1.68 1.75 190
Small Grain 1.50 1.84 1.83 1.76

Tall Wheatgrass 1.63 1.73 1.91 1.95

120



Table A24. Selected mean cone indices from the Glenharold tillage location.

Depth (m)
Year Tillage Crop 0.0 0.25 0.45 0.65 0.85
(MPa)
1990  Chisel Alfalfa 056 420 6.40 5.28 5.34
Native Mix 0.86 3.50 451 5.62 6.24
Precrop Mix 050 3.4 4.65 592 4.75
Pubescent Wheatgrass  0.48 3.33 3.43 5.58 6.10
Small Grain 029 297 6.01 6.17 5.37
Tall Wheatgrass 0.69 5.08 4.60 3.20 7.14
Subsoil Alfalfa 0.40  4.33 4.36 5.90 4.87
Native Mix 0.42 1.45 1.64 4.13 4.83
Precrop Mix 059  3.09 442 4.07 441
Pubescent Wheatgrass  0.61 2.87 1.95 4.50 5.09
Small Grain 0.45 241 2.89 433 4.66
Tall Wheatgrass 0.52 2.33 4.02 4.48 5.24
1991  Chisel Alfalfa 206 422 4.62 5.51 7.05
Natve Mix 0.84 1.77 534 5.24 4.81
Precrop Mix 1.19  2.05 5.29 5.44 4.51
Pubescent Wheatgrass 1.12  4.08 7.01 6.36 8.59
Small Grain 0.58 1.98 3.33 4.28 5.28
Tall Wheatgrass 0.86 344 4.34 7.14 5.02
Subsoil Alfalfa 0.87 286 1.28 9.76 8.11
Native Mix 1.12 1.39 1.61 491 6.20
Precrop Mix 1.13 1.88 2.60 6.46 5.85
Pubescent Wheatgrass 0.84 1.77 1.74 4.44 5.89
Small Grain 0.52 1.57 3.56 3.29 4.83
Tall Wheatgrass 0.90 1.93 3.77 6.81 6.90
1992  Chisel Alfalfa 1.76  6.19  5.84 7.01 8.07
Native Mix 1.89  5.82 7.14 830 11.40
Precrop Mix 196 5091 6.39 636 11.32
Pubescent Wheatgrass 1.74 5.26 6.61 6.55 8.98
Small Grain 0.50 1.01 2.67 3.78 3.82
Tall Wheatgrass 1.58 450 5.62 6.33 7.12
Subsoil Alfalfa 0.64 1.18 1.37 7.41 7.71
Native Mix 095 347 4.36 7.54 7.54
Precrop Mix 2.80 455 7.30 7.69 9.88
Pubescent Wheatgrass  1.60 3.02 5.85 7.67 6.47
Small Grain 041  0.69 2.40 4.56 5.70
Tall Wheatgrass 0.40 256 6.70 7.59 8.18
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Table A25. Selected mean cone indices from the Knife River tillage location.

Depth (m)
Year Tillage Crop 0.0s 0.25 0.45 0.65 0.85
(MPa)

1990  Chisel Alfalfa 090 11.30 8.68 5.85 2.90
Native Mix 1.52 6.92 478 2.18 2.93

Precrop Mix 0.85 1051 10.71 574 6.38
Pubescent Wheatgrass 0.76  9.81 6.39 293 3.64

Small Grain 0.34  3.65 4.59 3.32 3.59

Tall Wheatgrass 0.72 9.43 6.37 2.31 3.18

Subsoil Alfalfa 0.68 590 6.21 9.80 7.93

Natdve Mix 0.68 4.31 2.18 2.17 2.12

Precrop Mix 0.68 451 5.68 6.46 7.63

Pubescent Wheatgrass  0.97 6.05 4.83 3.24 2.98
Small Grain 042 3.10 2.76 4.01 3.62

Tall Wheatgrass 1.41 6.47 4.98 3.81 423

1991  Chisel Alfalfa 0.87 11.60 13.36 -=en e
Native Mix 1.69  8.81 7.79 6.93 5.25

Precrop Mix 190 993 9.75 9.51 -
Pubescent Wheatgrass 1.16 8.98 9.86 8.11 10.03
Small Grain 0.68 4.21 3.61 5.10 4.90

Tall Wheatgrass 1.36  9.20 6.97 7.07 6.35

Subsoil Alfalfa 147 797 7.48 10.39  5.08

Nadve Mix 1.27 594 2.52 592 3.80

Precrop Mix 090 754 6.32 7.87 6.59

Pubescent Wheatgrass  2.11 7.34 8.58 8.25 6.76

Small Grain 0.61 232 1.67 474 4.67

Tall Wheatgrass 0.89 5.45 5.44 6.67 6.15
1992  Chisel Alfalfa 1.17 1027 1074 1390 6.74
Native Mix 1.74 10.62  10.59 6.21 7.97
Precrop Mix 243 1515 1148 1347 1421
Pubescent Wheatgrass 1.55 12.43  13.37 6.12 11.33

Small Grain 078 277 3.59 2.87 3.97

Tall Wheatgrass 205 11.55 8.89 8.67 5.69

Subsoil Alfalfa 1.31 458 10.50 7.07 7.62

Natve Mix 204 746 9.83 6.22 7.31
Precrop Mix 3.84 7.12 6.92 7.18 11.82
Pubescent Wheatgrass 2.23 7.59  10.19 7.67 9.04

Small Grain 0.57 1.42 2.12 3.26 2.95

Tall Wheatgrass 1.91 9.73 10.69 3.60 2.61
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Table A26. Mean wheat yields from the Glenharold and Knife
River tillage locations..

Year
Tillage 1989 1990 1991 1992
(Mg ha')

Glenharold
Chisel 0.11 1.32 1.44 1.33
Subsoil 0.10 1.21 1.41 1.25

Knife River
Chisel 0.19 0.74 1.05 1.48
Subsoil 0.73 0.86 1.18 1.49

Table A27. Mean 1992 wheat yields obtained from the prior
cropping experimental plots at the Glenharold and Knife River
tillage location.

Tillage Prior Crop Glenharold Knife River
(Mg ha')
Chisel Alfaifa 1.39 0.97
Native Mix 1.43 1.43
Precrop Mix 1.32 0.96
Pubescent Wheatgrass 1.38 1.09
Small Grain 1.33 1.49
Tall Wheatgrass 1.37 1.14
Subsoil Alfalfa 141 0.90
Native Mix 1.82 1.15
Precrop Mix 1.64 0.88
Pubescent Wheatgrass 1.50 1.23
Small Grain 1.25 1.49
Tall Wheatgrass 1.35 1.31
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Table A28 . Mean forage yields from the Glenharold tillage
location.

Year Tillage Crop Yield
(Mg ha™)

1990 Chisel Alfaifa 1.91

Native Mix 1.32

Precrop Mix 1.82

Pub. Wheatgrass 291

Tall Wheatgrass 1.09

Subsoil Alfalfa 2.00

Native Mix 2.52

Precrop Mix 2.55

Pub. Wheatgrass 2.69

Tall Wheatgrass 0.81

1991 Chisel Alfalfa 2.35

Native Mix 2.56

Precrop Mix 422

Pub. Wheatgrass 4.54

Tall Wheatgrass 2.38

Subsoil Alfalfa 2.49

Native Mix 3.10

Precrop Mix 3.76

Pub. Wheatgrass 5.02

Tall Wheatgrass 2.52

1992 Chisel Alfalfa 1.64

Native Mix 1.53

Precrop Mix 2.09

Pub. Wheatgrass 2.38

Tall Wheatgrass 2.38

Subsoil Alfalfa 1.31

Native Mix 1.52

Precrop Mix 1.72

Pub. Wheatgrass 2.12

Tall Wheatgrass 2.29
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Table A29. Mean forage yields from the Knife River tillage

location.

Year Tillage Crop Yield
(Mg ha)

1990 Chisel Alfalfa 1.30

Native Mix 2.39

Precrop Mix 2.72

Pubescent Wheatgrass 3.39

Tall Wheatgrass 3.86

Subsoil Alfalfa 2.26

Native Mix 3.20

Precrop Mix 3.19

Pubescent Wheatgrass 4.10

Tall Wheatgrass 3.60

1991 Chisel Alfalfa 2.24

Native Mix 3.02

Precrop Mix 2.47

Pubescent Wheatgrass 4.20

Tall Wheatgrass 3.42

Subsoil Alfalfa 2.11

Native Mix 3.31

Precrop Mix 3.63

Pubescent Wheatgrass 4.44

Tall Wheatgrass 3.33

1992 Chisel Alfalfa 1.64

Native Mix 1.70

Precrop Mix 2.89

Pubescent Wheatgrass 2.839

Subsoil Alfalfa 1.76

Native Mix 2.32

Precrop Mix 2.70

Pubescent Wheatgrass 3.20

Tall Wheatgrass 2.02

125



Table A30. Selected mean root length densities obtained from the Glenharold location.

Depth (m)
Year Tillage Crop 0-0.15 03-0.45 0.6-0.75 0.9-1.05 120-1.35
(km m?)

1989 Chisel Alfalfa 19 4.5 0 0 0
Native Mix 22.8 54 0 0 0
Precrop Mix 12.9 29 0 0 0
Pub. Wheatgrass 23.1 56 0 0 0
Small Grain 340 74 0 0 0
Tall Wheatgrass 13.7 6.5 0 0 0
Subsoil Alfaifa 12.0 55 0 0 0
Native Mix 12.7 24 0 0 0
Precrop Mix 26.1 119 0 0 0
Pub. Wheatgrass 15.1 2.7 0 0 0
Small Grain 38.8 139 0 0 0
Tall Wheatgrass 15.6 33 0 0 0
1990 Chisel Alfalfa 382 4.1 53 3.7 0
Native Mix 55.1 112 06 0 0
Precrop Mix 78.9 243 6.8 3.1 0
Pub. Wheatgrass 672 12.6 2.7 0 0
Small Grain 283 13 0 0 0
Tall Wheatgrass 56.4 73 27 0 0
Subsoil Alfalfa 28.5 53 3.6 25 0
Native Mix 72.1 246 75 0 0
Precrop Mix 62.8 15.6 109 0 0
Pub. Wheatgrass 76.1 23.7 34 1.0 0
Small Grain 40.0 20 0 0 0
Tall Wheatgrass 69.6 18.6 23 0 0

1991 Chisel Alfalfa 572 15.0 43 2.8 22
Native Mix 579 8.6 0.1 0 0
Precrop Mix 48.6 17.6 1.9 0.7 0
Pub. Wheatgrass 32.1 6.5 03 0 0
Small Grain 29.8 84 0.3 0 0
Tall Wheatgrass 344 57 0.1 0 0

Subsoil Alfalfa 28.8 137 6.0 121 3.3
Native mix 426 129 4.9 14 0
Precrop Mix 299 275 20 0 0
Pub. Wheatgrass 36.5 13.6 42 0.5 0
Small Grain 30.7 100 0.7 0 0
Tall Wheatgrass 51.1 17.0 29 0 0
1992 Chisel Alfalfa 105.3 25.2 10.6 6.9 0
Native Mix 130.8 41.0 9.9 0 0
Precrop Mix 1527 14.5 9.7 0 0
Pub. Wheatgrass 95.3 132 9.1 0 0
Small Grain 326 7.1 0.3 0 0
Tall Wheatgrass 82.9 322 12.0 0 0
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Table 30 continued.

Year Tillage Crop 0-0.15 0.3-0.45 0.6-0.75 0.9-1.05 12-135

Subsoil Alfalfa 85.4 9.4 7.1 0 0
Native Mix 889 28.8 38 0 0

Precrop Mix 142.0 51.8 0.7 0 0

Pub. Wheatgrass 1083 126 6.6 0 0

Small Grain 25.5 49 0 0 0

Tall Wheatgrass ~ 73.6 89 0 0 0
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Table A31. Selected mean root mass densities obtained from the Glenharold location.

Depth (m)
Year  Tillage Crop 0-0.15 03-045 0.6-0.75 0.9-1.05 1.20-1.35
(kg m")

1989 Chisel Alfaifa 0.72 0.05 0 0 0
Native Mix 0.16 0.05 0 0 0
Precrop Mix 0.14 0.01 0 0 0
Pub. Wheatgrass 0.24 0.03 0 0 0
Small Grain 0.33 0.07 0 0 0
Tall Wheatgrass 0.16 0.04 0 0 0
Subsoil Alfalfa 1.39 023 0 0 0
Native Mix 0.09 0.01 0 0 0
Precrop Mix 0.20 0.08 0 0 0
Pub. Wheatgrass 0.11 0.02 0 0 0
Small Grain 0.36 0.12 0 0 0
Tall Wheatgrass 0.21 0.02 0 0 0
1990 Chisel Alfalfa 3.66 0.39 0.08 0.03 0
Native Mix 0.98 0.11 0.01 0 0
Precrop Mix 0.87 0.25 0.07 0.02 0
Pub. Wheatgrass 0.88 0.09 0.02 0 0
Small Grain 0.23 0.03 0 0 0
Tall Wheatgrass 1.16 0.08 0.04 0 0
Subsoil Alfalfa 3.06 0.20 0.06 0.02 0
Native Mix 1.72 022 0.03 0 0
Precrop Mix 0.77 0.10 0.07 0 0
Pub. Wheatgrass 1.10 023 0.06 0.01 0
Small Grain 0.24 0.10 0 0 0
Tall Wheatgrass 144 0.15 0.02 0 0

1991 Chisel Alfalfa 10.52 0.51 0.18 0.04 0.04
Native Mix 1.77 0.19 <0.01 0 0
Precrop Mix 144 031 0.03 0.01 0
Pub. Wheatgrass 0.87 0.11 <0.01 0 0
Small Grain 0.23 0.07 <0.01 0 0
Tall Wheatgrass 1.07 0.12 <0.01 0 0

Subsoil Alfalfa 4.02 2.18 0.32 0.23 0.03
Native mix 1.14 0.24 0.07 0.01 0
Precrop Mix 091 0.05 0.02 0 0
Pub. Wheatgrass 1.63 0.21 0.08 0.01 0
Small Grain 0.28 0.10 <0.01 0 0
Tall Wheatgrass 144 0.28 0.05 0 0
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Table A31 continued.

Year  Tillage Crop 0-0.15 0.3-045 0.6-0.75 09-1.05 12.135
1992 Chisel Alfalfa 10.82 090 0.11 0.06 0
Native Mix 4.57 0.53 0.10 0 0
Precrop Mix 3.78 0.17 0.12 0 0
Pub. Wheatgrass 3.27 0.11 0.07 0 0
Small Grain 0.22 0.05 <0.01 0 0
Tall Wheatgrass 1.65 042 0.15 0 0
Subsoil Alfalfa 4.36 0.08 0.06 0 0
Native Mix 1.51 0.25 0.05 0 0
Precrop Mix 3.80 0.55 0.01 0 0
Pub. Wheatgrass 1.66 1.01 0.05 0 0
Small Grain 0.15 0.03 0 0 0
Tall Wheatgrass 1.55 0.09 0 0 0
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Table A32. Selected mean root length densities obtained from the Knife River location.

Depth (m)
Year  Tillage Crop 0-0.15 03-045 0.6-0.75 0.9-1.05 1.20-1.35
(km m™)
1989 Chisel Alfalfa 8.6 3.1 0 0 0
Native Mix 7.5 1.8 0 0 0
Precrop Mix 129 30 0 0 0
Pub. Wheatgrass 13.1 1.7 0 0 0
Small Grain 378 6.0 1.1 0 0
Tall Wheatgrass 16.0 0.5 0 0 0
Subsoil Alfalfa 4.4 1.7 0 0 0
Native Mix 18.8 2.5 0 0 0
Precrop Mix 15.6 49 0 0 0
Pub. Wheatgrass 12.9 1.1 0 0 0
Small Grain 433 5.6 1.1 0 0
Tall Wheatgrass 247 2.1 0 0 0
1990 Chisel Alfalfa 20.5 9.6 64 6.9 0
Native Mix 64.2 0.7 1.1 0 0
Precrop Mix 47.6 13.6 7.5 0.7 0
Pub. Wheatgrass 51.1 36 2.1 0 0
Small Grain 16.3 219 0 0 0
Tall Wheatgrass 35.0 04 1.5 0.2 0
Subsoil Alfaifa 279 99 54 1.6 0
Native Mix 328 3.8 0.6 1.2 0
Precrop Mix 277 57 6.0 12 0
Pub. Wheatgrass 527 6.9 12 0.6 0
Small Grain 19.3 6.9 6.5 0 0
Tall Wheatgrass 40.7 2.5 0.6 0 0
1991 Chisel Alfalfa 28.3 104 14 35 12
Native Mix 434 9.1 1.7 0.5 04
Precrop mix 394 39 44 04 0
Pub. Wheatgrass 49.3 29 3.1 0.3 0
Small Grain 24.1 4.8 0 0 0
Tall Wheatgrass 48.8 4.5 29 0.8 0
Subsoil Alfaifa 329 10.7 8.8 9.6 14
Native Mix 49.8 18.9 1.9 0.6 0
Precrop Mix 342 58 2.1 42 0
Pub. Wheatgrass 419 8.0 34 03 0
Small Grain 250 6.5 0.5 0 0
Tall Wheatgrass 439 14.2 3.6 2.5 0
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Table A32 continued.

Year Tillage Crop 0-0.15 03-0.45 0.6-075 09-1.05 12-135
1992 Chisel Alfalfa 689 410 8.9 5.0 5.0
Native Mix 134.9 4.1 14.3 3.7 430
Precrop mix 1058 140 154 140 8.0
Pub. Wheatgrass  80.1 52 11.0 0.6 0.5
Small Grain 256 11.5 0 0 0
Tall Wheatgrass 713 6.1 1.7 1.1 0
Subsoil Alfalfa 91.3 13.5 15.7 45 59
Native Mix 1023 376 69 2.7 1.8
Precrop Mix 763 18.0 8.4 2.1 0
Pub. Wheatgrass 1553  13.3 6.1 29 13
Small Grain 204 223 0 0 0
Tall Wheatgrass 907 417 5.1 0 0
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Table A33. Selected mean root mass densities obtained from the Knife River location.

Depth (m)
Year  Tillage Crop 0-0.15 03-045 0.6-0.75  0.9-1.05 12-135
kg m’)
1989 Chisel Alfalfa 0.56 0.02 0 0 0
Native Mix 0.09 0.01 0 0 0
Precrop Mix 0.13 0.18 0 0 0
Pub. Wheatgrass 0.15 0.02 0 0 0
Small Grain 031 0.05 0.01 0 0
Tall Wheatgrass 0.20 0.0t 0 0 0
Subsoil Alfaifa 0.51 0.03 0 0 0
Native Mix 0.14 0.01 0 0 0
Precrop mix 0.15 0.05 0 0 0
Pub. Wheatgrass 022 0.01 0 0 0
Small Grain 031 0.04 0.04 0 0
Tall Wheatgrass 0.29 0.02 0 0 0
1990 Chisel Alfalfa 8.55 0.37 0.09 0.09 0
Native Mix 1.01 0.01 <0.01 0 0
Precrop mix 0.75 0.22 0.09 0.01 0
Pub. Wheatgrass 1.46 0.06 0.02 0 0
Small Grain 0.10 0.09 <0.01 0 0
Tall Wheatgrass 1.23 0.01 0.01 <0.01
Subsoil Alfalfa 5.81 0.58 0.06 0.01 0
Native Mix 1.30 0.05 0.01 0.01 0
Precrop Mix 0.85 0.10 0.11 0.01 0
Pub. Wheatgrass 097 0.14 0.02 0.01 0
Small Grain 0.11 0.04 0.03 0 0
Tall Wheatgrass 1.64 0.04 0.01 0 0
1991  Chose; Alfalfa 4.78 0.46 0.02 0.11 0.01
Native Mix 1.10 0.21 0.03 <0.01 <0.01
Precrop Mix 0.89 0.05 0.05 <0.01 0
Pub. Wheatgrass 1.97 0.08 0.05 <0.01 0
Small Grain 0.23 0.04 0 0 0
Tall Wheatgrass 1.87 0.48 0.04 0.03 0
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Table A33 continued.

Depth ()
Year  Tillage Crop 0015 03045 06075 09.105  12.135
Subsoil Alfalfa 4,01 102 0.26 0.14 0.0t
Native Mix 1.47 0.41 0.04 0.01 0
Precrop Mix 1.50 0.15 0.03 0.05 0
Pub. Wheatgrass 1.1 021 0.05 <0.01 0
Small Grain 0.23 0.04 0.01 0 0
Tall Wheatgrass 2.2 036 0.04 0.04 0
1992  Chisel Alfalfa 1145 091 0.10 0.73 0.05
Native Mix 1.94 0.04 0.12 0.09 0.07
Precrop mix 1.67 0.06 0.13 0.17 0.08
Pub. Wheatgrass ~ 2.14 0.05 0.11 0.01 <0.01
Small Grain 0.18 0.06 0 0 0
Tall Wheatgrass 138 0.16 0.01 0.01 0
Subsoil Alfalfa 131 031 027 0.04 0.02
Native Mix 1.78 0.52 0.09 0.02 0.01
Precrop mix 1.55 045 0.11 0.01 0
Pub. Wheatgrass  3.18 0.05 0.11 0.03 <0.01
Small Grain ~ 0.18 0.16 0 0 0
Tall Wheatgrass ~ 3.03 0.53 0.05 0 0
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Table A34. Mean soil bulk densities obtained from the Falkirk trench location.

Depth (m)
Year Topsoil Depth  Subsoilt  0-0.3  0.3-0.6 0.6-0.9 0.9-1.2
(m) (Mg m™)
1979 0.23 SL 1.77 1.85 1.42 1.07
SL+C 1.43 1.43 1.31 1.33
CL 1.07 1.22 1.13 1.29
SiCL 1.24 1.45 1.45 1.51
0.46 SL 1.34 1.56 1.40 1.48
SL+C 1.41 1.57 1.66 1.57
CL 1.21 1.58 1.50 1.46
SiCL 1.31 1.38 1.45 1.50
0.69 SL 1.63 1.66 1.56 1.18
SL+C 1.62 1.77 1.58 1.70
CL 1.16 1.34 1.30 1.36
SiCL 1.26 1.48 1.48 1.42
1990 0.23 SL 1.66 1.78 2.13 1.82
SL+C 1.34 1.58 1.81 1.77
CL 1.35 1.49 1.57 1.66
SiCL 1.38 1.57 1.59 1.58
0.46 SL 1.22 2.12 2.12 227
SL+C 1.29 1.56 1.59 1.47
CL 1.33 1.51 1.70 1.46
SiCL 1.33 1.51 1.62 1.53
0.69 SL 1.35 1.51 1.95 2.04
SL+C 1.29 1.48 1.55 1.58
CL 1.41 1.51 1.63 1.53
SiCL - 1.29 1.50 1.54 1.57

*SL = sandy loam, SL+C = sandy loam plus clay, CL = clay loam, SiCL = silty clay
loam.
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Table A35. Mean soil bulk densities in 1986 and 1992 from the Center
topography location.

Depth (m)
Year Position 0-03 0306 06-09 09-1.2 1.2-1.5
(Mg m™)
Forage Area

1986 Summit 1.40 1.55 1.49 1.57 1.56
Shoulder 1.26 1.60 1.60 1.47 1.42
Backslope 1.25 1.54 1.63 1.57 1.59
Footslope 1.36 1.56 1.54 1.46 1.57

1992 Summit 1.39 1.75 1.70 1.80 1.70
Shoulder 1.37 1.78 1.84 1.72 1.68
Backslope 1.34 1.78 1.85 1.76 1.78
Footslope 1.22 1.63 1.70 1.78 1.84

Small Grain Area

1986 Summit 1.34 1.68 1.66 1.64 1.62
Shoulder 1.16 1.55 1.56 1.56 1.52
Backslope 1.26 1.62 1.66 1.54 1.51
Footslope 1.12 1.52 1.54 1.52 1.52

1992 Summit 1.35 1.86 1.76 1.77 1.78
Shoulder 1.51 1.86 1.76 1.70 1.63
Backslope 1.30 1.82 1.88 1.97 1.74
Footslope 1.35 1.63 1.73 1.69 1.75
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Table A36. Mean soil bulk densities in 1986 and 1992 from the Falkirk
topography location.

Depth (m)
Year Position 0-03 03-06 0.6-0.9 09-1.2 1.2-15
(Mg m?)
Forage Area
1986 Summit 1.30 1.52 1.56 1.69 1.60
Shoulder 1.35 1.45 1.48 1.46 1.54
Backslope 1.36 1.39 1.38 1.48 1.51
Footslope 1.31 1.48 1.61 1.60 1.36
1992 Summit 1.31 1.70 1.83 1.74 1.72
Shoulder 1.16 1.61 1.66 1.71 1.73
Backslope 1.20 1.45 1.47 1.52 1.52
Footslope 1.35 1.68 1.79 1.74 1.64
Small Grain Area
1986 Summit 1.33 1.51 1.62 1.60 1.54
Shoulder 1.26 1.25 1.39 1.60 1.53
Backslope-Top 1.20 1.46 1.40 1.56 1.58
-Middle 1.06 1.44 1.44 1.44 1.55
-Bottom 1.31 1.39 1.38 1.42 1.54
Footslope 1.28 1.38 1.46 1.51 1.58
Toeslope 1.13 1.46 1.56 1.59 1.56
1992 Summit 1.29 1.75 1.72 1.80 1.77
Shoulder 1.40 1.48 1.61 1.78 1.77
Backslope-Top 1.29 1.54 1.62 1.73 1.79
-Middle 1.29 1.55 1.55 1.73 1.84
-Bottom 1.25 1.38 1.45 1.44 1.71
Footslope 1.31 1.59 1.54 1.74 1.82
Toeslope 1.23 1.52 1.76 1.82 1.82
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