


Table Al.  Mean chemical and physical cl~arac~eristics of the Center tillage study from the 1987 access tube 
cores? 

Chemical 

Depth pII EC Sat.% SAR Org. C 

(cm) -%- 

Physical 

VFSI Sand Silt Clay Texture 

Loam 

Loam 

Sandy Loam 

Sandy Loam 

Sandy Loam 

Sandy Loam 

Sandy Loam 

Sandy Loam 

Sandy Loam 

Sandy Loam 

t ~ e a n  of 10 replications (materials from six cores were combiried to make one replication). 

#~ased on total sample weight. 



Table A2. Mean chemical and physical cl~aracteristics of the Coleau tillage study from the 1987 access tube 
cores. -5 

Chemical Physical 

Depth plI EC Sat.% SAR Org. C 

(c m) -%- 

0-15 7.4 0.8 47.6 0.4 1.6 

15-30 7.4 0.8 51.6 0.4 1.5 

30-45 7.6 1.2 49.1 1 .O 1.1 

45-60 7.8 1.4 46.4 1.5 0.6 

60-75 7.9 1.5 47.4 1.6 --- 

VFS) Sand Silt Clay Texture 

-%- 

10.0 30.1 47.7 22.2 Loam 

8.2 30.1 46.8 23.1 Loam 

9.3 36.9 40.6 22.5 Loam 

10.0 47.4 31.6 21.0 Loam 

10.6 47.4 31.2 21.4 Loam 

75-90 7.9 1.3 47.8 1.5 --- 10.2 48.4 30.7 20.9 Loam 
(0 
P 90-105 7.9 2.0 50.7 2.7 --- 9.9 43.8 33.1 23.1 Loam 

105-120 7.8 3.7 59.9 6.0 --- 9.9 35.9 37.0 27.1 Loam 

120-135 7.8 5.5 76.9 12.9 --- 9.6 24.7 42.3 33.0 Clay Loam 

135-150 7.8 5.6 83.6 14.9 --- 9.8 20.6 44.6 34.8 Clay Loam 

+ ~ e a n  of 10 replications (materials from six cores were combined to make one replication). 

%sed on total sample weight. 



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

Depth (m) 

Sand (%) Mean 27 20 27 42 40 

MidMax 24/31 11/29 18/43 10161 18160 

Silt (%) Mean 48 47 44 34 36 

Min/Max 45/51 41/33 31/48 2215 1 2415 1 

Clay (%) Mean 25 33 29 24 24 

MixMax 21/28 28/41 24/34 14/39 15/31 

~exture+ L CL CL L L 

PH Mean 

MinMax 

~ ~ ( m m h o s l c m )  Mean 

MidMax 

Saturation (%) Mean 

Min/Max 

SARI Mean 

Min/Max 

+ 12 replications per mean. 

?L = loam and CL = clay loam. 

!Electrical conductivity. 

nSodium adsorption ratio. 



Table A4. Mean soil physical and chemical properties obtained in 1989 during 
tube installation at the Knife River location.+ 

Depth (m) 

Sand (%) 

Silt (%) 

Clay (%) 

~ e x t u d  

pH 

~C?(mmhos/cm) 

Saturation (%) 

SAR~ 

Mean 65 61 

Min/Max 59/70 51/68 

Mean 20 22 

Min/Max 15/26 18/25 

Mean 15 17 

MixMax 10120 12/24 

SL SL 

Mean 7.7 7.7 

MinMax 738.0 738.0 

Mean 1.1 1.1 

MinMax 0.811.4 0.811.6 

Mean 38 41 

Min/Max 32/46 34/52 

Mean 0.4 0.6 

Min/Max 0.410.5 O.4/l. 1 

52 

42/62 

27 

2 1/32 

2 1 

15/28 

SCL 

7.9 

7.718.1 

2.3 

1.413.1 

5 1 

43/59 

1 .o 
033.3 

52 

43/6 1 

27 

2 1/34 

21 

17/29 

SCL 

7.9 

7.818.1 

2.2 

1.113.9 

5 3 

39/60 

0.9 

0.511.8 

+ 12 replications per mean. 

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

bElectrical conductivity. 

'Sodium adsorption ratio. 



Table AS. Topsoil tillage effects with time on bulk density at Center and CotePu. 

Prdlle Depth (m)" 

Data Ye& Tillage Treatment+ 0-03 03-0.6 0-03 03-06 

Center - 

Yr x Top LSD(O.lO) 

1.47 
1.49 
1.45 
0.02 

1 A2 
1.44 
1.50 
0.06 

1.41 
1.42 
1.43 
NS 

1.36 
1.22 
1.40 
0.12 

1.31 
134 
1.35 
NS 

136 
1.35 
1.38 
NS 

ND* 
ND 
ND 
-- 
ND 
ND 
ND 
-- 

0.07 

+C = access tube installation, P = penevomaa sampling spring. and R = root sampling 
fall. 
+CH = chicel, DR = deep rip. and GR = grader rip. 
%.3-0.6 m depth averaged a c m s  subsoil tillage treatments. 
'Least significant differena at the P = 0.10 lml. NS indicates no significant difference 
among mean values. 
"Site discontinued in 1991 due to mining activities. 



Table A6. Subsoil W g e  effects with time on bulk density at Cetlter and Cotuu. 

Profile Depth (m)' 

Date Y w f  Tillage Treatment+ 03-0.6 0.6-09 09-12 036.6 0.6-09 09-12 

Center - 
1.56 
1.54 
1.55 
1.56 
1.57 
NS 

ND* 
ND 
ND 
ND 
ND 
- 
ND 
1.47 
1.52 
1.86 
1.60 
-- 
1.75 
1.63 
1.68 
1.65 
1.75 
NS 

1.74 
1.61 
1.67 
1.74 

1.76 
0.05 

ND 
1.62 
1.67 
1.84 
1.65 
NS 

Coteau - 
1.61 
1.62 
1.61 
1.62 
1.58 
NS 

ND 
ND 
ND 
ND 
ND 
- 
1.55 
1.57 
1.69 
1.65 
1.69 
NS 

1.59 
1.66 
1.57 
1.51 
1.64 
NS 

1.59 
1.53 
1.65 
1 .a 
1.94 
0.10 

156 
1.51 
1.67 
158 
1.67 
NS 



Table A6 continued. 

Profile Depth (m)' 

Date Year Tillage Treatment 03-0.6 0.6-09 09-13 03-0.6 06-03 09-13 

Yr x Sub LSD(O.10) NS 0.10 NS 0.08 0.20 0.10 

k = acws  tube installation. P = p e n e m d e r  sampling. and R = root sampling. 

+CI-I = chisel DL = deep lift. DR = deep rip. GR = grader rip, and NT = no till. 

'Averaged across topsoil tillage treatments which may hove penetrated one or more deph incmmts.  

h s t  significant difference at the P = 0.10 level. NS indicates no significant difference among mean vdues. - 
indicates insufficient data for analysis. 

%Io data. Coteau discontinued after 1991 due to mining activities. 



Table A7. Yearly changes in bulk density measured at the 
Center and Coteau locations. 

Profile Depth (m) 

Year of ~ a t a +  0-0.3 0.3-0.6 0.6-0.9 0.9-1.2 

Center Location 

1.54a 1.56a 
1.65b NDs 
1.67b 1.61a 
1.66b 1.69b 
1.68b 1.70b 
1.69b 1.69b 
1.66b 1.69b 
1.73~ 1.69b 
Coteau Location 

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

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

'NO data. 



Table A8. Selected mean cone index values by tillage depths with time at the Center tillage location. 

Profile Depth (cm) 

Year Topsoil Subsoil 

Year Effects 

5.73A 6.74A 7.86A 9 .MA 
7.73B 9.70B 12.73B 14.88B 
6.91B 8.70B 12.20B 13.03B 

Year x To~soil Tillage Effects 

6.24A 8.03A 9.78A 10.01A 
4.87A 5.31A 6.04A 7.80A 
6.06A 7.04A 8.16A 10.59A 
NS 1.31 1.36 NS 

Year x Subsoil Tillage Effects 

4.93A 5.54A 8.62A 1 1.28A 
6.67A 7.38A 7.76AB 8.46A 
4.93A 7.30A 8.05AB 8.51A 
6.14A 7.22A 7.93AB 10.15A 
5.96A 6.34A 6.96B 8.37A 
0.98 1.33 NS NS 



Table AS continued 

Tillage Profile Depth (cm) 

Year Topsoil Subsoil 0-15 15-30 30-39 35-50 50-65 65-100 

1992 CH 4.13A 7.66A 9.57A 14.34CF 14.54A 13.14A 
DL 3.03A 5.93A 6.81A 10.09AG 13.18A 12.02A 
DR 3.70A 7.20A 9.43A 12.84CD 12.47A 7.89A 
GR 3.25A 6.44A 7.97A 8.94AB 12.43A 9.89A 
NT 4.51A 7.32A 9.81A 15.03C 12.41A 11.92A 

LSD(O.10) NS NS NS 2.03 NS NS 

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

*ransition 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. 

Teast 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. 

W o  data. 



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

 illa age+ Profile Depth (cm) 

Year Topsoil Subsoil 0-15 15-40 40-56C 56-73 73-85 85-100 

W a )  
Year Effects 

3.92A 7.68A 8.74A 7.72A 
6.338 9.79B 12.488 12.97B 

Year x Topsoil Tillage Effects 
3.18A 7.48A 825A 7.31A 
3.47A 7.24A 9.28A 8.48A 
5.11A 8.33A 8.47A 7.31A 
0.90 NS NS NS 

5.48A 9.76A 12.40A 13.89A 
5.58A 9.50A 12.60A 11.86A 
7.93A 10.13A 12.43A 13.11A 
1.24 NS NS NS 

Year x Subsoil Tillage Effects 
3.90A 6.74A 7.95A 7.86A 
4.07A 9.03A 8.89A 6.41A 
3.42A 7.58A 9.15A 7.16A 
3.85A 7.17A 8.88A 9.18A 
4.37A 7.70A 9.01A 7.34A 
NS NS NS NS 

5.95A 8.09A 10.79A 11.52A 
8.09A 11.39A 11.84A 12.35A 
5.91A 8.27A 12.53A 13.67A 
6.59A 11.79A 13.75A 12.72A 
5.12A 9.44A 13.76A 15.25A 
1.72 2.05 NS NS 

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

?ransition zone between topsoil and subsoil. 

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

%east significant difference at the P = 0.10 level for within year values. NS indicates no significant 
difference among mean values. 



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 ~ i i l a g e ~  0-20 20-100 

1990 

1991 

1992 

DR 

DRSH 

1990 DR 

DRSH 

LSD(O.10)' 

1991 DR 

DRSH 

LSD(O.lO) 

1992 DR 

DRSH 

(MPa) 

Year Effects 

2.86~* 4.76A 

3.98B 6.75B 

3.94B 7.60C 

Shank vs Nonshank Effects 

Year x ShankINonshank Effects 

+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. 

h a s t  significant diffe~nce at the P = 0.10 level for within year 
values. NS indicates no significant difference between mean values. 



Table A1 1. Selected mean cone index values from the deep rip topsoil 
tillage treatment with time at the Coteau location. 

Profile Depth (cm) 

Year Topsoil Subsoil 

1990 DR 
DRSH 

LSD(O.~O)~ 

1991 DR 
DRSH 

LSD(O.10) 

(MJW 
Year Effects 

1 . 2 4 ~ *  4.81A 8.86A 
2.55B 7.10B 12.39B 

Year x To~soil Tillage Ef'fects 
1.19A 5.73A 9.24A 
1.30A 3.89A 8.56A 

NS 0.92 NS 

Year x Subsoil Tillage Effects 
1.45A 3.92A 8.16A 

~ D R  = 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. 

 east significant difference at the P = 0.10 level for within year values. NS 
indicates no significant difference among mean values. 



Table A12. Mean volumemc soil water percent for cone index cores at the 
Center and Coteau ~ocations.~ 

Profile Depth (cm) 

Year 0-15 15-30 30-35 45-60 60-75 75-90 90-105 

(%I 
Center Location 

1990 11.8 11.7 11.0 12.8 10.6 12.8 15.1 

1991 8.8 11.0 10.8 12.3 12.3 12.6 12.9 

1992 8.0 11.2 11.6 13.2 14.7 14.9 15.7 

LSD(O. lo)* 1.4 0.4 NS NS NS NS 0.5 

Coteau Location 

1990 19.0 20.1 15.1 14.0 14.0 15.9 17.0 

199 1 13.5 14.3 14.2 13.2 13.8 14.9 17.9 

LSD(O.10) 1.6 0.3 0.3 NS NS NS NS 

+ ~ v e n ~ e d  over tillage treatments. 

keast  significant differences at the P = 0.10 level. NS indicates no significant 
difference among mean values. 



Table A13. Tillage influences on yearly forage yields at the Center and Comu locations. 

LocatiodYear of Data 

Tillage ~reatment+ Center Coteau 

Topsoil Subsoil 1990 1991 1992 1990 1991 

-- 

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

t east  significant difference at the P = 0.10 level. NS indicates no significant difference among 
mean values. 



-- 

Table A14. Deep rip topsoil tillage influences on yearly forage yields at the Center 
and Coteau locations. 

Locationffear of Data 

Tillage ~reatment+ Center Coteau 

Topsoil Subsoil 1990 1991 1992 1990 1991 

DR 
DRSH 

DR CH 
DL 
DR 
GR 
NT 

DRSH CH 
DL 
DR 
GR 
NT 
NT 

+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 = 0.1 0 level. NS indicates no 
significant difference among mean values. 



Table A15. Selected mean forage yields with time at Center and Coteau. 

Tillage Treatment+ Location 

Year Topsoil Subsoil Center Coteau 

(Mg/ha) 

No DRSH Data 
1.15 1.92 
2.35 2.36 
2.12 ---- 
0.18 0.27 

DR 
DRSH 

Tomoil DR vs DRSH Data 
1 .07 1.96 
2.15 2.30 
1.92 ---- 
0.19 NS 

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

t e a s t  significant difference at the P = 0.10 level. NS indicates no 
significant difference among mean values. 



Table A16. Mean alfalfa root length density by years as influenced by topsoil tillage treatments at the two topsoil/subsoil tillage locolions.~ 

Profile Depth (cm) 

Year TopsoilTIIIage 5-15 15-30 30-45 45-60 60-75 75-90 90-105 105.120 120-135 135-150 

Chisel (CH) 

Deep Rip (OR) 

Grader Rip (GR) 

LSD(O.lO)+ 

CH 
OR 
GR 

LSD(O.10) 

CH 

DR 
GR 

LSD(O.10) 

CH 

DR 
GR 

LSD(O.10) 

(cmlun' x 10) 

Center Locatlon 

0.6 

0.4 
0.3 

NS 
0.8 0.4 0.5 

0.8 0.7 0.3 
1.2 0.1 0.1 

NS 0.4 NS 
3.0 3.7 3.9 

6.0 1.7 4.1 

3.6 0.3 0.2 

NS NS NS 

Coleeu Localion 

'Blanks indicate no roots found for hose depth increments. 

 east significant difference at the P = 0.10 level. NS indicates no significant dillerences among mean values. 



Table A A 1  Mean alfalfa roof length dendy by years as influenced by subsoil tillage treatments a1 h e  two ~opsoi~subsciil  illa age lcca~ians? 

Profile Dcpl h (cm) 

Year Subsoil Tlllage 5-15 15-30 30-45 45-60 60.75 75-90 90.105 105.120 120-135 135.150 

(cm/cma x 10) 
Center Locetlon 

Chisel (CH) 
Deep Lift (DL) 

Deep Rip (DR) 
Grader Rip (GR) 

No Till (NT) 

LSD(O.10]+ 

CH 
DL 
OR 
GR 
NT 

LSD(0. lo) 

CH 

DL 
DR 
GR 

NT 
LSD(O.10) 

CH 
DL 
OR 
GR 
NT 

LSD(O.lO) 

0.3 
0.8 
0.4 
0.7 
0.0 

NS 
0.0 0.0 0.0 

2.4 1.2 0.8 
1.0 0.7 0.5 
0.8 ~ 0 . 1  0.0 
0.4 0.0 0.0 

NS 0.4 0.5 
2.6 0.2 0.8 
4.0 1.1 2.2 
5.6 6.4 7.4 

8.8 1.8 3.3 
0.0 0.0 0.0 

NS NS NS 
Coleau Locetlon 



Table A 17 continued. 

Profile Depth (cm) 

Year SubaollTlllage 5-15 15-30 30-45 45-60 60-75 75-90 90-105 105-120 120.135 135-150 

t~lanks indicate no roots found lor Ihese depth increments. 

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



Table A18. Mean alfalfa root mass by yean as influenced by topsoil tillage treatments at the two topsoiVsubsoil tillage 1ocntions.t 

Profile Depth (cm) 
-- 

Year Topsoil Tillage 5-15 15-30 30-45 45-60 60-75 75-90 90-105 105-120 120-135 135-150 

Chisel (CH) 

Deep Rip (OR) 

Grader Rip (GR) 

LSD(0.10)' 

CH 

OR 
GR 

LSD(O.10) 

CH 

DR 
GR 

LSO(O.10) 

CH 

DR 
GR 

LSD(O.10) 

(g x 10) 

Center Locallon 

<o. 1 

4 . 1  
<o. 1 

NS 

4 . 1  4 . 1  <O.l 
<0.1 0.1 0.1 
0.1 <0.1 <O.l 

NS NS NS 
0.2 0.5 0.7 

0.7 1.3 1.3 
0.3 4 .1  4 .1  

NS NS NS 

Coteau Location 

. . 

+Blanks indicate no roots found for thobe depth increments. 

 east significant difference at the P = 0.10 level. NS indicates no significant differences among mean values. 



Table A19. Mean alfalfa root mass by years as influenced by subsoil tillage treatment at the two topsoiVsubsoil tillage locations? 

Profile Depth (cm) 

Year SubsollTibge 5-15 15-30 30-45 45-60 60-75 75-90 90-105 105-120 120-135 135-150 

(9 x 10) 

Center Locellon 
1989 Chlsel (CH) 

Deep Lilt (DL) 

Deep Rip (OR) 
Grader Rip (GR) 

No Till (NT) 
LSD(O.10)+ 

1990 CH 

DL 
DR 
GR 
NT 

LSD(O.10) 
1991 CH 

DL 

OR 
GR 
NT 

LSD(O.lO) 
1992 CH 

DL 
DR 

GR 
NT 

LSD(O.lO) 

<o. 1 

<o. 1 
<o. 1 
~ 0 . 1  
0.0 

NS 
0.0 0.0 0.0 
0.2 <0.1 4 . 1  

0 .  0.1 0.1 
<0.1 <0.1 0.0 
<0.1 0.0 0.0 

NS NS NS 
0.1 <0.1 1.6 
0.3 0.1 0.1 

1.1 2.8 1.6 

0.6 0.1 0.1 
0.0 0.0 0.0 

NS NS NS 
Coleau Locetlon 



Table A1 9 continued. 

Profile Depth (cm) 

Year Subaoll Tlllage 5-15 15-30 30-45 45-60 60-75 75-90 90-105 105120 120-135 135-150 

1991 CH 50.2 13.8 2.3 0.6 0.5 0.2 0.1 0.1 
DL 29.5 9.6 3.4 0.2 4 . 1  0.0 0.0 0.0 
DR 24.2 7.6 2.8 1.2 0.2 0.0 0.0 0.0 
GR 25.7 11.0 2.7 0.8 0.3 0.2 0.0 0.0 
NT 29.6 13.9 3.4 1.2 0.1 0.0 0.0 0.0 

LSD(O.lO) NS NS NS NS 0.2 NS NS NS 

+Blanks indicate no roots found for those depth increments. 

+Least sianificant 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 
Glenhamid tillage location (spring, 1989). 

Depth (m) 

Tillage Crop 0-03 03-0.6 0.6-0.9 09-13 12-15 

Chisel Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Small Grain 
Tall Wheatgrass 

Subsoil Alfalfa 
Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 

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

Depth (m) 

Tillage Crop 0-03 03-0.6 0.6-0.9 0.9-12 12-15 

Chisel Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Small Grain 
Tall Wheatgrass 

Subsoil Alfalfa 
Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 



Table A22. Mean soil bulk densities obtained from the Glenharold tillage location. 

Year Tillage Crop 0-03 03-0.6 0.6-0.9 0.9-13 12-13 

1989 Chisel Alfalfa 
Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop mix 

Pubescent Wheatgrass 
Small Grain 

Tail Whatgrass 
1990 Chisei Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tail Wheatgrass 
Subsoil Alfalfa 

Native mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Whatgrass 
1991 Chisel Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Gmin 

Tail Whatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 



Table A22 (continued). 

Profile Depth (m) 

Year Tillage Crop 0-03 03-0.6 0.643 0.9-1.2 12-15 
-- 

(Mg m-3 
1992 Chisel Alfalfa 1.52 1.84 153 1.69 

Native Mix 1.46 1.76 1.58 1 .58 
Precrop mix 1.62 1.80 1.61 156 

Pubescent Wheatgnss 1.47 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 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 Wheatgnss 1.51 1.68 1.75 1 .90 
Small Grain 1.50 1.84 1.83 1.76 

Tall Wheatgrass 1.63 1.73 1.91 1.95 



Table A23. Mean soil bulk densities obtained from the Knife River tillage 
location. 

Year Tillage Crop 0-03 03-0.6 0.6-0.9 0.9-12 

1989 Chisel Alfalfa 
Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
1990 Chisel Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Gmin 

Tall Wheatgrass 
Subsoil Alfalfa 

Native mix 
Precrop M i  

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
1991 Chisel Alfalfa 

Native Mix 
P r e m p  Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 



Table A23 (continued) 

Profie Depth (m) 

Year Tillage Crop 0-03 03-0.6 0.6-09 09-12 

1992 Chisel Alfalfa 1.52 1.84 1.53 1.69 
Native Mix 1.46 1.76 1.58 1.58 
Precrop mix 1.62 1.80 1.61 1.56 

Pubescent Wheatgrass 1.47 1.76 1.67 1.84 
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 
Recrop Mix 1.66 1.85 1.76 1.81 

Pubescent Wheatgrass 1.51 1.68 1.75 1 .90 
Small Grain 1.50 1.84 1.83 1.76 

Tall Wheatgrass 1.63 1.73 1.91 1.95 



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

Depth (m) 

Year Tillage Crop 0.05 0.25 0.45 0.65 0.85 

1990 Chisel Alfalfa 
Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
1991 Chisel Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
1992 Chisel Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Small Grain 

Tall Wheatgrass 



Table A25. Selected mean cone indices from the Knife River tillage location. 

Depth (m) 

Year Tillage Crop 0.05 0.25 0.45 0.65 0.85 

1990 Chisel Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Small Grain 
Tall Wheatgrass 

Subsoil Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Small Grain 
Tall Wheatgrass 

1991 Chisel Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Small Grain 
Tall Wheatgrass 

Subsoil Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Small Grain 
Tall Wheatgrass 

1992 Chisel Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Small Grain 
Tall Wheatgrass 

Subsoil Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Small Grain 
Tall Wheatgrass 



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 Alfalfa 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 1.41 0.90 

Native Mix 1.82 1.15 
Precrop Mix 1.64 0.88 

Pubescent Wheatgrass 1 S O  1.23 
Small Grain 1.25 1.49 

Tall Wheatgrass 1.35 1.31 



Table A28 . Mean forage yields from the Glenharold tillage 
location. 

- -  - 

Year Tillage Crop Yield 

1990 Chisel Alfalfa 
Native Mix 

Precrop Mix 
Pub. Wheatgrass 
Tall Wheatgrass 

Subsoil Alfalfa 
Native Mix 

Precrop Mix 
Pub. Wheatgrass 
Tall Wheatgrass 

1991 Chisel Alfalfa 
Native Mix 
Precrop Mix 

Pub. Wheatgrass 
Tall Wheatgrass 

Subsoil Alfalfa 
Native Mix 

Precrop Mix 
Pub. Wheatgrass 
Tall Wheatgrass 

1992 Chisel Alfalfa 
Native Mix 

Precrop Mix 
Pub. Wheatgrass 
Tall Wheatgrass 

Subsoil Alfalfa 
Native Mix 

Precrop Mix 
Pub. Wheatgrass 
Tall Wheatgrass 

(Mg ha-') 



- - - - -  

Table A29. Mean forage yields from the Knife River tillage 
location. 

Year Tillage Crop Yield 

1990 Chisel 

Subsoil 

1991 Chisel 

Subsoil 

1992 Chisel 

Subsoil 

Alfalfa 
Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Tall Wheatgrass 

Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Tall Wheatgrass 

Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Tall Wheatgrass 

Alfalfa 
Native Mix 
Precrop Mix 

Pubescent Wheatgrass 
Tall Wheatgrass 

Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Alfalfa 
Native Mix 

Precrop Mix 
Pubescent Wheatgrass 

Tall Wheatgrass 

(Mg ha.') 

1.30 
2.39 
2.72 
3.39 
3.86 

2.26 
3.20 
3.19 
4.10 
3.60 

2.24 
3.02 
2.47 
4.20 
3.42 

2.11 
3.31 
3.63 
4.44 
3.33 

1.64 
1.70 
2.89 
2.89 

1.76 
2.32 
2.70 
3.20 
2.02 



Table A30. Selected mean root length densities obrained fmm the Glenhmld location. 

Year Tillage 

Subsoil 

1990 Chisel 

Subsoil 

1991 Chisel 

Subsoil 

1992 Chisel 

- 

Alfalfa 
Native Mix 
PrecrqJ Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
Alfalfa 

Native Mix 
Precrop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrau 
Alfalfa 

Native Mix 
Preaop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
Alfalfa 

Native Mix 
Precrop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
Alfalfa 

Native Mix 
Pmaop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
Alfalfa 

Native mix 

Preaop Mix 
Pub. Wheatgrass 

Small Grain 
Tall Wheatgrass 

Alfalfa 
Native Mix 
Prcuop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 



Table 30 continued. 

Year Tillage crop 0-0.15 03-0.45 0.6-0.75 09-1.05 13-135 

Subsol Alfalfa 85.4 9.4 7.1 0 0 

Native Mix 88.9 28.8 3.8 0 0 

-Mix 1420 51.8 0.7 0 0 

Pub. Wheatgrass 108.3 726 6.6 0 0 

Small Grain 25.5 4.9 0 0 0 

Tall Wheatgrass 73.6 8.9 0 0 0 



Table A31. Selected mean root mass 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 1.20-135 

(kt3 m-3 

1989 Chisel Alfalfa 0.72 0.05 0 0 0 
Native Mix 0.16 0.05 0 0 0 
Prerop Mix 0.14 0.0 1 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 0.23 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 0.22 0.03 0 0 
Precrop Mix 0.77 0.10 0.07 0 0 

Pub. Wheatgrass 1.10 0.23 0.06 0.01 0 
Small Grain 0.24 0.10 0 0 0 

Tall Wheatgrass 1.44 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 c0.0 1 0 0 
Prerop Mix 1.44 0.3 1 0.03 0.01 0 

Pub. Wheatgrass 0.87 0.1 1 <0.01 0 0 
Small Grain 0.23 0.07 c0.01 0 0 

Tall Wheatgrass 1.07 0.12 c0.01 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 0.9 1 0.05 0.02 0 0 

Pub. Wheatgrass 1.63 0.21 0.08 0.01 0 
Small Grain 0.28 0.10 cO.01 0 0 

Tall Wheatgrass 1.44 0.28 0.05 0 0 



Table A3 1 continued. 

Year Tillage Crop 0-0.15 03-0.45 0.6-0.75 09-1.05 13-135 

1992 Chisel Alfalfa 
Native Mix 
Precrop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Prerop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 



Table A32. Selected mean root length densities obtained from the Knife River location. 

Year Tillage Crop 0-0.15 03-0.45 0.6-0.75 0.9-1.05 120-135 

1989 Chisel Alfalfa 
Native Mix 
Premp Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
1990 Chisel Alfalfa 

Native Mix 
Prerop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
1991 Chisel Alfalfa 

Native Mix 
Precrop mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 
Subsoil Alfalfa 

Native Mix 
Precrop Mix 

Pub. Wheatgrass 
Small Grain 

Tall Wheatgrass 



Table A32 continued. 

Year Tillage Crop 0-0.15 03-0.45 0.6-0.75 0.9-1.05 12-135 

1992 Chisel Alfalfa 68.9 41.0 8.9 5.0 5.0 
Native Mix 134.9 4.1 14.8 3.7 43.0 
Prerop mix 105.8 14.0 15.4 14.0 8.0 

Pub. Wheatgrass 80.1 5.2 11.0 0.6 0.5 
Small Grain 25.6 11.5 0 0 0 

Tall Wheatgrass 71.3 6.1 1.7 1.1 0 
Subsoil Alfalfa 91.3 13.5 15.7 4.5 5.9 

Native Mix 102.3 37.6 6.9 2.7 1.8 
Precrop Mix 76.3 18.0 8.4 2.1 0 

Pub. Wheatgrass 155.3 13.3 6.1 2.9 1.3 
Small Grain 20.4 22.3 0 0 0 

Tall Wheatgrass 90.7 41.7 5.1 0 0 



Table A33. Selected mean mot mass densities obtained fran the Knife River loatim. 

Depm (m) 

Year Tillage crop 0-0.15 03-0.45 0.60.75 09-1.05 13-135 

1989 Chisel Alfalfa 

Native Mix 

Pncrop Mix 

Pub. Wheatgrass 

Small Grain 

Tall Wheatgrass 

Subsoil Alfalfa 

Native Mix 

P n q  mix 

Pub. Wheatgrass 

Small Grain 

Tall Wheatgrass 

1990 Chisel Alfalfa 

Native Mix 

Precrop mix 

Pub. Wheatgrass 

Small Grain 

Tall Wheatgrass 

Subsoil Alfalfa 

Native Mix 

Pnaop Mix 

Pub. Wheatgrass 

Small Grain 

Tall Wheatgrass 

1991 Chose: Alfalfa 

Native Mix 

Pnaop Mix 

Pub. Wheatgrass 

Small Grain 

Tall Wheatgrass 



Table A33 continued. 

Year Tillage C ~ P  0-0.15 03-0.45 0.6-0.75 09-1.05 12-135 

Subsoil Alfalfa 

Native Mix 

PrecropMix 

Pub. Whwgrass 

S m d  Grain 

Tall Wheatgrass 

1992 Chisel Alfalfa 

Native Mix 

Pmrcpmix 

Pub. Wheatgrass 

Small Grain 

Tall Wheatgrass 

Subsoil Alfalfa 

Native Mix 

P r e q  mix 

Pub. Wheatgrass 

Small Grain 

Tall Wheatgrass 



Table A34. Mean soil bulk densities obtained from the Falkirk trench location. 

Depth (m) 

Year TopsoiIDepth subsoilt 0-0.3 0.3-0.6 0.6-0.9 0.9-1.2 

1979 0.23 SL 
SL+C 

CL 
SiCL 

0.46 SL 
SL+C 
CL 

SiCL 

0.69 SL 
SL+C 
CL 

SiCL 

1990 0.23 SL 
SL+C 

CL 
SiCL 

0.46 SL 
SL+C 
CL 

SiCL 

0.69 SL 
SL+C 

CL 
SiCL 

+SL = sandy loam, SL+C = sandy loam plus clay, CL = clay loam, SiCL = silty clay 
loam. 



Table A35. Mean soil bulk densities in 1986 and 1992 from the Center 
topography location. 

Depth (m) 

Year Position 0-03 0.3-0.6 0.6-0.9 0.9-1.2 1.2-1.5 

1986 Summit 
Shoulder 

B ackslope 
Footslope 

1992 Summit 
Shoulder 

B ackslope 
Footslope 

1986 Summit 
Shoulder 

Backslope 
Footslope 

1992 Summit 
Shoulder 

Backslope 
Footslope 

Forage Area 
1.55 1.49 1.57 
1.60 1.60 1.47 
1.54 1.63 1.57 
1.56 1.54 1.46 

Small Grain Area 
1.68 1.66 1.64 
1.55 1.56 1.56 
1.62 1.66 1.54 
1.52 1.54 1.52 



Table A36. Mean soil bulk densities in 1986 and 1992 from the Falkirk 
topography location. 

Depth (m) 

Year Position 0-03 0.3-0.6 0.6-0.9 0.9-1.2 1.2-1.5 

1986 Summit 
Shoulder 

B ackslope 
Footslope 

1992 Summit 
Shoulder 

Backslope 
Footslope 

1986 Summit 
Shoulder 

Backslope-Top 
-Middle 
-Bottom 

Footslope 
Toeslope 

1992 Summit 
Shoulder 

Backslope-Top 
-Middle 
-Bottom 

Footslope 
Toeslope 

Forape Area 
1.30 1.52 1.56 1.69 
1.35 1.45 1.48 1.46 
1.36 1.39 1.38 1.48 
1.31 1.48 1.61 1.60 

Small Grain Area 
1.33 1.51 1.62 1.60 
1.26 1.25 1.39 1.60 
1.20 1.46 1.40 1.56 
1.06 1.44 1.44 1.44 
1.31 1.39 1.38 1.42 
1.28 1.38 1.46 1.51 
1.13 1.46 1.56 1.59 



This page intentionally left blank. 


	Return to Relation of Compaction and Soil Physical Parameters to Productivity of Reclaimed Soils
	Appendix Tables
	Table A1. Mean chemical and physical characteristics of the Center tillage study from 1987 access tube cores
	Table A2. Mean chemical and physical characteristics of the Coteau tillage study from 1987 access tube cores
	Table A3. Mean soil physical and chemical properites obtained in 1989 during tube installation at the Glenharold location
	Table A4. Mean soil physical and chemical properites obtained in 1989 during tube installation at the Knife River location
	Table A5. Topsoil tillage effects with time on bulk density at Center and Coteau
	Table A6. Subsoil tillage effects with time on bulk density at Center and Coteau
	Table A7.Yearly changes in bulk density measured at the Center and Coteau locations
	Table A8. Selected mean cone index values by tillage depths with time at the Center tillage location
	Table A9. Selected mean cone index values by tillage depths with time at the Coteau tillage location
	Table A10. Selected mean cone index values with time from the deep rip topsoil tillage treatment at the Center location
	Table A11. Selected mean cone index values from the deep rip topsoil tillage treatment with time at the Coteau location
	Table A12. Mean volumetric soil water percent for cone index cores at Center and Coteau locations
	Table A13. Tillage influences on yearly forage yields at the Center and Coteau locations
	Table A14. Deep rip topsoil tillage influences on yearly forage yields at the Center and Coteau locations
	Table A15. Selected mean forage yields with time at Center and Coteau
	Table A16. Mean alfalfa root length density by years as influenced by topsoil tillage treatments at the two topsoil/subsoil tillage locations
	Table A17. Mean alfalfa root length density by years as influenced by subsoil tillage treatments at the two topsoil/subsoil tillage locations
	Table A18. Mean alfalfa root mass by years as influenced by topsoil tillage teatment at the two topsoil/subsoil tillage locations
	Table A19. Mean alfalfa root mass by years as influenced by subsoil tillage treatment at the two topsoil/subsoil tillage locations
	Table A20. Mean soil bulk densities obtained from access tube installation at the Glenharold tillage location (spring, 1989)
	Table A21. Mean soil bulk densities obtained from access tube installation at the Knife River tillage location (spring, 1989)
	Table A22. Mean soil bulk densities obtained from the Genharold tillage location
	Table A23. Mean soil bulk densities obtained from the Knife River tillage location
	Table A24. Selected mean cone indices from the Glenharold tillage location
	Table A25. Selected mean cone indices from the Knife River tillage location
	Table A26. Mean wheat yields forn the Glenharold and Knife River tillage locations
	Table A27. Mean 1992 wheat yields obtained from the prior-cropping experimental plots at the Glenharold and Knife River tillage location
	Table A28. Mean forage yields from the Glenharold tillage location
	Table A29. Mean forage yields from the Knife River tillage location
	Table A30. Selected mean root length densities obtained from the Glenharold location
	Table A31. Selected mean root mass densities obtained from the Glenharold location
	Table A32. Selected mean root length densities obtained from the Knife River location
	Table A33. Selected mean root mass densities obtained form the Knife River location
	Table A34. Mean soil bulk densities obtained from the Falkirk trench location
	Table A35. Mean soil bulk densities in 1986 and1992 from the Center topography location
	Table A36. Mean soil bulk densities in 1986 and 1992 from Falkirk topography location





