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5. 

In 1990 soil soil matter and soil were 

monitored only for the 1989 areas in order to determine levels one year 

ine construction. Michichi area was also monitored in 

1990 for soil moisture, soil matter and soil since work side 

and trench soil values were signi increased one year 

construction to control soil values. Craigmyle 

area also had significantly increased trench soil strength at 21 to 

28 cm when compared to the control soil one year following construction (1989 

year) but the cone penetrometer was unable to the 7 cm 

depth during the 1990 sampling. 

The 1989 and 1990 sampling year data for soil moisture, soil 

organic matter, clay content and regression anlyses are presented in the 

The 1990 year data is discussed in detail in this 

Details of the 1988 and 1989 data were discussed in the 1988 

(cannon et al. 1989; cannon et al. 1990). 

5.1 SOIL MOISTURE 

Soil moistures for those areas 

differences between RoW and control soils immediately following construction 

or one year following are in Table 1. 

there was little correlation between soil strength and soil 

moisture for this These findings were in contrast to those of Gerard 

(1982), et al. (1966) and and (1982) which indicated 

that soil increases as soil moisture decreases. As well, research in 

Alberta has shown that average minespoil at 15 bars moisture tension 

was 2.5 times that at 1/3 bar moisture tenslon. However, these authors also 

found that the effect of moisture on absolute penetration resistance was 

different for different and that texture must be taken into 

account. 

5.1.1 

In four of the 

in soil moisture between soils 

in 1988 there were no 

and off the Row. These 



Table 1. Soi moistures those ind 
s ficant differences construction or om~ 
year construction. 

STUDY AREA DEPTH SOIL 

(cm) 

15·-40 33. 32.3 25.0* 

1 0-15 20.9 19.7 11.9* 

Foreman 
YEAR 0 20-35 12.3 10. 9. 2:~ 

35-50 12.0 9.8 8.8* 

0-15 25.5 18.0* 17.2 

YEAR l 0-15 21.7 17.6* 19.0 

Ml.chi.chi 
YEAR 1 15-40 19.2 14.2* 14.1* 

Milo 
YEAR 0 15··30 10.3 5.8* 5.5* 

30-50 8. 4.3* 5.7* 

Victor 
0 15+ 35.1 38.6l~ 38.0 

Victor 2 
1 0-15 15.5 21.9* 15.1 

0··11 17.7 26.8 10.3* 28. 

1 0·-10 14.2 9. 14.9 .4 

I I 

0 17-35 2 19.9 21.0* 17 .].:\' 
35··50 26.0 23.7 20.3:1

: 17 .6:1: 

continued ...... 



'rable 1. Concluded. 

STUDY AREA 

Albr 
0 

YEAR 0 

l"erintosh 
YEAR 0 

Henderson 1 
YEAR 0 

Maleb 1 
YEAR 0 

Maleb 2 
YEAR 0 

Red\l/ater 1 
0 

Redwater 2 
YEAR 0 

DB~PTH 

(cm) 

0-18 
18-35 

0--20 

0-15 
15-32 

0-19 

0-21 

30-50 

0-15 

0-18 

20-40 

0-20 

-·---
Control 

25.8 
25.7 

19.1 

.2 
30.2 

16.8 

11.0 

16.7 

15.0 

14. 

5.7 

12.1 

SOIL 

Work side Trench 1 side 
---------------------

19. 
18.1 

25.7 

30.7 
21.6 

13.8 

15.1* 

26.6* 

9. 9~~ 

17.7* 

12. 

.1 

18.1* 
19 ,51: 

31.3* 

28.1* 
23.7* 

12.5* 

15.8* 

19.4 

6.9* 

22.1* 

. o\~ 

16. 

28.9* 

27.1* 
25.7 

16.7 

14.3* 

23.9* 

9.1* 

18. 

13.8 

of three icates underlined values have 

0 
YEAR 1 

are s different from control at p 0.05. 



four sites were ia, Michichi and Victm: 2. In the other four 

sites, when soil moisture was in all but one observation (Victor 1 

), soil moisture was s less for soils on the Row 

to soil off the RoW 

construction. The three 

lower than off RoW soil Moistures were 

of the soil possibly due to 

areas where Row soil moistures were 

Ghostpine and Milo. Since 

soil increases as bulk increases or soil decreases 

(Gerard 1982, et al. 1966a), this of the soil could affect the 

emergence of a seeded crop in areas such as Milo where low 

a limiting factor to crop growth in 50% of the years. 

1989, for the fifteen new sites chosen to be sites 

that had s f increased soil moistures on soils of the RoW comparea 

to soils off the RoW were sites that were the summer and had an 

established crop on the or were in land. These 

conditions affected the areas at Maleb Henderson , 

Redwater 1, R<::dwater 2, and Lake. Sites with decreased soil moisture 

on the Row included Atlee-Buffalo 1, Aeco 'C', Albright, Ferintosh1 Foiey, and 

Maleb 2. These decreased soil moistures indicated drying of the soil poss 

due to 

crop 

construction. This drying could affect emergence of a seeded 

at Atlee--Buffalo 1, Aeco 'C' / and Maleb 2 where low 

is a severe limiting factor to crop 

In 1989 regression using all 1989 area data indicated 

that there was no close correlation between soil and soil moisture 

::::Q. 02) • When soil moisture / matter and content were 

into the , the value was 0.04. Individual site 

between soil and data was also used to determine the relat 

soil moisture. Coefficients of determination values) were below 0.42 for 

all sites when determining the 

moisture, for Lake 

between soil 

0.68) and Ferintosh 

these sites had trench and 1 side soil moistures that were 

and soil 

= 0 • 56 ) • Both 

different from those of the but it was difficult to why 

these sites had values than other sites with icant 

differences in RoW soil moistures. 



3) 

5.l. 2 

the areas 

monitored one year after ine construction was there were no 

differences in soil moisture between soils on and off the RoW. 

'I'he three site were Foreman, Milo and Victor 1. In the other five sites, when 

soil moisture was in all but one observation 2 area), 

1 moisture was signif less for soils on the RoW to soil off 

the of the soil due to construction. The four 

areas than had RoW soil moistures signif lower than off RoW soil 

moistures were Del and Michichi. This drying of the 

soi could affect the emergence of a seed crop especially in agroclimatic 

low factor to crop in 

50% of the years. 

In 1989 area data indicated 

that there was no close correlation between soil and soil moisture 

0.03). Individual site data was also used to determine the 

between soil 

sites when 

moisture 

that were s 

difficult to 

and soil moisture. Values of r 2 were below 0.29 for all 

the between soil and soil 

for Craigmyle ::::Q. 63) . had trenvh so.il moistures 

different from those of the 

this site had a 

but it was 

value than other sites 

with different RoW soil moistures. 

In 1990 there were no significant di in soil moisture 

between soils on RoW and those off the Row for but one the 

areas At Atlee-Buffalo 1 soil moisture was significantly lower in 

the work side at 0 to 10 cm (9.3%) when to the control soil moisture 

(14.29i>). In the year (1989) the work side soil moisture had 

not been s different from that of the control. This decreased 

soil moisture indicates of the soil possibly due to pipeline 

construction and could affect emergence of a seeded crop since low 

ion is a severe 1 factor to crop at Atlee-

Buffalo 1. 

all 1989 

there were no close correlations between soil 

area data indicated that 

and soil moisture { 



0.01}. Individual site data was also used to determine the relationship 

between soil and soil moisture. Coefficients of 

0.25 for all sites Lake (r 2 0.73) 

and Valhalla == 0.61}. It was difficult to these two sites 

r values than other sites since there were no 

s icant differences in soil moistures between soil on and off the RoW. 

5.2 SOIL ORGANIC MAT'l'ER 

Soil matter contents for those 

s ficant differences between RoW and control soils 

construction or one year following construction are in Table 2. 

ion 

and soil 

Soil 

there was little correlation between soil 

matter. 

deteriorates quickly at matter levels below 

2.0% (Alberta Soils Committee 1987). matter is 

agricultural soils as it contributes to the nutrient pool, 

workabil and water of the soil. Other literature 

to 

indicated that minimum of soil matter is 1.0% for 

the 0 to 15 cm (Alberta Soil Committee n.d.). Additions of 

matter to '-'"''"1-"-'''­ soils has been shown to result in lower shear 

at any level for all of the moisture levels 

considered (Ohu et al. 1986). These results 

matter levels could result in increased soil 

that lowered 

5.2.1 

In four of the eight areas monitored in 1988 there were no 

in soil 

the other four 

were 

Row 

loss 

the Milo 

the trench at 

was 0. 

matter contents between soil on and off the Row. In 

I Milo and Victor 1), levels 

lower for soils on the I~ow 

that subsoil was be mixed with 

The 

trench 

for 

levels of soil 

soil, exceeded 2%. 

0 to 15 cm 

that there may 

The level 

was 1. 

some 

to soils off the 

1 or that there was a 

the areas 

of soil matter 

for the 15 to 30 cm 

ications. 
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2. W>:::>:rrc:vY contents for 
f icant differences 

construction or one year construction. 

STUDY AREA DEPTH SOIL ORGANIC 

(cm) Control Work 'rrench ide 

0-13 5.5 2. .9 

0-15 ., 
• ,? 6.0 3.8* 

YEAR 1 0-15 6.05 4.55* 5.08 

Michichi 
YEAR 1 0-15 5.01 2.70* 4.51 

YEAR 2 0-20 4.27 5.32* 5.50* 

Milo 
0 0-15 2.5 2.0* 1.4* 

Victor 
YEAR 0 0-15 4.1 3.6 3.1* 

1 
YEAR 0 0-·11 6.79 8.11* 3.83 • 71 

0-20 2.27 3.67 5.05* 

Ferintosh 
YEAR 1 0-15 9.30 8. 4* 8.00 9.13 

YEAR 1 0-20 6.06 3.26* .56* 

Maleb 1 
YEAR 0 0--15 .95 3.79* L 3:¥: 2.8'P 

construction. 
from control at p 0. 05. 



content for 0 to 15 cm (8. lower: than the 

control soi matter content of 9. , trench 

matter contents at 0 to 20 cm (3.26, .42 and 

4. lowe1: than that 

side and trench soil 

the control 

matter contents at 

0 to 20 cm (5.32 and 5. were s f 

matter content of .27%. Decreased soil 

than the control soil 

matter contents at 

Ferintosh and that subsoil had been mixed with or that 

there was a loss of topsoil. It was difficult to why increased Row 

soil matb:;r contents occurred at Michichi since the whole field is 

farmed in a similar manner. Levels of soil matter for all areas 

monitored in 1990 

side and trench 

the Atlee-Buffalo2 work side soi the Aeco 'C' work 

the Henderson 2 work trench and side soils, 

and the Maleb 2 control, work side, trench and side soils exceeded 2%. 

the soil matter in the Atlee-Buffalo 2 work side soil was below 

there may be somi~ implications. 

all 1989 

there was no close correlation between soil 

area data indicated that 

and soil organic matter 

5. 

0.01). 

CLAY CON'rENT 

content was 

event 

monitored on the 23 area for the 

ine construction. Percent 

those areas that had s differences on the RoW as 

for 

to 

there was control in •rable 3. ion 

little correlation between soil content. 

In five of the areas monitored in 1988 there were no 

leant differences in content between soils on and off the Row. In 

two areas, when content was it s f less for 

trench soils the 30 to 50 cm when to the control so.il. Both 

these areas were io:fiuvial veneers. At the inal 

both trench and work s.ide contents were .increased to the 

control soils for the 0 to 15 cm some of subsoil 



Table Percent for those ind ficant 
differences on r•r.n"~--·•-nrl to the control. 

STUDY DEP'l'H ( ) 

(cm) Control Work side Trench l side 

ia 0-15 20.4 11.9 15.4 
15-30 22.2 15.2 11.5 
30-50 30.2 25.3 11. 

0-15 22.9 26.9* 30.2* 
15-25 32.2 38.4 32.2 
25--50 35.9 35.8 33.2 

Milo 0-15 16.3 15.5 16.6 
15-30 30.6 16.7 16.8 
30-50 28.l 18. 16.8* 



Table Concluded. 

STUDY AREA DEPTH 

(cm) Control 

-·--------------------
Maleb 

Maleb 2 

0--15 
15-30 
30-50 

0-·15 
15·-33 
33-50 

32.2 
37.9 
36.9 

. 7 
28.4 
27. 

( ) 

Work side Trench 

34.5* 32.9 
35.5 32.9* 
39.7 32.9 

23 . 24.1 
24.l'fo: 28. 
24.8* 

of three icat:es, underlined values have one 

different from control at: p < 0.05. 

Spoil side 

34.9* 
36.2 
37.5 

23.5 
23.5* 
26.5 

icate. 



l. However, data from this research little 

subsoil and l construction. 

In 1989 few ficant differences in content occurred between 

surface soils on the RoW and those off the RoW for the fifteen new areas 

chosen to be monitored. Surface contents for work side and trench 

soils, Henderson 1 side soil and Maleb 1 work side and side soils 

were s f than the contents 

of subsoil with Most 

content occurred below the surface horizons. this 

little of subsoil and dur 

construction. 

In 1989 us all 1989 area data indicated 

that there was no close sorrelation between soil and content 

0.06). When soil matter and 
YC,"1Y<>Ceion value was 0.04. Individual site 

data were used to determine the relat 

content. Coefficients of determination 

ites when the 

between soil and 

values) were below 0. for all 

between soil .,,.,.,.,.,,.,,"'"."' and 

-- 0. 49) and Valhalla = 0.65). It was 

values than other difficult had 

sites since were no icant in 

soils on and off the RoW. 

5. SOIL STRENGTH 

Actual soil values for 19 1989 and 1990 

were 9.5 for each site 

cotnet 

years 

ing led and entered into 

increment. Statistical icance is indicated in these tables. As 

soi values for the 1988 and 1989 years 

are 9.6. increments 1 

the 

10.5 to 

8) 24.5 

14.0 cm; 

to 28.0 

5) 

cm; 

: 1) 0 to 3.5 cm; 2) 

14.0 to 17.5 cm; 6) 

9) 28.0 to 31.5 cm; 

cm; 12) 38.5 to 42.0 cm; 13) 42.0 to 45. 

3 r:; .:.; to 7.0 cm; 

17.5 to 21.0 cm; 

10) 31.5 to 35.0 

14) 45.5 to 

15 to 

3) 7.0 to 10.5 cm; 4) 

7) 21.0 to 24,5 cm; 

cm; 11) 35.0 to 38.5 

. 0 cm; and 15) 49. O 



to 52.5 cm. statistical (p o. 
work s 1 trench 11 be in this section. 

5.4. 

'I'here were no differences in soil measured between soils on 

and off the RoW 1.n the 1990 year ( 4 ) • 'I'rench and 1 side 

soi moistures were not different when ~~•Mn:>Yc•r' to those of the 

control. Increased work side soil would have been as a 

of the lowered soil moisture at 0 to 11 cm. There were 

also no ficant differences in soil matter contents between soils 

on the RoW and the control soi 1. '!'he cone 

th(::: 21 cm 

the 17.5 cm 

for the control, 

for the work side or 

than 38 bars at these 

could not 

the 7 cm for the trench or 

soil 

in the year (1989) were no differences in 

actual soil between soils on and off the Row at the Atlee-Buffalo 1 

area (cannon et al. 1990). side son moisture and work side soil 

m:.:itte:r were s f to the 

control values. However trench son moisture and both work side and trench 

contents were s 

control. 

decreased when ~~··--,~-·~ 

would have been r;;,vnor~ro 

to those of the 

to result becau:::;e 

of increased soil moisture and soil matter and decreased content 

soil 

soil moisture. 'rhe cone 

control 

these 

the 10.5 cm 

the 28 cm depth 

could not 

the trench 

soil 

There were no differences in soil 

(Table . ) The cone 

result of lowered 

either the work or 

or the 

than 38 b.'irS at 

in either moniotr year 

to in ither 

Row off RoW soils below 17.5 cm 

5 .. 2 



SITE=AB1 

PLOT OF CONTROL*DEPTH SYMBOL USED IS c 
PLOT OF TRENCH* DEPTH SYMBOL USED IS T 
PLOT OF WORK*DEPTH SYMBOL USED IS w 
PLOT OF SPOIL*DEPTH SYMBOL USED IS s 

CONTROL 
30 + 

w 
s s c 

27 + w 
I c 
I s 
I 

24 + c 
I w 
I c 
I 

21 + 

18 + s 
w 
T 
c 

15 + 

12 + 

9 + 

6 + 
I 
I 
I 

3 + 
s 
c 
T 

0 + 
--+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DEPTH 

NOTE: 42 OBS HAD MISSING VALUES OR WERE OUT OF RANGE 1 OBS HIDDEN 



Table o:E statistical data for the Atlee-Buffalo area. 

SAMJ?LING 

0 
Work side 
Trench 

1 
Work s 
Tnmch 

ide 

~ Or:thic ii:umic 
in soil 
Year 0: 
Year 1: 

spoi 

spoi 
no 

1 2 3 

DEPTH 

5 6 7 9 10 11 12 13 14 15 

on lacustrine till and constructed 

increases for the 
to the control. 

trench and 

decreases for the work side, trench and 
the control. 

Table 5. of statistical data for the Atlee-Buffalo 2 area. 1 

SAMPLING 

1 2 3 4 

-w 
YEAR 0 
Work 
Trench 

side 
·-T -T -T 

+S 

'l'rench 
ide 

1 Orthic Brown Chernozem 
in soil conditions. 
Year 0: event 

DEPTH 

5 6 7 8 9 10 11 12 13 14 15 

material and constructed 

construction. 
increases for the work trench and 
to the control. 

the work side, trench and 



'I'here w1::re no differences in soil measured between soils 

Row for the 199 5) . 'I'here were also no 

ficant differences in soil moistures or soil ma.tter contents 

between soils on off the RoW. However cone could 

14 cm for the trench or 7 cm for the work side 

and side soil than 38 bars at these 

In the year (1989) decreased soil were measured 

in the trench at the Atlee~Buf falo 2 area for the 14 cm of the 

ile when to the control (Cannon et al. 1990). Since there were 

di soil or content 

between the trench and the decreased soil were attributed 

the up of a hard the trenching 

ine construction. Work ide soil 

to the control. Decreases in soil 

of the Row after construction was 

3.5 to 7 cm 

could be a result of 

the side 

at 7 the control. Increases 

in soil were thought to be a result of increased traffic on the 1 

could not the 14 cm :for ide. The cone 

ither the work or 1 side or the 31.5 cm for either the control 

trench soil than 38 bars at these 

The two years were difficult to compare because in 1990 the 

cone 

Thi[3 effect 

could not as deeply as it did in 1989 (Table 5). 

due to lower soil moisture contents in 1990. 

work side and trench soil 

in 89 were not observed in 1990. 

5 .. 

'There were no differences in soil 

and off the RoW for the 1990 ing year ( 

ficant differences in soil moisture or soil 

at .5 to 7 cm 

measured between soils on 

6) . There were also no 

matter contents 

between soils on and off the Row. However the cone could not 

.0 the control soil or the 10.5 cm 

1:or the work side, trench or l side ind soil 

than 38 



CONTROL 
30 

27 

24 

21 

18 

15 

12 

9 

6 

3 

0 

NOTE: 

+ 
I 
I 
I + 
I 
I 
I + 

+ 

+ 
I 
I 
I + 
I 
I 
I + 

+ 

+ 
I 
I 
I + 

c 
w 

+ T 

c 

w 
T 

s 

T 

T 

SITE=AB2 

PLOT OF CONTROL*DEPTH 
PLOT OF TRENCH*DEPTH 
PLOT OF WORK*DEPTH 
PLOT OF SPOIL*DEPTH 

SYMBOL USED IS C 
SYMBOL USED IS T 
SYMBOL USED IS W 
SYMBOL USED IS S 

--+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DEPTH 

50 OBS HAD MISSING VALUES OR WERE OUT OF RANGE OBS HIDDEN 



CONTROL 

30 + 

25 + 
I 
I 
I 
I 
I 

20 + 

15 

10 

+ 

+ 
I 
I 
I 
I 
I 

5 + 

0 + 
c 

w 

T 

s 

c 

w 

T 

c 

c 

SITE=AC 

PLOT OF CONTROL*DEPTH 
PLOT OF TRENCH*DEPTH 
PLOT OF WORK*DEPTH 
PLOT OF SPOIL*DEPTH 

SYMBOL USED IS C 
SYMBOL USED IS T 
SYMBOL USED IS W 
SYMBOL USED IS S 

--+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DEPTH 

NOTE: 47 OBS HAD MISSING VALUES OR WERE OUT OF RANGE 4 OBS HIDDEN 

r--

'r I ~ v1""~- b 



In 

trench soil 

(1989) the actual 1 and 

were lower than those of the control for the 7 cm 

(Cannon et al. 1990). These decreased soil values were thought to 

cultivation of the RoW after construction was 

trench the Aeco 'C' 

below cm for all 28 to 31.5 cm when compared to the 

control for the 1989 year (cannon et al. 1990). trench soil 

lower at 28 to 31.5 cm when to control soil 

Trench soil moisture was lower than that of the control 

at 17 to 50 cm, increased soil would be 

Therefore trench soil attributed to the up of 

the dense Bnt horizon of the Solonetzic soil. These results 

are imilar to those of Naeth (1985) which indicated that bulk densities (as 

measure of soil ) of the trench soil were decreased to 

control soils for Solonetzic in southern Alberta. In 

f of Riddel and (1988b) indicated no ficant differences in 

bulk soils the and control for Solonetzic soils. 

In 1989 actual side soil were lower than 

control soil at the Aeco 'C' area, but these results were not 

s f dHferent at the to 45.5 cm (Cannon et al. 

1990). These results are similar to those of a 

central Alberta that there were no s 

s 

The lack of s 

Aeco 'C' 

when soils off RoW 

ficant differences between control 

was attributed to construction 

on Solonetzic soi in 

ficant differences in work 

and 1988b}. 

side soils at the 

in 

weather conditions. In results of a Naeth (1985) indicated 

densities increased on the work side of the RoW on Solonetzic 

35 cm when 

1990) . 

contro1 

occu:r:red 

in southern Alberta. 

to the control 

side soil 

occurred fm: the 

the 1989 

side at 28 to 

(cannon et 

was not different from the 

to have 

ic the well as to 



the soil contents on Row those 

the control. 

was 

the 

to 

not 

because in 1990 

as it did in 1989 

( 'I'ab1e 6) • This effect was most due to lower soil moisture contents in 

for the RoW soils in the top 7 cm 1990. the decreased soil 

observed in 1989 were not observed in 1990, the effect of 

cultivation of the RoW construction no 

14 to 52.5 cm observed 1989 11 in 1990. 

There were no di:Eferences in soil between soils on the 

trench or l side and the control soil for the 1990 year 

7). Work side soil at increment 1 (0.6 bars) was than 

the soi of the control soil (0.2 bars). There were no significant 

in soil moisture and son matter contents between soils on 

and off RoW. Therefore increased work side soil at O to 3.5 cm 

attributed to traffic. rrhe cone could not 

cm for the control, the 24.5 cm for the 1 

side or 

son 

the 17.5 cm for either the work side or trench 

than 38 bars at these 

In (1989) actual work side and side soil 

the Albr area were those the control at 

10.5 to . 5 cm (Cannon . 1990) . rrhe trench soil 

increased 14 to 21 cm when to the control. Actual 1 side son 

was also that of the control at 28 to 31.5 cm. 

work side soil 10.5 to 17.5 cm and trench soil 

to 21 cm not different from control soil Increases in 

soil 

construction 

soil 

for the 1 ide and vork side were attributed to increased 

on the RoW in to moist soil conditions. Increased 

ls on the RoW could also be attributed to lowered soil 

to those of the control.. 



Table 6. 

() 

Work s 
'I'rench 

side 

YEAR 1 
Work side 
'rrench 

side 
1--·--------

Brown Solodized 
soil conditions. 

0: 

of 

1 3 4 

-w -w 
-T -T 
-s --8 

Aeco I ! area. 1 

DE:PTH 

5 6 7 10 11 12 13 14 15 

+W 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

till and constructed in 
were used. 

following 
Year 1: event irrunediately followinq construction. 

+T and +S indkate soil 

- no 

as 
indicate soil 

as 

increases for the work side, trench and 
to the control. 

decreases for the work s 
to the control. 

trench and 

Table 7. of statistical data for the Albr area .. i 

SAMPLING 

YEAR 0 
Work side 
'rrench 

side 

YEAR 1 
Work side 
Trench 

side 

1 Orthic Humic 

Year 1: 

spoil s 
no 

3 

+W 

DEPTH 

4 5 6 7 8 9 10 11 12 13 14 15 

+W +W 

+s +s +s +s +s 

constructed in 
used. 

increases for the work side, trench and 
to the control. 

decreases for the work 
to the control. 

trench and 



CONTROL 

30 

25 

+ 

+ 
I 
I 
I 
I 
I 

20 + 

15 

10 

5 

0 

I 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
I 
+ 

+ 

+ 

T 
c 

T 
c 

w 
c 

T 
s 

c 

SITE=AL 

PLOT OF CONTROL*DEPTH 
PLOT OF TRENCH*DEPTH 
PLOT OF WORK*DEPTH 
PLOT OF SPOIL*DEPTH 

w 

s 

T 

s 

c 

c 

s 

SYMBOL USED IS C 
SYMBOL USED IS T 
SYMBOL USED IS W 
SYMBOL USED IS S 

--+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DEPTH 

NOTE: 37 OBS HAD MISSING VALUES OR WERE OUT OF RANGE 7 OBS HIDDEN 



'rhe in 1990 the 

7). 

It s 

imilar for both Increased work ide soil 17.5 

at 10.5 to 21 cm observed in 

it dete:rmine i:E the 

side soil at 21 to 24.5 side soil 

at 21 to 31. 5 cm observed in 1989 still in 1990. 

5 .. 5 

soil 

construction 

than 38 bars 

It 

1990. 

19 

no fferences in soil 

year ( ) • AB well there 

RoW. However the 

either the control 

(Cannon et 1990). As 1 

to the control. 

spoil ide soil 

on and 

no 

could not 

1 

soil 

cm 

at 

10.5 cm when 

10.5 to 14 cm and 

not different of the control. Decreased soil 

to the cultivation of the Row 

to the increased soil moisture trench and ides 

0 20 cm. could 

years in 1990 

as it did in 1989 

in 

construction no 



SITE= BO 

PLOT OF CONTROL*DEPTH SYMBOL USED IS c 
PLOT OF TRENCH* DEPTH SYMBOL USED IS T 
PLOT OF WORK*DEPTH SYMBOL USED IS w 
PLOT OF SPOIL*DEPTH SYMBOL USED IS s 

CONTROL 

w T 
30 + 

I 
I c 
I 
I 
I 

25 + 
s 

w 
s 

20 + T 
I c 
I 
I s 

15 

I ·J'\ 
I c::; + 
I 
I 
I 
I 
I 

10 + 
I 
I 
I 
I 
I 

5 + 
I 
I 
I s 
I w 
I T 

0 + c 
--+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DEPTH 

NOTE: 46 OBS HAD MISSING VALUES OR WERE OUT OF RANGE 1 OBS HIDDEN 



Table 8. of statistical data for the area. 

SA.MPLING 

Trench 
side 

YEAR 
sidE:~ 

Trench 
side 

Luvisol 
soil conditions. 
Year 0: 
Year 1: 

+T and +S 

- =no 

1 2 

~-w 

-T 

3 

-s -s -s 

5 

-T 

DEPTH 

6 7 8 9 10 11 12 13 15 

and constructed in moist to wet 

construction. 
increases for the work s 
to the control. 

decreases for the work side, 
to the control. 

trench and 

and 

Table 9. of statistical data for the Ferintosh area. 1 

SAMPLING DEPTH 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 
Work ide 
Trench -T -T ·-T -T +T 

ide 

Work side 
Trench 

-w 
+T 

~-01:th:~~- Bl~ck Chernozem 

Year 1: 
+T and +S 

to moist soil 
event 

-'11 -T _rr -T 

on fluvial material 
conditions. 

following 
construction. 

increases for the work 
to the control. 

till and 

side, trench and 

decreases for the work side, trench and 
to the control. 



5.4.6 

'I'here were no differences in soil between soils of the 

1 side and the control for the 1990 ing year 9). Work side 

soil at increment 1 ( 0. 3 bars) was lower: than that of the 

control (0.5 ba.rs). However, the work side decrease in soil organic matter at 

0 to 15 cm would have been 

value. Trench soil 

to the control soil 

to result in an increased soil 

at depth increment 2 (1.9 bars} 

of 1.3 bars. However at depth 

increments 5, 6, 7, and 8 trench soil (10.8, 17.0, 20. and 21.9 

24. 2, 27. / and 29. 5 

differences in soil 

were lower than those of the control (16. 

There were no s ficant 

matter contents between soils of the trench and 

1 side and the control soil. Since there were no icant differences 

in soil moisture between soils on and off the decreases in trench soil 

were 1 due to the break up of dens<::: material dur the 

The decreased workside soil and the increased 

trench soil in the 7 cm were attributed to ti traffic. The 

cone could not the 24.5 cm of the work side 

ind soil than 38 bars at this 

In the year (1989) lower soil were measured in 

the trench at the Ferintosh area for the 10.5 to 24.5 cm depth when 

to the control (cannon et al. 1990) . There was a icant 

increa:3e in and a s 

the control at 15 to 32 cm, an increase in soil 

Therefore, decreases in soil were attributed to break up of dense 

material the procedure. An increase in the trench soil 

at 35 to 38.5 cm to the control soil could be attributed to 

of the trench material during backf There were no 

differences in soil between soils of the control and soils of either 

the work or side. These results are similar to those of Zellmer et al. 

(1985) in which bulk densities were found to be lower in the trench than on 

control soil in 16 of 20 control sets of observations in a fine 

loam in Oklahoma. As well there were no s ficant differences between soil 



CONTROL I 
I 
I 
I 
I 

30 + 
I 
I 
I 
I 
I 

25 + 

I 
I 
I 
I 
I 

20 + 

15 + 
I 
I 
I 
I 
I 

10 + 

5 + 
I 
I 
I 
I 
I 

0 + 
c 
T 

s 

c 

T 
w 

T 
c c 
s 

SITE= FT 

PLOT OF CONTROL*DEPTH 
PLOT OF TRENCH*DEPTH 
PLOT OF WORK*DEPTH 
PLOT OF SPOIL*DEPTH 

w 
c 

s 

c T 

w 

T 

w 

c 

s 

T 

SYMBOL USED IS C 
SYMBOL USED IS T 
SYMBOL USED IS W 
SYMBOL USED IS S 

c 

c 

s 
T 

T 

c 
c 

s 
T 
s T 

s s 

c s 
c 

c 
T c 

T 

T 

T 
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0 

NOTE: 
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{ () 
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DEPTH 
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bulk densitie:3 

al. 1985). 

the work ide 

Ferintosh 

l in the 

the cone 

control (Zellmer et 

could not 

the control, work side, trench or 1 ide 42 cm indicat 

soil than 38 bars at these 

·~~ .... ,..,._.~ ing the data from the two years indicates that the 

trench soil at 14 to 28 cm was lower the control 

soil for both 1989 and 1990 years (Table 9). The cone 

could not 

most 1 

the work sidt:~ as as it did in 1989. This effect is 

due to lower work side soil moistures in 1990. 

5 .. 7 

There were no differences in soil between soils of the 

trench or spoil side and the control soil for the 1990 sampling year 

10). Work side soil strength at increment 5 (25.6 bars) was lower than 

that of the control (34.1 bars). There were nos ficant differences in 

soil moisture between soils on and off the Row. Soil matter contents 

for the work side, trench and 1 side were s f lower than those 

of the therefore increased soil would have been 

It was difficult to the decreased work side soil at 14 

to 17.5 cm occurred. The cone could not the 14 

cm for the spoil side or the 21 cm depth for the control or work 

side soil 

In the 

than 38 bars at these 

year (1989), at the area, actual 

and work ide 

lower than control soil 

of 14 cm were 

but these results were not 

(Cannon et al. 1990). 

were attributed to cultivation of the RoW after 

decreases in soil 

ine construction 

was since work side content and trench soil moisture were 

s f than control values for the 19 cm, an 

increase in work side soil and a decrease in trench soil 

would be 'rhere were no s ficant differences in soil 

below 14 cm between soil of the control and soils of either the work side or 

trench. However below 14 cm, 1 side soil were lower 

than those of the but these results not s 



SITE= FY 

PLOT OF CONTROL*DEPTH SYMBOL USED IS c 
PLOT OF TRENCH* DEPTH SYMBOL USED IS T 
PLOT OF WORK*DEPTH SYMBOL USED IS w 
PLOT OF SPOIL*DEPTH SYMBOL USED IS s 

CONTROL c 
c 

30 + 
c 

T T 
T T 

T 
25 + w T T T 

T T T 
T 

s 
20 + w 

c 

15 + V\ 
~ 

I T 
I 
I 
I 
I s 

10 + 

w 
c 

5 + 
I T 
I s 
I 
I 
I w 

0 + c 
--+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-------+-

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DEPTH 

NOTE: 29 OBS HAD MISSING VALUES OR WERE OUT OF RANGE 4 OBS HIDDEN 



different. It was difficult to these occurred. There 

were no s f icant differences between the soils on the RoW and those of the 

RoW for either content or soil moisture at 19 to 50 cm. 

It was difficult to compare the two years because in 1990 

the cone cou1d not as it did in 1989 for the 

control, work side and side soils (rrable 10). It was difficult to 

this occurred since soil moistures were similar for both 

However the decreased RoW soil 

observed in 1989 were not observed in 1990. It was 

for the top 14 cm 

to determine i 

the decreased 1 side soil below 24.5 cm observed in 1989 were 

st:ill in 1990. 

5.4.8 

There were no differences in soil between soils of the 

trench or 1 side and the control soil for the 1990 year 

11). Work side soil at increment 1 (1.5 bars) was than 

that of the control (0.6 bars). There were nos f icant differences in soil 

moistures or soil matter contents between soils on and off the RoW. 

Increased work side soil at 0 to 3.5 cm was attributed to ti 

tJ:affic. 

the 

work side, 

In 

cone 

work side and 

1 

could not 

si.de or 24.5 cm 

than 38 bars at these 

year (1989), at the Henderson 1 

trench soil 

the 21 cm for 

for the trench 

area, actual 

control at 3.5 to 17.5 cm (Cannon et al. 1990). 

lower than those for the 

trench and work side 

Decreased soil 

the Row after 

were not different from those of the control at 14 to 17.5 cm. 

for soils on the RoW was attributed to cultivation of 

ine construction was well as to soil 

moisture values for the to control soils. The cone 

could not 

1 7 • 5 cm when '-'"''"'!-"-"'­

the control soil 17.5 cm, the work side 

or trench 31.5 cm or the 1 side 45.5 cm soil 

than 38 bars at these 

The two years were difficult to compare because in 1990 the 

as it did in 1989 (Table 11). 



Table 10. of statistical data the area. 1 

SAMPLING DEPTH 
--·~~--

1 2 5 6 7 8 9 10 11 12 13 14 15 

YEAR 0 
Work s -w -w 
Trench -'r --'r 

side -s -s -s -s -~s --s -s -·S 

YEAR 1 
Work side -w 
Trench 

side 

Chernozem till and constructed in 
soil conditions. 

0: event 
Year 1: event construction. 

+'I' and +s indicate increases for the work trench and 
spoil side, to the control. 

-T and -s indicate work trench and 
ively, to the control. 

Table 11. Sununary of statistical data for the Henderson 1 1 area. 

SAMl?LING 

YE:AR 0 
Work side 
Trench 

stde 

YEAR 1 
Work stde +W 
Trench 

1 side 

DEPTH 

3 5 6 7 10 11 12 13 14 15 

-w -w -w 
-T -'r -T 
-·S -S -S -S 

:i.. Solonetzic Dark till and constructed in 
soil 

2 Year 0: 
Year 

increases for the work 
to the control. 

trench and 

decreases for the work side, trench and 
to the control. 
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30 

27 

24 

21 

18 

15 

12 

9 

6 
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NOTE: 

PLOT 
PLOT 
PLOT 
PLOT 
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I 
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I + 
I 
I 
I + 

+ 

w 
+ 
I c 
I 
I s + 
I 
I T 
I w + s 
I c 
I T 
I s + c 

w 

+ 

+ 
I s 
I w 
I c + 

OF 
OF 
OF 
OF 

w 
c 

s 

SITE=HE1 

CONTROL*DEPTH 
TRENCH*DEPTH 
WORK*DEPTH 
SPOIL*DEPTH 

T 
w 

T 

c 

SYMBOL USED IS c 
SYMBOL USED IS T 
SYMBOL USED IS w 
SYMBOL USED IS s 
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It difficult to 

imi lar for both 

this occurred since soil moistures 

years. However the decreased Row soil 

3.5 to 17.5 cm observed in 1989 were not observed in 1990, the 

eHect of cultivation of the RoW construction was no 

5.4.9 

at 

There were no differences in soil between soils on and off 

the RoW for the 1990 year ( 12). There were also no 

differences in soil moistures or soil matter contents 

between soils on and off the RoW. However the cone could not 

the control soil 31.5 cm, the work or sides 21 cm or 

the trench 28 cm ind soil than 38 bars at these 

In the 

trench and 

year (1989) lower actual soil occurred in 

1 side of the Henderson 2 study area from 3.5 to 21 cm when 

to control (Cannon et al. 1990). As well work side soil 

lower f:rom 3.5 to 17.5 cm when to the control. 

soil for soils on the Row \vere attributed to cultivation 

of the Row after ine construction was since there was no 

icant dif :Eerences in matter, soil or content for 

any of the soils on the Row when ~~ ... ..,,,..~ the control soil at 0 to 34 cm. 

The cone could not into the work side side 38.5 cm 

ind than 38 bars at this 

The two years were difficult to compare because in 1990 the 

cone could not as as it did in 1989 ('rable 12). 

It was difflcult to why this occurred since soil moistures were 

imi :Em: both 

cm that 

years. However the decreased Row soil at 

to in 1989 were not observed in 

the effect cultivation the RoW irnmed construction was no 

5 .. 10 
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20 + 
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w 
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T 
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w 
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Table 12. of statistical data for the Henderson 2 :L area. 

SAMl?LING 

YEAR 0 
Work side 
Trench 

side 

YEAR 1 
Work side 
Trench 

side 

:L' Dark Luvisol 
conditions. 

Year 0: 

2 

-w 
-T 
-s 

Year 1: sampling event 
+•r and +s indicate 
1 side, 

and 

3 

-w -w 
--T -T 
--s -s 

13. of statistical 

SAMPLING 

1 2 3 4 

YEAR 0 
Work side -w -w 
'I'rench -'I' 

side -s 

YEAR 1 
Work. side 
Trench -T 

ide 

Brown Chernozem 
condition::;. 

0: 
Year 1: 

+T and +S 
as 

as 
3 

5 

--w 
-T 
-s 

data 

5 

-w 
--'r 

--T 

DEPTH 

6 7 8 9 10 11 12 13 14 15 

-T 
-s 

till and constructed in dr:y soi.l 

increases for the work 
to the control. 

trench and 

decreases for the work side, trench and 
to the control. 

for the Maleb 1 area. 1. 

DEPTH 

6 7 8 9 10 11 12 13 14 15 

-w -w -w ---w -w 
-·r --T -T -T -T 

+S -s -s --s -s 

till and constructed in soil 

increases for the work s trench and 
to the control. 

decreases for the work side, trench and 
to the control. 



b ·z..., 

r:t 

In 1990 1 increments 10, 11, 13, 14 

and 15 (13. and 14.1 than 

the control soil at the same (15.0, 15.7 16. 16.3 and 16.5 

13). Trench soil increments 

5 I 13, and 15 (16.2, 15. 12.9, 11. 11. 2 and 10. 8 bars, 

16. 

were lower 

16.3 and 16.5 bars, 

increment 6 (24.7 bars) was 

(18.6 bars). There were nos 

the control (27.7, 24.0, 15.7, 16.0, 

il side soil at 

than that of the control at the same 

f icant differences in soil moistures or soil 

matter contents between soils on and off the RoW. It was difficult to 

the decreased soil occurred for soils on the Row at 

below 35.0 cm. The decreased trench soil at 10.5 to 7.5 cm 

was similar to that which occurred in the year. It also 

difficult to the increased 1 side soil at 17.5 to 

cm occurred. 

In the year (1989) lower actual soil occurred in 

the work side and trench soils of the RoW in the top 17.5 cm when to 

the control at the Maleb 1 

s soil was 

In the 15 cm soil 

soils across 

area (cannon et al. 1990). As well the 

conti:ol soi 1 

matter levels 

to those off the 

content 

at 7 to 10.5 cm. 

\vork and 1 sides of the Row to the control 

in 

increased soil 

increased for the 

also 

increased soil Therefore decreased soil 

across the Row for the top 17.5 cm were attributed to the of the Row 

could not after construction was The cone 

the control soil 21.0 cm 

than 38 bars at this 

It was difficult to compare the two 

was 

in 1989. Ther:efor:e it 

the control ::;oil 

to determine i. 

of 

years because the cone 

in 1990 then it did 

decreased soil 

in 1989 (Table 13). '11he 

decreased work and 3.5 17 .5 cm 1989 

not olx:>erved in 1990. Decreased work side and 1 side 
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within the 17.5 cm of the RoW observed in 1989 were not observed in 1990. 

decreased trench soil measured within to 17.5 

both years. 

5 .. 11 

no differences in soil 

Row for the 1990 

ficant diffe1:ences 

year ( 

between soils on and off 

) . There were also no 

s 

between soils on and 

soil moisture and soil 

the RoW. However the cone 

matter contents 

could not 

the 14 cm 

the control, trench or 

for the work side or the 10.5 cm for 

1 side soil than 38 

In the year (1989) soil 

for the surface 3.5 cm and at 17.5 to 2 .5 cm when compared to the 

control (cannon et al. 1990) . work side soil not 

iffer;::nt from the control for the surface 3. 5 cm. Increased soil 

on the the Row the Maleb 2 area were attributed to 

increased construction traffic on the RoW. Actual side soil 

2 increased at 3.5 to 21 cm and were 

lower at 0 to 3.5 cm when to the control. Increased side soil 

were to be a result of either lower soil moisture contents 

on the spoil side to those of the control or to increased 

construction traffic on the RoW. However side soil 

were not different at 3.5 to 14 cm and were lower at 14 to 17.5 cm 

control no at these There were no 

differences in actual soil 

soil 

soil Decreases in soil 

trench soils for the top 

after construction was 

between soils of the conb:o1 

3.5 cm was lower than control 

for the 1 side and for the 

attributed to cultivation of the Row 

The cone was not able to 

to 

17. in .5 cm in the side soil 

than 38 bars 

icult to compa:re the two 

not able to as 1990 

since the cone 

it did in 1989 
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30 

27 
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(Table ) . 'rhis effect was most 1 to lower soil moistusres in 1990. 

0 3.5 cm observed in 1989 

were not observed in 1990. It was 

work and 1 side soil 

in 1990. 

5.4.12 

.1.mf.JU"''""ible to determine if the increased 

at 17.5 to 24.5 cm observed in 1989 

There were no differences .in soil 

and control for the 1990 

between soils of the work 

15). Trench soil 

at increment 8 (24.5 bars) was control soil 

of 15.9 bars. 1 side soil increment 2 

( • bars) than that of control (2.9 bars). no 

ficant differences in soil moistures or soil matter contents 

between soils on and off the Row. Increased trench soil at 24.5 to 

28 cm could be attributed to of the trench material while increased 

side soil 

traffic. The cone 

31.5 cm 

In the 

both the trench and 

the control at the 

soil 

work side soil 

at 0 to 3.5 and 

Decreased soil 

of the RoW 

in the 

3.5 to 7 cm could 

could not 

attributed 

the l side soil 

than 38 bars 

year (1989) lower actual soil occurred in 

sides of the RoW for: the 14 cm when to 

Lake (cannon et al. 1990). 'The work side 

than the control for the 3. 5 cm, whe1:eas the 

was lower than the control at 3.5 to 7 cm 

the trench at 0 to .5 cm and for the side 

to 17. cm were not ifferent from control soil 

in top 14 cm were attr to the cultivation 

line construction was Decreased soil 

14 cm could also attributed to the increased soil 

moisture content for the RoW soils when to the control soils. Actual 

side soil 17. to 21 cm was lower than that the control, 

while 1 side soil was not. Actual trench soil 

at to .5 cm lower than that of the control. There were 

no s ficant differences in conbmt or soil moistures between soils on 

Row and soils off the Row at 18 to 35 cm. The cone could not 



Table 14. of statistical data for the Maleb 2 a1:ea. 1 

SAMPLING DEPTH 

1 2 3 5 6 7 9 10 11 12 13 14 15 

YE:AR 0 
Work side +W +W 
Trench ·-T 

l side -s -s +s 

YEAR 1 
Work side 
Trench 

side 

1 Orthic Brown Chernozem till and constructed in soil 

construction, 
construction. 

increases for the work 
to the control. 

trench and 

indicate soil decreases for the work side, trench and 
..,.,,,,,,.""'c''"'.,...ively, as compared to the control. 

Table 15. 

SAMPLING 

YEAR 0 
Work ide 
Trench 

side 

YEAR 1 
Work side 
Trench 

i1 side 

1 Eluviated Dark 
moist son 

Year 0: 
Year 1: 

spoil s 
no 

of statistical data for the Lake area. 1 

1 2 3 5 

+W -W 
-T -T -T 
-s -s 

+S 

DEPTH 

6 7 8 9 10 11 12 13 14 15 

-T 

+·r 

till and constructed in 

construction. 
increases for the work side, trench and 
to the control. 

decreases for the work side, trench and 
to the control. 
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The 

5.4.13 

This 

Row 

in 1990 

35 cm or trench and 

soi at 

icult to compare the two years 

the soil .in 1990 than did in 1989 

1 due to wetter soil moistures in 1990. 

at 3.5 to 14 cm observed in 1989 were not 

the effect of cultivation of the Row 

construction was no 

There were no differences in soil between soils of the 

1 side and the control for the 1990 sampling year ( 16). Trench 

soil at increments 3, and 9 (3. 5.2 and 32.0 

were 

( 1. '7 , 2 • 6 and 3 0 • 4 

inc1:ement 9 ( 30. bars) was 

than the control soil 

) . Work side soil 

than the control soil 

at the same 

of 

23.0 There were no icant differences in soil moisture or soil 

soil 

in the 

ti 

matter contents between soils on and off the lxoW. 

to have occurred because of 

while the increased work side soil 

traffic. 

In the (1989) actual soil 

Increased trench 

of material 

was attributed to 

measurements 

oc:cun:ed in 24. 5 cm for soils on the when to the control 

al. 1990). soil for the work side at 17.5 to 

24.5 cm, for the trench 21.0 to 24.5, and for the 1 side at 17.5 to 

21. 0 cm not different form the control soil Since there 

no s icant differences in soil matter, or soil 

moisture 

decreased soil 

soils on the RoW and soils off the RoW 0 to 20 cm, 

s 

construction 

control ::mi 

cm 

were attributed to the cultivation the RoW 

The cone could not 

.5 cm, the trench .5 cm the work 

soil 38 
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The two years were difficult cone 

0 in 89 

the effect of cultivation of RoW ilnmed 

no soil 

7 to and increased work and trench soil at 28 to 

31.5 cm were measured in the 1990 year. 

In 1990 side and side soil at increment 1 

(1.7 were than that of the control (0.6 bars) 

17). trench and side soil at increment 2 

( 18 . / lL 2 and 12 . 3 bars, ) were lower than that of the control 

1 side soil 

than the control soil 

increment 3 (18.1 

( 2 • 4 bars) . 'rhere were no 

icant differcmces in soil moistures soil matter contents 

between soils and off the RoW. The signi icant dlfferences in soil 

attributed to the effects of cultivation of the RoW 

afte1: construction. However the cone could not 

the control 10.5 cm, the trench 14 cm and the work or 

1 17.5 soil than 38 bars at 

the year (1989) lower actual soil 

measured across the RoW for the 14 cm the Redwater 2 area when 

to control (Cannon al. 1990). trench soil 

not different from the control soil 

'.l'here no statistical differences in soil 

at 0 to 3.5 

matter or 

7 to 14 cm. 

content 

soils on the RoW and soils off the RoW for the 20 cm. Soil 

moisture increased for for 

within the trench soi Therefore 

cultivation the RoW construction was There 

f ferences in actual ls 



1-2 

Table 16. of statistical data for the Redwater 1 area.:i. 

SAMPLING 

YEAR 0 
Work side 
Trench 

side 

1 

-w 

2 

-·W 
-T 
-·S 

3 4 

-w -w 
-T -T 
-·S -s 

YEAR 1 
Work side 
'rrench +T +T 

side 

:L Black Chernozem 
in moist to wet 

2 Year O: 
Year 1: event one year 
+W, +T and +S indicate soil 

as 

- no 

5 6 

-w 
-T ·-·r 
-s 

DEPTH 

7 8 9 

+W 
+T 

10 11 12 13 14 15 

------

material and constructed 
strengths were used. 

construction, 
following construction. 

increases for the work side, trench and 
to the control. 

decreases for the work s 
to the control. 

trench and 

Table 17. of statistical data for the Redwater 2 area. 1 

SAMPLING DEPTH 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

YEAR 0 
Work side -w -w -w 
Trench -T 

l ide -s -s -s -s 

YEAR 
Work ide +W -w 
Trench -T 

side +S -.. -s -s 
'.i Eluviated Chernozem material 

constructed in moist wet soil conditions. 
were used. 

2 event 
Year event following construction. 

+T and +s indicate increases for the work side, trench and 
to the control. 

indicate decreasc~s for the work trench and 
to the control. 

no 
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the Row. ficant in content or soil 

moisture between ::;oils on the RoW and soils off the RoW at 20 to 35 cm. 

control 21 cm, could not ""'"'"''"-rv-,~· 

28 cm, or the tl:ench 2 .5 cm soi 

than 38 at these 

It wa:3 di icult to compare the two 

not able to ~"~;~v-.,·r~ 

years because the cone 

in 1990 as it did in 

1989 (Table 17). This effect 

1990. soil 

the 10.5 cm. It was 

ile because the cone 

10. cm in 1990. 

5 .. 1!5 

due to lower soil moistures in 

to compare soil 

could not 

in the soil 

the control soil 

Work trench and side soil at increment 1 

(0.9, 1.3 0.6 bars, were lower than the control soil 

of 1.8 bars for the 1990 year 18). Work and 

1 'i 
L. (5.9 and 5.6 bars) were lower than 

) . Work increment 3 

(10. 9 than the control soil of 9.8 bars. 'rhere 

s ficant differences in f:>Oil moistures soil matter 

contents between soils on and off the Row. It was difficult to 

increases and decreases in Row soil for the 10.5 cm occurred 

year there were no :Eicant diffes:ences 

trench. Decreased Row soil 

could not 

21 cm for 

45.5 cm for the 

control, 28 cm for 17 .5 

for the side, soil at these 

the year (1989) lower actual soil occurred in 

the trench Valhalla area from the 3.5 to 21 cm when to 

the control Cannon . 1990). there 

in matter, 1 moisture, the 

soil 
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1Y' 

horizon 

Luvisols and 

1987). 

soils of the control and work side. 

These results are similar to (1988) 

(1987). 

to 17.5 cm. 

Valhalla there were no 

from those 

similar those of 

icant differences in 

the control at 14 

(1987). At 

moisture or content between soils of the work or 

matter, soil 

side and the 

control soils any of monitored. 

because the cone 

could not in 1990 as it did in 1989 

(Table 18). It was di since soil 

moistures 17 for both years. However decreased 

trench at 3.5 to 21 in 1989 not 

to trench material. Decreased RoW soil 

7 cm 1990 but 

1989. 

5. .16 

Work side soil increment 6 (29.6 bars) was 

than the control soil of 24.5 bars for the 1990 year 

19). soil increments 3 and 4 (18.0 and 22.3 bars) 

than those of th(:: control at the same (9.2 and 13.6 bars). 

to increased work side soil 17.5 

21 cm and trench soil at 7 cm occurred since 

in 1988 there no differences soil 

side control soils and between trench and control soils to 

cm (Table 19). soil could be attributed to 

ti ic. The cone could not the control, trench 

1 38 

area, one year construction (1989 

ing ) , soil on the work side of the RoW for 



Table lB. 

YEAR 0 
Work side 
'l,rench 

E>ide 

YEAR 1 
Work side~ 

Trench 
side 

l. Dark 
soil conditions. 

2 Year 0: 
Year 1: 

J::-37( 

statistical data for the Valhalla area. 1
· 

DEPTH 

1 2 3 4 5 6 7 8 9 10 11 12 l ~) 
,} 15 

-T -T -T -T -T 

-W -W +W 
-T 
-s -s 

Luvisol 

event 
event 

-s 

on till and constructed in dry 

following construction, 

+T and +S indicate 
construction. 

increases for the work s 
to the control. 

decreases for the work 
to the control. 

trench and 

trench and 

-· no 



CONTROL 
30 + 

27 + 
I 
I 
I 

24 + 
I 
I 
I 

21 + 

18 

I 
I 
I 
+ 
I 
I 
I 

15 + 

12 

9 

6 

+ 
I 
I 
I 
+ 
I 
I 
I 
+ 
I 
I 
I 

3 + 

c 
0 + T 

T 

w 
c 

T 

w 

c 

PLOT 
PLOT 
PLOT 
PLOT 

T 

w 

c 

SITE=MI 

OF CONTROL*DEPTH SYMBOL USED IS c 
OF TRENCH* DEPTH SYMBOL USED IS T 
OF WORK*DEPTH SYMBOL USED IS w 
OF SPOIL*DEPTH SYMBOL USED IS s 

T 

T 

c 

c 
w 
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DEPTH 

NOTE: 42 OBS HAD MISSING VALUES OR WERE OUT OF RANGE 2 OBS HIDDEN 

~r 5v~ L[ 
( . 



Table 19. of statistical data for the Michichi area.i 

SAMPLING DEPTH 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

YEAR 0 
Work side 
Trench 

YEAR 1 
Work side 
Trench 

YEAR 2 
Work side 
'I'rench 

+W 

i Dark Brown Solodized 

+T +T 

+T +'I' 

constructed in soil conditions. 

+W 

Year 0: samp1 event construction, 
Year 1: event one year following construction, 
Year 2: event two years following construction. 

and 

+W and +T indicate soil increases for the work side and 
-W and -T indicate soil decreases for the work side and trench. 

no 



the sur:i'.ace 3. 5 cm as the control al. 1990). Trench 

soil also 3.5 to 10.5 cm when the 

control soil. The cone could not cm the 

5.1.17 

trench soil or .5 cm of 

at these 

construction 

work side soi 

19 

fferences in soil 

no 

control (Table ) . 

soils of the 

cm (Cannon 

the 

al. 1989). The 

of the work side. The 1989 and 1990 

to occurred because of ic on the Row. 

in trench soil 

to the control at the 

were measured at 21 to 28 cm when 

area for the 1989 year 

soil 

10.5 

in 1989, 

no di 

wo:rk s 

al. 1990). Similar. results occurred in 1988 when trench son 

17.5 to 21 cm and 

results 

decreased 

to 

(1985) which 

to 

(1988b) which indicated no 

ions. As well in 1988 

to the control. This trend 

a :return to 

soil 

monitored in the 

soil the 

trench 

wet 

lower at 7 to 

not observed one year 

conditions at this There 

control soils and 

1989 year. In 1988, 

measured at 3.5 to 10.5 cm and 

al. 1989). 

ide were 



Table 20. 

SAMPLING 

YEAH 0 
Work ide 
Trench 

Wm:k side 
Trench 

±-5 ~ { 

of statistical data for the 

1 2 3 

+W +W 
-T 

4 5 6 

+rr 

DEPTH 

7 8 

+W 
+'1' 

+'I' +T 

9 

:.L area. 

10 11 12 13 14 15 

1 Dark Brown Solonetz on weathered bedrock and constructed in wet 
soil conditions. 
Year 0: 
Year 1: 
+W and +T 
-W and -T 

no 

event immediately following construction, 
ing event one year following construction, 

indicate soil increases for the work side and trench, 
indicate soil decreases for the work side and trench. 

Table 21. Summary of statistical data for the Delia area. 1 

SAMPLING 

YEAH 0 
Work side 
Trench 
-
YEAH 1 
Work side 
Trench 

1 Dark 

Year 
+W and 
-W and 

3 no 

+·r 
-T 

DEPTH 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

+W +W +W +W 
+'I' +T +T +T 

Solonetzic Chernozem on material 
and constructed in wet soil conditions. 

event 

indicate soil increases for the work side and trench, 
indicate soil decreases for the work side and trench. 



conditions. 

5.1.18 

no differences in soil soils on How 

and those off the RoW the Delia area in 1989, one year 

construction (Cannon 1990). the cone 

could not 24.5 cm in the or 38. 5 cm in the \l/ork side or 

control soils 38 bars these 

Soil moistures at time of in 1989 wer~e lower than those in 1988, 

soil to soil moistures. In the 

year ( 1988) / ion in very conditions 

ide of the Row from 

10.5 24.5 cm control (cannon al. 1989). The trench 

1 7 . 5 31. 5 cm as to the 

control. It was difficult to compare the trench soil 

I in 

both s were not 

had been alleviated. 

5.1.19 

construction in increased work ::; soil 

measurements occurred in the upper 28 cm of the soil ile as 

to the undisturbed soil (Cannon al. 1989) . One year 

later, .in the 1989 year, there were no differences in soil 

measurements soils of control and work side (cannon et al. 0) 

unable to the work ide at the 

Foreman 38 

(Table 22). Soil moistures lower .in 1989 than in 1988. 

Soil 

Fr 1982), the use of 

the Foreman 

17.5 to cm 

ion .in 19 

to the control 

al. 1989). 



Table 22. 

SAMPLING 

YEAR 0 
Work side 
Trench 

1 
Work side 
'I'rench 

of statistical data for the J?oreman 

l 2 3 5 

-·W 
-'r -T 

DEP'rH 

6 7 8 

+W +W +W 
+T +T +'I' 

9 

a:rea. 1 

10 11 12 13 14 15 

+W 

::i.. Orthic Dark Brown Chernozem on material overlying 
till constructed in soil conditions. 

event immediately following construction, 
ing event one year following construction, Year 1: 

+W and +T 
-w and -·r 

indicate soil increases for the work side and 
indicate soil decreases for the work side and trench. 

:::! - = no 

Table 23. Sununary of statistical data for the Ghostpine area.i 

SAMPLING DEPTH 

1 2 3 5 6 7 8 9 10 11 12 13 14 15 

YEAH 0 
Work side 
Trench 

YEAR 1 
Wol'.'k side 
Trench 

+W +W +W +W +W +W 
+T +T +T 

1 Orthic Dark Brown Chernozem on till and constructed in wet 
soil conditions. 

2 Year 0: 
Year 1: 
+w and +T 

event immediately 
event one year 

indicate soil 
-W and ·-T indicate soil 

construction, 
construction, 

increases for work side 
decreases for the work side 

no 

and 
and trench. 



f 

cm, 

Soi 

. .L 20 

not 

made for 

trench soi 

this 

two 

at time of less than those 

moistures . 

construction in 

occurred in the upper 28 cm of the soil as 

undisturbed soil (Cannon 

no differences soil 

al. 1989). One 

measurements of the 

soil 

work side soil (Cannon et al. 1990). Soil moistm::e contents for 

similar for both years. Trends towards soil 

in the 28 cm on work of not observed 

ine construction 

23). 

the construction (1989 

) , trench soil 

year 

v1as lower 42 to 52.5 cm when 

material dur 

(1988) indicated that trench soil 

to 17.5 cm and was 

Results from 

10.5 to 21 cm when 

1989). Soil moisture contents for 

to the control (Cannon et al. 

similar 

.1.21 

construction no in soil 

soils on those off the t~ow for Milo 

) . 1988, 

lower been measured in the cm the 

the (Cannon 1989). In 1989 the cone 

not the control or tnmch 17.5 the work 



Table 24. Summary of statistical data for the Milo area. 1 

SAMPLING 

YEAR 0 
Work side 
Trench 

YEAR 1 
Work side 
Trench 

J.. Solonetzic Brown 

1 2 3 4 

-T -T -T 

Chernozem 

DEPTH INCREMENT3 

5 6 7 8 9 10 11 12 13 14 15 

on material and 
constructed in soil conditions. 
Year 0: ing event immediately following construction, 
Year 1: ing event one year following construction, 
+W and +T indicate soil increases for the work side and 
--w and -T indicate soil decreases for the work side and trench. 

no 

Table 25. Summary of statistical data for the Victor 1 area. 1 

SAMPLING 

YEAR 0 
Work side 
'I'rench 

YEAR 1 
Work side 
Trench 

1 Orthic Humic 
conditions. 

2 Year O: 
Year 1: 
+Wand +T 

1 2 

-W and -T indicate soil 
no 

3 4 

DEPTH 

5 6 7 8 9 10 11 12 13 14 15 

on lacustr i.ne and constructed in soil 

increases for the work si.de and trench, 
decreases for the work side and trench. 



towards 

5. • 22 

the 

5 .. 23 

unable to 

the soi lo 

Similar 

l moisture both years. •rrends 

return to 

no in 

for the Orthic Humic 

soils on the RoW 

one 

('rable 25) • imilar in 

construction (C:mnon et al. 1989). 

construction in 1988, increased work side soil 

work soil 

upper 28 cm of the soil ile as 

differences 

work side soils 

(Table 26). 

for the Victor 2 site at 0 to 3.5 cm 

. 1990) . cone 

work :3 ide at Victor 2 35 cm soil 

than 38 bars at this Soil moistures were lower in 

1989 in 1988. Soil are on soil moisture and 

increasc::Jd soil 

7 cm 

towards 

not 

) . 

and 1982) I that 

occurred due to decreased soil moistures. 

measurements in the 28 cm on the 

construction 

I soi 

3.5 



'l'able 26. of statistical data for the Victor 2 area.i 

SAMPLING DEPTH 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

YEAR 0 
Wor:k ide 
Trench 

YEl\f\ 
Wor:k side 
'rrench 

+W 

+W +W +W +W +W +W 
+T +T 

i Orthic Dark Brown Chernozem on lacustr ].ne and constructed in dry 
soil conditions. Adjusted soil strengths were used. 

2 Year 0: sampling event immediately following construction, 
Year 1: sampling event one year following construction, 
+W and +T indicate soil strength increases for the work side and trench, 
-W and -•r indicate soil decreases for the work side and trench. 

3 
- =no 



could not 

this 

moistures 

88 time increased soil 

due decreased soil moistures. 

5. 5 SOIL STRENGTH ADJUSTMENTS BASED ON MOIS'I'URE 

not done 0 

since no 

the 

Row momitm:ed. 

0 to cm for the 

moisture at the Atlee-Buffalo 1 

icance soil 

difference. Actual and 

statistical 

soil values were the same since soil 

5.5.2 

trench soil at time of 

15 

I 1989 

were soil 

1 soil 

not done for Atlee-·Buffalo / Hendm:son 2, Ma.leb 1 Valhalla 

were 

areas 

no ficant in soil moisture contents 

off the Row at any moni ton:!d. Soil 

on not 

result in any statistical ficance of soil 

i of 

statistical s 

2. Soil 

1988 in 1989, since ::>oil moisture 



did not alter icance of comparisons to 

Brown Victor for 

5.5.3 

year. 'I'he decis 

.6 

the cone 

the soi 

incUcati ve of 

of the cone 

consistent pressure to the 

many 

imitations the cone 

3.5 cm 

, and 

PENETRO:METER 

used 

the resistance 

'I'he 

ied force ven=ms 

shear resistance 

include the 

soi 

1988 

to 

for Orthic 

in 

based on 

no 

instead of 

is advanced into 

is measured. The 

'l'he 

1981). The cone 

off Row soil carry 

Results can 

this test is to 

extent of 

some 

the 

in m:der to determine s 

to 

l 



1 

situations. 

3. 

ls 

limit 

use in 

, 
J.. 

The cone 

5. 'I'he 

in soi 

the 

areas or in 

with 

and 

) I 

to di.::termine soil 

between soil moisture, 

not into 

than 38 ( 50 ) / the upper 

used. This cone 

years, mak 

between 

comPc::tr isons icult 

versus 

in 

52.5 cm 1 of soil 

not used on 

or lenses or izons. 



.1 RESULTS 

Soil 

construction 

ine RsoW in 

ol 

in soil 

q 

FOLLOWING CONSTRUCTION 

information from 23 areas indicated that 

in 

the 

and subsoil 

location to site. 

areas, 

however, limit :::;cope of conclusions. A nurnl)er f ic conclusions 

of 

corn:;truction are listed 

1. i ties in soil occm:red within soil 

2. Soll 24.5 to 31.5 cm. 

occurred across the RoW soils in a) Decreases in soil 

the 

soils 

24.5 cm the 

and soil moisture conditions in which 

) : 

Brown Chernozem ti 

l 

Chernozem 

) I 

Chernozem on 

I 

Chernozem on 

2 1 moist to ), 

Eluviated 

1 moist), 

Luvisol on till ( 

) I 

on 

Solonetzic Luvisol on till 

) I 

moi.st 

) I 



I 



. Orthic 

. Dark 

work 

Brown Chernozem 

(Victor 

I 

I 

) , 
Solonetzic Chernozem 

work 

I 

on 

trench ( 

Brown Solonetz on weathered bedrock, in 

) I 

I 

the 

Orthic Humic on in the work 

1 to moist). 

increased soil were observed in area::; 

construction occurred in moist to wet soil 

Orthic Chernozem 

increments, the Orthic Chernozem at 

constructed the 

the Orthic Dark Brown Chernozem at Victor 2 which 

occurred. 

) I 

in the work side of 

till 

Lake) and constructed in soil conditions and in the 

ial (Atlee-Buffalo 2) and constructed in 1 

ibuted 

Row. 

There were no 

ine 

Brown Solodized 

Orthic Humic 



q 
\ 
) . 

cm. 

1 

of in the Brown 

'C') occurred 17. 52.5 cm 

in ::mil 

dense Bnt horizon. 

c) in soil below 24.5 cm 

side of the Orthic Dark Chernozem 

on till. It was difficult these soil 

at increments 

the trench for the Orthic Black Chernozem 

) , 
the Orthic Humic 

) / and in the 

'C'). 

RoW soils 

control soils for areas. Decreased soil moistures 

soil due constructlon. This 

the emer<;ence of seeded crop 

areas where low is 

factor to crop Soil moistures 

on How soils control soils 

soil moistures of 

summer and an established crop on the control or 

soils 

the 



6.2 

s.i. 

that 

of 

not indicat 

f 5 

s 1 

sub::::mil. 

matter contents may indicate uneven 

6. i 

ifferences occun::ed 

7. 

RESULIJ:'S YEAR AFTER CONSTRUCTION 

number of ic conclusions in 

2. 

which construction 

in 

icant 

combined 1989 

construction. 

which 

withi.n 

24.5 to 31.5 cm 

moist), 

\ . 
) . 
I 



1 moist to wet), 

Row 

occur:red in the work of 

the Orthic Dark Chernozem on till 

soil conditions 

Chernozem on 

of the 

1 

itions in 

in the trench and 

trench 

Orthic 

soil conditions. 

I 

construction 

) I 

Chernozem 

) I 

) I 

31.5 cm 

moisture 

in 

) ' 

occurred for the 

conditions in which 

) : 

on 

) l 

till, in the 

on ial till, in the 

on 

to moist) / 

till, 

on 11, :::;po 1 

in 



} . 
The 

traH 

3. Soil 

Orthic 

52. 

for 

below 35 cm. 

control soils f 

moist 

31.5 cm. 

below .5 31.5 cm 

observed for the 

Chernozern 

for the two sites. 

ls control soil for one 

7. 

one area. 

no close correlations 

mo 1 matter for 

19 

ion. 

TWO SAMPLING 

was unable to 

of the Row and 

soil 

combined 1989 

soi year 

ion 



2. Those similar 

) I 

I 

Maleb 1 
' 

\ 
I • 

icant differences in RoW 

) I 

) I 

) I 

) I 

) I 

I 

) I 

) I 

) I 

Solonetzic Chernozem) / 
Foreman (Orthic , 

Brown Chernozem) / 
and 

2 (Orthic 

Those f f:Eerences in RoW 

soil construction 

include: 

) . 



i 

ion could 

Chernozem 

1). 

construction 

c) trench soil cm 

observed observed 

'C'). 

construct 

(Foreman). 

event construction. 

in soil 

ic. 

RoW soil moistures different from those of the 

, ites had Row soi 

moistures s 

had 

contents from 



0 





I 



f 

and 

Ltd. 1988. 

Soil survey of the Valhalla 
"'"'"""'""'"""''rion of Alberta. 13 pp 

ff:ect on cone 

of 



I 

ield notes. 

1980. 
Soil Sci. 

47-103. 
ls. Am. 

i:3hed 

Chernozemic 
Can. J. Soil Sci. 

methods of 

as.Jricultural 
50--457. 

i. 

Can. 



J .. , 

I 

I 

I 

956 pp. 

I 

and 



I 



7 

i 

l in 

I 

19 isted 

for the 1989 

listed in 108 to 110. 

.5 S'I'ICtl.L 

listed in Tables to 155. 

the 19 1989 and 1990 events 

20 50 . 

. 7 

10 

19 
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