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I. INTRODUCTION

Following the dust bowl years of the 1930s, summer fallow became a mechanism to conserve soil water
for future crop production. Intensive tillage was used for weed control during the fallow period. Precip-
itation storage efficiency during the fallow period was relatively low with conventional tillage practices.
Stubble mulch tillage practices were developed during the 1960s that improved precipitation storage
efficiency by maintaining more crop residue on the soil surface during the fallow period. During the late
1980s, herbicides became available that could be used to control weed growth during the fallow period
rather than using mechanical tillage. Use of chemicals for weed control and reduction in mechanical
tillage during the fallow period had potential to increase precipitation storage efficiency. The long-term
tillage study reported in this paper was initiated to evaluate the effects of various combinations of tillage
and herbicides for weed control during the fallow period in a winter wheat-fallow farming system. This
chapter reports comparative data for the conventional-till, reduced-till, and no-till systems from this study.

Il. SITE DESCRIPTION

The site is at the Central Great Plains Research Station (40°9'N, 103°9'W, 1384 m a.m.s.l) located
6.4 km east of Akron, CO on Highway 34 (NW 1/4 of SE 1/4 of Sec. 12, T2N, R52W, Washington
County). The climate is continental, characterized by warm summers (mean daily temperature in July
is 23°C) and cold winters (mean temperature in January is —3.9°C), with large diurnal temperature
differences associated with the high altitude and predominantly clear skies. Mean annual precipitation

0-8493-2802-0/97/$0.00+$.50 36]
© 1997 by CRC Press, Inc.




362 Soil Organic Matter in Temperate Agroecosystems

is 420 mm with about 70% occurring between April and August. Year to year variability is high with
annual totals varying between 250 and 680 mm, since records began at the station (1908).

The soil is a Weld silt loam (Aridic Paleustoll) with a mean surface soil texture of about 30% sand,
40% silt, and 30% clay. The site has been under cultivation since 1907. From 1907 to 1954, most of
the area was used to study numerous crop rotations.! During this time, most of the crop residues were
removed from the site. In 1955, the entire area was cropped to grain sorghum. From 1956 to 1966 the
area was uniformly cropped to winter wheat in a crop-fallow rotation. In 1967, a study was initiated on
the area by Wally Greb and Darryl Smika (USDA-ARS) to evaluate the use of herbicides and tillage for
weed control during fallow. There were two sets of plots established in separate blocks so that there was
a cropped and fallowed plot for each treatment each year. Eight tillage and crop rotation treatments in all
were established. Data from three of the tillage treatments are reported in this paper. Tillage treatments are

» Conventional (stubble-mulch) till fallow. Tillage is performed with sweeps and rodweeder operations
during the 19-month fallow period as needed. Average number of operations is six, which incorporates
about 55 to 65% of the previous crop residues by wheat planting time.

* Reduced till fallow. A combination of tillage, residual herbicide (Atrazine), and contact herbicides
(Paraquat + 2,4-p) are used. When the residual herbicide no longer controls weeds (average 11 months
after application), a sweep plow or rodweeder tillage is used as needed for weed control. Generally,
two or three tillage operations, which incorporate 30 10 35% of the residue, are needed to control weeds.

» No-till fallow. Residual herbicide (atrazine) and contact herbicides (Paraquat + 2,4-p) are used. When
residual herbicides no longer control weeds (average 11 months after application), contact herbicides are
used as needed for weed control. Average estimated residue loss is 20% from natural causes (wind, etc.).

Details of the tillage operations and treatments are provided by Smika.? Figure 1 shows the physical
layout of the plots in 1991, as modified in 1989. Five of the previous reduced till treatments were
converted to other tillage and crop rotation systems in 1989. Plot numbers 102, 205, 304, and 407
correspond to the conventional till (CT) plots; 108, 206, 303, and 401 to the reduced till (RT) plots; and
105, 207, 301, and 403 to the no-till (NT) plots. These plot numbers correspond to the north set of plots
(top of Figure 1). The south set of plots have the same plot numbers (plus 400) for each of the treatments
mentioned above. In the data tables, only one set of numbers is used to identify the treatments in the
north and south sets of plots. The north plots are 11 x 30 m in size and the south plots 7.3 x 30 m.

A native grass site is located adjacent to the tillage plot area. This area could be sampled as a reference
site to document changes in soil quality caused by long-term crop production practices.

lll. RESULTS
A. GRAIN AND STRAW YIELDS

Semi-dwarf wheats were grown during the time period reported here. “Vona” winter wheat was grown
from 1979 to 1988 and “TAM 107" from 1989 to 1991. A hoe-type drill with a 30-cm row spacing was
used to plant the wheat until 1989, then a disk drill with a 18-cm row spacing was used through 1991.
Grain yields for each of the treatments are reported in Table 1 for 1979 through 1991 for the north and
south sets of plots. Grain yields were determined using field and plot combines to harvest a minimum
of 45 m? from each plot. Grain yields were corrected to 12% moisture content. Grain and straw yields
were not measured in 1985 because the crop was harvested as forage in early June and removed from
the plot area because of a heavy infestation of jointed goatgrass (Aegilops cyclindrica Host.). Grain
yields were generally not significantly affected by tillage system at the 0.05 probability level in any
year. Grain yields varied from year to year depending on amount and distribution of precipitation during
growing season. The average grain yield over all years was 2954, 2844, and 2788 kg/ha for the CT, RT,
and NT tillage treatments, respectively, excluding 1985. The nearly identical yields between tillage
systems is probably not surprising when one considers the fact that, after a fallow period, the root zone
is at field capacity regardless of tillage system used.

Straw yields are reported in Table 2 for 1979 through 1991 for the north and south sets of plots.
Straw yields were determined by harvesting a small area (1 to 2 m?) of the plot at grain harvest for total
biomass production (straw + grain), then subtracting the grain yield as determined by combine to get
estimated straw yield. In 1985, the reported 560 kg/ha of straw stubble was only a visual estimate after
the wheat crop was harvested as a forage. In 1988, straw yield was not measured. Tillage system did
not have a significant affect on straw yield in any of the years reported, except for 1979. In 1979, straw
yields of the CT system were significantly greater than those for the RT and NT systems. Straw yields,
like grain yields, varied greatly from year to year depending on amount and distribution of precipitation
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LONG TERM TILLAGE (AKRON) YEAR 1991
101 ccC 201 CFW 301 NT 401 RT
102 cT 202 PLOW 302 CFW 402 WwC
103 FWC 203 FWC 303 RT 403 NT
104 WCF 204 WCF 304 cT 404 PLOW
105 NT 205 cT 305 FWC | 405 CFW
106 PLOW 206 RT 306 cC 406 WCF
107 CFW 207 NT 307 PLOW 407 CcT
108 RT 208 cc 308 WCF 408 cc
501 cC 701 NT TREATMENTS
502 CT 702 CFW CT=CONVENTIONAL TILLAGE ONLY
503 FCW 703 RT RT=RESIDUAL HERBICIDE, TILLAGE
504 WCF 704 CcT NT=NO TILL, HERBICIDES ONLY
505 NT 705 FCW PLOW=PLOW, CONVENTIONAL TILLAGE
506 PLOW 706 cc FWC=FALLOW-WHEAT-CORN
507 CFW 707 PLOW CFW=CORN-FALLOW-WHEAT
508 RT 708 WCF WCF=WHEAT-CORN-FALLOW
601 CFW 801 RT CC=CONTINUOUS CORN
602 PLOW 802 FWC
603 FWC 803 NT
604 WCF 804 PLOW NORTH
WEST EAST
605 CcT 805 CFW SOUTH
606 RT 806 WCF
607 NT 807 cT
608 cc 808 cc

Figure 1 Plot diagram of the long-term tillage study at Akron, CO.

- during the growing season. The average straw yields over all years were 7373, 7269, and 7206 kg/ha
for the CT, RT, and NT tillage systems, respectively, excluding 1985 and 1988.

Straw-to-grain ratios (straw yield/grain yield) for each year are reported in Table 3. Since straw yields
were not measured in 1988, we were not able to calculate a straw-to-grain ratio for 1988. Straw-to-grain
ratios varied from year to year, but were not significantly affected by tillage system in any given year.
Straw-to-grain ratios averaged 2.57, 2.69, and 2.75 for the CT, RT, and NT systems, respectively.

B. SOIL ANALYSES

Elliott et al.? analyzed soil samples collected in 1982 from the 0- to 2.5, 2.5- to 5, 5- to 10-, and 10- to
20-cm depths from the CT and NT treatments (Table 4). Bulk densities tended to be greater for NT than
for CT at all depths. Total inorganic and organic C, total N, total P, total inorganic P, and total organic
P on the same samples used for bulk density are reported in Table 5. Little, if any, inorganic carbon was
found in the top 20 cm of soil at this site. Most of the carbon was in the organic form. When averaging
the north and south sites, the general trends were for the NT to have a higher organic carbon level in
the 0- to 2.5-cm depth than CT. At deeper depths, soil organic carbon was similar for both tillage
treatments. Total soil N tended to be higher for NT than CT in the 0- to 2.5-cm depth and nearly identical
at deeper soil depths. Inorganic P was greater for NT than CT in the 0-2.5 cm depth. At other depths,
inorganic and organic P levels were similar between tillage treatments.
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Table 5 Total Soil Inorganic and Organic Carbon, Total P, Total Inorganic P, and Total Organic P
in 1982

Inorganic Organic Total Total Inorganic Organic
Depth Cc Cc N P P P
Tillage  (cm) (9 kg™) (g kg™) (a kg™) (mgkg?)  (mgkg')  (mgkg)
North Site
CT 0-2.5 0.024 (0.024)* 8.81 (0.3) 0.95 (0.04) 349 (24.4) 233 (16.2) 117 (29.2)
2.5-10 0.000 (0) 8.14 (0.54) 0.93 (0.05) 368 (24.3) 243 (16.9) 125 (7.8)
5-10 0.000 (0) 7.97 (0.41) 0.93 (0.08) 367 (24.0) 238 (18.6) 129 (6.1)
10-20 0.000 (0) 6.76 (0.36) 0.76 (0.03) 359 (27.3) 234 (16.6) 125 (10.8)
NT 0-25  0.000 (0) 9.85 (0.89) 1.01 (0.09) 368 (25.0) 250 (16.9) 118 (9.5)
2.5-10  0.000 (0) 8.38 (0.45) 0.89 (0.05) 361 (23.2) 244 (16.5) 118 (7.0)

5-10 0.015 (0.015) 6.96 (0.55) 0.79 (0.06) 354 (28.2) 235 (21.9) 119 (7.1)
10-20 0.005 (0.005) 6.33 (0.55) 0.72 (0.04) 350 (26.4) 234 (21.9) 116 (5.2)

South Site
CT 0-2.5 0.000 (0) 7.44 (0.38) 0.88 (0.13) 345 (4.3) 239 (3.3) 105 (1.3)
2.5-10 0.000 (0) 7.19 (0.30) 0.78 (0.03) 345 (1.5) 234 (3.3) 110 (1.9)
5-10 0.007 (0.007) 6.49 (0.12) 0.68 (0.06) 335 (1.5) 229 (1.5) 106 (1.7)
10-20 0.000 (0) 5.57 (0.19) 0.82 (0.09) 329 (4.0) 217 (4.8) 112 (1.3)
NT 0-2.5 0.042 (0.042) 8.60 (0.33) 0.95 (0.03) 370 (32.9) 248 (12.0) 122 9.5)
2.5-10 0.000 (0) 7.43 (0.47) 0.81 (0.04) 359 (13.2) 248 (15.6) 111 3.4)

5-10  0.003(0.003) 631055 074 (0.03) 353 (13.8) 240 (11.7) 113 2.2)
10-20  0.003(0.003) 586 (022)  0.74 (0.07) 342 (11.9) 226 (10.7) 116 (1.2)

2 Each number is an average of three plots. Numbers in parentheses are standard errors.

Table 6 Total Soil Organic Carbon, Nitrogen, and Phosphorus for the South Site
in 1982 with Soil Depth

Depth Total C Total N Inorganic P Organic P
Tillage (cm) (g kg™) (g kg™ (mg kg™) (mg kg™)
CT 0-20 6.19 (0.03)* 0.75 (0.018) 249 (13.1) 127 (5.6)
2040 5.25 (0.37) 0.70 (0.041) 460 (4.0) 131 (6.8)
40-60 2.76 (0.40) 0.37 (0.057) 433 (10.3) 79 (7.5)
60-90 1.66 (0.17) 0.25 (0.002) 448 (14.1) 42 (6.0)
90-120 1.45 (0.16) 0.21 (0.006) 456 (3.1) 38 (2.9)
120-150 1.25 (0.02) 0.19 (0.024) 466 @7 32 (4.6)
150-180 1.27 (0.26) 0.17 (0.009) 440 (7.7) 35 (4.5)
180-210 0.97 (0.24) 0.13 (0.017) 344 (34.1) 17 (3.8)
210-240 0.76 (0.22) 0.10 (0.013) 307 (51.0) 20 (2.3)
240-270 0.49 (0.13) 0.10 (0.004) 274 (58.5) 20 (1.4)
270-300 0.49 (0.12) 0.09 (0.003) 242 (50.9) 27 (4.8)
NT 0-20 6.70 (0.12) 0.75 (0.017) 250 (6.5) 120 (3.3)
2040 5.00 (0.10) 0.70 (0.016) 417 (76.4) 123 (3.7)
40-60 1 3.44 (0.88) 0.44 (0.103) 459 (10.8) 76 (18.6)
60-90 1.80 (0.19) 0.28 (0.048) 449 (5.0) 61 (9.8)
90-120 1.32 (0.11) 0.22 (0.041) 450 (5.2) 34 (7.2)
120-150 0.99 (0.28) 0.19 (0.034) 462 (3.2) 36 (5.2)
150180 0.99 (0.06) 0.17 (0.021) 444 (4.4) 28 (0.6)
180-210 0.75 (0.05) 0.11 (0.014) 361 (31.1) 26 (1.8)
210-240 0.38 (0.09) 0.09 (0.012) 265 (36.3) 36 (15.1)
240-270 0.32 (0.06) 0.09 (0.011) 303 (31.9) 23 (8.5)
270-300 0.24 (0.07) 0.09 (0.008) 305 (21.6) 33 (54)

2 Each number is an average of three plots. Numbers in parentheses are standard errors.
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Total soil organic C, N, inorganic P, and organic P was also determined on the south site for depths
up to 2.8 m (Table 6). The trends were for the total soil organic carbon, total soil N, and total soil organic
P to decrease with increasing depth in the soil profile for both tillage treatments. Total inorganic P tended
to be higher in the 30- to 195-cm depth than at shallower or deeper soil depth for both tillage treatments.

Soil was sampled for the 0- to 20-cm soil depth in the CT, RT, and NT treatments of both sites in
April 1989 (Halvorson and Vigil, unpublished). The trend was for the NT treatment to have a higher
total soil C and N than the CT and RT tillage systems at the 0- to 5-cm soil depth (Table 7). There was
little difference in total soil C and N between tillage treatments below 5 cm.

Soil NO;-N levels, to 180-cm depth, for each of the CT, RT, and NT treatments are shown in Table 8
for the north and south rotation. The north rotation tended to have a higher level of residual soil NO,-
N than the south rotation for all tillage systems. When averaged over north and south rotations, the soil
profile (0- to 180-cm depth) contained 167, 197, and 173 kg N/ha for the CT, RT, and NT tillage systems,
respectively. Little or no difference in soil NO,-N existed between tillage systems.

Table 7 Total Soil Carbon and Nitrogen on April 1989
Samples by Carlo Erba N-C-S Analyzer

Depth Total C Total N
Site Tillage {cm) (g kg™) (g kg™)
North CT 0-5 9.52 (0.72)* 0.93 (0.07)
5-10 8.41 (0.65) 0.79 (0.07)
10-20 7.26 (0.46) 0.72 (0.04)
NT 0-5 10.17 (0.87) 0.98 (0.08)
5-10 7.79 (0.75) 0.77 (0.07)
10-20 7.14 (0.45) 0.70 (0.03)
RT 0-5 9.74 (1.08) 0.91 (0.09)
5-10 7.79 (0.80) 0.75 (0.06)
10-20 6.78 (0.46) 0.66 (0.03)
South CT 0-5 9.01 (0.41) 0.72 (0.01)
5-10 7.18 (0.15) 0.62 (0.02)
10-20 6.13 (0.08) 0.61 (0.01)
NT 0-5 10.10 (0.20) 0.99 (0.16)
5-10 7.35 (0.24) 0.60 (0.02)
10-20 6.47 (0.21) 0.58 (0.01)
RT 0-5 9.25 (0.77) 0.73 (0.05)
5-10 7.19 (0.40) 0.61 (0.02)
1020 6.29 (0.21) 0.56 (0.01)

# Each number is an average of three plots. Numbers in parentheses are
standard errors.
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Table 8 Soil NO4-N Levels in the Root Zone of Winter Wheat at Planting Time for the North
Rotation {(September 19, 1990) and South Rotation (September 6, 1989)

Soil Depth (cm) Profile
Tillage Plot 0-15 15-30 30-60 60-90 90-120  120-180  Total
Soil NO;-N (kg ha™)
North Site
CT 102 12.5 10.1 50.0 535 325 39.6 198.2
205 38.6 104 220 197 11.0 38.4 140.1
304 26.7 8.8 243 385 20.5 229 141.7
407 15.6 18.1 116.2 526 30.2 439 276.6
RT 108 15.3 16.0 523 69.3 351 39.1 2270
206 159 24.3 68.8 80.7 46.9 40.6 2772
303 59.6 18.2 69.6 322 21.1 333 2339
401 22.5 223 520 383 43.6 29.1 207.8
NT 105 412 224 420 521 244 329 215.1
207 120.9 213 42.8 54.6 275 577 324.8
301 9.3 14.0 48.2 41.5 29.3 28.8 1712
403 13.5 27.6 73.8 30.2 157 26.4 187.2
South Site
CT 102 226 264 65.9 16.7 10.7 319 1741
205 184 14.4 324 157 36 16.1 100.6
304 347 18.7 27.1 24.8 14.0 572 176.4
407 36.8 14.8 27.3 12.7 110 23.1 125.6
RT 108 44 6.2 271.5 9.4 4.4 8.7 60.6
206 58.2 28.6 58.0 26.8 8.8 71.3 257.5
303 234 239 46.1 249 14.5 16.3 149.1
401 25.5 18.2 50.5 26.9 9.9 32.7 163.8
NT 105 21.2 16.0 35.6 25.1 117 184 128.0
207 28.6 14.2 37.1 3.6 9.8 19.3 1127
301 17.1 151 36.8 36.5° 8.1 82 122.0
403 371 14.1 24.2 223 8.7 17.3 123.8
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