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ABSTRACT

Potential soil erosion by water for Major Land Resource Areas
(MLRA) in the Corn Belt and by wind in the Great Plains was cal-
culated using the Universal Soil Loss Equation and the Wind Erosion
Equation for current cropping practices. Crop statistics and compon-
ents of the erosion equations were obtained from the States Crop Re-
porting Service, Soil Conservation Service, and information available
from related literature. The calculations showed that only limited
quantites of residue can safely be removed from either region because
of soil erosion potentials. In the Corn Belt under conventional tillage
with all residues removed only 36% of the cultivated area would have
a soil loss at less than the soil loss tolerance (T) level. Residue and
tillage management can increase the area adequately protected to
78%. In the Great Plains only 40 and 56% of the cultivated area pro-
duce enough residue to hold soil loss by wind at 6.7 and 11.2 metric
tons/ha per year, respectively, when the fields are wide and the soil
surface is smooth, i.e., K = 1.0. Increasing soil surface roughness, K
= 0.5, increases the cultivated area to 81% where enough residue is
produced to maintain a soil loss level of 11.2 metric tons/ha per year.

Additional Index Words: water erosion, wind erosion, residue man-
agement, crop residues.

Reports by Alich and Inman (2) and Steffgen (14)
showed that high amounts of potential energy are con-
tained in crop residue. However, crop residue should
not be considered as a waste product as these reports im-
plied. Crop residues influence soil properties, both
physically and chemically, primarily as either stable or
unstable soil organic matter, which is important in
maintaining long-term soil productivity.

Crop residues are also an effective soil-erosion-con-
trol device for both wind and water erosion. Adams (1),
Kramer and Meyer (8), Mannering and Meyer (9),
Meyer et al. (10), and others have reported that surface
residues reduce soil loss by water erosion primarily by
intercepting raindrop impact and by reducing the veloci-
ty of runoff water. Chepil (4), Chepil et al. (5, 6), Engle-
horn et al. (7), and Siddoway et al. (12) have reported
that residues reduce wind erosion by reducing wind
speed and by preventing direct wind force from reaching
erodible soil particles. Both the Universal Soil Loss
Equation (USLE) of Wischmeier and Smith (17) for
water erosion and the Wind Erosion Equation (WEE) of
Woodruff and Siddoway (18) include components that
estimate the effects of residue on the soil-erosion pro-
cess. :

Although crop residues are often not managed to pro-
vide maximum soil erosion protection, removal of resi-
dues would increase the present level of soil erosion.
Wischmeier (16) reported that each 2.2 metric tons/ha
(1 ton/acre) of buried residue reduces soil erosion by
water 12% as compared with removing all residue.

'Contribution from the North Central Soil Conserv. Res. Lab.,
USDA-SEA, AR, Morris, Minn., in cooperation with the Minnesota
Agric. Exp. Stn., Sci. Jour. Series no. 10,429, Received 21 Dec. 1978.

2Soil Scientists, USDA-SEA, AR, Morris, Minn., Manhattan,
Kansas, and St. Paul, Minn.; and Agricultural Engineer, USDA-SEA,
AR, Morris, Minn., respectively.

In this paper, we will estimate the amounts of residue
that can be safely removed in the Corn Belt and in the
Great Plains. We will use predicted soil erosion, as cal-
culated from the USLE (17) and the WEE (18), to de-
termine the amounts of residue required on the soil for
water erosion control in the Corn Belt and for wind ero-
sion control in the Great Plains, respectively. The only
restraints placed on residue removal for this determina-
tion will be soil erosion and we make no attempts at pre-
dicting long-term effects on soil productivity associated
with residue removal.

ESTIMATION PROCEDURE

The study area includes four Land Resource Regions (3) as shown in
Fig. 1. These include Major Land Resource Areas (MLRA) 52 to 80 in
the Great Plains and 102 to 115 in the Corn Belt.

The USLE (17) was used to calculate soil loss by water erosion in the
Corn Belt. The equation form is:

A = RKLSCP [1]

where A = computed soil loss, R = rainfall factor, K = soil erodibili-
ty factor, L = slope length factor, S = slope gradient factor, C =
cropping management factor, and P = erosion control practice fac-
tor. Components of the equation were obtained from the following
sources: R from published values (17); K from the Soil Survey Labora-
tory, Soil Conservation Service (SCS), Lincoln, Nebr.; L from the re-
spective SCS State offices (as an average slope length for each slope
gradient class); S from soil survey data contained in the Conservation
Needs Inventory (15); and C from respective SCS State offices for
tillage and rotation systems. P was -assumed equal to 1.0 which cor--
responds to straight up and down slope tillage with no conservation
practices.

In determining the C values it was necessary to assign crop rotations
to the soil series and slope gradient classifications based on crop pro-
duction values within the study units obtained from the respective
State Crop Reporting Service. Row crops (corn and soybeans) were
assigned to the less erosive gentle slopes, and small grains and hay to
steeper slopes with the amounts of crop assigned within the study units
agreeing within 1 percentage point with the Crop Reporting Service
data. The study units were MLRA within states. For example, MLRA
102 is located in four states; South dakota, Minnesota, Iowa, and
Nebraska. A separate analysis was made for MLRA 102 in each state.
The results, however, are reported on a MLRA basis.

Soil erosion estimates were made for five tillage and residue sys-
tems:

Al = conventional tillage (all residue removed), .

A2 = conservation tillage (1.68 metric tons/ha residue remaining),

A3 = conservation tillage (3.9 metric tons/ha residue remaining),

A4 = no till (1.68 metric tons/ha residue remaining),

AS = no till (3.9 metric tons/ha residue remaining).

Small grain and soybean residues were assumed to be twice as effective
as corn residue on a weight basis because of the greater surface area
covered by small grain and soybean residue for equal weights. There-
fore, in systems A2 and A4, and A3 and AS, 0.84 and 1.96 metric
tons/ha, respectively, of residue remained on the soil surface for these
crops in the rotation. The conventional tillage was considered to be a
fall plow, spring disk, and harrow. The conservation tillage systems
were considered to be equivalent to a subsurface tillage system with
66% surface coverage. The no till systems had 90% surface coverage.
Calculations were made on an individual soil series and slope gradient
classification. Results were then compared with the assigned T value
to determine if residue could be removed. T values are defined by the
SCS as the maximum soil loss that is considered safe for continued
long-term maximum productivity of the soil.

A computer solution (13) of the WEE (18) was used to calculate soil
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Fig. 1—Land Resource Regions: F, Northern Great Plains Spring Wheat Region; G, Western Great Plains Range and Irrigated Region; H, Central
Great Plains Winter Wheat and Range Region; and M, the Central Feed Grains and Livestock Region (3) with Major Land Resource Areas 52-80

in the Great Plains (F, G, and H) and 102-115 in the Corn Belt (M).

loss by wind erosion in the Great Plains region. The equation form is:
E=1(KCLYV), [2]

where E = computed soil loss, I = soil erodibility factor, K = ridge
roughness factor, C = climatic factor, L = field length, and V =
equivalent quantity of vegetative cover. Components of the equation
were determined as: I, the weighted aveage for each MLRA, based on
soil textural classification and hectarage, as given by the Conservation
Needs Inventory (15); C, the average value for each MLRA calculated
from the county average climatic factor (18) for counties within the re-
spective MLRA; L was assumed wide, meaning that an increase in L

Estimations of the amounts of residue produced that were greater
than that needed for wind-erosion control for the specified conditions
were made from using the following equation:

SR = RP — (RN/RR) [3]

where SR = surplus residue, RP = residue production, RN = residue
needed for control, and RR = residue remaining ratio.

Quantities of residue produced for the Corn Belt and Great Plains
were calculated by multiplying a factor of straw to grain ratio. Factors
used were:

would not increase the erosion hazard. This condition usually occurs Crop Ratio
for a field width of 500 to 1,000 m. The WEE was solved for Corn ’ 1:1
equivalent vegetative cover, V, for the following E and K conditions: Sorghum l:l
1) E = 6.7 metric tons/ha per year, K = 1.0 Soybeans 1 S:I
2) E = 11.2 metric tons/ha per year, K = 1.0 Spring wheat 1'3:1
3) E = 11.2 metric tons/ha per year, K = 0.5 Winter wheat 1.711
4) E = 22.4 metric tons/ha per year, K = 0.5. Durum wheat I.O:l
The values of soil roughness, K, correspond to a smooth (1.0) and a Oats '2:1
rough (0.5) surface condition. The equivalent vegetative cover was Barley 1 S:l

converted to flat, small-grain residue for wheat, barley, and oats and
to standing stubble 30 cm high for corn and sorghum.

The equivalent vegetative cover is based on the amounts of residue
in a protective position during the season when wind erosion is a
hazard. However, the amounts of residue that remain effective for
wind-erosion control decrease with tillage operations and weathering.
Based on our experiences and data from the literature, the effective
amounts of residue were calculated from the following ratios:

All small grains were converted to an equivalent oat basis in the Corn
Belt and residue yields were determined using the straw/grain ratio for
oats. Grain yields were obtained from the State Crop Reporting Ser-
vice and are an average of 3 years (1973 to 1975) data for the Great
Plains and § years (1972 to 1976) data for the Corn Belt.

Crop Residue remaining ratio RESULTS AND DISCUSSION
Continuous wheat 0.75 The harvested area and residue production by crops
l;:lrllzw wheat g-gg for the MLRA’s in the Corn Belt and Great Plains are
Oats y 0.60 shown in Tables 1 and 2. We have assumed that residue
Corn 0.80 could only be considered available for removal if the
Sorghum 0.80 predicted soil loss from the USLE in the Corn Belt or
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Table 1 —Number of hectares harvested and residue production
per hectare for the major crops in the Corn Belt.

MLRA Corn Soybeans Small grain

hax10* metric hax10* metric hax10® metric

tons/ha tons/ha tons/ha

102 1,933 3.7 580 2.5 1,141 - 4.2
103 2,608 5.6 1,796 3.2 373 4.5
104 751 5.5 482 2.8 149 4.7
106 728 5.6 154 2.6 239 5.1
106 663 4.0 194 2.6 214 4.1
107 1,440 4.9 789 3.1 201 5.8
108 3,099 6.6 1,929 3.4 366 5.1
109 489 4.1 477 2.4 109 3.8
110 603 6.4 511 3.2 59 5.3
111 2,003 5.8 1,691 3.0 671 5.0
112 534 3.6 458 2.1 274 3.7
113 351 4.3 5156 2.4 187 3.8
114 - 555 5.7 612 2.8 226 4.0
115 818 5.6 685 2.9 319 3.9
Total 16,575 10,872 4,528

the WEE in the Great Plains was less than or equal to
the T value. T values were obtained for soil series from
the Soil Survey Laboratory, Lincoln, Nebr., for the
Corn Belt. For the Great Plains, a uniform T value was
imposed in the Wind Erosion Equation as the E value.

Using this criterion, the amounts of residue that
would be available for removal from the major crops in
the Corn Belt under conventional tillage, system Al, is
shown in Table 3. The amount of residue that is avail-
able for removal under this tillage system is about 49
million metric tons or 36% of the total residue pro-
duced. Available corn residue accounted for over 65%
of this amount.

Table 3—Residue availability by crops for conventional

tillage system, Al.
MLRA Corn Soybeans Small grain
metric tons x 10*

102 4.0 1.0 23
103 9.0 4.5 0.4
104 2.1 0.9 0.2
105 11 0.1 0.3
106 0.3 0.1 0.1
107 1.4 0.7 -
108 5.6 2.7 0.1
109 0.1 0.1 -
110 1.8 08 0.1
111 4.6 23 0.3
112 0.4 0.1 0.3
113 il - -
114 0.2 0.1 0.1
115 0.3 0.2 0.1

Total 30.9 13.6 4.3

+ <0.1 million metric tons.

Residue availability in the Great Plains under an im-
posed soil loss level of 11.2 metric tons/ha per year and
a surface roughness of 1.0, condition 2, is shown in
Table 4. For this situation, about 16 million metric tons
or 21% of the total residue produced could be removed.
Available wheat and corn residue accounted for about
85% of this amount.

The amounts of residue available for removal and
percent area adequately protected against water erosion
in the Corn Belt for the five tillage and residue systems
is shown in Table 5. In calculating the amounts of resi-
due available for removal, we assumed that, when resi-
due became available for removal in a tillage system,

Table 2—Number of hectares harvested and residue production per hectare for the major crops in the Great Plains.

MLRA Wheat Barley Oats Corn Sorghum

ha x10* metric hax10? metric ha x10° metric hax10° metric hax10* metric

tons/ha tons/ha tons/ha tons/ha tons/ha

52 804 2.8 245 2.4 26 2.5 -1 3.0 -1
53 1,478 1.8 138 2.4 224 2.6 44 1.7 - 4 1.5
54 510 1.9 67 2.7 127 2.6 2 1.9 -t 1.1
55 2,026 1.9 563 2.6 456 2.7 236 2.0 18 2.0
56 1,151 2.7 464 3.3 239 3.1 82 3.5 -1
57 66 24 39 3.0 91 3.0 32 3.3 -1
58 1680 3.2 60 2.9 18 2.9 3 4.5 -1
59 242 2.8 55 3.1 26 3.1 1 4.1 B S
80 25 29 5 2.0 16 2.6 4 48 -t 1.5
61 30 3.6 2 1.8 6 2.1 1 2.9 ~t 1.2
62 1 2.9 -t 1.9 1 2.4 -t 3.0 -t 1.2
63 156 3.0 6 1.7 39 2.3 5 2.4 19 1.6
64 49 3.3 3 2.4 8 23 7 4.7 1 14
65 17 8.5 2 2.8 10 2.4 29 5.9 2 2.2
66 31 3.2 7 2.1 36 2.8 33 2.1 15 1.9
67 747 2.8 28 2.8 18 2.4 114 5.9 46 1.6
68 75 2.6 -3 -3 29 6.6 -1 2.3
69 147 2.4 4 34 1 2.6 14 6.0 43 2.4
70 30. 2.0 1 2.7 -1 5 4.9 16 1.6
71 68 4.1 1 26 6 2.7 318 6.0 24 26
72 1,729 3.6 6 2.7 6 24 4656 6.4 2056 3.2
73 870 8.6 2 2.8 7 2.8 145 6.3 2856 2.7
74 302 3.6 1 3.0 6 2.6 15 4.4 118 2.9
75 716 3.8 2 3.1 23 3.1 568 6.5 602 3.3
76 200 3.6 4 3.2 12 25 29 3.6 19 2.9
1 1,145 2.8 12 3.6 4 2.5 281 T4 1,287 3.8
78 1,196 2.7 30 2.1 66 23 1 57 208 2.3
79 439 3.3 2 29 1 24 19 6.7 90 2.7
80 1,198 3.4 37 2.6 36 2.6 4 5.1 7 2.6
Total 15,697 1,789 1,252 2,410 3,366

t <1,000 ha harvested in MLRA.
1 No reported harvested area in MLRA.
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Table 4—Residue availability by crops for soil loss level of 11.2 metric tons/ha and a surface roughness of 1.0.

MLRA Wheat Barley Oats Corn Sorghum
metric metric metric metric metric metric metric metric metric metric
tons/ha tons x 10* tons/ha tons x 10* tons/ha tons x 10* tons/ha tons x 10* tons/ha tons x10°

52 -0.41 -0.6 -0.5 -1.2 -1

53 -0.8 0.1 14 0.1 22 -1.8 -2.1

54 -0.6 0.5 34 0.4 51 -1.5 -23

b6 -0.3 0.4 225 0.6 274 -1.3 ~-1.2

56 0.9 1,036 1.3 603 1.2 287 0.4 33 -4

57 . 1.7 112 2.2 86 2.2 200 1.9 61 -4

58 0.7 112 0.6 36 0.6 11 1.0 3 -1

59 -0.1 0.3 17 0.3 8 0.2 -1 = |

60 0.4 10 -0.2 0.3 b 1.4 6 -2.0

61 1.2 36 -0.3 -1 -§ -0.5 ~2.1

62 0.5 -§ -0.3 0.2 -§ -04 -22

63 0.5 8 -0.5 ~I -§ -11 ’ -1.8

64 0.8 14 0.2 1 0.1 1 1.3 9 ~2.0

65 0.6 19 0.2 -§ -0.2 2.3 228 ~-1.4

66 : 1.0 . 81 -1 -$ 0.7 25 -1.2 -13

67 -0.3 - -§ -0.4 2.0 228 -2.4

68 -0.5 -1 -9 2.6 75 -1.7

69 -0.8 0.5 2 -0.3 1.9 27 ~1.6

70 -1.0 -0.7 -1 -1 - -3.3

71 1.8 104 - 0.4 -§ 0.6 4 2.8 890 -0.6

72 -3 -§ -0.4 -0.7 2.1 977 ~-1.2

73 1.0 870 0.3 1 0.3 2 2.6 377 -1.0

74 1.9 574 1.0 1 0.6 3 1.3 20 . —0.1

75 2.2 . 1,676 1.3 3 1.3 30 3.5 1,988 0.3 181

76 2.2 440 1.6 6 1.0 12 0.9 26 0.4 76

g -0.9 0.4 5 -0.7 2.8 787 =0.7

78 - -$ -0.5 -0.3 2.0 2 -1.5

79 0.8 351 0.3 1 -0.2 2.8 53 -1.1

80 2.0 2,396 0.9 33 0.8 29 2.3 9 -0.2

Total 7,758 1,068 964 5,799 257

1 Negative value means less residue is produced than acquired to protéct against sol loss at the indicated level.

1 <0.1 metric tons/ha.
§ <1,000 metric tons in MLRA.
{ Noreported harvested area in MLRA.

this residue would also be available for the more restric-

tive systems. That is, all residue available for removal in
system Al was also considered available in systems A2,
A3, A4, and AS; all residue available in system A2 was
considered available in system A3; and all residue avail-

Table 5—Percent of residue produced in MLLRA's that is
available for removal and percent area that produces
sufficient residue to protect area against water.
erosion for the five tillage and residue systems.t

Residue available Area protected
MLRA Al A2 A3 A4 A5 Al A2 A3 A4 A5
% .
102 57 62 68 66 72 60 66 81 72 86
108 65 67 77 179 86 67 71 98 93 98
104 51 52 60 56 68 56 57 78 63 94
106 28 36 42 45 61 36 48 64 61 8
106 13 17 20 19 23 14 20 34 22 54
107 20 26 27 26 29 20 3 37 31 42
108 29 42 50 42 53 20 46 62 46 67
109 6 16 20 23 26 18 33 52 47 60
110 46 61 66 61 70 46 67 79 68 89
111 3 52 58 57 68 36 657 78 65 91
112 20 30 34 34 39 27 43 15 49 92
113 1 10 20 29 32 2 16 49 40 59
114 [] 24 32 31 41 8 32 62 41 73
115 8 36 42 41 46 12 48 61 63 73

Weighted
avg. 35 45 52 51 59 36 50 69 59 78

1 Al = conventional tillage (all residue removed.
A2 = conservation tillage (1.68 metric tons/ha residue remaining).
A3 = conservation tillage (3.9 metric tons/ha residue remaining).
A4 = no till (1.68 metric tons/ha residue remaining).
A5 = no till (3.9 metric tons/ha residue remaining).
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able in system A4 was considered available in system
AS. The maximum amount of residue that could be re-
moved from the combination of tillage systems was
59% of the total produced with over 85% of this
amount obtainable from the systems (Al, A2, and A3)
that required up to 1.68 metric tons/ha residue remain-
ing on the surface.

The percent area adequately protected against water
erosion increased from 36% for system Al to 78% for
system AS, demonstrating the effectiveness of tillage
systems with crop residue management in controlling soil
erosion. For the remaining 22% of the cultivated area in
the Corn Belt, additional conservation techniques will
be required to reduce soil loss to acceptable levels. Con-
servation techniques may include practices like contour
farming, strip cropping, or terracing that reduce the P
factor to <1. In extreme cases where the combination
of tillage systems and conservation practices do not
reduce soil loss to an acceptable level, a change in crop
rotations may be necessary.

The amounts of residue available for removal and
percent area adequately protected against wind erosion
in the Great Plains for the four simulated conditions is
shown in Table 6. About 56% of the area produces suf-
ficient residue to protect against wind erosion for condi-
tion 2, where E equals 11.2 metric tons/ha per year and
K equals 1.0. As the amount of allowable soil loss in-
creases, conditions 1 to 2 and 3 to 4, the amount of
residue that can be removed increases, but long-term
consequences on soil degradation must be considered at



Table 6—Percent of residue produced in the MLRA's that is
available for removal and percent area that produces
sufficient residue to protect area against wind
erosion for conditions 1,2, 3, and 4.1

Residue available Area protected
MLRA 1 2 3 4 1 2 3 4
%

52 0 0 13 35 0 -0 100 100
53 0 1 8 45 0 19 43 98
54 1 6 23 52 28 28 100 100
55 3 7 34 68 31 31 92 100
56 23 35 58 82 96 100 100 100
57 b4 70 100 100 100 100 100 100
58 10 22 46 70 100 100 100 100
59 <1 3 27 49 8 25 100 100
60 4 15 40 66 72 90 100 100
61 19 28 b4 70 76 92 98 100
62 <1l <1 37 67 0 83 98 100
63 ] 13 40 63 68 69 90 100
64 13 23 47 71 82 99 99 99
66 29 36 51 65 89 89 99 29
66 10 18 35 64 54 61 61 100
67 6 8 26 47 12 12 93 95
68 16 20 33 52 31 31 100 100
69 4 5 9 27 9 9 23 79
70 <1 <1 5 13 0 0 9 69
n 39 45 61 79 94 94 100 100
72 7 10 30 45 19 91 91 100
73 8 31 42 61 78 78 78 100
74 33 40 60 86 74 74 100 100
75 36 45 64 88 69 100 100 100
76 29 40 68 100 56 100 100 100
i 6 8 14 29 10 11 60 100
78 <1 <1 26 46 37 75 81 100
79 14 22 39 56 83 83 83 100
80 45 55 72 93 94 94 100 100

Weighted avg. 15 21 38 60 40 56 81 99

11—E = 6.7 metric tons/ha, K = 1.0.
2—E = 11.2 metric tons/ha, K = 1.0.
3—E = 11.2 metric tons/ha, K = 0.5.
4—E = 22.4 metric tons/ha, K = 0.5.

the higher soil-loss rates. Changes in soil roughness,
conditions 2 to 3, will change allowable residue removal
and percent of area adequately protected. Ideally a
roughness value of 0.5 would be maintained, but this is
not always possible, particularly under summer fallow.
A large percentage of the residue that is available for
removal from conventional tillage in the Corn Belt and
for condition 2 in the Great Plains is located in a few
MLRA'’s (Tables 3 and 4), indicating the lower erosion
potential in these areas. However, erosion potentials are
based on average values and do not take into account
the possible extremes. Mutchler et al. (11) reported the
soil loss on a Barnes loam (Udic Haploborolls) in West
Central Minnesota in 1 year of a 10-year study exceeded
the soil loss from the other 9 years combined. The cal-
culated soil loss for the Great Plains only considers soil
loss by wind, but water erosion can also be a problem
and may be the main problem in some areas, especially
on the eastern edge of the Great Plains. In areas where
water erosion presents a problem, residue removal rates
should be based on the combined erosion potentials.
Although the amounts of residue available for re-
moval are based on average production values from cur-
rent production statistics, these values will vary with

cropping practices and climatic conditions and will not
necessarily be correct for all years or for one location.
Therefore, caution should be exercised before large-
scale residue removal is practiced on a continuing basis.

In summary, considering the erosion protection sup-

plied by crop residues as demonstrated by application of
the USLE and WEE, we must conclude that the residue
of straw and stover of the grain-producing crops in the
Corn Belt and Great Plains is a valuable resource to the
soil. Any removal of residues from the field for alter-
nate uses should be considered in terms of possible soil
erosion and environmental pollution hazards with a full
understanding of the possible consequences.
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13.
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15.

16.

17.
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