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ABSTRACT 

('Ip'\I'plOn a Df()(UICIIIOn 

mulch for wind erosion 
establishment. Studies were con

<:<"'''''nl,'I",........""of:.K»n from 1989 to 1994 and 
under furrow .....,io... t ..... '1"1 

and rye or oats and winter wheat were 
comllal'ea to no cover crop. Cover crops were in
to tilled seedbeds. Two rows of cover crop 
were established for each established 
Ii:IH):<:1r'hp,pt row. Herbicides were used to kHJ the cover crops 

I'n,rnnt>t41,ri e:'l('(l~sSlvpllv with For the 
were 

",r.on ..'o ..'ol"l to no 

for each cover crop. 
of herbicide to kill the cover crop on 
the crop and should be done before is 15 cm (6 

tall or before winter wheat is 8 cm (3 tall. 
Herbicide weed control in li:ul"J<:1I"hPPtli: was with or 
without cover crops. Furrow was successful with 
this system of mulches with Ii:lu:J<:IrhPjPt 
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AAA_'AO'U remains. 
season more than 

blems and wind erosion. 
erosion establishment when IJVI_....ll~H.I.1 

of soil erosion is a function of soil 
a distance factor and a cover 

Cultural methods that leave 

wind erosion Df(Jte:ctlon 
,'ru'n"trruY\ and ,LIV""'lUn.',-" 

followed a oe(lQrng-,pl~mt:mg An,<>y<),tll"'.n 

..... 1 ......... ".,.; in the area between future beet rows. 
about two weeks later. wind .........-.... "',,,... ,.,. ... 
Arn,,,,r'''I'Ari and then was removed with a rotary tiller. 
ical removal of the was sometimes a 

lrt"1nr,'''''' this system with 
'-'''''',,",U'YUJlA 

Grass herbicides 
to removal 

the of wind erosion pro
tection. 

This research was conducted to 

and to erosion ", ..",I'<:>r'''' 

method of cover crop removal to limit COlmJ:letltlOln 
were studied. 
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MATERIALS AND METHODS 

Studies were conducted from 1989t-h¥'''',,''''h 
WY Research and Extension Center on a 

~'F;,""~""'" except those in 1995 which were furrow 
paper will be for best manage

pnlctlce:s, ""'<'lHJUF,ll other sub-studies were conducted. Four 
cornPleteblock ar

com
varied from year 

conventional 
of cover crops the first week 

of cover crops about March fall cover crops, ap
herbicide and inmid spray-

and cultivation 
was 

was four rows wide with rows 

Table 1. Dates cultural for management of 
cover crops and WY Research and Exten
sion 1989-1995. 

Operation Date of 

1989 1990 1991 1992 1993 1995 

Fall planted 10-12 9-27 9-26 to-I 9-30 9-15 

(previous fall) 

Spring CC planted 3-22 3-21 3-19 3-24 4-1 3-17 3-23 

Sugarbeet planted 4-12 5-1 4-16 15 4-23 4-14 4-13 

Fall CC sprayed 5-2 16 4-24 4-15 4-4 

Spring sprayed 5-1 5-2 5-2 4-23 5-12 5-7 5-25 

First 5-31 6-1 5-20 5-15 5-25 5-23 5-31 
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em apart and 
Two rows of were with unit .... I"'nt"'.." 

of Grain rows were 15 em (6 
C\''':>y·,..•..'',,::>r row and this created a 

and 18 

disks and knives which removed any reIlnatnlIllg 
roots were harvested in the time 
tober 5. 

An":> .... ":>hl'''''' 

RESULTS AND DISCUSSION 

""""'I-"'.....'..,H or 
r1r,~'!1I"""" the main climatic variation from year 

accumulated from 
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1989 1990 1991 1992 1993 
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was near the term average 
term 1109 . The range of 

for of 826 to 1415 (459 to 
term average which was calculated for the 1941 to 1970 

of 840 to 1296 to . Thus it appears that the 
eXt)ecltea at 

emergence. 

Table 2. Accumulated base 
1989-1995. 

1994 1995 


Mar 1 6 0 10 38 0 31 0 


18 42 45 52 


30 45 25 60 83 108 101 


22 36 92 112 71 122 130 


Mar 138 75 128 148 85 145 140 


Apr 138 160 224 127 150 204 


188 231 134 22 156 243 


Apr 19 390 259 327 194 379 


426 260 298 454 263 395 268 


May 3 16 350 606 371 502 329 


May 10 533 403 751 487 656 416 


May 17 656 792 520 659 921 850 


930 665 1002 781 1018 564 


31 1056 820 948 1135 910 1227 713 


1109 1020 1121 1317 1044 1415 826 


OF-day 

., Pochop, 1977 
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response. All five cover crops were grown 
between 1993 to 1995. harvest U'ULJ .... " ... 

tions and with and without cover crop for these three years 
are shown in Table 3. These data are of the other years of 

LUaL!V"'" were reduced 
when cover crops were too late and lack of soil water 
than 11 percent for the loam would reduce 
stand. Harvest stands for the 1993 to 1995 

(31 

Table 3. response with and without cover crops. Torr-
WY Research and Extension 1993-95. 

Harvest Yield Sucrose 

1000 070 
Year: 

1993 75.9 53.4 15.5 

1994 60.5 61.0 11.0 

1995 95.6 57.8 15.0 

LSD 10.6 4.5 0.5 
Cover crop: 

68.7 52.1 15.8 

Oats 75.9 54.9 16.1 
SWWt 83.5 58.1 15.1 

W. Wheat 85.5 59.4 16.0 

79.8 64.3 15.9 

None 10.4 55.4 15.6 

LSD NS 5.4 NS 

Mean 71.3 57.4 15.8 

tSWW winter wheat. 
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.Cover cr,op growth. Cover crop residue was sampled throughout 
the spring period for the first five years of the study. Cover crop height 
and dry matter, when sampled in 1993, is shown in Table 4 for the 
spring crops and Table 5 for the fall crops. For spring seeded crops, 
barley and oat heights were very comparable but oats produced less dry 
matter. Spring planted winter wheat grew about half as tall as barley 
and oats, and produced dry matter comparable to oats. For the fall 
seeded cover crops, rye was much more vigorous than wheat, reaching 
a given height and dry matter one to two weeks earlier than wheat. 

Table 4. Spring cover crop (seeded 4-1-93) height and dry matter as a 
function of sampling date and growing degree days (GDD--40°F 
base temperature). Torrington, WY Research and Extension Center, 
1993. 

Date Aeeum. Hei~ht Dry Matter 

Sampled ODD Barley Oat SWW i Barley Oat SWWt 

OF-day ---em kg/ha 
4-22 94 6.1 4.8 4.1 39 22 26 
5-3 198 8.9 8.4 4.3 207 99 105 
5-11 309 12.4 12.4 4.3 677 322 289 

5-19 470 23.9 25.1 7.9 1470 900 1078 
5-25 574 34.8 30.2 18.8 2220 1190 973 

T swv..: = spring planted winter whea t. 

Table 5. Fall cover crop (seeded 10-1-92) height and dry matter as a 
function of sampling date. Torrington, WY Research and Extension 
Center, 1993. 

Date Height Dry Matter 

Sampled WWi- Rye WWt Rye 

---cm-- - kg/ha. -
I 1-19 5.1 4.1 63 149 
4-9 5.6 7.9 197 454 
4-22 11.2 15.7 529 1200 

5-3 27.7 34.0 1410 2610 
5-1 1 33.0 45.0 2600 4540 
5-19 50.8 70.4 4160 5600 
5-25 62.0 98.6 4360 6330 

1 

t WW = winter wheat . 
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For other years, cover crop height and residue production varied 
among crops similar to that shown for 1993. However, year to year 
prediction of the growth achieved by a particular crop on a particular 
date was difficult. Growing degree day units also varied greatly from 
year to year, as shown in Table 2. Thus, accumulated growing degree 
days was used as the independent variable for regression equations 
to predict spring cover crop height and dry matter production. 
Regression coefficients and coefficients of determination for barley, 
oats and spring planted wheat are shown in Table 6. Correlations 
for dry matter and crop height as a function of growing degree days 
were very good with barley and oats (R2 range 0.88 to 0.97). Cor
relations were not as good for spring planted winter wheat, but on
ly 2 years of data were available. Dry matter and height both 
influence the amount of wind erosion protection (Skidmore and 
Woodruff, 1968). However, accumulation of growing degree days 
from time of planting the cover crop is a cumbersome indicator. 
Regression coefficients for predicting dry matter as a function of 
height for all five crops are also shown in Table 6. Coefficients of 

Table 6. Regression coefficients (for equations of form: Y = a 
j 
+ 

b 
j 
X + c 

j 
X2) and coefficients of determination (R2) for equations 

relating cover crop height (cm) and dry matter (kg/ha) to growing 
degree days (40°F base temperature) and cover crop dry matter to 
cover crop height. Torrington, WY Research and Extension Center. 

Equation Crop Years a b C R2 
j j j 

Height (Y) as a function of growing degree days (X): 

Barley 5 1.852 E + 0 2 .391 E-2 2.939 E-5 0.88 

Oats 3 4.354 E+O 4.206 E-3 7.285 E-5 0.97 

SWW 2 2.878 E-l 2.789 E-2 1.235 E-5 0.60 

Dry Matter (Y) as a function of growing degree days (X): 

Barley 5 2.294 E+2 -2.526 E+O 9.236 E-3 0.95 

Oats 3 4.838 E+ 1 -9.911 E-I 5.361 E-3 0.95 

SWW 2 -1.814 E + 2 1.167 E+O 8.405 E-4 0.72 

Dry Matter (Y) as a function of height (X): 

Barley 5 8.430 E+ 1 -1.057 E + 1 2.727E+0 0.92 

Oats 3 -4.916 E+2 3.170 E + 1 4.595 E-I 0.90 

SWW 2 -5.560 E+2 1.682 E+2 -4.399 E + 0 0.51 

W. Wheat 3 -3 .189 E+2 1.182 E+ 2 -6.691 E-l 0.88 

Rye 2 -2.841 E + 2 1.404 E + 2 -1.571 E-I 0.93 
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determination were high for all cover crops (0.88 to 0.93), except spring 
planted winter wheat (0.51). Thus, height appears to be a good in
dicator of cover crop dry matter production. 

The balance is delicate between sufficient cover crop growth to pro
vide erosion protection and excess cover crop growth which competes 
with sugar beet growth. Barley is used as an example since it was includ
ed in all years of study. Accumulating growing degree days from time 
of barley planting, barley emerged at about 100 heat units and if the 
sugarbeet was planted at 150 to 200 (83 to mC) heat units, barley was 
5 to 8 cm (2 to 3 inches) tall and had produced 56 to 84 kg/ha (50 to 75 
lb/A) of dry matter. Sugarbeet emerged at 250 to 300 heat units, when 
barley was 10 cm (4 inches) tall and with 280 kg/ ha (250 lb/A) dry mat
ter. Sufficient cover and height for erosion protection (Skidmore and 
Woodruff, 1968) exist at about 400 heat units [barley 15 cm (6 inches) 
tall, 730 kg/ ha (650 lb / A) dry matter] . Severe competition occurs if 
barley is left until 500 heat units are accumulated [barley 20 cm (8 inch
es) tall, 1390 kg/ha (1240 lb / A) dry matter]. With similar dry matter 
criteria, oats should be sprayed at a height of about 18 cm (7 inches), 
wheat at 8 cm (3 inches) and rye at 5 to 8 cm (2 to 3 inches). 

Consumptive water use estimates (Pochop et aI., 1992) appear to 
agree with these criteria. For the month of April, the long term average 
consumptive use estimate for sugarbeet is 1.1 cm (0.43 inches) and the 
mean monthly precipitation is 4.3 cm (1.73 inches). If the cover crop 
is killed before 2.5 cm (one inch) of water is used, there should be a net 
water gain for April. The April water use estimate is 5.7 cm (2.30 inch
es) for winter wheat and 2.3 cm (0.94 inches) for barley. Thus, in an 
average year, winter wheat should be sprayed in early April and barley 
sprayed by the end of April to keep water use less than 2.5 cm (one 
inch). Using heat units for an average year winter wheat will be about 
8 cm (3 inches) tall in early April and barley will be 10 to 15 cm (4 to 6 
inches) tall by the end of April. 

Cover crop spray date. Several studies were conducted to determine 
the best cover crop spray dates according to cover crop growth. The 
results were sometimes mixed, depending on the precipitation pattern 
during the sugarbeet emergence period. For example, early and late 
spray dates were included in barley and winter wheat studies in 1991 
and 1992. The goal was to spray earlier and later than the criteria 
developed above. As shown in Table 7, 1991 sugarbeet stands were 
equal with or without cover crops, but in 1992 cover crops reduced 
sugarbeet stands. Sugarbeet yields were maintained with cover crops, 
even with the low density stands in 1992. Readings taken during these 
studies indicate that soil moisture (gravimetric samples) in 1991 did not 
drop below 12 percent (dry weight basis, data not shown) while soil 
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moisture was in the 10 percent range 
in 1992 8). Thus some 

if 
available. 

Weed control. Weed !-'V!-'UJ'UL':V1l0, '-"-'!lIIJU! 

wheat cover crops to no 

cover crop was used but differences were not ..JAh'U"V"""~' 

!-'v,!-'UJ'ULJ,VH 

times were measured in addition to weed counts. The average 
of 5.7 

response to cover crop and cover crop spray date. 
WY Research and Extension 1991-1992. 

Harvest 	 Sucrose 

070 
Year: 

1991 70.7 56.0 15.4 
1992 45.7 56.0 16.3 

LSD (0.05) 7.7 NS 0.8 
Cover crop: 

51.9 57.4 15.8 
W. Wheat 51.1 55.6 15.9 
None 	 71.4 54.9 15.9 

LSD (0.05) 6.7 NS NS 
datet : 

Early 60.5 56.9 16.0 
Late 55.8 55.1 15.8 

LSD (0.05) NS NS NS 
Year x cover crop: 

1991 x 71.2 59.4 15.3 
1991 x 66.7 55.4 15.7 
1991 x none 74.1 53.1 15.3 
1992 32.9 55.6 16.2 
1992 x w.wheat 35.6 55.6 16.1 
1992 x none 68.7 56.9 16.6 

LSD (0.05) 9.4 NS NS 

Mean 	 58.1 56.0 15.9 

Early-April 16, 1991 and April April 

April 16, 1992 wheat and May 14, 1991 and 1992 barley, 
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hours/ha (2.3 hours/A), which is very similar to hoe times found for 
studies without cover crops (Miller and Fornstrom, 1989). 

Fall application of preplant incorporated herbicides has the advan
tage of reducing the need for spring tillage with the accompanying loss 
of soil moisture and perhaps reducing sugarbeet injury from the 

Table 8. Soil moisture in top foot as a function of cover crop, spray date 
and sampling date. Torrington, WY Research and Extension Center, 
1992. 

Cover crop Spray datet Soil moisture 

3-24 4-16 4-30 5-14 

Barley 

W. Wheat 

None 

LSD (0.05) 

Early 
Late 
Early 
Late 
Early 
Late 

13.4 
13.5 
12.9 
12.8 
13.6 
13.8 

NS 

12.3 
12.4 
10.6 

9.6 
12.7 
12.8 

1.5 

11.6 
10.9 
10.7 
10.3 
13.4 
13.4 

1.4 

13.2 
10~6 
13.9 
1 1.4 
13.9 
14.0 

1.4 

Mean 13.4 11.6 1 1.7 12.8 

t Spray dates: Early-April 9 for wheat and April 23 for barley, 

Late-April 16 for wheat and May 5 for barley. 

Table 9. Comparison of weed populations in sugarbeets with barley, 
winter wheat and no cover crop. Torrington, WY Research and Exten
sion Center, 1990-1992. 

Comparison Weed Population 

Year: 
1990 
1991 
1992 

LSD (0.05) 
Cover crop: 

Barley 
W. Wheat 
None 

LSD (0.05) 

Mean 

1000 pl/ha 

9.0 
10.1 
12.4 

NS 

9.9 
7.9 

13.3 
NS 

10.4 
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herbicides. With fall planted cover crops, this practice can be fol
lowed without wind erosion concerns. Fall applied preplant herbicide 
studies with a winter wheat cover crop were conducted with cycloate 
[S-ethyl cyclohexylethyl-carbamothioate] in 1993 and with cycloate 
and ethofumesate combinations in 1994 and 1995. Weed control was 
excellent and sugarbeet injury was reduced with fall applications in 
1993 and 1994, but in 1995 injury was as severe with fall applied 
herbicides as with preplant applied herbicides (Table 10). April to 
May, 1995 was unusually cool (Table 2) which probably increased 
sugarbeet injury. 

CONCLUSIONS 

Our research shows that sugarbeet can be grown successfully us
ing living mulches as cover crops for erosion protection under 
sprinkler and furrow irrigation. The only additional cultural opera
tion performed for furrow irrigation was to corrugate before plan
ting the fall cover crops. Although sugarbeet populations were 
slightly lower when cover crops were used, sugarbeet yields were 
equal to or better than sugarbeet yields grown without cover crops. 

Table 10. Sugarbeet injury due to fall or spring applications of 
preplant incorporated herbicides in a winter wheat living mulch. Tor
rington, WY Research and Extension Center, 1993-1995. 

Sugarbeet injury 

Treatment Rate 1993 1994 1995 

Fall: 
kg/ha -- 070 --

cycloate 3.4 0 1 20 
ethofumesate 2.2 3 21 
cyc!. E + etho. 1.7+1.7 4 24 

Early preplant: 
cycloate 11 2.8 2 4 23 
ethofumesate 1.7 4 19 
cyc!. + etho. 1.7+1.1 5 18 
cyc!. + etho. 1.1+1.1 4 13 

Preplant: 
cycloate 2.2 5 5 15 
ethofumesate 1.7 8 16 
cyc!. + etho. 1.7+1.1 9 25 
cyc!. + etho. 1.1+1.1 6 20 

Untreated check 0 0 5 
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cover crops while VLJ~Ul,LH1JlF, 
reduction when rye 

In two of the seven 

were encountered 
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Cover crops need to be 
The spray date on the 
crops should be ",,,,r'-,,,,,,,, 

tall. At 

fall cover crops oc
cover crops when the temperatures were 

cool. New grass herbicides may this as well as 
reduce the cost cover removal. Conventional 

and postemergence herbicides nrr",,,,on 

weed control when cover crops were used when "'''''''Ut-'''"U 

grown without cover crops. 
Cover crops now used for of 

stand establishment. No data are available for 
but in the eastern North Dakota-Minnesota area, cover 

were used on 6 0,70 of the acreage in 1 which is a 
decrease from 1 of the acreage et Reasons 
for the decrease in area are not but cover crops are broadcast 
and no is available. Research in eastern North Dakota
Minnesota has also that can be maintained with 

erosion 
in the 

to the size commercial fields. 
As part of studies conducted in 1994 and 

seeded at different dates 
for these 

loss is not related to calen
lost but rather to the amount of heat lost for the season. For 

25 date in 1994 resulted in a 22 % 
14 while 
loss f>r.''Yl .... ''r''''rl 

related to soil heat units with a 40F base 
1974 The 

IJ'U,H~'HF. and amount 
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yields of replanted sugarbeets are in the range of 20 070 to 40 070 less 
than yields of sugarbeets that don't have to be replanted. Thus the 
use of cover crops seems to be economically justifiable. 
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Table 11. Sugarbeet response to delayed planting dates and grow
ing degree days lost (GDD-40F base temperature) after the initial 
planting date. Torrington, WY Research and Extension Center, 1994 
and 1995. 

Year Planting GDD Sugarbeet 

Date lost Yield Sucrose 

OF-day Mg/ ha 070 
1994 	 Apr 14 0 67.9 16.7 

Apr 20 89 65.7 15.8 
May 2 219 56.5 15.0 
May 9 326 53.1 14.9 

LSD (0.05) 	 7.1 0.9 

1995 	 Apr 13 0 54.2 14.6 
May 15 176 49.4 14.8 
May 31 361 40.6 15.4 

LSD (0.05) 	 8.2 NS 
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