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aerial application of 2,4,5-T at a cost of $2.50 to $3.00/acre 
plus 5 cents/acre or less for the B-vitamins once every few 
years, spraying is more economical than annual maintenance 
mowing. 

Additional study is needed to determine the optimum 
concentration of hormone-type B-vitamins that should be used 
in combination with an herbicide to obtain maximum root 
kills. Also, the mechanisms of synergistic response caused by 
the B-vitamins is an area that needs to be explored, There 
appears to be a great future for the use of B-vitamins in brush 
control programs. 
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Atrazine Residue and Seedling 

Establishment in Furrows 

RICHARD E. ECKERT, JR. 

Highlight: Deep furrows made with shovel openers and simulated disk-type furrows 
were evaluated for removal of atrazine residue from the seeded row and for seedling 
establishment in the atrazine-fallow technique of range seeding. A trazine residue in all 
furrow treatments was below the toxic level for crested and intermediate wheatgrasses. 
Established stands of both species were similar in all furrow treatments. Therefore, the 
deep-furrow rangeland drill with disk openers appears suited for large-scale application 
of the atrazine-fallow technique. 

Good stands of perennial grasses were 
established experimentally by the 
atrazine-fallow technique of weed control 
and seeding in deep furrows (Eckert and 
Evans, 1967; Eckert et al., 1972). Deep 
furrows removed soil contaminated with 
herbicide residue from the seeded row 
and improved microclimate for the seed- 
ling. Furrows were made with shovel-type 
openers not suited to large-scale range- 
land seeding. The disk-type opener is the 
only practical implement for this use. 

The author is range scientist, Agricultural 
Research Service, U.S. Department of Agricul- 
ture, Renewable Resource Center, University of 
Nevada, Reno. 

The research is a cooperative investigation 
of the Agr. Res. Serv., U.S. Dep. Agr., and the 
Agricultural Experiment Station, Univ. of Nev., 
Reno. (Journal Series Number 244.) 

Manuscript received March 5, 1973. 

Furrows made with disk openers are 
smaller and of different shape than those 
made with shovel openers. Therefore, 
before widespread use of the atrazine- 
fallow technique is attempted, the type 
of deep furrow made with disk openers 
needs to be evaluated for: 1) atrazine 
residue in the seeded row, and 2) favor- 
able microclimate, as indicated by success 
of seedling establishment. 

Methods 

This study was conducted during the 
fallow and seedling years of 1970-71 and 
1971-72 at one site in northeastern Cali- 
fornia. Precipitation in these two years 
was 12.6 and 8.1 inches respectively. Soil 
was described as a member of a fine 
loamy, mixed, mesic family of typic 
A rgiustolls. Cheatgrass (Bromus tec- 
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torum) and tumble mustard (Sisymbrium 
altissimum) were controlled with 1 lb/ 
acre atrazine [ 2-chloro-4-(ethylamino)-6- 
(isopropylamino)-s-triazine] applied to 
24- by 48-ft areas in the fall of 1969 and 
1970 in two separate studies. One year 
after herbicide application, four seedbed 
treatments were imposed on 6- by 6- ft 
plots: 1) seed drilled into the surface 
soil; 2) seed drilled in bottom of furrows 
made with shovel-type openers (these 
furrows were about 6 inches deep and 8 
inches wide and had loose soil in the 
bottom); 3) seed drilled in the bottom of 
furrows made with shovel-type openers 
after all loose soil was removed (these 
furrows were about the same size as those 
in method two); and 4) seed drilled in 
furrows made with a hoe to simulate 
those made by the disk openers of a 
deep-furrow rangeland drill (these fur- 
rows were about 3 inches deep and 4 
inches wide and contained no loose soil). 
These four seedbed treatments were fall- 
seeded with a Planet Jr. drill’ to Amur 

‘Mention of trade name does not constitute a 
guarantee or warranty of the product by U.S. 
Department of Agriculture and does not imply 
its approval to the exclusion of other products 
that may also be suitable. 
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Table 1. Range in atrazine residue (ppm) in the surface 4 inches of soil at time of seeding in fall of the fallow year and in spring of the seedling year 
and seedling density in May (plants/ft of row), and stand frequency in October (% occupancy/ft of row) in four types of seedbeds for 1970-7 1 and 
1971-72 studies. 

Seedbed 
treatment 

and 
species’ 

Drilled in soil surface 

1970-71 1971-72 
A trazine Plant Atrazine Plant 

Fall residue Spring residue Density Frequency Fall residue Spring residue Density Frequency 

0.07-0.14 <0.04-0.09 <0.04-0.18 <0.04-0.07 
Agde 
Agin 

Simulated disk furrow 
Agde 
Agin 

Shovel furrow 
Agde 
Agin 

Shovel furrow-cleaned 
Agde 

<0.04-0.06 <0.04 

<0.04-0.06 <0.04-0.05 

<0.04-0.06 <0.04 

3.4a2 
3.3x 

2.4a 
3.7X 

2.5a 
3.7x 

1.6a 

25a 
82x 

64b 
90x 

55b 
90x 

48b 

<0.04-0.08 

<0.04-0.12 

-Co.04 

<0.04 

<0.04 

<0.04 

2.5a 
0.3x 

9.2c 
1.4x 

4.8ab 
1.4x 

?‘.obc 

37a 
18x 

87b 
52~ 

85b 
50Y 

78b 
Agin 4.1x 92x 1.3x 47Y 

’ Agde-Nordan crested wheatgrass. Agin-Amur intermediate wheatgrass. 
‘Means for each species were compared each year. Means for the density and frequency of crested wheatgrass (a-c) or intermediate wheatgrass (x-y) 

followed by the same letter are not significantly different (0.05) as determined by Duncan’s Multiple Range Test. 

intermediate wheatgrass (Agropyron 
intermedium) and Nordan crested wheat- 
grass (A. desertorum) at the rate of two 
pure, live seeds/inch of row in l&inch 
rows. Plots of each species were three 
rows wide and 6 ft long. The experi- 
mental design was a randomized block 
with four replications. 

Seedling density (plants/ft of row) 
was determined monthly from emer- 
gence in March until individual seedlings 
could not be distinguished, usually May. 
Stand frequency (% occupancy/ft of row) 
of established plants was measured in 
October. 

Atrazine residue in the seed row was 
determined at time of seeding in fall of 
the fallow year and in spring of the 
seedling year. Soil samples were collected 
by l-inch increments to a 4-inch depth 
below the bottom of furrows and to an 
8-inch depth below the surface of the 
drill treatment in each species plot. Atra- 
zine content was determined by ultra- 
violet spectrophotometry (Mattson et al., 
1970). 

Results and Discussion 

Atrazine residue in the surface 8 
inches of soil in the drill treatment at 
time of seeding ranged from <0.04 to 
0.18 ppm (Table l), with little residue 
below 4 inches. However, residue in the 
surface 2 inches was 0.13 to 0.18 ppm. 
This amount of herbicide is toxic to 
wheatgrass seedlings. All three furrow 
treatments reduced the amount of atra- 
zine residue in the seed row. Soil dis- 
placed in the furrowing treatments was 
deposited as a berm. Therefore, most of 
the residue to depth of furrowing was 
also removed, and seed was planted in soil 
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with a low atrazine content. The shovel- 
furrow treatment was not as effective as 
the other two treatments in 1971, Shovel 
openers stirred the soil during furrowing, 
and some of the upper 2 inches of soil 
remained in the furrow. In 197 1, residue 
in this loose soil (0.12 ppm) was near the 
toxic level of 0.13 ppm suggested for 
wheat (Talbert and Fletchall, 1964) and 
for wheatgrass (Eckert et al., 1972). The 
other two furrowing treatments removed 
most of the loose soil from the furrows, 
and residue level in the seed row was 
reduced. 

Atrazine residue in all furrow treat- 
ments in the spring of both seedling years 
did not exceed 0.05 ppm (Table 1). These 
levels did not damage wheatgrass seed- 
lings. Residue in the drill treatment was 
0.07 and 0.09 ppm at the 1-2 and 2-3 
inch depths, respectively. This residue 
was sufficient to damage some seedlings 
of both species at the one- and two-leaf 
stages. 

In areas where fall germination of 
seeded species occurs regularly, furrow 
seeding in an atrazine fallow would be 
essential, because residue levels in the 
surface 2 inches of soil are toxic. Use of 
furrows should also reduce the possibility 
of damage to spring-germinated seedlings 
from toxic residue levels that could result 
from improper application of atrazine or 
insufficient degradation and leaching in a 
dry fallow year. 

The density and frequency of inter- 
mediate wheatgrass and the density of 
crested wheatgrass plants were similar 
among seedbed treatments in 1971 (Table 
1). However, frequency of established 

crested wheatgrass plants was signifi- 
cantly greater in furrows in 1971. In 
1972, seedling density of intermediate 
wheatgrass was similar on all treatments, 
while crested wheatgrass density and the 
frequency of established plants of both 
species were increased by all furrow 
treatments. In both years, frequency of 
each species was similar among furrow 

treatments. 
This study shows: 1) all furrow treat- 

ments removed atrazine residue from the 
seeded row, and the simulated disk- 
furrows were as effective as those made 
with shovel openers, and 2) similar seed- 
ling stands and plant establishment in all 
kinds of furrows indicate a similarity of 
microclimate. Therefore, on the basis of 
atrazine residue and microclimate charac- 
teristics resulting from its use, the deep- 
furrow rangeland drill is suited for large- 
scale application of the atrazine-fallow 
technique for establishment of perennial 
grasses. 
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