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ABSTRACT 

This bulletin reports the results of research on 
reducing the tillage required in producing corn. Two 
methods of reduced tillage were studied and com­
pared with conventional methods of tillage. The 
wheel~track method of planting in plowed ground 
and a new method developed during these studies 
produced yields equal to those produced with con­
ventional methods, but at lower costs. 

The new method consists of using a special tool, 
called a strip plow, which, when combined with suit­
able attachments, plows strips 22 inches wide and a 
standard row width apart, fertilizes, applies herbi­
cide and insecticide, and plants in a once-over opera­
tion. The strips left unplowed between the rows are 
plowed when the corn is about 8 to 10 inches high, 
as part of the first cultivation. 
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In 1956 the Department of Agricultural Engi­
neering of the Missouri Agricultural Experiment 
Station began studies to evaluate reduced-tillage 
methods for growing corn and to develop, if possible, 
a method which would be faster and lower in cost, 
and which would produce yields equal to or higher 
than those produced with conventional methods or 
some of the other developing reduced-tillage methods. 

Prior to 1956, considerable emphasis was placed 
on thoroughly working the soil to a depth of 7 or 8 
inches by multiple tillage operations. Such methods 
were not only expensive in time, labor, and ma­
chinery, but they resulted in certain other disadvan­
tages, such as: (1) sealing of the soil surface during 
heavy rains, resulting in high runoff and erosion 
losses; (2) deep crusting of the soil surface, frequent­
ly resulting in poor stands; (3) prolific weed growth; 
and (4) development of traffic pans in many soils, 
due to numerous operations with heavy equipment. 

Wheel-track planting, which was coming into 
favor, produced good yields but had certain disad­
vantages. This method consists essentially of two 
operations. The ground is first plowed, and the plant­
ing is done soon afterward in wheel tracks. The 
tracks are made by the wheels of the tractor pulling 
the planter, or by heavy planter wheels. There is no 
secondary tillage such as disking or harrowing ahead 
of the planter. With the wheel-track method, plant­
ing needs to be done soon after plowing, and it can 
proceed no faster than plowing. Therefore, some plant­
ing is often delayed well beyond the desirable plant­
ing time. Another difficulty is in arranging equip­
ment to form well-compacted, suitably-spaced wheel 
tracks for the rows. 

Early Experiments 

The early experiments on reduced tillage were 
conducted as a part of a larger study on intensive 
cropping. Small grain, usually wheat, was removed 
for silage about June 1. Corn was planted in the 
stubble. During these early experiments, the strip­
tilling equipment underwent considerable change and 
development. The seasons were rather unfavorable 
for late-planted corn. Therefore, the work for the 
years 1956 through 1958 has been summarized and 
is only briefly discussed in this bulletin. 

These early experiments were conducted on the 
Midway Farm near Columbia on a Grundy silt loam. 



Fig. 1 T he Ollce-Ol'er strip tilling a ll d /JI(lIItillg eqllip lll f.'ll t 
used ill Ihe fi rsl experilll f.'ll is on redllced IiI/age. Tbe slrip 
tiller equipllleli l. 1II 01l1/ied Oil Ihe Iraclor cullil'CIlor frame. 
corlsisls o/ II 'ide sweeps 10 del'll' Ir(ub frolll Ihe roU' areas. 

T h rec methods o f t ill age were stud ied and com p:HC:d. 
T he co nventional meth od consisted of plow ing, tan­
de m di s king, ha rrowi ng, and plan t ing as separate 
o perat io ns. Thi s meth od was used as a standa rd o r 
check fo r co mpari son with the o th er two mcthods. 

A seco nd method , wheel-track p lanting, was a 
t wice-over method and consisted of plow ing and then 
p lanting with a rear-mounted tracto r p lanter arranged 
to pl a nt in the t racto r-w heel tracks. 

T he third method , the "strip-till " method , which 
was la te r develo ped into the "strip-p low" m ethod , 
consisted of a once- vel' operatio n w ith special equip­
m ent o n a fro nt-mo unted traCtor cultivator frame and 
a rear-tn ounted , two-row planter (Fig. 1). W ide 

sweeps were used in fro nt of the trac to r to cl ea r th e 
tras h fro m the row area, and immedi ately be hind 
were 9- inch sweep s that tilled strips abo ut 6 inches 
deep and 40 inches apart. Disk hillers were mounted 
behind the tilling sweeps to move so il to the centers 
of the rows, and ro ta ry hoe units mo unted in a re­
verse pos iti o n were used to p ac k th e row a reas. A 
two- row trac to r culti vato r was used o n all pl o ts. 

The res ults of th e 1956-1958 ex perim ents were 
en co urag ing a nd sugges ted th at bo th th e strip-ti ll 

9-illcb deep-tilling sweeps, disk hillers, and rotary hoe 
IJ I/ils. / 1 rear-mounled Iraclor p la llier plallied ill the cellter 
of the tilled strips. 

met hod and th e w hee l-track meth od wo ul c.l p roc.lu ce 
yie ld s comparab le to the conventi o na l meth od with 
m uch lower power, labo r, and machin ery os ts. D ur­
ing thi s pe ri od , th ere was co nsiderabl e c hange and 
develo pment of th e equipme nt fo r strip till age, which 
res ulted in a basic too l, the stri p plow (Fig. 2). 

T he s trip pl ow co nsis ts esse nti a ll y of a deep­
running sweep w ith tO p w in gs to fo rce the surface 
so il and t ras h outward , and lower w ings to move the 

Fig. 2 T he basic strip plow unit which was developed 
fro l1l these studies. T he top wingsfone Ihe slltface soil and 
trash olltwelrd, and the lower wings mot'e moisl, trash-f ree 
soil in the bottom 0/ the fllrrow slice toward the center of 
the strip. 



moist, trash-free so il in the bottom of the furrow 
slice inward. T hese basic strip plows were in co rpo­
rated in to a com bined tilling and planting implement. 
This implement, with appropr iate standard arrach­
ments, w ill p low and compact str ips throug h the 
fIe ld, place heavy appl icat ions of ferti lizer in the bot­
toms of the strips, appl y starter fert ili ze r, apply soil 
insec ti cide and herbicide, and plant in a single op­
erati on. 

T he plowed stri ps are 22 inches wide, 8 to 1 () 
inches deep, and a standard row width apart , leav ing 
unplowed strips approximate ly 18 inches wide. T rash 
is tu cked dow n in the edges of the plowed strips, 
and the so il ahead of the compa ling whee ls is well 
pu lve ri zed and raised about 2 to 3 inches above the 
undisrrubed so il between th e plowed str ips (Fig. 3). 
W heels th en firm the so il ahead of th e planting 
mechani sm to achieve, essent ia ll y, whee l-track plant ­
Ing. 

The strips between the rows arc plowed when 
the co rn is 8 to 10 inches tall. T hi s is done with 
half-w idth , rig ht- and left-st rip plows (half plo ws), 
whi ch were level oped (or use on a rear-mOll nted 
roo l bar. These are preferred to full -size strip plows 
fo r thi s operati on beca use the load is eas il y centered 
behind the tracto r when work ing lWO or four rows. 
Also, they move th e trash away (rom the ro ws and 
leave it at the low point betwee n th e rows, where 
it is in best pos iti on to reta rd eros ion and aid in 
moi sture infIltrati on. 

Studies Expanded 

In 1959 the So il and Water Co nservation Re­
sea rch Division of the Agri ultural Researc h Se rvice 
beca me a coo perator, and these studi es we re ex­
panded. The exper imental plots at Co lumbi a were 
relocated on th e Un iversity of Missouri South Farm , 
on a Mexico silt loam soil. T his soi l is representative 
of M idwest c1aypan soil s characteri zed by gentl y ro ll ­
ing topog raphy , a g ray leached surface, low fertility , 
and a cl ay subso il laye r of low perm eabi lit y. Opti ­
mum so il moisture is necessary at planting tim e for 
good ti lth . 

Experim ents were also begun in northeast Mis­
souri , near Elsberry , on a Sharon silt loam s iI. This 
soi l was fo rm ed by outwash from the Mississ ippi 
River hills. It has pl as ti c "gu mbo" layers at various 
depths. The gumbo layer is near the surface on about 
one-third of the experimental area, and is well below 

Fig. 3 The strip plow ul1it plows tI strip about 22 inches 
wide (wd 8 to /0 illches deep , le{lvillg a lI'eli-p"/t'eriuci 

!lIrroll' slice abou/ 2 /03 inches a bot'e Ihe {lc/j {lcen t 1111 -

IJ/oll oed grolllld. 

pluw depth on rhe remainder. The silt loam surface 
layer abov e th e g umho in thi s so il has good ti lrh 
throug h a wider range of moistu re co ntent than the 
claypan soil of th e Co lumbia ex perim ental area. T he 
gumbo laye r has poor ti lth , especiall y if th e moi srure 
co ntent is sli ghtl y hig h. 

Design of the Experiments 

Randomi zed bloc k designs with three o r four 
rep li cation s per treatment we re us d during the pe­
ri od 1959 throu g h 1963. The pl ots nea r Elsberry 
we re 20 feet by 800 (eet and 40 fee t by 400 feet ; 
those near Columbia were 20 feet by 100 feet. 

Co mmercial hybr id seed orn was dri ll ed at a 
9- inch spacing in 40-inch rows for an anti ipated 
stand of 16,000 I lanes per acre. Altho ugh the m th ­
ods of appl ying fertili ze r could not be the same with 
all tillage treatments, the amounts app li ed were kept 
as nearly equ al as possible for all plo ts in a particu­
lar location and year. 

N itrogen side dress ings of 33-0-0 at rates of 350 
ro 400 pounds per acre were made at the time of the 
first culti va tion on all pl ots. Beginning in 1962, a 
pree merge nce herbi cide and a so il insecti cide were 



Fig. 4 The strip plow attd planter used in the 1962 and 
1963 exp eriments. 

applied in the row areas at planting time to obtai n 
bet ter weed and in sect contro l. 

Tillage Methods and Equipment 

As in the earlier studies, the experimental strip­
plow method and the wheel-track method were com­
pared with the co nventi onal method. 

In th e co nventi onal method, the stalks from 
the previous crops were shredded, the row ridges 
were disked down with a tandem disk, and the soil 
was plowed and then tandem disked and harrowed 
before planting. Corn was planted with the tractor 
wheels se t so the rows were not in the wheel tracks. 

In the wheel-track method, the stalks from the 
previous crops were shredded , the row ridges were 
disked w ith a tandem disk, the so il was plowed, and 
the crop was planted without further till age. The 
tractor w heels were set so crops were planted in trac­
tor wheel tracks. 

With the strip-plow method, the stalks from the 
previous crop were shredded, but after the 1961 sea-
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so n the ridges we re not disked, because this was 
found ro be unnecessary. In fact, th e strip plow 
wo rked better in undi sked ground. After 1961, plow­
ing w ith the st rip pl ow, planting, fertil izing, and 
applying of such herbicide and soil insecticide as de­
sired , were acco mp lish ed in a once-over operation 
(Figs. 4 and 5). Until this time, no satisfactory com­
bination implement had been developed. Previously, 
plowing was done with the strip plow, followed by 
a seco nd operation in whi ch the planting and the 
applica ti on of starter fertilizers, herbicides, and soi I 
insecticides were accompli shed. 

With the conventional and wheel-track methods, 
corn was cultivated with conventional two-row equip­
ment two or three times as needed for weed control. 
With the strip-p low method , the first cultivation 
was with the half plows mounted on a rear rool bar 
to plow between the rows (Fig. 6). Regular cultiva­
tor sweeps were used on the front cultivaror gangs 
when needed for weed control in the row area. Onl y 
two sweeps were used per row, and these were se t 
co work close to the rows. Any additional cultiva-



Ng.5 The strip plow and planter at lI'ork. Stalks from 
the pre t'io us crop were sbredded, but no other work was 
done ahead of the strip plow. The strip plow units are mid­
mounted ahead of the tractor rear axle, and a tractor 
/J/anter is rear mounted atld equipped with attachments to 
app~y fertilizer. soil insecticide, arid a herbicide. 

Pig. 6 A tmctor equipped to plow the middles with rear-
1/I0lmted "half plows " at tbe tillle of the first cuitivatiorl. 
Regular front sweeps sel to UJork dose to the row lItay be 
used f01' more comp/ete weed contro/, if needed. A lso, ferti ­
lizer may be applied as desired. 



tions wer.e the same as with the other two treat­
ments. 

Experimental Results 

Plant population, early growth, and yield data 
are g iven in the following tables. Tables 1 and 2 
show that corn stands were considerably higher in 
most cases on the Sharon silt loam near Elsberry 
than on the Mexico claypan soil near Columbia for 
all three tillage methods. Better soil tilth on the silt 
loam near Elsberry at planting time favored mainten­
ance of a more nearly optimum soil moisture during 
dry periods and less water damage during wet peri­
ods following planting. 

Plant mortality during the first cultivation was 
somewhat higher with the strip-plow equipment in 
its earlier stages of development because of poor 
maintenance of row spacings. There was a consider­
able amount of volunteer corn on all plots each year. 
The strip-plow method moves all surface trash away 

from the row area ; therefore, practically all volunteer 
corn is killed by subsequent cultivation. The plant 
populations of the wheel-track and the conventional 
plots were increased somewhat by volunteer stalks in 
the rows. 

Observations and measurements of the growth 
of the corn plants showed that during the early part 
of the season, corn on the conventional-method plots 
was usually a little taller than that on the reduced­
tillage plots (Tables 3 and 4). However, the differ­
ence in early plant growth was not significant during 
most years and was not eviden t by the time the corn 
was tasseling. 

Data in Table 5 show that yields [rom the strip­
plow and conventional treatments on the Mexico 
silt loam at Columbia were about equal, while those 
from the wheel-track method were about 11 bushels 
per acre more. 

The average yield on the Sharon silt loam soil at 
Elsberry was 126 bushels per acre from the strip-plow 

TABLE l--PLANT POPULATION AT COLUMBIA 

Year Time Counted Strip-Plow Wheel-track Conventiona I 

1959 July 23 7,033 8,950 9,050 

1960 Harvest 10,513 11,643 8,220 

1961 July 10* 10,133 14,133 15,566 

1962 Harvest 14,200 17,000 17,500 

1963 Harvest 14,400 12,800 14,000 

Average 11,256 12,905 12,867 

(Omitting 1961 data) 11,536 12,598 12, 192 

*Tillage methods used in the Columbia experiments can best be evaluated by omitting 1961 results because 
some new strip-till equipment did not function properly . The planter units were mounted close behind the 
strip-till sweeps and prevented the sweeps and the planter units from working properly. The planter units 
were removed later and the strip tilling and planting were done separately in the Elsberry experiments, with 
quite satisfactory results. 

Year 

1959 

1960 

1961 

1962 

1963 

TABLE 2--PLANT POPULATION AT ELSBERRY 

Time Counted Strie-Plow Wheel-track 

Harvest 13,500 13,100 

Harvest 14,700 16,100 

Harvest 15,133 15,933 

June 15 15,000 18,400 

Harvest 13,600 14,800 

Average 14,387 15,667 

.8 

Conventional 

15,600 

16,250 

14,066 

17,000 

15,900 

15,763 



TABLE 3--EARLY GROWTH, HEIGHT (inches), AT COLUMBIA 

Last Date 
Year Measured Stri~-Plow Wheel-track 

1959 July 23 74 78 

1960 July 23 66 70 

1961 July lOll 19 31 

1962 June 29 34 38 

1963 Not measured 

Average 48 54 

(OmitHng 1961 data) 58 62 

Y See footnote, Table 1. 

Year 

1959 

1960 

1961 

1962 

1963 

Year 

1959 

1960 

1961 

1962 

1963 

TABLE 4--EARLY GROWTH, HEIGHT (inches), AT ELSBERRY 

Last Date 
Measured Strip-Plow Wheel-track 

Not recorded 22 22 

(Height not measured in the 1960 experiments) 

June 28 26 24 

June 15 61 62 

June 19 

Average 

65 

43.5 

68 

44 

TABLE 5--CORN YIELD (bushels per acre), AT COLUMBIA 

Strip-Plow Wheel-track 

40 51 

62 78 

!I 38 61 

51 55 

104 115 

Average 59 72 

(Omitting 1961 data) 64 75 

Y See footnote, Table 1.. 
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Conventional 

77 

67 

33 

39 

54 

61 

Conventional 

31 

24 

63 

70 

47 

Conventional 

45 

70 

67 

42 

96 

64 

63 



and conventional methods of planting. Yields from 
the wheel-track planting method averaged 129 bush­
els per acre (Table 6) . 

The average corn yields (1959-1963) from the 
reduced tillage methods were about equal to those 
from the conventional method on both the Sharon 
silt loam and the Mexico silt loam soils. Average 
yields on the Mexico claypan soil near Columbia 
were about 50 percent lower, however, than those 
from comparable treatments on the Sharon soil near 
Elsberry. 
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Fig. 7 Accumulated average corn yields (bushels per 1000 
plants) for the period 1959-1963 on the claypan soils near 
Columbia. 

The accumulated average yields in bushels per 
1,000 stalks are shown in Figures 7 and 8. On the 
claypan soil, the yields from reduced-tillage methods 
were slightly lower than yields from the conventional 
method. On the Sharon silt loam soil, however, 
yields from the strip-plow method were higher than 
those from the wheel-track and conventional meth­
ods. 
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Fig. 8 Accumulated average corn yields (bushels per 1000 
plants) for the period 1959-1963 on the Sharon silt loam 
soil near Elsberry. 

TABLE 6--CORN YI ELD (bushels per acre) I AT ELSBERRY 

Year Strip-Plow Wheel-track Conventional 

1959 127 131 137 

1960 130 121 108 

1961 110 115 108 

1962 133 148 145 

1963 132 129 133 

Average 126 129 126 
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Comparative Costs of Tillage Methods 
Although ¥i~lds were not significantly different 

between the strip-plow method and the wheel-track 
and conventional methods, the cost of tillage opera­
tions obviously would be considerably less. To get 
some definite information on the cost of tillage op­
erations with the wheel-track and the strip-plow 
methods, time, fuel, and draft studies were made. 

Draft Studies 

Draft tests were made on the strip-plow and a 
moldboard plow in Mexico silt loam near Columbia 
in 1961. Strain gage equipment was used to measure 
draft. The results are shown in Figure 9. 2 The strip 
plow had a draft some 20 percent greater than a 
moldboard plow of equivalent width at 3 miles per 
hour. As the speed was increased to 7 miles per 
hour, the draft of the strip plow increased 22 per­
cent, while the draft of the moldboard plow increased 
76 percent. Also, the appearance of the strip and the 
quality of the work done by the strip plow changed 
only slightly with increased speed ; whereas, the 
work of the moldboard plow was quite unsatisfactory 
at higher speeds. 

Time and Fuel Studies 

Time studies were conducted in 1962 comparing 
strip plowing and planting with plowing and wheel-

2 A full report of the draft tests is given in an unpublished master's 
thesis entitled "Draft Measurements of a Strip Tiller" (1961 ) by Joe 
P. Gentry, which is in the University of Missouri Library. 
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Fig. 9 Draft comparisons of the strip plow and a mold­
board plow of equivalent width at different speeds of op­
eration. 

track planting. In the wheel-track method, plowing 
was done with a full 3-plow tractor pulling a 3-bot­
tom plow, and the planting was done with a light 
farm tractor pulling a 2-row planter as a separate 
operation. The strip plowing and planting were ac­
complished as a once-over, 2-row operation with 
equipment mounted on the same 3-plow tractor. 
Time and fuel requirements are given in Table 7. 

Almost exactly one-half as much time was re­
quired for a man and tractor to plow strips and plant 
an acre as to plow and wheel-track plant an acre. 
The fuel required to plow an acre in preparation for 
wheel-track planting was sufficient not only for the 

TABLE 7--TIME AND FUEL REQUIREMENTS 

Wheel-track Planting 
plowing 
Planting 
First Cultivation 

Total 

Strip-plow Planting 
Strip Plowing and 

Planting 
First Cultivation and 

Strip Plow Middles 

Total 

49 . 3 min/acre 
38.4 min/acre 
26.2 min/acre 

114.9 min/acre 

44.4 min/acre 

27.1 min/acre 

71.5 min/acre 

*2.41 gallons diesel fuel, plus 0.87 gallon gasoline per acre . 
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1 .86 gal. diesel fuel per acre 
.87 gal. gasoline per acre 
~gal. diesel fuel per acre 

3.28 gal. fuel per acre 

1 .20 gal. diesel fuel per acre 

~gal. diesel fuel per acre 

1.86 gal. diesel fuel per acre 



strip-plow planting operation; but also for the com­
bined operation of plowing the middles and making 
the first cultivation. This was unexpected, because 
the previously discussed draft tests indicated that 
about 20 percent more fuel would be needed to plow 
the strips and later plow the middles than would be 
required for moldboard plowing. The draft tests of 

the strip plowing were made in undisturbed soil, so 
the results should apply to the first plowing of the 
strips. Apparently a much lower draft is required to 
plow the middles later, along with the first cultiva­
tion, and this accounts for the lower-than-expected 
fuel consumption. 

Conclusions 

Strip plowing and planting, as finally developed 
into a once-over operation, and plowing followed 
by wheel-track planting, both give satisfactory results. 
Yields are comparable with those produced by con­
ventional methods. However, the strip-plow method 
requires the least time and fuel, and, in addition, 
has the following important advantages. 

Observations following heavy rains indicate that 
runoff and erosion losses are considerably lower with 
strip plowing. From planting time until first culti­
vation, the soil between the rows is protected by 
residues from the previous crop. After the middles 
are plowed, the soil is left rough and receptive to 
moisture infiltration. Also, much of the crop residue 
is partially mixed with the surface soil by this opera­
tion, and thus reduces erosion during later growth. 

The strip-plow method is quite flexible and 
adaptable to various methods of weed control and 
fertilizer application. A heavy application of fertilizer 
can be placed in the bottom of the plowed strips, 
and starter fertilizer can be placed to one side and 
slightly below the seed at planting time. Soil insecti­
cide and herbicide may also be applied at planting 
time, if desired. Nitrogen fertilizer may be applied at 
the time of the first cultivation and plowing of the 
middles. 
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