
 

Please follow along on our journey of highlighting this impactful 
collection of research that recognizes the landmark research and 

literature that has contributed to the scientific body of knowledge in 
No-Till.  

 

 

 

 

 

We will be showcasing 9 of these pieces throughout the spring and summer. 
Pop on over to our Social Media to join the conversation.  

 

Our third installment features a research article published in March 1973 by 
D.R.Griffith et al. in Agronomy Journal (Agron. J. 65:321-326 (1973). No-plow 
tillage was utilized to cut production costs and reduce erosion losses. Their 
research indicated that with proper management, the chisel planting system 
appeared to be competitive with conventional tillage on sandy loam and loamy 
soils (tillage planting systems were not adapted for poorly drained soils). 
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Effect of Eight Tillage-Planting Systems on Soil Temperature, Percent Stand, 

Plant Growth, and Yield of Corn on Five Indiana Soils1 

D. R. Griffith, J. V. Mannering, H. M. Galloway, 

S. D. Parsons, and C. B. Richey2 

ABSTRACT 

In the mid-1960's farmers were considering no-plow 
tillage as a way to cut production costs and achieve more 
timely planting, and environmentalists were promoting 
conservation tillage as a primary means of cutting erosion 
losses. There was an obvious need for a more detailed 
evaluation of where no-plow tillage methods were adapted 
in the Corn Belt. The objective of this research was to 

. determine corn (Zea mays L.) production potential of 
tillage systems that varied in amount of residue cover 
and surface roughness on a range of soil types and in 
different climatic situations. 

Chisel, till, strip rotary, and strip coulter planting sys· 
terns were compared with conventional and limited till· 
age on plowed ground from 1967 through 1970. Experi· 
ments were located on sandy loam and loam soils in 
northern Indiana, silt loam and silty clay loam in eastern 
Indiana, and on a high silt soil in southern Indiana. 
There was a latitude range of 290 km in experiment loca
tions. 

Percent stand was 80'7o or higher with all systems on 
sandy loam and loam soils. Chisel and rotary on silt 
loam, and wheel tr~ck, chisel, till and rotary systems 
on silty clay loam produced 65 to 70'7o stands and were 
significantly below conventional at the 5'7o level. 

Soil temperature at 10 em for the first 8 weeks after 
planting for coulter vs conventional planting was 3.8 C 
lower in northern Indiana and 2.7 C lower in southern 
Indiana. However, mean soil temperature for all sys
tems was 3.7 C higher in southern Indiana. Systems with 
intermediate tillage had intermediate soil temperatures. 
Corn growth at 8 weeks after planting with no-plow sys
tems was delayed in northern and eastern Indiana, com
pared to conventional tillage, with strip rotary and coulter 
systems having slowest growth. Coulter and strip rotary 
systems produced fastest corn growth from 4 to 8 weeks 
after planting in southern Indiana. 

Four-year mean grain yields show a 1000 kg/ha ad
vantage for till planting, but no significant variation 
among other systems on sandy loam (northern Indiana). 
The yield increase for till planting may have been due 
to the ridging done at cultivating time. Other systems 
were not cultivated. At the same location on poorly 
drained dark loam, yields from strip rotary and coulter 
systems were significantly lower, at the 5'7o level, than 
grain yields from other systems. On poorly drained fine
textured soils in eastern Indiana, mean yields for all 
no-plow systems were lower than mean yields for plow 
systems, partly due to poor weed control. Four-year mean 
yields on the rolling silt loam soil in southern Indiana 
were not significantly different, although differences 
among systems within each of the 4 years were significant 
at the 5% level. 

Results indicate that with good management, chisel, 
till, strip, rotary, and coulter systems are adequately 
adapted on the rolling high silt soils of southern Indiana 
and on well-drained loam or sandy loam soils in central 
and northern Indiana. The no-plow systems, as used in 
these tests, were not adapted on poorly drained, fine
textured soils, although chiseling appeared to be com-

1 Contribution from the Departments of Agronomy and Agri
cultural Engineering, Purdue Agricultural Experiment Station, 
Lafayette, Ind. 47907. Journal paper No. 4802. Received Aug. 
12, 1972. 
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petitive with conventional tillage when stands were ade
quate. 

Additional key words: Minimum-tillage, No-plow, No
til, Chiseling, Rotary-tillage, Till-planting. 

T ILLAGE methods of progressive farmers in the 
Corn Belt have changed rapidly in recent years . 

Limited tillage on plowed ground became a common 
practice during the 1960's (1, 5, 11, 15). More recent
ly, tillage methods that eliminate moldboard plowing 
have become popular in localized areas of the Corn 
Belt. Both research and farmer experience with the 
new no-plow tillage systems have shown variable re
sults. 

Narrow strip tillage or "no-tillage" systems have 
received much attention. Virginia reports (9, 13) indi
cate that corn (Zea mays L.) yields with narrow strip 
tillage usually are equal to or better than yields with 
conventional tillage when weeds and insects are con
trolled. 

In Ohio no-tillage corn grain yield increased as the 
percentage of soil surface covered by mulch increased 
on a soil with low structural stability (14). Their re
sults indicated that mulch protection was necessary 
to maintain no-tillage corn grain yields on unstable 
soils. 

New York research found no significant corn yield 
difference between conventional and 0 tillage the 1st 
year out of sod, but 0 tillage yields were significantly 
less for 3 years out of 6 when corn followed corn (7). 

A once-over planting operation in a preformed ridge 
has been developed in Nebraska (6). The practice 
has proven successful in long-term research plots and 
has been adopted by many farmers in the western 
Corn Belt (15). Iowa reports only slightly decreased 
corn yields after several years of planting in perma
nent ridges (3). Ridged row planting has received 
little attention in the eastern Corn Belt. 

Few researchers have compared several plow and 
no-plow tillage planting systems in the same experi
ment. Till planting and rotary tillage were compared 
to minimum and conventional plow tillage in Illinois 
(1 ). Till planting yields most often equalled those 
with plowing in the 4-year study. Little yield differ
ence was found between conventional planting, wheel 
track planting, till planting, and lister planting for 
corn in South Dakota (12). Kohnke (10) reports only 
minor effects on corn yields in Indiana after compar
ing no tillage, rotary tillage, chisel plowing, and con
ventional preparation for six years on a deep, fertile 
soil. 

Several workers report lower soil temperatures where 
corn residues are left on the surface (2, 4, 12). The 
lower temperatures were often, but not always, re
flected in slower corn growth. Kentucky research 
shows increased soil moisture to a 61-cm depth 
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throughout the growing season for planting in a killed 
sod compared to conventional planting (2)-

An interdisciplinary research project was begun. at 
Purdue University in 1967 to study four no-plow till
age-planting systems in relation to conventional till
age and limited tillage ssytems on plowed ground. 
This report will relate soil ~emperature, stan?, cor!l 
growth, and grain yield to tillage system on five sml 
types and under different climatic conditions. 

MATERIALS AND METHODS 
The experiments were conducted on five soil types at Purdue 

University Regional Agricultu~al Cente~s in _northern, eastern, 
and southern Indiana. The difference m latitude between the 
northern and southern locations is about 290 km (41 ° 26 min 
to 38° 53 min N. lat.). 

Tracy sandy loam (typic haplud~lf), a_ well-drained nearly 
level soil, and Runnymede loam (typic argiaquoll), a black ~eve! 
poorly drained wil with a high water t~ble are loca~ed m a 
northern Indiana outwash plain. Blount Silt loam (acne ochra
qualf), a nearly level, gray, somewhat poorly drained soil, and 
Pewamo silty clay loam (typic argi_aquoll), a level_ to _depressed 
black poorly drained soil, are on silty clay loam till m eastern 
Indiana. Both these soils have a compacted plow sole layer 
ranging from 2.5 to 8 em thick. The brown Bedford silt i?am 
soil (typic fragiudult) overlies deeply weathe~ed red clay h~e
stone residium in southern Indiana and occupies a gently slopmg 
ridge top with a gradient of I to 3%- A rather constant fragi
pan layer at a depth of 50 to 60 em causes a perched water table 
during wet periods. This soil is only m~derately well dramed 
in the spring and is somewhat droughty m summer. . 

Chemical and mechanical analysis and percent orgamc matter 
for the top 16 em of these soi_Is, as deten;nine~ in 1967, a~e 
pre:ented in Table I. These soils are descnbed m more detail 
in Purdue RPR 368 (8). 

The following ti!lage-planting systems were. compared: . . 
Conventional, Spring Plowed - Secondary t~llage was discmg 

twice, aud planting was a separate operatiOn. Stalks were 
chopped before plowing and liquid insecticide was broadcast 
and incorporated with the final discing. . 

Conventional, Fall Plowed3 
- Other operatiOns were the same 

as conventional spring plowed. . 
Field Cultivate3 

- This system included fall_ or e~rly sp~mg 
plowing, followed by a single pass in the spnng With a field 
cultivator-planter combination. Stalks were chopped before pl~w
ing and liquid insecticide was broadcast and mcorporated with 
the field cultivator at planting. 

Wheel T?·ack - Plowing was done y2 to I day ahead_ of plant· 
ing. The planter was offset so that two rows were m tractor 
wheel tracks and two rows were in planter wheel tracks. Stalk~ 
were chopped before plowing and dry insecticide was banded 
in the row. . 

Chisel - This system included one fall operatio~ using chisel 
points to a depth of 20 em or more, then one spnng pas~ to a 
depth of 10 em with sweep shovels and with I_Jla~ter_ umt~ _at
tached. Stalks were chopped in the fall and hqmcl msectincle 
was broadcast and incorporated with the sweep shovels at 
planting. . . . . . 

Till Plantmg - The tillage plantmg eqmpment IS fully tractor 
mounted. Each planter unit consists of a wide sweep to knock 
the top 5 to 7 em of soil from a preformed ridge, bars to push 
large clods, and corn residues between rows, a packer wheel_ to 
firm the seed into moist soil, and discs to cover the seed with 
5 to 7 em of loose soil. The ridges w_ere reforme~ in the. row 
area each year with a disc-hiller or rollmg type cultivator, either 
when the corn was 45 em high or after harvest. Stalks were 
chopped and dry insecticide was banded in front of the cover-
ing discs. . . 

Strip Rotary - Only one tillage operation w~s mvolvecl .. A 
PTO-powerecl rotary tiller was set to prel?are stnps 20 em Wiele 
and 10 em deep in rows from the previous year. A standard 
planter was pulled behind the tiller. Stalks were chopped (1967-
68 only) and liquid !nsecticicle was bancle~ in frOJ_J.t of the rotary 
tiller for incorporation throughout the Ullecl stnp. 

3 These systems were omitted on_ Beclf<?rcl si~t loam, since fall-
plowing is not recommended on this erosive soiL . 

• M. A. Ross, and J. L. Williams, Jr. 1970. Companson of 
vegetative control practices for corn tillage systems. Agron. 
Abs. 153. 

Table I. Chemical and mechanical analysis of soils, 1967. 

Total Total Total Organic 
Soil type pH p• K' sand silt clay matter 

Tracy sandy loam 6.1 101 283 59.36 38.93 2,64 1,41 
Runnymede loam 6. 3 93 2H 47.48 44.79 7. 73 2. 99 
Bedford silt loam 6.4 57 182 10.02 83.75 6. 22 1. 71 
Blount slit loam 6. 7 90 288 20.67 58.64 20,67 1. 74 
Pewamo sllty clay loam 6. 5 202 273 14.07 47.40 38.50 3. 28 
• Medium range for P = 46-80, K = 151-210. 

Table 2. Planting dates, 1967-1970. 
Soil type 1967 1968 1969 1970 

Tracy sandy loam 5/15-16 5/3-6 4/25-26 4/27-28 
Runnymede loam 5/17-I8 5/7-8 4/30-5/1 5/4 
Bedford silt loam 5/10 6/8-10 5/5-6 5/8 
Blount sflt loam and Pewamo silty 

clay loam 5/24-25 6/ 13-I4 5/8-9 5/19-20 

Coulter - This system involves only one tillage-planting oper_a
tion. A nonpowered, fluted coulter was placed on a tool bar m 
front of each planter unit. The coulter tilled a strip about 7.5 
em deep and 6 em wide. A ribbed press wheel was used on 
planter units to provide better soil-seed contact. Rows were 
maintained in the same area each year. Stalks were chopped 
and dry insecticide was banded in the row. 

Certain cultural practices were used uniformly for all tillage
planting systems. One hundred kg/ha P and 280 kg/ha K were 
broadcast before tillage operations began for the 1967 and 1969 
crops. Nitrogen was surface-app~iecl each year in_ th~ spring 
before planting at 167 kg/ha, either as a 28% hqmd or as 
NH,N03 • Starter fertilizer, at the rate of 20 kg N and 23 kg 
P /ha, was banded to the side and below the seed with all sys
tems. Cultivation was used only when needed ~or weed control, 
except for the ridging operation with till plantmg. When weed 
control from herbicides was inadequate with any system, all 
systems in the experiment were cultivated on~e. 

The same herbicides were broadcast at plantmg for all systems. 
From year to year, however, the kind of herbi~ide was changed 
in an effort to improve weed con~rol. The mixtures u~ecl were 
atrazine-paraquat in 1967, atrazme-ramro?-paraquat m 196_8, 
atrazine-lasso-paraquat in 1969, and simazme-lasso-paraquat m 
1970. The rate was the same for all systems and was about 
20% above that recommencl~d for conv~ntion_al tillage. Weed 
control practices for the previously clescnbecl tillage systems are 
being evaluated in separate experiments.' . . 

The same hybrid was used for all treatments m_each expen
ment but clue to differences in latitude and plantmg elate, hy
brids' varied among experiments. Seeding rates were 59,280/ha. 

Treatments were replicated four. times in eac~ experiment in 
a randomized complete block design. Row width was 76 em 
and all plots were 8 rows wide and at least I 00 m _long. A 
76-cm unplanted border strip was left between plots. Eig:ht sub
plots for collection of agronomic data were staked of~ m each 
plot after planting and before corn emerged. Plantmg elates 
for 1967 through 1970 are given in Table 2. . 

Data collected included stand at 4 weeks, plant hetght at 4 
weeks and 8 weeks, days from planting to 50% tassel_, percent 
barren plants, percent lodged plants, average ear wetgh~, and 
grain yield. Soil temperaure was taken at a 10-cm depth_ m the 
row three times weekly at 1600 hours. Metal encased dial-type 
thermometers were used. 

RESULTS AND DISCUSSION 
Grain Yields 

Grain yields for I ~67 throug~ I 970_ and 4-year ave
rage yields for expenments on five soils are presented 
in Tables 3 to 7. 

Tracy Sandy Loam - On Tracy sandy l?am, 4-y~ar 
average yields indicate an advantage for till plantmg 
but little variation among yields for the other sy~te~s. 
Other yield relationships did appear, however, m ~n
dividual years. While yield differenc~s were not sig
nificant in 1967 and 1968, rotary, till, and coulter 
systems were all higher than plow systems in 1967. 
Significant yield differences, at t~e 5% level, occurre? 
in 1969 and 1970. Systems leavmg most of the soil 
surface covered with residue (rotary and coulter) were 
lowest-yielding in 1969, while in 1970, conventional 
systems were lowest, rotary and coulter (narrow strip 
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Table 3. Corn yields with eight tillage-planting systems, Tracy 
sandy loam, I967-1970. 

System l91i7j l96H 1969 1970 4-yr avg 

kg/ha 

Conv. sp. plow 7. --l0.'3 9, 662 a 7,278bc 6, 96--l c 7' 842 b 
Conv. fall plow . . 7' 654 b 0, 901 c 
Field cult. 7. 341 9, 223 ab 8,031 b 7,152bc 7' 905 b 
Wheel track 7' 65--l 9,411 a 7' 842 b 7, 466 be 8, 093 b 
Chisel 7' 592 8, 595 b 7' 91i8 b 8, 470 ab H, !56 b 
Till~ H,470 9, 662 a 8, 685 a 9, 223 a 8, 972 a 
Rotary H, 2H2 9, 160 ab 6, 964 c 8, 031 b 8, 093 b 
Coulter 7, 96H 9, 160 ab 6, 964 c 7,403 be 7' 842 b 

'"Fall plowing nol possible In 1967 and 1968. t No significant difference in yields 
at the 5% level. t Till plant was cultivated each year to form ridges. Other 
treatments were not cultivated, Yield means followed by the same letter are not 
significantly different at the 5% level using Duncan's multiple range test. 

Table 4. Com yields with eight tillage-planting systems, Runny
mede loam, 1967-1970. 

System l967j l968j 1969 1970 4-yr avg 

kg/ha 

Conv. sp. plow 71 ~29 9, 725 8, 281 ab 8, 658 c 8, 533 ab 
Conv. fall plow 9, 035 a 10,038 ab 
Field cult. li, 901 9, 286 8, 909 a 10, 289 a 8, 846 a 
Wheel track 6, 588 9, 536 8, 533 ab 9, 223 b 8, 470 ab 
Chisel 6, 964 9, 223 7' 968 b 8, 909 c 8, 282 abc 
Tillt 6, 650 9, 531i 8, 846 ab 9, 285 b 8, 595 ab 
Rotary 7,466 9,411 0, 839 c 8, 533 c 8, 031 be 
Coulter 7. 341 9, 22.1 5, 898 c 7' 278 d 7. 403 c 

• Fall plowing not possible in 1967 and 1968. t No significant difference Ln 
yield at the 5% level. t Tlll plant was cultivated each year to form ridges. 
Other treatments were not cultivated. Yield means followed by the same letter, are 
not significantly different at the 5% level using Duncan's multiple range test, 

Table 5. Corn yields with eight tillage-planting systems, Blount 
silt loam, 1967-1970. 

System 1967 1968 l969t l970t 4-yr avg 

kg/ha 

Conv. sp. plow 7,403 a 6, 776 a 10, 164 ab 8, 093 a 8, 093 ab 
Conv, fall plow 6, 713 a 9, 850 ab 8, 658 a 
Field cult. 6, 462 abc 6, 713 a 11,042a 9, 035 a 8, 282 a 
Wheel track 6, 149 be 6, 086 ab 9, 913 ab 7,341 b 7,34labc 
Chisel 0, 776 ab 5, 584 be 8, 972 b 7,717b 7,278 be 
Tlllj 5, 333 e 6, 086 ab 9, 348 b 6, 776 b 6, 901 be 
Rotary 5,647bc 5, 019 c 5, 521 c 3, 890 c 5,019 d 
Coulter 5, 468 c 5,458 be 7' 278 c 3, 388 e 5, 396 d 

• Fall plowing not possible In 1967. t Tlll plant was cultivated once each year to 
form ridges, All systems cultivated In 1969 and 1970 for weed control. Yield 
means followed by the same letter are not significantly different at the 5% level using 
Duncan's multiple range test. 

Table 6. Corn yields with eight tillage-planting systems, Pe
wamo silty day loam, 1967-1970. 

System 1907 l91iH l91i9t l970t -1-yr avg 

kg/ha 

Conv. sp. plow 6, 211 a 6,27-1 ab 8, 533 a 6, 399 a !\ 839 a 
Conv. fall plow 6, 713 a 7' 529 b 6, 1-19 ab 
Field cult. 4, H94 b 6, 211 ab 7,-166 be 6,-162 a 6, 274 ab 
Wheel track 6, 274 a 5, 709 be 7' 529 b fi, 588 a fi, 525 a 
Chisel 6, 770 a 5, 709 be 6, 525 c 5, 207 b 0,023abc 
Tlllt 4, 1-11 b 5, 835 abc fi, 211 c 5, 145 b 5, 333 be 
Rotary 0, 337 a 5, 145 c 0, 7 L3 be 2,698 c 5, 207 be 
Coulter -1, 7fi8 b 5,521 be 6, 770 be 3, 1.38 c 5,019 e 

* Fall plowing not possible In 1967. t Till plant was cultivated once each year to 
form ridges. All systems cultivated in 1909 and 1970 for weed control. Yield 
means followed by the same letter arc not significantly different at the 5% level using 
Duncan's multiple !'angc test. 

Table 7. Com yields with six tillage-planting systems, Bedford 
silt loam, 1967-1970. 

System 1967 1908• l91i9 1970 4-yr avgt 

kg/ha 

Conv. sp. plow 7, 027 a 5,835ab 7 ,40.3 c 3, 827 c !l, 023 
Wheel track 5, 898 b 0,337 a 7' 780 c 4, 5HO b fi,H9 
Chisel 5, 772 b 5, .1.13 b H, 533 b 5, 58-1 a li, 274 
Tm• 6, 901 a 6, l-19 a 8, 8-lfi ab -1,078bc li,337 
Rotary 5, 521 b 6, 399 a 8, 909 ab -1,20-1 be 6, 274 
Coulter 6, l-l9 ab 4, 705 c 9,-l?-t a 4, 204 be 6,149 

• Till plant cultivated once to form ridges all years. All systems cultivated for grass 
control in 1968. Other data represent noncultlvated plots, t No slgnifieant dif-
ference in yield means at the 5% level. Yield means followed by the same letter 
are not significantly different at the 5%, level using Duncan• s multiple range test, 

tillage) were intermediate, and till plant and chisel 
were highest-yielding. 

Poor grass control with the herbicide used in 1967 
necessitated a directed spray of linuron on all plots. 
'Veed control was adequate on all systems in 1968, 
1959, and 1970 and did not appear to affect yield. 

Nitrogen deficiency was noted, both visually and 

through leaf analysis, with narrow strip tillage in 1970. 
All nutrients appeared to be adequate in previous 
years. 

Corn on this Tracy sandy loam has often shown a 
yield response to cultivation. Preliminary investiga
tions of cultivation vs no cultivation with different 
systems indicate that part, but not all, of the yield 
advantage for till planting may have been due to the 
one cultivation necessary for making ridges. 

Runnymede Loam - Corn response to tillage system 
on the poorly drained Runnymede loam at the same 
northern Indiana location was similar to that on the 
well-drained Tracy soil in 1967 and 1968, with no 
significant yield differences. However, yields with 
coulter and strip rotary systems were severely reduced 
in 1969. Yield with the coulter system was also re
duced significantly, at the 1% level, in 1970 (Table 2). 

Both weed control and percent germination were 
adequate with all systems to support top yields in 
1968, 1969, and 1970. Thus, yield differences in 1969 
and 1970 are more likely to be associated with climate, 
soil drainage, and the cumulative effect of tillage sys
tem on soil physical and chemical properties. 

Systems that included fall plowing were significant
ly higher-yielding than all other treatments in 1970 
and higher than all other treatments except till plant
ing in 1969 on this dark soil. 

Nitrogen deficiency was obvious with narrow strip 
tillage in 1970, but all nutrients were adequate with 
all treatments in other years. Of the no-plow systems 
studied, till planting most nearly equalled fall plow 
systems in yield potential. Cultivation usually had 
little effect on yield on this soil when weeds were 
not present. 

Both the 1968 and 1969 seasons for these soils were 
cooler than normal after mid-May. Drouth periods of 
2 weeks or longer occurred in both 1969 and 1970. 
Degree day and precipitation deviations from normal 
did not appear to be associated with the relatively 
poor showing of strip rotary and coulter systems in 
1969, compared to 1968. 

Blount Silt Loam and Pewamo Silty Clay Loam -
Growing seasons for the Blount silt loam and Pewamo 
silty clay loam soils in eastern Indiana were character
ized by cooler-than-normal temperatures in 1968 and 
1969, but were warmer than normal in May and June 
1970. Precipitation was excessive in May 1968, was 
considerably above normal for the 1969 season, and 
was below normal but timely in 1970. However, 
drouth periods of 2 weeks or longer occurred in each 
of the 3 years. 

Yields for the 4 years (Tables 5 and 6) indicate that 
systems using the moldboard plow usually had a yield 
advantage over all no-plow systems on both these soils. 
There were significant differences in yield, at the 1% 
level, on both soils for each of the 4 years. Differ
ences in percent germination contributed to yield 
variation for the first 3 years on the Blount soil and 
all years on the Pewamo soil. In these poorly drained 
soils, which have plow pans, the soil was apparently 
too moist at planting to provide good soil-to-seed con
tact some years with the no-plow equipment used. In 
1969, the till planter did not provide enough loose 
soil for good seed cover. 

Weed control was adequate in 1967, but became in
creasingly inadequate on the Pewamo soil in later 
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Table 8. Stand at 4 weeks after planting as % of seeds dropped, 
1968-1970 avg. 

Tracy Runnymede Bedford Blount Pewamo 
Tillage system s.l. l. si.l, si.l. si. c.l. 

% 
Conv. sp, plow 90 ab 85 be 137 abc 85 ab 81 a 
Conv, fall plow 86 ab 79 a 
Field cult. 85 b 90 ab 89 a 76 ab 
Wheel track 86 ab 79 d 83 c 8-! ab 68 c 
Chisel 86 ab 82 cd 75 d 73 c 66 c 
T!ll 93 a 9-! a 90 ab 81 b 70 be 
Rotary 90 ab 90 ab 85 be 70 c 69 c 
Coulter 89 ab 88 b 93 a 82 b 77a 

Stand means followed by the same letter are not sign!ftcantly different at the 5% level 
using Duncan's multiple range test, 

years as weeds developed that were resistant to herbi
cides used. All plots were cultivated in 1969 and 
1970. The cultivation was largely ineffective, how
ever, with coulter and rotary systems since the dense, 
compacted soil between rows did not allow proper 
penetration of either shovel or rolling type cultivators. 

Nitrogen deficiency was noted, both visually and 
in leaf analysis, with rotary and coulter systems in 
1970 only, on both soils. 

Bedford Silt Loam - In southern Indiana, on Bed
ford silt loam, the growing season was cooler than 
normal in all years. The planting period was wetter 
than normal in 1968. Midsummer drouth periods 
affected corn yields in 1968 and 1970. 

Four-year average yields were about the same for 
all systems (Table 7), but differences among treat
ments were significant at the 5% level for each of the 
4 years. In 1967, percent germination was the primary 
factor associated with yield. In 1968, weed control 
was poor in chisel and coulter plots, and all plots were 
cultivated once. 

In 1970, southern corn leaf blight, in addition to 
severe drouth, limited yields with all treatments. 
Chisel planting produced a higher yield in this drouth 
situation, because stands were reduced. 

In 1969, drouth, weed control, stand, and disease 
did not appear to greatly influence yield. In this situ
ation all no-plow systems yielded more than the two 
plowed systems, and yield with the coulter system was 

·significantly higher than yields with other no-plow 
systems. It is interesting to note that narrow strip 
tillage (coulter and rotary), which has been shown to 
conserve soil moisture (2), did not increase yields in 
either of the severe drouth years, 1968 or 1970. Per
haps other influencing factors, such as weed competi
tion and disease, masked the moisture conserving effect 
of the mulch. 

Percent Stand 

Table 8 presents 3-year average stand counts taken 
at 4 weeks after planting for the five soils. All tillage 
systems provided adequate stands for good yields on 
sandy loam and loam soils, but stand variation among 
systems was greater on finer-textured soils. 

Chisel planting provided lowest or nearly lowest 
stands in all experiments. Conventional tillage pro
duced consistently good stands across all soils. Till
planting consistently had best stands on sandy loam 
and loam soils, but often had poor stands on the poor
ly drained, fine-textured soils. The coulter system 
provided stands that were about the average for all 
systems. Stands for the coulter system did not vary 
enough to account for the large yield responses (- or 
+) with this system in certain experiments. 

Table 9. Mean soil temperature taken in the row at a 10-cm 
depth for the first 8 weeks after planting, 1969-1970. 

Tracy Runnymede Bedford BloWlt Pewamo 
Tlllage system s.l, l. si.l. si,l. si,c,l. 

·c 
(;onv, sp. plow 22,-! 21.7 26. 1 2-L 3 2-!, 3 
Conv. fal! plow 22.6 22.0 2-!. 7 2-!,-! 
Field cult. 22,3 21.7 u.~ 2-!, 6 
Wheel track 21.6 21.7 25, 1 23.6 23.4 
Chisel 20.0 19.6 2-!, 2 22,-! 22,-! 
Till 21, 1 20.8 25. 1 23.4 23.5 
Rotary 19.5 19.6 24.3 23,-! 23.3 
Coulter 18.8 18.2 23.-! 22,1 23.2 

Table 10. Mean plant height at 8 weeks after planting, 1969· 
1970. 

Tracy Rwmymcde Bedford Blount Pewamo 
Tillage system s.l. I. sl. I, si.l. sl. c.l. 

Conv, sp, plow 109.0 ab 107,7 ab 208.6 b 213,-! ab 195.6 b 
Conv, fall plow 111.5 a 11-!,8 a 223.3 a 201,9 ab 
Field cult, 106,7 ab 112,5 a 221.0 a 209.5 a 
Wheel track 104.9 be 111.3 a 209.3 b 206.0 b 207.0ab 
Chisel 98.3 cd 104.9 b 191.8 c 200.7 b 200.7 ab 
Till 103.9 be 101,1 b 205.0 b 18-!,-! c 172,7 c 
Rotary 101,1 c 100. 8 b 217,-! a 179,1 c H-!.8 d 
Coulter 95,0 d 86, 1 c 222,0 a 151.-! d 127.0 e 

Height means fol!owed by the same letter arc not significantly different at the 5% level 
using DWlcan's multiple range test. 

Soil Temperatures 

Average soil temperatures (1969 and 1970) for the 
first 8 weeks after planting for all systems are pre
sented in Table 9. Soil temperature relationships 
among systems show a similar pattern on all soils. 
Systems that leave the most surface residue (coulter, 
rotary, and chisel) had the coolest temperature. The 
range from lowest to highest was about 3.5 C in north
ern Indiana, 2.6 C in southern Indiana, and 2.0 C in 
eastern Indiana. Corn was planted last each year in 
eastern Indiana. The lowest temperature (coulter) 
on the Bedford soil in southern Indiana was higher 
than the highest temperature (conventional) in north
ern Indiana. Although planting dates were slightly 
later at the southern location, most of this difference 
was due to normal climatic variation. 

Plant Growth and Maturity 
Mean plant height at 4 weeks showed little differ

ence in plant height among systems on the Tracy 
sandy loam, but coulter-planted corn was 5 em shorter 
than conventional corn on the poorly drained Runny
mede loam. In southern Indiana, coulter planted corn 
was 6 em taller than conventional corn. 

Eight weeks after planting, coulter-planted corn was 
slowest growing on four soils (Table 10). The range 
in plant height between coulter corn and corn in the 
fastest-growing plowed system was 16 em on Tracy 
sandy loam, 29 em on Runnymede loam, 72 em on 
Blount silt loam, and 82 em on Pewamo silty clay 
loam. Systems with intermediate tillage produced 
corn that was intermediate in growth on these soils. 
On the Bedford silt loam in southern Indiana, coulter 
planted corn was 13 em taller than conventional corn 
at 8 weeks. Tasseling was delayed 2 to 3 days for 
coulter-planted corn in northern Indiana, compared 
to convenntional, but it occurred l day sooner on 
coulter corn in southern Indiana. 

In general, as amount of tillage decreased and per
cent ground cover increased, plant growth was slowed 
and maturity was delayed in northern and eastern 
Indiana. These same factors had a positive affect on 
growth on the southern Indiana soil. 
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tillage system, soil type, and climate 

Interaction of Tillage System with Soil Type, 
Climate, and Year 

to 

The influence of soil type and climate (or latitude) 
on corn yield response to tillage system is more clearly 
illustrated in Fig. 1. Yields from the eight tillage
planting ssytems are compared on Tracy, Runnymede, 
and Bedford soils for 1969, when weed control and 
stand had little influence on yield. With essentially 
the same macroclimate in northern Indiana, the yield 
range was 1,694 kgjha on Tracy sandy loam, but was 
3,137 kgjha on poorly drained Runnymede loam. 
With similar growing degree-day deviations from nor
mal in southern Indiana, response to tillage systems 
was reversed, with conventional corn yielding 2,074 
kgjha less than coulter corn. 

Year-to-year variation in response to tillage system 
indicates that there may be a cumulative negative 
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Fig. 2. YeM·to-year yield variation, conventional vs coulter 
systems. 

effect from narrow strip tillage on poorly drained 
soils. Figure 2 illustrates this on Runnymede loam 
and Blount silt loam. 

CONCLUSIONS 
Germination and weed control tend to be more of 

a problem with no-plow tillage systems than with 
conventional tillage. These problems are likely to be 
more severe on poorly drained, fine-textured soils than 
on well-drained, coarse-textured soils. 

The amount of tillage and percent soil cover as
sociated with different tillage systems affect soil tem
perature, plant growth, maturity, and yield potential 
of corn. However, the effect on these parameters is 
highly dependent on soil type, drainage, and climate 
(latitude). 

Narrow strip tillage systems, as used in this study, 
are apparently not adapted on poorly drained soils 
of central and northern Indiana, but can produce 
yields equal to or better than conventional tillage in 
southern Indiana, with adequate germination and pest 
control. These systems may also be competitive at 
more northern latitudes on well-drained, coarse-tex
tured soils. 

Till planting appears to be well adapted on loam 
and sandy loam soils and is less dependent on climate 
than the narrow strip tillage systems. Till planting 
may also be competitive on fine-textured, poorly 
drained soils if used in conjunction with pronounced, 
residue-free ridges to achieve better drainage, thus im
proving warming and drying. 

Chisel planting produces soil temperatures, plant 
growth, and weed problems that are intermediate be
tween narrow strip tillage and conventional tillage. 
If spring tillage, after deep fall chiseling, is adapted 
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to provide good germination, the system should be 
competitive on a wide range of soils. 

This study indicates that research results from any 
one soil-climate situation should not be generalized to 
areas that differ in soils andjor climate. It is apparent 
that no single no-plow system is equally well adapted 
throughout the Corn Belt. Periodic moldboard plow
ing may expand the areas of adaptation of strip tillage 
systems. 

Experience in this study has also indicated a need 
for better than average management to achieve suc
cess with no-plow tiiiage. Weed, insect, and disease 
control; equipment cost; timeliness of operations; ero
sion control potential; and management ability must 
all be considered, in addition to agronomic yield po
tential, in any on-farm evaluation of tillage planting 
systems. 
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