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ABSTRACT

An increasing shift from conventional systems of tillage to reduced-or no-tillage
system has been recorded in many parts of the world. Limited research information
is available on the interaction of plant density and tillage systems in corn (Zea
mays L.). A two-year field study was conducted to evaluate the grain yield and
yield components of corn in response to four tillage systems as plant density
increased from 3 to 12 plants m™. Tillage treatments were moldboard plowing and
disking (PD), chisel-plowing (CP), double disk (DD), and no-tillage (NT). Tillage
method did not affect either biomass or grain yield; however, there were tillage
effects on some yield components within particular years. Plant density
significanty  affected grain yield and all components of yield. Kernel number per
row showed the highest sensivity to increasing plant density. Interaction of tillage
systems and density on grain yield was not significant in 1987 but was significant
in 1988. However, the effect of plant density on the grain yield response to tillage
system was not considerable. In both years, NT produced slightly higher or equal

grain yield as other tillage systems.
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INTRODUCTION

Tillage has traditionally been performed to prepare a seed bed,
incorporate fertilizer, and control weeds. However, the use of minimum
tillage practices is increasing in many parts of the world with increasing
concern for soil and energy conservation (17).

Conservation tillage is a system of managing crop residue on the soil
surface with minimum or no-tillage. Crop residues left on the soil surface
usually reduce soil erosion and increase soil-moisture content when
compared with conventional tillage systems (15). Organic matter levels in
soil surface also tends to increase when no-till management replaces plowing
(2,3,17, 18).

Many studies have shown that corn grain yield under minimum tillage
practices can be equal to or even greater than yields under conventional
practices(4, 13, 19, 20). However, it seems that satisfactory grain yield
depends on soil type (6, 9), hybrid (1, 12), and planting date (11).

Elmore (5, 7) reported that, to achieve maximum yields for no-tillage and
reduced-tillage in soybean, [(Glysine max (L.) Merrill], a planting rate of
57.3 seeds m” was necessary. This was 32% greater than the planting rate

required to achieve equivalent yields in conventional tillage. Although
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tillage systems for corn have been studied intensively, much less research
has been done to evaluate tillage systems at different plant densities. The
research reported here was conducted to study the effect of planting rate on

the response of corn grain yield to tillage systems.

MATERIALS AND METHODS

The study was conducted in 1987 and 1988 in a non-irrigated field in the
Connecticut River Valley at the University of Massachusetts, Agricultural
Experiment Station Farm at Deerfield. The soil type was a Hadley fine sandy
loam (Typic Udifluvent, coarse-silty, mixed,nonacid, mesic). In 1987, the
experimental site received 2200 kg ha'! lime. A basal application of 66 kg N
ha', 30 kg P ha™', and 23 kg K ha™' was broadcasted prior to planting and
100 kg N ha' as NH,NO; was applied as a side dressing 4 weeks after
planting. In 1988, the experimental site tested high for P and K, thus only N
was added as NH4Nos; 75 kg preplant N ha™! and 95 kg sidedress N ha™.
Weed control was similar both years and consisted of a pre-emergence
application of 1.8 kg a.i ha'cyanazine {2-[[4-choro-6-(ethylamino)-1, 3, 5-
triazin-2-ylJamino]-2-methyhlpropanenitrile} and 2.2 kg a.i. ha' alachlor
{2- chloro-N-(2, 6-diethylphenyl)- N- (methoxymethyl) acetamide}.

A single-ear late maturity corn hybrid (Agway 584s) was planted on 10
May 1987 and 13 May 1988. A split-plot treatment arrangement with four
replications in a randomized complete-block design was used. Tillage
systems were assigned to main plots, and plant densities were assigned to
sub-plots. The same main-plot randomization was used in both 1987 and
1988; i.e., position of the tillage plots was the same in both years. Four
prima_rj.r tillage systems consisted of: (i) mold board-plow (PD), (ii) chisel-
plow(CD), (iii) double disking (DD), and (iv) no-tillage (NT). Disk was used
as the secondary tillage for the PD, CD, and DD treatments.
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Sub-plots consisted of 9 rows with a row spacing of 76 c¢m and length of
7 m. AH plots were over-seeded, using a corn planter, and then thinned to
desired densities of 3, 7.5, and 12 plants m?at18 days after emergence
(DAE). The final harvest area for measurement of grain and stover yields at
maturity was 3 m® taken from the central row. Grain harvesting occurred
after 'physiological maturity; 130 and 134 DAE in 1987 and 1988,
respectively. The ears of all plants in the final harvest area were hand-
picked and length and number of rows in each ear were measured. All ears

were shelled, using a hand-sheller, cobs and kernels were dried in a forced-

air oven at 70° C for at least 72 hr and weighed separately. Weight per

kernel was determined from 1000 kernel sub-samples. Stover dry weight was
measured by harvesting all plants (minus harvested ears) in the final harvest
area. A three-plant sub-sample was chopped in the field before drying to
determine moisture content.

Analysis of variance was performed using statistical analysis systems
(SAS) software (16). The analysis of variance was determined using the
general linear model (GLM).The mean separation among treatment was

obtained by using a least significant difference (LSD) test.

RESULTS AND DISCUSSION
Year Effects

The results for 2 years were compared, considering year as a random
variable (8). Grain yield in both years did not show a significant difference
(Table 1). However, in 1988 grain yield was slighly higher than-in 1937.
This could be attributed to the differences in climatic conditions between the
two years.- In 1988, accumulated growing degree days (GDD) and total

precipitation were higher than those for 1987 (Table 2).
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Table 1. Year effects on grain yield and yield components of corn'.

Variable 1987 1088 LSD* CV (%)
Yield (Mg ha™) 7.03 7.29 NS 15
Kernel yield (g plant™  117.6 121.2 NS 12

Ear plant! 0.90 0.94 0.02 6

Rows ear’' 13.5 13.6 NS 3
Kernel row 328 34.0 1.1 8
Kernel size (mg) 283.0 257.2 6.2 5

t Means of four tillage systems and three densities.
§ Fisher’s least significant difference (P=0.05).

Table 2. Monthly means of growing degree days (GDD) " and precipitation during the corn
growing season of 1987 and 1988.

GDD Precipitation (mm)
Month 1987 1988 1987 1988
May 181 247 29.7 271
June 294 227 104.6 28.7
July 401 429 41.7 146.1
August 317 391 97.5 140.7
September 120 179 108.7 53.6
Total 1313 1517 3823 441.2

TGDD was calculated by the following equation:

D= 3 [(T.. +T..)/2]-10 C

Yield components responded differently in the 2 years (Table 1). The
number of productive ears per plant as well as the number of kernels per row
in 1988 were greater than those in 1987. However, kernels were significantly
heavier in 1987 compared to 1988. The latter could be partly due to fewer
number of kernels produced in 1987. Reduction in the number of kernels
24



provided more assimilate for the remainder of the seeds. Number of rows per
ear was the most consistent component and did not change between the 2

years.

When averaged over densities, grain as well as biomass yields were not influenced by

tillage systems, neither within years nor when averaged over the 2 years. Table 3 shows
the results of analysis of variance for grain yield and the components of yield.
Yield components averaged over the 2 years also were not affected by tillage system;
however, there were tillage effects on some yield components within aspecific year. For
instance, tillage showed a significant effect on productive ear number in 1987 and
individual kernel size in 1988.

Although the experiments were conducted in years that were climatologically different
as reflected in Table 2, NT produced similar grain yields to other tillage systems. In fact,
NT tended to out-yield other tillage systems within each plant density, even though the
difference was not statistically significant (Table 4).

Results obtained in this study indicate that with good wéed control, no-tiltage system
(NT) produces better or similar grain yield compared to the other three tillage systems
used in this study. Wagger and Denton (19) reported a 32% higher yield in NT than
conventional tillage (CT) in wheat. The advantage of NT over CT, however, was grater in
the drier conditions where plant water stress symptoms were observed in the CT system.
Similarly, Griffith ef al. (9) showed that the relative advantage for no-till planted corn
usually occurs in low organic matter soils. Other reports also show that NT usually

produces higher grain yield than other tillage systems (14, 21).

Density Effects

Differences among plant densities were evident for all measured variables
(Table 3). Density effects on grain yield were relatively consistent in both
years. Regression analysis indicated that a parabolic response of grain yield
occurs as density incrases. However, the response of biomass to increasing
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Table 4. Tillage systems' and plant density effects on corn grain yield and yield components (averaged over 2 years).

Grain yield(Mg ha™) Ear plant " Kernel row’’ Kernel size(mg)

Density

(plant E.Mv PD CD DD NT PD CD DD NT PD CD DD NT PD CD DD NT
3 5.63 5.55 505 584 1.00 1.00 0,99 1.00 429 433 392 412 316 312 310 333
7.5 7.42 8.38 798 8.20 0.93 096 0.96 0.95 31.7 329 31.7 329 251 261 261 258
12.0 7.26 7.61 8.56 8.46 0.77 0.80 0.86 0.82 255 26.1 266 267 237 231 234 239
mean 6.77 7.18 7.20 7.50 0.90 0.92 0.94 0.92 334 341 325 336 268 268 268 277
LSDos, 0.75 0.05 1.8 8.6

CV,(%) 15.00 6.00 8.0 6.0

T See the text for the definition of tillage systems.
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density was asymptotic (data not shown). Kernel number per row was the
yield component affected most with increasing plant density (Table 5). The
amounts of reduction in kernel number averaged over tillage systems were
34% and 40% in 1987 and 1988, respectively, as density increased from 3 to
12 plants m™, Other yield components such as number of productive ears per
plant were reduced with increasing plant density. For the highest plant
density the percent of barren stalks were 21 and 16%, in 1987 and 1988,
respectively. Kernels of high density plants were approximately 25% lighter
by weight compared to low density plants. Although significant, the
reduction in kernel row number per ear was less than 6% between low
density and high density in both years, This is in agreement with our earlier
report (10) that the number of kernel rows per ear is the most stable yield
component in density increase.

Plant Density Effects on Tillage Systems

In  this study, plant density had little effect on the grain yield response to
tillage systems. There was no density x tillage interaction for grain yield
and/ or other yield components in 1987 (Table 3). However, in 1988 plant

- density affected the pattern of grain yield response to tillage systems. While
PD resulted in slightly higher yields in low densities, reduced tillage (DD
and NT) produced higher grain yields in denser plant populations.

In summary, no-tillage (NT) produced similar grain yield compared to the
other tillage system used in this study. Plant density showed very little effect

on the grain yield response to tillage system.
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