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Research Question 

Literature Summary 

Study Description 

Most corn in the northern Corn Belt is grown in 30-in. or wider row widths at 
populations ranging from 24 000 to 28 000 plantdacre. The trend has been 
toward narrower row widths and increasing plant populations. Some Minnesota 
producers want to match row width of corn and soybean with that of sugarbeet, 
which is typically grown in 22-in. rows. This desire, coupled with improved 
genetics that have resulted in better standability and greater tolerance to higher 
plant populations in corn, necessitates a reevaluation of the relationship be- 
tween row width, plant population, and corn hybrid. The objectives of this 
study were to: (i) determine whether current corn hybrids respond similarly to 
row width, and (ii) determine whether the response is affected by plant 
population. 

While there have been numerous studies of the effect of plant population on 
corn yield, there have been relatively few that have evaluated plant population 
and row width with the current high yielding hybrids grown in the northern 
Corn Belt. 

A 3-yr field study (1992-1994) was conducted at three Minnesota locations to 
examine the relationship between row width, plant population, and hybrid. 

Locations: Lamberton, Waseca, and Morris 
Row widths: 30,20, and 10 in. 
Target plant populations: 25 000, 30 000, 35 000, and 40 000 plantdacre at 

Lamberton and Waseca; 22 000,27 000, and 32 000 
plantdacre at Morris 

Corn hybrids: Ciba ‘G4372,’ DeKalb ‘DK5 12,’ and Pioneer Brand ‘P3563’ at 
Lamberton and Waseca; Northrup King “3624,’ DeKalb 
‘DK421,’ and Pioneer Brand ‘P3751’ at Moms 

Planting date was timely at all location all years. In 1993, rainfall was much 
above normal and early-season temperatures were below normal. Growing sea- 
son (April through June) precipitation and early season (May through June) 
growing degree day departures from average are listed below: 

Growing degree days 
in May and June Rainfall, in. 

Lamberton Waseca Moms Lamberton Waseca Moms 
Average 19.8 22.7 17.9 890 842 769 

departure from average 
1992 0.5 0.8 -1.1 47 46 48 
1993 13.9 14.2 8.5 -162 -104 -95 
1994 1.7 2.1 1.6 141 156 151 

Full scientific article from which this summary was written begins on page 293 of this issue. 
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Applied Questions 

Recommendation 
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Does planting corn in row widths narrower than 30 in. increase yield? 

Each year of the study and at all locations corn planted on 20- and 10-in. rows 
yielded more than corn planted on 30-in. rows. At Lamberton and Waseca, the 
yield advantage for 10- and 20-in. rows compared with 30-in. rows was 7.2% 
when averaged over all hybrids and all plant populations, whereas at Moms the 
yield advantage was 8.5%. There was no yield advantage for 10-in. rows com- 
pared with 20-in. rows. Yields averaged over 3 yr (1992-1994) and several 
hybrids are listed below: 

Yield 

Row width Lamberton Waseca Moms 

30-in. 
20-in. 
10-in. 

busheWacre 
127 
136 
137 

146 
157 
155 

106 
115 
116 

Should plant population be changed if corn is planted in rows narrower 
than 30 in.? 

At Lamberton and Waseca, there was no interaction between row width and 
plant population, suggesting that plant population should not be changed when 
planting in row widths narrower than 30 in. At Moms, the yields were unaffect- 
ed by plant population for the narrower rows evaluated, but declined at the 
intermediate plant population for the 30-in. row width. 

At Lamberton and Waseca grain yields increased with greater plant populations 
in 1992 and 1994, but not in 1993 when yields were low due to climatic condi- 
tions. Regression analysis of yield vs. harvest plant population showed yields 
were highest at populations at or above 35 000 planWacre in 1992 at 
Lamberton and 1994 at Waseca and Lamberton, but were unaffected by plant 
populations in 1992 at Waseca and in 1993 at both locations. At Moms, regres- 
sion analysis of yield vs. harvest plant population in 1993 and 1994 showed 
yields were highest at populations of 32 000 plantdacre, the highest plant popu- 
lation studied at that location. 

Do hybrids differ in response to row width and plant population? 

Choice of hybrid influenced grain yield, but had no interactive effect with row 
width or plant population at the three locations. It is important to note that the 
hybrids evaluated were planted in a timely fashion and were considered to be 
adapted high yielding hybrids for the locations where they were grown. Choice 
of hybrid and existing climatic conditions had a greater effect on grain moisture 
content at harvest, test weight, and ear length than row width or plant popula- 
tion. 

There was a yield advantage for narrowing row widths from 30 to 20 or 10 in., 
and in some years maximum yields were obtained at plant populations substan- 
tially higher than the current average population in Minnesota of 26 400 
plantdacre. In contemplating a switch to narrower row corn, many factors have 
to be considered: planter, cultivator, and combine capabilities; tractor tire width; 
and the impact on other crops in the cropping system. Whether it is economical- 
ly advantageous to switch to row widths narrower than 30-in. will depend on 
the cost involved to convert current equipment. Growers who are producing one 
or more crops in 20- or 22-in. rows should seriously consider growing corn in 
these row widths. Currently, it appears impractical to grow corn on a large scale 
in 10-in. rows because of equipment limitations and the inability to cultivate for 
weed control if necessary. 
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There has been a trend toward narrower row width and an
increase in plant population for corn (Zea mays L.) production
in the northern Corn Belt. The impact of corn hybrid and plant
population on grain yield may be influenced by row width.
This study was designed to investigate the relationships
between row width, plant population, and hybrid at three
Minnesota locations from 1992 through 1994. At Lamberton
and Waseca, row widths were 10,20, and 30 in.; target popula-
tions were 25 000,30 000, 35 000, and 40 000 plants/acre; and
hybrids were Ciba 'G4372,' DeKalb 'DK512,' and Pioneer
Brand 'P3563'. At Morris, the same row widths were evaluat-
ed but the target populations were 22 000, 27 000, and 32 000
plants/acre and the hybrids were Northrup King 'N3624,'
DeKalb 'DK421,' and Pioneer Brand 'P3751'. At Lamberton
and Waseca, the yield advantage for both 10- and 20-in. rows
compared with 30-in. rows was 7.2% when averaged over all
hybrids and all plant populations, whereas at Morris the yield
advantage was 8.5%. Choice of hybrid influenced grain yield,
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and all hybrids responded similarly to change in row width and
change in plant population at the three locations. Grain yields
increased at Lamberton and Waseca with higher plant popula-
tions in 1992 and 1994, but not in 1993 when yields were limit-
ed by climatic conditions. Regression analysis of yield vs. har-
vest plant population showed yields were highest at popula-
tions at or above 35 000 plants/acre in 1992 at Lamberton and
1994 at Waseca and Lamberton, but were unaffected by plant
populations in 1992 at Waseca and in 1993 at both locations. At
Morris, regression analysis of yield vs. harvest plant popula-
tion in 1993 and 1994 showed yields were highest at plant pop-
ulations of 32 000 plants/acre, the highest plant population
studied at that location. Choice of hybrid and the growing sea-
son climatic conditions had a greater effect on grain moisture
content at harvest, test weight, and ear length than row width
or plant population. These data show a yield advantage for
narrowing row widths from 30 to 20 or 10 in., and that in some
years maximum yields were obtained at harvest plant popula-
tions substantially higher than the current Minnesota popula-
tion of 26 400 plants/acre.

MOST CORN in the northern Com Belt is grown in 30 in.
or wider row widths, and recommended populations

range from 24 000 to 28 000 plants/acre (Etkin, 1995). The
average population at harvest for corn grown in Minnesota
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Table 1. Soil type and cultural practices for three Minnesota locations in 1992,1993, and 1994. 

Location Latitude and longitude Soil series name Description and taxonomic name 

Moms 45'35". 95'55'W Nom loam fine, loamy, mixed, noncalcareous Typic Haplaquoll 
Lamberton 44"15'N, 95"19'W Webster clay loam fme, loamy, mixed, mesic Typic Haplaquoll 
Waseca 44"40'N, 93"31'W Webster clay loam fine, loamy, mixed, mesic Typic Haplaquoll 

Fertilizer rates 

Location Year Plantdate Harvestdate N P,O, K,O Pestcontrol 
Previous 
cmp 

Moms 1992 
1993 
1994 

Lamberton 1992 
1993 
1994 

Waseca 1992 
1993 
1994 

6 May 
5 May 

16 May 
I May 

I5 May 
23 Apr 
29 Apr 
30 Apr 
I 9  Apr 

26 Oct 
22 Oft 
26 Oct 
28 Oct 

5 Nov 
28 Oct 

1 Nov 
27 Oct 

28 Oct 

- 
120 
160 
160 
175 
125 
120 
140 
156 
160 

Ib/acre - 
0 0 

100 50 
100 100 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

alachlor, cyanazine, nicosulfuron, carbofuran 
alachlor, cyanazine, carbofuran 
clopyralid & metolachlor, alachlor, cyanazine, clopyralid 
EF'TC + R29148, cyanazine, alachlor 
EPTC + R29148, cyanazine, alachlor 
EPTC + R29148, cyanazine, alachlor 
atrazine, cyanazine, alachlor 
atrazine, cyanazine, alachlor 
atrazine, cyanazine, alachlor, nicosulfuron 

in 1995 was 26 400 plants/acre, up from 18 200 and 22 200 
in 1975 and 1985, respectively (USDA, 1995). The trend 
has been toward narrower row width and an increase in 
plant population. In an article summarizing management 
factors affecting corn yields in Minnesota between 1930 to 
1979, Cardwell (1982) found that population increased from 
12 400 to 20 200 plants/acre, which resulted in 21% of the 
gain in average grain yield (32 to 100 bdacre) during the 50 
yr. The decrease in row width from 42 in. in the 1930s to 36 
in. in 1979 accounted for 4% of the yield gain during that 
period (Cardwell, 1982). 

Prior to 1940 the distance between rows was generally 
limited by the width of a horse (Equus sp.), approximately 
40 in.. By the mid-l980s, most investigators suggested that 
producers in the Corn Belt could expect a 5% yield increase 
for 30- compared with 38- to 40-in. rows (Aldrich et al., 
1986). Olson and Sander (1988) state that in spite of the 
yield increase with 30-in. rows, tractor tire size and match- 
ing of planter-cultivator-combine equipment tended to 
encourage wider, 36-in. rows. 

The primary reason for the increase in yields in narrow- 
row width corn is decreased competition among plants with- 
in rows for light, water, and nutrients due to a more equidis- 
tant spatial arrangement of plants (Olson and Sander, 1988). 
However, for plant distribution to be a yield-limiting factor, 
other limiting factors such as nutrient deficiencies have to 
be eliminated. Bullock et al. (1988) found that the crop 
growth rate early in the growing season was greater for an 
equidistant spatial arrangement of corn than for corn plant- 
ed in conventional 30-in. row widths. Numerous researchers 
have shown corn yields are often increased with row-widths 
narrower than 30 in. (Bullock et al., 1988; Fulton, 1970; 
Hoff and Mederski, 1960; and Nielsen, 1988). A more 
equidistant spatial arrangement of corn plants can adversely 
influence weed germination and vigor through the impact of 
light transmittance (Teasdale, 1995). 

At populations of 25 000,30 000, and 35 000 plantdacre, 
the distance between plants in 30-in. rows is 8.4,7.0, and 6.0 
in., respectively, and the distance between plants in 2041-1. 
rows is 12.5, 10.5, and 9.0 in., respectively. Theoretically, as 
plant population increases, the within row competition 
between plants increases. Equidistant spacing of plants at 
populations of 25 000,30 000, and 35 000 plants/acre would 
be 15.8, 14.5, and 13.4 in., respectively. 
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Choice of hybrid and hybrid maturity has been shown to 
interact with row width (Brown et al., 1970; Griffith, 1965). 
Planting date interacts with plant population as well as with 
hybrid maturity (Nafziger, 1994). Most of the previously 
published research, with the exception of Nafziger (1 994), 
has been conducted with older hybrids at plant populations 
equal to or lower than those currently used. 

There is interest in corn production on 20-in. row widths 
because of the relative ease of converting 12- and 16-row 
planters from 30-in. row widths to 18- and 24- row planters 
on 20-in. row widths. Also, some Minnesota producers want 
to match row width of corn and soybean [Glycine mux (L.) 
Merr.] with that of sugarbeet (Beta vulgaris L. sub sp. vul- 
garis), which is typically grown on 22-in. row widths. This 
desire, coupled with improved genetics that have resulted in 
better standability and greater tolerance to higher plant pop- 
ulations (Duvick, 1984; Nafiiger, 1995), necessitates a 
reevaluation of the relationship between row width, plant 
population, and corn hybrid. The objectives of this study are 
to: (i) determine whether current corn hybrids respond sim- 
ilarly to row width, and (ii) determine whether the hybrid 
response to row width is affected by plant population. 

MATERIALS A N D  METHODS 

Field research was conducted from 1992 through 1994 at 
three Minnesota locations: the West Central, Southwest, 
and Southern Experiment Stations at Morris, Lamberton, 
and Waseca, respectively. Soil characteristics at each loca- 
tion are listed in Table l. At Lamberton and Waseca, facto- 
rial experiments were established in a randomized complete 
block design with a split plot layout where three row widths 
were randomly assigned to main plots in each of four repli- 
cates and all combinations of four plant populations and 
three corn hybrids were randomly assigned to subplots. Row 
widths were 10, 20, and 30-in.; target populations were 
25 000,30 000,35 000, and 40 000 plants/acre, and hybrids 
were Ciba G4372, DeKalb DK512, and Pioneer Brand 
P3563. These adapted, high yielding hybrids have Minne- 
sota relative maturity ratings of 105. At Lamberton and 
Waseca the seeding rate was 125% of the target plant popu- 
lation and stands were hand-thinned to the target population. 

At Morris the experimental design was a 3 x 3 x 3 facto- 
rial with four replicates in a randomized complete block 



design. Target populations were 22 000,27 000, and 32 000 
plants/acre; hybrids were Northrup King N3624, DeKalb 
DK42 1, and Pioneer Brand P375 1 ; and row widths were 10, 
20, and 30 in.. These adapted, high yielding hybrids had 
Minnesota relative maturity ratings of 100. The seeding rate 
was 11 0% of the target population, with no thinning. 

Soil type, fertilizer rates, weed control practices, previ- 
ous crop, and planting and harvest dates varied with location 
and are -listed in Table 1. All fields were fall-chiseled except 
at LamGerjon in the fall of 1992 when no fall tillage was 
done. Spring tillage prior to planting was with a field culti- 
vator. Nitrogen rates were based on previous crop, and P and 
K fertilization was based on soil tests to achieve optimum 
yields. Nitrogen was spring-applied prior to planting as urea 
at Lamberton and ammonium nitrate at Waseca. At Moms, 
the N source was spring-applied urea in 1992, but in 1993 
and 1994 a fall-applied complete fertilizer (1 60- 100-50) was 
used. Planting was done with a Hefty-G Almaco (Nevada, 
IA) plot planter that allowed planting of all three row 

widths. There was no wheel traffic in any of the harvested 
rows. 

The size of each subplot was 10 by 30 fi at Lamberton 
and Morris, and IO by 26 ft at Waseca. Harvest area was 
from approximately 20 to 25 ft long by 2,3, and 6 rows for 
30,20, and 10-in. row widths, respectively, at Lamberton; 2, 
2, and 4 rows for 30,20, and 10-in. row widths, respective- 
ly, at Waseca; and 2,2, and 3 rows for 30,20, and IO-in. row 
widths, respectively, at Moms. Harvest plant population 
was determined just prior to harvest by counting plants in 
the harvest area at all locations each year except Moms in 
1992. All subplots were hand harvested, and ears were 
threshed in a plot combine. Moisture content at harvest was 
determined by oven drying a subsample of the grain for 48 
h at 140°F. Grain yield was adjusted to 15.5% moisture. At 
Lamberton and Waseca, 10-ear subsamples from each sub- 
plot were collected from the nonyield rows for ear length 
and test weight determinations. After the ears were allowed 
to air dry, ear length was determined by measuring from the 
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Fig. 1. Growing season precipitation and growing degree days at test locations during 1992,1993,1994, and the long-term average at three Minnesota 
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Table 2. Grain yield, moisture, test weight, and ear length analyses of 
variance for row width, plant population, and corn hybrid study at 
Lamberton and Waseca over 3 yr (1992-1994). 

Mean sauares 

Source df Yield Moisture Test wt. Ear length 

Year (YR) 
Location (LOC) 
YRxLOC 
REP(YRx LOC) 
Row width (RW) 
YRxRW 
LOCxRW 
YRxLOCxRW 
REPxRW(YRxL0C) 
Hybrid (HYB) 
YRxHYB 
LOCxHYB 
YRxLOCxHYB 
RWxHYB 
YRxRWxHYB 
LOCx RW x HY B 
YRxLOCxRWxHYB 
Plant population (POP) 
Y RxPOP 
LOCXPOP 
YRxLOCxPOP 
RWxPOP 
Y Rx RW xPOP 
LOCxRWxPOP 
Y Rx LOC x RW xPOP 
HY B xPOP 
Y RxHYBxPOP 
LOCxHYBxPOP 
YRxLOCxHYBxPOP 
RWxHYBxPOP 
YRxRWxHYBxPOP 

2 915 900.8*** 2 837.4*** 
1 77 085.6*** 262.9*** 
2 38 860.0*** 128.2.. 

18 700.4. 14.4*** 
2 9228.6*** 10.7 
4 212.3 4.4 
2 91.2 4.6 
4 492.6 8.8 

36 522.8' 3.9.. 
2 9804.1*** 1643.1*** 
4 719.5 178.0*** 
2 234.5 30.7*** 
4 2403.7*** 67.2*** 
4 203.5 2.2 
8 331.4 0.4 
4 768.7 1.4 
8 173.8 2.4 
3 883.6 4.3 
6 1546.6*** 6.7** 
3 384.6 1.1 
6 578.9 1.7 
6 509.2 2.1 

12 317.3 1.1 
6 280.6 1.7 

12 182.4 0.7 
6 365.5 18.5*** 

12 94.9 4.38 
6 380.0 3.2 

12 408.4 2.0 
12 396.2 1.3 
24 238.7 1.3 
12 281.4 0.8 LOCxRWxHYBxPOP 

YRxLOCxRWxHYBxPOP 24 243.4 2.0 
Model 269 7 946.1*** 42.6". 
Error 594 358.7 2.0 
Corrected total 863 
C.V. (%) 13.2 6.8 
Mean 143 bdacre 21.0% 

2 743.1*** 234.28*** 
1286.3"' 1.39' 

297.2*** 30.56*** 
2.8** 0.29*** 
2.3 4.30**' 
6.5* 0.26 
1.2 0.23 
3.5 0.16 
1.8' 0.14 

1 828.4'** 7.75*** 
34.1*** 3.55*** 
2.2 1.32*** 

18.0*** 0.37* 
0.2 0.19 
1.7 0.12 
2.0 0.18 
0.4 0.09 
8.7*** 13.12*** 
2.3 0.45*** 
4.1' 0.08 

10.8*** 0.44*** 
1.6 0.12 
1.7 0.21. 
0.4 0.05 
1.1 0.12 
0.4 0.37** 
1.0 0.09 
0.2 0.13 
0.5 0.07 
1.5 0.16 
1.3 0.10 
0.7 0.16 
0.8 0.12 

1.2 0.12 

2.0 5.1 

43.4*** 2.43*** 

53.2 lbibu 6.73 in. 
~~ ~~~ 

*,**, and *** are significant at P = 0.05, 0.01, and 0,001, respectively. 

base to the tip of the ear. Ears were threshed and test weights 
were recorded. 

Data were subjected to analysis of variance and means 
were separated using Fisher's protected least significant dif- 
ference (LSD) test at the P = 0.05 level (SAS, 1985). Data 
from Lamberton and Waseca were combined over years 
because, at those locations, the same hybrids, row widths, 
and target plant populations were evaluated. Regression 
analysis of grain yield vs. harvest plant population was per- 
formed where appropriate. Weather data were obtained from 
weather stations at each location (Fig. 1). 

RESULTS AND DISCUSSION 

Climatic Conditions and Actual Plant Populations 

Growing conditions were abnormal in 1993 at each loca- 
tion: rainfall during the growing season exceeded long-term 
averages by approximately 50% and growing degree day 
accumulations in May and June were approximately 13% 
below long-term averages at all three locations (Fig. 1). 
These climatic conditions resulted in below normal yields in 
1993. Growing conditions in 1994 were excellent, resulting 
in record corn yields in Minnesota. Growing conditions and 
grain yields in 1992 were more normal than in 1993 or 1994. 
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Table 3. Grain yield and moisture analysis of variance for row width, 
plant population, and corn hybrid study at Morris over 3 yr 
(1992-1994). 

Mean square 

Source df Grain yield Moisture 

REP 
Year (YR) 
REP (YR) 
Row width (RW) 
Hybrid (HYB) 
RWxHYB 
Plant population (POP) 
RWxPOP 
HY Bx POP 
RWxHYBxPOP 
YRxRW 
YRxHYB 
YRxPOP 
YRxRWxHYB 
YRxRWxPOP 
Y Rx HYBx POP 
YRxRWxHYBxPOP 
Model 
Error 
Corrected total 
C.V. ("h) 
Mean 

3 
2 
5 
2 
2 
4 
2 
4 
4 
8 
4 
4 
4 
8 
8 
8 

16 
88 

208 
296 

1847.4** 
146 449.2*** 

1310.0* 
2 787.9" 
6 981.1*** 

218.8 
0.7 

1334.3' 
374.7 
371.1 

1 102.7' 
578.4 
388.4 
224.9 
298.5 
425.9 
215.4 

4 053.6*** 
435.7 

19.2 
109 

12.1 
427.2** 
30.3*** 
40.9*** 
89.1*** 
0.8 

58.6*** 
13.2' 
3.9 
4.4 

17.7" 
8.8 

32.2*** 
3.6 
2.8 
5.4 
2.4 

5.0 

10.3 
21.8 

22.0*** 

*, **,and *** are significant at P =  0.05, 0.01. and 0.001, respectively. 

At Lamberton and Waseca, harvest populations (aver- 
aged over 3 yr and both locations) were 26 500, 29 700, 
33 500, and 37 700 plantdacre for target populations of 
25 000, 30 000, 35 000, and 40 000 plantdacre, respective- 
ly (data not shown). At Moms the actual harvest popula- 
tions (averaged over 1993 and 1994) were 22 000,26 900, 
and 31 900 plantdacre for target populations of 22 000, 
27 000, and 32 000 plantslacre, respectively (data not 
shown). 

Grain Yield 

Row width influenced grain yield at all test locations 
(Tables 2 and 3). Averaged over 3 yr, corn planted in the 10 
and 20-in. row widths yielded 7.2% more than that planted 
in 30-in. row widths at Lamberton and Waseca, and there 
was no difference in grain yield between the 10 and 20-in. 
row widths (Table 4). At Moms, the yield increase for 10 
and 20-in. row widths compared with 30-in. row widths was 
8.5%, but the effect of row width on yield was not consis- 
tent each year: in 1993, a year with very poor yields, there 
was no yield advantage with narrow row widths (Table 5). 

At Lamberton and Waseca, the effect of plant population 
on yield was not consistent each year (Table 2): yields in- 
creased with the two highest populations in 1992 and 1994, 
but in 1993 the highest populations tended to have reduced 
yields (Table 4). Regression analysis of yield vs. harvest 
plant population was significant in 1992 and 1994 at Lam- 
berton, and in 1994 at Waseca, with maximum yields ob- 
tained at populations of approximately 41 000, 35 000, and 
41 000 plantdacre, respectively (Table 6). 

These data show that in years where environmental con- 
ditions are favorable, maximum yields were obtained at 
populations substantially higher than the current reported 
average harvest population of 26 400 plants/acre (USDA, 
1995). Assuming a price of $0.90/1000 seed, it would cost 
$4.5O/acre to increase the seeding rate 5000 seeddacre. At 



Table 4. Row width influenced corn grain yield at Lamberton and 
Waseca in a 3-yr row width, plant population, and hybrid study. 

Table 5. Row width influenced corn grain yield at Morris in a 3-yr row 
width, plant population, and hybrid study. 

Grain yield Grain yield 

bdacre 
Row width 

10-in. row 146a* 
20-in7row I47a 
30-in. row 137b 

Plant population x year 

Plant population 1992 I993 1994 Avg. 

25 000 planWacre 153b 82.8ab 185c 140 
30 000 plantsfacre 153b 85.7a 191bc 143 
35 000 planWacre 156ab 79.7a 198a 144 
40 000 planWacre 159a 78.lb 196ab 145 
Average 155 82 193 

Hybrid x location x year 

1992 1993 I994 

Hybrid Lamberton Waseca Lamberton Waseca Lamberton Waseca Avg. 

DK512 153a 168a 65.5a 103a 201a 199a 148 
P3563 152a 161ab 61.5a 102a 188b 199a 144 
G4372 143b 153b 50.3b 107a 188b 180b 137 

* Means with the same letter within each group of columns are significantly different 
at P > 0.05. 

$2.70/bu, a corn producer would break even with a 1.67 
bdacre increase in yield when seeding rates are increased 
by 5000 seedsfacre. Given these assumptions, the maximum 
returns at the two locations averaged over 3 yr would be 
obtained at a harvest population of approximately 35 000 
plants/acre. 

At Morris, the effect of plant population on yield was not 
consistent across the three row widths: on 10- and 20-in. 
row widths yields were the same across the three plant pop- 
ulations, whereas on 30411. row widths at a population of 
27 000 planWacre yields were lower relative to the yield of 
10- and 20- in. row widths (Tables 3 and 5) .  Regression 
analysis of yield vs. harvest plant population was significant 
in 1993 and 1994, the only years harvest plant populations 
were recorded. In both years, a harvest population of 32 000 
plants/acre, the highest population tested, resulted in the 
highest yield (Table 6). 

Hybrid influenced grain yield at all three locations 
(Tables 2 and 3), and the effect of hybrid on yield was con- 

~ ~ ~~~ 

bdacre 
Hybrid 

DK42 I 106b* 
P375 1 122a 
N3624 109b 

Row width x year 

Row width I992 1993 1994 Average 

IO-in. l2la 74.3a 153ab I I6 
20-in. llOb 72.8a 160a 114 
30-in 103b 71.6a 144b 106 
Average I l l  72.9 153 

Plant population x row width 
Row width 

Plant population IO in. 20 in. 30 in. Average 

22 000 plantlacre l l5a 112a 109a 112' 
27 000 plant/acre 120a 119a 98b 112 
32 000 plantlacre 114a l l l a  l l l a  112 

* Means with the same letter within each group of columns are significantly different 
at P > 0.05. 

sistent regardless of row width or plant population. At 
Lamberton and Waseca, when averaged over 3 yr, DK5 12 
had the highest yield followed by P3563 then G4372, but 
these results were not consistent across locations and years 
(Table 4). In 1993, the year with the lowest yields, G4372 
yielded less than the two other hybrids at Lamberton, but 
more than the two other hybrids at Waseca. At Moms, 
P375 1 yielded more averaged over 3 yr than either N3624 or 
DK421 (Table 5). 

Nielsen (1988) reported a 2.7% grain yield increase with 
narrow rows across nine Indiana environments but stated the 
inconsistency and small magnitude of the yield increase 
would not justifl a change in the row widths used under cur- 
rent nonirrigated cultural practices. Our results, which show 
a 7% yield advantage with narrow row widths across 9 site- 
yr, suggest it may be warranted to consider such a change. 

Grain Moisture Content 

At Lamberton and Waseca, row width did not affect grain 
moisture content at harvest, but hybrid and location had a 

Table 6. Regression equations and predicted yields for selected plant populations at three Minnesota locations, 1992-1994. 
Predicted yield at a harvest plant population of Model 

Location Year Quadratic regressiont significance RZt 25 000 30 000 35 000 40 000 

bdacre 

Lamberton 1992 Y = 18.2 + 0.00711@0p) - 8.58 x lo-8(pop)z p~O.0001 0.41 142 154 

Lamberton 1994 Y = 69.2 + O.O0737(pop) - 1.06 x lW7@0p)z ~ 0 . 0 0 0 1  0.14 187 195 
Waseca 1992 regression not significant 0.90 161 161 

Waseca 1994 Y = 94.9 + O.O0518@0p) - 6.34 x Io-8(pop)z p<o.o1 0.07 I85 193 
Average 140 144 

Lamberton 1993 regression not significant5 0.87 59 59 

Waseca 1993 regression not significant 0.54 104 104 

22 000 

162 
59 

197 
161 
104 
199 
147 

27 000 

165 
59 

194 
161 
I04 
20 1 
147 

32 000 

Moms 1992 regression not possible - no harvest plant population 111 111 111 
Moms 1993 Y = 123.6 - O.O0436(pop) + 8.8 x I(r8@0p)z F0.02 0.07 70 70 74 

Average 108 112 115 
Moms 1994 Y = 41.9 + O.O0666@op) - 9.2 X l@(pOpy p<o.o1 0.14 144 154 160 

t Y = corn grain yield in bdacre; pop = harvest plant population in plants per acre. 

5 When the regression was not significant, yields were averaged across plant populations. In the case where regression was not possible (at Moms in 1992), yields were averaged 
Rz = coefficient of determination. 

across plant populations because plant population was not significant in the analysis of variance. 
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Table 7. Row width did not influence grain moisture content at Lamberton and Waseca in a 3-yr TOW width, plant population, and hybrid study. 

Grain moisture 

% 

Row width 

10-in. 20.8a* 
20-in. 21.2a 
30-in. 2 1 .Oa 

Plant population x year x hybrid 
1992 1993 1994 

PlanWacre DK5 12 P3563 G4372 DK512 P3563 G43 72 DK512 P3563 G4372 Average 

25 000 21.2a 21.7ab 26.2a 20.4a 22.2a 25% 16% 17.2~ 18.Ob 21.1 
30 000 20.8a 21.4b 26.8a 2 1.2a 22.3a 25.7a 16.6b 17.5b 18.lb 21.2 
35 000 19.Ib 22.3a 26.8a 20.2a 22.la 26.la 16.3b 17.6a 18.4a 21.0 
40 000 18.2~ 21.3b 26.6a 20.3a 22.9a 26.2a 15.8~ 17.7a 18.6a 20.8 

Hybrid x location x year 

1992 1993 1994 

Hybrid Lamberton Waseca Lamberton Waseca Lamberton Waseca Average 

DK512 2lSa 18.la 19.8a 21.3a 16.0a 16.8a 18.9 
P3563 22.7b 20.7b 23.6b 21.2a 17.4b 17.6b 20.5 
G4372 27.4~ 25.8~ 27.4~ 24.6b 18.4 18.2~ 23.6 
Average 22.7 23.0 17.4 

Means with the same letter withii each group of columns are significantly different at P > 0.05. 

Table 8. Row width influenced grain moisture content at Morris in a 3- 
yr row width, plant population, and hybrid study. 

Grain moisture 

Y O  

Hybrid 

DK421 20.7a* 
P3751 22 .k  
N3624 21.9b 

Plant population x row width 

- 

Row width 

Plant woulation 10 in. 20 in. 30 in. Average 

22 000 plantdacre 20.4b 21.lb 21.4b 20.9 
27 000 plants/acre 2l.iab 2l.lb 23.0a 21.7 
32 000 planWacre 21.7a 23.2a 22.7a 22.5 
Average 21.1 21.8 22.4 

Row width x year 
Row width 1992 I993 1994 

IO-in. 18.8b 23.0b 21.5a 
20-in. 19.4b 24.5b 21.6a 
30-in. 2 1.2a 23.8a 22.Ia 
Average 19.8 23.8 21.7 

Plant population x year 

Plant woulation 1992 1993 1994 
~~~~~~~~~ ~ ~ 

22 000 plantdacce 18.9b 22.lc 22.0a 
27 000 planWacre 20.0a 23.5b 21.7a 
32 000 plantdacce 20.5a 25.6a 21.5a 

* Means with the same letter withii each group of columns are significantly different 
at P > 0.05. 

significant effect on grain moisture content (Table 2). 
DK512 had the driest grain at harvest followed in order by 
P3563 and G4372 (Table 7), but the grain moisture content 
was influenced by both plant population and year. Grain 
moisture tended to decline with DK5 12 as plant population 
increased in 1992 and 1994 whereas grain moisture tended 
to increase as population increased with G4372 in 1994. A 
mixed response was observed for P3563 (Table 7). 

At Morris, row width, hybrid, and plant population 
affected grain moisture (Table 3). As row width narrowed, 
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the grain moisture content at harvest decreased in 1992 and 
1993 but not in 1994 (Table 8). DK42 1 had the driest grain 
at harvest, followed by N3624 and P375 1. Grain moisture at 
harvest was lower at the lowest plant population and highest 
at the highest plant population, but the response over all 
plant populations was not consistent across row width or 
year. Grain moisture content at harvest increased as plant 
population increased in 1992 and 1993, but in 1994 plant 
population did not affect grain moisture. Grain moisture 
content at harvest was highest for populations at 27 000 
plantdacre or more for 30-in. row widths but lowest for pop- 
ulations at 27 000 plants/acre or less for 20-in. row widths. 

Test Weight 

At Lamberton and Waseca, test weight was not influ- 
enced by row width, except in 1992 when the test weight for 
the 20-in. row width was slightly less than the test weight 
for IO-or 30411. row widths (Tables 2 and 9). The highest 
test weight was observed for P3563 and the lowest test 
weight was observed for DK512. As plant population 
increased there was a trend for reduced test weight in four of 
the six locatiodyears. Climatic conditions during the grow- 
ing season had a greater effect on test weight than either row 
width or plant population, as evidenced by the high test 
weight in 1994, a year with excellent growing conditions. 

Ear Length 

Ear length was influenced by environment, row width, 
plant population, and hybrid (Table 2). Ear length at 30-in. 
row widths was generally shorter than the ear lengths at the 
20- or 10-in. row widths (Table lo), but the effect of row 
width on ear length was influenced by a combination of 
plant population and year. The impact of row width on ear 
length was perhaps a major source of the increased yield 
with 10- and 20-in. rows compared with 30-in. rows. Ear 
length was shorter in 1993, the poor yielding year, than in 



Table 9. Row width did not influence corn test weight at Lamberton
and Waseca in a 3-yr row width, plant population, and hybrid study.

Test weight

Ib/bushel
Hybrid
DK512
P3563
G4372

50.4c*
55.3a
53.9b

Row width * year
Row width 1992 1993 1994 Average

10-in.
20-in.
30-in.
Average
Hybrid *

52. la
51. 5b
52. la
51.9

location x year
1992

Sl.Oa
51.0a
50.9a
51.0

1993

56.8a
56.9a
56.5a
56.7

53.3
53.1
53.2

1994

Hybrid Lamberton Waseca Lamberton Waseca Lamberton Waseca

DK.512
P3563
G4372

48.4c
52.3a
50.5b

50.5c
55.8a
54.2b

45.3b
51.6a
50.0a

49.8c
55.8a
53.5b

53.8c
58.3a
57.8b

54.8c
58.3a
57.3b

Plant population x location x year
1992 1993 1994Plant

population Lamberton Waseca Lamberton Waseca Lamberton Waseca Average

25 000/acre
30 OOO/acre
35 OOO/acre
40 OOO/acre

49.7b
50.4a
50.6a
50.9a

54.2a
53.6b
53.3bc
52.9c

49.6a
49.0ab
48.7bc
48.4c

53.3a
52.9a
53.0a
52.8a

57.1a
56.4b
56.5b
56.5b

57.0a
56.9a
57.1a
56.3b

53.5
53.2
53.2
53.0

* Means with the same letter within each group of columns are significantly different
at P> 0.05.

1992 and 1994. G4372, the hybrid with the highest yield
(Table 4), consistently had the longest ears even though ear
length trends were not consistent across hybrid, location,
and year (Table 10). Ear length decreased with increasing
plant populations all 3 yr at both locations, but this was
more pronounced for P3563 than for the two other hybrids.

CONCLUSIONS

Thirty-inch rows consistently yielded less than 20- or 10-
in. rows with no significant yield difference between the 20-
and 10-in. rows. The yield advantage of the narrower rows
averaged about 7% across 9 site-yr. All hybrids evaluated
responded similarly, and the yield advantage occurred
regardless of plant population. At Lamberton and Waseca
grain yields increased with greater plant populations in 1992
and 1994, but not in 1993 when yields were low due to
adverse climatic conditions. In some years of the study,
especially when growing conditions were good, higher
yields were obtained at plant populations higher than cur-
rently planted in Minnesota. Regardless of growing condi-
tions, yields did not decline at the highest plant populations
evaluated. Growers can obtain higher yields in 20- in. rows
than in 30-in. rows. However, the economics of converting
planting, cultivation, and harvest equipment to narrower
rows must be considered. For those who grow sugarbeets or
other crops in 20- or 22-in. rows, economics probably would
favor narrow rows for corn than the standard 30- or 36-in.
row width. At this point there does not appear to be any
advantage for converting to 10-in. rows. Harvest would be
more difficult with 10-in. rows because of equipment limi-

Table 10. Row width influenced corn ear length at Lamberton and
Waseca in a 3-yr row width, plant population, and hybrid study.

Ear length

Hybrid " plant population
Plants/acre

Hybrid 25 000

DK512 6.86b*
P3563 6.96b
G4372 7.1 9a
Average 7.00
Hybrid x location x year

30000

6.74b
6.71b
7.04a
6.83

35000

6.64b
6.47c
6.78a
6.63

40000

6.44b
6.23c
6.63a
6.43

Average

6.67
6.59
6.01

1992 1993 1994

Hybrid Lamberton Waseca Lamberton Waseca Lamberton Waseca

DK512
P3563
G4372
Average

7.36b 6.74b
7.63a 6.54c
7.66a 6.89a

7.14

5.66a 5.95b 7.04b 7.29c
5.2 Ib 5.42c 7.29a 7.47b
5.70a 6.20a 7.32a 7.66a

5.69 7.35

Plant population x location x year

population

25 OOO/acre
30 OOO/acre
35 OOO/acre
40 OOO/acre

Lamberton

7.60b
7.73a
7.58b
7.28c

Waseca

7.09a
6.86b
6.56c
6.38d

Lamberton

5.97a
5.60b
5.36c
5.16d

Waseca

6.22a
5.94a
5.70c
5.58c

Lamberton

7.48a
7.32b
7.14c
6.93d

Waseca

7.64a
7.55ab
7.44b
7.27C

Plant population x row width x year

Plant
population

1992 1993 1994
10 in. 20 in. 30 in. 10 in. 20 in. 30 in. 10 in. 20 in. 30 in.

25 OOO/acre 7.47a 7.27ab 7.34a 6.06a 6.12a 6.10a 7.58a 7.75a 7.33a
30 OOO/acre 7.34a 7.38a 7.16ab 5.91a 5.83b 5.56b 7.51a 7.50b 7.30a
35 OOO/acre 7.04b 7.18a 7.00b 5.63b 5.54c 5.41bc 7.41ab 7.42b 7.05b
40 OOO/acre 6.90b 6.96b 6.63c 5.44b 5.42c 5.26c 7.28b 7.15c 6.86b
Average for row widths
10-in. row
20-in. row
30-in. row

6.80
6.79
6.58

' Means with the same letter within each group of columns are significantly different
at P> 0.05.
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