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THE EFFECTS OF PLANT POPULATION AND NITROGEN 
ON SWEET CORN YIELDS 

INTRODUCTION 

About 40, 000 acres of sweet corn are grown annually in Oregon 

with a value to growers of eight to ten million dollars.    Although 

yields in Oregon rank high when compared with other states,   there is 

need to obtain higher yields and efficiency of production because of 

increased costs of production. 

Recently work has been done to obtain higher yields of sweet 

corn (Zea mays L.   var.   rugosa) and field corn (Zea mays L. var. 

identata) by increasing the rates of fertilizers,   especially nitrogen. 

Also different plant arrangements and higher plant populations have 

been used. 

The research reported here was conducted to obtain more 

information on the effects of plant populations on sweet corn,   especi- 

ally response of individual plants.    In addition,   effects of nitrogen 

fertilizer on growth and yield were evaluated at the various 

populations. 



REVIEW OF LITERATURE 

Many workers have attempted to improve yields of sweet corn, 

(Zea mays L..   rugosa) or field corn (Zea mays indentata)..    Techniques 

included:    increasing populations,   using various plant arrangements, 

improving fertilizer,   irrigation,   and other cultural practices and 

changing light interception. 

A greater amount of work with populations and fertilizers has 

been done with field corn than with sweet corn,   but responses may be 

similar in most cases. 

Effect of Plant Population and Plant Arrangement 

Yield 

Bleasdale (1966) reported that with many plants as population 

increases,   total dry weights will increase until a level is reached at 

which further increases in population will not significantly increase 

yield,   as shown in his graph of yield and population.    Warren (1963) 

showed that the basic equation obtained in a linear relationship 

between plant density and yield per plant is a parabolic function for 

yield per acre instead of being a straight line.    A parabolic yield 

equation could be obtained from as few as two plant populations. 

Duncan (1958) reported that a linear relationship exists between the 



logarithm of the average yield of an individual corn plant and the 

total population.    In later work,   Bleasdale (19 67) noted that plant 

density can be used as a means of controlling the yield of a specific 

plant part. 

Bleasdale's (1966) graph of yield and population. 

Dolan and Christopher (19 52) and Giesbrect (1969) working 

with sweet corn,   reported that yield was dependent on population and 

as population increased so did yields.    Hoff (I960) reported similar 

results for field corn.    Cunard (19 67) found that maximum grain 

yields of field corn are achieved as plant density increased until a 

certain maximum density is reached at which point further increases 

in plant density will cause yield to drop.    Bailey (1941) reported as 

sweet corn population is decreased,   the plant produces more ears, 

heavier and longer ears,   and more tillers,  while the opposite effect 

occurs as  populations  increase. 



Pickett (1944) found that population had a significant influence 

on total yield and ear size of sweet corn,  with maximum yields pro- 

duced at a spacing of 0. 19 square meter per plant.    Colville and 

McGill (1967) reported small differences in grain yield occurred at 

populations of 39, 536,   49, 420,   and 59, 304 plants/ha,   but further 

increases in populations reduced total yield.    In later work by 

Colville,   et al.   (1964) mean grain yield from plant populations of 

29, 652,   39, 536,   49, 420,   and 59, 304 plants/ha showed significant 

linear and quadratic responses.    Vittum et al.   (19 59) working with 

sweet corn,   found an increase in the yield of unhusked ears and a 

higher cut off percentage when plant populations were increased from 

24, 809 to 39, 067 plants/ha.    Lana (1956) reported the optimum plant 

population for sweet corn was in a range of 39, 190 to 48, 432 plants/ha. 

Timmons et al.   (1966) found a similar range in field corn.    Rutger 

and Crowder (1967) reported that 60, 045 plants/ha produced maxi- 

mum grain yields of field corn.     Chipman and MacKay (i960) found 

that higher yields of sweet corn -were produced at 47, 937 plants/ha 

than from 35, 780 or 71, 659 plants/ha.     Freyman et al.   (1972) 

reporteda 40% increase in yield as population was increased from 

44, 478 to 81, 543 plants/ha.     Mack (1972) reported that yields of 

sweet corn could be increased 35 to 55% as plant population increased 

from 30, 000 to 128, 000 plants/ha under irrigated conditions.    Using 

50. 8 cm and  101. 6 cm rows.  Stickler (19 64)  showed that highest field 



corn yields came from either 49, 420 or 59, 304 plants/ha in both 

irrigated or nonirrigated tests.    Fulton (1970) reported that high 

plant populations increased field corn yields only when the soil 

moisture levels were high. 

Yao and Shaw (1964) reported as plant populations increased by 

reducing row spacings,   yield of field corn is increased.    A 53 cm 

row had the highest yield due to the more even distribution of leaves 

which resulted in more interception of radiant energy.    Downey's 

review (1971) indicates that total production is a function of plant 

density; however,   inter-plant competition for light changes the func- 

tion.    He suggested that a range of 70, 000 to 90, 000 field corn 

plants/ha -was the limit for increased yield. 

Ear Size 

Bleasdale (1967) reported that plant density can be used as a 

means of controlling the yield of a specific plant part.     Populations of 

field corn that maximizes grain yields may not be compatible with a 

population that maximizes the desired ear characteristics of sweet 

corn,  which are so important.    Huelsen (1937),   Lana (1956),   and 

Mack (1973) reported that ear size of sweet corn is decreased as 

plant population is increased.     Similar trends for field corn were 

reported by Haynes and Sayne (1956),   Kohnke and Miles (1951), 

Rutger and Crowder (1967),   and Whitaker et al.   (1969).     Bailey (1941) 



determined that extreme sweet corn population reduced ear weight 

and length.     Freyman et al.   (1972) reported that ear length was 

decreased by 10% as sweet corn population increased from 44, 478 

to 81, 543 plants /ha.    Lang et al.   (19 56) working with field corn, 

found at a population of 9, 280 plants/ha,   ears averaged 322 gms 

and at 59, 304 plants/ha ears averaged 132 gms without significant 

differences in yield.    A population of 29, 652 plants/ha gave the 

highest yield,   but had an average ear size of 245 gms.    Dugan et al. 

(19 58) showed ear weight dropping from 350 gms to 150 gms as the 

field corn population increased from 9, 000 to 60, 000 plants/ha. 

Whitaker et al.   (1969) recommended that field corn populations should 

not exceed 54, 340 to 59, 304 plants/ha for the ear weight to remain 

at 227 gms. 

Number of Ears per Plant 

Downey (19 71) noted that the number of ears per plant is gene- - 

tically controlled,   but can be modified by altering the environment. 

Eddowes (1969),   Haynes and Sayne (1959),   Lang (1956),   Rutger and 

Crowder (1967) and Vittum et al.   (1959) reported that an increased 

plant population decreased the number of ears per plant.    Enzie 

(1942),   found that more second ears of sweet corn were produced as 

plant populations decreased.    Stickler (1964) found that at the same 

population the yields -were higher in 50. 8 and 76. 2 cm rows than in 



101. 6 cm rows,   because more multiple-eared plants were produced 

at the 50. 8 and 76. 2 cm row spacings.    Robertson et aj..   (1968) 

reported that increased fertilizer tended to increase the number of 

ears per plant for field corn and Lang et ajL.   (19 56) found similar 

results for sweet corn. 

Plant Barrenness 

In both sweet corn and field corn,   Giesbrecht (1969),   Haynes 

and Sayne (1956),   Huelsen (1932),   Stickler (1964),   and Whitaker 

et aj..   (1969) reported that as plant population increased the number of 

barren plants increased.    Lang et aL   (19 56) and Woolley etal.   (1962) 

found that plant barrenness of field corn was affected more by popula- 

tion than by hybrids or fertility levels.    Downey (1971) reported that 

performance of the productive field corn hybrids is mainly due to 

their resistance to barrenness at high plant populations.    Stinson 

and Moss (i960) suggested that barrenness in high field corn popula- 

tions is induced by mutual shading.     Shade tolerant lines have been 

shown to produce higher yields by having fewer barren plants.    Sass 

and Loeffel (19 59) working with field corn,   found the formation of 

floral parts was not affected by plant populations,   but silk emergence 

was restricted.    Knipmeyer ejt al.   (1962) also noted that the failure 

of silk emergence was due to a disturbance in the nitrogen metabolism 

of the plant,   induced by shading. 



Plant Height 

In Downey's (19 71) review,   he reported that plant height of field 

corn is greater at high plant populations than at low populations. 

Springfield and Thatcher (1947) found a difference of 7 to 10 cm in 

field corn height at different populatioi;s.    Fleming and Woods (1969) 

and Giesbrecht (1969) reported that as the plant density increased 

the plant height also increased. 

Lodging 

Brown (1961) reported that plantings above  123, 500 per/ha, 

under normal conditions,  will not stand until normal harvest time. 

Bryant et al.   (1940) found that more plants lodged at a 53 x 53 cm 

spacing than at a 107 x 107 cm spacing,    Duncan et al.   (1938) 

reported plant populations of 20, 000 plants/ha had 20% lodging and 

a plant population of 50, 000 plants/ha had 50% lodging.     Brown (1961), 

Fleming and Wood (1967),   and Rutger and Crowder (1967) found that 

the diameter of the stalks decreased as plant population increased 

causing an increased possibility of loding.     Giesbrecht (1969),   Hoff 

(1969),   Kohnke and Miles (1951),   Lang (196l) and Whitaker et al. 

(1969) all reported that lodging increased as population increased. 

Robertson et al. "(1968) found that lodging could be related to high 

levels  of fertilization. 



Tiller Production 

Dungan_et_al.   (19 58) working with field corn,   explained tiller- 

ing as being a response of the plant to favorable environmental condi- 

tions that would support a higher plant population.     Bailey (1941) 

found that as sweet corn population decreased the number of plants 

with tillers increased.    Similarly with field corn,   Chaudhry and Miles 

(19 51) stated that greater tillering occurred at low plant populations 

than at high populations. 

Dungan (1931),   Lyon (1905),   and Rosenquist (1941) reported 

that under some conditions,   tillers may contribute to the grain pro- 

duction on the main stem of field corn plants.    Stahlin and Schafer 

(1968) reported that above optimum fertility conditions,   tiller removal 

could increase grain yields.    Thompson et al.   (1930) found that 

removal of tillers tended to reduce the yield of marketable sweet 

corn ears. 

Rate of Development 

Lana (1965) found that the maturity was as much as five days 

later when sweet corn populations increased from 19, 373 plants/ha 

to 58, 130 plants/ha.     Bailey (1941) and Enzie (1942) reported that 

maturity of sweet corn was delayed one or two days at high plant 

populations,   while Vittum et al.   (1959) found the maturity was not 
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affected by high populations.    Lang et al.   (19 56) reported that the 

rate of development of sweet corn was retarded by high plant popula- 

tion and the silking was delayed by approximately one day for every 

10,000 plants/ha increase.    Woolley et al.   (1962) reported a signifi- 

cant increase in the number of days between pollen-shedding and 

silking as the number of field corn plants increased to 59, 304/ha. 

Peterson and Ballard (19 53) found that by increasing moisture and 

nitrogen,   sweet corn development was hastened.    Williams et al. 

(1965) using field corn populations ranging from 66, 717 to 699, 293 

plants/ha reported maximum dry weight was produced by the highest 

population before tasseling.    However,   maximum dry weight when 

measured at periods after tasseling was produced by middle range 

populations.    Eddowes (1968) working with field corn,   found that as 

the crop aged,   the total dry-matter yield of lower plant populations 

approached the yield at the highest plant populations. 

Effects of Nitrogen 

Bleasdale (1966) reported that increasing fertility can increase 

the maximum total yield of crops by altering the position of the 

growth rate curve.    The fertility effect on yield will also be influ- 

enced by the plant population and the length of the growing season. 

Hooper (1925) reported that nitrogen controls growth and determines 

the yield potential,   more than any other nutrient.     Whitaker et al. 
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(1969) reported that as plant populations increase so must the appli- 

cation of fertilizers to maintain an adequate amount of nutrient in 

the soil.    Peterson and Ballard (19 53) ■working with sweet corn, 

found that increasing nitrogen increased stover weight,   average ear 

weight,   and number of marketable ears.    Jordon et al.   (1950) 

reported that dry-matter size and number of ears of field corn 

increased with increased nitrogen applications.     Baird and Mason 

(1959),   Colger and Korth (1968),   and Robertson etal.   (1968) 

reported an increase in yield of field corn from increased nitrogen 

applications.    Chipman and MacKay 01960) reported that the highest 

number of marketable ears and highest average weight per ear of 

sweet corn could be achieved with 100. 8 - 134. 4 kg of nigrogen/ha 

at a population of 71, 659 plants/ha.     Long (1961) and Jordon    et al. 

(19 50) working with field corn,   reported 100. 8 -  134. 4 Kg of 

nitrogen per hectare would give most economical yield when the 

plant population was 29, 562 to 3 7, 065 plants/ha.    Duncan (19 54) 

working with similar field corn populations,   found that additional 

nitrogen increased yields up to 39f 536 plants/ha,   but lower yields 

were noted with further population increases.    Smith et al.   (1964) 

working with sweet corn,   found that increased levels of nitrogen 

decreased the percentage of poorly filled ears and delayed maturity. 
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Critical Levels of Plant Nutrients 

Bennet et al.   (1953) reported that the relationship of yield to 

the nitrogen percentage in the leaf is nearly linear.    Ulrich (19 52) 

found changes in the external nutrient concentrations frequently 

produced large changes in the internal nutrient concentrations of the 

plant.    Viets et al.   (19 54) reported that corn yields are highly 

related to leaf nitrogen content.    "Whitaker et al.   (1969) working with 

field corn,   found that the uptake of nitrogen increased as population 

increased to 59, 304 plants/ha,   but leveled off •with further increases 

in populations.    Krantz and Chandler (19 51) also studying field corn, 

reported nitrogen applications consistently increased the nitrogen 

content in the leaves. 

Reichrnan et al.   (1959) and Mac Kay and Leefe (1962) defined 

"critical level" as being the nutrient concentration in plant material 

above which yields did not increase significantly.    The critical level 

can be affected by seasonal variations,   especially variations in 

temperatures.    Ellis etaj..   (19 56) working with field corn,   reported 

that in order to insure against nitrogen deficiency,   a critical level 

at the early ear stage must be 1. 90 to 2. 20% nitrogen in the leaf. 

When considering corn as a forage crop,   Reichrnan et al.   (19 59) 

reported a critical level during a five year period as being 2. 91% at 

harvest date. 
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Research has been conducted to determine v/hich leaf will be 

the best indicator of the nitrogen content in the plant.    Tyner (1947) 

sampled the sixth leaf because the stage of growth is easily recog- 

nized and described.    Krantz and Chandler (19 51) and Bennett (19 56) 

working with field corn sampled either the fifth or sixth leaf from 

the base for most consistent results.    Fox (1973) working with 

sweet corn reported that the lower leaves are the most sensitive indi- 

cators of the nitrogen status of the plant. 
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MATERIALS AND METHODS 

A field experiment was conducted in 19 73 at the Oregon State 

University vegetable research farm,   on a Chehalis loam (alluvial) 

soil.    The experimental site was summer and winter fallowed,   in 

order that all nitrogen forms and compounds could be broken down 

and/or leached out of the top soil by the winter rains.    The soil was 

deep plowed and rototilled in the early spring.    A combination of 

Atrazine at 1. 122 Kg/ha and Lasso at 3. 366 Kg/ha was applied 

pre-emergence for weed control.    Irrigation by overhead sprinklers 

every 10 to  14 days supplied adequate moisture.     Later in the season, 

lodging became a problem at high populations,   so that the plots were 

flood irrigated. 

Soil samples were randomly taken from the site and were 

analyzed by the Oregon State University Soil Testing Laboratory. 

Analyses indicated a need for phosphorus and potassium,   but 

adequate amounts of minor nutrients were present.    Rates of 56. 7 

Kg/ha of phosphorus as treble superphosphate and 51. 2 Kg/ha of 

potassium as muriate of potash were broadcast and disced in before 

planting in the spring.    Nitrogen rates,   in the form of ammonium 

nitrate,   were varied for each of four treatments as follows:  0,   56, 

112,  and 224 Kg/ha.    Nitrogen fertilizer was also broadcast and 

disced in before planting. 



15 

Twelve populations,   ranging from 43, 904 plants/ha to 329, 800 

plants/ha,  were examined in a systematic design.     Plots were hand 

seeded,   placing three to four seeds per hill to insure a constant 

population.    Each hill was hand-thinned to one plant when plant height 

reached 10 to  15 cm.    The plots were 4. 6 by 6. 1 meters and had a 

fan shaped arrangement (shown below) used by Nelder (1962).    Since 

the number of plants remain the same in each arc,   the plants per 

square meter and total plant population decreased.    Insuring against 

guard effects,   arcs 1,   2,   and 15 were not harvested,  thus there were 

15 populations of which 12 were harvested.     Only the 10 center plants 

of each arc were harvested. 

» • 
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•' .      •      '     '      . 

* • # • 
. • .     •     •     '     • • 

.    *      ■ 
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• •  .'.*..  ; • / .  •   * 

♦ • * »..•..   *. • • * * • 
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• • * * > : i * I 

Each replication consisted of four nitrogen treatments,   each 

containing 12 plant populations.    Replications were planted on a 

stagger basis,   go that days   from planting to harvest would be about 
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the same for each replication.    The planting dates -were 5-21-73, 

5-23-73,   5-28-73,   and 5-30-73.    The harvest dates were 9-6 &   7-73, 

9-11 &  12-73,   9-18 & 19-73 and 9-21 & 22-73.    Measurements taken 

at harvest time were:   total plant weight,  number and weight of 

leaves,   plant height (from first internode to base of tassel),   diameter 

of stalk at first internode,   number of ears,   weight and length of first 

and second husked ears,   number and weight of tillers,   number and 

weight of husked ears from tillers.    Also,   the center plant from 

every other arc was sampled for the percent moisture of the kernels 

and for percent nitrogen content of the sixth leaf and kernel samples 

were dried in a forced air dryer for 73 hours at 70° C.    The leaf 

samples were prepared and analyzed on a Technicon Kjeldahl Auto- 

analyzer for the percent nitrogen content  in each leaf sample 

(Ferrari,   i960). 

The statistical analysis of the data collected was a three factor 

analysis of variance.    Replication and fertilizer treatments were 

main-plots,   with populations being the sub-plots.    Due to lodging in 

two of the four treatments in replications three and four,   only eight 

complete populations were analyzed.    Therefore,   only replications 

one and two were analyzed with 12 populations and replications  1,   2, 

3,   and 4 were analyzed with eight populations. 
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RESULTS 

Effects of Plant Populations 

The effects of population on certain plant characteristics are 

shown in Tables 1 and 2 and Figures 1,   2,   3,   4,   and 5.    Plant height 

(Figure 1 and Table 2) was significantly less at the lower plant popula- 

tions.     Plant height (Table 1) was maximum in the range of 91, 367 to 

190, 396 plants/ha and plant height decreased above and below this 

range. 

The number of leaves per plant tended to increase as popula- 

tions were increased and then dropped off at higher populations 

(Table 1).    No differences appear when eight populations were com- 

pared (Table 2,   Figure 2).    As population increases the weight of 

the leaves decreases significantly (Table  1,   and 2,   Figure 3). 

Weight of individual plants decreased significantly (51%) as 

plant population increased (Tables  1 and 2,   Figure 4).    Total weight 

of plant material produced per hectare increased as population 

increased (Figure 5). 

The diameter of the stalk was significantly reduced as popula- 

tion was increased (Tables  1 and 2).    At plant populations above 

158, 481 plants/ha lodging occurred in replications three and four, 

and appeared to be related to the reduced stalk diameter at the higher 

populations. 
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Table  1.    Effects of Population on Certain Plant Characteristics. 

Plants/ha 
Height 

cm 
Number 

of Leaves 

Weight 
of Leaves 

g 

Total 
Plant Weight 

g 

Diameter 
of Stalk 

mm 

329, 800 223.44 aby 9.7 8 abede 69.48 a 402.83 a 16.06 a 

274, 610 229. 88 bcde 9.96 abc 77.43 ab 446.76 a 16. 58 a 

228, 546 232.83 cdef 10. 14 a 82.83 b 496. 25 b 17.41 b 

190, 396 239. 53 fg 10. 08 ab 94. 25 c 608.93 c 18. 58 c 

158, 481 239. 15 fg 9.90 abed 102.08 cd 685.05 d 19.33 d 

131, 832 240. 81 g 9.78 abede 106.93 de 758.80 d 19.88 de 

109, 762 240. 45 g 9.66 bedef 115.56 ef 860.99 e 21. 11 e 

91, 367 237. 40 fg 9.56 def 122.36 fg 963. 29 f 21. 48 e 

76, 069 233.83 def 9.59 cdef 127.25 g 1194.00 g 22. 56 f 

63,368 228.93 bed 9.51 ef 134. 38 h 1383. 55 h 23.01 f 

53, 746 225.73 abc 9.41 ef 139.13 h 1620.79 i 23.98 g 

43, 904 220.63 a 9. 28 f 142.89 h 1786.10 j 24.44 g 

2 
Values are means of two replications and 12 populations. 

y 
Means within same column followed by common letter do not differ significantly at the 5% level 
of probability (Duncan's multiple range test). 

t—• 

oo 
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Table 2.    The Effects of Population on Certain Plant Characteristics. 

Plants/ha 
Height 
cm 

Number 
of Leaves 

Weight 
of Leaves 

g 

Total 
Plant Weight 

g 

Diameter 
of Stalk 
mm 

158, 481 244. 2 a7 10.04 a 110.0 a 696. 44 a 19. 57 a 

131, 832 242.9 a 9.95 a 116.7 a 782.43 a 20.27 b 

109, 762 242.6 a 9.93 a 128. 2 b 891.20 b 21.39 c 

91, 367 241.6 a 9. 88 a 126.7 be 996.69 c 21.75 d 

76, 069 239.6 a 9.84 a 142.6 c 1201.08 d 22. 67 e 

63, 368 234.9 b 9.83 a 150.0 d 1293. 37 e 23.36 f 

52, 746 232.0 be 9.81 a 157.7 d 1692.86 f 24.33 g 

43,904 228.0 c 9.70 a 160.4 d 1837.22 g 24.64 h 

2 
Values are means of four replications and 8 populations. 

y 
Means -within same column followed by common letter do not differ significantly at the  5% 
level of probability (Duncan's multiple range test). 

vD 
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Figure  1.      The effect of eight populations of sweet corn on the 
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Figure 2.      The effect of eight populations of  sweet corn on the 
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R2 = 0. 9084 
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Figure 3.      The effect of eight populations of sweet corn on the 
weight of the leaves per plant. 
Y = 190. 23 - 0.000712 X + 0.00000000127X 
R2 = 0.9963. 
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Figure 4.      The effect of eight populations of sweet corn on the 
weight of the main stalk (minus tillers and roots). 
Y = 195.66 - 0. 0138 X + 0. 0000000 357X2 

R2 = 0.9970 
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Effects of population on certain ear characteristics are shown 

in Tables 3 and 4 and Figures 6,   7,   8,   9,   10,   and 11.    There was a 

77% decrease in average weight of the first ear as populations 

changed from 43,904 plants/ha to 329, 800 plants/ha (Table 3).    In 

Table 4 and Figure 6,   (analyzing only eight populations,   four replica^ 

tions) the decrease in weight of the first ear was 48% as populations 

increased from 43, 904 to 158, 481 plants/ha.    Total weight per 

hectare of first ears increased as population increased up to 190, 762 

plants/ha,   then leveled off with further increases in population 

(Figure 7).    The •weight of the second ear was more drastically 

affected by population than the first ear (Tables 3 and 4 and Figure 8). 

The second ear weight produced per hectare decreased as plants/ha 

increased (Figure 9).    As populations increased,   length of first and 

second ears was reduced (Figures 10 and 11 and Tables 3 and 4). 

The effect of population on total and marketable yield of husked 

ears is shown in Figure  12.    Total yield increased as plants/ha 

increased.    In Figure  12,  the lower line denotes marketable yields 

produced at eight populations.    An arbitrary valu§ of 220 gms was 

given as a base weight for determining a marketable ear so that ears 

below this weight were considered unmarketable.    Marketable yields 

increased as populations were increased to 76, 069 plants/ha then 

leveled off and dropped rapidly above 109, 762 plants/ha. 
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z 
Table 3.    The Effects of Population on Certain Ear Characteristics. 

Weight of Weight of Length of Length of 
First Ear Second Ear First Ear        Second Ear 

Plants/ha g g cm cm 

329,800               66. 14 ay 0. 16 a                  9.90 a 0. 10 a 

274,610              79.23ab 0.25 a 10. 61 ab 0.30 a 

228,546              93.49 b 0.63 a 11.76 b 0.38 a 

190,396 132.95 c 0,74 a 14.10 c 0.58 a 

158,481 154.83 d 3.96ab 15. 45 cd 2.58 b 

131,832 173.99 e 4. 65 ab 16, 49 d 3. 53.b 

109,762 211.83 g 5. 55 ab 18. lie 5.23 c 

91.367 231. 37 h 11.74 b 18.80 efg 7. 44 d 

76,069 236. 39 i 28.91c 19. 81 fg 10. 74 e 

63.368 276. 53 ij 45. 80 d 20. 06 g 12. 20 f 

53,746 285. 85 j 104. 08 e 20. 16 g 14. 86 g 

43,904 286. 85 j 116.84 f 20. 28 g 15. 29 g 

Values are means of two replications and 12 populations. 

y 
Means within same column followed by common letter do not differ 
significantly at the 5% level of probability (Duncan's multiple range 
test). 
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z 
Table 4,    The Effects of Population on Certain Ear Characteristics. 

Weight of Weight of Length of Length of 
First Ear Second Ear First Ear Second Ear 

Plants /ha                 g g                           cm cm 

158,481            l60.69ay 2.04 a 14.69 a 1.38 a 

131,832            192.45 b 3.00 a 16. 40 b 2.33 a 

109,762            230.19 c 4. 29 ab 17.88 c 3.40 b 

91.367 250. 58 d 9.68ab 18. 53 cd 5.40 c 

76,069            280. 92 e 19.26 b 19.31 de 8. 17 d 

63.368 294.08 ef 43.74 c 19. 52 e 11.30 e 

52,746 309. 42 f 93. 88 d 19. 79 e 14. 06 f 

43,904             306. 51 f 119.62 e 19.83 e 14.96 g 

z 
Values are means of four replications with 8 populations. 

y 
Means within same column followed by common letter do not differ 
significantly at the 5% level of probability (Duncan's multiple range 
test). 
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Figure 7.      The effect of eight populations of sweet corn on the 

first ear weight produced per hectare. 
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Figure 8.      The effect of eight populations of sweet corn on the 
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Figure 9.      The effect of eight populations of sweet corn on the 

second ear weight produced per hectare. 
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Figure 11.   The effect of eight populations of sweet corn on the 
length of the second ear per plant. 
Y =  29. 838 -  0. 00038X + 0. 00000000127X 
R2 = 0.9905 
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Effects of Nitrogen 

As nitrogen rates were increased height of plants at the  12 

populations were increased (Table 5).     Plant height in the zero 

nitrogen treatment was significantly shorter than in other treatments 

(Table 6),   when only eight populations were considered. 

Plants at the 0 Kg/ha and 56 Kg/ha nitrogen rates had signifi- 

cantly fewer leaves than at other nitrogen rates (Table 5).    At the 

224 Kg/ha significantly more leaves were produced than for other 

rates,  when comparing only eight populations (Table 6).    Lower 

leaves of plants had become dry and very brittle in the 0,   56,   112 

Kg/ha treatments,   and may have been broken off and lost during the 

harvesting process,   causing the significant difference in number of 

leaves per plant.    Leaf weight was increased 39% as nitrogen levels 

increased from 0 Kg/ha to 224 Kg/ha (Table 5).    When comparing 

eight populations,   leaf weight was increased 11% as nitrogen rates 

increased (Table 6). 

At all populations,   the weight of plants without nitrogen was 

lower than those treatments receiving nitrogen (Figure  13).     Plant 

■weight increased 38% as nitrogen treatments increased from 0 Kg/ha 

to 224 Kg/ha (Table 5).    At the 56 Kg/ha nitrogen rate weight was 

lower at all populations than at the higher nitrogen levels.    Differ- 

ences between 112 and 224 Kg/ha treatments were not great. 
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Table 5.    The Effects of Nitrogen Rates on Certain Plant Characteristics. 

Nitrogen 
Treatments        Height 

Kg/ha cm 
Number 

of Leaves 

Weight 
of Leaves 

g 

Total 
Plant Weight 

g 

Diameter 
of stalk 

mm 

0 

56 

112 

224 

224.98 a' 

233.04 b 

235. 61 be 

237.23 c 

9. 40 a 

9. 51 a 

9.96 b 

10.01 b 

90.44 a 

104. 14 b 

117.57 c 

126.07 d 

762. 88 a 

900.75 b 

1018.03 c 

1054.13 c 

19.90 a 

20. 20 a 

20. 81 b 

20. 56 ab 

"Values are means of two replications and 12 populations. 

Means within same column followed by common letter do not differ significantly at the 5% level 
of probability (Duncan's multiple range test). 
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Table 6.    The Effects of Nitrogen Rates on Certain Plant Characteristics. 

Nitrogen                                                                                           Weight                            Total Diameter 
Treatments        Height                            Number                  of Leaves                Plant Weight of stalk 

Kg/ha                   cm                            of Leaves                          g                                     g mm 

0                  234.59ay                      9.70 a                   127.92 a                    1079.00 a 22.04 a 

56                  238.07 b                         9.73 a                   134.99 ab                  1174.83 b 22.20 b 

112                  238.62 b                         9.86 a                   146.09 be                  1239.97 be 22.43 c 

224                  241.71b                       10.20 b                   142.06 c                    1251.98 c 22. 32 d 

z 
Values are means of four replications and 8 populations. 

Means within same column followed by comrr 
of probability (Duncan's multiple range test). 

y 
Means within same column followed by common letter do not differ significantly at the 5% level 

00 
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There was a small influence of nitrogen rates on diameter of 

the stalks,   with a slightly larger diameter of stalks as nitrogen was 

increased to 112 Kg/ha (Tables 5 and 6). 

The weight of the first ear was increased 48% as nitrogen was 

increased from 0 Kg/ha to 224 Kg/ha (Table 7).    Figure  14 shows the 

effect of nitrogen on the average weight of the first ear at  12 popula- 

tion levels.    The 0 Kg/ha N treatment produced the lowest ear weight 

at all populations.    The effects of all other nitrogen treatments on 

ear weight were similar until population increased to  109, 762 plants/ 

ha.    Between populations of 109, 762 and 329, 800 plants/ha,  the weight 

of the first ear was increased as nitrogen rates were increased. 

Above a population of 329, 800 plants/ha there was no   influence of 

nitrogen on the first ear weight.    Ear weight was lowest at 0 Kg/ha 

nitrogen rate and was increased at the 56 Kg/ha rate.    Additional 

nitrogen rates had little influence on ear weight (Tables 7 and 8). 

The length of the first and second ears was significantly 

increased when nitrogen was increased from 0 to 56 Kg/ha,   but 

additional amounts did not significantly affect length of ears (Tables 

7 and 8). 

Nitrogen rates influenced the percent of nitrogen in the sixth 

leaf.    At the zero nitrogen rate,   there was a lower percentage of 

nitrogen in leaves at all populations than at higher rates of nitrogen. 

Although there was no significant nitrogen x population   interactions, 
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Table 7.    The Effects of Nitrogen Rates on Certain Ear 
Characteristics. z 

Nitrogen 
Treatments 

Kg/ha 

Weight of 
First Ear 

g 

W eigh of 
cond Ear 

g 

Length of 
First Ear 

cm 

Length of 
Second Ear 

cm 

0 142.79 a7 8. 89 a 14.60 a 3.36 a 

56 193.05 b 26.70 b 16.60 b 6.36 b 

112 204.41 be 35. 33 c 16.78 b 7. 24 c 

224 211.90 c 36.60 c 17. 20 b 7.44 c 

Values are means of two replications and 12 populations. 

y 
Means within same column followed by common letter do not differ 
significantly at the 5% level of probability (Duncan's multiple 
range test). 

Table 8.    The Effects of Nitrogen Rates on Certain Ear 
Characteristics. z 

Nitrogen 
Treatments 

Kg/ha 

Weight of 
First Ear 

g 

Weight of 
Second Ear 

g 

Length of 
First Ear 

cm 

Length of 
Second Ear 

cm 

0 225. 19 a7 21. 00 a 17.60 a 4.93 a 

56 260.77 b 38.83 b 18. 27 b 8. 41 b 

112 256.01 b 42. 47 b 18.30 b 8. 37 b 

224 270.45 b 45. 56 b 18.82 b 8.71 b 

2 
Values are means of four replications and 8 populations. 

y 
Means within same column followed by common letter do not differ 
significantly at the 5% level of probability (Duncan's multiple 
range test). 
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the largest differences in nitrogen content between the 0 and 224 

Kg/ha rates was at the highest population (Figure  15).    When all 

nitrogen rates were combined,   the percent nitrogen in the sixth leaf 

decreased with increasing plant populations up to 228, 546 plants/ha, 

then remained unchanged (Figure  16). 

Effects of Population and Nitrogen Interactions 

There were no statistically significant interactions of nitrogen 

and populations,   but certain trends were found as mentioned earlier. 
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DISCUSSION 

Population had more influence on the plant and ear character- 

istics than did nitrogen treatments.    The total yields increased as 

population increased.    Ear size and weight were reduced at highest 

populations.    Similar trends have been reported by Enzie (1942), 

Lana (1956),   Mack (1972),   Vittum et al.   (1959),   and others.     Market- 

able yields increased until a range of 76, 092 to  109, 762 plants/ha 

was reached,   then with further increases in population the market- 

able yield decreased drastically.    The 220 gms base weight for 

marketable ears is only an arbitrary value used in this study.    In 

industry,   this value has been suggested as the smallest weight that 

can be efficiently handled in processing plants but this could change. 

In determining optimum populations it is necessary to balance the 

total yield achieved with the minimum acceptable ear size.    This 

may vary with cultivars,   cultural practices and the use for which 

the corn is intended.     For example,   ear size characteristics for 

kernal corn may be different than for a cob corn pack. 

'Jubilee' tends to tolerate the pressures of high populations 

but other cultivars may or may not respond similarly.    Differential 

sweet corn cultivar response to populations have been reported by 

Dolan and Christopher (1952),   Enzie (1942),   Huelsen (1954),   and 

Mack (19 72).     Potential differences in cultivar responses to 
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populations should be recognized in making recommendations to 

growers.    Development and selection of new hybrids under higher 

populations pressures would seem to be justified. 

At higher populations,   plant arrangement should be considered. 

Narrow rows have been shown to be advantageous over wide rows 

when high populations are used (Downey,   1971; Stickler,   1964; 

Yao and Shaw,   1964).     Present harvesting equipment is usually 

limited to 7 5 cm row spacings.    To take advantage of sweet corn 

populations of 76, 092 to  109, 762 plants/ha a more uniform distribu- 

tion of plants seems desirable.     Therefore,   new developments in 

planting and harvesting equipment are needed to handle these plant- 

ing arrangements. 

The ears produced in the range of 76, 09 2 to 109, 762 plants/ha 

were very uniform because each plant tended to produce only one ear. 

At presently used populations of 36, 000 to 49, 000 plants/ha there is 

variation in ear size between first and second ears.    Rising costs 

and increased mechanization in the processing plant have demanded 

a more uniform ear size than is presently produced. 

The reduction of leaf weight and total plant weight as popula- 

tion increased probably reduced the amount of photo synthesizing 

tissue.    As population increased the canopy became denser,   which 

resulted in shading of lower leaves.    Nitrogen also had an effect on 

the amount of plant material produced but not to the extent that might 
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be expected.    Possible reasons for this limited response from 

applied nitrogen fertilizer include:    the amount of nitrogen present in 

the soil before the experiment was started and a deficiency in avail- 

able sulfur which reduced the effectiveness of the  higher rates of 

applied nitrogen fertilizer.   At high populations,   the reduced ear 

size could have been related to the increased plant competition for 

several growth factors such as:  light,   CO  ,   and nutrients.    The 

nitrogen treatments had an effect on ear size,   but not as great as 

population.    Similar results were found by  Chipman and MacKay 

(1964) and Peterson and Ballard (1953).     Ear size may also have 

been influenced by increased tillering in lower populations as . 

reported earlier by Dungan (1931),   Lyon (1905),   and Rosenquist 

(1941). 

Plant height was shown to increase with increases in plant 

populations to 158, 481 plant/ha, but further increases in populations 

caused plant height to decrease slightly. Downey (1971), Gieshrecht 

(1969), and Springfield and Thatcher (1947) reported similar results. 

Plant height is indirectly associated -with plant lodging. Populations 

over 158, 481 plants/ha were more vulnerable to lodging, due mainly 

to the significantly smaller stalk diameter and plant height. Similar 

results were reported by Brown (196l),   Fleming and Woods (1967), 

and Rutger and Crowder (1967).    Other factors involved in plant 

lodging are wind and sprinkler  irrigation or rain.     Perhaps  one 
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solution for the tendency for lodging at higher plant populations is to 

develop a cultivar that would be shorter and less likely to lodge 

while still producing acceptable quality, 

A greater yield potential of sweet corn can be gained by 

increasing plant populations from the presently used 36, 000 to 

49, 000 plants/ha to a 75, 000 to  110, 000 plants/ha range.    Also,   the 

plant arrangement must be changed either to narrower rows or to 

an equidistant planting pattern for optimum results,   as earlier 

recommended by Dolan and Christopher (19 52) and Pickett (1944). 

The advantages gained through the use of increased plant populations 

can only be theorized because of various limitations that must be 

investigated before commercial use can occur.    These limitations 

include:    suitable cultivars,   plant arrangements,   lodging,   adequate 

moisture and fertilizers,   control of weeds,   insects,   and diseases, 

planting and harvesting equipment,   and more efficient handling 

and processing techniques. 
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