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INTRODUCTION

Corn has been used primarily as a source of energy in many
countries, although it can supply other nutriemts. For populations al-
most wholly dependent on corn for their dietary protein, the protein con-
tent of field corn varieties has considerable practical nutritional impor-
tance. Since Central American diets tend to be extremely low in fat,
and the fat content of corn often constitutes the bulk of fat in the diet,
variations of fat content of corn may have direct nutritional significance.
The food value of corn is dependent on its chemical composition and its
acceptability by the consumer.

Sweet corn is very popular in the United States and Canada, but
has not been grown as a commercial crop in Latin American countries
where field corn is more widely known.

Field corn or maize and sweet corn are closely related. An ac-
cepted theory identifies sweet corn as a mutation from field corn of
relatively recent origin (8)1; this theory is plausible as it has been dem-
onstrated that sweet corn is really field cora in an' arrested state, due
to the inability of the kernel to complete the formation of normal starch

(16).

1Nnml';era: in parentheses refer to literature cited.
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The present study reports the results of work on the influence
of plant spacing and soil fertility on the yield components, soluble sol-
ids content, and toughness of the pericarp of sweet corn hybrids, and
the distribution of protein in hand dissected fractions of sweet corn as

compared to the protein content of field corn varieties.
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REVIEW OF LITERATURE

Much work has been done in connection with the structure of
sweet corn kernels and the chemical composition of its parts. The dif-
ferences in the chemical composition of the various anatomical regions
of cereal grains was initiated by Hopkins et. al. (14) in 1903; they work-
ed out the distribution of protein, fat, ash, and carbohydrate in the maize
kernel. Later, Earle et. al. (5) roported a study on the differences in
chemical composition between component parts of the corn qunel. J.
J. C. Hinton (13) reported that 70% of the total protein was found in the
endosperm, in which a concentration gradient exists from the outer to
the inner layers. Miller and Brimball (17) concluded that kernels with
high protein content will invariably have low starch, and kernels with
high oil have larger germs than the kernels with low oil content; increas-
ed oil content in corn grain was shown to depend primarily upon increas-
ed proportion of germ and increased concentration of oil in the germ.
These investigators also concluded that variation in total oil percent-
age was not associated with variation in total protein percentage.

Norden et. al. (19) reported that genetic differences among hy-
brids were relatively more important in determining protein content
than stage of maturity or locational differences in weather and soil type;

of these, the supply of soil nitrogen appeared to be the critical factor
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affecting protein percentage; these workers concluded that nitrogen sup-
plied by the soil is first available to the plant for growth processes re-
lated to maximum yield, and excess nitrogen not needed for these proces-
ses tends to increase the protein content of the grain. Studying the ef-
fect of high rates of nitrogen on corn yield, Eskew and Paden (9) conclud-
ed that the average yield in bushel per acre increases as the application
of sodium nitrate increases. Doty et. al. (4) found that protein and oil
content of the corn grain were influenced by seasonal variations aad pro-
tein content was also influenced by soil type and location.

Ensie (7) studied the relation between plant spacing, rate of ma-
turity, length of ear, plant height and degraee of tillering; he concluded
that when soil fertility and moisture are brought near optimum certain
environmental factors such as temperature and rainfall will affect the
corn yield and ear size. Muhr and Rost (18) reported that as population
increased, ear size of both sweet and field corn decreased; the yield of
field corn was greater than the yield of sweet corn; this was due to an
increase in barren stalks in sweet corn as population increased. Thinner
stands of sweet corn gave substantially better increases in yield than did
field corn of the same population. Under these conditions many stalks
of sweet corn produced two or more ears.

Bailey (1), Bowers (2), and Pickett (21) working with sweet corn

reported higher yields with close spacing. Pickett (21) states that yield
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differences due to spacing are almost entirely due to the stand obtained
and not to the method of planting; if stands are too heavy, yields of mar-
ketable corn will he reduced because of small ear size, even though to-
tal yields may be somewhat increased by closer planting.

Nutritional studies of other investigators on the chemical compo-
sition of the corn kernels refer to their protein content as the zein and
non-zein fractions. Schneider et. gl_ (23) found that all nitrogen frac-
tions of the whole kernel usually increased when the total nitrogen was
increased by breeding or by fertilization of the soil; however, the alcohol-
soluble nitrogen -zein increased at the fastest rate. Since zein is a low
quality protein the data presented by Schneider et al. (23) indicate that
protein of high protein corn has a lower biological value than the protein
of low protein corn. These data also indicate that growing corn with high
soil nitrogen and selecting for high protein and high oil resulted in an in-
crease in the proportion of vgerm and a decrease in endosperm, whereas
growing corn with low soil nitrogen and selecting for low protein am_i low
oil gave opposite results.

Osborne and Mendel {(20) reported that the zein fraction of corn
protein is deficient in certain amino acids, tryptophane and lysine, and
was found to constitute the major protein of the endosperm and absent
from the corn embryo; these workers also showed that corn embryo pro-

tein approximated animal protein in nutritive quality. Frey et. al. (10)
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concluded that the amount of non-sein protein appears to be a better cri-
terion in the selection for increased tryptophane content in the corn ker-

nel than does the amount of total protein.
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PURPOSE OF EXPERIMENTAL INVESTIGATION

The review of literature indicates some of the research which
has been done with the chemical composition of the corn kernels and
the influence of environment on yield and other factors, but relatively
little data has been presented on the effect of environment as related
to varieties on the chemical composition or food value, and on the so-
called quality of sweet corn, and the influence of locality on the nutri-
tive value of field corn.

In view of the evidence presented by previous investigators,
more information is needed to answer certain questions such as:

1. What effects do spacing and fertiliser treatments have on the
nitrogen content, yield, soluble solids content and pericarp
toughness of sweet corn hybrids?

2. Are any of the varieties selected more desirable with respect
to yield, protein content and quality as determined by soluble
solids content and pericarp toughness?

3. Regardless of varieties, what treatments result in a higher
total nitrogen content, higher yield and higher soluble solids ?

Do all varieties respond in the same way?
4. Do early maturing varieties require as much nitrogen or the

same spacing as later maturing varieties?
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The purpose in undertaking this project is to evaluate the interre-
lations among factors such as varieties, plant spacing, nitrogen fertili-
zation and yield, total nitrogen content of the component parts of the
kernel, percentage of soluble solids, toughness of the pericarp of sweet
corn hybrids, and the influence of locality where grown on the total ni-
trogen content of the component parts of the kernel of field corn varie-

ties.
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EXPERIMENTAL METHODS

This experimental investigation consisted of two parts. The ex-
periment conducted at Blacksburg, Virginia, was designed to estimate
the influence of soil fertilizer and plant spacing on the yield, soluble
solids content, p@ric;rp toughness, and total nitrogen content of the
kernel of sweet corn varieties. A supplement to this study consisted of
the analysis of three field corn varieties grown in three locations in Cen-
tral America to determine the influence of locality where grown on the
total nitrogen content of (a) corn kernels, and (b) embryos.

Sweet Corn Used

At Blacksburg, Virginia, three sweet corn hybrids varying in
time of maturity were selected, namely, Seneca Arrow (V-1), and North-
ern Cross (V-2), both early maturing, and Seneca Chief (V-3), a medi-
um late maturing variety.

Field Corn Used

The field corn varieties Papaloapan, Venesuela 3, and Rocamex
520-C were grown in Central America in cooperation with the Proyecto
Cooperativo Centroamericano in the following locations: Santa Cruz
Porrillo {(L.~1), and San Andres {(1.-2) Experiment Stations in El Salvador;
and Panama (L-3). One hundred gram samples of three replicates of

each variety were sent to us from each location through the facilities
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of the Rockefeller Foundation, Mexico City, D. F.

Soil

The soil in the experiment at Blacksburg, Virginia, had been
planted in rye grass and soybeans in the previous year. The soil was
plowed with a tractor, harrowed thoroughly and disked. The previous
cover crop of a grass and a legume evidently contributed to the nitrate
content of the soil. In the past two years the rainfall had been low and
probably delayed the conversion of organic nitrogen to nitrate.

Plot Size and A;rran‘cmont

At Blacksburg, Virginia, plots consisted of two rows 3 feet apart
16 feet long; each plot was separated by a guard row, and arranged in a
randomised split-split plot design as given in Table I. The plot arrange-
ment consisted of three treatments using three varieties replicated three
times.
Treatments

The three sweet corn hybrids were planted on May 25, 1954. The
seed was planted 6, 9, and 12 inches apart in rows 3 feet apart. The
spacing is designated throughout this report as $-6, S-9, and S-12.
The plants were later thinned to one plant per hill. A basic application
of 2-12-12 fertilizer was applied to all plots at the rate of 700 lbs. per
acre, broadcast before planting. Nitrogen in the form of nitrate of soda
was applied as a side-dressing when the plants were about one-third

grown at the following rates:
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F-1 14 lbs. N/A broadcast, no side-dressing.
¥F-2 14 1bs. N/A broadcast, plus 50 lbs. N side-dressing
F-3 14 1bs. N/A broadcast, plus 100 lbs. N side-dressing.
Shallow cultivation was practiced to control weeds, and artifi-
cial irrigation was applied three times because of low rainfall,
Pollination
At least six ears per plot were selfed, and six ears of certain
plots were cross-pollinated. After pollination the silks were covered
with paper bags and tagged properly. The purpose of hand pollination
was to be sure that pollen from other varieties and other treatments
did not fall on the silks being pollinated, and also to determine whether
or not cross-pollination influenced the factors studied.
Self and cross pollination took place on the following dates:
Northern Cross, July 20 and 21; Seneca Arrow, July 23 to 27; and
Scneca Chief, July 27 to 29, 1954.

Determination of Maturity

The stage of maturity of sweet corn was determined by the num-
ber of days after silking, by pressure required to puncture the pericarp
or toughness, and by determining the total soluble solids content. The
number of days after silking was found to be a good measure for determ-

ining the approximate stage of maturity if accompanied by other tests.



-19-

Plant Characteristics

As a means of measuring the influence of plant spacing and fer-
tilizer treatments on the plant and its growth response to environment,
certain plant characteristics were studied including height to the tassel
and to the first ear, and number of shoots per plant.

The height of five plants per plot and the number of shoots per
plant per plot were obtained on stalks taken at random at time of harvest.
Height of stalk was measured from ground at base of the stalk to base
of tassel. The height of first ear was taken from the same stalks as
those utilized for total height and was measured from ground to attach-
ment of first ear.

Harvesting

The first and second crops were harvested on the following dates:
Northern Cross, August 9 and 14; Seneca Arrow, August 12 and 20; and
Seneca Chief, August 19 and 23, 1954. At harvest the yield data, which
included the total number and weight of marketable ears, the number and
weight of total ears, and the weight of individual ears both unhusked and
husked was recorded.

Methods of Sampling and Analysis

For each determination made in the laboratory 4 to 5 ears from
each plot of self-pollinated and certain cross-pollinated plants were

taken at random. The samples were brought in within 1/2 to 1 hour af-
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ter harvesting; the toughness of the pericarp and the percent of total sol-
uble solide were determined immediately after the samples were brought
in.

Another set of ears were chilled in ice water and kept in a re-
frigerator at 2°C. until analyzed for total nitrogen content.

(a) Puncture Tests. The pericarp toughness was determined
with a standard push-pull gauge with a plunger 1/24 inch in diameter; by
puncturing an average of 20 kernels from the middle portion of each of
4 to 5 ears the error introduced by taking measurements from the tip
or butt end of the cob was avoided. The pressure required to puncture
the pericarp was measured in grams. An average of these measurements
is given in Table 9..

(b) Soluble Solids. From the same set of ears, 25 grams of ker-
nels were taken to determine the percentage of soluble solids with a
Baush and Lomb Juice Refractometer which gave accurate readings of
-1 percent. Corrections for temperature were made. The average of
these readings is given in Table 10.

(c) Total Nitrogen Determination. In the preparation of samples
for chemical analyses, the ears of sweet corn were taken out of the re-
frigerator where they had remained between 8 to 10 days, the kernels
dissected with the aid of dissecting knives and a magnifier illuminator.

These embryos and a set of kernels were weighed and dried in an air
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oven for 24 hours at 60-65° C. The dried samples were cooled in a des-
iccator, and reweighed. A micro-Wiley mill with 40 mesh screen was
used to grind the kernels; as the embryos were very oily they were mac-
erated in a mortar. All samples were kept in sealed containers. The
chemical analysis for total nitrogen was done according to the micro-
Kjeldahl-Nessler method.

A sample of field corn grown in Central America was dissected,
weighed, and dried. This set of embryos and another set of kernels were
ground and analyzed according to the same methods described for sweet
corn. The average readings of two separate determinations of the total
nitrogen of whole kernels and embryos of field corn are given in Tables
13 and 14 respectively.

(d) Statistical Analysis. Analysis of variance of the sweet corn
data obtained was done in two separate tables. It was necessary to elim-
inate Rep. I in one case, and variety 1, Seneca Arrow, in another.

Analysis of the field corn data was done according to the random-
ized block experiment since there were only two variables to be consid-
ered. It will be noticed in Tables 13 and 14 that in the second variety,
Veneszuela 3, there was a missing sample which reduced the number of

degrees of freedom by 1l in the analysis of variance of the same variety.
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IX

RESULTS

YIELD

(a) Number of Ears

In Tables 2 and 3 the total number of ears per plot and the num-
ber of marketable ears per plot are given respectively.

The variety Seneca Chief obtained a higher total yield than the
varieties Northern Cross and Seneca Arrow, but this difference was not
statistically significant. Seneca Chief also obtained a higher number of
total marketable ears per plot than Northern Cross and Seneca Arrow;
this difference was significant at the 5% level.

Spacing treatments did affect the yield components; higher yields
resulted when plants of all variaties were grown 6 inches apart.

The fertilizer treatments did not affect the yield of any of the
varieties studied.

(b) Weight of Ears

The average of three replicates of the total weight of ears of
sweet corn per plot is given in Table 4. The total weight of ears of
Seneca Chief was higher than the total weight of ears of Northern Cross;
this difference was significant at the 5% level.

Spacing treatments definitely affected the weight of total ears;

this was significantly higher at 6 inches than at 9 and 12 inches of spac-



TeAST ¥T Uy} 39 JUBOTITUSTS ww

TeaeT §S 8y} 1® JUEITITUSTS »

seqeoyTdex omy Jo oFvreayy

"s307d TT® 03 peyrdde seA 6108 Jod JETTTTINGF ZT-ZT-Z JO "SQT POJPUNY USASSy

*#£1°2 s3upowde x seTyerTIwy %80 s3ugowds x seTqaTIEy
axYE€ €2 sdugosdg #%88°0Y sSupowdg
OF3ex *J §oJamog OF}8I * % 95.IM08

(€ vue Z seryeTaeA) IIT Dus IT ‘I seqwoypTdey (€ pue 2T serieTaEs) TIY pue IT seqeoprTdey

8°89 6°€9 8'69 8°ZL g'es TeY zSY TZ9 YX9 TES V€9 LUoL ‘oAy
€99 L09 L99 LWL 6°05 0°SY OYT  L'€9 6°29 0°LS L°9§ O0°SL 001
V0L LS9 €°0L €°SL  9°€S £°05 0°05 L°09 6°6S 0¥ L°65 0°99 09

..w 9°69 €°69 €°2 €W 0% 02 LT €29 €% €8 LE 0 0
' *eay 2T 6 9 *aay 2T 6 9 ‘aay T 6 %
e ¥ N’w g&aﬁ
JOTYH woouey #80X) UISYLION AOJIY BOSURG Butesesp
~-8pTe
(seyout) squelqd ueemjeq sl3upowdg pue seTIeTIRp usBoryIN

(19T x 49 “307d estg) -jo7d aed
UZI00 396A8 JO £I86 TQEIENIVW JO JeqUNU Jo #eqwolTdex eexy; Jo eSexeay

ulo) J0OMS PTIGAH JO DTSTX oUY UO XoRTLjaAe] USHOIIIN Du¥ Jujoedg el JO SOUSRLIUT

[4Rd CLAA



- 24 -

TeAST $T 3% FUEOTITUBLS an

TOAOT ¥6 98 FUBOTITUSIS »

gojuotTdes oag Jo efBIeAyy

sq0Td TTe 03 petrdde s exoe Jed JesTTTIXEF ZT-TT-Z JO °8qT POIPUNY WeASGy

waST°0T sBugoeds X SOTIOTIBA sy sBugoeds x seTIeTIvA
#x96°0€ s3upoedg w72 0 s3upowdg
#©6°Z SeT3eTXe) *26°61 S6T16TIBA
T B I 5% 0o

(€ pue Z ®oTIeTIeA) ITT vU® II ‘I seysotrdey (€ pue z ‘T seTqeTI®A) IIT PO IT seqwotTdey

S'9Y 8y 96y T6Y SYE 8%/ YOE TV 'R Y% L L'TE *eAy
0°CY 0CY €°€Y L8y 86 8k € €G Yo €', ol 0°9€¢ 001
9Ly 09y LST 0TS 6°$€ L6 LT €9 YR oO®m € 00 oS
6°9% €°SY @°LY LY 8T 06 €T O0O°TY 682 €°zk L' o0°6e 0

oAy (44 6 9 3 [4 6 9 o (44 6 29 &.no.uod
Jed °eqY

JoTyy wosues 880J) TINRION AQLIY vOOUSE Suresexp
~opys

(sogout) sueTg usenjeq sBupowdg pus SETIETIVA ue3ox3 TR

(+9T X (9 ‘o278 301d) *207d xed
WICO 9enS JO SI86 OT(UIONIBH JO Jequnu JO geywoyTdex eexyy Jo eFvieay

W55 Jeens FIXaAH J5 83wy
STAETERT 7O TeqENY 943 U0 TOETCYITed UGPOIIIN Puv Butowds 3ueld Jo eouenijul

€ oTq®]



- 25 -

TOAOT $T 9% JUSOTITUITS wa
.?»ownmm % JUBOTITURYE o
g8jeoTTdex ang Jo efsaea
s30Td T8 03 perrdde wsa oxow zed JGETTTII0F ZT-TT-Z JO *qT pexpuny agomma

#590°%T sZupownds x seTyeTIw,
#n€9°0E s¥upowdg »€2° 1T s3urowdd x seTIeTIW)
%99°0¢ SOTIOTIVA #uSL 7S sdupoedg
OTIvT °g *oInos oTI8x °g oINS
(€ pus 2 SoTieTIBA) ITT pu® IT ‘Y seywoyrdey (€ vuw 2 ‘1 seTyeLIEA) ITI Pue IT seyvoyTdey

£°€CE 6°TE V€L L' @6C €°6Z 6§ TS 6Lz LY 26 L6 ey
0°Z¢ 2 0E €°2¢ 9%€E 0%, LET 9°%K LSE YW €9 €'® L°Z 001
TP €°2€ S°€E Y Y°0E TUZ 6Lz T TUZ 8T 9z 06 0%
6°€E TEE SE TE  0°MZ 6°%C TXX 6°6E 0°9 6°ZZ  LEE  S°LZ 0O

oAy 2T 6 9 ‘aay 1 6 9 *eay 2T 6 29 o
Jod “*8qy

JOTYH BOSUNS S80I UINKIIOR AOLIY VOGNS Sussexp
i

(veqouT) sjuvyy ueenjeq sButowdp pue seyyeraw, ueS0X) TR

(19T x 49 ‘esTe 101J)
*soreorTdes eexqy ‘jo1d xed wieo qeens Jo sywe Jo °sqT UL Jyfrea w30} efvIeay

UXS) J0eAS PYIGAH
JO SI93 Jo UITON T¥303 OY3 U0 UOTIVETLTII8f USHOIITN Pu® FUToedg JUNLJ JO GOUSTLIUI

¥ o1qs1



- 26 -

ing. A highly significant interaction between varieties and spacings is
also indicated in Table 4. Two varieties obtained the highest total
weight in pounds whea grown 6 inches apart; however, Seneca Arrow
showed no difference in total weight of ears when grown 6 or 9 inches
apart. The total weight of sweet corn ears per plot did not vary under
the different nitrogen fertilizer levels.

The average total weight of marketable ears per plot is given in
Table 5. The weight of marketable ears was significantly higher at 6
inches of spacing than at 9 aad 12 inches.

Although no significant differences between varieties were ob-
served, Seneca Chief had the tendency to‘ give lower weight of ears per
plot than Northern Cross and Seneca Arrow. Ianteraction between varie-
ties and spacings which was significant at the 5% level is interpreted
as follows: Seneca Chief and Northern Cross gave higher total weights
of marketable sars per plot when grown at 6 inches of spacing than at
9 and 12 inches. This was not the case of variety Seneca Arrow which
gave the highest total weight of marketable ears when grown at 9 inches
of spacing. The lowest total weight of marketable ears of the three
varieties was obtained with 12 inches of spacing.

{c) Weight g_f Individual Ears

Tables 6 and 7 give the weight of individual unhusked and husked

ears of sweet corn.
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The weight of individual unhusked and husked ears of Northern
Cross was significantly higher than the weight of individual ears of the
other two varieties. Interaction between varieties and spacings of the
weight of 1ndivm ears shows the inconsistency with which different

varieties responded to spacing treatments.

PLANT CHARACTERISTICS

(a) Height of Sweet Corn Plants

The heights of sweet corn plants to the tassel and first ear were
measured but the results are not given in table form. No significant
differences as a result of treatment were observed. This is further ev-
idence that nitrogen was probably not the limiting factor in any treat-
ments.

{(b) Number of Shoots

The average number of shoots or tillers per plant is given in
Table 8. The variety Seneca Chief gave a higher number of shoots than
Northern Cross and Seneca Arrow. A highly significant difference due
to spacing resulted in greater number of shoots when the plants were
grown 12 inches apart; the number of shoots was decreased as the spac-
ing between plants was reduced. No significant differences due to ni-

trogen fertilizer levels were observed.
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QUALITY CHARACTERISTICS
(a) Toughness of the Pericarp

The toughness of the pericarp of sweet corn as influenced by
plant spacing and nitrogen fertility is given in Table 9.

There was a significant difference between varieties, Northern
Cross being the toughest, but not qxuch difference between the toughness
of Seneca Chief and Seneca Arrow was observed. Plant spacing and ni-
trogen fertilizer did not affect the toughness of the pericarp.

{(b) Soluble Solids Content

Table 10 shows the influence of plant spacing and nitrogen fer-
tilizer on the percentage of total soluble solids of sweet corn ears per
plot. Seneca Arrow had a higher total soluble solids content than Seneca
Chief or Northern Cross. Flant spacing and nitrogen fertilizer did not
affect the percentage of total soluble solids. There was no significant

interaction between the factors studied.

NITROGEN

(a) Total Nitrogen of Whole Kernels and Embryos of Sweet Corn

Table 11 shows the average percentage of total nitrogen of whole
kernels of the sweet corn varieties.

Kernels of Northern Cross contained the highest percentage of
total nitrogen and kernels of Seneca Chief the lowest values for total ni-

trogen.
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It was observed that when plants were grown 12 inches apart a
higher concentration of total nitrogen of the three varieties accurred
than with 6 and 9 inches between plants, although these differences were
not significant.

The percentage of total nitrogen of embryos of sweet corn is
given in Table 12.

Varietal differences were significant at the 1% level for repli-
cates II and III; the embryos of the variety Northern Cross contained a
higher percentage of total nitrogen than Seneca Arrow or Seneca Chief,

There was at the 1% level for replicates II and III a significant
interaction between varieties and spacings; some varieties differed from
others in their response to spacing; Seneca Arrow and Northern Cross
showed a higher concentration of total nitrogen in the embryos when

grown 9 inches apart, and Seneca Chief when grown 6 inches apart.

{b) Total Nitrogen of Whole Kernels and Embryos of Field Corn

The influence of locality on the total nitrogen content of whole
kernels of field corn varieties grown in Ceatral America is given in
Table 13.

There was no significant difference in the nitrogen content of
kernels between varieties.

The influence of location on the total nitrogen content of whole
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kernels of these varieties was very marked; for variety Papaloapan
with a significant difference at the 1% level and for variety Rocamex
520-C with a significant difference at the 5% level for location.

The influence of location on the total nitrogen content of kernels
of the variety Veneszuela 3 was nil.

When field corn was grown in Santa Crus Porrillo, El Salvador
(L-1), the total nitrogen of kernels of the three varieties was greatly
increased than when grown in San Andres, El Salvador {(1.-2), or in
Panama (L-~3).

In Table 14 the average total nitrogen content of embryos of
field corn is given. There was no significant difference in the nitrogen
content of embryos between varieties. Some variation in the embryo
nitrogen of field corn whea grown in different localities was observed,
but it was not significant.

One may conclude that the nitrogen content of the kernel and
possibly the nitrogen content of the embryos of certain varieties may
be higher when grown in certain localities, while other varieties do not
respond to variation in enavironment in like manner.

Table 16 compares the average values of the percentage of total
protein (N x 6.25) of sweet corn and field corn varieties. A much larg-
er difference exists betweon the protein content of kernels and embryos
of field corn varieties than between the protein content of kernels and

embryos of sweet corn varieties.
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Total Protein Content of Sweet Corn as Compared to that of

Average total protein content (X x 6.25) of whole kernels and embryos

Table 16

Field Corn

of both sweet comm and field corn varieties

Sveet Corn

Seneca Arrovw
Seneca Chief
Northern Croass

Bweet: Corn
Sensca Arrov
Seneca Chief
Northern Cross

% of total protein in vhole kernels

14.50
13.56
15.3

£ of total protein in embryos

14.87
16.“
17.00

Yisld Gorn

Papaloapan
Venssuela 3
Rocamex 520-C

Pield Comn
Papaloapan
Venssuela 3
Rocamex 520~C

10.06
10.81
10.81

20.94
20.31
20.12
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DISCUSSION OF RESULTS

The total yleld of Seneca Chief was higher than that of Seneca
Arrow or Northern Cross. The yleld of the three varieties was signifi-
cantly higher at 6 inches of spacing than at 9 and 12 inches. This veri-
fies the results obtained by Bailey (1), Bowers (2), Brandon (3), and
Muhr (18) who reported higher yields with closer spacing. A signifi-
cant interaction of varieties and spacings indicated different responses
of the yield of the three varieties to spacing: Seneca Arrow followed the
same trend as Seneca Chief; Northern Cross also obtained a higher total
number of ears with close spacing, but the lowest yield of this variety
resulted with medium spacing or 9 inches between plants which was not
the case with the other two varieties. This difference can be attributed
to differences between varieties as pointed out by Enzie (7).

The significant characteristic of the yield data seems to be the
consistency with which Seneca Chief outyielded the other two varieties
studied.

The yield of total marketable ears of Sensca Chief was signifi-
cantly higher than that of Northern Cross or Seneca Arrow.

A highly significant difference in the yield of usable ears re-

sulted from the spacing treatments, the three varieties obtained the
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highest yield with 6 inches between plants and the lowest yleld with 12
jinches between plants.

Picket (21) pointed out that yield differences due to spacing are
almost entirely due to the stand obtained; if stands are too heavy, yield
of marketable corn is reduced because of small ear size, even though
total yield may be somewhat increased by closer planting.

There was no difference in the number of usable ears due to the
nitrogen fertiliser levels applied to the soil.

The total weight of ears per plot of Seneca Chief was signifi-
cantly higher than that of Northern Cross. The total weight of ears
and the weight of marketable ears per plot were higher when plants
were grown 6 inches apart. Several authors, Bailey (1) and Muhr (18),
have reported smaller ears with increase in population or closer spac-
ings. Krantz (15) reported that close spacing reduced ear size only
at a low rate of fertilisation. Hinkle (12) concluded that with increased
levels of nitrogen fertilization, for any given spacing, there was a ten-
dency for the ear size and number of ears per stalk to be increased.
This study confirms these statements; it was observed that ear sise,
measured by the totzl weight of ears per plot, increases as population
increases, assuming adequate nitrogen in all cases. Nitrogen applied
to the soil failed to affect the weight of ears and the yield per plot; an

explanation for this behavior is that the soil where the corn was plant-
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ed was evidently already high in nitrogen as a result of previous crops
and therefore an added amount of nitrogen fertilizer did not affect the
various factors under study in this experiment. Another possible ex-
planation is that the corn plants were one third grown when the nitro-
goen fertilizer was applied; lack of rainfall prevented the application of
the nitrogen fertilizer at an earlier date; it is possible that at this late
stage of growth the plants were unable to utilize completely the ferti-
lizer applied.

Northern Cross consistently gave higher weight of individual un-
husked and husked ears than Seneca Arrow and Seneca Chief.

Interaction between varieties and spacings of both unhusked and
husked sars indicates that the varieties studied did nbt respond equal-
ly to spacing.

Comparing Table 2 with Tables 6 and 7 which give the yield per
plot, weight of unhusked and husked individual ears respectively, it can
be observed that Seneca Chief obtained the highest total number of ears
per plot and the lowest weight of individual ears; fho opposite is true
for the variety Northern Cross.

The height of sweet corn plants to the tassel and to the first
ear were measured; however, since there were no significant differ-
ences between varieties, and since the spacing and nitrogen fertilizer
treatments failed to affect the height of the sweet corn varieties studied

under the conditions of this experiment, these measurements are not

given in tabular form.



The number of tillers or shoots per plant tend to decrease as
the distance between plants decreases. The spacing treatments show
a highly significant difference at the 1% level in the number of shoots
as indicated in Table 8. Ensie (7), working with Seneca Golden and
Tendergold, found that these varieties produced the greatest number of
tillers when planted in 36 inch drill rows with plants 12 inches apart.
In this study there was a significant difference as to varieties for rep-
licates II and IIl; Seneca Chief produced greater number of shoots than
Northern Cross and Seneca Arrow.

The competition that exists between plants is very low when the
plants are widely separated, and therefore, the plants are able to util-
ize the soil moisture, light and available nutrients in the formation of
tillers. Another factor that might be responsible for the increased num-
ber of tillers with wide spacing is shading. When plants are close to-
gether, the rate of photosynthesis is reduced, but when they are widely
separated, light is no longer a limiting factor and the plant produces a
larger number of tillers.

It is evident from these observations that increase in the num-
ber of plants in the row increases the yield of sweet corn as to number
and weight of both total and usable ears, decreases the number of

shoots, but does not affect the height of plants.



Table 9 gives an average of three replicates of the toughness
of the pericarp of sweet corn ears. The significant difference for vari-
eties at the 5% level indicates that the toughest of the three varieties
was Northern Cross. Neither the fertilizer nor the spacing treatments
affected the toughness of the pericarp.

Certain factors, such as firmness of the endosperm are likely
to induce errors in measuring toughness of the pericarp; nevertheless,
the puncture test should be considered fairly a#curate in giving approxi-
mate readings of the incu;ﬁnj toughness of the pericarp.

Another factor which interferes with the accuracy of the puncture
test is the variation between kernels of the same ear. This difference
in tenderness is due to differences in age of the kernels as determined
by the time of pollination of the silks. In the present study this error
was minimized by puncturing kernels from the middle portion of the ear.

Table 10 shows that the percentage of total soluble solids of
the variety Seneca Arrow was higher than that of Seneca Chief and
Northern Cross; however, it was not affected by the spacing and nitro-
gen fertiliser treatments. This method may not be considered by some
workers a good means for evaluating varietal differences, since the var-
iation in soluble solids conteat is likely to be due to maturity. Never-
theless, several reliable methods were used to measure the optimum

stage of maturity at the time of harvest which was relatively uniform



for all varieties.

From this discussion on sweetness and toughness we may con-
clude that:

1. The quality of Seneca Arrow was higher with respect to toughness
of the pericarp and percentage of soluble solids than that of Seneca
Chief and Northern Cross.

2. Northern Cross was generally tougher and less sweet than the
other two varieties.

3. Interactions between any of the factors studied were not observed;
this is an indication that, in this study, the percentage of soluble
solids and toughness of sweet corn was independent of the spacing

treatments and fertiliser levels applied.

Total nitrogen determinations made on samples from each variety
showed Northern Cross to centain more total nitrogen in both kernels and
embryos than Seneca Arrow and Seneca Chief; this difference between
varieties was significant at the 5% and 1% levels for whole kernels and
embryos respectively.

The non-sein embryo protein was influenced by the spacing treat-
ments in this study; 9 inches of spacing gave higher amount of the non-
zein fraction of the varieties Seneca Arrow and Northern Cross; Seneca

Chief obtained this maximum amount with 6 inches between plants.
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The data presented in this report confirms the findings of
Earley and DeTurk (6) who stated that when yield of corn was increased
through increased rates of planting, protein percentage decreased as
the yield increased but the percentage decrease usually diminished for
each increment of nitrogen added to the soil. These investigators also
reported that the two most important factors controlling protein content
of corn are rate of p lanting and nitrogen fertility of the soil. Schaible
(22) reported that there is no consistent relationship between the pro-
tein percentage and the yield of corn. Norden et. al. (20) stated that
apparently the corn plant uses the available nitrogen first for growth
processes related to maximum yield, and excess nitrogen not needed for
these processes is devoted to an increase in protein.

There seems to be a negative correlation between sweetness,
toughness and protein percentage. Seneca Chief, the highest yielding
variety, contained the lowest kernel protein, while Northern Cross was
the lowest in yield, in soluble solids content, the toughest, and the high-
est in protein content.

No reports have been found in the literature indicating that ni-
trogen either accelerates or delays matruity of sweet corn. Northern
Cross which matured first, contained the highest percentage of the three
varieties, while the opposite was true for Seneca Chief. This statement

does not hold true for the variety Seneca Arrow which indicates that
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nitrogen does not influence the rate of maturity of sweet corn.

Spacing treatments influenced the yield, the closer the spacing
the higher the yield; a reverse trend was observed with the percentage
of total protein of sweet cora kernels, the closer the spacing the lower
thoir protein content; this trend was consistent for all the spacing
treatments although it was not statistically significant.

Fertilizer treatments did not affect the total yield, total nitro-
gen content or the soluble solids content of sweet cora.

According to Schneider et. al. (23) all nitrogen fractions of
the whole kermel usually increase when the total nitrogen of the kernel
is increased by nitrogen fertilization; however, the alcohol-soluble
nitrogen or sein increases at the fastest rate. Zeain is a low quality
protein, which means that the protein of high protein corn has a lower
biological value than the protein of low protein corn. It has been sug-
gested that sinc; the large germ of high oil cora contains a larger pro-
portion of the total grain nitrogen than the small germ of low oil corn,
high oil corn protein should be of higher biological value than low oil
corn protein. The basis for this line of reasoning is that corn germ
is a high-quality protein feed and corn endosperm a low-quality pro-
tein feed; this is substantiated by the data presented by several authors,
Hansen et. al. (11), Frey et. al. (10), Sprague and Brimbhall (24), and

Miller and Brimhall (17).
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From these observations we gather that an increase in size of
germ at the expense of endosperm will improve the nutritional value
of the protein of the whole kernel. Schneider et. al. (23) refute this
statement as the results of their work proved that the increase in the
proportion of germ nitrogen in high oil cora occurred at the expense of
the alkali-soluble nitrogen of the endosperm and not of the alcohol-sol-
uble zein. Although the various nitrogen fractions of corn were not de-
termined in this study, we can safely state, based on Schneider's data,
that increase in embryo nitrogen is not always desirable from the nu-
tritional standpoint in that the glutelin present in the endosperm de-
creases as the concentration of embryo protein is increased.

Zein was demonstrated by Hansen ot. al. (11) to be absent from
cora germ although it constitutes the major protein of the endosperm.
The rest of the endosperm protein, largely glutelin, was shown to con-
tain the amino acids, tryptophane and lysine, which zein lacks.

No significant differences in the nitrogen content of samples
from ears that had been cross-pollinated were observed. This con-
firms the statement made by several authors; Doty et al. (4) reported
that no significant differences were noted in the chemical composition

of more than 40 commercial hybrids and open-pollinated varieties.
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The varieties of field corn Papaloapan and Rocamex 520-C
varied in their total kernels nitrogen content according to the loca-
tion in Central America where they were grown. A significant dif-
ference at the 1% level is shown when the variety Papaloapan was
grown at Santa Crusz Porrillo, El Salvador, but had a low total ker-
nel nitrogen when grown in another experiment station, San Andres,
El Salvador. The same tread was followed by the variety Rocamex
520-C, this difference being significant at the 5% level. No differ-
ences in total nitrogen of whole kernels grown in different locations
was observed in the variety Venezuela 3.

Environmental factors such as soil and climate seems to have
a relatively greater effect on protein content than any other factors,
according to Norden et. al. (19).

There was no significant difference between varieties as to
whole kernel protein content of field corn varieties. In working with
corn hybrids Norden et. al. (19) concluded that protein content of corn
was the result of complex interactions of environmental, genetic, and
physiological factors.

Total nitrogen content of embryos of the three varieties of
field corn studied did not show any significant differences regardless

of the location where they were grown. Analysis of Table 14 shows



nevertheless that the variety FPapaloapan had a higher embryo nitrogen

than either of the other two varieties, this being a varietal difference;

and that when corn was grown in Santa Crus Porrillo, El Salvador,

the total embryo nitrogen was higher than when grown in the other two

locations, although these differences were not significant. The follow-

ing conclusions may be drawn from the above discussion:

1. The total nitrogen content of kernels of the varieties Papaloapan,
and Rocamex was influenced by the location in which they were
grown,

2. No interaction of varieties and locations with respect to the pro-
tein content of kernels and embryos of fleld corn was observed.

3. Regardless of varieties, the location where the corn was grown
influenced the total kernel nitrogen. Field corn grown in Santa
Crusz Porrillo, El Salvador, gave higher total kernel nitrogen

values than corn grown in Panama, or in San Andres, El Salvador.

The percentage of total protein of whole kernels and embryos
of both sweet corn and field corn varieties is given in Table 16. Al-
though sweet corn and field corn were not grown under the same ex-
perimental conditions, several observations made on this table are of
interest:

1. Sweet corn kernels contained a higher percentage of protein

than field corn kernels.
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2. Sweet corn embryos contained less total protein than field corn
embryns.

These facts suggest that field corn, which is low in quality from
the standpoint of sweetness, contains a higher embryo protein percen-
tage than sweet corn. It was observed that the sweet corn hybrid North-
ern Cross was the toughest, the lowest in percentage of soluble solids
and the highest in protein content; Seneca Chief possessed more desir-
able quality characteristics as to tenderness and sweetness, but con-
tained the lowest kernel protein of the three varieties.

Good quality sweet corn as measured by sweetness and tender-
ness is not necessarily the more desirable from the nutritional stand-
point. Field corn is consumed in countries where the food value is a
more iniportant factor than quality as mentioned at the beginning of
this report. It ie interesting, therefore, that the embryos of maize
or field corn are superior in protein content than either whole kernels

of maige or sweet corn.
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SUMMARY

A study was made to determine (1) the influence of plant spacing
and nitrogen fertilizer on the yield, percentage of soluble solids, tough-
ness of the pericarp, and protein content of embryos and kernels of hy-
brid sweet corn and (2) the influence of locality on the protein content
of field corn varieties.

Highest yields and weight of ears of sweet corn are obtained with
plants spaced 6 inches apart. Of the three varieties, the medium late
maturing Seneca Chief is more desirable from the standpoint of higher
yields and weight of ears. Northern Cross had the lowest aumber of to-
tal ears when grown 9 inches apart, and the other two varieties with 12
inches between plants in the row,

Differences in earliness, yield, weight of ears, and number of
ears per plot are found among the varieties studied.

The number of shoots or tillers of Seneca Chief is higher than
that of Northern Cross or Seneca Arrow; with increases in spacing the
number of shoots per plant increases.

The early maturing variety Northern Cross was less desirable
in that the kernels at harvest contained a lower percentage of soluble
solids, had the toughest pericarp; however, it contained a higher aver-

age percentage of total protein (15, 31) than either Seneca Arrow (14. 50)
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and Seneca Chief (13.56). Northern Cross also contained a higher av-
erage percentage of total protein in the embryos (17.00) than either
Seneca Chief (16. 44) and Seneca Arrow (14.87). The embryo protein,
considered to be more digestible than protein of the endosperm was not
influenced by spacing treatments.

Under the conditions of this experiment there was no associa-
tion between the amount of nitrogen fertilizer and percentage of soluble
solids, toughness of the pericarp, protein content, and yield of sweet
corrn. The supply of nitrogen seemed adequate since the corn crop fol-
lowed a crop of soybeans.

Considering the entire experiment, regardless of variety, spac-
ing, and fertilizer levels, the increase in yield decreased the food value
of sweet corn in terms of protein content of the kernels, but did not in-
fluence the protein content of the embryos; this cannot be considered
conclusive because of the limited experimental period and small num-
ber of hybrids studied.

It was found that the total protein content of kernels of three
field cora varieties grown in Central America varied more between lo-
cations than between varieties grown at the same location. The average
protein content of the three field corn varieties ranged from 8.44% to
12.12%.

Embryos of the fisld corn varieties contained a higher percentage

of total protein than embryos of sweet corn. This fact suggests that
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field corn, which is low in quality from the standpoint of sweetness, con-

tained a higher digestible protein content than sweet corn.
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