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ABSTRACT

Sweet corn (Zea mays L.) is generally grown in rows spaced
about 100 cm apart. Trickle irrigating this type of row con-
figuration is inefficient and costly because one irrigation tube
must be installed on each row. The objectives of this research

were to determine the influence of trickle irrigation; wide bed,

“twin-row” spacing; and trickle N and K fertilization rates on
the yield and quality of sweet corn. The twin rows, 35 cm apart,
were positioned on wide beds, spaced 165 cm from center to
center. A single trickle irrigation tube was placed between
the twin rows of corn, providing water and nutrients simul-
taneously to both rows. Sweet corn was fertilized daily with
seasonal applications of 28, 56, 168, and 336 kg/ha of N and
K. Plant height, ear yield, and biomass production increased
with N and K rates ranging from 0 to 168 kg/ha, but were
not affected by the twin-row bed spacing nor by fertilizing
with 336 kg/ha each of N and K. :

Additional Index Words: water use efficiency, soil compac-
tion, nitrogen uptake, soil aeration, N-fertilization, crop yield,
N-losses, leaching.
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IN HUMID REGIONS, high-frequency trickle irrigation
(HFTTI) with nutrient solutions ‘can be used to sta-
bilize and increase row crop yields by providing ade-
quate water and nutrition by minimizing the soil as a
storage reservoir for water and nutrients (Phene and
Beale, 1976; Phene et al., 1979). High-frequency tric-
kle irrigation and fertilization consist of irrigating soils
frequently at low pressure through a porous tube or
system of emitters with a dilute nutrient solution to
maintain_part of the root zone at optimal soil water
and nutrient content for vigorous plant growth, while
leaving the unwetted soil volume for partial storage of
rainfall, if it occurs.

In humid regions, conventional N fertilization in
sandy soils often causes large losses of N by leaching,
volatilization, and denitrification. To avoid this, con-
trolled release plant nutrients have been used (Parr,
1967; Nelson and Hauck, 1965; Lunt, 1971). However,
to achieve the proper release of N, coated fertilizer
must contain 15 to 209, additional material (sulfur)
which increases the fertilizer cost 25 to 509, (Prasad
et al, 1971) and may only slightly increase farmer
profits.

The low organic matter content of shallow sandy
soils, like Norfolk sandy loams (Typic Paleudult),
often causes a low N-mineralization potential (Stan-
ford and Smith, 1972). Proper timing of N applica-
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tion in these soils is important for increasing fertilizer-
N efficiency. Pearson et al. (1961) reported that fall
N-fertilization in the Southeastern United States was
50% less effective than spring N-fertilization for grow-
ing corn. When prolonged rainfall causes water-satu-
rated soil, the potentials for N losses by leaching and
denitrification are greater, particularly if the soil was
bare before a crop stand was established.

Phene (1974), Phene and Beale (1976), and Phene
and Sanders (1976) demonstrated the feasibility of
controlling N-fertilizer applications through a trickle
irrigation system at rates adjusted according to plant
requirement. With this technique, timely application
of fertilizers can be made, regardless of the cropping
practices used or of soil trafficability after rainfall.
They showed that trickle fertilization of a part of the
root zone would alleviate leaching losses by decreasing
the use of soil as a storage reservoir for nutrients.

Conventional row crop spacings may not be the most
efficient for trickle-irrigation systems. With either a
line-source or point-source of water, enough water can
be provided for two rows of crops, if these rows are
closely spaced (Phene, 1974). Depending upon the soil
texture and the type of crop grown, row spacing rang-
ing from 35 to 50 cm may be used to take advantage
of a single line water source. '

A “twinTow” cropping system for trickle irrigation
was described by Phene (1974). Two rows of corn were
planted 35 cm apart on wide beds spaced 165 cm from

_ center to center, and a single trickle irrigation tube
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was installed between the rows to distribute water and
nutrients simultaneously to both rows.

Besides the savings in the cost of irrigation tube with
this technique, there are several other advantages in
using the twin-row design over conventional row spac-
ing, particularly in humid regions where many soils
are sandy and shallow and easily compacted. These
advantages are:

1) When the wide twinrow system is used with
implement wheels spaced at 1.65 m the com-
pacted zone of soil caused by the implement
wheel traffic is centered 15 cm further from each
side of the crop row than with conventional row
spacing, and the reduced soil compaction around
the root zone improves soil-root aeration and root
growth (Voorhees et al, 1975; Campbell and
Phene, 1977). '

Since the irrigation tube is placed between two
narrowly spaced rows, the crop root system
should more efficiently intercept the water and
nutrients that are supplied between them.

The wide-bed twin-row method is easily adapt-
able to plastic mulching to eliminate water eva-
poration from the soil surface.

In humid areas where rainfall often creates aera-
tion problems (Phene et al, 1976), this method
provides a larger portion of soil between the beds
for storage water and for possibly draining excess
water from the soil surface.

2)

3)

4)
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5) Since no fertilizer would be applied to. wide
spaces between the bed, fertilizer losses would be
minimized.

The objectives of this project were to determine the
influence of trickle irrigation; wide-bed, twin-row spac-
ing; and trickle N and K fertilization rates on the
yield and quality of sweet corn.

MATERIALS AND METHODS

Experimental Design and Procedures

The experiment to determine the yield response of high-fre-
quency trickle-irrigated corn fertilized with different amounts of
N and K, and planted at two different row spacings was con-
ducted in 1973 with a spring and fall planting of sweet corn,
respectively (Zea mays L., ‘Silver Queen” and ‘Florida 102’). The
experimental design was a completely randomized block with
each treatment replicated three times and the fall crop super-
imposed over the spring crop. All results reported in this
manuscript, except for the net seasonal nitrate profile changes
(Fig. 4) pertain to the spring sweet corn crop. The various treat-
ments used for fertilization, row spacing, and check are listed
in Table 1. Each treatment plot was 7.6 by 6.1 m and rows
were oriented in 2 NW-SE direction. The row spacings were
the conventional single (SS) (100 cm apart) and the twin-row
(DS) (35 cm apart) positioned on wide beds spaced 165 cm from
center to center. Figure 1 is a schematic cross section of the
spacing treatments, locations of the irrigation tubing with
respect to the row and of the soil matric potential (M.P.) sensor
used to control irrigation automatically, and the soil sampling
sites for nitrate (NO,”) measurements.

The soil, a Varina sandy loam (Typic Paleudult), was ad-
justed to pH 6 by applying 5 metric tons/ha of dolomitic lime
and treated with diazinon AG 500° to control soil insects and
worms. Sweet corn was planted with a 2-row planter and thin-
ned to a density of about 70,000 plants/ha.

Superphosphate was broadcast uniformly at a rate of 112 kg/
ha before planting. Equal amounts of N and K in a nutrient
solution, combined with the irrigation water, were applied daily
through the porous tubes, according to predetermined corn re-
quirements. The corn growing season, from cotyledon stage (day
149) to the 'end of plant extension (day 209), was divided into
four 15-day periods reflecting the crop growth stages. During
the four successive 15-day growth periods, 14, 42, 33, and 119,
respectively, of the total N and K were applied in daily incre-
ments, equal to 1/15 of these percentages. Unirrigated plots
were fertilized with four applications of N and K (totaling 168
kg/ha each) in the same ratio as that of the irrigated plots but
applied at the beginning of each crop-growth stage. The irriga-
tion system was controlled automatically by a calculator-based
data acquisition system, using closed loop electronic sensor feed-
back control (Phene et al., 1973).

Crop response was interpreted based on total and marketable
ear yield, mean ear diameter and length, percentage of water
content and pericarp, total dry matter production, plant heights,
N in the leaf base, and cob and kernel dry matter, total plant
N, and soil profile NO;~ content. The early plant samples were

*Trade names are used for identification purposes only and
do not imply preference for this item by the USDA.

Table 1—Fertility, row spacing, and irrigation treatments.

Row spacings Irrigation
N&K Single  Double (T = trickleirrig.)
rates, kg/ha (SS) (DS) {UI = unirrigated)
0 SS TI
28 SS TI
28 DS TI
56 SSs TI
56 DS TI
168 SS T1
168 DS TI
168 SS Ul
336 SSs Tl
336 DS TI

the entire aerial portion of the plant and later samples were
the first mature leaf next to the whorl. Total plant N was
determined by the Kjeldahl method, and soil NO,  content
was determined from saturation extracts with the NO,~ specific
ion electrode. :

The nct seasonal NO,~ increase was calculated by subtracting
the NO,  contents of the soil in unfertilized plots from that of
fertilized plots (to account for residual and mineralized N)
before planting in the spring and in the fall. The resulting
spring values were subtracted from fall values to estimate the
net NO;~ gain, and these values were plotted as a function of
time and depth,

Irrigation System

Phene (1974) described the water treatment, nutrient and
chemical distribution system, and the soil matric potential
sensors and control system. Trickle nirigation water was ap-
plied through a porous plastic tube (Viaflo, E. 1. DuPont de
Nemours & Co., Inc.)® installed in the upper root zone on the
row, 5 cm from the SS§ plants and midway between the twin-
rows of the DS plants and at about the 5-cm depth.

Irrigation Control and Soil Matric Potential
Measurement System

The irrigation control was based on the simultaneous auto-
matic measurements of the crop evapotranspiration, estimated
from the screened Class-A evaporation pan, and of a soil matric
potential sensor installed in each plot at 15 cm from the soil
surface, as described by Phene and Campbell (1975) and Camp-
bell and Phene (1976). Although the time response of the
evaporation pan usually lags behind actual evapotranspiration
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Fig. 1—High-frequency porous tube irrigation system for single
row (S8-TI) and twin-row (DS-TI) spacings (not to Scale).
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Table 2—Sweet corn stalk measurements as influenced by irrigation, fertilization rates, and row spacings
(SS = single row, DS = twin-row, Ul = unirrigated).
Stalk Ear-producing Stalk water Stalk fresh
Treatments population stalks Ears per stalk content weight
1,000/ha 1,000/ha No. % metric ton/ha
0SS 73.9 cdeft 239e 0.33 ¢ 78.1bc 135f

28SS 73.2 cdefg 39.8d 0.55d 78.9 ab 259¢

28DS 68.9i 44.3d 0.65¢ - 76.6¢c 195e

56SS 78.2 ab 53.1c 0.68¢c 78.1b 26.5¢

56D8S 70.1 fgh 46.5 cd 0.67c 76.8¢ 25.3cd
168SS 75.7 abed 67.3a 0.90 ab 78.9 ab 36.3ab
168DS 72.7 defgh 65.1 ab 0.93 ab 78.0b 30.7 be
168 SS-UI 75.2 bede 64.6 b 0.86b 75.4¢ 22.9de
336SS 76.8 abc 71.4 ab 0.98a 80.0a 39.3a
336DS 79.7a 75.0a 0.98 a 80.3a 39.8a

1 Column means followed by the same letter are not significantly different at the 5% confidence level.

by 4 to 6 hours, the daily proportions agree, and the soil matric
potential sensor initiated irrigations, only when soil water was
deficient. The amount of irrigation water applied was a
function of the ratio of potential evapotranspiration to open
pan evaporation and of the physiological age of the crop (Doss
et al, 1962). However, when the soil matric potential was
higher than the level set for irrigation, no irrigation cycle was
initiated, thus optimizing water use. The minimal soil matric
potential was maintained between —0.20 and —0.25 bar during
the growing period by irrigating as often as 12 times daily, if
necessary.

Soil matric potential sensors were installed in each plot,
midway between the rows at the 15-, 80-, and 45-cm depths
directly below the plant. Electrical wiring schematic for cou-
pling the soil matric potential sensors to the calculator-based
data acquisition system are available from the authors. The
data from each plot, including Julian date and time, soil
matric potentials at three depths, irrigation commands or in-
structions, and screened pan evaporation over grass were printed
and recorded on punched paper tape at Z2-hour intervals.

RESULTS

Plant population, ear producing stalk, number of
ears per stalk, and stalk water content and fresh weight
are shown in Table 2. Although plants were thinned
to the same population in all treatments, plant popu-
lations ranged from 68,900 to 79,700 stalks/ha. ‘Gen-
erally, plant populations for the 5§ treatments were
slightly larger than those for the DS, except those for
the 336 DS-TT treatment. There was no difference in
plant population between the 56, 168, and 336 SS-T1
treatments. The ear-producing stalks and the average
number of ears per stalk increased gradually with N
and K application rates'up to 168 kg/ha, but values
seldom showed any difference between spacing treat-
ments. The water content of the SS-T1 treatment corn

stalks at the 28- and 56-kg/ha fertility rates was slightly
higher than that of the DS-TI treatment stalks, and
the 168 SS-TI (unirrigated) was significantly lower
than those of all irrigated treatments. The stalk fresh
weight of the irrigated corn increased with N applica-
tion rates, but values were different between spacings
only at the 28-kg/ha fertility treatment. - The stalk
fresh weights ranged from 13.5 metric tons/ha for the
unfertilized treatment (0 SS-TI} to a maximum of
39.8 metric ton/ha for the 336 DS-T1 treatment.

The total and marketable number and weight of
ears, the ear diameter and length, the pericarp content
of the kernel, and the ear water content are shown in
Table 3. Standard marketable ears were at least 15
cm long and completely filled with kernels. The total
and marketable number and weight of ears increased
with increasing fertility rates. Plants from all the ir-
rigated treatments below the 168 SS-TT and 168 DS-T1
treatments and those from the unirrigated treatment,
168 SS-UI, produced < 509, marketable ears whereas
plants from the 168 and 336 SS-TI treatments pro-
duced 75 to 839, marketable ears. The ear diameter
was not affected by the N and K or spacing treatments.
However, the ear lengths of the 168- and 336-SS-T1 and
DS-TT treatment corn were greater than those of all
other treatments. Generally, the pericarpal content of
the corn kernel decreased gradually with increasing N
and K, and the kernel water content was only random-
ly affected. The 168 SS-UI treatment resulted in 499,
less marketable ears and 479, less ear weight than the
average for the 336 SS-TT and DS-TI treatments. Irri-
gation did not affect the ear diameter, but the ear
length with the 168 §S-UT treatment was 119, shorter

Table 3—Sweet corn ear measurements as influenced by irrigation, fertilization rates, and row spacings
(SS = single row, DS = twin-row, Ul = unirrigated).

Total ears Marketable ears
Ear Ear Water
Treatments Number Weight Number Weight diameter length Pericarp content
1,000/ha metric tonvha 1,000/ha metric ton/ha cm cm % %
0SS 24.8 ff 33f 3.9e 0.9f 45e 12.3e 0.99a 772a
28SS 40.2e Tle 12.2d 33e 5.1ab 13.5d 1.07a 73.3d
28DS 449e 7.9de 11.7d 3.le 5.3ab 12.3e 1.03 ab 73.2e
56SS 53.8d 9.3d 17.4d 43¢ 50c 13.3d 0.99 ac 75.1b
56DS 44.6d 9.1d 15.4d 38e 5.1a 13.1d 091c 74.5b
168S8S 67.6 be 17.7b 51.1b 14.8 be 52a 16.7 ab 1.01 ac 736¢
168DS 67.3 bc 16.8b 50.2b 139¢ 5.2 ab 16.1b 0.86d 75.2 be
168SS-Ul 64.6¢c 14.6¢ 3l.lc 8.9d 5.3a 14.6¢ 0.97a 74.4b
336SS 75.3 ab 19.7a 62.3a 17.2a 5.1la 17.5a 091c 75.9 ab
336DS 17798 18.9ab 59.1 ab 16.3 ab 5.0 be 16.3 ab 0.92b 74.9 bd

T Column means followed by the same letter are not significantly different at the 5% confidence level.
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Table 4—Sweet corn dry matter contents as influenced by

irrigation, fertilization rates, and row spacings
(SS = single row, DS = twin-row,
Ul = unirrigated).
Stalk dry Ear dry Total dry Total Nt
Treatments matter matter matter inplant 45
metric ton/ha ———————— kg/hs ;;“o‘ Minimol
0SS 29et 07d 361 35.2e§ 35 N
2888 5.4cd 15¢ 6.9 de 55.6d Sa0
28DS 46d 1.9bc 65e 49.4 de 3
56SS 5.8¢ 20b 78d 65.5d £25
56DS ’ 59c 21b 8.0cd 58.4d Z20]
168S8S 7.6 abc 3.7a 11.3 ab 117.7¢ 2
168DS ' 6.8b 37a 10.5b 1198¢ 5 L5
168SS-UI 5.6¢ 38a 9.4be 108.0¢ =0
33688 79a - 4.0a 119a 161.3b =
336DS 78a 37a 11.5ab 183.22 Zos 3%
+ Column means followed by the same letter are not significantly different ?

at the 5% confidence level. .
1 Total N in plant measured by Kjeldahl method.
§ Represents plant uptake of soil residual- and mineralized-N.

than the average length of ears with the 168 SS-TI and
DS-TT treatments.

The sweet corn dry matter and the total N recovered
in plants are shown in Table 4. The stalk dry matter
gradually increased with N and K rates from 2.9 to
7.9 metric tons/ha, and the ear dry matter increased

from 0.7 to 4.0 metric ton/ha with the 0 to 836 SS-T1
treatments, respectively. The total dry matter reflected 45 Minimol
the same relationship with little difference in values 4]
between spacing treatments. The total N content in Ly
the plant increased from 35 kg/ha with the unfertilized &3]
treatment (representing the plant uptake of soil resid- g 25l
ual and mineralized N) to 183.2 kg/ha for the 336 DS- £
TI treatment. Except for the 336 DS-TI treatment #2'0
corn, which had significantly higher total N than the &'
336.SS-T1 treatment corn, there was no difference due | 1
to plant spacing for the other treatments. Sos
The percentage of N in trickle-irrigated sweet corn. % ¢
plants as a function of time, fertilizer rates, fertiliza- les

tion period, and spacing are shown in Fig. 2 for the S5-
TI (top) and DS-TI (bottom) treatments, respectively.

During the first growth stage (Julian days 142 to 165),
different N and K fertilization rates did not cause sig-
nificant differences in N content of the sweet corn.
Therefore, large N applications during the first few
days of growth may not be necessary, since the percent-
age of N in all plant tissues was considerably above the
minimal N level line (1.29, plant total N) shown
in Fig. 2. As tassels emerged (day 183), the large N
demand was reflected by a rapid decrease in the per-
centage of stored N for all treatments, although the N
content of corn in the DS-TT treatments did not seem
to decrease as rapidly as did that in the SS-TT treat-
ments. Plants from the 0, 28, and 56-kg/ha fertility
levels were deficient in N from ear formation until
harvest, regardless of row spacing. From the tasseling
stage (day 183) to harvest (day 218), corn plants with
the 168-kg/ha fertilizer rate were slightly N deficient
for the SS-TT treatment, but not for the DS-TI treat-
ment. The N content of corn with the 336-kg/ha fer-
tilizer rates was above the desired minimum for sweet
corn during the entire growing period and significantly
higher for the DS-TI treatment than for the SS-TI
treatments during the last stage of growth.

Fig. 2—Nitrogen in corn plant tissue from high-frequency trickle
irrigation treatments as a function of time and fertilizer rates
for single row (SS-TI) (top) and twinrow (DS-TI) (bottom),

Plant heights (Fig. 3) were not affected by fertilizer
rates or spacing during the seedling stage ' (day 142
to 165). As the corn matured, heights of unfertilized
corn were significantly lower than those fertilized at
168- and 336-kg/ha fertilizer rates. Heights of plants
from the 168- and 336-SS-T1 and DS-TI treatments
were not affected by fertilizer or spacing treatments.

Figures 4A and 4B show the net seasonal soil NO;3~
increases for spring and fall sweet corn as influenced
by N- and K-fertilizer treatments, spacing treatments,
and soil depth. The amount of total applied N will
double the values shown in Fig. 4, because each fer-
tilizer treatment rate was applied twice, once to each
spring and fall crop. Figures 4C and 4D show that
soil NO;~ midway between the rows were similar.
Since the residual and mineralized N were accounted
for by subtracting the N measured in nonfertilized
plots from that measured in the fertilized plots, the net
increase in soil NO;~ with depth and fertilizer rates
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was probably caused by excessive N fertilization. The
NO;~ content profiles for the 28 SS-TI and DS-TI
treatments did not differ significantly but the 168 and

»
o
!

»
o
il

°

N

\\
\

NeS tm - 1l
FERTI 12,56 < i
& u,g{: il
9/haj

Fig. 3—Relative corn plant heights as influenced by N and K
fertilization row spacing, and time.

336 treatments resulted in greater NOy~ contents be-
tween the 0- and 60-cm soil depth for the DS-TT treat-
ments than for the SS-T1 treatments. The soil NOy~
content for the 336 SS-TI and DS-TI treatments were
significantly greater than those for the 168 and 28
SS-TI and DS-TI treatments.

The mean net seasonal soil NO;~ increase for fer-
tilizer rates and soil depth, measured midway between
the rows, showed no significant differences for the vari-
ous depths, fertilizer treatments, and row spacing, ex-
cept for the 336 DS-TI treatment which had significant-
ly higher soil NOz~ values in the top 60 cm of soil.

Figures 2 and 4 and Table 4 (col. b) indicated that
the DS-TT treatment may be a better N management
technique with HFTT because the 168 DS-TT and SS-T1
treatments had the same plant N content, with a high-
er soil NO;~ increase measured in the 168 DS-TTI than
in the 168 SS-T1 treatment, indicating the possibility
of smaller N losses from the soil profile. Furthermore,
the plant N content for the 336 DS-TI treatment was
significantly higher than that for the 336 SS-TT treat-
ment, and the net seasonal soil NO;~ increase was
greater for the DS-TI treatment than that for the SS-

.
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Fig. 4—The net seasonal NO,N increase with soil depth for “on row” (A) single row (85-TT) and (B) twin-row (DS-TI) treatments,
and for “off row” (between beds) (C) $5-TI and( D) DS-TI1, respectively. .
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-

TI treatment. These results substantiate a need for
soil water-nutrient management methods for the hu-
mid region and clearly demonstrate the effectiveness of
the twinrow, high-frequency, water-nutrient/trickle
irrigation method for water and nutrient distribution.

Figure 5 shows the mean soil matric potential mea-
surement at the 15-cm depth and rainfall for the corn
growing season (day 179 to 221) for the 168 SS-UI un-
irrigated and HFTT S$-TT and DS-TT treatments. The
rainfall during the growing season totaled 44 cm. The
lower soil matric potential for the HFTI treatments
was maintained at —0.25 bar by irrigating as often as
12 times daily. The highest range of soil matric po-
tential during that period was —0.78 bars for the 168
S$5-UI, —0.30 for the DS-TI treatment, and —0.27 bar
for the SS-TT treatment. Tensiometer measurements
in each plot, reflecting soil matric potentials, were
not significantly different among spacing and fertility
treatments. :

Irrigation water applied to control the soil matric
potential at —0.25 bar in each irrigated treatment
were: 8 cm for the 0 and 28 SS-TI and DS-TT treat-
ments, 10 cm for the 56 SS-TT and DS-TI treatments,
12 e¢m for the 168 SS-TI and DS-TI treatments, and
15 cm for the 336 SS-TI and DS-TI treatments. This
significant difference in applied irrigation water re-
sulted from lower evapotranspiration by the smaller
plants rather than from an imposed irrigation treat-
ment. This controlled irrigation method prevented
extended water logging conditions in the soil root zone
even after a rainfall event of 15.2 cm (Fig. 5).

CONCLUSIONS

Distribution of water and nutrient solution over the
crop cycle with trickle irrigation is adaptable for high-
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Fig. 5—The mean soil matric potential at the 15-cm depth as

influenced by high-frequency trickle irrigation (HFTI), row
spacings, and rainfall.

frequency irrigation in sandy soils of the Southeastern
Coastal Plains. The application is not affected by the
wide bed, twin-row planting (DS) which requires 409,
less trickle irrigation tubing than conventional spac-
ing. The wide bed twin-row planting (DS) did not
detrimentally affect yield, biomass production, N and
water-use efficiency of sweet corn, and the automatic
control of the irrigation system by the soil matric po-
tential sensors.

The ear yield and biomass production increased sig-
nificantly and consistently with increasing N and K
fertilizer rates ranging from 0 to 168 kg/ha, but were
not highly or consistently affected by increasing the
fertilizer rate above 168 kg/ha.
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