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Nitrogen Utilization Efficiency in Melons Using
Soluble and Slow Release Fertilizers

Thomas A. Doerge, Kevin H. Pritchard, Jerome W. Pier, Pedro Fernandez and Ted W. McCreary

Abstract

A field experiment was conducted at the Maricopa Agricultural Center on a Casa Grande
sandy loam soil to compare the nitrogen (N) utilization efficiency achieved using slow-
release and conventional nitrogen fertilizers under subsurface drip irrigated melon
production conditions. 'Mirage' watermelon, 'Laguna' cantaloupe and 'Gallicum'
honeyloupe were used as the test crops. Single, preplant applications of three slow -
release products (methylene urea, coated ammonium sulfate and coated urea) were
compared with the use of urea -ammonium nitrate added in either one or three split
applications. The total amount of N applied to all treated plots was 100 lbs. per acre.
Whole plant samples were taken four times during the season to determine N uptake
patterns. Petioles from the youngest fully expanded leaves were sampled on four dates
throughout the season to monitor the N status of all plots. At harvest, total and marketable
melon yields were determined. In general, the methylene urea treatment was superior to
the use of coated (NH4)2SO4 which in turn was far superior to the coated urea product.
The split UAN and preplant UAN treatments had the highest numerical values for total N
uptake for all three melon types. However, these values were usually not statistically
different from the N uptake in response to the three slow- release N treatments. The type
of water delivery system may have reduced the potential advantages of using slow -versus
fast -release N fertilizers.

Introduction

The use of slow -release nitrogen fertilizers has several potential advantages. First, it may reduce leaching
losses of soluble nitrates when compared to using conventional soluble N sources, and second, it can
lower labor costs needed to make multiple applications of N fertilizers. Ideally, a slow release product
needs to release plant available N at about the same rate that N is needed by the crop being grown.
Because of the higher unit cost of slow -release materials, it will probably be used primarily on turf,
floriculture and high -value row crops. The objective of this study was to compare the nitrogen utilization
efficiency achieved using slow -release and conventional nitrogen fertilizers under subsurface drip irrigated
melon production conditions.

Materials and Methods

'Laguna' cantaloupe, 'Mirage' watermelon and 'Gallicum' hybrid cantaloupe (honeyloupe) were grown at
the Maricopa Agricultural Center in 1990 using subsurface trickle irrigation and various timings and
sources of soluble and slow -release N fertilizers. Melon beds were formed using a commercial bed
shaper in 300 foot rows on three east -west oriented 80 -inch beds. In the same field operation, drip tubing
lines (Chapin Twin -Wall IV') were buried 8 inches below the soil surface on the steeper south- facing side
of the bed. A single row of seeds were precision planted by hand on 22 March at a spacing equivalent
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to 3 plants /meter. Each of the three melon varieties were planted in one of the three rows and irrigated
uniformly throughout the season. Water was applied daily to supply 100% of the consumptive use of
cantaloupes; a total of 21.9 inches of water was applied. Five hives of bees were brought in on 26 April
just prior to first bloom to facilitate uniform early pollination.

The N treatments applied to the three melon varieties utilized equivalent amounts of N and are listed in
Table 1. All treatments were replicated three times in a randomized complete block design.

The total nitrogen rate applied in all treated plots was 100 lbs. N /acre. In addition, a uniform application
of 150 lbs. P2O5 from 0-45 -0 was included to insure adequate P nutrition. The coated urea product also
contained some coated treble superphosphate which supplied about 52 of the total 150 lbs. P2O5/acre
for Treatment 5.

Between April 5 -10 (1 -leaf stage) all individual plots were established. Each plot was 2 m long and thus
contained 6 plants. Nutrient applications were made by carefully digging a trench to just expose the 2
m of drip tubing in each plot and then applying the appropriate premeasured amount of dry or solution
fertilizer to each plot. The application of nutrients in the immediate vicinity of the drip tubing simulated
the placement that would be made under commercial conditions. Because Treatment 1 required later
applications of solution N a system was needed that would permit multiple fertilizer applications that would
simulate application through the buried drip tubing but would not unduly disrupt the root zone. Therefore,
in all plots receiving split N treatments, the U- shaped tubes (constructed of 0.5 -inch PVC pipe (I.D.) with
a horizonal segment of 1 meter) were installed directly over the drip tubing. The trench containing the
U -tube was backfilled immediately after installation and required no further disturbance for the remainder
of the growing season. The bottom of the horizontal segment of the U -tube was perforated every 8 inches
with 1/16 inch diameter holes. This allowed for the uniform flow- through of 250 ml of the UAN solution
over a 5- minute period. The vertical portions of the U -tube are 18 inches long and extend 10 inches
above the soil surface.

The tube ends served as the point of access for pouring solutions into the U -tube. To minimize the entry
of dust or other contaminants into the system, both ends of the U -tube were fitted with rubber stoppers
whenever solutions were not being introduced. Applications of fertilizer solutions were individually
dispensed into separate plastic bottles for each plot and applied in a total volume of 250 ml. The amount
of water applied with each application of fertilizer solution represents about 0.04% of the total irrigation
water applied and therefore was a negligible contribution of moisture.

Petiole tissue samples from the youngest fully mature leaves were taken from each of the six plants in
each plot at the seedling (26 April), 1- to 3 -inch melon (16 May), 5 -inch melon (24 May) and pre -harvest
(14 June) stages for nitrate analysis. Petioles from all three reps within melon varieties were bulked to
insure adequate quantities of tissue for analysis.

At final harvest, the fruit and vines from the four interior plants within each plot were harvested to
determine total and marketable melon yields, total N uptake and total dry matter accumulation. The
harvested melons were weighed and graded as marketable and cull fruits from each plot. Then all of the
harvested vines and 2 to 4 representative melons from each plot were dried at 150 °F, weighed and
prepared for analysis of total N content. Mature fruits were separated into seed and rind + flesh tissue
to facilitate sample preparation and analysis.

At the seedling, runner and 2' melon stage, whole plants from additional 2 m plots were harvested to allow
calculation of the nitrogen uptake characteristics of these 3 melon varieties. These extra plots were
replicate three times and received the same N application schedule as used in Treatment 1.
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Results and Discussion

Cantaloupe The growth and marketable yield of cantaloupes was excellent averaging 19.8 tons of
marketable fruit per acre. On the average 71.3% of the total melon weight was in the marketable
category.

There were no significant differences in any of the yield parameters measured for the six nitrogen
treatments at the 5% level of probability. This was due primarily to the small plot size and high natural
variability between plots. Though not statistically significant, the treatments with the highest marketable
yields were the preplant UAN (no. 2), methylene urea (no. 3) and coated ammonium sulfate (no. 4).
Interestingly, these treatments were also those with the highest fraction of melon weight in the marketable
category, ranging from 78 to 81 %. Correspondingly, the lower yielding split -UAN (no. 1) and coated urea
treatments (no. 5) had the lowest % marketable weights, averaging 57 and 50% respectively. The yield
of marketable melons seemed to reflect cull rates more than total melon production.

The performance of the coated urea product is of special interest. This N treatment resulted in the lowest
number of marketable melons per acre, the lowest marketable weight per acre, the smallest size of
individual marketable melons and the lowest percentage of marketable grade melon weight.

Figure 1 shows the patterns of petiole nitrate concentrations for the six N treatments throughout the
growing season. Control plants had deficient petiole NO3 N levels from the early runner stage through
pre -harvest. This confirmed visual observations of reduced vine growth, and pale, N deficient foliage over
this same time period. Plants within the coated urea plants (no. 5) also showed deficient petiole NO3 N
levels and visual N deficiency symptoms after the fruits reached about 1/2 -size. The lower than average
marketable melon yields in treatments 5 and 6 appears to be the result of simple N deficiency.

The three highest yielding treatments (no.'s 2, 3 and 4) also had the highest petiole NO3 N values at the
early runner stage. The high level of petiole N in the split N treatment (no. 1) at the 3- to 4 -inch melon
stage did not translate into higher marketable yields. These preliminary results suggest that the critical
period for maintenance of petiole NO3 N levels above the 'Warning Zone* (i.e. above 12,000 to 15,000
ppm) occurs between the early runner stage and when melons reach 2 inches in size.

The five N treatments all significantly increased total N uptake by cantaloupe in comparison to the control
(Table 2). However, there was no significant difference in the total N uptake or fertilizer use efficiency in
cantaloupe plants receiving any of the five N treatments, averaging 88.2 lbs. N /acre and 36.3%
respectively.

The seasonal uptake of N by cantaloupe is shown in Table 3 and Figure 2A. In addition, daily N flux for
cantaloupe is shown in Figure 2B. Nitrogen flux is very low between planting and seedling development
but increases rapidly as runners form and melons attain nearly full -size. The accumulation of N after
melons have reached full-size and have begun ripening rapidly approaches zero by the final harvest date.

Honeyloupe The yield of honeyloupe melons was highly variable, making treatment comparisons very
difficult. The average marketable yield was 8.9 tons per acre with only 30% of total melon yield (by
weight) being classed as marketable.

In only one growth parameter was there a statistically significant treatment effect; that being weight of
individual marketable melons (Figure 3).

Again, the plants treated with coated urea (no. 5) produced the lowest number of marketable melons per
acre, the lowest marketable yield per acre and the smallest size of individual marketable melons.
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Figure 4 shows the patterns of petiole nitrate concentrations for the six N treatments throughout the
growing season. Concentrations in control plants and those treated with coated urea were in the
'Warning' or 'Deficient' zones for most of the season. In contrast, there was no appreciable difference
between petiole -N levels in the four remaining treatments.

The split N, Preplant, Nutralene and Coated Ammonium Sulfate treatments (No.'s 1-4 respectively) all
resulted in significantly greater N uptake by honeyloupe than in the Coated Urea or Control plots (Table
4). The Split N treatment also resulted in significantly greater N uptake and fertilizer use efficiency than
all of the slow -release N treatments (119 lbs. N /acre and 65.9% respectively for Treatment No. 1). The
fertilizer use efficiencies achieved using the three slow -release N sources was rather low, ranging from
34.3% for coated Ammonium Sulfate to only 12.7% for honeyloupe treated with Coated Urea.

The seasonal uptake of N by honeyloupe is shown in Table 5 and Figure 5A. In addition, daily N flux for
honeyloupe is shown in Figure 5B. Nitrogen flux is very low between planting and seedling development
but increases rapidly as runners form and melons just begin to form. The uptake of N is temporarily
curtailed as melons begin to grow in size but again increases to high levels after melons have reached
full -size. The honeyloupe vines were considerably more vigorous and vegetative than the more
determinate cantaloupe vines with overall average biomass and N accumulation 39 and 64% higher
respectively for honeyloupe.

Watermelon The growth and yield of watermelon were much more responsive to the various N
treatments than for either cantaloupe or honeyloupe. All parameters for which statistically significant
growth responses were measured are listed in Table 6.

In general, the split -UAN, preplant -UAN and methylene urea treatments (no.'s 1, 2 and 3 respectively) had
the highest marketable yields and the lowest cull rates. None of the treatments had any significant effect
on the size of marketable or cull melons. The plants receiving coated urea (no. 5) resulted in the lowest
yield of marketable melons, the lowest percentage of marketable melons and the fewest number of
marketable melons per acre.

Figure 6 shows the patterns of petiole nitrate concentrations for the six N treatments throughout the
growing season. Concentrations in control plants and those treated with coated urea were below 4000
ppm NO3 N by the early runner stage and beyond. This value is considered the deficiency level in
watermelons and confirms visual observations of reduced vine growth and pale, N- deficient foliage over
this same time period.

The three highest yielding treatments (no.'s 1, 2 and 3) also had the highest petiole NO3 N values during
the period melons were forming. These preliminary results suggest that the critical period for maintenance
of petiole NO3 N levels above the 'Warning Zone' (i.e. above 12,000 to 15,000 ppm) occurs between the
late runner stage and when melons are approaching full size.

There was no significant difference in the total dry matter accumulation or total N uptake by watermelon
receiving any of the six treatments (Table 7). The average N uptake and fertilizer use efficiency in the five
N treated plots were 85.2 lbs. N /acre and 32.9% respectively.

The seasonal N uptake by watermelon is shown in Table 8 and Figure 7A. In addition, daily N flux for
watermelon is shown in Figure 7B. Nitrogen flux is very low between planting and seedling development
but increases rapidly as runners form and melons begin to size. The accumulation of N slows gradually
after melons have reached full -size indicating that watermelon is more determinate in its growth pattern
than honeyloupe but less so than cantaloupe.

44



Summary and Conclusions

Nitrogen treatments including three slow- release fertilizers applied immediately after planting and two
schedules of soluble N fertilizer were made to commercial varieties of cantaloupe, watermelon and
honeyloupe. A system of subsurface drip irrigation employing daily watering was used to precisely supply
the consumptive needs of the crops. This type of water delivery system may have reduced the potential
advantages of using slow - versus fast- release N fertilizers.

In general, the methylene urea treatment was superior to the use of coated (NH2)2SO4 which in turn was
far superior to the coated urea product used. The methylene urea product was effective at supplying
ample amounts of available N early in the season which appeared to be beneficial for cantaloupes. In
addition, it was also the slow -release N source which maintained the highest levels of petiole -N into the
latter portions of the growing season. This appeared to be particularly beneficial for watermelon. The
coated urea product consistently showed the poorest performance. This was probably due to nitrogen
(and perhaps also phosphorus) release rates which were much too slow to provide for adequate plant
nutrition. The daily maximum and minimum soil temperatures for a nearby weather station are presented
in Figure 8.

The data on dry matter accumulation and total N uptake by these three melon cultivars did not show any
particular advantage of soluble -N sources over the slow -release materials, or vice versa Only in the case
of honeyloupe did the Split N treatment (No. 1) significantly improve N uptake compared to the three slow -
release N treatments. Interestingly, the Split N and Preplant N treatments (No.'s 1 and 2) had the highest
numerical values for total N uptake for all three melon types. However, these values were usually not
statistically different at the 5% level of probability from the N uptake in response to the three slow -release
N treatments. Any possible advantage of using split applications of soluble N in promoting total N uptake
in comparison to the slow -release N treatments appeared to be the greatest in the more vegetative
honeyloupe and least in the more determinate cantaloupe.
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Table 1. Soluble and slow- release N fertilizer treatments applied to three melon varieties grown on
a Casa Grande sandy loam at the Maricopa Agricultural Center.

N
Treatment

N
Source Analysis

N Application Schedule Total N
Applied

1 -leaf
5 - 8 inch

Runner Melons

-- ---- -- lbs. N /acre --- - - - ---

1. Split N UAN 32- 0 -0 30 50 20 100
2. Preplant UAN 32- 0-0 100 0 0 100
3. Nutralane Methylene urea 40- 0 -0 100 0 0 100
4. CAS Coated (NH4)2SO4 32- 0 -0 100 0 0 100
5. CU Coated Urea 25 -13 -0 100 0 0 100
6. Control 0 0 0 0

;UAN refers to solution urea -ammonium nitrate.

Table 2. Total dry weight and biomass nitrogen content in cantaloupe receiving six N fertilizer
treatments.

N
Treatment

Dry Matter N Uptake
Vine Rind Seed Total Vine Rind Seed Total

lbs. /acre

1. Split N 1915 2470 514 4900 23.9 48.4 17.4 89.7
2. Preplant 2212 3680 698 6590 23.3 52.6 22.6 98.5
3. Nutralene 1973 2495 516 4985 27.0 43.3 18.5 88.7
4. CAS 1852 2055 424 4330 21.8 46.5 14.3 82.6
5. CU 1281 2603 409 4293 21.0 46.5 13.8 81.4
6. Control 1788 2327 449 4563 18.6 20.5 12.9 51.9

LSD 0.05 884 -- 1142 -- 14.6 -- 19.1

Probability 0.075 0.030 0.13 0.010 0.68 0.008 0.21 0.0047
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Table 3. Seasonal uptake of N in cantaloupe plant tissue at four stages of growth for the Split N
treatment (No. 1).

Growth D.A.P. N Uptake by Cantaloupe
Stage Vine Rind Seed Fruit Total

lbs. /acre

5 -6 leaf 39 3.3 -- -- --- 3.3
1-3' melons 55 24.9 4.7 - 4.7 29.6
2 -6' melons 69 32.1 35.7 35.7 67.8
Final harvest 102 23.9 48.4 17.4 65.8 89.7

Table 4. Total dry weight and biomass nitrogen content in honeyloupe receiving six N fertilizer
treatments.

N
Treatment

Dry Matter N Uptake
Vine Rind Seed Total Vine Rind Seed Total

lbs. /acre

1. Split N 3133 4261 674 8068 43.3 53.2 22.5 119.0
2. Preplant 2777 2730 516 6024 39.1 44.6 17.3 101.0
3. Nutralene 2798 2460 476 5734 41.1 28.6 15.4 85.1

4. CAS 2353 2747 488 5587 37.5 36.3 17.1 90.9
5. CU 2166 1836 351 4353 35.8 22.9 12.8 71.5
6. Control 2067 2710 435 5212 25.7 20.3 14.3 60.3

LSD 0.05 r_ 1521 --- 18.9 -- 23.2
Probability 0.052 0.096 0.18 0.0058 0.40 0.020 0.23 0.0028
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Table 5. Seasonal uptake of N in honeyloupe plant tissue at four stages of growth for the Split N
treatment (No. 1).

Growth D.A.P. N Uptake by Honeyloupe
Stage Vine Rind Seed Fruit Total

lbs. /acre

5 -6 leaf 39 3.3 - -- 5.3
1-3' melons 55 37.2 4.3 - 4.3 41.5
2 -6' melons 69 34.2 19.3 19.3 53.5
Final harvest 102 43.3 53.2 22.4 75.6 118.9

Table 6. Growth and melon yield responses to six N fertilizer treatments by 'Mirage' watermelon.

N
Treatment

Marketable Yield Cull Yield Percent Marketable Yields
Melons Weight Melons Weight Melons Weight

- tons /acre ----------------
1. Split N 6060 45.6 1010 2.4 87 95
2. Preplant 5050 37.6 1520 6.9 77 84
3. Nutralene 5050 30.5 506 1.9 92 93
4. CAS 3030 21.5 3540 18.3 45 51

5. CU 2020 16.2 4550 14.7 31 50
6. Control 4040 25.0 2020 8.9 67 72

LSD 0.05 2176 18.4 1720 9.7 28 33
Probability 0.019 0.045 0.003 0.020 0.004 0.039
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Table 7. Total dry weight and biomass nitrogen content in watermelon receiving six N fertilizer
treatments.

N
Treatment

Dry Matter N Uptake
Vine Rind Seed Total Vine Rind Seed Total

lbs. /acre

1. Split N 2041 3759 234 6034 30.7 59.9 7.5 98.2
2. Preplant 2068 3717 206 5991 31.6 54.4 6.7 92.8
3. Nutralene 1578 2524 192 4294 25.1 34.8 5.7 65.7
4. CAS 1955 3296 194 5445 31.7 40.9 7.2 79.8
5. CU 2331 2436 175 4943 46.9 36.5 6.0 89.5
6. Control 1286 2348 244 3878 20.0 25.8 6.5 52.3

LSD 0.05 1078 11.4 --
Probability 0.38 0.038 0.63 0.16 0.42 0.0005 0.75 0.118

Table 8. Seasonal uptake of N in watermelon plant tissue at four stages of growth for the Split N
treatment (No. 1).

Growth D.A.P. N Uptake by Watermelon
Stage Vine Rind Seed Fruit Total

lbs. /acre

5 -6 leaf 39 5.9 - 5.9
1-3e melons 55 35.3 5.3 5.3 40.6
2 -66 melons 69 32.6 34.7 34.7 67.3
Final harvest 102 30.7 59.9 7.6 67.5 98.2
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