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Optimizing Nitrogen and Water Inputs
for Trickle Irrigated Watermelon

LW. Pier, T.A. Doerge and T. McCreary

Abstract

Rising water costs and concern for groundwater contamination are driving
growers to improve irrigation and fertilization efficiency. A tentative Best
Management Practice (BMP) for nitrogen fertilization of watermelon, a high
water and nitrogen fertilizer use crop, has been developed, but needs further field
verification. Information from tensiometers is used to schedule irrigations and
watermelon petiole nitrate levels at critical growth stages are used to recommend
rates of nitrogen fertilizer to apply with the objective of producing economic
yields while limiting conditions which favor nitrate leaching to groundwater. In
1991, a field experiment consisting of a complete 3x4 factorial arrangement of
soil moisture tensions, -12, -7 and -4 kPa, and 60, 214 315 and 500 kg N/ha,
respectively, applied through a subsurface trickle irrigation system to watermelon
was conducted on a Casa Grande sandy loam at the Maricopa Agricultural
Center. Petioles were sampled from the youngest mature leaf beginning at the
3 -4 leaf stage and then at major growth stages until first harvest. Harvested
melons were weighed and soluble solids, dry matter and N uptake were
determined on two representative melons from each experimental unit. An
estimate of vine dry matter and N uptake was also determined. Soil samples
were taken at 30 cm depth intervals to 1.2 m and analyzed for extractable N. A
trench profile method was used to determine root distribution patterns for the
three soil moisture treatments receiving optimum N. Petiole nitrate levels were
highly responsive to N fertilizer treatments and accurately quantified visual
observations of crop N status. Petiole nitrate results also indicated that the
preliminary tissue nitrate test was adequate in assisting with a nitrogen
management program though minor modifications were necessary. Marketable
yield showed a tension x N interaction with a ridge of maximum yield occurring
from high soil water tension and low N to low soil water tension and high N
with yield reductions on either side of the ridge. Yield estimates along the ridge
ranged from 101 Mg/ha (45.4 ton /ac) at -8 kPa tension and 280 kg N/ha to 105
Mg/ha (47.3 ton /ac) at -4.4 kPa tension and 376 kg N/ha. A cost return
analysis determined that maximum economic returns were $12,059/ha when 311
kg N/ha were applied in conjunction with -6 kPa soil tension (145 cm water).
Unaccounted for N, as determined by an N balance method indicated large
amounts of N were unaccounted for when high rates of N were applied under
wet soil conditions. N loss was concluded to be due to either leaching and /or
denitrification under these conditions.
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Introduction

Arizona watermelon production has increased dramatically since 1980 with a total value of over $ 10 million in
1987, Figure 1. The rise in production can be attributed to increased yield since harvested area has not increased
since 1950, Figure 2. Arizona, along with
California, has shown superior
watermelon yield when compared to other 68 - Production Value
states with significant watermelon
production. Arizona's exceptional
watermelon yield is due to irrigation
which occurs on 100% of watermelon
harvested area (Allred and Lucier, 1990). qg

The majority of Arizona watermelon
acreage is furrow irrigated. Watermelons
are best grown on light soils with high
inputs of nitrogen fertilizers. The
combination of these factors leads to a
high risk of nitrate pollution of ground
waters as well as increased production
costs due to inefficient utilization of
inputs. Improved watermelon production
methods are necessary in order to
increase efficiency of water and nitrogen
inputs.

Sub -surface trickle irrigation permits low
volume, high frequency irrigation under
low pressure. Application efficiencies for
trickle irrigation can exceed 90% as
compared with furrow irrigation which has
efficiencies normally in the range of 50-
60% (James, 1988). Frequent, light
irrigations which equal the evapo-
transpirative demand of the crop can
reduce deep percolation in light textured
soils while providing adequate moisture
for crop growth. Buried trickle tubing
also allows for more flexible field
operations.

Liquid fertilizers, such as urea
ammonium - nitrate and phosphoric acid,
are easily injected into trickle systems
where they are applied directly into the
highest concentration of crop roots.
Frequent irrigations allow several split
applications of fertilizer to be applied to
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Figure 1. Arizona watermelon production and total value, 1950-
1987. Source: The US Watermelon Industry", USDA -

ERS, 1990.
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Figure 2. Arizona watermelon harvested area and yield, 1950 -1987.
Source: "The US Watermelon Industry', USDA -ERS
1990.
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match crop nutrient uptake thereby minimizing leaching of nutrients beyond crop roots. The drawbacks of trickle
irrigation are cost of materials and need for high level management. However, for a high value crop such as
watermelon one can recover the investment cost of a trickle system in a short time period.

The objectives of this study were: 1) to validate Guidance Practices (GP) for Arizona watermelon production
under subsurface trickle irrigation through use of: a) plant tissue testing as an aid to N fertilization and; b)
tensiometers to assist in irrigation scheduling; 2) to use N balance to determine the magnitude of N lost from
the crop system for the different N and soil water treatments.

Materials and Methods

In 1991, a field experiment consisting of a complete 3x4 factorial arrangement with four replicates of soil
moisture tension and N applied through a subsurface trickle irrigation system to Mirage watermelon was
conducted at the Maricopa Agricultural Center in southern Arizona. N was applied in 5 split applications as urea
ammonium- nitrate (32% N) according to preliminary tissue test guidelines found in Doerge et al. (1991) to arrive
at an optimum rate of N application. The other N application rates were calculated to be deficient, adequate
and excessive according to the recommendations of the preliminary guidelines, Table I.

Table I Preliminary recommendations and N fertilization schedule for 1991 Maricopa watermelon study.

Preliminary Recommendations Nitrogen Treatments
kg N Applied / ha

Growth Stage Petiole or Soil N to Apply Deficient Optimum Adequate Excessive
NO3 -N ppm kg /ha

Pre -Plant < 10 (Soil) 50 0 56 75 125

3-4 Leaves 4,000 - 12,000 30 - 55 30 30 50 80
< 4,000 55 - 85

Early Runner 4,000 - 14,000 55 - 85 30 80 120 200
< 4,000 85 - 110

2" Melons 4,000 - 9,000 0 - 45 0 22 30 45

< 4,000 45 - 65

Full-Size 4,000 - 6,000 0 - 20 0 28 40 50
Melons < 4,000 20 - 35

Total N
Applied

216 315 500

A soil moisture release curve for the soil in the experimental area was examined to determine the optimum soil
moisture tension. Optimum moisture tension was chosen to satisfy a 30% maximum allowable depletion.
Excessive and deficient soil moisture treatments were chosen to bracket the optimum tension by ± 25% of the
corresponding volumetric water content. Individual plots consisted of 15.4 m of row with a 10 m harvest area
and 2 m inter -row spacing.

Sudangrass was planted, flood irrigated, harvested and removed from the field prior to the commencement of
the watermelon experiment. The sudangrass served to reduce residual soil nitrogen from previous N fertility
experiments. The ammonium -N and nitrate -N levels in the surface 30 cm of soil was 0.4 ppm NH, -N and 5.0
ppm NO3 -N . Drip tubing (Twin Wall IV, 0.5 gal /min /100 ft, Chapin Watermatics) was injected below the seed
line at a depth of 20 cm on the south side of the east -west oriented melon beds using a commercial melon bed
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shaper. On 9 April, seeds were hand planted every 30 cm within rows and thinned to one plant every 60 cm for
a plant population of 8334 plants /ha.

Following planting, tensiometers were installed at 30 and 60 cm depths in the optimum nitrogen (N2) treatment
for the three water rates. In addition, 6 of the tensiometers in one block were modified to accommodate
pressure transducers. The transducers were connected to a Campbell 21X Data Logger and tensions were
recorded at half -hour intervals. Tensiometer readings were manually taken in the early morning prior to the
daily irrigation events each weekday. All plots were watered uniformly for an establishment period of 50 days
after planting. Water treatments on 17 May when the plants were at the early runner stage. Daily water
application depths were calculated to match the previous days evapotranspiration (ET) and anticipate future
changes in ET.

Five bee hives were placed in close proximity to the experiment prior to flowering to insure uniform, early
pollination. Petioles were sampled from the newest fully developed leaf at five critical growth stages beginning
at early runner stage through peak harvest. Nitrate was determined using anion chromatography (HPLC).
Phosphorus was supplied uniformly to all treatments as phosphoric acid through the drip system at the rate of
69 kg P /ha (150 lbs P203 /acre). Nematicide was applied through the drip system 44 days after planting to
prevent root knot nematode which had been detected in the field in previous years.

At the end of the growing season, three trenches were excavated to 2 m depth perpendicular to the long axes
of three optimum N plots for each soil moisture tension treatment. A 10 cm grid was mapped on the profile
face and root hairs were counted for each 100 cm' grid area in order to determine root distribution patterns.

Soil samples were taken at the end of the season using a tractor mounted hydraulic drill and a 1.5 m King tube.
Soil samples were taken at three random locations within the harvest area of each plot at the tubing and 20 cm
laterally from the trickle tube. Soil samples for each depth increment were bulked, thoroughly mixed and a sub -
sample was taken for analysis of extractable NH4-N and NO3 -N by colorimetry and anion chromatography,
respectively. Total residual NH, -N and NO3 -N in each plot was estimated by summing the N measured in each
depth increment.

There were six harvests from July 16 to August 2. Watermelons were harvested and weighed when ripe.
Damaged or non -marketable melons were culled throughout the season. Two representative melons from each
experimental unit were set aside for the determination of soluble solids, dry matter accumulation and N uptake.
Vine samples were taken at the end of the season from a 1.2 m x 2.0 m area within each experimental unit for
determination of dry matter and N uptake. Total plant N was calculated as the sum of N contained in the vine
plus melon tissues. A partial N mass balance was developed in which unaccounted for N (ie. loss) was calculated
as shown in Equation 1.

Unaccounted for N = Fertilizer N - (Soil N + Plant N + (Control plot Plant N + Soil N)) (1)
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Results and Discussion

Average soil moisture tensions over the growing season at 30 cm depth were -17.2 ± 10 , -6.5 ± .65 and -4.4
± .85 kPa for the dry, optimum and wet treatments, respectively, Figure 3. Data from modified tensiometers
indicated that the wetting front seldom reached the 60 cm depth for the dry treatment. Assuming the root zone
of watermelon extends no further than 60 cm depth, it is
possible that inadequate irrigation occurred in the dry so

treatment with concomitant salt accumulation in the root
zone. The soil was moist at 60 cm for the optimum treatment 40

but drier than at 30 cm indicating minimal leaching of applied
water. Soil moisture at 30 and 60 cm depths was either the a.

same or wetter for 60 cm than 30 cm for the wet treatment.
It is likely that deep percolation beyond the root zone ¡

20
occurred often in the wet treatment. .o

Petiole NO3 -N concentrations were high early in the season
and decreased until peak harvest, Figures 4a -c. The deficient 2 4a se CI ro n ew 91 ae 105 112 119
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Figure 4. Watermelon petiole NO3 -N concentrations
during growing season for: a) dry ;
b) optimum and; c) wet soil moisture.
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Figure 3. Soil moisture tensions at 30 cm
depth.

season due to no at -plant fertilizer N applied.
Petiole NO3 -N concentrations increased sharply
following N application at the 3-4 leaf stage in the
deficient treatment. This was probably due
storage of N in petiole tissue with retarded
growth due to nutritional stress. NO3 -N

concentrations decreased as soil moisture
increased. Optimum tension could favor rapid
vine growth creating a strong sink for petiole NO3-
N. It is possible that N lost by leaching and
denitrification under low tension could have
reduced N in the root zone and reduced N uptake
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Growth Stages of Watermelon

Figure S. Revised tissue test
guidelines for watermelon.



was reflected by lower levels of petiole NO3 -N. Examination of the petiole results called for a minor correction

in the tissue test guidelines for watermelon, Figure 5.

Watermelon roots were found in high density
and in close proximity to the drip irrigation
tubing for the dry treatment, Figure 6a. A lower
density and wider distribution of roots were
observed for the optimum moisture treatment as
compared with the dry treatment, Figure 6b. A
high density of roots were found over a broad
area for the wet treatment, Figure 6c.
Regardless of water treatment, watermelon roots
were not found in great numbers beyond 45 cm
radius from the trickle tubing. Bhella (1988) also
noted aggregation of watermelon roots in the
vicinity of trickle emitters. Dry soil conditions
might restrict root development thereby
explaining the root distribution pattern observed
in the dry treatment. This might also explain why
there were fewer but more extensive roots in the
optimum moisture treatment as ideal soil
moisture tension for root development covered a
larger cross -sectional area in this treatment. One
possible explanation for the large number of
roots found in the wet treatment is that
anaerobic conditions occurred throughout the
root zone resulting in a reduction in the ability of
the roots to take up water. The plant then
compensates by producing more roots to meet
the water requirements of the plant.
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Figure 6. Watermelon root distributions in relation to
trickle tubing for: a) dry, b) optimum and
c) wet treatments. Tubing is at 0 cm depth and
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Extractable soil NO3 -N
decreased with
increasing soil
moisture, Figure 7a -c.
The majority of NO3 -N
was found to be in the
top 60 cm for all
treatments. NO, -N was
found to accumulate
below 60 cm for the
dry and optimum
treatment when
adequate or excessive
N was applied. Low



values of NO, -N were found for the wet
treatment. Overall, increasing rates of to
applied N displayed increasing
concentrations of soil NO, -N. There 0 too
was no effect of soil moisture or N
fertilizer treatments on soil NH, -N
concentrations. Infrequent deep
percolation occurred in the dry V so
treatment. This may account for the
majority of the soil NO3-N above 60 cm } 70
for the dry treatment whereas NO3-N
concentrations increased below 60 cm
for the optimum treatment. The low
levels of NO, -N in the wet treatment
could be due to leaching below 1.2 m
depth or denitrification due to anaerobic
conditions. Volz et al. (1976) observed
an enhancement of NO, -N loss due to
the presence of plant roots and moist
soil conditions.
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Figure 8. Marketable watermelon yield.
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Marketable yield showed a strong water x N interaction with a ridge of maximum yield running from high soil
water tension and low nitrogen to low soil water tension and high nitrogen with yield reductions on either side
of the ridge, Figure 8. Yield reductions occurring under dry soil and high N could be explained by crop injury
due to salt buildup in the root zone. N loss due to leaching and /or denitrification might explain the yield loss
under wet soil moisture and low N. The average yield of 93 Mg /ha observed in this study was nearly 3 times
the average watermelon yield for Arizona. Number of melons /ha, though not significant at the a = 0.05 level
(p = 0.054), was greater under moist soil conditions with N fertilization rates having little effect. Average melon
weight was not significantly effected by water and N treatments (p = 0.177) but a trend towards larger melons
was noticed for the optimum moisture and N treatments. There was no effect of treatment on total soluble
solids. The average brix of the watermelon flesh was 11.4 %.

A simplified cost vs. return analysis of the yield data was conducted, assuming water cost of á4O5 /ha -m, an N
cost of $035/kg N and a melon price of
á0.l1 /kg. This analysis indicated that
maximum economic return occurred
when water and nitrogen inputs were
approximately -6 kPa (145 cm water)
and 311 kg N /ha, Figure 9.
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Figure 9. Cost vs. Return analysis.
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Total soil N to a depth of 1.2 m
represented approximately one -third of
the total N accounted for, Figure 10. As
stated earlier, soil N was low for low
applied N and high water increasing
with increasing applied N and
decreasing soil moisture. Plant N
comprised the remaining two- thirds of N
accounted for with a response to
treatment similar to that of soil N,
Figure 11. Unaccounted for N was
greatest for high applied N and wet soil
conditions reaching nearly 400 kg N /ha
unaccounted for, Figure 12. N was
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Figure 11. Total plant N.Figure 10. Total soil N to a depth of 1.2 m.

over -accounted for under dry soil moisture and optimum N. Over- accounting of N never exceeded -129 kg N /ha
and could be explained by errors in soil and plant sampling methodologies. If a soil sample was taken where
salts had accumulated, then large concentrations of N could be observed. The assumption was made that N
concentrations were homogeneous in each 30 cm depth increment and this would not be valid for narrow bands
of salt accumulation. Another factor could be mineralization of organic N adding to the N balance. N
mineralization was assumed to be negligible since there was little organic matter present in this soil.

c 300
z

200
Z
0 100
At

0

ou.,
-4-

romar, `/' 00315 5

60 :peo
16

N I

Figure 12 Unaccounted for N.
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Conclusions

Use of sub -surface trickle irrigation in conjunction with tensiometers and in season plant tissue testing can
facilitate attaining increased watermelon yields while decreasing losses of water and N inputs to deep
percolation and denitrification. Results of this study indicated although a watermelon of 111 Mg/ha (49.5
ton /acre) was achievable using 175 cm of water in conjunction with 216 kg N/ha, equally good yields were
obtained with only 115 cm of water and the same quantity of nitrogen. A simplified cost /return analysis
indicated that over -irrigation and -fertilization were not cost effective. Optimum economic return of
$12,059/ha resulted at a water cost of $590/ha and an N cost of $109/ha (corresponding to 145 cm water and
311 kg N/ha, respectively). If one did not balance water and N inputs then substantial yield reductions could
occur. More importantly, if one over -fertilizes and over -irrigates, which is more often the case in furrow
irrigated watermelon, then large losses of N can occur due to leaching and denitrification. Denitrification
losses are economic losses to the farmer but leaching losses, if unabated, will lead to nitrate pollution of
groundwater. Use of improved irrigation techniques such as trickle irrigation in conjunction with plant tissue
analysis are effective means for improving vegetable yield while minimizing the potential for environmental
damage.
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