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Drip irrigation and fertigation scheduling for celery production

Project location:
Commercial farms in Monterey, Santa Barbara and Ventura Counties

Project leader:
T. K. Hartz

Department of Vegetable Crops
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Davis, CA 95616
(530) 752-1738

Cooperators:
Warren Bendixen, Farm Advisor, Santa Barbara UCCE
Tom Lockhart, Monterey County Resource Conservation District
Robert Fastenau and Kevin Peterson , Cachuma Resource Conservation District
Commercial celery growers in Monterey, San Benito, Santa Barbara and Ventura
Counties

Objectives:
1) Develop appropriate guidelines for water and N application to drip-irrigated
celery under varying soil and environmental conditions.

2) Disseminate this information to growers , PCA's and consultants involved in
celery production.

Executive summary:
Celery is one of the most heavily fertililized and irrigated vegetable crops grown

in California. In recent years the acreage of celery that is produced with drip irrigation
has grown substantially. While drip irrigation offers the potential of improving water and
N use efficiency, there has been virtually no relevant research on water or N fertility
management of celery under drip irrigation. This project was undertaken to evaluate
current industry practices, and to develop appropriate irrigation and N fertigation
guidelines for drip-irrigated celery.

Field trials were conducted in nine commercial celery fields evaluating current
drip irrigation and N fertigation practices employed by the industry. In each field,
replicated plots of drip tapes of different flow rate were patched into the field system,
some higher than, and some lower than, the flow rate of that system. As each grower
applied his standard management practices, graduated amounts of water, and fertigated
N, were applied in these plots. In-line water meters and tensiometers were installed to



monitor irrigation volume and soil water availability. Soil and crop N status were also
monitored. At harvest mean trimmed weight and the degree of pithiness of marketable
petioles (an important quality parameter) were determined.

The growers differed widely in their management strategies. Seasonal water
application varied from 120-340% of CIMIS reference evapotranspiration, average drip
irrigation frequency from every other day to once a week. None of the growers based
irrigation volume directly on real-time ETo, and at only one site was irrigation delivered
throughout the season in rough proportion to historical ETo. Seasonal N fertigation
varied from 50-378 lb/acre. In 5 fields, reducing drip irrigation volume by up to 20% did
not affect yield. In the other 4 fields, some level of yield reduction was observed when
irrigation volume was reduced below that applied by the grower. However, in most cases
yield reduction was more closely associated with transient water stress caused by
infrequent irrigation rather than insufficient irrigation volume per se. Unacceptable
levels of pithiness of petioles were observed in 3 fields; in 2 of those, irrigation rates
above those applied by the grower reduced the problem. Here, too, the problem appeared
to be more an issue of irrigation frequency than water volume applied.

This project showed that celery growers currently do not derive maximum benefit
from drip irrigation. More attention to field-specific factors such as soil water holding
capacity, the degree of capillary water movement away from the tape, ETo, and the use
of crop coefficients is warranted. In general, more frequent watering, with lower volume

per application, would dramatically improve water use efficiency. Minimizing preplant
and topdressed N, and setting N fertigation programs to reflect actual crop N uptake
pattern would improve N use efficiency.

Methods:
A total of 9 trials were conducted in drip-irrigated commercial celery fields in

Monterey, San Benito, Santa Barbara and Ventura Counties from the spring of 1998 to
the fall of 1999 Table 1). In each field a surface drip irrigation system was installed
several weeks after transplant establishment. Each of the seven cooperating growers
applied his routine management practices to his field regarding drip irrigation scheduling
and N fertility. To observe the effects of higher and lower water and N application rates,
replicated plots of drip tapes of different flow rates were patched into each field system,
some higher than, and some lower than, the flow rates of that system. As the grower
managed a field, graduated amounts of water (and fertigated N) were applied in these
plots. The number of flow rates evaluated per field varied from 3 to 5 (the field flow rate
and 2 to 4 rates bracketing it); these flow rates varied from approximately 40% less than
to 60% more than the field system. Individual plots were 4-5 beds wide and 20-30 ft
long, with all data collected from the inside beds; there were from 3-6 replicate plots of
each flow rate in each field. To determine the relative water distribution uniformity of
the field system the timed output of 12-20 individual emitters per quadrant of each field
was measured.



In-line water meters were installed to accurately monitor irrigation volume; the
meters were read after each irrigation. Tensiometers were installed to monitor soil
moisture in each plot. The instruments were set 10 inches deep, in the plant row. Plant N
status (by petiole N03-N and whole plant total N analysis) was monitored several times
during the season in each field. At harvest, plants were harvested and trimmed by
experienced commercial harvest crews. Average plant whole- and trimmed weight were
recorded, and the plants were scored for the degree of pithiness of the marketable petioles
(a major quality factor). Plants in which two or more petioles on the marketable portion
showed pithiness were scored as defective.

Results:
Waler management

There were vast differences among growers in drip irrigation management
strategies (Table 1). Seasonal water application through the field systems ranged from

120% to 340% of CIMIS reference evapotranspiration (ETo). Drip irrigation was applied
on average once every 4-7 days in most trials; such widely spaced irrigations resulted in
relatively large amounts of cumulative ETo between irrigations. Not surprisingly, when
drip irrigation was applied individual applications were quite heavy, averaging an inch or

more in most trials. Unlike sprinkler irrigation, water applied through a drip system does
not wet the entire soil volume, but rather is concentrated in the bed center; even in

relatively heavy soil, significant leaching of water and N can occur when individual drip
applications exceed approximately 0.7 inches. Such widely spaced irrigations also
resulted at most sites in tensiometer values periodically exceeding 50 cb between
irrigations, even in plots where irrigation volume significantly exceeded ET.. None of
the cooperating growers based irrigation directly on real-time ETo, and only at the
Monterey #2 site was irrigation delivered throughout the season in rough proportion to

historical average ET..

In no field was there any apparent linkage of irrigation volume to crop growth
stage through the use of crop coefficients. Until substantial plant canopy is developed
(typically a month or more after drip installation) irrigation requirement is considerably
less than ETo. Once maximum plant canopy is established irrigation requirement
exceeds ETo (perhaps120-135% of ETo, depending on the distribution uniformity of the
drip system). Ignoring the effects of crop growth stage on irrigation requirement resulted
in excessive early season irrigation at several sites.

The field systems in 6 fields had acceptable water distribution uniformity. In one
problem field (Monterey#1) low operating pressure (< 6PSI) and excessive run length
gave poor uniformity. In another (San Benito), the installation of the submain at the low
end of the field caused unacceptable pressure drop down the drip tubes. In the third
problem field (Monterey #4), rolls of two different flow rates were installed by mistake.
In two of these problem fields the growers brought sprinklers back into the field before
harvest as `rescue' treatments. Surprisingly, in three of the fields with good system
uniformity, the growers also reverted to sprinkler or furrow irrigation before harvest. In
one of these fields (Ventura) an equipment malfunction prevented the grower from
running the drip system for a few days, so a furrow irrigation was substituted. In the



other 2 fields (Santa Barbara #1 and 2) the grower routinely applied one furrow irrigation
about one month after the drip system in installed in order to rewet the entire soil volume;
he believed that the restricted wetting zone that drip irrigation gives in some soil types
needed to be augmented.

Crop yield and quality
Crop response to the varying irrigation rates applied varied widely among fields

(Tables 2 and 3). At 5 of the test sites (Santa Barbara #1 and 3, San Benito, and
Monterey #1 and 4) reducing irrigation volume by at least 20% did not significantly
affect crop yield. In the other 4 fields crop yield was clearly limited by reducing
irrigation volume . However , in most treatments where yield reduction was seen, it
appeared that crop growth restriction was as much a function of the timing and volume of
individual irrigations than the overall volume of water applied , only the driest treatment
at Santa Barbara #1 and both low flow treatments at Monterey #2 received less seasonal
irrigation than seasonal ETo . In all other treatments in which yield was restricted, the
long irrigation intervals resulted in tensiometer readings routinely exceeding 30 cb.
When individual drip irrigations were applied, the volume of water commonly exceeded
the capacity of the soil to hold it . For the relatively light textured soils in the test fields,
anything above 0.5-0.7 inches per irrigation was likely to leach below the top foot of soil,
the primary root zone of celery.

Over-irrigation did not reduce celery yield in any trial, even in treatments where
seasonal drip volume was 200-500 % of seasonal ETo (note the wettest treatments in
Santa Barbara #3, and Monterey #1 and 4 in particular). Treatments with such high
leaching fractions might have been expected to show declining N availability, but two

factors worked to prevent that: 1) fertigated N rate increased proportionately with
increased irrigation volume, and 2) fertigated N was usually injected at the end of an
irrigation run, leaving most of the applied N in the root zone at least until the next

irrigation cycle. It is important to emphasize that such high rates of irrigation do
dramatically increase seasonal N leaching losses, as well as wasting water.

The primary quality factor evaluated was pithiness of petioles, a serious problem
for the celery industry statewide. Although other factors (such as variety, N status) may
play a role, water stress is the primary determinate of the degree of pithiness. Serious
levels of pithiness were present only in 3 of the 9 fields studied (Monterey #1 and 3, and
San Benito); the affected fields were all summer fields, harvested in August or early
September. At San Benito all treatments were seriously affected. At the other two sites
there was a clear trend toward reduced incidence of pithiness with increased irrigation
rate. In all three of these trials, treatments in which seasonal irrigation significantly
exceed seasonal ETo still had unacceptable levels of pithiness, again suggesting that
transient stresses occurred between irrigations, and that individual irrigations exceeded
the water holding capacity of the soil.

Tensiometer readings documented these transient stresses. In all treatments in
which pithiness was a problem, tensiometer readings periodically exceeded 30 centibars
(cb), in some cases reaching >80 cb. Higher flow rate tapes gave a broader wetting



pattern than lower flow tapes. The lower tensiometer readings in the higher flow
treatments indicate that, because of the broader wetting pattern, more water was stored in
the crop root zone from each irrigation; this reduced the degree of crop stress between
irrigations. Although using high flow rate drip tape may be useful, the most reliable way
to reduce these transient water stresses would be to increase irrigation frequency (with
the volume of each irrigation adjusted to the soil water holding capacity). This may
require daily irrigation in worst case conditions (light textured soil, daily ETo > 0.2
inches).

High tensiometer readings (30-80 cb) were also recorded in a number of the other
fields, but significant levels of pithiness did not develop. However, these other fields
were grown under lower ETo conditions, so the water potential of the petioles (the
probable determinate of the degree of pith development) would not have been as low as
in the summer-grown fields where pith was a problem. These results are in agreement
with industry experience; pithiness is usually a serious issue only during summer
conditions, and is more severe in high ETo areas (like the southern Salinas Valley) than
in cooler areas like Guadalupe or Watsonville.

N management
Among the growers willing to share details of their N fertilization program, N

application rates varied widely (Tables 2 and 3). It was a common practice to topdress a
band of fertilizer (in some cases 100 lb N/acre or more) in the center of the bed prior to
the installation of the drip system; the theory behind this technique is that this N would be
carried into the root zone with drip-applied water. However, this technique is inefficient,
since rapid crop.growth (and, correspondingly, rapid N uptake) typically does not occur
for at least a month after drip installation. During that month, sufficient leaching volume
was applied in most of the test fields to have leached a substantial portion of the original
topdressed N. The rate of N fertigation in the test fields was extremely variable, with
seasonal rates ranging from 50 to 378 lb N/acre. These rates appeared to be based
exclusively on grower experience and intuition, rather than any field-specific
characteristics, or on crop or soil monitoring.

The variability in N application was reflected in the radically different tissue N
levels documented. Petiole N03-N at midseason (approximately 4-5 weeks before
harvest) was comfortably above the 4,000 PPM critical level (suggested by UC
publications) in all but two fields. Low N status in the Monterey #1 trial was
understandable, given the high degree of leaching from excess irrigation. In the Santa
Barbara #2 trial relatively little N was fertigated; since the grower employed six
irrigations of 1 inch or more each, significant leaching of topdressed N may have been a
factor in low crop N status at this site as well. Overall, there was no consistent trend
within fields related to irrigation rate and crop N status. Only in Monterey #3 were there
large differences among irrigation treatments in plant N concentration at harvest. The
total above-ground biomass N content at harvest ranged among fields from
approximately 200-270 lb /acre.



Case studies

An in-depth look at several of the trials highlights some of the management
practices that either waste water and N fertilizer, or lead to loss of yield or quality. In the
Santa Barbara #1 trial the grower applied 11.8 inches, including 2 inches by a furrow
irrigation three weeks after the installation of the drip system (a routine practice for this
grower). Irrigation was applied on average only every 5 days, several times going 7-8
days between irrigations. Although the total volume of water applied was clearly
sufficient (144% of seasonal ET,,), such low frequency resulted in significant transient
moisture stress between irrigations. In plots receiving less water than the field rate the
stress was obviously more severe, reducing yield. With individual drip irrigations
averaging 1.3 inches, considerable leaching was undoubtedly occurring, reducing the
amount of `effective' irrigation.

In the Monterey County #2 trial the grower used higher frequency irrigation
(every 3-4 days), generally keeping pace with historical average ET" . However, since
the grower was not specifically tying irrigation volume to current ETo, irrigation fell
behind during two periods of abnormally hot weather (27-33, and 41-48 days after drip
installation, Fig. 1). The effect of these transient stresses can be seen in the trend toward
larger plants, and less pithiness, in plots receiving more water than the field rate.

In the Monterey #3 trial the grower irrigated every other day for the last 5 weeks
of the season, applying 180% of ETo over that period (Fig. 1). Despite that luxuriant
level of irrigation there was still a significant level of pithiness in the field flow plots
(Table 3). The plants receiving the higher irrigation rate had lower levels of pithiness.
This field had relatively light-textured soil, with poor lateral water flow away from the
drip tape. A substantial amount of the applied water was leaching below the main celery
root zone. The main benefit of the higher flow tape was the wider wetting pattern
achieved, which minimized plant stress between irrigations; this effect was documented
by tensiometer readings (Fig. 2). Given these soil conditions and the high daily ETo
(averaging about 0.25 inches), the only efficient way to maximize celery quality without
excessive leaching losses would have been to irrigate daily.

In summary, this project has shown that celery growers currently do not derive
maximum benefit from drip irrigation. In some cases significant amounts of water, and
fertigated N, are wasted; in others, crop quality is compromised. More attention to field-
specific factors such as soil water holding capacity, degree of capillary water movement
away from the drip tape, ETo, and the use of crop coefficients is warranted. In general,
more frequent watering, with lower volume per application, would dramatically improve
water use efficiency. Minimizing preplant and topdressed N, and setting N fertigation
programs to reflect actual crop N uptake pattern would improve N use efficiency.



Outreach activities:

First year results of this study were presented at the American Society of
Agronomy - California Chapter annual meeting in Visalia on January 21, 1999 and at a
grower educational meeting in Guadalupe on February 3, 1999. A trade journal article
(copy enclosed) was prepared and submitted to the Western Farm Press, which was
printed in the May 15, 1999 edition. Final project results were presented at the CDFA
FREP annual meeting in Modesto on November 30, 1999, and at grower educational
meetings in Parker on November 17, 1999 and Salinas on February 25, 2000. The project
final report, and the accompanying `grower guidelines' for drip management of celery
will be provided to the California Celery Research Advisory Board for distribution to
their members. Direct contact with the grower-cooperators also had significant
educational value, considering that they collectively produce more than 4,000 acres of
celery annually.
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Fig. 1. Evapotransiration (ETo) and drip irrigation
applied
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Fig. 2. Average tensiometer readings (cb) recorded in the
Monterey 93 trial
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