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SUBSURFACE DRIP IRRIGATION OF LEAF LETTUCE
AND BROCCOLI I. SPATIAL DISTRIBUTION OF

ROOTS AND SOIL WATER TENSION

Thomas L. Thompson and Kerri L. Maki

Abstract

The objectives of this research were i) to observe the movement of the wetting front in
subsurface drip irrigated lettuce and broccoli, 2) to analyze variability in soil water tension
(SWT) within the profile, and 3) to determine root distributions of subsurface drip irrigated
lettuce and broccoli. Lettuce and broccoli plots at the Maricopa Agricultural Center during
the 1992 -93 and 1993 -94 winter growing seasons were intensively instrumented with automated
tensiometers. During both seasons, there was good agreement between mean daily SWT, and
SWT measured before irrigation. During 1992 -93, the maximum variation in mean SWT
among tensiometers was 2.5 kPa. Among tensiometers within the zone of greatest root density,
the maximum variation was only 1.5 kPa. Therefore, the range of SWT within the lettuce root
zone was small, and tensiometer placement anywhere within the root zone would have been
adequate. During 1993 -94, the maximum variation in mean SWT among tensiometers was 7
kPa. The maximum variation among tensiometers within the zone of greatest root density was
5.3 kPa. The larger variation in mean SWT among tensiometers, compared to lettuce, is due
to the greater water use of broccoli. Tensiometer placement will be more critical for higher
water use crops. During both seasons roots proliferated around the drip tubing. These results
substantiate the assumption that tensiometer placement anywhere within the zone of greatest
root density will be adequate for irrigation scheduling of subsurface drip irrigated crops.

Introduction

Tensiometers are useful for scheduling subsurface drip irrigation (SDI) because i) soil water tension
(SWT) is a direct physical measurement, rather than a derived measurement such as evapotranspiration, ii)
tension is indicative of the energy required for water uptake, iii) tensiometers are easily automated, and iv)
"optimum" soil water tension values for specific crops should be easily transferable among different soil and
(or) climatic conditions (Pier and Doerge, 1995). There are varying approaches to using tensiometers for
scheduling SDI. An "optimum" tension has been defined as a "threshold" value below which plant response is
adversely affected (Sammis, 1980; Levin et al., 1985; Hartz, 1993). An alternative approach is to define an
"optimum" tension as an average tension that corresponds to optimum plant response (Wierenga and Saddiq,
1985; Pier and Doerge, 1995; Thompson and Doerge, 1995). Tensiometer cups are often placed in the zone of
maximum plant root density (Pier and Doerge, 1995; Thompson and Doerge, 1995). Pogue and Pooley (1985)
recommended that tensiometers be placed 30-45 cm from surface drip lines for irrigation scheduling. However,
little research has addressed tensiometer placement for SDI. The objectives of this research were i) to observe
the movement of the wetting front in subsurface drip irrigated lettuce and broccoli, 2) to analyze variability in
SWT within the profile, and 3) to determine root distributions of subsurface drip irrigated lettuce and broccoli.
These results will be applied to the problem of optimum tensiometer placement for SDI.
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Materials and Methods

This research was part of a larger study investigating water and nitrogen (N) interactions with
subsurface drip irrigated vegetables. The experiments were located at the University of Arizona Maricopa
Agricultural Center. The studies were conducted during the 1992 -3 and 1993 -4 winter growing seasons on a
Casa Grande sandy loam [hyperthermic, fine - loamy, mixed, typic Natriargid (reclaimed)]. The crops were leaf
lettuce (Lactuca sativa L. var. Waldmann's Green) during the 1992 -3 season and broccoli (Brassica olearacea
L. var. Claudia) during the 1993 -4 season. Planting was November 10, 1992 and harvesting was March 17,
1993 for 1992 -3. For the 1993 -4 growing season, planting was September 10, 1993 and harvesting was January
20, 1994. Rainfall received between planting and harvest for 1992 -93 was 16.3 cm, and for 1993 -94 was 8.0
cm.

In each season, turbulent -flow drip tubing (Twin -Wall IV, 0.23 m emitter spacing delivering 10'3 L s'
m' at 70 kPa, Chapin Watermatics, Watertown, NY) was buried at a depth of 0.15 m in the center of north-
south oriented beds spaced 1.02 m apart. Each plot was comprised of four beds 12.2 m in length. Irrigations
were scheduled according to target SWTs measured at a depth of 0.3 m adjacent to the trickle tubing daily prior
to irrigation. Irrigations were applied daily except for periods during and just after precipitation.

At the beginning of each season, a pit was excavated at the end of one bed in a plot receiving optimal
water (7.0 kPa target SWT) and N. Nitrogen was applied to the plot in four split applications as urea
ammonium nitrate and ammonium sulfate by a N- injection apparatus, as described by McGee et al. (1995). The
total amounts of N applied were 180 kg ha'' during 1992 -3 and 300 kg ha' during 1993 -4. Soon after planting,
the soil was vertically levelled perpendicular to the row direction to create a trench 1.5 m deep by 2 m wide by
2.5 m long. The soil face was covered with tar and plastic sheeting to hold the soil in place and to create a no-
flow barrier. A steel template was then placed over the layer of tar and plastic to secure the wall of soil and to
provide the holes through which the tensiometers were inserted to ensure proper placement (Fig. 1). The
template was held in place by several wood beams that extended from the opposite wall of the pit, about 2.5 m
away. Tensiometers were installed around the drip tubing at an angle of about 15° from the horizontal. The
tensiometers were placed into the soil so that the middle of each cup was 0.23 m from the soil face and exactly
halfway between two emitters.

For automatic data collection, a pressure transducer (136PC15G3L series, Microswitch, Freeport, IL)
was attached to each tensiometer. Each transducer was individually calibrated according to the procedure
described by Dowd and Williams (1989). The transducers were multiplexed using an AM416 Relay Multiplexer
and wired to a 21x Micrologger (Campbell Scientific Inc., Logan, UT). Readings were averaged every 30
minutes to yield 48 readings per tensiometer per day. Data collection was initiated December 17 and ended
March 27 for the 1992 -3 season. Data were collected for the 1993 -4 season from October 6 to February 11.

After harvest, the tensiometers, template and plastic sheeting were removed and root counts were made
using a modified trench - profile method (Vepraskas and Hoyt, 1988). A 0.1 m by 0.1 m grid was placed, in
intervals, over the entire profile after it was vertically leveled to remove the tar and rinsed with water to
maximize root visibility. Exposed roots were visually enumerated in each 0.0004 mZ cell of the grid. This
method provides a relative estimate of root distributions. To minimize error, the root counts were performed by
the same person each season.

Results and Discussion

Root counts collected at the end of the 1992 -93 season showed that the number of roots declined
noticeably around 50 cm below the soil surface (Fig. 2). The rooting depth of lettuce found in this study was in
agreement with lettuce rooting depths found in previous years in similar studies (T. Thompson, University of
Arizona, unpublished data). The root distribution of broccoli at the end of the 1993 -94 season is presented in
Fig. 3. During both seasons the roots were most abundant around the drip tubing. In these studies,
tensiometers placed nei the drip tubing and 10 -30 cm deep would have been in the zone of highest root
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density. Deeper or shallower placement of the drip tubing will affect root distribution, and the optimum
tensiometer placement.

Seasonal means and standard deviations for SWT during the 1992 -3 season are presented for each
tensiometer in Table 1. The mean SWT for all tensiometers for the monitored portion of the growing season
was 8.02 kPa. The lowest was tensiometer 7 at 6.88 kPa, while the highest was tensiometer 19 at 9.35 kPa.
Therefore, the SWT was fairly uniform throughout this profile. In fact, among the tensiometers within the zone
of highest root density (Nos. 1, 3, 4, 7, 8, 9; Fig. 1), all means were within ± 1.5 kPa. Placement of
tensiometers anywhere within this zone would have been adequate for irrigation scheduling. Table 2 shows
1992 -3 seasonal SWT values using readings from the half -hour period just prior to irrigation (pre- irrigation
readings). The mean (all tensiometers) SWT at noon was 7.71 kPa. The relationship between seasonal mean
and pre - irrigation mean tensions shows that measurement once per day adequately reflected actual daily tension
(Fig. 4).

Seasonal values of SWT for 1993 -4 (through December 27, 1993) are given in Table 3. The average
SWT for all tensiometers was 9.06 kPa, compared to 8.02 kPa for 1992 -3. This difference may be due to the
greater water requirements of broccoli. The 1993 -4 SWT values are noticeably larger at the tensiometers
located furthest from the center of the bed. The average SWT value of tensiometer 6 was only 5.90 kPa,
compared to 10.1 and 10.8 for tensiometers 4 and 8, respectively. At the 39 cm depth, tensiometer 11 had an
average value of 8.40 kPa versus 12.1 and 10.4 for tensiometers 9 and 13, respectively. The variation in SWT
among tensiometers in the zone of highest root density (Nos. 1, 2, 3, 5, 6, 7; Fig. 1) was 5.2 kPa, much higher
than 1992 -93. This is likely due to the higher water requirement, which created a higher gradient in SWT in
the root zone than for lettuce. Seasonal pre -irrigation SWT values for the 1993 -4 season are presented in Table
4. Similar to 1992 -93, a comparison of mean seasonal and pre - irrigation SWTs showed a good relationship
(Fig. 4). The average for the whole profile was 8.53 kPa. Thus, during both seasons the target SWT of 7.0
kPa prior to irrigation at a 30 cm depth was approximated fairly closely.

Figures 5 and 6 show variations in SWT for the five tensiometers located in the center of the bed
during the entire monitored portion of the 1992 -3 growing season. These curves show that SWT values at the
two deepest tensiometers (17 and 19) are quite clearly in response to pulses of water applied. In particular, the
curves for tensiometers 13, 17 and 19 as shown by Fig. 7b are nearly identical. Seasonal average SWT values
at tensiometers 13 and 17 were 7.63 and 7.69, respectively (Table 1).

Conclusions

Placement of tensiometers is an important consideration for management of SDI systems. Intensive
monitoring of soil water tension in subsurface drip irrigated leaf lettuce during the 1992 -93 winter growing
season showed good agreement between mean soil water tension measured all day, and soil water tension
measured before irrigation. Also, the maximum variation in mean SWT among tensiometers was 2.5 kPa.
Among tensiometers within the zone of greatest root density, the maximum variation was only 1.5 kPa. Most
growers who use SWT for irrigation scheduling will use a range of SWT, rather than a single value. The range
of SWT within the lettuce root zone was small, and tensiometer placement anywhere within the root zone would
have been adequate.

Broccoli was grown during 1993 -94. The maximum variation in mean SWT among tensiometers was 7
kPa. However, the maximum variation among tensiometers within the zone of greatest root density was 5.3
kPa. The larger variation in mean SWT among tensiometers, compared to lettuce, are due to the greater water
use of broccoli. Tensiometer placement will be more critical for higher water use crops.
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Table 1. Seasonal values of SWT for 1992 -3 season.

Tensiometer

Standard

Average Deviation Maximum Minimum

kPa

1 7.25 2.16 12.34 0.14

2 8.65 1.62 14.13 1.42

3 7.52 1.60 11.53 2.80

4 8.43 1.33 11.99 3.34

5 7.73 5.10 21.76 1.93

6 7.48 1.54 12.44 2.82

7 6.88 1.51 10.59 -1.44

8 7.23 1.22 9.68 2.07

9 8.15 1.22 10.93 3.30

10 8.30 1.31 13.15 4.87

11 8.66 1.33 11.95 3.91

12 8.87 1.39 12.34 4.79

13 7.63 1.50 10.57 2.69

14 8.31 1.25 10.57 3.34

15 8.74 1.39 13.56 5.32

16 7.42 1.77 11.87 2.02

17 7.60 1.48 11.82 3.49

18 8.19 1.86 12.77 1.30

19 9.35 1.60 13.29 3.70
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Table 2. Seasonal values of SWT prior to irrigation for
1992 -3 season.

Tensiometer Average Standard Deviation

kPa

1 8.27 2.14

2 8.09 1.45

3 7.57 1.70

4 8.60 1.42

5 7.01 5.13

6 6.40 1.42

7 6.21 1.14

8 7.46 1.19

9 8.18 1.19

10 8.05 1.19

11 8.01 1.15

12 8.50 1.24

13 7.31 1.64

14 8.14 1.16

15 8.30 1.16

16 7.29 1.78

17 6.99 1.32

18 7.67 1.78

19 8.50 1.59
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Table 3. Seasonal values of SWT for 1993 -4 season.

Tensiometer

Standard

Average Deviation Maximum Minimum

kPa

1 10.51 4.24 25.35 0.44

2 5.22 2.85 19.61 -0.89

3 9.79 3.30 23.01 0.59

4 10.10 3.15 16.77 0.25

5 7.40 3.10 16.83 -2.41

6 5.90 2.27 13.01 -0.35

7 8.18 2.74 14.82 0.04

8 10.79 4.17 20.45 -0.75

9 12.12 2.47 18.77 2.68

10 8.38 2.74 16.12 0.22

11 8.40 2.62 16.27 1.12

12 9.25 2.65 16.49 1.11

13 10.39 2.87 17.19 0.83

14 9.95 2.89 17.31 -0.08

15 7.23 3.08 15.55 -0.84

16 8.75 3.14 17.07 -0.07

17 10.45 2.81 17.78 1.50

18 10.31 2.71 17.71 1.08
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Table 4. Seasonal values of SWT readings prior to
irrigation for 1993 -4 season.

Tensiometer Average Standard Deviation

kPa

1 9.31 3.50

2 7.20 2.35

3 10.10 3.12

4 8.38 2.49

5 6.97 2.34

6 6.69 1.90

7 7.56 2.34

8 8.83 3.48

9 11.63 2.17

10 7.30 2.66

11 8.05 2.12

12 8.93 2.24

13 9.81 2.42

14 9.32 2.90

15 5.78 2.60

16 8.31 2.50

17 9.83 2.43

18 9.54 2.02
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Figure 1. Location of tensiometer cups during 1992 -93
season (top) and 1993 -94 season (bottom)
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