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Abstract 
 
An irrigation control system based on soil moisture tension (SMT) for potted plants was 
able to reduce the amount of water used to produce commercially acceptable crops. This 
system was adapted for use on plants growing in ground beds for cut flower production. 
Since this type of system reduces the amount of water applied, the possibility of a 
detrimental effect on flower quality was tested.  
The irrigation control system consisted of tensiometers, modified with high flow ceramic 
tips and pressure transducers, an analog-digital signal converter, a computer, and custom 
written software. The system continuously monitored the moisture condition of the soil, 
initiated irrigation when the soil dried to a specific level, and turned off the water when an 
adequate amount was applied.  
When the system was installed in a commercial greenhouse of Rosa hybrida L. ‘Kardinal’ 
plants, water use in the test area was 26% less than the amount applied by the grower. 
Productivity (stems harvested@m-2) was 66% greater in the test area. Flowers harvested 
from the test plants were not lower in quality than those from the grower irrigated 
controls. In fact, except for the initial harvest, the flowers from the test area were 
significantly longer (up to 8 cm) than those from the grower’s area. An additional harvest, 
71 days after the irrigation control system was removed, showed no differences in stem 
length. 
The use of this irrigation control system can reduce both water and fertilizer usage when a 
liquid feed program is utilized. Increases in productivity and quality can result in 
significant increases in profitability for commercial producers. 
  
1. Introduction 
 
 Irrigation practices in greenhouse cut-flower production are receiving considerable 
scrutiny throughout the world. Much of this is due to the recognition that excess irrigation 
causes nutrient-laden runoff and is resulting in high levels of nitrates and other fertilizers 
in the environment and drinking water supply. Dealing with these issues has resulted in 
changes in irrigation management including the capture or containment and reuse of 
runoff (recycling), improving the placement of the applied water (e.g., drip irrigation), or 
more precise control of the application of water (duration and frequency). 
 In a study in Watsonville, CA, Tjosvold and Schulbach (1991) examined 
alternative approaches to scheduling irrigation on cut flower crops and monitored 
moisture tensions using conventional tensiometers. They reported that growers typically 
irrigate too infrequently and when they do, too much water is usually applied. This study 
also showed that tensiometers can be useful tools in cut-flower rose production. Using 
tensiometers to schedule irrigation in cut-flowers has been tried in the past (Marsh et al., 
1962; Plaut et al., 1976), however, very few growers are using these instruments in the 
production of these crops. 
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 The major reason for this is that until very recently, only conventional 
tensiometers, suitable for use in irrigating orchard, field crops, and turf in field soils have 
been available. These devices require frequent maintenance and use is generally restricted 
to determining when irrigation is needed. Burger and Paul (1987) described a tensiometer 
which was customized for the porous substrates used in greenhouse and nursery 
production which is capable of responding quickly to changes in moisture status. Kiehl et 
al. (1992) have found that optimal production of container-grown plants occurs if tensions 
are kept between 1 and 5 kPa. So, the field tensiometer gauges are virtually useless. Plaut 
et al. (1976) found that tensions below 6 kPa resulted in optimal rose crop production. 
Lower and upper set-points of 1 and 5 kPa, respectively, have been found to yield 
excellent results for potted plants growing in UC mix, (Kiehl et al., 1992) and roses 
grown in beds for cut flower production (Oki et al., 1995).     
 Past research on the irrigation of plants grown in highly-amended growing media 
typically used in greenhouse and nursery production has demonstrated the feasibility of 
using soil moisture sensing equipment to assist in decision making. Lieth and Burger 
(1989) found that commercially-acceptable container-grown plants could be grown with 
substantially less water than had previously been thought possible and adapted the system 
for commercial potted plant production (Lieth, 1990; Lieth et al., 1990). The use of this 
system has resulted in significant reductions in run-off (70-90%) without sacrificing crop 
quality. This paper presents further adaptations of this system for use in irrigating roses 
grown in beds for cut flower production. 
 The purpose of these experiments is to test the hypothesis that while soil moisture 
tension (SMT) based irrigation can precisely control the application of water to cut flower 
roses, it does not reduce the quality (stem length) of the flowers harvested from these 
plants. 
 
2. Materials and methods 
 
 2.1. Watsonville Site 
 
 Watsonville Nursery, a rose grower in Watsonville, CA, was the site for testing 
the system. This grower used the field version of the Irrometers as an aid to irrigation 
management and had staff to regularly sample and test soil and water. The planting beds 
at this nursery were constructed by the grower by excavating a trench approximately 45 
cm. deep and 1 m. wide the length of the greenhouse. The bottom of the trench was cut 
into a “V” and drain tile installed. Pea gravel was used to cover the tile. The excavated 
soil was amended with redwood sawdust (approximately 2:1 v/v) and returned to the 
trench. 
 One house of a greenhouse range planted with Rosa hybrida L. 'Kardinal' (grafted 
onto R. manetti rootstock) was selected as the site for the experimentation. The plants on 
one side of the center aisle were irrigated by the grower. The plants on the opposite side 
were irrigated based on moisture tension. Water for irrigation was supplied to a section 
through a single valve. Both sections consisted of five beds of plants, 1m × 43.3m on the 
growers side and 1m × 37.2m in the test area. 
 The irrigation system developed by Lieth and Burger (1989) for potted plants was 
adapted for use in cut-flower production (Figure 1). Tensiometers from Irrometer 
Corporation (Riverside, CA), equipped with a "high flow" ceramic porous cup, were 
modified by attaching a pressure transducer (Microswitch, Minneapolis, MN) to the 
tensiometer in place of the vacuum gauge. Earlier tests of the modified tensiometers have 
demonstrated that they respond significantly better than the standard field tensiometers 
and can be used in controlling automated irrigation systems. 
 Three tensiometers of different lengths were installed in one bed in each section. 
A tensiometer developed by Burger and Paul (1987) was set to monitor the soil moisture 
at a depth of 5 cm. and modified Irrometers were placed to monitor at depths of 24 and 40 
cm. Control of irrigation by the soil moisture tension-based system was initiated on 
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September 1, 1994. A tensiometer at a depth of 24 cm. was used as the control point. 
 The grower required that the system water only at times when it would not 
interfere with other irrigation and never after 5:00 p.m. to avoid potential problems with 
high humidity in the late afternoon and early evening. As a result, the software used was 
modified to irrigate only in a specific "irrigation window" from 6:00 a.m. to 7:00 a.m. 
each morning to enable the automated irrigation system to perform without any human 
interaction. Within this time frame, the system was configured to begin irrigation when a 
soil moisture tension of 5 kPa was reached and continue to irrigate until either a 
maximum on-time of 10 minutes had elapsed or a tension of 1 kPa was attained. 
 Data recorded included the soil moisture tensions at the three depths in both 
sections and were logged electronically at half-hour intervals. Air temperature and light 
levels were also recorded for use in diagnosing problems and to document any unusual 
stresses. Water meters were installed at each solenoid valve to quantify the total amount 
of water applied in each treatment. The harvested shoots were counted daily in one bed of 
each section and noted on a tally sheet by the harvesters. 
 On seven occasions, the quality of the roses produced was checked by taking ten 
random samples of flowers harvested from each bed (50 flowers total) and measuring the 
length of each stem. Six of the observations were taken while the test system was 
controlling the irrigation. The seventh set of data was taken on August 4, 1995, 71 days 
after the test system was removed and control of irrigation was returned to the grower on 
May 25th. 
 
 2.2. Richmond Site 
 
 A second study was set up in a greenhouse at Ninomiya Nursery (Richmond, CA) 
where soil had been amended with 10 - 15cm. of redwood shavings and tilled to a depth 
of 30 - 40 cm. The entire ground area between greenhouse posts was amended and beds 
were not defined. Drain tile had been previously installed in gravel at a depth of 75 - 90 
cm. 
 Two nearly identical production blocks of the variety ‘Mahalia’ grafted onto R. 
odorata rootstocks were selected. Each block of seven beds was split into two zones, each 
zone irrigated by separate valves. Both valves of one of the blocks were on SMT-based 
irrigation (test). The valves of the other block (control) were controlled by the grower 
using their normal irrigation management practices. The tension-based irrigation and 
monitoring equipment was installed on April 1, 1996 in a manner similar to that in 
Watsonville and was in continuous operation until April 4, 1997. Since two valves 
controlled the irrigation in the test area, a second tensiometer at 24cm. depth was required 
to control irrigation through the second valve. Meters to measure water volume were not 
installed. 
 Flower production of the rose crop was monitored by the grower (harvester) by 
recording the quantity of flowers harvested daily out of each of five beds in each block. 
The flowers harvested from the beds on the margins of the blocks are not counted. On 
four dates, the length and fresh weight of randomly selected flowers harvested from each 
of the ten beds were determined. The grower began taking production counts in 
September and October of 1995 prior to the start of tension-based irrigations which were 
initiated on April 1, 1996. It should be noted that the grower changed production practices 
at the beginning of April 1996 utilizing a rose production technique called “bending”. The 
experiment continued through April 4, 1997. 
 
3. Results 
 
 At the Watsonville site, irrigation based on soil moisture tension during the test 
period applied 26% less water than in the grower-controlled area (Table 1). The 
productivity (number of stems harvested per m2) from the test area was 67% greater than 
from the control area.  
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 The flowers harvested from the plants irrigated based on soil moisture tension had 
stems that were not significantly shorter (of less quality) than those harvested from the 
grower irrigated plants (Figure 2). In fact, except for the February 6 harvest, stem lengths 
of flowers from the test area were significantly longer (Student’s t-test, P<0.05) than 
those from the grower controlled area. Differences of over 8 cm occurred in the flowers 
harvested on May 3. On August 4, 71 days after the automated irrigation system was 
removed and the control of irrigation was returned to the grower, stems harvested from 
the test and grower sections showed no difference in stem length. 
 At the Richmond site, there were no differences in either the productivity or the 
quality of the flowers harvested between the test and control areas (data not shown). 
 
4. Discussion 
 
 4.1. Watsonville site 
 
 An advantage of irrigating based on soil moisture tension is a decrease in the 
quantity of water that is applied to the crop (Oki et al., 1995; Lieth and Burger, 1989). 
This was also the case at this site (Table 1). The tension-based irrigation system applied 
26% less water than the grower applied. An undesirable effect of using this system, then, 
may be a decrease in flower quality since less water is delivered to the plants. However, 
the hypothesis that automated irrigation based on soil moisture tension would result in 
roses of quality equal to those produced when the irrigation was scheduled by the grower 
was sustained by the results of the Watsonville study. 
 The stem lengths of flowers harvested from the test area were not shorter than 
those from the grower controlled area and, except for the harvest on February 6, were 
actually significantly longer (Figure 2). This supports another hypothesis that irrigating 
based on soil moisture tension increases the quality of flowers compared to those 
produced when irrigation is managed by the grower. The lack of difference in the stem 
lengths of flowers harvested after the automated irrigation system was removed is 
additional support that this effect was a result of the system. These results are consistent 
with those from potted chrysanthemum (Lieth and Burger, 1989). That is, even though 
water use is reduced, there is no reduction in product quality. 
 
 4.2. Richmond site 
 
 The lack of differences in productivity and flower quality at this site, although not 
desirable, are justifiable. The native soil at the Richmond site is defined as a clay loam to 
20cm. depth and silty clay loam subsurface layer down to 90cm. (Welch, 1977). The 
Watsonville site soil is a loam to 30 cm. with a 15 cm. thick sandy loam subsurface layer 
(Bowman and Estrada, 1980). Even though the soils at both sites were amended with 
organic matter, much of the water-holding characteristics of the native soils were retained. 
At similar tensions, the clay soil of the Richmond site retains a greater amount of water 
than the loam and sandy loam soil of Watsonville (Brady, 1999). Irrigation based on soil 
moisture tension was beneficial at the Watsonville site because of the water release 
properties of the loamy soil. The lack of an effect of tension-based irrigation at the 
Richmond site suggests that the tension set points selected were too low and perhaps 
greater set point values need to be used in soils with high clay content. 
 
5. Conclusion 
 
 The soil moisture tension-based irrigation system is able to conserve water by 
precisely controlling not only when irrigation is initiated, but also how much water is 
applied. The increased productivity at the Watsonville site may be a result of the system 
to maintain a relatively constant soil moisture condition and avoidance of stresses due to 
either low or high water content. In a review of methods to measure plant water status, 
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Hsiao (1990) stated that stem elongation rate is the growth process that is the most 
sensitive to water stress. This process is directly linked to rose quality. Irrigation based on 
moisture tension maintains water content in the soil between 1 and 5 kPa (Oki et al., 
1995; Lieth and Burger, 1989), which results in water that is easily available, reducing 
plant water stress. The lack of water stress results in consistently high stem elongation 
rates and longer stems. 
 The avoidance of stresses may be due to several reasons associated with a constant 
high, but unsaturated, substrate moisture content including: constantly adequate supply of 
water and air, high unsaturated hydraulic conductivity, low salinity. 
 Work is in progress to determine the relationship between soil moisture tension 
and stem elongation rates. 
 Increasing the quality of flowers is important in an industry that is impacted by 
competition from imports, increasing production costs, and a commodity-like pricing 
structure. Soil moisture tension based irrigation can decrease production costs and 
simultaneously increase product quality. This results in greater economic returns for 
growers while simultaneously reduces impacts on the environment. 
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Tables 
 

 
1.  Total water use, productivity, and water use efficiency of the grower managed and 

tension-based irrigation areas during the test period of September 1, 1994 through 
May 25, 1995. The after-test period continued through August 25, 1995. 

 Grower Test 
 lAm-2 stemsAm-2 stemsAl-1 lAm-2 stemsAm-2 stemsAl-1 
During test 993 87 0.09 730 145 0.20 
After test 450 66 0.11 455 83 0.13 
 Difference from grower during test: -26% 67% 122% 
  Difference after test: 1% 26% 18% 
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1. Layout of the soil moisture tension-based computer controlled irrigation system. Irrigation 

is initiated when moisture tension rises to 5 kPa and terminates when either tension 
decreases to 1 kPa or 10 minutes elapses. The tensiometer used to control irrigation 
monitored tensions 24 cm. below the soil surface. Two additional sensors were placed at 5 
and 40 cm. depths. The drain tile is 45 cm. below the surface. Adapted from Lieth and 
Burger, 1989. 
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2. Stem length of flowers of 'Kardinal' roses from plants irrigated by conventional 

methods (by grower) and by the automated system based on soil moisture tension. The 
test system was installed on September 1, 1995 and removed on May 25, 1996. The 
August 4 harvest occurred after irrigation control in the test section was returned to the 
grower. Error bars = "1 standard error. Sample size = 50. 




