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RELEVANCE TO GROWERS AND PRACTICAL APPLICATION

APPLICATION

This two-year Project over 1993/94 and 1994/95 investigated the potential of improving water
efficiency of gravel systems by infilling with 25 or 50 mm of sand and compared their
performance against standard gravel and drained sand bed systems.. The potential of a simple
Rapitest Meter to monitor water status of the growing media and provide a tool to aid crop water
management was also investigated. -The two seasons provided extremes of -weather conditions
for the work, with a wet first vear and a dry second season, though both had wet winters. The
753 mm of drained sand still provided the most efficient system for economy of water use,
especially where low level irrigation was applied directly to the sand, but improved efficiency
of water. utilisation was obtained on gravel systems by using a sand infill. The mmportance of
having a non-permeable lining when using sand infills on gravel was highlighted. The simple
Rapitest Meter proved a useful tool for monitoring differences in water status of growing media
between bed systems and as an aid to irrigation management.

SUMMARY

Water shortages, as a result of drier seasons and additional costs over the past few years, have
increased awareness of the need to use water more efficiently, especially where extensive
overhead irrigation systems are in operation. These problems can mean insufficient water is
applied at times and further nursery expansion could be affected, especially where increased
abstraction rights from boreholes and rivers are now difficult, if not impossible, to obtain. There
is also the public perception of water being ‘wasted’ from high output overhead irrigation rigs,
particularly in areas where hose pipe bans, etc. are in operation. FEastern and South Hast
England have been worst affected, and these areas account for over 50% of the total production
of container HNS. At present a large proportion of the industry uses gravel or Mypex standing
bases with overhead irrigation, with a relatively large run-off to waste. Drained sand beds offer
a practical alternative with a proven record of efficient use of water, and improved growth
potential, but capital investment is higher, and they are not readily perceived as the answer,
especially where large areas of overhead irrigated gravel systems are already in use. Simple
monitoring has already identified that overhead systems can use over 70% more water than
75 mm depth drained sand beds, demonstrating the potential for savings in water bills by making
more efficient use of water. However, little information is available on direct comparison of
water use between systems, nor on methods of monitoring water requirements based on water
relations within the growing media. Many irrigation programmes are based on timeclocks,
which can be extremely wasteful of water. The scope of this Project was therefore to:

i.  consider cost effective methods of adapting existing gravel systems to achieve more
efficient use of applied water, by sand infills. This would not only reduce water use, but
also limit leaching of agrochemicals into the ground or surface water supplies.
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ii. monitor water applications to a range of different bed systems developed.

iii.  look at the practicality of using a simple Rapitest Meter to monitor water status of the
growing media, in order to develop ‘leaner’ watering regimes based on plant
requirements rather than watering to excess.

Eighteen small 6 m x 1.5 m wide outdoor beds were used for the work, with two trials run over
the 1993/94 and 1994/95 seasons, which had contrasting weather patterns, the first year being
relatively wet, but the second very dry over the growing season, though both had wet winters.
Bed systems used were as follows:

25 mm gravel over Mypex with overhead nrrigation.

75 mm sand (- drain) over polythene with seephose irrigation.

75 mm sand (+ drain) over polythene with overhead irrigation.

25 mm gravel over Mypex plus 25 mm sand infill'with: overhead:irrigation.

25 mm gravel over Mypex plus 50 mm sand infill: with overhead irrigation.

THY oW

25 mm sand over Mypex with overhead irrigation.

Species included in Year 1 were Hydrangea ‘Mme J de Schmedt’, Genista hispanica, Lavandula
‘Hidcote’, Cytisus kewensis ‘Niki’. In Year 2 a single species was used over the growing
season, namely Hydrangea ‘Mme I de Schmedt’ and ‘Draps Pink’, together with Lavandula
“Hidcote’ which was brought on to the different beds for winter comparisons since this species
is particularly water sensitive.

The 75 mm drained sand beds still proved the most efficient in terms of water use when
compared against the 25 mm gravel bed, especially in the drier season where savings of around
70% were made. Savings were greatest where the sand beds were irrigated with low level
seephose as compared to overhead irrigation systems. However, the use of sand infill looked
a promising method of improving efficiency of water utilisation in gravel systems, but
measurement of potential savings over the drier season were confounded by a permeable Mypex
lining, which allowed water to be drawn out of the bed down into the drier soil profile beneath.
Mypex linings under gravel are commonly used to improve drainage away from the beds, but
non-permeable polythene linings would be required if sand infills were being considered as a
means of improving their water utilisation. More work is therefore required to determine the
depth of sand infill required to achieve the most cost effective savings in water use, together with

an assessment of winter drainage.

The Rapitest Meter provided a surprisingly accurate tool in monitoring differences in water status
of growing media between species and the different bed systems, as well as providing a means
of identifying a set point for when to water, once calibrated to crop requirements. The small
hand-held meter proved simple to use with almost instantaneous readings once the probe was
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inserted into the media, enabling a number of readings to be taken very quickly. The results
obtained showed just how responsive the meter was to rapid changes in moisture content of the
media either from irrigation or rainfall events. A single meter was used throughout the trial to
ensure comparisons between bed systems were valid, since different meters could give varying
readouts and each meter would need calibration to crop requirements. The depth of moisture
measurement would need to be standardised, since this work showed the marked changes in
water status from the drier zones towards the top -of the container to-the wetter base. In this
work two depths were measured and an average taken, though a single measurement at a set
depth would probably provide the information required, though a-number of readings would need
to be taken in different containers to obtain an average for abed ‘system-to-aid-irrigation
management. The measurements also gave the opportunity to investigate a ‘lean’ water regime
by only watering back up to a predetermined level, instead of to excess. Again this needed
initial calibration to crop requirements but proved a useful.tool in improving efficiency of water
use. More work is required to determine the parameters of when and how much water needs
to be applied and the influence -of these ‘leaner” water regimes on‘plant:growth:and:quality.

As to be expected, variation in species’ requirements :showed up -clearly 'in the work, and
‘highlighted the problem:of mixed cropping-on the-same bed.: -Thus in Year 1,-when one species
with a high water requirement (Hydrangea), and three .with a low water ‘requirement (Cyzisus,
Genista, Lavandula) were on the same bed, irrigation applied was a compromise of an average
of water measurements over the four species. Thus Hydrangea tended to be underwatered, the
other three overwatered. This was overcome in the second year by only having one species on
the bed (Hvdrangea).

The different bed systems appeared to have little effect on the quality of plants overwintering in
these trials, even though the 75 mm sand beds provided more positive drainage of water from
the pots. However, it was noticeable with the Lavandula in the second year that new root
development in the spring was improved on the sand compared to gravel systems.

In summary the use of a sand infill to existing gravel beds appears a promising method of
improving their efficiency of water use, providing a non-permeable lining is used in the base,
though the 75 mm drained sand bed still provides the greatest savings in water use, and winter
drainage capability. The full potential of the ‘infill beds’ to conserve water needs further
investigation over a dry season, since in this work results were confounded by the permeable
lining which allowed water to be pulled from the bed in the drier season. The Rapitest Water
Meter appears a useful tool for monitoring water status of growing media and identifying the
point at which irrigation is required. However, each meter will need calibration to crop
requirements, and further work is needed to develop the ‘lean’ watering regimes that become
possible by such monitoring, since these requirements will vary with species and system of
production.
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EXPERIMENTAL SECTION
INTRODUCTION

Water shortages, as a result of drier seasons and additional costs over the past few years, have
increased awareness of the need to use water more efficiently, especially where extensive
overhead irrigation systems are in operation. This has meant insufficient water application at
times and constraints on further expansion. Eastern and South-East England have been worst
affected, and these areas account for over 50% of the total production of .container HNS. At
present a large proportion of the industry uses gravel or Mypex standing bases with overhead
irrigation, with a relatively large run-off to waste. Drained sand beds offer a practical
alternative with a proven record of efficient use of water, and mmproved growth potential, but
capital investment is higher, and they are not readily perceived as the answer, especially where
large areas of overhead irrigated gravel systems are already in use. . Simple moniforing has
already identified that overhead systems can use over 70 % more water than 75 mm-depth drained
- sand beds, -demonstrating the potential for savings in water bills by making more efficient use
of water. -However, little information is available on direct comparison of water use between
‘systems, nor on methods of monitoring water requirements-based  on water relations' within the
growing media. Many irrigation programmes are based:on time clocks, which can be extremely
wasteful of water.

The scope of this project was fourfold:

L consider cost effective methods of adapting existing gravel systems to achieve more
efficient use of applied water, by sand infills. This would not only reduce water use, but
also limit leaching of agrochemicals into the ground or surface water supplies.

ii. monitor water applications to the range of different bed systems developed.

ifl. look at the practicality of using a Rapitest Meter to make simple measurements of the
water status of the growing media, in order to develop ‘leaner’ watering regimes based
on plant requirements rather than watering to excess.

iv. review and prepare an HDC Fact Sheet on water use for container HNS based on
information already available and incorporating results from this project. Monitoring of
water applied over a 10 year period to a number of systems was done at HRI Efford and
collated in their Station Leaflet No. 10. This would form the basis of the HDC Fact
Sheet.

The feasibility and potential benefits of estimating irrigation requirements of containers from
physical measurements of evaporative demand on a day to day basis was the subject of a
complementary project at HRI East Malling (see Report for HNS 38a).



COMMERCIAL - IN CONFIDENCE

MATERIALS AND METHODS

Fighteen small 6 m x 1.5 m wide outdoor beds were used for the work, with 2 trials run over

the 1993/94 and 1994/95 seasons.

Treatments

Bed Systems: A. 25 mm gravel over Mypex with overhead irrigation.

B. 75-mm sand (+ drain) over polythene :with-seephose irrigation.

C. 75 mm sand (+ drain) over polythene with overhead irrigation.

D. 25 mm gravel over Mypex plus 25 mm sand infill with overhead itrigation.

E. 25 mm gravel over Mypex plus 50 mm sand infill with.overhead irrigation.

F. 25 mm sand over Mypex with overhead irrigation.

Species: Year 1 (1993/94)

Hydrangea ‘Mme J de Schmedt’
Genista hispanica

Lavandula ‘Hidcote’

Cytisus kewensis ‘Niki’

Year 2 (1994/95)

Hydrangea  ‘Mme J de Schmedt’
‘Draps Pink’
Lavandula ‘Hidcote’ (comparisons over
winter period only)

Design: Trojan Square (see Appendix 1 pages 75 - 76 for trial layout)

6 bed systems
X
3 replicates

18 beds
X
4 species

72 plants in total

Plot size: 16 plants recorded with surrounding guards
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Watering Procedure (based on growing media water status as measured by a Rapifest Meter)

a.

Culture

Start Material:

When to water

1.

Fach bed checked daily around 7.30 am measuring the water status in
8 containers (2 of each species) at a depth of 4 cm and 8 cm. (Rapitest
probe vertically inserted 4 cm from-edge-of pot on southern side).

Water applied when average meter. reading dropped below 6 (mean
across 4 and 8 cm depth readings).

Method of watering

ii.

50 litre water/bed (9 m?*) applied initially when average meter reading
was below 6.

A further meter reading was taken 2 hours -after ‘water applied. If the

-average reading had-not risen to between 8-10, then the amount of water
applied the following day -was. adjusted. - If.-below. 8 an additional 5-10
litres/bed.-was applied -at the next-watering,.above 10 then amount.of

water applied at next watering was reduced by 5-10 litres/bed. As
experience was gained on amount of water needed to bring the moisture
status of the growing media back to the required level, the volume of
irrigation applied was increased, reducing the need for topping-up at the
next watering.

Warermark Moisture Sensors

Six Watermark Moisture Sensors were obtained, allowing the six bed types

within one replicate to be monitored. The probes of these sensors were

permanently installed in the containers in the same relative position on each

bed. ‘Readings were taken at 8.30 am each day.

9 cm liners of all material obtained from commercial nurseries, apart from

Hydrangea which was potted as rooted cuttings from Efford stock, which had

been forced under protection (March-April struck cuttings inserted in a 50:50

peat:pine bark rooting media with 1.0 kg/m’ Osmocote Plus 12-14 months

‘Autumn’ incorporated, were progagated under intermiftent mist.)
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Pot size: 3 litre

Growing media: 100% medium Bulrush peat
5.0 kg/m? Osmocote Plus 12-14 months ‘Spring’
1.5 kg/m® Magnesium Limestone

100 ml Cudgel in 40 litres water/m’

Date potted. Year 1: 15-16 June 1993
Year 2: 24 June 1994 (Iavander), 7-20 July 1994 (Hydrangea)

Trial Started:  Barly July 1993, mid July 1994

Assessmenis

1. Crop diaries.

2. Records of all water meter readings.
3. Record of amount of water applied, and dates of application.
4. Growth records

Plant top and root growth assessed at the end of each growing season (November) and
again the following spring (April-May). Records varied with species and year and are
detailed in the results section.

5. Photographs as appropriate.

Statistical Analysis

Growth record results were analysed using the Standard Analysis of Variance (ANOVA). The
degrees of freedom (d.f.), standard error (SED) and least significant difference to 5% (LSD),

on which the significance tests were based, are presented in the tables to aid interpretation of the

results.



COMMERCIAL - IN CONFIDENCE

RESULTS

Year 1 (1993-1994)

Because of the volume of data generated in this trial resuits are presented and discussed under

the following headings.

A.

Comparison of Rapitest and Watermark meters for monitoring Water Status of growing
media (Figure 1, p. 9).

Uniformity of media water status measurements across replicates
(Figures 2a-f, pp. 11-16).

Variation in moisture readings depending on depth taken (Table 1, p. 18).

Growing media moisture measurements as influenced by irrigation and-rainfall
(Figures 3a-f, pp. 20-25).

Influence of species on water status of growing media over time
(Figures 4a-b, pp. 27-28).

Effect of bed system on moisture status of the growing media for Hydrangea (Figures 5a-
h, pp. 31-38) and Lavender (Figures 6a-d, pp. 39-42) over the growing season and during
the winter period, plus irrigation and rainfall data.

Total irrigation applied as influenced by bed system (Table 2, p. 43).

Plant growth (Tables 3-4, pp. 45-47).

Liverwort growth (Table 5, p. 49).
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Comparison of Rapitest and Watermark meters for monitoring water status of

growing media

The Rapitest meter proved more sensitive than the Watermark meter in monitoring changes in
water status of the growing media, as demonstrated in Figure 1. This example was from the 25
mm gravel + 50mm sand infill bed, but similar patterns of resuits were seen in the other bed

systems. In view of these results use of the Watermark meter-was .discontinued after the first
period of measurements in favour of the more flexible Rapitest meter.

Figure 1

Mean Daily Rapitest Readings
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B. Uniformity of growing media water status measurements across replicates

Figures 2a-2f show the variation in water status of the growing media between replicates over
the period of the trial. Overall, taking bed position and potential variability due to overhead
irrigation into account, the readings between replicates are remarkably close.

An influence of bed position on the results can be seen. Forexample in Replicate 1 Treatment C
(Figure 2¢) is on the South-West corner and would catch the prevailing south-westerly winds to
a preater degree than the other two replicates, and pots -on ‘this bed were generally dryer.
However, Treatment E (Figure 2e) was surrounded by other beds and the moisture readings

between the three replicates was far less variable.

Bed Layout
C
F 3 B 6 A ] ‘ D i2 E 15 13
é\
(-3
A 2 { E 5 l C 8 ¥ 1 f«_: D i4 B 17
c 1 D i\ E 7 k B 10 l \7 A 13 ¥ i6
Reép. 1 Rep. 2 Rep. 3

Key to Treatments:

A: 25mm Gravel + Overhead Irrigation
B: 75mm Sand + Seephose

C: 5mm Sand + Overhead Irrigation
D: 25mm Gravel + 25mm Sand Infiil
E: 25mm Gravel + $0mm Sand Infill

F: 25mm Sand + Overhead [rrigation

10



COMMERCIAL - IN CONFIDENCE

Figure 2a: Year 1 (1993-94): 25mm Gravel Bed + Overhead Irrigation (Trt. A)

Mean daily Rapitest moisture measurements

{average across 4 species )
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Figure 2b: Year 1 (1993-94): 75mm Sand Bed -+ Seephose (Irt. B)

Mean daily Rapitest moisture measurements

(average across 4 species )
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Figure 2¢: Year 1 (1993-94): 75mm Sand Bed + Overhead Irrigation (Trt. C)

Mean dailly Rapitest moisture measurements

(average across 4 species )
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Figure 2d: Year 1 (1993-94): 25mm Gravel + 25mm Sand Infill (Trt. D)

Mean daily Rapitest moisture measurcments

(average across 4 species }
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Figure 2e: Year 1 (1993-94): 25mm Gravel + 50mm Sand Infili (Trt. E))

Mean daily Rapitest moisture measurements

(average across 4 species )
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Figure 2f: Year 1 (1993-94): 25mm Sand Bed + Overhead Frrigation (Trt. I)1

Mean daily Rapitest moisture measurements

(average across 4 species )
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C. Variation in moisture readings depending on depth taken

Table T shows the Rapitest moisture readings taken over the first fortnight in August 1993 for
the 4 and 8 cm depths across the six bed types.

As expected there was a clear pattern of the lower horizon of the pot remaining wetter than the
upper- horizon, showing the importance of taking -the measurements-at.a “standard depth,
‘calibrated’ to ensure irrigation is applied according to plant requirements.

The drier top zone of the container on low level irrigated sand compared ‘with -gravel beds was
also apparent over time when not interrupted by irrigation or rainfall events.

Preliminary. observations before the start of the trial suggested that watering when the Rapitest
meter measurements reached 5 would be a-useful starting .point. --However, under the trial
conditions Hydrangea suffered unacceptable stress (starting to-wilt) at these levels.: Consequently
irrigation was applied when the meter readings fell below 6.

The frequency of irrigation (plus any rainfall) is also indicated in-the table, and.even over the
relatively short period of time in August, the 25 mm-gravel -bed required 4. irrigations compared. .
to 3 on the low level irrigated sand, where plants were-slower to dry due to-the reservoir of
water held in this depth of sand. Pots on the 75 mm depth of sand with overhead irrigation
appeared to dry out faster than the bed with low level irrigation. This, however, could be a
reflection of less water reaching the bed from the metered dose applied, due to wind drift or
over-spill onto pathways.

The results with the ‘infill’ beds and 25 mm of sand were more variable, but the 25 mm of sand

appeared to enable pots to maintain higher moisture levels over time than the gravel with a 25
mm sand infill, despite both being lined with Mypex.
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Table 1 Rapitest meter moisture measurements at 4 and 8 cm depths in 3 litre containers
(figures are an average across the 4 species)
® = Ramfal * = Frrigation
25 mm Gravel 75 mm Sand 75 mm Sand 25 mm Gravel 25 mm Gravel 25 mm Sand
Date Depth + Seephose + QOverhead + 25 mm Sand + 50 mm Sand + Overhead
1 Aug 93 4 6.5 8.1 7.8 5.3 6.1 7.0
8 8.1 9.0 9.4 7.1 8.3 8.8
Mean 7.3 8.4 8.6 6.2 7.2 7.9
2 Aug 93 4 4.6 51 4.5 3.8 3.8 4.6
8 6.9 6.9 7.1 6.5 6.0 7.8
Mean 58 % 6.0 5.8+ 51 % 4.9 % 6.2
3 Aug 93 4 58 4.8 6.4 5.8 4.3 3.9
8 7.1 7.3 7.5 7.1 6.1 6.8
Mean 6.4 6.0 7.0 6.4 52 % 53%
4 Aug 93 4 4.9 2.6 5.0 3.0 4.9 58
8 6.6 4.6 6.8 6.4 6.5 6.9
® Mean 58 % 36%* 5.9 % 4.7 % 57% 6.3
5 Aug 93 4 6.3 6.6 7.6 5.9 7.1 6.5
g 9.5 6.9 9.8 8.6 9.3 7.9
Mean 8.0 6.8 8.7 7.3 8.2 7.2
6 Aug 93 4 6.6 4.8 6.8 3.1 6.3 5.3
3 8.1 T3 8.3 7.0 7.8 7.5
Mean 7.3 6.0 7.5 6.1 7.1 6.4
7 Aug 93 4 5.8 3.0 59 4.0 53 3.3
8 R 6.1 1.4 5.9 6.8 5.6
Mean 6.4 4.6 % 6.6 4.9 % 6.1 4.6 %
8 Aug 93 4 4.9 4.4 4.1 G.4 4.5 5.3
8 7.4 3.1 6.9 79 7.0 8.0
Mean 6.1 6.3 5.5 7.1 5.8 % 6.8
G Aug 93 4 4.5 4.9 5.1 54 5.9 4.8
8 T8 8.6 6.9 7.0 7.5 7.0
Mean ‘5.8 % 6.8 6.0 6.2 6.7 5.9
- 10 Aug 93 4 5.9 4.3 5.9 4.9 4.1 6.1
8 7.4 8.3 7.4 6.9 7.0 7.8
Mean 6.6 6.3 6.6 59 6.9 6.9
11 Aug 93 4 39 4.4 4.3 6.3 4.4 6.3
8 56 7.3 6.5 7.3 6.1 7.9
® Mean 4.8 % 5.8% S4* 6.8 53 % 7.1
12 Aug 93 4 8.1 9.1 8.1 5.9 7.5 8.3
) 9.5 9.8 94 7.6 2.1 9.6
Mean 8.8 9.4 8.8 4.8 7.8 8.9
13 Aug 93 4 8.1 8.8 7.1 6.9 5.9 7.4
8 8.6 2.3 8.8 5.4 7.9 9.3
Mean 8.4 9.0 7.9 7.6 6.9 8.3
14 Aug 93 4 6.1 85 6.9 5.8 5.8 6.8
8 8.4 9.3 8.3 7.6 8.0 9.1
Mean 7.3 8.9 7.7 6.7 6.9 7.9
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D. Growing media moisture measurements as influenced by irrigation and rainfail

Figures 3a - 3f show the timing of irrigation and amount applied on each occasion, together with

rainfall, linked to water status of the growing media.

The sensitivity of the Rapitest meter in monitoring moisture status of the growing media was
again demonstrated by the rapid response achieved in increased water-availability immediately

following irrigation or rainfall events.

The amount of rainfall during the summer of 1993 meant that occasions. on which irrigation was
required were relatively limited and occurred in the main during August and early -September.
The frequency and amount of irrigation applied reflected the influence of bed type on moisture

status of the growing media and when rainfall occurred.

The potential of an infill of sand to a gravel bed, particularly:the 50mm.depth, in making more
efficient use of water was demonstrated, compared with the.standard 25 mm ‘gravel system, as

was the benefit of 75 mm of sand compared with 25 mm.

Heavy rain precluded the need for any irrigation during the rest of September through to the end
of October, when a final irrigation was needed following.a dry period in late October. At this
point in time less water was required on the 75 mm sand beds.
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COMMERCIAL - IN CONFIDENCE

E. Influence of species on water status fluctuations over time in growing media

The 25 mm of gravel + overhead irrigation and 75 mm of sand with low level irrigation systems
are used as illustrations of the influence of species on water status within the growing media
(figures 4a and 4b).

The increased water requirement of Hydrangea, compared with Lavandula, Genista and Cytisus
is clearly shown in both bed systems, with the greater degree of drying out occurring in the
gravel bed. The drier upper horizons of the growing media are also clearly defined.

In contrast to Hydrangea, the species requiring less water had similar water status readings over
time at the 8 cm depth regardless of bed systems. However, when measured at a depth of 4 cm
plants on the sand appeared drier, reflecting the drainage pull of the sand and low level irrigation
keeping the surface of the container drier.

Since all species were on the same bed, irrigation had-to be a compromise of average readings
across species. Consequently Hydrangea received less than its-optimum requirement, while the
other species would have been ‘over-watered” to some extent. This was adjusted in the second
year by only having one species on the bed during the growing season.
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25mm Gravel Bed + Overhead Irrigation (Trt. A)

Figure 4a: Year 1 (1993-94)

Hydrangea

COMMERCIAL ~

1

Sl )
LT -1
“eoy E

i ] : i z i : i :
0 L-] ~+ o =]

Burpeal arnisiow sayrdey

LI
"

Ty

e

11 13 15 17 19 2123 25 27 2931 2 4 6 8 1012 14 16 i8 20 22 24 26 28 30

L

e AR ST TR S T

w2
eammamaEn
R

: { : I - | . i i

10

oo b= ~t «© ]

Furpess armsiowm woidey

IN CONFIDENCE

Cytisus

5 7 9 11 i3 15 3171921 23 25 272031 2 4 6 8 10 12 14 16 18 20 22 24 26 I8 30
August

July 1993

i

P VR PR

12

P PO PR PR R O
}sul 'i‘ggé? 1113 15 17 19 21 23 25 2720 3% 2 4 6 B 10 12 14 16 18 20 22 24 26 28 3¢
¥y

]

ol

§cm.

Depth of probe
4 cm.

August
Lavandula

51 9
uly 1993

L= -
Buzpeas armsiow e dey

b a bu b dog

H

10 32 14 16 18 20 22 24 26 28 30

A

| P P

5

27

© -+
Fuipeas armstow 1sanidey

August

2 & 6 8
Auvpust

11 13 15 17 19 21 23 25 27 29 31

79
Zuly 1993



75mm Sand Bed + Low Level Irrigation {Trt. B)

-
-

Year 1 (1993-94)

.
*

Figure 4b

Genista

Hydrangea

COMMERCIAL ~ IN CONFIDENCE

pmmmm

LT
o
et

L.

1

S

H

b dad

5 7 9 111315171921 25 25 272931 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Hly 1993

.

10
8
&
4
2

Furprar armsiom sdey

i + { : H s L ( H .

P A

S S AR |

i

o .|

I
10 12 34 16 18 20 22 24 26 28 30

i

ol o 3 (o

10

Bugpear sunsiowr wardey

—
-1 ®
- <
o B
1o
| —
T o

- 3
1 e

4
J e

i W
1 e

]

- &
d =
IR

w N
—

wf =
—

vi

pid

—H
-

i
=

- =
-1 =~
)

o

28

Augast

August

July 1993

Cytisus

Depth of probe;

Scm,

4 em.

Lavandula

L ogidortd et s Lo b Lo f

I

TR ST (YN JSE NP SO S S |

I

11 13 15 17 19 21 23 25 27 29 31

I |

5 7
Jusy $991

10

o0 b= -+
Berprar snisiow jsn1dey

el

U SRR PO WV

£

4 6 & 10 12 14 16 18 20 22 24 26 28 30

Augusl

Lo bl d i

b2

11013 15 17 19 23 23 25 27 20 M

10

Suipeal aamsiow saidey

A4 6 8 1012 14 16 18 20 22 24 26 28 30

2
August

]

2

7
Tuly 1993

5



COMMERCIAL ~ IN CONFIDENCE

F. Effect of bed system on moisture status of the growing media for Hydrangea and
Lavandula

In order to consider the influence of bed systems on meisture retention in the growing media in
more detail, two species were selected, Hydrangea with a high water need and Lavandula as a
species with a low water requirement. The data is presented in graphic format in Figures 5a-h
(Hydrangea) and 6a-d (Lavandula). The two control treatments, 25 mm gravel and 75 mm sand
with seephose have been repeated in each graph for reference against-one of the other treatments
(4 graphs in total/occasion). In addition, rainfall and irrigation applied are presented in tabular
form adjacent to each graph. The full set of results are given for Hydrangea, encompassing four
periods, July-August and September-October 1993 for ‘the ‘growing season and November-
December 1993 and January-February 1994 for the overwintering period. Lavandula data covers
the July-August 1993 and January-February 1994 periods only for comparison of growing season
and overwintering conditions.

Hydrangea

During the first part of the growing season (July-August) the -most moisture retentive system
overall, which required least irrigation, was the 75 mm sand bed with seephose-irrigation (bold
line). At the other end of the spectrum containers dried out fastest-on the 25> mnr gravel system
with overhead irrigation.

The closest system to the 75 mm sand + seephose system was the 75 mm sand plus overhead
irrigation, though as discussed earlier, this system required more water to compensate that lost
by wind drift or into pathways. The 25 mm sand bed with overhead irrigation gave intermediate
results between the 75 mm sand and 25 mm gravel systems.

Infilling a 25 mm gravel bed with either 25 or 50mm of sand improved water retention giving
similar results to the 25 mm of sand on its own.

- During the latter part of the growing season (September-October) a similar pattern of results was
observed, though with more rainfall occurring differences between the two 75 mm sand beds
with either seephose or overhead irrigation were reduced. As previously, the 25 and 50mm sand
infills gave intermediate results between the 75 mm sand and 25 mm gravel systems.

With the onset of autumn rainfall became the dominant influence and moisture status of the
growing media was similar across bed systems. However, by January-February the property of
the 75 mm drained sand beds to ‘pull” water from the container was evident, growing media on
these beds having less moisture retained when compared with those on the 25 mm gravel bed,
though still well above the irrigation set point.
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The 25 mm sand and 25 mm sand infill on gravel were achieving some pot drainage, with
moisture readings intermediate between the 25 mm gravel and 75 mm sand beds. The 50mm
sand infill on gravel appeared to be achieving a similar pot drainage to the 75 mm sand systems.

Lavandula

The pattern of results with Lavandula appeared to be opposite to that seen with Hydrangea in
that during the growing season, the 75 mm of sand appeared to have drier containers than the
gravel or other beds with sand included. This could have been in part due to these plants
receiving more water than required, due to irrigation being based on average moisture figures
across four species, one of which had a high water requirement (Hydrangea). A possible result
of the excess water availability could have been increased drainage from the 75 mm sand beds.

Over the winter period (January-February) moisture content of:the media: from' the various

systems was remarkably similar, though as with Hydrangea the ability of the drained sand to
‘pull’ water from the container was seen to a limited extent.
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Figure 5a: Year I (1993-94): Hydrangea

Comparison of Bed Systems: July - August 1993
(figures are an average of 3 replicates)

Irrigation in litres applied/bed (9m?)
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irrigation head A B C | Seetable for key
rrigation P
5-8 Tuiy ‘03 225 7.3 23 [ 0 -
912 Jly 93 15 9.6 12 1.85
15 15 kily 95 0 [ s 7.85
E720 huly 9% [ 0 [ 9.65 g8
2324 July ‘93 ) 0 0 .25 5
& A
2558 huly *93 ) ) o 1.8 3 i H
B 6 i i
29 .1 Aug, 9 [ ] ) @7 E H
25 Aug, 93 208 271 121 3 % 3
&9 fag, 3 Ty A ) o 4K i
-l i i
1013 Aug. B 78 22 5.3 EX) 5 |
417 Aug, 242 B3 67 )
2 b
1821 Aug. "B 35.8 5.8 36.2 738
2225 Aug. ' [] G Q 1.57% I
2629 Aug. "B 292 a 07 Q ) L I} S SPETETE SIS IS | | SPEERYS EPEFEN S SN REVIE S S GPEE EPEFETIE EPRFSI AT I | ("
T = s = P 5 9 i3 7T 21 25 29 2 6 10 i4 i8 2 P ]
i July 1993 August
Trrigation in Hizes applied/bed (Sm?)
Date A B F Rainfati
25mm. 75mm Sand 25rmm Sand (mnm)
Grave] +LL
rripation iip See wble for key
SRy 93 225 175 ns ) 0
912 Tuly 93 15 9.6 12 185
%16 Jaly ‘93 a o ) 785
20 July 93 ) ) [} 9.65
3124 July ‘93 ? [ 0 25 5
5
2528 July 95 ) [ ) 1.8 E|
4
29 -1 Aup, ‘05 [ o ¢ 878 5
25 Aitg, 53 Y 71 321 5 'E
6.9 Aug, "9 182 2.5 17.9 0 Tg
B
1013 Acg. 5 258 213 204 275 |
1417 Aug. ' 242 2.3 15 )
1821 Aug, 95 358 .8 16.1 175
2225 Aug. B [ ) G 1975 I
2629 Aug. ‘95 291 a 7.5 Pl P S PSPIN IPUPUPL SHPIPIE FPUOUMK SPPHPOL NSO SITUPN IFEPLP SPUNE IVIPUVIS B WIS ST PR B
5 k] 13 17 21 25 atl p4 6 10 14 g 22 % W
3031 Aug, B [ 375 o 0 July 1993 August
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COMMERTIAL ~ 1IN CONBIDENCE
Figure 5b: Year 1 (1993-94): Hydrangea

Comparison of Bed Systerns: July - August 1993

(figures are an average of 3 replicates)

Frrigation in litres appiied/bed (9m?)

Date A B D Rainfall
25mm 75mm Sand 250 {mm)
Gravel +1L Gravel + 10 r—
irrigation 25men sand
1 See table for key
5.8 Tuly 93 215 .5 =5 0 [ t
917 Jely ‘95 35 56 12 LES g
1316 huly 93 0 o ) 7.85
§7.20 Mily 9% [ 0 0 5.65 %
7124 aky 9 ) [ 0 s % s
2
2528 July 93 ) ) ° 1.8 E
29 1 Aug, '9Y o [ o 0875 -§
2.5 Aug. 93 408 711 321 5 g ‘
&9 Aug, ‘93 19:2 2.5 7.8 ) é‘
1013 Aug. 98 218 213 0.4 278
417 Aug. % 242 53 15 0 2
1821 Asg. 93 35K 5.8 16.7 3725
2215 Aug. 9 ° 0 ] 1575 I
1629 Aug. ‘98 9.2 ) 7.5 ° P I VIV IV I I IPUPE SOV SPUPOVIE DO 1 : ; i L ;
T = — z - 5 9 1 17T M B W -2 6 10 14 18 W W N
July 1993 August
Irrigation in Litres apptied/bed (9m?)
Pate X A B E Rainfail
25mm 751 Sand 25mm (i
Gravel +11 Gravel +
irrigation SOmm Sand A B E lscetse for key
5.8 July ‘95 213 7.5 735 0
10 -
912 July ‘03 15 56 4.6 L& .
. bCs . DA
1316 July 93 © [ s 7.85 | -.
17-20 Ry 93 o o Iy 5.65 ) g - ' .
2524 Aily ‘03 ) 0 ) 025 s |
2528 huly 93 ) o ) 1.8 g i A
6 i B 4
29 -t Aug, 93 ) ) [ ) g | ] E
25 Aug, ‘93 48 7 27.9 s -§ 1 ; i
65 Aug, 93 5.2 .5 10 5 E 4 - .“-_l‘ ‘
1013 Atg, 5B 218 203 12 275 5 i
- 1 4 Yk
1417 Alg. B 242 B3 X o EA i
1821 Aug. 9 358 X 25.4 375 L "-’\ . BN 9
2225 Aug, "9 a ) [ 1.975 - ¥
2629 Aug. B 9.2 ) 19.2 ° Lsisd AP AP PN SOV SUUPIN PR | Lot [PPENE IS S
Ty 5 =3 e = Js1 19993 317 20 25 1% 2 6 0 14 I8 22 26 39
uly

August



COMMERCIAL - [N CONFIDENCE

Figure 5¢; Year 1 (1993-94): Hydrangea

Comparison of Bed Systems: September - October 1993

{figures are an average of 3 replicates)

Irrigation in litres applied/bed (9m?

TIPS EPETEIN EVRPEPE EVSEr

Sec table for key

st o £

7o 15 1. B 27 A
Oct.

See tghle for key

bobarbabod bt s ! £ A

Dare A B C Rainfall
235mm 75mm Sand 75mm Sand {om)
Gravel +LL with over-
Brigation  head ABC
frrigation
1-4Sept, 9 317 26 8.7 0 10 -
58 Sept 8 125 20.4 10 6,825
5.1 Sopt 95 ) 0 0 12275 i
1516 Sept 93 [ 0 [ 2.65 3
.20 Sept '93 i ) 0 768 a I
1224 Sept 193 o s s B 3
2226 Sept. '3 0 o 0 95 g or
29202, 9 A 0] 0 1878 -§ I
3.6 Cet. ‘98 o a 0 5.925 fé 4 i~ "
7100k, '93 [ ) o e -
114 0ct, 93 ) ) ) 5,005 ) M
PRI [ ) 0 ] ir b
1522 Oct. 95 ) o o p r \/\)
2335 0ct, 93 ) ) o o NS 1 VIS D TP S DU L ;
27.3% Gct. 93 187 ) 117 o éept ‘;*9939 R
Irrigation in litres applied/bed (9m?)
Date A B F Rainsfail
2 5ot 75mm: Send Z%mm sand ¢}
Graved +LL
irrigation A 'E_:f‘;
14 Sept ‘95 317 26 X 0 © -
58St ' 125 20.4 31.25 6825
912 Sept'03 ) ) ) 12275 L
13- 16 Sept '93 [ o 0 565 8
7208 9 ] [ [ 165 & |
22.24 Sepd ' 93 [ ) 0 525 g
2228 Seyx. 93 ) [ [ 3 g s r
252 Oct, '93 C o ) 18775 -§ F
3600 P a ¢ [ 5.925 ¥ 4}
TI000L 93 [y o [ [ ) g‘
1114 Oct, 9% o ) [ 2.025
15180, 93 e [ [ B 2
1922 0t 53 ¢ 0 0 o5 P
2326 Oct. ‘93 ) ) ) ] P TR I S S T bty
271 Oct. "% 187 o 133 [ éept i9939 317 a3 w3
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COMMERCIAL - IN CONFIDENCE
Figure 5d: Year 1 (1993-94): Hydrangea

Comparison of Bed Systems: September - October 1993

(figures are an average of 3 replicates)

Errigation in litres applied/ed (9m)
Date A B D Rainfall
Z5mor T5mm Sandd 25men )
Gravel i.rr?g’;f{m 2?;;&:& A ..E..P.. See tabie for key
1.4 Sept ‘98 3LT 20 9.6 ) © -
58 8p D 125 0.4 0.6 6.825
912 Sept 9% [ ° 0 12275
1316 Sept "3 [ ) o 285 8
1230 Sept *9% o ) o 268 ' 5
2234 Sept. ‘93 ) ) [ 525 %
2228 Segt. 93 ) 0 [ .98 g ¢
29.2 Oct, ‘93 ] [ [ 18175 «§
3.60x. 'S 0 [ 0 5.028 g 4
P16 Oct. ‘93 0 [ 0 13.4% 3‘
§1-14 Cct, 93 ) 3 0 8.025
1518 Oct, ‘93 ) [ 0 ) 2
19.22 Oct, “93 [ [ ) .05
2326 Oct, ‘94 ) . ) ) 0 . ‘g TR AN NSV BT Y I I SR B B |
AL O o TeT r od S 21 .25 29 SOCL 7 1 15 19 23 27 31
Trrigation in lires applisd/bed (9m®)
Date A B E Rainfalz
25mm 75mm Sand 25 (e}
Gravel +1E Gravel+
irrigatioa 0o send A “E___E See tble for key
t4 Sept, "% 3LT 20 0.4 [
58 Sept ‘9% 125 20.4 108 6.825 wr
912 Sept ‘93 ) 0 [ 12,075 r
£3-16 Sopt 93 ) [} ° 265 g
£7-20 Sept. *93 ) [ ) 265 |
2224 Sept *93 ) ) 0 525 '§
2228 Segt. ‘9 o o o 95 g6
29.2.0ct, '93 ) ) 0 18775 .g
3.6 0t ‘98 ) o ) 5.925 % 4k
a8
-0, 98 0 ] F] 13.85 é% ]
11-14 Gt 93 o 0 ) 8025
15-58 Ock, 95 3 0 0 [ 2
19.220ct, '93 ) o [ .05
23-26 0ct. *93 0 ¢ ° o P P T TP TEOVSIS IPETE SFSN IFUP SN ST S bttt ;
2731 0ct, 93 181 o 0 o ISCPE 5}9939 13 17 2% 25 2 30(;{ 7 i1 15 19 23 27 3t
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COMMERCIAL - IN CONFIDENCE

Figure Se Year 1 (1993-94): Hydrangea

Comparison of Bed Systems: November - December 1993
(figures are an average of 3 replicates)

frrigation in Htres applied/bed (9m?)

Rapiest moisture readings

Date A B B Rainfall
25mm T Send Z50om (s}
Giravel +11, Gravel +
irripriion 25 sad
1-4 Nov. 94 0 s Ex 025
5.8 Nov. 98 L7 [ o 0
912 Npw. "93 [ 0 [ EX)
13-16 Nov. ‘93 o 0 o 3.65
1726 Nov. '93 0 0 0 0
2524 Nav. '93 0 0 0 K
2528 Nov, '93 0 0 [ .08
292 Dec. ‘98 0 [ 0 6.5
3.6 Dec. '93 G [ 0 2975
7.10 Dec. *95 20 3 [ 2.005
1314 Dec. 93 o o [y 65
5.8 Dec. '93 [ o 0 7.725
1922 Dec, 93 o o Q 8.423
23.26 Doc 93 o 0 o 2.65
2731 Dec. ‘0% 0 F) o 13.02
Irrigationt in litres applied/bed (9m?)
Date A B E Rainfail
25mm 75ren Sand 25mm (1)
Gravel +LL Gravel +
frrigation 30rnm sand
i-4 Now. '93 Q et 29 0.5
58 Nov. '9) 117 0 ] F)
912 Npv. ‘93 0 0 [} 5.1
13-16 Nov. *93 [ [ 0 3.68
17-20 Nov, '93 [ ) 0 [+
21-74 Nov. '93 © [} 3 T
25-28 Nov. '93 [ 0 © 08
297 Dec. ‘48 0 o [} 6.5
3.6 Dec. "93 0 [ [} 2.973
7-10 Dec. *% 20 [ 0 2,075
11-14 Dec, 93 0 0 o 6.5
15-18 Dec. '93 0 [ 0 1725
152 Doe. 51 [y [ 0 8.425
2326 Dee "93 o o © 2.9%
I7 31 Dec, "B [ [ o 13.00

Rapitest moisture readings

A B D }Seetste forkey
19
s
Ak
S 5
i 1
"
i
4
5 b
%L SN VPN APENE SN I IV WP I S I B TN S|
1 5 9 13 17 21 23 B 3 7 Im 15 % 8B 2 3
Nov. 1993 Dec.
A B E :See tabe for key

a } 3 H H i

PR SRS EVRPRPEE EPUCEFEE W | ] L i i

| S

1 5 9 13 7021 23 3 T i1 15 1 23 27 31

Nov, 1993 Dec.
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COMMERCIAL -~ IN CONFIDENCE

Figure 5f; Year 1 (1993-94): Hydrangea

Comparison of Bed Systems: November - December 1993

(figures are an average of 3 replicates)

Trrigation i Hires appiied/bed (9m?)

Date A B C Rainfail
23m “15mme Sand 75fm18am’. (amy
Gravel iﬂ;;ﬁm M'i‘;-ezﬂ“ A B C | Sesable for key
frrigation Tmm—
1-4 Nows. 95 0 2y 10 0.25
53 Nov. 9 113 ) [} )
$12Npv. "9 [} 0 0 5.1
1316 Nov. *93 [ 0 0 168
11.70 Nov. '93 ) a 0 0 %
21-24 Now. 92 0 o ° 5 'g
2425 Nov. *93 o o ¢ s g
252 Dex. 'S5 o [ [ 65 é
36 Dec. 93 ) ) 0 2.975 5
7-K) Dec. '@ 20 o o 2075 E
1114 Dee. ‘93 ) ) 0 (]
538 Doc. ‘93 ) [ ) 778 :
3922 Bec. ‘93 ) [ 0 £.42% |
2326 Dec 93 a ¢ o 205 0 1 1 [ IFEPEPEE BT ST H it HIFEEEEE STSPEPE STGT SV R RV B S AVES R S S A AT |
P — = = 5 Y ;.qov 5 g 13 17 2 PR ]gec 7 1 15 e B 27 3
brigations int fitres appliedsbed (9m?}
Date A B i Rainfall
250 75om Sand 25mm sand (o)
Gravel iﬂ?;ﬁm i _B_F See teble for key
14 Nov, 98 ) 0.9 225 0.23
58 Nov. ‘92 1.7 o [} o
932 Npv. 93 o 0 0 5.4
1516 Nov. 93 0 ) o .45
1420 Nerv, '3 ) [ o o &
21.24 Nov, "%3 0 o 0 TS ‘g
2528 Nav. ‘93 ) ] o .08 g
292 Dec. 9 [ o Q X g
46Dt '93 ) [ [ 2,975 2
9-10 Dec. 93 2 0 0 2,073 E
11-14 Do, 93 o 0 o 6.5
15-18 Pec, "9 [ ) o 7.7 2
150 oo, 5 ) o ) .45 i
PrTTTeRreY o P s Y3 [N SN SN W [ | I PP SN UUPP IUPRPIE DR PR |
——s S = - Y ;\Iov 519939 13 £7 21 WM SDeCT i1 15 19 23 7 31
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COMMERCIAL - IN CONFIDENCE

Figure Sg: Year 1 (1993-94): Hydrungea

Comparison of Bed Systems: Januvary - February 1994

(figures are an average of 3 replicates)

Irrigation i Jiwres appliedbed (9m?)

Date A B c Eainfall
25mm 75mm Sand 75mm sand (rorm)
Gravet +1L with over-
erigstion head A B . C §Seeuwde for key
irripaiion e ittt
1.4 Jan ‘94 0 o o 12675
Hi
58T 94 ) ) ) 57
912 Jan.. 9% 0 0 0 6.05 I
1316 B, ‘94 0 ) ) 3778 g |-
V120 Tan. ‘%4 [ o 0 2.1
s |
3124 bn. ‘04 ) ¢ 0 LES ,g
2528 Jan, 94 ) [] o 0.7 g 6
20-1 Feb, 94 [ [ [ 1,378 é 3
25 Feb, 94 0 0 [ P ;ﬁ; 4 b
69 Feb, 54 [ ) ) 3475 E‘
1013 Feb. ‘94 o B o 3,925
14.57 Feb. '54 ] 7 o 1325 LS
1821 Feb. ‘94 [ ) ) 225 -
2225 Feb. ‘94 0 ) [ 4975 NI TEPUPD APV PR EPTELAN EVRVIDES NUUVUIN RPN NYVITIN SR EVEEVIN PRSI AR |
5628 Feb. '0d o 9 o 17 H 5 9 13 172 25 29 2 1 10 14 18 22 26
Jan. 1994 Feb,
frrigation in litres applied/bed {9m?)
Date A B F Rainfall
25mm TS Sand 25mm sand (o)
Gravel . FLL A B F iSeetabie forkey
irrigation e
1.4 Jan '94 0 [ 0 12875 16
AT 9% ) [} ) 57
$.12 fan.. ‘9% [ [ 0 5.05
1516 Jan. 'S4 0 o ) 3203 g -
1920 Jan, ‘94 0 [ [ 2.2 5
A
7124 Jam, ‘94 [ o [ 13 g 6 b
7526 Jan. 04 ° G [ ['%3 E
251 Febh ‘%4 ) [ 0 1373 :5;
28 Feb. '94 5 o o e E+r
[~
6.5 Fieb, 04 a o 0 3.175 2 3
1013 Rebr. ‘04 o ) ) 3.925 5
1417 Feb, ‘94 [ ) [} 1528
18.25 Feb. ‘94 ) [ [} 325 t
23,28 Feb, D4 G o 'y ATTS 0 | SFSEPI EFUPUPEE SPESUTIE AT W S0 SR Sy 1l PENEE EFEE S SUET T SR SRR RN T by o
1 5 9 13 17 21 25 Y 2 6 10 14 18 32 26
2618 Feb, ‘54 0 0 0 37 Jan. Feb
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COMMERCIAL — IN CONFIDENCE
Figure 5h: Year 1 (1993-94): Hydrangea

Comparison of Bed Systems: January - February 1994
(figures are an average of 3 replicates)

Irsigation in litres applied/bed (9m2)
BPate A B D Reinfall
25mn 75mm Sand 25mm {rmm)
Grevet mgii‘m gf;ﬂ"ds:l;d A B D |Sesuble for key
14 Jan. ‘94 ) ° E) 1287 o -
58 Jan 'S4 [ 0 [ 57
5.12Jan. 9% ) o ) 3 [
13-16 I, "04 a o ) 3278 8
13-20 Jan. ‘94 o o o 2 ]
21-24 ki, '94 0 ) 0 185 -g
25.28 b 94 ) [ [ a7 g &
791 Feb, ‘04 ) [ o 1.375 -é I
25 Feb. '94 ) 0 3 4,25 4
69 Feb, ‘54 ) 0 ° 3175 E?‘ |
10-13 Feb. 94 [ 0 [ 3.02%
14-17 Feb. '94 0 0 [ 1525 ir
1821 Feb, ‘94 ) 0 [ 3.2 o
2225 Feb. '94 ) 0 [+ 4413 R S T [RPRPAI APRNT N SN IVRTPRS IVRPEPI SAAVRETS SIS JPRPRPN WO | L
P S r s - llan. :i9949 Boou B W2 Fel?. W4 18 22 26
Errigation i litres applied/bed (9m™
Date A ) E Rainfall
25mm TSmm Sand 230mm {ram}
Gravel . +EL Gravel + A B E |Seetable for key
irripation 50mm sand [ 1
14 Jan 04 0 a ) 12.875 1a -
5 §an, 04 ) ) ) 5.7
912 fan. 9§ o [ ) 6.05
1336 b, ‘G4 ) ) 0 3.275 8-
1720 b, ‘94 ) 0 ) 2.2 % -
2124 Fan. "6 [ o [ 1.85 '% 6 b
2528 Fan. 54 [i [ ] 0.7 g
2.4 Peb, '94 0 G [ 1375 § I
2.5 Feb. '94 [ 0 [ 4.2 'g 4+
69 Feb, '94 o o o 3478 5 L
$0-13 Feb. '94 0 [} [ 3.925 1
1417 Feb. ‘04 ) [ [ 1.825 :
AL, 54 ) 0 ) 325 I
Ty NETYY 3 Y p Y= P A S W 1 [P W ] [T IR AP Bl
1 5 9 13 17 2\ 25 o] 2 & 10 14 18 22 26
2628 Feb. ‘94 [ 0 ) A7 Tan. 1994 Feb.
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COMMERCIAL - IN CONFIDENCE

Figure 6a: Year 1 (1993-94): Lavandula

Comparison of Bed Systems: July - August 1993

(figures aze an average of 3 teplicates)

Irrigation in litres applied/bed {9m?)
Date: A B C Rainfall
25mm T5mm Sand 7S'fmnSand {mm)
Grevet irr;;.auzfm “ESZ“' A B C I5eetable for key
jrrigation T m—
5.8 fuly 93 225 17.5 25 [ 10 -
9-12 July "93 1s 9.6 12 Lgs -
1516 Mly 93 Y ° 3 [ {
1720 kaly ‘9% [ o [ 9.65 1 .'!
2424 haly 93 ) © [ 025 % :
1528 uly "9 [ 0 ) 18 % }
29 -LAng 93 [ 0 0 G375 g
78 Mag, 98 408 71 321 5 é
6-0 Aug. '$3 19.2 12.5 58 © E
1018 Aug. ‘98 21.8 L3 13.3 275 5 |
1417 Aug. ‘95 242 E2X) 6.7 o
1821 Aug. ‘B 358 2.8 56.7 1725 ir
1228 Avg. ‘B ) ) © 1975 i
2629 g '8 29.2 o 19.2 o g e b i a b (WIS SIS SRR S ! te ot n e den i biaeda
Ty o rexs - 3 5 9 13 £7 21 25 29 2 6 1% 14 18 2 26 30
July 1993 August
Frrigation: in litres applicd/bed (9D
Date A B ) F Rainfall
25mn T3omn Sand 25mm Sand (rny
Gravel 411
irrigation __A_iF_ See 1able for key
5.8 July 9 25 575 25 0 ~
9.12 July '93 15 9.6 12 1.85 10
1416 huky ‘93 0 0 o .85 1 "'
5720 July 9% [ [ 0 2.45 8 k. .
2024 July ‘98 [ [ o 025 5 ¥
2528 huly ‘9% 0 [ ) 18 —g
291 Aug 93 0 [ ) LTS g ¢
25 Aug. 93 408 E2 ) 321 K] é
69 Aug, ‘93 9.2 125 179 [ § 4
1613 Aug, ‘93 218 213 04 275 3‘ i
1417 Aug. '8 242 3 15 0
182 Aug ‘B 15.8 =8 16.7 3728 iy
2225 Aug, ‘B ) o o 1975 I
1629 Aug. 'S 29.2 0 17.5 [ g Ll sbidtbted [T BRI S P 1 [P SN BV S
3031 Aug. B ° 1.5 r R 5 ¢ 13 17 21 25 bl 2 6 10 i4 18 22 L 34
July 1993 August

39



COMMERCIAL

Figure 6b: Year 1 (1993-94): Lavandula

IN CONFIDENCE

Comparisor of Bed Systems: July - August 1993

krrigation in titres appliedibed (Sm?)

{figures are an average of 3 replicates)

Date: A B D Rainfal}

25mm F5rem Send 2 SrresL £y

Gravel m:-gal‘t!;m 25(}::“”5:1;:1 _A_...E.._]?_ See tatle for key
38 oty 93 208 175 ns i ©
912 haly ‘93 I3 o6 7 ey .
1516 Joly 08 2 o 3 78 ] i :
1736 Jady 93 [ 0 ] 945 8 3 '
124 Ry 93 ¢ T o 5 e | ‘ ". i
1578 haly ‘93 o ) o 18 % ‘
9.1 Aug 53 o o ) 50 g or :
75 Aug. 93 468 7T 321 5 é
69 Aug. 98 192 125 17.9 0 ¥ 4
1015 Aug. 98 218 1.3 204 275 E’ g
1417 Aug, 93 pre) =3 1 0
1821 Aug, 55 358 258 67 3725 ir
2225 fuig, 05 0 S 5 1.975 -
7626 Aug, ‘05 292 S ) ) P I I [P SPAPRN SV SR | S VR TN S BV SR
TorT g o m s - P 5 9 i3 17 31 25 29 2 6 10 14 18 22 26 30

Tuly 1993 August
Trrigation in litres applied/bed (9a?)
Date A B £ Rainfait
25mm TSrm Sand 2.5 (g
Gravel +1E Gravel +
frrigation | S0mm Sand A B E e table for key

5.8 0dy 93 225 fEX 2.8 o
.12 haly ‘93 s 9.6 4.6 16 1
1316 duly 91 o 5 [ ) /
1720 Jaly 9% 0 F] [ .65 ) g 3
2124 haly 93 ° [) "o 05 " ¥
75,28 Juky 93 0 [ o L& .g
261 Aug, B3 o ) o w7 g 6
23 Aug, 93 408 FZR) 0 35 =
65 Aug, 9% 19.2 12.5 30 © % 4
1013 Aug, 95 718 253 1z e § |
1417 Aug, 95 242 B3 e )
1821 fag, ‘95 35.8 258 B 375 2
3225 hug, ‘98 [y 5 © 157 3
26,29 fup, 53 293 o .2 o 0 il i el N T i [T DU ST
pr 3 T — = Jsly 1;;93 13 17 2 15 1 %«uguie 10 14 B 2 % B
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Comparison of Bed Systems: January - Fehruary 1994

Irrigation: in litres applied/bed (9m?)

COMMERCIAL ~ 1N CONFIDENCE

Figure 6¢c: Year 1 (1993-94): Lavandula

(figures are an average of 3 replicates)

Date A B c Rainfall
25mm 75rm Sand TSiorn saned ()
Gravel +LL witl: ove-
irrigation R heud
irrigation
1-4 Jan. “94 ¢ 0 1] 12875
58 1an ‘04 < o 0 57
12 Jm.. 98 1] [} ] 6.05
1318 e, 94 Q 4] 0 3275
1720 k0. '94 Q 0 ] 2.2
2124 Fn. 'S4 1] o Q 189
2528 Faxy. 94 1] [+ 0 o7
75| Feb "94 1] a0 L 1.375
23 Feb. ‘%4 a o 0 4.2
6% Feb, "94 ] 0 9 3175
1043 Feb. *94 1] 0 (1] 3.92%
1417 Febs. '94 Q 3] Q 1525
1821 Feb. "84 [+] 0 ¢ s
2325 Peb, ‘M4 [ 0 ¢ 4.975
2628 Feb. '94 Q [} ] 37
Errigation in litres appdied/bed {9m?)
Date A B B Rainfal
25 TS Sand 25mmm sand {mm)
Gravel . +iL
rrigation
T4 4 2 o o 1287
58] 94 ] [ [ 37
912 fan.. ‘93 o 0 0 6.5
1316 Jan. ‘94 o 3 [ 3.275
1420 k. ‘94 ) 3 [ 2.2
2024 han. ‘94 [ 0 [ 185
2528 fan. ‘94 o [ ) o7
2t Feb. '94 Q o ) 1375
2.5 Feb. ‘94 0 0 3 425
69 Feb. "84 0 0 0 3475
1613 Fetr, '94 ° 6 0 3.925
1417 Feb, ‘64 c 6 [ 1.525
1811 Feb. 94 ) 0 ) 328
2215 Feb. '94 0 [) 0 4975
2628 Feb. ‘04 ] o [ 37

Rapitest mojsture resdings

Rapitest moisture resdings

10

10

-3
T

o~
7

A B

C

See (able for key

Ltdded st Lot o b ey v drvada e o Ve oo by

| PRI AP

d sy

)3 5
Jan. 1954

&

13

17

21

BB

2

[ 10 14
Feb.
See table for key

18

2

26

ol

| PRI S

P |

il

4]

1 5
Jan. 1994

e

13

17

21

2

6
Feb.

e

14

18



COMMERCIAL - 1N CONFIDENCE
Figure 6d: Year 1 (1993-94): Lavandula

Comparison of Bed Systems: January - February 1994
(figures are an average of 3 replicates)

Trrigation in litres applied/bed (9m?)

Date A B D Rainfall
25men T5mrem Send 25mm {rn)
Gravel i +LL Gravel + A B D
irrigation 25min sand i .. |Bee tabie for key
14 Jan. 54 0 [ ) 12875 0
58 fan. ‘54 ) [ ) 5.7
9.12 Jan.. *9% ) ) ) .05
1516 S, 94 ) ) ) 5275 B
17.20 Jan. 94 o 0 ) 22 5
k]
2524 Jn. 94 [ S ) 183 ]
£ 6
2528 k. 94 ) ) ) 6.7 g
1 Feb o1 0 ° 5 L35 ‘é I
25 Feb, 'S4 ) a o a5 g 4 |
‘.
65 Feb, ‘04 ° 0 I3 3.1%5 g L
10-13 Feb. 84 ) ) [ 305
3 i
1417 Feb. ‘94 [ G 0 1525
1821 Feb, ‘94 [ ] [ 1.2 i
T e o4 - ry m re PO I TR SR i : : ] 1 [ SN R
1 5 < 13 17 23 25 % 2 6 4] 14 18 22 26
26.28 Feb. 94 ) [ ) 37 Tan. 1994 Eeb
Yrrigation i titres applied/bed (Smit)
Date A B E Rainfall
25mm 75 Send 25mm ()
Gravel +1k Girxvel -+
irigation | S0mm sand A B E iseubie for key
T4 T, 4 [ ) 0 1287 ©
5832 54 [ ¢ [ 37
9.12 . 9% ) ) ) 605
1316 &, 94 0 0 0 3,275 8 -
720 k. ‘54 [ [ 0 2.2 g |
5
2124 fam, 54 ) ) o 185 g
g 6
2578 Jam, 94 o o o 0.7 5
291 b, 94 o o o 1.375 'é I
25 Feb, '94 [ F) 0 415 E 4
B
6.9 Feb, "4 0 [ a 3.175 &
1613 Feb. 94 [) ) ) 3.025
'2 -
1417 Feb. 'S4 ) [ ) 1.525
1621 Feb, ‘94 o [ ) 3.25
22.45 Feb, *94 o ¢ ) £.97% 0 1y i P I S ISP SNSRI A 3 1 I3 J VRIS DRSS I .l i
1 5 9 13 17 21 25 29 2 6 10 14 i8 22 i
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G. Total irrigation applied to different bed systems

The total amount of irrigation applied is shown in Table 2. 1993 had a particularly wet growing
season (Appendix IIL, p. 78), significantly reducing the irrigation requirements. As a result
differences between bed systems were small, though the 75 mm sand bed with seephose
irrigation used the least water, and the 25 mm gravel with-overhead watering the most. The.
sand infill on a gravel bed gave some reduction in water use,-similar in-this-work to the 75 and
25 mm sand beds with overhead irrigation. Further comparisons under: drier conditions are
required to obtain a more accurate assessment.

Table 2 Total amount of irrigation applied/bed over 1993/94 season
Replicate/ Neo. Occasions ‘Total Applied % of Gravel
System Bed No. Errigated (litres)
A. 25 mm Gravel 1 (Bed 2) 11 1025
2 {(Bed 9 12 965
3 (Bed 13) 15 1460
Mean 12.7 1150
B. 75 mm Sand 1 (Bed 6) 11 1010
+ Seephose 2 (Bed 1) 9 715
3 (Bed 17} 10 905
Mean 10.0 877 76,3%
C. 75 mum Sand 1 (Bed 1) 14 1200
+ Overhead 2  (Bed 8) il 870
3 (Bed 18) 11 910
Mean 12.0 993 86.3%
D. 25 mm Gravel 1 (Bed 4) 9 745
+ 25 mm Sand 2 (Bed 12) 13 1130
3 (Bed 14) 13 1075
Mean 11.7 983 85.5%
E. 25 mm Grave!l I (Bed 53 11 905
+ 50 mum Sand 2 Bed T 12 1080
3 (Bed 15) i2 1070
Mean 1.7 1018 88.3%
F. 25 mm Sand 1 (Bed 3) 12 1080
+ Overhead 2 (Bed 11} 11 930
3 (Bed 16) 12 1035
Mean 11.7 1015 88.3%
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H. Plant Growth
By Autumn 1993 (Table 3)

Hydrangea demonstrated a significant improvement in growth on the 75 mm sand beds compared
to the 25 mm sand and gravel systems. While the 50 mm sand infill on gravel appeared to give
some improvement in growth this did not prove to be significantly different to other systems.

Growth of the slower growing species was similar regardless of bed system.

By Spring 1994 (Table 4)

Hydrangea: As in the autumn record, spring growth appeared to be slightly better on the sand
systems, particularly the 75 mm sand + seephose system, but these differences did not prove
to be significant compared with the gravel bed. Visible root growth over the pot-ball was
significantly better on the 75 mm sand beds compared with the ‘other sand systems, but these
differences were small and not considered to be commercially significant.

Lavandula: As with Hydrangea, while there appeared to be an improvement in growth on the
sand beds, this did not prove to be significantly different to that achieved on the gravel bed.
Root growth was similar regardless of bed system.

Cytisus: Plants on the 25 mm gravel bed were significantly smaller than those on the sand beds.
While the 75 mm sand+ seephose system produced the largest plants, differences between the
various depths of sand and sand infills did not prove significant. Root growth was similar across
bed types.

Genista: Plant growth was similar across all systems, though visible root over the pot-bail was
significantly better on the gravel bed. '
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Table 3 Year 1 (1993-94): Plant Growth by Autumn 1993

Mean Size Score (Visual score of 1-5, 5 = largest)

(figures are a mean of 3 replicates, 10 plants/plot)

Hydrangea recorded 22 October 1993, other species on 3 November 1993

System Hydrangea Lavandula Cytisus Genista
A. 25 mm Gravel 2.69 3.02 9.83 3.33
B. 75 mm Sand 3.40 3.38 10.85 3.52
+ Seephose
C. 75 mm Sand 3.58 3.13 9.58 3.51
+ Overhead
D. 25 mm Gravel 2.52 3.08 9.48 3.27

+ 25 mm Sand

E. 25 mm Gravel 3.02 3.46 16.73 3.06

4+ 50mm Sand
F. 25 mm Sand 2.52 3.17 11.06 3.15
+ Qverhead
df =8 SED + 0.263 0.184 1.011 0.285
LSD 5% + 0.61 0.42 2.33 0.66
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Table 4

a.

Ifydrangea (Assessed 19 May 1994)

Year 1 (1993-94):

COMMERCIAL ~ IN CONFIDENCE

Plant Growth by Spring 1994

(figures are a mean of 3 replicates, 16 plants/piot)

Size Score Vigour Score % Visible
1-5 1-5 Root Cover
System (5 = fargest) (5 = most-vigorous) -over Root Ball
A. 25 mm Gravel 2.09 3.18 74.5
B. 75 mm Sand. 3.18 4.38 77.2
+ Seephose
C. 75 mm Sand 2.77 3.46 75.8
4 Overhead
. 25 mm Gravel 2.43 3.10 68.9
+ 25 mm Sand
E. 25 mm Gravel 2.83 4.33 70.5
+ 50mm Sand
F. 25 mm Sand 2.55 3.45 70.5
+ Overhead
df. =8 SED + 0.519 0.625 1.24
LSD 5% + 1.20 1.44 2.9
h. Lavandula (Assessed 6 April 1994)
Size Score Vigour Score % Visible
1-5 1-5 Root Cover
System {5 = largest) (5 = most vigorous} over Root Ball
A. 25 mm Gravel 3,13 4.08 474
B. 75 pum Sand 3.43 3.86 45.5
+ Seephose
C. 75 mm Sand 3.31 4.04 473
+ Overhead
D. 25 mm Gravel 3.42 4.25 45.0
' + 25 mm Sand
E. 25 mm Gravel 3.62 4.32 46.8
+ 50mm Sand
F. 25 mm Sand 3.57 4.32 50.2
+ Overhead
df. = 8§ SED 4+ .229 0.318 1.01
LSD 5% + 0.53 0.73 2.33

46



COMMERCIAL - IN CONFIDENCE

Table 4 Continued
c. Cytisus and Genista (Assessed 19 May and 6 April 1994 respectively)
Cytisus Genista
Size Score % Root -Size Score % Root
1-5 Cover over 1-5 Cover over
System (5 = [argest) Pot Ball (5 = fargest) over Pot Ball
A. 25 mm Gravel 2.58 17.2 3.42 64.9
B. 75 mum Sand 3.88 17.2 3.31 50.7
+ Seephose
C. 75 mm Sand 3.50 ' 17.8 3.62 475
+ Overhead
b. 25 mm Gravel 3.33 17.1 3.08 44.6
+ 25 mm Sand
E. 25 mm Gravel 3,75 16.5 3.04 43.4
+ 50mm Sand
F. 25 mm Sand 3.42 17.6 3.22 46.0
+ Overhead
df =8 SED 4 0.287 1.23 0.330 2.892
' LSD 5% + 0.66 2.84 0.76 6.67

47



COMMERCIAL - IN COMNFIDENCE

I. Liverwort growth

Presence of liverwort was assessed at the end of the first growing season and the following
spring (Table 5). Variability in occurrence of liverwort between plants gave large standard
errors (SED) and correspondingly high least significant. differences (I.SD) for comparison
between treatments.

By December 1993, while there appeared to be a marked reduction:in liverwort:on:the 75 mm
sand bed with seephose irrigation, this only proved to be:significant with Cyrisus.

Following a very wet winter period, liverwort had increased by March 1994 and-development

was similar regardiess of bed type. Even the Cytisus, which had only a minimal presence of
liverwort in December 1993, had in excess of 75% pot cover by the spring record.
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Table 5 Year 1 (1993-94): % Liverwort cover/pot
(figures are a mean of 3 replicates, 16 plants/plot)

System Hydrangea Lavandula Cytisus Genista

By December 1993

A. 25 mm Gravel 0.0 46.7 90.0 80.0

B. 75 mm Sand 0.0 20.0 4.3 63.3
+ Seephese

C. 78 mm Sand 0.3 46.7 73.3 833
+ Overhead

D. 25 mm Gravel 0.0 33.3 50.0 73.3
+ 25 mm Sand

E. 25 mm Gravel 0.0 33.3 53.3 73.3
+ 50mm Sand

F. 25 mm Sand 0.3 46.7 50.0 86.7
+ Overhead

df =8 SED + - 12.51 23.8 9.43

LSD 5% + - 28.9 353.7 21.8

By March 1994

Al 25 mm Gravel 2.0 63.3 100.0 91.7

B. 75 mum Sand 4.0 61.7 76.7 98.3
+ Seephose

C. 75 mm Sand 5.0 73.3 88.3 96.7
+ Overhead

D. 25 mm Gravel 2.0 56.7 91.7 83.3
+ 25 mm Sand

E. 25 mm Gravel 2.7 60.0 98.3 86.7
+ 50mm Sand

F. 25 mm Sand 2.7 80.0 83.3 98.3
+ Overhead

df. =8 + - 15.37 9.94 3.33

LSD 5% + - 35.4 22.9 7.7
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Year 2 (1994-1995)

The trial was repeated in 1994-95, but with only a single species/bed during the growing season
to allow targeting of irrigation to that species’ requirements. Since Hydrangea showed a marked
response in changes in moisture status of the growing media, having a high water requirement,
this species was used as the indicator for the 1994 growing season.

Over the winter period the main concern was influence of bed type in draining excess water from
the container in order to reduce the risk of waterlogging and+consequentloss:in quality.
Hydrangea can be sensitive to waterlogging, but a further highly sensitive-species, Lavandula,
was also included for the overwintering assessment. These plants:had been grown on a gravel
system with overhead irrigation during the growing season, and were moved to the different bed
types in early December 1994.

The 1994 season proved much drier than the previous year and.considerably more-irrigation was
required, enabling a better comparison between bed- systems for:their efficiency of water use.
- However, it became apparent as the season progressed that-the 25:mm-sand and 25 and 50 mm
sand infill on gravel beds were using far-more water:than the gravel. control. - A Mypex lining
had been used as a-standard under the gravel systems to achieve better drainage of excess water
from the bed, and this had remained when the sand -infills were applied. - A"Mypex lining was
also used under the 25 mm sand bed to obtain a direct comparison with the sand infill beds.
Consequently, as the season p'rogressed'and the drier conditions lowered the soil water tabie;
capillary movement of water occurred out of the bed through the permeable Mypex lining.

Comparisons of water use between the 75 mm sand beds with the 25 mm gravel bed were valid,
since the drained sand beds had a polythene lining.

As in Year 1, results are divided into a number of areas:

1. Uniformity of growing media water status measurements.
K. Effects of bed system on media water status.
L. Total irrigation applied to different bed systems.

M. Plant growth.
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J. Uniformity of growing media water status measurements

The uniformity of water measurements by the Rapitest Meter in Year 2 proved as consistent as
those obtained in Year 1 (Figures 7a-f and 8a-c). The drier 1994 season meant more frequent
irrigation, as reflected by the marked peaks and troughs of the media water status measurements,
and it was necessary to apply more water at each application to bring. plants back up to a
reasonable moisture level.

However, three of the beds showed erratic moisture levels:in.comparison with .the .other two
replicates in the same treatment. ‘Both Replicate 2 of the 25 -mm gravel.(Bed 2).and Replicate
1 of the 25 mm gravel + 50 mm sand (Bed 5) used far less water ‘than their counterparts, while
Replicate 1 of the 75 mm sand + overhead system (Bed 1) used considerably more water than
the other replicates. This shows clearly in the graphs for the 25 mm gravel + 50 mm sand bed
where Replicate 1 appears to have remained wetter (Figure 7¢), while on the 75 mm sand +
overhead bed of Replicate 1 the growing media is considerably.drier. +Why ‘these differences
have occurred in Year 2 but not in Year 1 is unclear. The 75:mm:sand.~+-overhead irrigation
was an enclosed system lined with polythene. “A:possible:explanation: here was the puncturing
of the lining from weed or animal activity underground, leading to continuous loss of water into
. the drier soil beneath. The anomaly with the Mypex lined gravel and: gravel + 50 mm sand
beds requiring less water is more difficult to account for, unless there were variations in the
-s0il/sub soil structure under the beds, reducing the downward capillary pull of water from them.
Whatever the reason, these replicates have been omitted from the data where systems were
compared.

The pattern of moisture status of the growing media overwinter was similar for both Hydrangea
and Lavandula.
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Rapitest moisture reading

Rapitest moisture reading

10

Figure 7a: Year 2 (1994-95): 25mm Gravel + Overhead Irrigation (Trt. A)

COMMERCIAL -~ IN CONFIDENCE

Mean daily Rapitest moisture measurements
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Rapitest moistuze reading

Rapitest moisture reading

COMMERCIAL - IN CONFIDENCE

Figure 7b: Year 2 (1994-95}): 75 mun Sand + Seephose (Trt. B)

Mean daily Rapitest moisture measurements
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Rapitest molsture reading

Rapitest moisture reading

1

COMMERCIAL - IN CONFIDENCE

Figure 7c: Year 2 (1994-95): 75 mm Sand + Overhead Irrigation (Trt. ©)

Mean daily Rapitest moisture measurements
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Rapitest moisture reading

COMMERCIAL — IN CONFIDENCE

Figure 7d: Year 2 (1994-95): 25 mm Gravel + 28mm Sand (Trt. D)

Mean daily Rapifest moisture mreasurements

{average across 2 cultivars)
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Rapitest moisture reading

Rapitest moistare reading
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Figure 7e: Year 2 (1994-95): 25 mm Gravel + 50mm Sand (Trt. E)

Mean daily Rapitest moistore measurements
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Rapitest moisture reading

Rapitest moisture reading

Figure 71 Year 2 (1994-95): 25 mm Sand + Overhead Irrigation (Trt. F)
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Figure 8a: Year 2 (1994-95): Lavandula

Mean daily Rapitest moisture measurements at 8 cm. depth

Period 2: 5 December 1594 - 13 February 1995
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Rapitest moisture reading

Rapitest moisture reading

COMMERCIAL - IN CONFIDENCE

Figure 8b Year 2 (1994-95): Lavandula

Mean daily Rapitest moisture measurements at 8§ cm, depth

Period 2: 5 December 1994 - 13 February 1995

75mm Sand + Overhead Irrigation (Trt. C)
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Figure 8c: Year 2 (1994-95): Lavandula

Mean daily Rapitest moisture measurements at 8 cm. depth

Period 2: 5 December 1994 - 13 February 1995
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K. Effects of bed system on water status of the growing media

These results are presented in Figures 9a-d for Hydrangea and 10a-b for Lavandula. As in Year
1 the two control systems, 25 mm gravel and 75 mm sand + seephose, have been included in
each graph for comparison with one of the other four bed systems.

Hydrangea

Figures 9a-b show the influence of bed system in moisture retention over the-growing season and
clearly show the benefits of the 75 mm sand + seephose system. However, the 75 mm sand +
overhead system (C) appeared to dry out as quickly as the gravel system, though it needed less
irrigation to maintain this status (see next section). The drier media on the 25 mm gravel and
sand infill beds (D, E, F) reflected the higher irrigation requirement on these beds as already
discussed, due in part at least to the downward capillary movement of water from the bed
through the Mypex lining.

Over the winter period the potential for the 75 mm of sand to drain water from the pots was
again demonstrated, compared with the 25 mm gravel bed (Figures 9¢c-d). The apparent
increased drainage from the 25 mm sand and sand infill systems could still be related to the drier
soil beneath the beds during the early part of the winter and continued downward capillary
movement of water from the beds. As the water table rose the drainage from these beds became
less, and by February 1995 the 75 mm sand beds were again showing the most positive drainage
from the pots.

Lavandula

These results, (Figures 10a-b), relate to the winter period only and show close correlation to
those obtained for Hydrangea.
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Figure 9a: Year 2 (1994-95): Hydrangea

Comparison of Bed Systems: July - October 1994

(figures are an average of 3 replicates)
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Figure 9b: Year 2 (1994-95): Hvdrangea

AN CONFIDENCE

Comparison of Bed Systems: July - October 1994

(figures are an average of 3 replicates)
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Figure 9¢: Year 2 (1994-95): Hydrangea

Comparison of Bed Systems: December 1994 - February 1995

{figures are an average of 3 replicates)
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Figure 9d: Year 2 (1994-95): Hydrangea

Comparison of Bed Systems: December 1994 - February 1995

(Tigures are an average of 3 repticates)
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Figure I0a: Year 2 (1994-95): Lavandula

Comparison of Bed Systems: December 1994 - February 1995

(figures are an average of 3 replicates)
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Figure 10b; Year 2 (1994-95): Lavandula

Comparison of Bed Systems: December 1994 - February 1995

(figures are an average of 3 replicates)
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L. Total irrigation applied to different bed systems

The total amount of irrigation applied during 1994 is shown in Table 6. As already discussed,
data for Replicate 2 of the 25 mm gravel, and Replicate 1 for the 75 mm sand + overhead and
25 mm + 50 mm sand systems have been taken ocut due to their being so different to the other
two replicates in the same treatment.

In this very dry season the benefits of the 75 mm sand beds in efficiency of water use was
~marked, with the seephose irrigated system using less than 30% of that needed on the gravel bed.
The overhead irrigated sand bed used slightly more water; but'still: used-less than 35% of gravel,

As already discussed, the Mypex lined beds with sand or sand infills used considerably more
water this season than the gravel, due to loss of water through the base into the dry soil
conditions beneath.

Tahle & Total amount of irrigation applied/bed over 1994/95 season
Replicate/ No. Occasions Total Applied % of Gravel
System Bed No. Irrigated (litres)
A. 25 mm Gravel I (Bed 2) 52 10635
3 (Bed 13) 48 10622
Mean 50.0 10629 -
B. 75 mm Sand I (Bed 6) 21 3000
+ Seephose 2 (Bed 10) 23 3575
3 (Bed I7) 15 2120
Mean 19.6 2898 27.3%
C. 75 mm Sand 2  (Bed 8) 27 3295
+ Qverhead 3 (Bed 18) 28 3705
Mean 27.5 3500 32.9%
D, 25 mm Gravel 1 (Bed 4) 62 14790
+ 25 mm Sand 2 (Bed 12) 62 15645
3 (Bed 14) 74 20700
Mean 66.0 17045 160.4%
E. 25 mm Gravel 2 (Bed7) 63 16145
<+ 50 mm Sand 3 (Bed 15) 65 16927
Mean 64.0 16536 155.6%
¥. 25 mm Sand T (Bed 3 61 12975
+ Overhead 2 (Bed 11} 59 14180
3 (Bed 16) 65 15758
Mean 61.7 14304 134.6%
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M. Plant Growth

By Autumn 1994 (Table 7)

As in Year 1 there was a significant improvement in growth of Hydrangea on the 75 mm sand
beds, especially where seephose irrigation was in operation, compared with the gravel system.
While there was also a small improvement in growth on the 25 mm sand bed and 25 and 50 mm
sand infills, these did not prove significant.

By Spring 1995 (Table 8)

Hydrangea: Assessments were made in mid May 1995 on thesecond flush.of growth, the first
flush having been severely damaged by frost. By this time differences in top or root growth
between bed systems of Mme J de Schmedt were small and not significant. With Draps Pink
top growth was delayed on the 75 mm sand + seephose bed giving a smaller size score at the
point of assessment.

Lavandula: = None of the bed systems had any obvious effect on the spring:flush-of :growth,
either top or visible root. However, the amount of new. root:occurring:was:significantly greater
on the sand beds as compared to the gravel bed.

Table 7 Year 2 (1994/95): Hydrangea: Plant Growth by 28 September 1994

Mean Size Score (visual score of 1-5, 5 = largest)
(figures are & mean of 3 replicates, 16 plants/plot)

Cultivar
System Mme J de Schmedt Draps Pink Mean
A. 25 mm Gravel 2.56 2.60 2.58
B. 75 mm Sand 3.00 3.18 3.09
+ Seephose
C. 75 mm Sand 2.91 2.97 2.94
+ Overhead
D. 25 mm Gravel 2.72 2.63 2.68
+ 25 mm Sand
. 25 mm Gravel 2.75 2.85 2.80
-+ 50mm Sand
F. 25 mm Sand 2.70 2.76 2.73
+ Overhead
df =8 SED + 0.132 0.198
LSD 5% + 0.30 0.46
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a.

Year 2 (1994-95):

COMMERCIAL - TN CONFIDENCE

Plant Growth by Spring 1995

{figures are a mean of 3 replicates, 18 plants/plot}

Hydrangea (Assessed 19 May 1995)

System

Cultivar

Mme J de Schmedt

Size Score
1-5
(5 = largest)

% Visible

Root Cover
aver Pot Ball

Draps Pink
Size Score % Visible
1-5 Root Cover
(5 == largest) over Pot Ball

A 25 mm Gravel 3.02 40.9 2.89 37.8
B. 75 mm Sand 2.90 31.6 1.89 35.0
+ Seephose
C. 75 mm Sand 3.04 35.2 2.57 33.8
4+ Overhead
D. 25 mm Gravel 3.09 40.5 2.67 40.0
+ 25 mm Sand
E. 25 mm Gravel 3.00 38.1 2.92 34.0
<+ 50mm Sand
F. 25 mn Sand 3.31 43.0 2.72 38.5
+ Overhead
df. =8 SED + 0.159 6.10 0.130 3.23
LSD 5% + 0.37 14.1 0.24 7.5
b. Lavandula (Assessed early April 1995)
Size Score % Visible Amount of new Root
1-5 Root Cover 1-5
System (3 = largest} over Pot Ball (5 = most)
A. 25 mm Gravel 2.03 41.0 2.41
B. 75 mm Sand 1.91 47.2 2.97
+ Seephose
C. 75 mm Sand 2.51 40.4 2.74
+ Overhead
p. 25 mm Gravel 1.86 44.8 2.72
-+ 25 mm Sand
E. 25 mm Gravel 2.19 43,9 2.89
+ 50mm Sand
F. 25 mm Sand 2.13 43.9 2.92
+ Overhead
df = 8 SED + 0.389 2.84 0.150
LSD 5% + 0.90 6.6 0.35
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DISCUSSION

This Project looked at methods of improving water utilisation on gravel beds by infilling with
25 or 50 mm of sand and compared their performance against standard gravel and drained sand
bed systems. The potential of a simple Rapitest Water Meter for monitoring water status of the
growing media on the different bed systems was examined, linking into a watering regime aimed
at plant requirements rather than watering to excess.

The two seasons over which the work was done had contrasting weather patterns, with 1993/94
being relatively wet, but 1994/95 very dry over the growing season. - As a result differences in
water regimes between bed systems were much smaller in the first season.

The 75 mm drained sand beds still proved the most efficient in terms of water use when
compared against the 25 mm gravel bed, especially in the drier season where savings of around
70% were made. Savings were greatest where these sand-beds were irrigated with low level
seephose as compared to overhead irrigation systems. However, the use of a.sand infill looked
a promising method of improving . efficiency of water -utilisation-on" gravel:systems, but
measurement of the potential savings over the drier season were confounded by the permeable
Mypex lining, which allowed water to be drawn out of the bed down into the drier soil profile
beneath. Mypex linings under gravel are commonly used to improve drainage away from the
beds, but non-permeable polythene linings would be required if sand infills were being
considered as a means of improving water utilisation. More work is therefore required to
determine the depth of sand infill required to achieve the most cost effective savings in water
use, together with an assessment of winter drainage.

The Rapitest Meter provided a surprisingly accurate tool in monitoring differences in water status
of growing media between species and the different bed systems as well as providing a means
of identifying a set point for when to water, once calibrated to crop requirements.  The small
hand beld meter proved simple to use with almost instantaneous readings once the probe was
inserted into the media, enabling a number of readings to be taken very quickly. The results
obtained showed just how responsive the meter was to rapid changes in moisture content of the
growing media either from irrigation or rainfall events, far more so than the Watermark Meters
which are normally used in the soil, and did not appear suited to container crops. (see p. 9) A
single meter was used throughout the trial to ensure comparisons between bed systems were
valid, since different meters couid give varying readouts and each meter would need calibration
to crop requirements. The readout scale of the Rapitest Meter would need further calibration
against more accurate monitoring equipment if the actual moisture tension achieved under the
different conditions was required. However, for the purpose of this work the relatively simple
meter provided a cheap means of taking a large number of readings over a short period of time
in different containers to obtain an average for a bed system to aid irrigation management. The
depth of moisture measurement needed to be standardised, since this work showed the marked
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changes in water status from the drier zones towards the top of the container to the wetter lower
horizons. In this work two depths were measured and an average taken for the purpose of
monitoring irrigation requirements, though a single measurement at a set depth could probably
do a similar job provided it was calibrated against crop requirements. The measurements also
gave the opportunity to investigate a ‘lean’ water regime by only - watering back up to a
predetermined level, instead of to excess. Again this ‘needed. initial - calibration to crop
requirements but proved a useful tool in improving efficiency of water use. "More work is
required to determine the parameters of when and how much water needs to be applied, and the
influence of these ‘leaner’ water regimes on plant growth-and-quality. Such information could
gradually build up a database to provide guidelines on the amount-of:water:to-apply-depending
on the meter readings.

As to be expected, variation in species’ requirements showed up clearly in this work, and
highlighted the problem of mixed cropping on the same bed. Thus in.Year 1, when one species
with a high water requirement (Hydrangea), and three with-a:low. water requirement (Cytisus,
Genista, Lavandula) were on the same bed, irrigation applied was.a:compromise: of an average
-of water measurements over the four species. Thus-Hydrangea:tended:to:be underwatered, the
other three overwatered. This was overcome in the second year by only having-one species on
the bed (Hydrangea).

The different bed systems appeared to have little effect on the quality of plants over winter in
this work, even though the 75 mm sand beds provided more positive drainage of water from the
pots. However, it was noticeable with the Lavandula in the second year that new root
development in the spring was improved on the sand compared to the gravel system.

In summary the use of a sand infill to existing gravel beds appears a promising method of
improving their efficiency of water use, providing a non-permeable lining is used in the base,
though the 75 mm drained sand bed still provides the greatest savings in water use, and winter
drainage capability. The full potential of the ‘infill beds’ to conserve water needs further
investigation over a dry season, since in this work results were confounded by the permeable
‘lining which allowed water to be pulled from the bed in the drier season. - The Rapitest Water
Meter appears a useful tool for monitoring water status of growing media and identifying the
point at which irrigation is required. However, each meter will need calibration to crop
requirements, and further work is needed to develop the ‘lean’” watering regimes that become
possible by such monitoring, since these requirements will vary with species and system of
production.
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CONCLUSIONS

This two-year Proiect over 1993/94 and 1994/95 investigated the potential of improving water
efficiency of gravel systems by infilling with 25-50 mm of sand, and the use of a simple Rapitest
Meter to monitor water status of growing media and provide a tool to aid crop water
management. The two seasons provided extremes of weather conditions for the work with a wet
first year and a dry second season, though both had wet winters. ‘The main findings of the work
were as follows.

& A 25 mm and in particular a 50 mm depth of sand infill-to an existing 25 mm gravel bed
improved efficiency of water use.

@ When using a sand infiil to gravel it will be important to have a non-permeable polythene
lining over the base. In this work the use of permeable Mypex lining actually increased
water use in the dry season as water was drawn out of the bed into the drier soil profile
beneath. The 75 mm drained sand bed systems, particularly with:seephose irrigation, still
provided the most efficient system for improving water: utilisation and ‘winter drainage.
In the dry season, savings of 70% were achieved compared to the gravel system. The
savings which could be achieved with the 25-50 mm of sand infill to gravel systems needs
further investigation on beds with a non-permeable lining.

® In this work bed system appeared to have little influence on quality of overwintered
crops, though there was evidence of increased new root growth from drained sand as
opposed to gravel bed systems for water sensitive species (Lavandula) in the spring.

L The Rapitest Meter provided a useful means of monitoring water status of the growing
media between species and bed systems, and a tool for water management by determining
the point at which irrigation needed to be applied, once calibrated to crop requirements.

L The measurement of water status of the growing media provided the means of managing
irrigation to provide a ‘leaner’ regime by watering back up to a predetermined level
instead of to excess, though again this needed calibration to crop requirements. Further
work is required in the development of ‘lean’ water regimes, both in respect of irrigation
management and effects on crop growth. '

@ Species with similar water requirements need to be grouped together to ensure differential
watering regimes can be applied, thus avoiding over and under watering.

e More work is required to confirm these results and gain further information on the

potential improvement in water atilisation from sand infills to gravel with non-permeable
linings.
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APPENDICES
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HINS 38 Water Use under different HNS Container Systems (1993-95)

Bed Layout
1993-94
Hydrangea Genista Lavandula Cytisus
Guards Guards Guards Guards
w!l X X X X X X X X X X X X X X X X |4
g X X X X X X X X ¥ X X X X X X X :g
é X X X X X X X X X X X X X X X x |O
X X X X X X X X X X X X X X X X
Guards Guards Guards Guards
Recorded plot = 16 plants in centre of each species block
1994-95
Guards Guards Guards Guards
Hydrangea Lavandula(Winter only)
- X X X x X X X X X X X X N
e X X X X X X X X X X X X k=
g o
& X X % x X X X x X X X X &
X X X X X X X X X X X X
Mme. de Schmedt Draps Pink
Cruards Guards Guards Guards
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APPENDIX II

PLATE 1

Rapitest Moisture Meter

Probe marked for 4 and 8 cm depths

t Meter reading at which
irrigation was applied

Rapitest Moisture
Meter in use
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APPENDIX IV . COMMERCIAL ~ IN CONFIDENCE

Contract between HRI (hereinafter called the “Contractor") and the Horticultural
Development Council (hereinafter called the "Council") for a research/development project.

1.

TITLE OF PROJECT Contract No. HNS38
(Extension for a second year)

WATER USE UNDER DIFFERENT HARDY NURSERY STOCK CONTAINER
SYSTEMS

BACKGROUND AND COMMERCIAL OBJECTIVE

As for HNS38.

POTENTIAL FINANCIAL BENEFIT TO THE INDUSTRY
As for HNS38.

SCIENTIFIC/TECHNICAL TARGET OF THE WORK

As for HNS38.

CLOSELY RELATED WORK

As for HNS38,

DESCRIPTION OF THE WORK IN YEAR 2

Bed Systems

The second year of work wiﬂ' look further at the potential of the six bed systems

studied in the first year with the objective of improving water use on existing gravel
based systems. These were:

1. 25mm gravel over Mypex with overhead irrigation.

2. 25mm sand over Mypex with overhead irrigation.

3. 25mm gravel over Mypex + 25mm sand infill with overhead irrigation.
4. 25mm gravel over Mypex +:50mm sand infill with overhead irrigation.
5. 75mm sand (+ drain) over polythene plus overhead irrigation. '

6. 75mm sand (+ drain) over polythene plus seephose low level irrigation.
Species

Due to the different water requirements seen with the range of species used in the
1993/94 period of work this year’s trjal will be limited to Hydrangea during the
summer period. This species has a high water requirement and will, therefore, give
more opportunity for irrigation measurements. Lavendula ‘Hidcote’, which is
susceptible to over-wet conditions, will be grown over the season on a gravel bed
with overhead irrigation and transferred to the treatment beds over winter to monitor
their influence on water drainage and subsequent plant quality.
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COMMERCIAL « [N CONFIDLENCE

Design
6 systems
X
3 replicates
18
X
4 blocks of Hydrangea
7 sub-plots

16 plants/sub-plot to be recorded

Assessments

L. Daily moisture measurements of 2 plants per:sub-plot-at 4cm-and.8cm. depth
using a Rapitest moisture meter to determine ‘when. to irrigate and show the
fluctuations in moisture content throughout the trial.

2. Record of irrigation requirements and adjustment of amount of irrigation
applied to aim at a fixed moisture content.

3. Plant top growth record autumn 1994 and top and root growth record spring
1995. '

COMMENCEMENT DATE, DURATION AND REPORTING
Start date 01.06.93; duration 2% years.

The HDC water use leaflet will be produbed by 01.10.94.

¥ 3 -

5. H CAT-S——W0 ¥ i Y 594, The
experimental work will be completed by May/June 1995 and the final report will be
produced by October 1995. (This report will include the results from 1994/95
together with the results from the earlier work).

STAFF RESPONSIBILITIES

As for HNS38.

- LOCATION

As for HNS38.
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COMMERCIAL - IN CONPIDENCE

Contract No: HNS38-Ext

TERMS AND CONDITIONS

The Council’s standard terms and conditions of contract shall apply.

Signed for the Contractor(s)

Signed for the Contractor(s) SIENALUTE. « - eeennrrvrnaaanrianareeiananasanens
POSIHOR. . v e iaeeaernrecaantannnsaraaanannasannans
| DL (- U U PPTOPPPPPPPIPPPPRPS

Signed for the Council . Signature

POSTHION . . v eeereaseasssaannnnnnsesasansssssnasnanns
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