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PRACTICAL SECTION FOR GROWERS

Background and Objectives

The profitability of AYR chrysanthemum productios feliant upon the speed and
uniformity of the winter crops. This project assss the possibility of improving
productivity by the use of modified propagation niaednd extending propagation

times.

In the Netherlands a number of attempts have besderto produce blocking media
with a more open structure using a higher than abpercentage of sphagnum peat
in the blend. These blocks are considerably mrpemsive than conventional blocks
due to the need to use a glue material to maititarblocks in good condition during
transit. As transport of blocks is not a requiretrfer the majority of UK growers, it
may be possible to produce an equivalent or supétark from materials readily

available in the UK without the need for glue aherefore at a reduced cost.

Sphagnum peat has been demonstrated to be beh&fiplant growth by suppressing
Pythium which is one of the major causes of unevenneswiimer AYR crops.
Different light and dark sphagnum peats appear &wvehdifferent levels of
suppressiveness tBythium Whilst sphagnum amendments may be expected to
suppres$®ythiumwithin blocks, the effects on planting out are modwn. Peat blocks
manufactured entirely from sphagnum peat tend tdraegile until sufficient root
growth develops to hold them together. Dutch pgapars have found that their
distribution system prevents them from using md@nt40% of sphagnum peat in
their blocks, even when including ‘glue’ componen®roducing blocks with a high
proportion of sphagnum content is a more realigtaposition for UK growers who
usually produce blocks on site. The possible im@noents in air-filled porosity
(AFP) and disease-suppressive biological activibpld provide a cost-effective

method for UK growers to improve their blocking med composition.

The aim of this study was to assess the effectlatkbng media and propagation

duration on production time and on toleratiorPgthium

©2001 Horticultural Development Council 1



Key Results and Conclusions

The effects of 3 blocking media (Scotts ‘standard’,Scotts ‘improved’ and
Masons) and 3 propagation durations (11, 15 and 28ays) on cropping time,

yield and quality of AYR chrysanthemums

The experimental programme assessed two blockindianavhich are currently
available commercially in the UK, and compared ¢heith a home-produced product
from A J Mason. The blocking media were:

- Scotts standard

- Scotts improved

- Mason blocking
The Scotts standard medium was the B2 mix wideddus/ the UK industry with the
exception that the blocks used in this work did nohtain Aaterra. The Scotts
improved medium is a new mix, blended to give aenopen structure to blocks.
Mason blocks are an open blend of Irish medium gptin peat. Blocks were
prepared in two sizes, 5 x 5 x 3 cm and 6 x 6 m3(length x breadth x depth), using
a Flier P1 blocking machine. The former, which nimy considered the standard
winter block size in the UK, was used for all 11d&lb day propagation treatments
and additionally, the 20 day propagation treatmesg Mason’s blocking medium.
6 cm blocks were used for the 20 day propagateatitnent using Scotts standard and
Scotts improved media. The plants were grown aliogrto good commercial

practice for winter grown AYR chrysanthemums.

Table A: Propagation and planting schedule for the growiiads
Propagation Block . .
duration (days) | size (cm) Stick date Planting date
20* 6Xx6x3 04/11/99 24/11/99
15 5x5x3 04/11/99 19/11/99
11 5x5x3 08/11/99 19/11/99

* N.B. 20 day propagation treatment using Mason’s medisadib cm blocks

©2001 Horticultural Development Council 2



Key findings

For any given duration of propagation, root deveiept in the Scotts Standard
blocks was markedly poorer than in either the Scatiproved blocks or the
Masons blocks. There was no obvious difference adating between Scotts
Improved and Masons blocks when the propagatioatiur was 15 or 20 days,
but root development in the Masons blocks was gre#itan in the Scotts

Improved blocks when the propagation duration wdg b1 days.

Plant height, leaf humber and plant fresh weightappeared to increase in an
approximately linear manner during the first 15 slay propagation. There were
no obvious differences in growth between the twotScblocking media, but

vegetative growth was slightly reduced in the Masaredium after 15 days of

propagation.

Plant height, leaf number and pldrgsh weight increased exponentially between
15 and 20 days and, at 20 days, vegetative grawttnei Scotts Standard treatment
had outstripped that in both the Scotts Improvedtment and in the Masons
treatment. This effect may have been due to thallsmblocks used in the
Masons treatment, and to not adopting a more fretquegation regime for the
two freer-draining substrates, but could also be tludifferent partitioning of
assimilates between roots and shoots, with more¢ demand in the latter

substrates.

Although the 11-day and 15-day treatments weretpthout at the same time in
the glasshouse, the 15-day propagation treatmentsstently reached the 40 cm
‘stick height’ stage one day ahead of the 11-daypagation treatments. This
almost certainly reflects the slightly larger ialtiplant heights of the 15-day

blocks.

The 20-day treatments were planted out 5 days d#fierll-day and 15-day
treatments, but the 20-day Scotts Standard andtsSt¢oiproved treatments
reached the 40 cm stage at most only one day #itrequivalent 15-day

treatments and after receiving about 17% less .liglte extra 5 days in
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propagation did, therefore, appear to translate antoughly equivalent reduction

in time spent in LD in the glasshouse.

The 20-day Masons treatments reached the 40-cra stagdays after the 20-day
Scotts treatments and after receiving 15.5% magjl@.liThis was almost certainly
a result of the Masons blocks having been seriousbadvantaged during

propagation because of a smaller block size.

Sampling of individual plants showed that the agerheight of the 20-day block
plants at the ‘40 cm stage’ was 1-3.5 cm less thahof the 11-day and 15-day
block plants. This indicates that the glasshousepbBse for the 20-day blocks
ought to have been 1-2 days longer than was agttlal case, and that a more
realistic estimate of the saving in LD in the glamsse of propagating for 20 days
might be only 2-3 days.

There were no obvious differences between thentrevatls in average leaf number
per stem, plant fresh weight or plant dry weighttla¢ start of SD and no
differences in crop uniformity. This indicates themding the LD phase at a
defined physiological stage and allowing growthptoceed for however long is
required to reach this stage, effectively compesss&br differences apparent in

the blocked plants at planting out in the glassbous

Treatments benefited rather less from interrupti@m might have been expected
because interruption, based on average daily ligfegral, was given 2-3 days
later than planned.

The 15-day propagation treatments required 1-3 feSi2 to reach the harvest
stage than either the 11-day or 20-day treatmdittis effect appeared to be a
direct consequence of initial propagation treatmeather than light receipt or

other factors.
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Summing over all phases of growth in the glasshotlse 15-day propagation
treatments reached the harvest stage 2.8 daysebt#fer1l-day treatments (on
average), having received about 5% less light. &0-leatments using Scotts
Standard and Scotts Improved media reached thestastage 5.8 days faster than
the equivalent 11-day treatments, having receivé®o6less light. These also
reached the harvest stage 3 days faster than thea&nt 15-day treatments,
having received almost identical light integralsappears that in speed terms at
least, much of the benefit of the longer propageperiod and later planting into

the glasshouse was preserved through to harvestPlates A, B & C.

The 20-day Masons treatment reached the harvest staly 2 days ahead of the
equivalent 11-day treatment, and 1 day after theivatent 15-day treatment,
having received 8.8% more light! The situation mwagll have been different
however, had the Masons 20-day treatment been stuéicm blocks like the

other 20-day treatments.

The harvest durations for 11-day and 15-day prajp@gdreatments were very
similar (8-9 days). However, the harvest durationZ0-day treatments tended to

be 1-2 days longer.

20-day propagation treatments appeared to giveghehipercentage of stems
(75%) in the two top weight grades than 15 or 1¢4geatments, which achieved
68% each.

©2001 Horticultural Development Council 5



Plate A:

The stage of development of the 11 day propagéateaiments on
21/02/2000 with a stick date of 08/11/1999 and fohgnon 19/11/99. Left to
right the treatments are: Scotts standard (A),tSawiproved (B) and Mason
(D)

B P &

The stage of development of the 15 day propag#téaiments on

21/02/2000 with a stick date of 04/11/1999 and fohgnon 19/11/99.Note

that these plants were planted out on the same dsyhe 11 day

propagation treatment abovelNote the smaller leaf size and shorter pedicels
compared to the 11day and 20day propagation petiodsvas due to a

delay in the start of light interruption for thiSday treatment. Left to right

the treatments are: Scotts standard (A), Scottsawepl (B) and Mason (D)

Plate C:

The stage of development of the 20 day propag#ateaiments on
21/02/2000 with a stick date of 04/11/1999 and fohgnon 24/11/99.Note
that these plants were planted out 5 days ldtean the 11 day and 15 day
propagation treatmentsLeft to right the treatments are: Scotts standajd
Scotts improved (B) and Mason (D)
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The effects of 3 blocking media (Scotts ‘standard’,Scotts ‘improved’ and
Masons) and 3 propagation durations (11, 15 and 20days) on

tolerance/resistance tdPythium root rot

» The Scotts improved medium gave the best resulRythiumdisease challenge
experiments, reducing root browning and vigour lossnpared to the Scotts
standard medium. The best results were achievéd thee 20 day propagation,
where the Scotts improved-grown plants maintainedos heights and leaf

numbers comparable to uninoculated controls aftee&ks.

* In sand tray experiments, the dry weights of adiciiated plants were less than
those of equivalent uninoculated controls in ahtments. Inoculated plants that
managed to maintain equivalent heights and leaf bewsnto controls often
showed a smaller deficit in weight, probably resgltfrom reduced leaf area. An
initial experiment using inoculated boxes on sald$ indicated that, if these
infected plants can maintain height in the firsbtweeks they will still produce

marketable stems.

» The good performance of plants in the Scotts impdomnedium appeared to be
linked to this medium having a combination of athi§FP and high biological
activity (FDA number), giving strong root growth darsome protection from

pathogens at planting (see Table B below).

Table B: Comparisons of air filled porosities (AFP) and swaments of
biological activity (fluorescein diacetate (FDA))orf the Scotts
standard, Scotts improved and Masons blocking media

Blocking medium

Scotts standard Scotts improved Masons
AFP (%) 0.63 9.92 5.62
FDA
(ug/g dry wi/min) 10.62 9.01 5.31
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Action Points for Growers

» Increasing the propagation time beyond 11 daysvmagpositive effects:
a) it decreases the time in long days by up%odays and reduces the time
from planting to harvest by up to 5 days.
b) it produces a stronger root system and greatjyraove a plant’s resistance
to Pythiumattack at planting.

However, it is important to note that for propagattimes greater than 15 days, a

larger block size (6 cm or more) is essential thiee a good root run, and to

reduce the number of plants in the tray.

» Give sufficient long days to ensure adequate seamgth and sufficient maturity to
allow rapid response to short days. Don’t tryawestime by cutting down on the
long days’ it will cost in the end. Follow the Lgton scale for timing the

interruption.

» Even if Pythiumis only present at low levels, steaming the sndro planting is
likely to improve cropping speed and the rate aictvtihe 40cm stem height is
attained. In the absence soil steaming, improvésnan plants’ tolerance to
Pythium can be achieved with use of appropriate blocking meaiia block

preparation (see below).

» Good strong root growth in the propagation blockhwlenty of root tips exiting
the block at planting, is essential for rapid eksament and growth in the first
few weeks in the face of Rythiumchallenge. Choose an open blocking compost
with as much light peat as possible. Always sethilmeking machine and the
wetness of the mix during blocking to give the mm®¢n structure. Tolerating the
nuisance of working with more fragile blocks wilay dividends ifPythiumis

usually a problem in the winter and spring months.

©2001 Horticultural Development Council 8



In the absence of Rythiumchallenge (i.e. good, clean, freshly-sterilisedd)e
the blocking media is likely to have little influem on plant establishment or on
the time from planting to harvest, provided thechkistructure is kept reasonably

open and the AFP is as high as possiBlant out as large a plant as possible (the

‘top of the tray’ principle).
For more information aboutPythium in AYR chrysanthemums and its

management/control, a summary of research carried ab HRI Efford is
contained in HDC repoRC157 addendum.

©2001 Horticultural Development Council 9



SCIENCE SECTION

Introduction

The profitability of AYR chrysanthemum productios ieliant upon the speed and
uniformity of the winter crops. The results of yeane of this study have
demonstrated that improvements in productivity@ossible from the use of modified
propagation media and extending the propagatioe.tifihis improvement reduced
crop times and improved plants’ toleranceéPgthiumroot rot, which is a major cause
of grade-out losses from unevenness in winter camjolsalso contributes, to increased
cropping and harvesting times.

In the Netherlands a number of attempts have besterto produce blocking media
with a more open structure using a higher than abpercentage of sphagnum peat
in the blend. These blocks are considerably mppemsive than conventional blocks
due to the need to use a glue material to maitiairblocks in good condition during
transit.. As transport of blocks over any greatafice is not a requirement for the
majority of UK growers, it may be possible to prodwan equivalent or superior block
from materials readily available in the UK withdbe need for glue and therefore at a
reduced cost.

Sphagnum peat has been demonstrated to be beh&digéant growth byPythium
suppression (Boehm & Hoitink, 1992). Heat treattnef sphagnum peats for
sterilisation reduces the efficacy of tlitgthiumsuppression phenomenon indicating
that it is biological in action (Hoitink & Boehm989). As the age and the degree of
decomposition of the peat increases, progressimg the lighter and less degraded
peats to the dark mature peats, the ability of rifeerial to suppresBythium s
apparently reduced (Hoitink & Boehm, 1992). Thasluction is possibly linked to
reductions in the available carbohydrates, whiehthought to serve as a food source
for a naturally occurrin@ythiumsuppressive microflora (Boehet al, 1997). These
studies have considered only potting media from W8Arces, and no work has yet
been completed on the impact of sphagnum peat addawpagation blocks. Whilst
sphagnum amendments may be expected to suppsgh&im within blocks, the
effects on planting out are unknown. Peat blocksnufactured entirely from
sphagnum peat tend to be fragile until sufficiesdtrgrowth develops to hold them
together. As mentioned above, Dutch propagatove ffiaund that their distribution
system prevents them from using more than 40% lb&gpum peat in their blocks,
even when including ‘glue’ components. Producifacks with a high proportion of
sphagnum content is a more realistic propositiorulé growers who usually produce
blocks on site. The possible improvements in ideef porosity (AFP) and disease-
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suppressive biological activity could provide atesective method for UK growers
to improve their blocking medium composition.

The aim of this study was to further assess thecefbf blocking media and
propagation times on cropping time and toleration Rythium The study
concentrated on three areas:

* The effect of one ‘nursery own’ and two commergial/ailable blocking media
and three propagation times (11, 15 and 20 daysgropping time, yield and
quality.

» Assessments of the effects of the same three bigakiedium, and propagation
time treatments oRythiumroot rot tolerance/resistance.

* Production andPythiumdisease-challenge testing of a range of blockingiane

produced with different ratios of light and darkhagnum peats, designed to give
a range of air-filled porosities and biologicalieities.

©2001 Horticultural Development Council 11



Materials and Methods

The programme of work was divided into 3 sections:

Section A - Growing trials in propagation and oil Beds (C-block)

Section B - Disease trials in sand trays on endlesend beds and in boxes
in soil beds (C-block)

Section C Small-scale laboratory-based pathologydyst on the

‘suppressiveness’ of peat mixes to pathog@yithiumspp.

Section A: Growing trials

Block treatments
The experimental programme assessed two blockindianevhich are currently
available commercially in the UK, and compared ¢hegth a home-produced product
from A J Mason. The blocking media were:

Scotts standard
Scotts improved
Mason blocking

The Scotts standard medium was the B2 mix wideddus/ the UK industry with the
exception that the blocks used in this work did nohtain Aaterra. The Scotts
improved medium is a new mix, blended to give aenopen structure to blocks.
Mason blocks are an open blend of Irish medium gph@a peat. Analysis of mineral
nutrient content was carried out on all three bilogknedia and the results of this are
presented in Appendix I.

In addition, the ‘biological activity’ of each medh was assayed using the
fluorescein diacetate hydrolysis procedure (FDAle&eet al, 1991).

Blocks were prepared in two sizes, 5 x 5 x 3 cm@&nds x 3 cm (length x breadth x
depth), using a Flier P1 blocking machine. Therfer, which may be considered the
standard winter block size in the UK, was useddibrll and 15 day propagation
treatments and additionally, the 20 day propagdtiestment using Mason'’s blocking
medium. 6 cm blocks were used for the 20 day myapan treatment using Scotts
standard and Scotts improved media.

The air filled porosity of freshly prepared blookas determined using an adaptation
of the method of Bragg and Chambers (1988). Foh ddock assessed, a strip of
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stiff, corrugated polyethylene board was trimmea twidth equal to the block height
and to a length equal to the combined length of fthe sides of the block plus
approximately 1 cm for overlap. These strips welded at four points, matching the
corners of the blocks and were wrapped around tkeide of blocks and held in place
with rubber elastic bands. The top and bottomaacheblock were covered with small
squares of 10Qum nylon mesh, also secured in place with elastivdba Covered
blocks were gently submerged in tap water. Ondg $aturated, blocks were taken
from the water and placed in plastic weighing badter the mesh covers had been
removed. After determination of their saturatedgive blocks were placed under 20
cm tension until they reached equilibrium in terofsweight. The constant water
tension was achieved by placing a ‘rockwool’ slab a water reservoir and
maintaining a constant 20 cm height of rockwoolabthe water level. Blocks were
placed on the top edge of the slab. Once a canstaight was reached, this was
recorded and the AFP calculated using the formula:

AFP (%) = (Volume of drainage wateiVolume of compost) x 100
= {(a — b)+ block volume} x 100,

where a is the saturated block weight and b issthbilised block weight at 20 cm
tension.

Propagation

Plants for the studies of the propagation phasabkshment in soil beds and for
pathology assessments of the three blocking medsxribed above, were stuck
following the schedule in Table 1. Clear polythesneeting was placed over plants
after sticking and removed after 6 days.

Table 1: Propagation and planting schedule for the growiirads.
dErZ?;g?;:;s) sii:o?ckm) Stick date Planting date
20* 6X6x3 04/11/99 24/11/99
15 5x5x3 04/11/99 19/11/99
11 5x5x3 08/11/'99 19/11/99
* N.B.20 day propagation treatment using Mason’s medisgdib cm blocks
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A single AYR chrysanthemum variety was used fomalrk described in this report.

This was the same as used in year 1 of this warlt,veas ‘Dark Splendid Reagan’.

This is a dark purple flowered variety with a resg® of 8.5 weeks. Planting material
produced from motherstock in Kenya was purchasachesoted cuttings from Yoder

Toddington.

The cuttings were kept on heated benches in trd@sx(60 cm, containing either
eighty four 5 cm, or sixty 6 cm blocks). Whilstvewed, the temperature within the
peat blocks was maintained at a minimum set poin22°C; once uncovered, a
minimum block temperature of 48 was maintained using air temperature heating set
points of 18C day /19C night, with venting set at 23.

Cyclic night break lighting was used throughoutpagation to maintain vegetative
growth. Incandescent lamps giving a PAR irradiaot®.5 W/nf were used from
22:30 to 03:30 hrs, with a 15 minute ‘on’, 15 mimtaff’ cycle.

The effects of the three blocking media and bloae ®n plant establishment and
development during propagation were assessed thattandard-sized (5 cm) blocks
monitored over 15 days and the larger over 20 days.

Destructive samples of ten plants were taken aB2lay intervals, starting 2 - 4 days
after sticking when the cuttings were fully turgiddamples were assessed for plant
height, number of expanded leaves per plant, sHoesh weight and root
development. Plant height was defined as therdistérom the upper surface of the
block to the main shoot tip. Shoots were cut levigh the upper surface of the block
for fresh weight determinations.

Root development was assessed using a simple g&ystem:

Score 0 = roots of 5 mm or more emerging arobeddase of the stem
Score 1 = more than 2 roots reaching the edgieedblock
Score 2 = roots extending beyond the edge dblitek.

Establishment and take-off on soil beds

Planting was carried out in weeks 46 and 47, ondtites detailed in Table 1. The
planting density was 53/mof bed, or 83% of the standard summer spacingttfd

The experimental design giving the plot layouts barfound in Appendix Il. As a
result of the blackout requirements dictated byitigkvidual application of short days
(SD) to each treatment (see below), experimentatisptonsisted of half beds in C
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block at HRI Efford. Consequently, the size of fhlets restricted the number of
replicate plots possible to two per treatment

After planting, long days (LD) continued to be apgluntil the length of the majority
of stems within individual treatment plots had teeat 40 cm from ground level. This
was judged subjectively for each individual plotings centrally-placed height
measurement sticks. SD were given by applyingKolais individually to each plot.
Supplementary lighting was not used in any treatsen

It was planned that the timing of the interruptimeatment for each plot would be
according to average daily light integral receivkding the SD phase as described
previously (Langton, 1992 - summarized in Table Zhe duration of the interruption
was constant for all plots at 10 days.

Table 2: Average daily light integral received outside giasshouse (MJ/ffd)
and number of SD needing to be achieved at thé stanterruption
(based on Langton, 1992 for 70% transmission arsiinasig the
variety Reagan responds as variety Delta).

Number of SD ﬁ::g;?g? (sﬂa\]lji/nhz?;)t
15 3.17
16 2.45
17 2.09
18 1.85
19 1.67
20 1.52

The heating set-points for all treatments weréCl@lay and 1% night, with
ventilation at 23C.

The target concentration for G@nrichment was 1000 vpm when the vents < 5%
open. This was reduced to 500 vpm when the veete w 5% open.

A standard ADAS winter feed stock solution comprgsPotassium nitrate 8.7 kg and
Ammonium nitrate 5.3 kg/100 litres was made upisBbock solution was diluted for
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irrigation at 1/200 to give 149 N, 165 K (199%® and irrigation was scheduled
according to light receipt.

A programme of routine sprays was applied for theventative control of western
flower thrips (see crop diary Appendix Ill). Tipsogramme was supplemented with
spot treatments when required to control otherspe&irowth regulant was applied to
all treatments on two occasions using B-Nine (Qh%aminozide, 85% a.i., water
soluble powder), at between 1-3 days and 33-43 dftgs the start of short days.
Details of actual application dates are given & Appendices.
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Section B: Disease trials

Effect of commercial blocking media and propagatitime on disease
severity

The same block types and propagation times as sEsbedove were compared for
their performance under a controlled inoculatiothviwo virulent isolates dPythium
sylvaticum The experimental conditions for this study wielentical to those used in
the ‘sand tray’ inoculation work in year 1 of thsoject (see Carver, 2000, pages 12
& 13). The sticking and planting dates for plamtsre the same as those for the
agronomic trials and are detailed in Table 1.

The effect of inoculation was assessed in compansith non-inoculated controls
immediately prior to planting (referred to as O slafter planting), and at five times
(3, 7, 10, 16 and 23 days) after planting. Sampfesight plants per treatment were
gently removed from the sand and washed by immersiosterile distilled water.
The following parameters were then recorded on eachsion:

» Plant height from the top of the block to the gnogvapex (cm).

* Leaf number per plant.

* Shoot dry weight (Q).

* Root growth (% coverage of the block base — ‘radk’p.

* Root browning (% of the emerged roots browned).

» Confirmation of presence/absence Ryfthiuminfection, 3 mm sections of root
were taken with sterile forceps and plated ontedle agar (BNPRA, Pettitt &
Pegg, 1991).

‘Matrix’ experiment

An experiment was established to assess the effebe AFP and of the ‘biological
activity’ as determined by FDA (seBlock treatmentspage 7 above), on the
performance of blocks both in the presence andnalesefPythiuminoculum. Three
components were mixed in different ratios to gilebPends of peat. These were, the
basic peat blend for Scotts B2 (supplied by Saotd.td., without lime or nutrition
but containing wetter), a milled light sphagnumdan milled dark sphagnum peat
(supplied by Bullrush Peat Co Ltd and classifiedH&sand H4 peats on the von Post
decomposition scale (Puustjarvi & Robertson, 1979)he light and dark sphagnum
peats were selected for their high and low levélsi@ogical activity respectively. In
American research (Boehm & Hoitink, 1992), the bgital activity of peats, as
determined by their FDA activity, has been coredawith the suppression of
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Pythiumdisease in a number of host plant species. lcuhent experiment the light

and dark sphagnum peats were mixed in five ratogitve different levels of
biological activity. These were:

A = 100% Light
B = 75% Light : 25% Dark
C = 50% Light : 50% Dark
D = 25% Light : 75% Dark
E = 100% Dark

These mixes of sphagnum peat were blended at fiffierent ratios (0:100, 25:75,
50:50, 75:25) with the B2 base (referred to as 8Tavoid confusion with the
sphagnum blend B) in an attempt to produce a rahgé-Ps (see Table 3).

Table 3: Ratios of light sphagnum (H2 peat), dark sphagfidthpeat) and ST
(Scotts B2 basic blend without mineral nutritiordad) in each of the
block mixes assessed in the ‘Matrix’ experiment.

100% A 100% B 100% C 100% D 100% E
100% light 75% light 50% light 25% light -
- 25% dark 50% dark 75% dark 100% dark

75% A, 25% ST
75% light

25% ST

75% B, 25% ST

56.25% light
18.75% dark
25% ST

75% C, 25% ST

37.5% light
37.5% dark
25% ST

75% D, 25% ST

18.75% light
56.25% dark
25% ST

75% E, 25% ST

75% dark
25% ST

50% A, 50% ST
50% light

50% ST

50% B, 50% ST

37.5% light
12.5% dark
50% ST

50% C, 50% ST

25% light
25% dark
50% ST

50% D, 50% ST

12.5% light
37.5% dark
50% ST

50% E, 50% ST

50% dark
50% ST

25% A, 75% ST

25% B, 75% ST

25%c, 75% ST

25% D, 75% ST

25% E, 75% ST

25% light 18.75% light 12.5% light 6.25% light -

- 6.25% dark 12.5% dark 18.75% dark 25% dark
75% ST 75% ST 75% ST 75% ST 75% ST
100% ST
100% ST
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The pH of each of the resulting 21 peat mixes waterdhined and lime (as
magnesium limestone) was added at rates deternfolleadving ADAS guidelines
(MAFF, 1985 & ADAS, 1988) to achieve a final pH @plent to that of ready to use
B2 blocking compost (pH 5.62). These mixes wereiséd to produce bocks without
addition of mineral nutrition. In addition, minérautrition was added to the
following five mixes to give 26 blocking mixes iatal:

100% C

75% C : 25% ST

50% C : 50% ST

25% C : 75% ST

100% ST
The nutrition was set at B2 rates (ie 150 N; 1Gdh& 200 K {mg/Il}). This was done
using Potassium nitrate (482 mg/l), Calcium nitr@f82.2 mg/l) Single super
phosphate* (1352 mg/l; *in lieu of di-Calcium plpbste) and fritted trace elements
(200mgl/l).

Blocks were made using a Brinkmanns hand-operatedking machine, giving
blocks of dimensions 4 x 4 x 4.5 cm. These weeeqd in propagation trays at 60
per tray. Cuttings of var. Dark Splendid Reagarrewstuck in the blocks and
propagation was carried out as described aboveR(sgmgatior) for 14 days. Block
performance was assessed 14 days after plantingéalated sand trays as described
previously (see above and Carver, 2000, pages 123k The parameters of
performance were, plant height, leaf number pentpRo root vigour (‘bulk’) and %
root browning all measured in a single destructieevest of 8 replicate plants per
treatment.

Evaluation of selected ‘matrix’ block media on sdkds

Five block recipes were selected from the ‘matexperiment to be compared in both
steamed and unsteamed beds in the production ofranercial crop in C block at
HRI Efford. The block recipes were:

i) 100% standard peat at full nutrition
i) 100% standard peat at half nutrition
iii) 50% dark peat at full nutrition

iv) 50% dark peat at half nutrition

V) 50% light peat at full nutrition

vi) Scotts B2 peat mix.
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2300 blocks of each type were prepared using a Plieblocking machine. Samples
of blocks of each type were taken for determinatiohFDA activity and AFP using
the procedures described above. All remaining kdowsere stuck with cuttings of
variety Dark Splendid Reagan and put into propagator 14 days under the same
conditions as those described above. At plantiregghts and leaf numbers were
recorded and block types were tested in eight anstel and two steamed plots each
(for trial layout see Appendix V and for crop diage Appendix VI). Planting was at
53 plants rif. 40 days after planting an interim assessmeptasft performance was
carried out on 12 plants per plot measuring plaiglt, leaf number, leaf area and
stem fresh weight. Another height assessment waged out on 12 plants per plot
immediately prior to harvest and at harvest the Imermand individual weight of
marketable wraps from each plot was recorded.

Evaluating box system for disease simulation in cmrcial soil plots

Although they provide good control of inoculum antection, there is a problem in
interpreting the results of sand tray experimentderms of potential impacts of
treatments tested on the likely final harvest. Ba@d tray system can only give
useful information over the short-term (up to 3 W&eost planting) after which, the
conditions in these systems is so unlike a commkmioduction bed that plant
responses in them are unlikely to be representati@ften treatments appeared
promising in sand tray experiments with infectednpé maintaining similar heights
and sometimes, even shoot fresh weights, to urtedemontrols. However, it was not
possible to determine whether these effects seem the first few weeks after
planting would be durable until harvest. An expmmtal system was therefore
devised to carry out controlled inoculations witaimormal soil bed and subsequently
restrict the spread of pathogen within the bedhst the performance of inoculated
plants in competition with their uninfected neigbhb®could be determined right up to
harvest. This approach aimed to simulate the gaielftern of disease normally seen
in commercial systems.

Open-bottomed boxes or shutters, 30 cm deep ank anit upper surface area
equivalent to nine squares on the bed net (ar&2®fsq. inches or 1451.6 &nsee
Plates 6 - 8, pages 53-54), were constructed frémni sterling board. These boxes
were positioned in the soil with approximately 1 pnoud of the soil level and were
filled with soil. Eight boxes were placed in threeil beds in C block, HRI Efford
(for positions of boxes see Appendix VIl page Gh)d were steam-sterilised situ
on the beds. Oatmeal/sand inoculum of a pathogealate ofPythium sylvaticum
was introduced into the soil in the inoculated B»end equivalent amounts of
autoclaved (killed) inoculum were introduced intee tuninoculated control boxes.
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The inoculum was mixed with the top 2 cm of soilmediately prior to planting,
using a sterilised steel rod to give a final inocnlconcentration of between 5000 —
6000 cfu g dry wt soil.

Cuttings for this experiment were of variety Dadehdid Reagan and were stuck in
Scotts B2 blocks and propagated for 14 days aseab®&anting was at full spacing
(64 plants n?) on 18 January 2001 (for crop diary, see Appeidi¥). From the
start of the experiment, irrigation wei drip lines and not overhead, to avoid splash
dispersal of pathogen propagules. All plants ocidated and control boxes and in
four unboxed control areas per bed were numberedtlzeir heights measured 12
days after planting. A final assessment was aardat on all numbered plants
immediately prior to harvest. The final assessnenmtsisted of measurements of
individual plant height, leaf number, total leagarand cut stem fresh weight.

Section C: In vitro screen for ‘suppressiveness’

The 21 peat mixes produced without mineral nutmitfor the ‘matrix’ experiment,
described above, were testedvitro for their potential relative suppressiveness to
Pythiumgrowth in the absence of plants. Three replicat@ples of each peat mix
were weighed moist to a dry weight equivalent 0§.20Peat samples were then
saturated with sterile tap water and brought tadded tension by placing them, in
pots, on top of a rockwool slab set to 5 cm wagasion. After 24 h, each sample
was mixed with a 5 g aliquot of a standard sandieat inoculum prepared as
described previously (see Carver, 2000 page 13.dylvaticumisolate A052 and
placed in a 250 ml conical flask sealed with p#rafi Pythium colonisation was
determined by dilution plating at the start of thgeriment and after 14 days, using
methods described previously (Pettitt, 2001), arab wxpressed simply as colony
forming units (cfu) per 1®dilution plate.
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Results and Discussion
Section A: Growing trials
Propagation

Root development

Early root development appeared rather similar lintraatments. However, large
differences were apparent by the end of the prdpagphase as shown in Table 4.

Table 4: Average root development score at the end of gajian (note that

2.00 is the maximum rooting score possible)

Blocking medium Block size Propagation Root development
duration (days) score
Scotts Standard 5cm 11 0.55
Scotts Improve S5cir 11 0.8¢
Mason: S5c¢cr 11 1.1¢
Scotts Standa 5c¢cmr 15 0.9t
Scotts Improved 5cm 15 1.20
Masons 5cm 15 1.20
Scotts Standard 6 cm 20 1.45
Scotts Improved 6 cm 20 2.00
Masons 5cm 20 2.00

For all three propagation durations, root developme the Scotts Standard blocks
was markedly poorer than in either of the other twock types. There was no

obvious difference in rooting between Scotts Impsband Masons blocks when the
propagation duration was 15 or 20 days, but rogeldgment in the Masons blocks
was greater than in the Scotts Improved blocks wthenpropagation duration was
only 11 days. As would be expected, root develogniereased with duration of

propagation in all three block types.

Vegetative growth

Comparisons of the effects of blocking media amtklsize on vegetative growth are
based only on data collected from the 15-day and&0treatments. This is because
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the 11-day propagation treatment was stuck afterother two, and so experienced
different environmental conditions during propagati

There were marked discontinuities when growth waégsttgr against time in
propagation This was almost certainly due to reddyi small numbers of blocks being
assessed on successive occasions. For this reasugelling approach was adopted
as shown in Figs 1-3 for plant height, leaf numéned plant fresh weight (pages 19-
21).

Plant height, leaf number and fresh weight all appe to increase in an
approximately linear manner to give the modelledda$ values shown in Table 5.
There appeared to be little obvious difference nowgh in the two Scotts blocking
media, but vegetative growth did appear to be 8ligieduced in the Masons blocks
after 15 days of propagation.

Growth between 15 and 20 days, where tested, isedeaxponentially. At 20 days,
growth in the Scotts Standard blocks had outstdgpat in both the Scotts Improved
blocks and in the Masons blocks. However, thietattbservation has to be treated
with caution since the Masons blocks used in thel@ppropagation treatment were
smaller than the Scotts blocks, and plants wereermtwrsely spaced. Indeed, it was
observed at the end of propagation that the 20Miasons plants were ‘drawn’ and
thin, reflecting severe overcrowding in the propagatrays. Additionally, both the
Masons blocks, and the Scotts Improved blocks, e been disadvantaged by
adopting the same irrigation regime for all treattse These media are freer-draining
than the Scotts standard medium and may have liz@f drier conditions than would
have been ideal. This is a factor which will needkirig into account in any
subsequent block trials

Table 5: Estimates of height, visible leaf number and freglight after 15 days
of propagation (estimates based on modelled resgang=igs 1-3)

Blocking medium Height (cm) Eln;;r/gezd Fresr(mgv)veight
Scotts Standard 8.51 6.08 2.63
Scotts Improved 7.88 591 2.46

Masons 7.35 5.66 2.07
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Figure 1: Effects of blocking medium, block size and progama duration on
plant height during propagation® = 5x5x3 cm blocks & = 6x6x3
cm blocks)
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Figure 2: Effects of blocking medium, block size and progamaduration on
leaf emergence during propagatio®.< 5x5x3 cm blocks & = 6x6x3
cm blocks)
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Figure 3: Effects of blocking medium, block size and progamaduration on the
fresh weights of stems® (= 5x5x3 cm blocks & = 6x6x3 cm blocks)
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Establishment and take-off in soil beds (LD phase)

LD duration

The LD-phase of production in the glasshouse eride@ach of the plots when an
average plot height of 40 cm (as judged by theofisgesight sticks) had been attained.
The duration of this LD phase is, therefore, a wisefeasure of the rapidity of block
establishment (rooting into the soil) and of eanlignt growth, albeit that the duration
will also reflect light receipt during the perioddainitial height at planting out.

LD durations and total light receipt during LD aleown for each of the propagation
treatments in Table 6. This shows that there wille lobvious effect of blocking
medium when the duration of propagation was 1150ddys. These treatments were
planted out on the same day and received idenigtel However the 15-day blocks
consistently reached the 40 cm stage one day abfetid 11-day blocks, probably
reflecting the slightly larger size of the 15-ddgdi plants at planting out (taller by 1-
2 cm). The saving of 1 day during the glasshousepbhBse meant that the 15-day
blocks reached the 40 cm stage after having redeibeut 7% less light than the 11-
day blocks (Table 6). They had, however, receiMealin 69% more light during the
‘polythene off’ phase of propagation.

Table 6: Numbers of LD to the 40 cm ‘height stick’ stagéeafplanting out in
the glasshouse, and total light receipt recorddsiae

Blocking medium / Propagation | LD duration Total light receipt
Block size duration (days) (MJ/m? — outside)
since planting
Scotts Standard 5cn 11 25 70.6
Scotts Improved 5¢ 11 25-27* 70.€-79.2*
Masons 5cr 11 25 70.¢
Scotts Standard 5¢cm 15 24 66.0
Scotts Improved 5cnj 15 24-25* 66.0-70.6*
Masons 5cr 15 24 66.(
Scotts Standard 6¢ 2C 2C 54.¢
Scotts Improved 6¢cm 20 20 54.8
Masons 5cm 20 22 63.4

* the 2 replicate plots of this treatment were jud¢edhave reached the 40 cm stage
at different times
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The 20-day Scotts Standard and Scotts Improveksl@ached the 40 cm stage in 4-
5 fewer LD than the equivalent 15-day blocks. TReae5 days in propagation did,
therefore, appear to translate into a roughly emjait reduction in time spent in LD
in the glasshouse. In terms of light receipt, tBeddy blocks received about 17% less
light than the 15-day blocks in the glasshouse,Had received 33.6% more light
during the ‘polythene off’ phase of propagation.

The effects of 20-days of propagation were ralines positive for the Masons blocks.
These had been seriously disadvantaged during gatipa because of small block
size (see earlier), and reached the 40-cm stage/® after the 20-day Scotts blocks
and after receiving 15.5% more light.

Sampling at the end of LD

Laboratory-based sampling of individual plants ¢ tend of LD (i.e. at times
determined by stage of development for each plathasvn in Table 6) showed that
actual plant mean heights were nearer 35 cm tharcrdO(Fig 4a). Cut stem
measurements can be expected to be shorter thgimt Istick measurements since the
latter are taken from soil level and include théght of the block. This probably
explains the apparent discrepancy for 11-day andial5 blocks. However, the
average height of the 20-day block plants tenddzktt - 3.5 cm less than the 11-day
and 15-day block plants. This indicates that tlesgfhouse LD phase for the 20-day
blocks ought to have been 1-2 days longer, andttiea¢xtra days in propagation did
not fully equate to fewer LD in the glasshouse. érenrealistic estimate of the saving
in LD in the glasshouse, compared to 11-day blookght be 3 days. However, this
is an estimate and it has to be borne in mindtti@®0-day blocks were planted later
than the others and into a different light climatenight also be supposed that plants
comprising the 20-day block plots, and particulabHgse in Masons medium which
were the shortest of all, were probably physiolatljcimmature when entering SD
and, subsequently, the LD interruption.

Having said that the 20-day block plots may havenbghysiologically immature at

the start of SD, sampling showed no obvious difiees between the treatments in
average leaf number per stem, plant fresh weigptamt dry weight at the start of SD
(Fig 4b, c, d). The difference in average planstirgveight, for example, between the
treatment giving the lowest weight (12.38 g) arat tfiving the highest weight (14.99
g) was only 2.61 g, which is less than the 3.28quired for significance at P<5%.
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Plant height (cm)

Stem fresh weight (g)

Figure 4: Plant heights (a), leaf numbers (b), fresh weights (c) andelights (d) recorded
at the end of the LD phase of production.
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On this evidence, it does appear that ending theph&se at a defined physiological
stage and allowing growth to proceed for howeveglavas required to reach this
stage, effectively compensated for differences egpain the blocked plants at
planting out in the glasshouse. Nevertheless, @hda¥ propagation plants did receive
between 2 and 5 fewer LD photoperiods after plgntout than the 15-day

propagation plants in the same blocking medium, lzetdveen 4 and 22% less light
receipt. These factors are likely to have influehttee speed of reaction to early SD.

Crop uniformity

Differences in the duration of propagation, leadittg varied degrees of plant
competition in the trays, allied with possible difnces in establishment after
planting out, might have been expected to resuldifferences in crop uniformity
during the LD phase. This was tested by calculastandard deviations for plant
height of 50 plants per treatment, two weeks gftanting out when any effects of
differences due to establishment ought to have bgparent. However, as shown in
Fig 5 there were no obvious differences in crogarmity. Even the 20-day Masons
block treatment showed no more plant-to-plant viemethan any other.

Figure 5. Assessments of the effects of blocking mediuth@mopagation time on stem
height uniformity at 2 weeks aftdanting out in the glasshouse.
(bars are standard deviations; n = 50)
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The SD phase and final harvest

The placement of the interruption

Although the plan had been to interrupt each of glegs using the light integrals
shown in Table 2 (Materials and Methods, page 0%, apparent in retrospect that
interruption occurred 2-3 days later than intended.

Table 7 shows the actual number of SD given betoeestart of the interruption and
the consequent average daily light integral. Ineorid be able to compare what did
happen against the intended procedure for the lagilon of the start of interruption,

the next four columns show the target daily ligitegral for the actual number of SD
given, the optimum number of SD for the actual tigkceipt, the theoretical daily

light integral for this optimum number of SD (Langt1992) and the actual daily
light integral for the optimum number of SD. Thadi column shows the actual
average daily light integral over the first four D each treatment.

It will be seen that as a result of differing staatys and the coincidence of good and
poor light days over the period, most of the 15-degpagation treatments received
about 35% more light than the majority of othematmeents over SD 1 to 4 of this

crucial period.

The interruption

The length of the interruption was 10 days, in kvieh commercial practice in early

January in most years. However, as shown in Tadldight receipt in 2000 over the

first two weeks of January was particularly good%2above the Efford long-term

average). Thus the daily light integral and thaltbght receipt over the period of the
interruption was considerably higher than had begrected. In retrospect the length
of the interruption might have been reduced s@dsinhg the total light receipt closer
to that experienced in a more normal year.

There is little doubt that the late placement efititerruption, together with high light
receipt during the interruption will have affectdok performance of most if not all
treatments.

The late placement will have reduced the positiiece of the interruption on the 15-

day treatments, particularly those where speedunf initiation would have been

enhanced by the high daily light integral during #marly SD period. Plate 4 shows
that 15-day treatments exhibited very few of thadfit,s associated with interrupted
lighting, particularly one of such duration anchligum. Leaf and flower size were
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Table 7: Placement of the interruption.
Block Propagation | No. SD Average Target | Optimum
duration actually | daily light | daily light | no. SD for
(days) given integral integral actual
(MJ/m?d) | forno.SD| light
given** receipt
(MJ/m?/d)
Scotts Standard 11 20 2.29 1.52 17
Scotts 11la 20 2.09 1.52 18
Improved* 11b 20 2.29 1.52 17
Masons 11 20 2.29 1.52 17
Scotts Standard 15 19 2.32 1.67 16
Scotts 15a 19 2.29 1.67 16
Improved* 15b 20 2.32 1.52 17
Mason: 15 19 2.32 1.67 16
Scotts Standa 2C 20 2.2¢ 1.67 17
Scotts Improvec 20 20 2.29 1.67 17
Masons 20 20 2.09 1.67 18
Table 7 CONTINUED
Block Propagation | Theoretical daily | Actual daily | Actual daily
duration light integral for | light integral | light integral
(days) optimum no. for optimum | during SD 1-4
SD** no. SD (MJ/m?/d)
(MJ/m?/d) (MJ/m?/d)
Scotts Standa 11 2.0¢ 2.2z 2.6(
Scotts 1lla 1.85 2.06 2.71
Improved* 11b 2.09 2.22 2.60
Masons 11 2.09 2.22 2.60
Scotts Standa 15 2.4t 2.5¢ 3.5(C
Scotts 15¢ 2.4t 2.5¢ 3.5(C
Improved* 15b 2.09 2.22 2.60
Masons 15 2.45 2.59 3.50
Scotts Standard 20 2.09 2.22 2.60
Scotts Improvec 20 2.09 2.22 2.60
Mason: 2C 1.8¢ 2.0¢€ 2.71
* the 2 replicate plots of this treatment went i®D at different times
** see Table 2
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Table 7a:

Light receipt and average daily light integral idgrthe interruption,
and comparison with long-term average light dateEfiord

Block Prop. Total light Dalily light Long-term | % increase,
duration receipt integral daily light | actual over
(days) during during integral long-term
interruption | interruption | (MJ/m?/d)
(MJ/m?) (MJ/m?/d)
Scotts Standard 11 30.81 3.08 2.34 +31.4
Scotts 1l1la 33.24 3.32 2.61 +27.6
Improved* 11b 30.81 3.08 2.34 +31.6
Mason: 11 30.81 3.0¢ 2.3 +31.€
Scotts Standard 15 32.01 3.20 2.32 +37.9
Scotts 15a 32.01 3.20 2.32 +37.9
Improved* 15b 30.81 3.08 2.34 +31.6
Mason: 15 32.01 3.2C 2.32 +37.¢
Scotts Standa 2C 30.81 3.0¢ 2.3 +31.€
Scotts Improve 2C 30.€1 3.0¢ 2.34 +31.¢
Masons 20 33.24 3.32 2.61 +27.6

* the 2 replicate plots of this treatment went inl & different times

not enhanced, flower development down the stemnetaffected, and pedicel length
was hardly increased.

In contrast, plants from the other propagation timesmts, particularly those
propagated for 20 days, responded essentially@ecéed. This is seen in plates 3 and
5; plants had larger top leaves, somewhat longeicpks, and bud set down the stem
indicating two periods of development. Most respamdo the effects of a long
interruption with high light receipt was the Masd@®-day treatment. Here the lower
buds on a proportion of the plants showed a forrsarhpounding suggesting these
shoots had not completely changed from the vegetdb the reproductive phase
during the initial SD period. It may be regardeduasisual that plants that had been
put into interruption 2 or 3 days later than theattetical ‘safe’ day on the Langton
scale should have behaved in this way. It is naisiibe to explain this with any
degree of certainty, but it is noteworthy that #teday propagation plants went into
SD before they had fully attained the 40 cm stashdand after having received a
lower LD light receipt than would otherwise haveebéhe case. As a consequence it
is likely that these plants were physiologicallsdemature at the start of the
interruption. The effect of a relatively long veagte interruption with above average
light would have been to slow bud development ardkw flowering response times
between plants of differing maturity.
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SD duration

Given that treatments were recorded as having siemjar weights at the start of SD,

grew with very similar light receipts when averageeer the duration of SD, and

received similar interruptions, it might reasonaldyexpected that all would reach the
harvest stage at the same time. Table 8 indicatsthis expectation was realised
with regard to comparisons of blocking media, siddterences between block types
within propagation durations appear trivial and hivit the range which might be

expected of a character which is determined subggt Although Masons 20-day

plots began to be harvested after receiving sinmlanbers of SD as other 20-day
treatment plots, they actually received about 6r8@e light during this phase of

production.

Table 8: Average numbers of SD and light receipt (includihg interruption)
up to the start of harvest

Block Propagation No. Total light receipt
duration SD (MJ/m?)
(days)
Scotts Standard 11 62 282.3
Scotts Improved* 11 62.5 292.0
Mason: 11 62 282.:
Scotts Standard 15 6C 269.7
Scotts Improvec 15 61.5 280.¢
Masons** 15 60 269.7
Scotts Standard 20 62 282.3
Scotts Improved 20 62 282.3
Masons 20 63 301.7

* the 2 replicate plots of this treatment wenbi®D at different times, and the date
of day 1 of harvest differed.

** the 2 replicate plots of this treatment wentoir8D at the same time, but the date
of day 1 of harvest differed.

In contrast to the effects of blocking media, pgatéon duration did appear to have a
clear influence on SD cropping duration. Thus, tiremts receiving 15 days of
propagation consistently required 1-2 fewer SDetach the harvest stage than 11-day
treatments (Table 8). The 15-day propagation treatsnhad been judged to be 1-2
days ahead of the 11-day treatments at the st&Dofand it appears that this benefit
stemming from larger size at planting out was naamgd right through to final
harvest. The 15-day blocks did receive higher ligviels than the 11-day blocks
during SD 1-4 (Table 7) and this probably ensuhed the speed advantage of the 15-

©2001 Horticultural Development Council 34



day blocks was maintained. On the other hand, Shdal blocks received an average
of about 4% less light in total than the 11-dayckiduring the SD phase (Table 8).

The 11-day and 20-day propagation treatments redeiery similar total light
receipts during SD (averages of 285.5 and 288.8ﬂ@,]/and there appeared no
obvious difference in SD cropping duration.

Overall cropping time

Overall cropping time in the glasshouse to thetstdrharvest for each of the
treatments, and total light receipt, are shownigs® and 7 respectively, and a more
comprehensive summary of light receipt is giveth& Appendix. The faster cropping
of 15-day propagation treatments compared to 11td@yments, averaging 2.8 days,
is clearly apparent. These treatments were planiedt the same time, but the 15-day
blocks went into SD about 1 day earlier, into thteiruption about 2 days earlier, and
reached harvest stage about 3 days earlier thadltfday blocks having received
about 5% less light in total. Planting out largéanps clearly benefits production, at
least to the harvest stage.

The 20-day treatments gave an even greater sawitigne spent in the glasshouse,
with the 20-day Scotts Standard and Scotts Imprddedks reaching the harvest
stage 5.8 days faster than the equivalent 11-éayntrents, and having received 6.3%
less light. These also reached the harvest stadpyS faster than the equivalent 15-
day treatments, having received slightly less li@87.1 MJ/m against 342.3 MJ/Mm
for 15-day treatments). It appears that in spepddeat least, much of the benefit of
the longer propagation period and later planting ithe glasshouse was preserved
through to harvest. This is not the case, howelegrthe 20-day Masons treatment.
This reached the harvest stage 2 days ahead efjthealent 11-day treatment having
received about 3.5% more light, but reached thevastrstage 1 day after the
equivalent 15-day treatment, having received 8.88#erlight! The situation may well
have been different however, had the Masons 20t@smtment been stuck in 6cm
blocks. Plates 1-5 show the appearance of plot2loRebruary when harvesting of
the earliest plots began.

Harvest duration and yield
Figs 8a, c and d show that there were no signifidéferences in plant height, plant
fresh weight and plant dry weight at final harveésbwever, Masons 10- and 15-day

treatments reduced the number of leaves per stempaed to other 10- and 15-day
treatments (Fig 8b). The reason for this is notkmo
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Figure 6: Total cropping time from sticking to harvest for tabatments. A, Scotts standard,
B, Scotts improved and D, Masdd, 15 and 20 are propagation times in days
(Zero denotes the date on whidcks were planted out in the glasshouse).
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Figure 7: Total light integral from sticking to harvest falt treatments. A, Scotts standard,
B, Scotts improved, D, Masori, 15 and 20 are propagation times in days.(The
zero line denotes the time aicWviblocks were planted out in the glasshouse).
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Plant height (cm)

Stem fresh weight (g)

Figure 8: Average plant heights (a), leaf numbers (b), fresh we{ghtnd dry weights (d),
recorded at the start of harvest.
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Harvest duration for each of the treatments, aerdagly light integral during the
harvest period and final harvested yield (expressethe percentage of stems in four
weight categories) are shown in Table 9a. The trestrises: does the faster
cropping of 15-day propagation blocks compareditaldy blocks carry through to a
shorter harvest duration? Table 9a indicates treharvest duration of 15-day blocks
was, on average, marginally faster than for theddy-blocks, even though the
average daily light integral associated with thevest of the 15-day blocks was
slightly less than that associated with the 11-dlagks. There may, therefore, have
been a slight benefit of propagating for 15 daysharvest duration. However, there
appeared no obvious advantage of 15-day propagatiimms of harvested yield.

The relationship between cropping speed in thesglasse and harvest duration did
not carry through to the 20-day propagation treatsisince these averaged 10.7 days
for complete harvest against 8.3 days for the Jbtdsatments and 9 days for the 11-
day treatments. This was in spite of a higher dailyt integral during the harvest of
the 20-day blocks. The 20-day treatments did, hewegive a higher proportion of
stems in the top two weight grades. 74.8% agaimsivarage of 68.0% for the 11 and
15-day treatments.

Table 9a: Effect of treatment on harvest duration and finarnested vyield
(expressed as the percentage of stems in eachwafight categories,
including waste)

Average
. Harvest . Total
Propagation . daily light % % % %
Duration . stems
treatment integral >325g 225-325g <2259 Waste
(days) 2 cut
(MJ/m“/d)
Scotts Standard
S 95 7.35 5.4 63.0 271 45 738
11 days
Scotts Improve
10.5 7.06 6.9 64.0 26.1 3.0 727
11 days
Masons
7.0 7.21 2.1 59.9 345 35 710
11 days
Scotts Standard
S 8.0 6.77 7.1 60.8 276 45 707
15 days
Scotts Improve
9.0 6.70 35 67.6 25.8 3.1 717
15 days
Mason
sons 8.0 6.77 2.8 64.6 287 39 712
15 days
Scotts Standard
11.0 7.59 6.3 73.1 18.1 25 718
20 days
Scotts Improve
S Improv 11.0 7.59 35 67.4 26.0 3.1 712
20 days
Masons
10.0 8.36 8.3 65.9 225 3.3 721
20 days
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Table 9b indicates that there was no essentiakrdifice between the 11-day
treatments and the 15-day treatments in the prigpertof stems that could be cut
during the early harvest period. Thus, for bothppgation durations the 50% harvest
point was reached in 4-5 days. In contrast, the B@#vest stage for the 20-day
treatments was reached in about 6 days, so plaatin@ larger plant did not appear
necessarily to give a shorter harvest duration.vesr duration will largely be
determined by crop uniformity and at no stage digt ane treatment appear better
than any other in this regard.

Table 9b has been constructed by taking the dagtof harvest for each replicate of
each treatment as day 1. This aids interpretatiohaovest duration but tends to
conceal the fact that day 1 for the 15-day treatmenactually 2-3 days ahead of day
1 for the 11-day treatments (see Figure 6). Dayrltlie 20-day treatments was
actually after day 1 for the 15-day treatments, thig was only because the 20-day
blocks were planted out 5 days after the 11 andaysblocks. In terms of glasshouse
utilisation, the 20-day and 15-day treatments wether similar, with the latter
showing a longer cropping time but a shorter hdrdeasation. It remains speculation
as to how this would have affected had the inteéimageen given as planned.

Table 9b  Cumulative percentage of saleable wraps harvestedtime from the
start of harvest*

Propagation Days after the start of harvest
treatment 1 2 3 4 5 6 7 8 9 10 11 12
Scotts Standard
14.9 - - 53.2 - 73.1 - 90.8 - - 100
11 days
Scotts Improved
14.9 - 23.4| 42.6/ 525 610 - 78/0 - 88.7 1p0
11 days
Masons 21.9 64.2 88.3 00
11 days 1. - - 4, - . - 1
Scotts Standard
5.2 - 34.8 - 56.3] 69.6 - 10(
15 days
Scotts Improved
10.8 - 28.1| 46.0 - 68.3 - 92.1 - 100
15 days
Masons 3 28 9.0 9.9 0
15 days 7 - 5 - 49. 59.9 - 1
Scotts Standard
4.3 - - 34.3 - 59.3 - 72.1 - - 100
20 days
Scotts Improved
5.1 - - 29.7 - 51.4 - 70.3 - - 100
20 days
Masons 7.2 30.1 44.5 68.¢ 10
20 days ' i ' i ' i i N i (f

* Note that this table sums the numbers of wrapsdsaed over the two replicates of each

treatment. To do this, the first day of harveseath replicate has been called day 1 even
when these fall on different days. The total lengftimarvest is thus the length of the harvest
in the slowest replicate rather than the averagheotwo replicates as in Table 9a.
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Plate 1: General view of the propagation trial on the fday of harvesting
(21/02/2000).

Plate 2: Photograph taken on 21/02/2000, when the firstdsding occured.
This was in the 15 day propagation treatment irttSatandard and
improved blocking media. These treatments wereeradvanced at
harvest as illustrated here and in the followiratgs.
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Plate 3: The stage of development of the 11 day propagateaiments on
21/02/2000. Left to right the treatments are: &cstandard (A), Scotts
improved (B) and Mason (D)

B P &

Plate 4: The stage of development of the 15 day propagatgaiments on
21/02/2000. Left to right the treatments are: Bcstandard (A), Scotts
improved (B) and Mason (D)

Plate 5: The stage of development of the 20 day propagateaiments on
21/02/2000. Left to right the treatments are: &cstandard (A), Scotts
improved (B) and Mason (D)
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Sections B & C: Disease trials arid vitro screen for ‘suppressiveness’

Effect of the commercial blocking media and prop&tgpn time on disease
severity

In the face of &@ythiumchallenge, all of the block and propagation timeatments
suffered some degree of vigour loss in relationhiir uninoculated controls. The
best levels of disease tolerance were seen witB¢bés improved medium and in the
longer propagation times. The most promising perémce was with plants grown in
blocks of Scotts improved medium with a 20 day pgggion. This is well illustrated
by the significant increase in root vigour compatedthe other blocking media
(Figure 9). Root vigour (‘bulk’ of emergent roetas also reasonable with the 15 and
11 day propagation treatments in the Scotts imgrawedium as well as the Masons
medium. However, plants growing in the Masons mediid not perform well in the
20 day propagation treatment, possibly as a re$ulie comparatively smaller block
size used for this treatment. The roots in boéhShotts improved and the Masons 20
day-propagated treatments appeared vigorous airganith high rooting scores (see
Figure 9). This was probably a result of the hdg#Ps of these two media (Table 10).
Plants growing in the Mason medium suffered mox wowning than those in the
Scotts improved medium (Figure 10). These resl#ie indicate a high percentage
root browning for the Scotts standard treatmenihoaigh this may just be a function
of the much small amounts of root produced in théxlium (Figures 9 & 10).

One reason for the lower levels of root browninghie Scotts improved medium may
be the higher levels of biological activity seentlmis medium (Table 10) giving a
measure of disease suppression. The combinaticm lufjh AFP and high FDA

activity may explain the comparative success «f thedium.

Table 10: Comparisons of air filled porosities (AFP) and swaments of
biological activity by FDA for the Scotts standa8totts improved and
Masons blocking media.

Blocking medium

Scotts standard Scotts improved Masons
AFP (%) 0.65 9.9z 5.62
FDA 10.62 9.01 5.31
(ng/g dry wt/min) ' ' '
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Figure 9: Effect of propagation time and blocking mediumtloa rate of increase in root ‘bulk’ or vigour atetmined by the increase in
the relative amount of root emergence and rooegysize over the first four weeks after plantingcontrol andPythium
inoculated sand trays..
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Figure 10:  Effect of propagation time and blocking medium be tate of increase
in root browning caused Bythiumspp. over the first four weeks after
planting onPythiuminoculated sand trays.
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In Figure 10 the level of root browning was seemléaline over time. This may be
due to a high degree of root rot, which, when adednwould cause the badly
affected browned roots to disintegrate and thehyse the percentage of browned
root to decline (Pettitt, 2001). However, in therrent study the level of root
browning was correlated with root vigour (Figure),Mith root vigour declining with
increasing root browning. This shows that any otidas in root browning seen in
this experiment can be confidently considered astaal.

The parameters of plant stem growth and developnteptweight, stem height and
leaf number, all gave results similar to those se&h root browning and vigour
(Figures 12 — 14). The best growth in the faceathogen challenge was seen in
plants grown in the Scotts improved medium with Ga day propagation. Plant
heights and leaf numbers in this treatment were peosable with uninoculated
controls (Figures 13 & 14). However, the shoot @sights were slightly lower than
controls (Figure 12), although they were signiftbanbetter than those of the
uninoculated Masons 20 day-propagated plants.

Matrix experiment

The blending of different ratios of light and daskhagnum peat with the Scotts
standard mix gave a useful range of AFP values 28 to 10.62% (Table 11, page
44). Similarly, a range of biological activities determined by FDA hydrolysis was
generated. In keeping with previous observatiddsefim & Hoitink, 1992), the
levels of FDA hydrolysis were amongst highest ie #00% light sphagnum (3.59
ug/g/min) and the 100% Scotts B2 peat (42g/min) and the lowest was in the
100% dark sphagnum peat (0.h6/g/min). The levels of FDA hydrolysis in the
various mixes reflected the proportions of thesamonents (Table 11).

The AFP was reduced in all of the peat mixes cairtgi added mineral nutrition
except the Scotts B2 peat (Table 11). There wss alsubstantial reduction in the
FDA hydrolysis in all of these peat mixes, incluglithe Scotts B2 peat, which was
reduced from 4.19 to 1.98)/g/min.

The results of the disease challenge were disappgin The experiment was
inoculated in early Autumn and a similar inoculumad (approximately 7000 cfu/g of
sand) of the same isolate (A052) was used as ttmessful sand tray experiment in
week 47 of year 1 of the project. However, the ami@f Pythiumroot rot disease

seen was very small with a maximum percentagelmamtning of 4% (Table 11).
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Figure 11: Relationship between root browning and vigour (KulinderPythiu
disease challenge; data considered independentipciing medium

Root vigour (‘bulk’)

and propagation time.
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Figure 12:  Effect of propagation time and blocking medium ba tate of increase
in shoot dry weight over the first four weeks aftéanting on control
andPythiuminoculated sand trays.
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Figure 13:  Effect of propagation time and blocking medium ba tate of increase
in plant height (measured from the top of the blteckhe growing tip)
over the first four weeks after planting on conantPythium
inoculated sand trays.
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Figure 14:  Effect of propagation time and blocking medium ba tate of increase
in the leaf number per plant over the first foureke after planting on
control andPythiuminoculated sand trays.
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Table 11:  Air-filled porosity (%), biological activity meased by FDA
hydrolysis,in vitro suppression oPythiumand root browning caused
in tray inoculation tests with chrysanthemums fhe trange of
sphagnum peat mixes tested in the ‘matrix’ expentme

Blocking In vitro RC.)Ot
medium mix AFP (%) FDA. suppression t_)ro_wnlng (%)
(see page 13) (ng/g/min) of Pythiund in inoculated

blocks

100% A 5.07 3.59 9.5 4.00

100% B 10.62 1.79 8.0 3.00

100% C 5.42 1.42 5.5 1.72

100% D 6.77 1.01 4.0 1.81

100% E 2.93 0.56 3.5 0.75

100% ST 3.56 4.19 9.0 1.25

75% A 5.86 3.83 9.5 1.88
75% B 8.73 3.15 7.0 1.53
75% C 6.79 2.36 5.0 1.34
75% D 4.36 1.97 7.0 1.13
5% E 6.53 2.10 0.0 0.88
50% A 5.65 5.10 9.5 2.44
50% B 5.70 5.34 2.0 1.72
50% C 6.39 3.57 5.0 1.78
50% D 7.58 3.30 4.0 1.13
50% E 6.46 2.37 6.0 1.59
25% A 5.83 3.88 8.5 1.41
25% B 5.81 3.59 8.0 2.03
25% C 4.58 3.35 4.0 1.56
25% D 6.18 2.77 6.0 1.91
25% E 4.61 2.52 2.5 1.59
Media with
mineral nutrition
added
100% C + N 4.69 0.73 - 1.13
75% C + N 5.00 1.43 - 2.34
50% C + N 6.39 1.99 - 2.47
25% C + N 4.26 1.73 - 0.97
100% ST + N 5.54 1.98 - 1.53

Numbers of colony-forming units per plate in & Hilution series. The lower
the number, the greater the suppression.
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When compared with previous sand tray inoculatitims,low level of disease can be
appreciated: in week 47 , 1998 the root brownmghe inoculated Scotts standard
medium after 14 days ranged from approximatelyatb8% and in week 12, 2000,
with a smaller initial inoculum dose (approximatd®00 cfu/g of sand), the range of
root browning was between 8 and 30% (Carver, 2000).

Although there was a small decline in the root uigor percentage root bulk in most
inoculated plants, there was only a significantidedn the 100% A and 100% B peat
mixes (A = 100% light sphagnum and B = 100% of atame of 75% light sphagnum

and 25% dark sphagnum). The 100% A gave 4% ramwiing with a 37.7% root

vigour score, and 100% B gave 3% root browning wittoot vigour score of 41.6%.
The only other decline in root vigour was in thé&@2® medium (for explanations of
block recipes see Table 3, page 13), where 1.9%dbrogvning was associated with a
root vigour score of 52.2%. The mean root vigotwre for all of the inoculated

treatments combined was 58.31% compared to 73.6%héocontrols, where no root
browning was observed (Table 12).

There was no relationship between the low leveloot browning and plant height
and no effect of the marginally higher levels obwning mentioned above was
observed. However, there was still a slight reidicin both the mean height of
inoculated plants and in the mean number of lepeestem in comparison with non-
inoculated controls (Table 12).

A measure ofPythium suppression was obtained from an vitro assay which
determined the level of colonisation of inoculapeht mix samples (Table 11). The
higher the number of cfu per plate, the lower thppsession. Interestingly the
amount of observed root browning was related taatheunt of suppression , with the
highest levels of root browning associated withhighest rates of colonisation. This
observation agrees with previous findings with o@ation of inoculated sands and of
nursery soils an@®ythiumroot rot symptoms (Carver, 2000; Pettitt, 200Hpwever,
neither the amount dPythium colonisation, nor of root browning appeared to be
reduced in media with high FDA hydrolysis activitie This result contradicts
previous findings (Boehm & Hoitink, 1992, Pettitt\&ainwright, 2000, unpublished;
Petch & Pettitt, 2001, unpublished).

An increased amount of root browning and infectitight be explained in a pure mix
of a less degraded light sphagnum peat, when & Nature of the medium might
cause some degree of stress to the roots. Unéidlyn this does not explain the
apparently higher levels dPythium colonisation in the more biologically active
media. This area requires further work and is ghbject of strategic studies in a
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MAFF-funded project on disease suppression. Thé=FAunded work may provide
some further media that might be exploited Rythium suppression in blocking
medium mixes.

Table 12:  Table showing means across all blocking mediumtneiatments for
the matrix experiment together with their standdediations in
brackets, illustrating the small difference betw&eatments and
between controls and inoculated plants.

‘Disease-indicating’ parameters of plant growth &
Disease development
challenge Root vigour .
9 Root g Plant height | Leaf no. per
treatment _ (%, ‘emergent
browning (%) (cm) stem
bulk’)
Inoculated 1.74 58.31 21.67 13.44
(0.74) (7.06) (0.97) (0.45)
Controls 0.00 73.60 23.82 14.11
) (5.06) (0.71) (0.36)

When the effects of AFP were considered, no reiatipps were observed with any of
the four parameters of disease (% root browningp®t vigour, plant height and leaf
number) considered in either inoculated or uninei@d plants.

In conclusion, considering the small amount of asgeachieved, the results of the
matrix experiment need to be treated with cautidlowever, the dark sphagnum peat
appeared the most suppressivéPyahiumcolonisation and to root browning and the
light sphagnum the least so. The Scotts B2 basestmwed little or ndPythium
suppression, but, paradoxically, also showed coatipaty a low level of root
browning.

Evaluation of selected ‘matrix’ block media on $dieds
Comparisons of AFP and FDA activity for the six na@edelected for assessment are
shown in Table 13. There was little variation iRFAwith the lowest (6.46%) for the

50% A with full nutrients and highest (9.31%) fdret50% E with full nutrients
medium (see Table 3, page 13, for full media rex)ipd-DA activity appeared to be
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influenced by the level of mineral nutrition in blke and was higher in both 100% ST
and 50% E media containing half nutrients (Tablg 13

Table 13: Results of AFP and FDA hydrolysis activity assessts carried out on
blocks of the six media prepared for soil bed carspas.

Blocking medium* '?:;5) (pgllzgljar?qin.)
100% ST -.full nutrients 8.02 166.9
100% ST - half nutrients 8.41 219.3

50% E — full nutrients 9.31 88.5

50% E — half nutrients 8.30 126.6

50% A — full nutrients 6.46 179.8
Scotts B2 9.08 76.4

* for full explanation of recipes see Table 3, @d@® , and for rates of
added mineral nutrients see page 14.

In this experiment the largest treatment differermwas between steamed and
unsteamed plots. Plants growing in all six medéebehind in the unsteamed plots
by the time of the interim growth assessment caowat 40 days after planting (Table

14). There was no real effect of blocking mediumptant performance on steamed
beds, with only the 50% A medium falling slightlghind in terms of mean height

(Table 14) and no obvious effect of block nutritioAll treatments received the same
number of long days (34 days) and were transfaweghort days when a majority of

the plots had reached a 40 cm plant height. Oety gmall differences in grade-out

guality were seen on the steamed beds with posaibincrease in numbers of wraps
and mean wrap weight with the half rate block miatni (Table 15).

Plants from unsteamed beds were generally about Xb#rter and gave

approximately 5% lighter wraps at harvest thanehms steamed beds. Although still
small, there were differences between the blockimgdium treatments, with the
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Scotts B2 and the 50% E plus full nutrients mediang consistently the smallest
plants and poorest yield (Tables 14, 15 and Appel)i. The largest plants

Table 14: Effect of soil steaming and propagation blockingdimen on plant
heights and leaf numbers.

Interim
) ) At Harvest

Block At Planting (40 days after planting)

ockin

. g Steamed Unsteamed Steamed Unsteamed
medium*

Ht. Leaf | Ht. Leaf | Ht. Leaf Ht. Ht.
(cm) | No. | (cm) No (cm) No (cm) (cm)

100% ST -.full

» 115| 6.5 | 492 | 23.4| 435 | 221 | 952 87.6
nutrients
100% ST - half

0. 9.3 6.1 | 49.3| 242 | 435 | 22.0 95.0 85.3
nutrients
SO%E—full | 155| 68 | 471 | 23.0| 432 | 21.7 | 941 87.0
nutrients
S0%E-half | 117 | 68 | 486 | 235 | 43.7 | 22.0| 947 85.1
nutrients
50% A — full

0_ 120 | 6.6 | 50.7 | 22.6 | 44.4 | 225 91.8 88.0
nutrients
Scotts B2 10.9| 6.4 46.7 | 21.3 | 42.7 | 215 94.6 83.7

Table 15: Effect of soil steaming and propagation blockingdmm on yield of
wraps and their quality in terms of weight.

Steamed Unsteamed
Blocking medium* Total No. of Mean wrap Total No. of Mean wrap
wraps weight wraps weight
(mean per plot) (= SE) (mean per plot) (x SE)
35 303.9 142 296.5
100% ST -.full nutrients
(17.5) (£ 5.90) (17.8) (£2.37)
38 320.1 137 292.8
100% ST - half nutrients
° (19.0) (+ 6.49) (17.1) (+ 2.60)
33 315.8 128 300.4
50% E — full nutrients
(16.5) (+ 6.68) (16.0) (x2.57)
34 324.4 137 298.0
50% E — half nutrients
(17.0) (£ 6.41) (17.2) (x2.53)
35 310.8 135 302.0
50% A — full nutrients
(17.5) (x4.54) (16.9) (x2.86)
Scotts B2 33 318.6 119 296.8
(16.5) (x 6.99) (14.9) (x2.85)

* for full explanation of recipes see Table 3, @d®, and for rates of added mineral nutrients
see page 14.
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and the highest wrap weights in unsteamed beds Wwene the 50% A plus full
nutrients treatment, although the highest yieldwo&ps was obtained with plants
grown in 100% ST plus full nutrition blocks. Theda poorest performances were
from the blocking media with the lowest FDA hydrsily activity (Table 13).
However, as in the work reported above, high FDAvag did not necessarily
correlate with good performance in the face of sedse challenge; as stated above,
the presence and efficacy of biological suppressidPythiumrequires further study.
Low levels ofPythiuminfection were confirmed in all unsteamed bedssoyations
from small numbers of root segments (< 30 per @at no infections were detected
in root segments taken from the steamed plots. rallyehese results confirm that
steaming beds prior to planting improves plant grenince and that even rather low
levels ofPythiuminfection can reduce plant vigour. The fact ttifferences between
blocking media were only apparent on the unsteaimeds reaffirms previous
observations (Pettitt, 2001 and results of sectidasnd C of this report) that the main
benefit from improving blocking media appears tareroving tolerance of plants to
Pythiumattack.

Evaluating box system for disease simulation in amercial soil plots

Table 16 shows mean data for plant heights, leafbaus, leaf areas and stem fresh
weights at harvest for the three treatments indgkfgeriment. An interruption was not
used for this experiment (see crop diary, Appendi), consequentially the plant
heights overall are somewhat less than would bea®g for a spring-grown crop.
There were no differences between uninoculatedrabpiants, whether situated
within a box or elsewhere in a bed, showing that lthx system did not impair the
normal development of plants.

Table 16: Effects of growing in inoculated and uninoculateakes within soil
beds on plant yield at harvest.
Plant height Leaf number Stem fresh Total leaf
(cm) weight area
Inoculated 74.83 26.37 54.24 616.0
box plants (x1.57) (x0.47) (x3.47) (x5.25)
Uninoculated 75.17 27.38 60.52 697.3
box plants (x1.13) (£0.58) (£ 0.30) (£ 13.26)
frfn?gtl:‘t)s'ls | 7514 27.19 57.33 665.4
bOXES (£ 0.99) (£ 0.98) (x5.41) (= 39.86)
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Isolations from soil from inside and outside in@tgll boxes demonstrated that the
pathogen had not spread from inoculated boxesdaosthrounding soil. Isolations
were also carried out from the roots of all plaatsl these showed that all plants
present in inoculated boxes show some degree of imfection by Pythium
sylvaticum Inoculation withPythiumreduced the mean plant size. However, the
main reason for this experiment was to try to peva link between results from sand
tray experiments witlPythiuminoculum, and realistic final yield expectatiorBlants
were grouped into categories based on their height$4 days after planting to
determine whether infected plants that were ablen&intain a competitive height
after 2 weeks could sustain this performance bativest.

Table 17: Effect of stem height at 14 days after plantingstem height at harvest
in inoculated (infected) and uninoculated plantsbaxes within soil

beds.
Inoculated plants Uninoculated controls
14 day height
category (€M) | Final height | Noof stems | Final height |  No of stems
10-12 “72%) 3 : :
12-14 (16 %.?3%) 9 (Z ll'gg) 10
14-16 (JZ %'.2?3) 08 (JZ Lcl)'.%%) 4t
16-18 (JZ Z)'%g) 26 (JZ %'%%) 42
18-20 (f 11%2) 2 (JZ Z)'.gi) d

When plant heights are considered in terms of J4hadaght categories (Table 17), it
becomes clear that plants that perform well in@ébhdy stages of the crop, whether
infected or not, do maintain height until harvestowever, many infected plants were
smaller, particularly in terms of leaf area, thamnoculated plants as can be seen in
comparisons between Plates 6, 7 and 8. This sma#é area generally resulted in
lower stem fresh weights in infected plants incallegories except those that attained
a competitive height of 14 — 16 cm in the first tweeks after planting (Table 18).
Infected plants that reached a height of 14 cmbmve 13 days after planting all
produced stems of greater than 50 g fresh weiglitis indicates that treatments in
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inoculated sand tray experiments, which producatplthat can maintain their height
relative to uninoculated controls, have strong iil#tees for producing marketable
stems and reducing uneveness in contaminatedestsl b

The lack of pathogen spread from the boxes, andd@hksm achieved during this
experiment demonstrate that this simple techniquiebe of great use in future work
with Pythiumroot rot. In particular, it may have potentiaf fese in on-nursery trials
using indigenou®ythiumisolates. The technique would also have potemti&iture
biocontrol experiments for example examining theteptal for- and yield
consequences of incorporating micro-organism pegjmans into blocks to give
protection to plants in the first few weeks on proiibn beds.

Table 18: Effect of stem height at 14 days after plantingstam fresh weight at
harvest in inoculated (infected) and uninoculatieahs in boxes within
soil beds.

Inoculated plants Uninoculated controls
Interim height - -
category (cm) | Final fresh No of stems | ' nal fresh No of stems
weight weight
27.17
10-12 (* 9.67) 3 - -
34.87 42.46
12-14 (& 2.44) 9 (+ 6.99) 10
58.51 57.15
14-16 (+ 6.83) 68 (+ 2.25) a7
53.04 64.68
16-18 *2.3) 26 (+ 2.40) 42
52.80 78.77
18-20 (+ 3.00) 2 (+ 6.87) 9
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Plate 6: Uninoculated control box within soil bed 6 dayseafplanting. (NB
The apparent yellowing of the leaves is due teecdéld sunlight).

Plate 7: Inoculated box (all plants infected wih sylvaticum 6 days after
planting, showing reduction in plant size and seoawersible wilting.
(NB. The apparent yellowing is due to reflectiorsah — sunny
weather is also responsible for inducing wilting!).
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Plate 8:

Inoculated (a) and control (b) boxes 15 days aienting
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Conclusions

» For any given duration of propagation, root deveiept in the Scotts Standard
blocks was markedly poorer than in either the Scatiproved blocks or the
Masons blocks. There was no obvious difference dating between Scotts
Improved and Masons blocks when the propagatioatiur was 15 or 20 days,
but root development in the Masons blocks was gre#ttan in the Scotts
Improved blocks when the propagation duration wdg b1 days.

» Plant height, leaf number and plant fresh weightappeared to increase in an
approximately linear manner during the first 15 glay propagation. There were
no obvious differences in growth between the twotScblocking media, but
vegetative growth did appear to be slightly reducethe Masons medium after
15 days of propagation.

* Plant height, leaf number and pldrgsh weight increased exponentially between
15 and 20 days and, at 20 days, vegetative grawttnei Scotts Standard treatment
had outstripped that in both the Scotts Improvedtment and in the Masons
treatment. This effect may have been due to thallsmblocks used in the
Masons treatment, and to not adopting a more freguegation regime for the
two freer-draining substrates, but could also be tludifferent partitioning of
assimilates between roots and shoots, with more¢ demand in the latter
substrates.

» Although the 11-day and 15-day treatments weretpthout at the same time in
the glasshouse, the 15-day propagation treatmentastently reached the 40 cm
‘stick height’ stage one day ahead of the 11-dayppgation treatments. This
almost certainly reflects the slightly larger ialtiplant heights of the 15-day
blocks.

 The 20-day treatments were planted out 5 days d#fierll-day and 15-day
treatments, but the 20-day Scotts Standard andtsSt¢oiproved treatments
reached the 40 cm stage at most only one day #iterequivalent 15-day
treatments and after receiving about 17% less .liglte extra 5 days in
propagation did, therefore, appear to translate antoughly equivalent reduction
in time spent in LD in the glasshouse.

» The 20-day Masons treatments reached the 40-cra stagdays after the 20-day
Scotts treatments and after receiving 15.5% magj@.liThis was almost certainly
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a result of the Masons blocks having been seriousbadvantaged during
propagation because of a smaller block size.

Sampling of individual plants showed that the agerheight of the 20-day block
plants at the ‘40 cm stage’ was 1-3.5 cm less thahof the 11-day and 15-day
block plants. This indicates that the glasshousepbBse for the 20-day blocks
ought to have been 1-2 days longer than was agtttedl case, and that a more
realistic estimate of the saving in LD in the gramsse of propagating for 20 days
might be only 2-3 days.

There were no obvious differences between thentrevatls in average leaf number
per stem, plant fresh weight or plant dry weighttla¢ start of SD and no
differences in crop uniformity. This indicates thettding the LD phase at a
defined physiological stage and allowing growthptoceed for however long is
required to reach this stage, effectively compessédr differences apparent in
the blocked plants at planting out in the glassbous

Treatments benefited rather less from interruptian might have been expected
because interruption, based on average daily liglegral, was given 2-3 days
later than planned.

The 15-day propagation treatments required 1-3 ifeSi2 to reach the harvest
stage than either the 11-day or 20-day treatmdiits effect appeared to be a
direct consequence of initial propagation treatmeather than light receipt or
other factors.

Summing over all phases of growth in the glasshotise 15-day propagation

treatments reached the harvest stage 2.8 daysebtifer1l-day treatments (on

average), having received about 5% less light. &0-leatments using Scotts

Standard and Scotts Improved media reached thestastage 5.8 days faster than
the equivalent 11-day treatments, having receivédo6less light. These also

reached the harvest stage 3 days faster than thea&nt 15-day treatments,

having received almost identical light intrgralsappears that in speed terms at
least, much of the benefit of the longer propageperiod and later planting into

the glasshouse was preserved through to harvest.

The 20-day Masons treatment reached the harvest staly 2 days ahead of the

equivalent 11-day treatment, and 1 day after th@ivatent 15-day treatment,
having received 8.8% more light! The situation magll have been different
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however, had the Masons 20-day treatment been stuéicm blocks like the
other 20-day treatments.

The harvest durations for 11-day and 15-day prajp@gdreatments were very
similar (8-9 days). However, the harvest durationZ0-day treatments tended to
be 1-2 days longer.

20-day propagation treatments appeared to giveylaehipercentage of stems in
the two top weight grades than 15 or 11-day treatsme

The Scotts improved medium gave the best resulBythiumdisease challenge
experiments, reducing root browning and vigour lessnpared to the Scotts
standard medium. The best results were achievdd the 20 day propagation,
where the Scotts improved-grown plants maintaindos heights and leaf
numbers comparable to uninoculated controls aftee&ks.

In sand tray experiments, the dry weights of adiciated plants were less than
those of equivalent uninoculated controls in alhtments. Inoculated plants that
managed to maintain equivalent heights and leaf bausnto controls often
showed a smaller deficit in weight, probably resgltfrom reduced leaf area. An
initial experiment using inoculated boxes on saldé indicated that, if these
infected plants can maintain height in the firsbtweeks they will still produce
marketable stems

The good performance of plants in the Scotts impdomedium appeared to be
linked to this medium having a combination of athi§FP and high biological

activity, giving strong root growth and some prdéi@e from pathogens at

planting.

A ‘matrix’ of different peat mixes was generatedotoduce a set of media with a
range of AFP and biological activities. These wemmpared in a disease
challenge experiment. Unfortunately a poor inotafagave disappointing and
confounded results.

An In vitro disease suppression study indicated that in tixesrgenerated in the
‘matrix’ experiment, the existence of high biologliactivity, as determined by the
FDA assay, did not necessarily indicateyghiumsuppressive medium, although
in the absence of high FDA values, biological seppion would be unlikely.
This indicates that FDA alone may not be a goodcatdr of disease-suppressive
activity. This area requires more confirmatoryutes
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Appendix I:  Table showing mineral analysis of samples of fbeking media used in the establishment/take-offegxnent in C block, HRI
Efford, taken at, and three times after planting enthe first month of the crop.

Blocking Medium Scotts standard (A) Scotts improvedB) Masons (D)
Sample Date 8.11.99 | 19.11.99 24.11.99 30.11.p9 81199 19.11.9911.99| 30.11.99 8.11.99 19.11.09 24.1199 3011
Bulk density g/l 0.385| 0.31§ 0.314 0.335 0471 0B8.330.299| 0.340/ 0.330 0.324 0.279 0.320
PH 5.1 5.2 4.8 4.8 5.4 51 4.9 4.9 5.5 5.8 5[7 5.5
ConductivitypS/20cm 277 159 512 300 352 325 603 646 348 396 648635
Mineral analysegmg/l)
Nitrate N 88 6 81 48 84 44 82 43 19 105 24 3B
Ammonium N 28.2 13.5 315 13.6 49.7 9.7 7.4 16 698. 74.7 123.3 31.9
Potassium 89 41 223 155 138 91 294 628 256 188 390443
Calcium 61 49 195 191 87 119 251 319 191 139 261 1 42
Magnesium 47 41 177 108 83 121 214 274 51 36 82 233
Phosphorus 40 31 47 38 71 58 57 60 94 G9 85 b2
Iron 0 0 0 0 0 0 0 0 0 0 0 0
Zinc 0.41 0.42 1.31 3.86 0.52 0.31 0.96 2.94 0|/6 380, 0.84 2.53
Manganese 0.17 0.12 0.84 0.93 0.19 0.81 0/90 161.22 0 0.12 0.75 1.48
Copper 0.1 0.25 0.18 2.32 0.10 0.04 0.36 0.89 D 0 .420 0.67
Boron 0.08 0.29 0.32 0.18 0 0 0.18 0 0 0 0 Q
Sodium 96 48 84 66 60 42 72 96 66 48 72 108
Sulphate 32 22 160 173 83 71 284 525 223 167 194 4 47

NB. In the Masons medium the ammonium nitrogen lewalee higher than the nitrate N. However this doetsappear to have had an effect on the subgitdtevhich
would be expected to decrease with increased anumonitrogen exploitation by the plants. Also, tatalues for the nutrition in all of the media shthve impact of liquid

feeding.
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Appendix II:

Propagation
duration =

Plan for the trial assessing the effects of pragiag time and blocking media on the speed, uniftyrand yield of winter AYR
crops. (Each plot consisted of one half bed iblatk’, HRI Efford).

D A B D D B A B A
plot 2 plot 4 plot 6 plot 8 plot 10 plot 12 plot 14 plot 16 plot 18
A D D B A D B A B
plot 1 plot 3 plot 5 plot 7 plot 9 plot 11 plot 13 plot 15 plot 17
11 days 20 days 15 days 20 days 15 days 11 days 15 days 20 days 11 days
BEDS5 BED 6 BED 7 BED 8 BED 9 BED 10 BED 11 BED 12 BED 13
N
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Appendix lII: Crop diary for the establishment/take-off
experiment in C block, HRI Efford.

Date Event

04.11.99 Stuck 15 and 20 day propagation treatments

04.11.99 Rovral (1.0 g/l)

08.11.99 Stuck 11 day propagation treatments

08.11.99 Rovral (1.0 g/l) on 11 day propagation treatments

18.11.99 Rovral (1.0 g/l)

19.11.99 Planted 11 and 15 propagation treatnfeatsy days)

23.11.99 Rovral (1.0 g/l)

24.11.99 Planted 20 day propagation treatment (Long days)

28.11.99 Malathion (1.8 ml/l) + Beehappy (1.0 mi/I)

05.12.99 Dichlorvos (1.0 ml/l) + Beehappy (1.0 mi/I)

12.12.99 Dichlorvos (1.0 ml/l) + Beehappy (1.0lnl/

14.12.99 Plots 5, 6, 9, 10 & 14 into short days

15.12.99 Plots 1, 2, 4,7, 11, 13, 15, 16, 17, 18, into sHays

16.12.99 Plots 1, 2, 4,5,6,7,9, 10, 11, 13, 14, 15,176& 18 B-Nine
(2.75 g/l)*

17.12.99 Plots 3, 8 & 12 into short days

18.12.99 Dichlorvos (1.0 ml/l) + Beehappy (1.0 mi/l)

20.12.99 Plots 3, 8 & 12 B-Nine (1.75 g/l)*

02.01.00 Plots 5, 6, 9, 10 & 14 start interruption

04.01.00 Plots 1, 2, 4, 7, 11, 13, 15, 16, 17 &tB8t interruption

06.01.00 Plots 3, 8 & 12 start interruption

09.01.00 Dichlorvos (1.0 ml/l) + Beehappy (1.0Ijnl/

12.01.00 Plots 5, 6, 9, 10 & 14 recommence shays d

14.01.00 Plots 1, 2, 4, 7, 13, 15, 16, 17 & 1®nemence short days

16.01.00 Malathion (1.8 ml/l) + Beehappy (1.0 inl/l

19.01.00 Plots 2, 3, 6, 5, 8, 9,10, 12,13, 14185% 18 B-Nine
(1.75 g/l)*

23.01.00 Dichlorvos (1.0 ml/l) + Beehappy (1.0lnl/

27.01.00 Plots 1,4,7, 11 & 17 B-Nine (1.75 g/I)*

30.01.00 Dichlorvos (1.0 ml/l) + Beehappy (1.0lnl/

02.02.00 Disbudded

06.02.00 Nemolt (0.5 mi/l) + Malathion (1.5 mi/l)

13.02.00 Dichlorvos (1.0 ml/l) + Beehappy (1.0lnl/

20.02.00 Dichlorvos (1.0 ml/l) + Beehappy (1.0lnl/

21.02.00 Harvest started

08.03.00 Harvest completed

* seeAppendix IV for B-Nine
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Appendix IV: Application schedule for applications of damin@zi@s B-Nine
to the establishment/take-off experiment in C bjddRI Efford
(see also Appendix Il & I11).

Plot Treatment Number of days after start of SD
number
to first to second
application application
1 All 1 43
2 D11 1 35
3 D20 3 33
4 A20 1 43
5 D15 2 36
6 B15 2 36
7 B20 1 43
8 D20 3 33
9 A15 2 36
10 D15 2 36
11 D11 1 43
12 B1l1l 3 33
13 B15 1 35
14 Al5 2 36
15 A20 1 35
16 B20 1 35
17 B11 1 43
18 All 1 35
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Appendix V: Trial diagram showing planting positions for théviatrix’ block types plus the Scotts B2 in the IBdk comparison experiment
planted in November 2000.

NORTH

STEAMED STEAMED
Bed 14 Bed 13 Bed 12 Bed 11 Bed 10 Bed 9 Bed Bed 7 Bed 6 Bed 5 Guard

Plots

Block SOUTH
recipes

A STANDARD PEATFULL NUTRITION 50% DARK PEATHALF NUTRITION

STANDARD PEATHALF NUTRITION 50% LIGHT PEATFULL NUTRITION

[ ]
[ ]
[ ]

50% DARK PEATFULL NUTRITION SCOTTS B2
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Appendix VI: Crop diary for the ‘matrix’ blocking media
assessment trial in C block, HRI Efford.

Date Event

25.10.00 Made blocks

27.10.00 All plants stuck

27.10.00 Mycotal (1 g/l): Vertilec (2 g/l)

06.11.00 Covers off

09.11.00 Rovral (1 mi/l)

10.11.00 Planted all beds/ Lights on

12.11.00 Dynamec (0.5 ml/l): Beehappy (1 mi/l)

19.11.00 Malathion (1.8 ml/l): Nemolt (0.5 mi/l)eBhappy (1 mi/l)
26.11.00 Dichlorvos (1 ml/l): Beehappy (1 mi/l)

01 12.00 Dynamec (0.5 ml/l): Beehappy (1 ml/l)

09.12.00 Malathion (1.8 ml/l): Nemolt (0.5 mi/l)eBhappy (1 mi/l)
14.12.00 Start of SD: Lights off

15.12.00 Dichlorvos (1 ml/l): Beehappy (1 mi/l)

24.12.00 Malathion (1.8 ml/l): Nemolt (0.5 mi/l)eBhappy (1 mi/l)
29.12,00 Start of interruption

29.12.00 Dynamec (0.5 ml/l): Beehappy (1 ml/l)

04.01.01 B-Nine (2 g/l)

05.01.01 End of interruption

05.01.01 Dichlorvos (1 ml/l): Beehappy (1 mi/l)

12.01.01 Malathion (1.8 ml/l): Nemolt (0.5 ml/l)eBhappy (1 mi/l)
19.01.01 Dynamec (0.5 ml/l): Beehappy (1 mi/l)

26.01.01 Dichlorvos (1 ml/l): Beehappy (1 mi/l)

02.02.01 Malathion (1.8 ml/l): Nemolt (0.5 ml/l)eBhappy (1 mi/l)
05.02.01 Aphox (1 g/l)

12.02.01 Dynamec (0.5 ml/l): Beehappy (1 mi/l)

20.02.01 Start of harvest
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Trial plan for the box experiment in C Block, &l

Appendix VII:
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Appendix VIII : Crop diary for the inoculation box experimentGrblock, HRI

Efford.
Date Event
18.01.01 All plots planted/ Lights on in C block
19.01.01 Dynamec (0.5 ml/l): Beehappy (1.0 mi/l)
26.01.01 Dichlorvos (1.0 ml/l): Beehappy (1.0 ml/l)
01.02.01 B-Nine (1 ml/l)
02.02.01 Malathion (1.8 ml/l): Nemolt (0.5 ml/l)eBhappy (1 mi/l)
08.02.01 Start of SD (Lights off)
12.02.01 Dynamec (0.5 ml/l): Beehappy (1 mi/l)
18.02.01 Dichlorvos (1 ml/l): Beehappy (1 mi/l)
25.02.01 Dynamec (0.5 ml/l): Beehappy (1 ml/l)
02.03.01 Malathion (1.8 ml/l): Nemolt (0.5 mi/l)eBhappy (1 mi/l)
13.03.01 Dichlorvos (1 ml/l): Beehappy (1 mi/l)
23.03.01 Dichlorvos (1 ml/l): Beehappy (1 mi/l)
09.04.01 Harvest started
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Appendix Table IX: Effect of soil steaming and propagation blockingdmim
(‘matrix’ block recipes) on total leaf area permiland cut stem
fresh weight 40 days after planting.

Leaf Area Stem fresh weight
Blocking medium
Steamed Unsteamed Steamed Unsteamed
100% ST -.full
0 °T°’ ) 430.8 326.0 22.8 16.9
nutrients
100% ST - half
. 430.2 311.3 22.7 16.3
nutrients
50% E — full nutrientg 391.8 315.8 20.6 16.2
50% E — half
) 430.3 327.6 21.8 17.2
nutrients
% A — full
°0% ) B 422.4 334.7 22.4 175
nutrients
Scotts B2 392.7 331.6 20.3 16.3

NB. This table illustrates that the main differencesuscbetween steamed and
unsteamed treatments. The differences seen betweekitypes within the steamed
and unsteamed treatments were not statisticallyifsignt. Also of interest is that
treatments 100% ST with full nutrients and Scot®d &e essentially the same
blocking medium (see pages 13-16).
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Appendix X:

All
08/11

09/11
10/11
11/11
12/11
13/11
14/11

15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24/12
25/12
26/12
27/12

Comprehensive tables of light integrals for t®94 blocks vs
propagation time trial held in C block, HRI Efford.reatments
are labelled A (Scotts standard), B (Scotts Impdpvend D
(Masons) for blocking media followed by the numbg&days in
propagation (11, 15 or 20). In treatments B11 RhA the two
replicate plots went into short days at differantes and are
therefore considered separately in this table abdlled a and

b.
Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt

planting by phase by phase of crop
2.7453 0
6.7913 1 6.7913 6.7913 6.79
3.1448 2 4.97 9.94 9.94
4.8303 3 4.92 14.77 14.77
5.6285 4 5.10 20.39 20.39
6.7093 5 5.42 27.10 27.10
2.0898 6 4.87 29.19 29.19
5.3324 1 5.33 5.33 5.33
5.5739 2 5.45 10.91 10.91
6.1841 3 5.70 17.09 17.09
4.7229 4 5.45 21.81 21.81
6.0232 5 5.57 27.84 27.84
4.2064 1 1 4.21 4.21 4.21
4.0229 2 2 4.11 8.23 8.23
1.8278 3 8 3.35 10.06 10.06
2.5243 4 4 BN5! 12.58 12.58
3.2234 5 5) 3.16 15.80 15.80
2.7167 6 6 3.09 18.52 18.52
1.8613 7 7 291 20.38 20.38
4.9419 8 8 3.17 25.32 25.32
2.8654 9 9 &g 28.19 28.19
0.4899 10 10 2.87 28.68 28.68
2.5631 11 11 2.84 31.24 31.24
3.2709 12 12 2.88 34.51 34.51
4.3651 13 13 2.99 38.88 38.88
1.3316 14 14 2.87 40.21 40.21
4.6846 15 15 2.99 44.90 44.90
4.2534 16 16 3.07 49.15 49.15
1.615 17 17 2.99 50.76 50.76
2.953 18 18 2.98 53.72 53.72
0.815 19 19 2.87 54.53 54.53
3.624 20 20 291 58.16 58.16
3.2933 21 21 2.93 61.45 61.45
0.694 22 22 2.82 62.14 62.14
2.473 23 23 2.81 64.62 64.62
1.344 24 24 2.75 65.96 65.96

2.83
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28/12

29/12

30/12

31/12

01/01

02/01

03/01

04/01

05/01

06/01

07/01

08/01

09/01

10/01

11/01

12/01

13/01

14/01 1

15/01 2.9653 2 57 3.52 7.04 154.20
16/01 4.6517 3 58 3.90 11.70 158.85
17/01 2.8404 4 59 3.63 14.54 161.69
18/01 3.6581 5 60 3.64 18.19 165.35
19/01 1.9523 6 61 3.36 20.15 167.30
20/01 0.8385 7 62 3.00 20.99 168.14
21/01 2.1002 8 63 2.89 23.09 170.24
22/01 4.5688 9 64 3.07 27.65 174.81
23/01 5.6634 10 65 3.33 33.32 180.48
24/01 4.9846 11 66 3.48 38.30 185.46
25/01 6.9361 12 67 3.77 45.24 192.40
26/01 6.9778 13 68 4.02 52.22 199.37
27/01 7.2015 14 69 4.24 59.42 206.58
28/01 2.914 15 70 4.16 62.33 209.49
29/01 2.8929 16 71 4.08 65.22 212.38
30/01 3.7967 17 72 4.06 69.02 216.18
31/01 5.8873 18 73 4.16 74.91 222.07
01/02 1.5274 19 74 4.02 76.44 223.59
02/02 7.1792 20 75 4.18 83.62 230.77
03/02 2.5535 21 76 4.10 86.17 233.33
04/02 1.3366 22 7 3.98 87.51 234.66
05/02 4.3818 23 78 4.00 91.89 239.05
06/02 1.2688 24 79 3.88 93.16 240.31
07/02 1.2126 25 80 3.77 94.37 241.53
08/02 4.9454 26 81 3.82 99.31 246.47
09/02 6.2162 27 82 3.91 105.53 252.69
10/02 3.2167 28 83 3.88 108.75 255.90
11/02 8.662 29 84 4.05 117.41 264.57
12/02 6.3511 30 85 4.13 123.76 270.92
13/02 7.9067 31 86 4.25 131.67 278.82
14/02 2.2398 32 87 4.18 133.91 281.06
15/02 4.4972 33 88 4.19 138.40 285.56
16/02 9.316 34 89 4.34 147.72 294.88
17/02 8.0829 35 90 4.45 155.80 302.96
18/02 6.1076 36 91 4.50 161.91 309.07
19/02 7.2964 37 92 4.57 169.21 316.36
20/02 10.227 38 93 4.72 179.43 326.59
21/02 9.7365 39 94 4.85 189.17 336.33
22/02 8.4449 40 95 4.94 197.61 344.77
23/02 3.499 41 96 4.91 201.11 348.27
24/02 4.6816 42 97 4.90 205.80 352.95
25/02 12.358 1 98 12.358 12.358 365.31
26/02 8.5204 2 99 10.44 20.88 373.83
27102 7.0745 3 100 9.32 27.95 380.91
28/02 1.083 4 101 7.26 29.04 381.99
29/02 4.4787 5 102 6.70 33.51 386.47
01/03 11.241 6 103 7.46 44.76 397.71
02/03 3.9518 7 104 6.96 48.71 401.66
03/03 7.4931 8 105 7.03 56.20 409.15
04/03 12.606 9 106 7.65 68.81 421.76
05/03 12.419 10 107 8.12 81.23 434.18
06/03 2.2102 11 108 7.59 83.44 436.39
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B1l(a)
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24/12
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01
07/01
08/01
09/01
10/01

Day no Crop days Daily light Cumulative Cumulative
by phase from integral light receipt light receipt
planting by phase by phase of crop
2.75 0
6.79 1 6.79 6.79 6.79
3.14 2 4.97 9.94 9.94
4.83 3 4.92 14.77 14.77
5.63 4 5.10 20.39 20.39
6.71 B 5.42 27.10 27.10
2.09 6 4.87 29.19 29.19
5.8 1 5.33 5.33 5.33
5.57 2 5.45 10.91 10.91
6.18 3 5.70 17.09 17.09
4.72 4 5.45 21.81 21.81
6.02 B 5.57 27.84 27.84
4.21 1 1 4.21 4.21 421
4.02 2 2 4.11 8.23 8.23
1.83 8 8 3.35 10.06 10.06
2.52 4 4 3.15 12.58 12.58
3.22 B B 3.16 15.80 15.80
2.72 6 6 3.09 18.52 18.52
1.86 7 7 291 20.38 20.38
4.94 8 8 3.17 25.32 25.32
2.87 9 9 3.13 28.19 28.19
0.49 10 10 2.87 28.68 28.68
2.56 11 11 2.84 31.24 31.24
3.27 12 12 2.88 34.51 34.51
4.37 13 13 2.99 38.88 38.88
1.33 14 14 2.87 40.21 40.21
4.68 15 15 2.99 44.90 44.90
4.25 16 16 3.07 49.15 49.15
1.62 17 17 2.99 50.76 50.76
2.95 18 18 2.98 53.72 53.72
0.82 19 19 2.87 54.53 54.53
3.62 20 20 291 58.16 58.16
3.29 21 21 2.93 61.45 61.45
0.69 22 22 2.82 62.14 62.14
2.47 23 23 2.81 64.62 64.62
1.34 24 24 2.75 65.96 65.96
4.67 25 25 2.83 70.63 70.63
4.65 26 26 2.90 75.28 75.28

2.93

79.19
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11/01

12/01

13/01

14/01

15/01

16/01 4.65 1 58 4.65 4.65 158.85
17/01 2.84 2 59 3.75 7.49 161.69
18/01 3.66 3 60 3.72 11.15 165.35
19/01 1.95 4 61 3.28 13.10 167.30
20/01 0.84 5 62 2.79 13.94 168.14
21/01 2.10 6 63 2.67 16.04 170.24
22/01 4.57 7 64 2.94 20.61 174.81
23/01 5.66 8 65 3.28 26.27 180.48
24/01 4.98 9 66 3.47 31.26 185.46
25/01 6.94 10 67 3.82 38.19 192.40
26/01 6.98 11 68 4.11 45.17 199.37
27/01 7.20 12 69 4.36 52.37 206.58
28/01 291 13 70 4.25 55.29 209.49
29/01 2.89 14 71 4.16 58.18 212.38
30/01 3.80 15 72 4.13 61.98 216.18
31/01 5.89 16 73 4.24 67.86 222.07
01/02 1.53 17 74 4.08 69.39 223.59
02/02 7.18 18 75 4.25 76.57 230.77
03/02 2.55 19 76 4.16 79.12 233.33
04/02 1.34 20 v 4.02 80.46 234.66
05/02 4.38 21 78 4.04 84.84 239.05
06/02 1.27 22 79 3.91 86.11 240.31
07/02 1.21 23 80 3.80 87.32 241.53
08/02 4.95 24 81 3.84 92.27 246.47
09/02 6.22 25 82 3.94 98.49 252.69
10/02 3.22 26 83 3.91 101.70 255.90
11/02 8.66 27 84 4.09 110.36 264.57
12/02 6.35 28 85 4.17 116.72 270.92
13/02 7.91 29 86 4.30 124.62 278.82
14/02 2.24 30 87 4.23 126.86 281.06
15/02 4.50 31 88 4.24 131.36 285.56
16/02 9.32 32 89 4.40 140.68 294.88
17/02 8.08 33 90 4.51 148.76 302.96
18/02 6.11 34 91 4.55 154.87 309.07
19/02 7.30 35 92 4.63 162.16 316.36
20/02 10.23 36 93 4.79 172.39 326.59
21/02 9.74 37 94 4.92 182.13 336.33
22/02 8.44 38 95 5.02 190.57 344.77
23/02 3.50 39 96 4.98 194.07 348.27
24/02 4.68 40 97 4.97 198.75 352.95
25/02 12.36 41 98 5.15 211.11 365.31
26/02 8.52 42 99 5.23 219.63 373.83
27/02 7.07 43 100 5.27 226.70 380.91
28/02 1.08 1 101 1.08 1.08 381.99
29/02 4.48 2 102 2.78 5.56 386.47
01/03 11.24 3 103 5.60 16.80 397.71
02/03 3.95 4 104 5.19 20.75 401.66
03/03 7.49 5 105 5.65 28.25 409.15
04/03 12.61 6 106 6.81 40.85 421.76
05/03 12.42 7 107 7.61 53.27 434.18
06/03 221 8 108 6.94 55.48 436.39
07/03 1.02 9 109 6.28 56.50 437.41
08/03 8.29 10 110 6.48 64.79 445.70
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B11(b)
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24/12
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01
07/01
08/01
09/01
10/01

Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt
planting by phase by phase of crop
2.7453 0
6.7913 1 6.79 6.79 6.79
3.1448 2 4.97 9.94 9.94
4.8303 3 4.92 14.77 14.77
5.6285 4 5.10 20.39 20.39
6.7093 5 5.42 27.10 27.10
2.0898 6 4.87 29.19 29.19
5.3324 1 5.33 5.33 5.33
5.5739 2 5.45 10.91 10.91
6.1841 3 5.70 17.09 17.09
4.7229 4 5.45 21.81 21.81
6.0232 5 5.57 27.84 27.84
4.2064 1 1 4.21 4.21 4.21
4.0229 2 2 4.11 8.23 8.23
1.8278 3 3 3.35 10.06 10.06
2.5243 4 4 3.15 12.58 12.58
3.2234 5 5) 3.16 15.80 15.80
2.7167 6 6 3.09 18.52 18.52
1.8613 7 7 291 20.38 20.38
4.9419 8 8 3.17 25.32 25.32
2.8654 9 9 3.13 28.19 28.19
0.4899 10 10 2.87 28.68 28.68
2.5631 11 11 2.84 31.24 31.24
3.2709 12 12 2.88 34.51 34.51
4.3651 13 13 2.99 38.88 38.88
1.3316 14 14 2.87 40.21 40.21
4.6846 15 15 2.99 44.90 44.90
4.2534 16 16 3.07 49.15 49.15
1.615 17 17 2.99 50.76 50.76
2.953 18 18 2.98 53.72 53.72
0.815 19 19 2.87 54.53 54.53
3.624 20 20 291 58.16 58.16
3.2933 21 21 2.93 61.45 61.45
0.694 22 22 2.82 62.14 62.14
2.473 23 23 2.81 64.62 64.62
1.344 24 24 2.75 65.96 65.96
4.668 25 25 2.83 70.63 70.63
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11/01

12/01

13/01

14/01 4.079 1 56 4.079 4.079 151.24
15/01 2.9653 2 57 3.52 7.04 154.20
16/01 4.6517 3 58 3.90 11.70 158.85
17/01 2.8404 4 59 3.63 14.54 161.69
18/01 3.6581 5 60 3.64 18.19 165.35
19/01 1.9523 6 61 3.36 20.15 167.30
20/01 0.8385 7 62 3.00 20.99 168.14
21/01 2.1002 8 63 2.89 23.09 170.24
22/01 4.5688 9 64 3.07 27.65 174.81
23/01 5.6634 10 65 3.33 33.32 180.48
24/01 4.9846 11 66 3.48 38.30 185.46
25/01 6.9361 12 67 3.77 45.24 192.40
26/01 6.9778 13 68 4.02 52.22 199.37
27/01 7.2015 14 69 4.24 59.42 206.58
28/01 2.914 15 70 4.16 62.33 209.49
29/01 2.8929 16 71 4.08 65.22 212.38
30/01 3.7967 17 72 4.06 69.02 216.18
31/01 5.8873 18 73 4.16 74.91 222.07
01/02 1.5274 19 74 4.02 76.44 223.59
02/02 7.1792 20 75 4.18 83.62 230.77
03/02 2.5535 21 76 4.10 86.17 233.33
04/02 1.3366 22 7 3.98 87.51 234.66
05/02 4.3818 23 78 4.00 91.89 239.05
06/02 1.2688 24 79 3.88 93.16 240.31
07/02 1.2126 25 80 3.77 94.37 241.53
08/02 4.9454 26 81 3.82 99.31 246.47
09/02 6.2162 27 82 3.91 105.53 252.69
10/02 3.2167 28 83 3.88 108.75 255.90
11/02 8.662 29 84 4.05 117.41 264.57
12/02 6.3511 30 85 4.13 123.76 270.92
13/02 7.9067 31 86 4.25 131.67 278.82
14/02 2.2398 32 87 4.18 133.91 281.06
15/02 4.4972 33 88 4.19 138.40 285.56
16/02 9.316 34 89 4.34 147.72 294.88
17/02 8.0829 35 90 4.45 155.80 302.96
18/02 6.1076 36 91 4.50 161.91 309.07
19/02 7.2964 37 92 4.57 169.21 316.36
20/02 10.227 38 93 4.72 179.43 326.59
21/02 9.7365 39 94 4.85 189.17 336.33
22/02 8.4449 40 95 4.94 197.61 344.77
23/02 3.499 41 96 4.91 201.11 348.27
24/02 4.6816 42 97 4.90 205.80 352.95
25/02 12.358 1 98 12.358 12.358 365.31
26/02 8.5204 2 99 10.44 20.88 373.83
27102 7.0745 3 100 9.32 27.95 380.91
28/02 1.083 4 101 7.26 29.04 381.99
29/02 4.4787 5 102 6.70 33.51 386.47
01/03 11.241 6 103 7.46 44.76 397.71
02/03 3.9518 7 104 6.96 48.71 401.66
03/03 7.4931 8 105 7.03 56.20 409.15
04/03 12.606 9 106 7.65 68.81 421.76
05/03 12.419 10 107 8.12 81.23 434.18
06/03 2.2102 11 108 7.59 83.44 436.39
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D11

08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24112
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01
07/01
08/01
09/01
10/01

Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt

D11 planting by phase by phase of crop
2.7453 0

6.7913 1 6.79 6.79 6.79
3.1448 2 4.97 9.94 9.94
4.8303 3 4.92 14.77 14.77
5.6285 4 5.10 20.39 20.39
6.7093 5 5.42 27.10 27.10
2.0898 6 4.87 29.19 29.19
5.3324 1 5.33 5.33 5.33
5.5739 2 5.45 10.91 10.91
6.1841 3 5.70 17.09 17.09
4.7229 4 5.45 21.81 21.81
6.0232 5 5.57 27.84 27.84
4.2064 1 1 4.21 4.21 4.21
4.0229 2 2 4.11 8.23 8.23
1.8278 3 3 3.35 10.06 10.06
2.5243 4 4 3.15 12.58 12.58
3.2234 5 5) 3.16 15.80 15.80
2.7167 6 6 3.09 18.52 18.52
1.8613 7 7 291 20.38 20.38
4.9419 8 8 3.17 25.32 25.32
2.8654 9 9 SLLE 28.19 28.19
0.4899 10 10 2.87 28.68 28.68
2.5631 11 11 2.84 31.24 31.24
3.2709 12 12 2.88 34.51 34.51
4.3651 13 13 2.99 38.88 38.88
1.3316 14 14 2.87 40.21 40.21
4.6846 15 15 2.99 44.90 44.90
4.2534 16 16 3.07 49.15 49.15
1.615 17 17 2.99 50.76 50.76
2.953 18 18 2.98 53.72 53.72
0.815 19 19 2.87 54.53 54.53
3.624 20 20 291 58.16 58.16
3.2933 21 21 2.93 61.45 61.45
0.694 22 22 2.82 62.14 62.14
2.473 23 23 2.81 64.62 64.62
1.344 24 24 2.75 65.96 65.96
4.668 25 25 2.83 70.63 70.63
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11/01
12/01
13/01

14/01 4.079 1 56 4.08 4.08 151.24
15/01 2.9653 2 57 3.52 7.04 154.20
16/01 4.6517 3 58 3.90 11.70 158.85
17/01 2.8404 4 59 3.63 14.54 161.69
18/01 3.6581 5 60 3.64 18.19 oooooopoo
19/01 1.9523 6 61 3.36 20.15 167.30
20/01 0.8385 7 62 3.00 20.99 168.14
21/01 2.1002 8 63 2.89 23.09 170.24
22/01 4.5688 9 64 3.07 27.65 174.81
23/01 5.6634 10 65 3.33 33.32 180.48
24/01 4.9846 11 66 3.48 38.30 185.46
25/01 6.9361 12 67 3.77 45.24 192.40
26/01 6.9778 13 68 4.02 52.22 199.37
27/01 7.2015 14 Vg2 4.24 59.42 206.58
28/01 2.914 15 70 4.16 62.33 209.49
29/01 2.8929 16 71 4.08 65.22 212.38
30/01 3.7967 17 72 4.06 69.02 216.18
31/01 5.8873 18 73 4.16 74.91 222.07
01/02 1.5274 19 74 4.02 76.44 223.59
02/02 7.1792 20 75 4.18 83.62 230.77
03/02 2.5535 21 76 4.10 86.17 233.33
04/02 1.3366 22 77 3.98 87.51 234.66
05/02 4.3818 23 78 4.00 91.89 239.05
06/02 1.2688 24 79 3.88 93.16 240.31
07/02 1.2126 25 80 3.77 94.37 241.53
08/02 4.9454 26 81 3.82 99.31 246.47
09/02 6.2162 27 82 3.91 105.53 252.69
10/02 3.2167 28 83 3.88 108.75 255.90
11/02 8.662 29 84 4.05 117.41 264.57
12/02 6.3511 30 85 4.13 123.76 270.92
13/02 7.9067 31 86 4.25 131.67 278.82
14/02 2.2398 32 87 4.18 133.91 281.06
15/02 4.4972 33 88 4.19 138.40 285.56
16/02 9.316 34 89 4.34 147.72 294.88
17/02 8.0829 35 90 4.45 155.80 302.96
18/02 6.1076 36 91 4.50 161.91 309.07
19/02 7.2964 37 92 4.57 169.21 316.36
20/02 10.227 38 93 4.72 179.43 326.59
21/02 9.7365 39 94 4.85 189.17 336.33
22/02 8.4449 40 95 4.94 197.61 344.77
23/02 3.499 41 96 4.91 201.11 348.27
24/02 4.6816 42 97 4.90 205.80 352.95
25/02 12.358 1 98 12.36 12.36 365.31
26/02 8.5204 2 99 10.44 20.88 373.83
27102 7.0745 3 100 9.32 27.95 380.91
28/02 1.083 4 101 7.26 29.04 381.99
29/02 4.4787 5 102 6.70 33.51 386.47
01/03 11.241 6 103 7.46 44.76 397.71
02/03 3.9518 7 104 6.96 48.71 401.66
03/03 7.493 8 105 7.03 56.20 409.15
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Al5

04/11
05/11
06/11
07/11
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24112
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01

Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt

A1l5 planting by phase by phase of crop
5.6752 0

1.059 1 1.059 1.059 1.059
7.8806 2 4.47 8.94 8.94
3.1268 3 4.02 12.07 12.07
2.7453 4 3.70 14.81 14.81
6.7913 5 4.32 21.60 21.60
3.1448 6 4.12 24.75 24.75
4.8303 1 4.83 4.83 4.83
5.6285 2 5.23 10.46 10.46
6.7093 3 5.72 17.17 17.17
2.0898 4 4.81 19.26 19.26
5.3324 5 4.92 24.59 24.59
5.5739 6 5.03 30.16 30.16
6.1841 7 5.19 36.35 36.35
4.7229 8 5.13 41.07 41.07
6.0232 9 5.23 47.09 47.09
4.2064 1 1 4.21 4.21 4.21
4.0229 2 2 4.11 8.23 8.23
1.8278 3 8 3.35 10.06 10.06
2.5243 4 4 BN5! 12.58 12.58
3.2234 5 5) 3.16 15.80 15.80
2.7167 6 6 3.09 18.52 18.52
1.8613 7 7 291 20.38 20.38
4.9419 8 8 3.17 25.32 25.32
2.8654 9 9 &g 28.19 28.19
0.4899 10 10 2.87 28.68 28.68
2.5631 11 11 2.84 31.24 31.24
3.2709 12 12 2.88 34.51 34.51
4.3651 13 13 2.99 38.88 38.88
1.3316 14 14 2.87 40.21 40.21
4.6846 15 15 2.99 44.90 44.90
4.2534 16 16 3.07 49.15 49.15
1.615 17 17 2.99 50.76 50.76
2.953 18 18 2.98 53.72 53.72
0.815 19 19 2.87 54.53 54.53
3.624 20 20 291 58.16 58.16
3.2933 21 21 2.93 61.45 61.45
0.694 22 22 2.82 62.14 62.14
2.473 23 23 2.81 64.62 64.62
1.344 24 24 2.75 65.96 65.96
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07/01

08/01

09/01

10/01

11/01

12/01 1.4594 1 55 1.46 1.46 143.44
13/01 3.714 2 56 2.59 5.17 147.16
14/01 4.079 3 57 3.08 9.25 151.24
15/01 2.9653 4 58 3.05 12.22 154.20
16/01 4.6517 5 59 3.37 16.87 158.85
17/01 2.8404 6 60 3.28 19.71 161.69
18/01 3.6581 7 61 3.34 23.37 165.35
19/01 1.9523 8 62 3.17 25.32 167.30
20/01 0.8385 9 63 291 26.16 168.14
21/01 2.1002 10 64 2.83 28.26 170.24
22/01 4.5688 11 65 2.98 32.83 174.81
23/01 5.6634 12 66 3.21 38.49 180.48
24/01 4.9846 13 67 3.34 43.48 185.46
25/01 6.9361 14 68 3.60 50.41 192.40
26/01 6.9778 15 69 3.83 57.39 199.37
27/01 7.2015 16 70 4.04 64.59 206.58
28/01 2.914 17 71 3.97 67.51 209.49
29/01 2.8929 18 72 3.91 70.40 212.38
30/01 3.7967 19 73 3.90 74.19 216.18
31/01 5.8873 20 74 4.00 80.08 222.07
01/02 1.5274 21 75 3.89 81.61 223.59
02/02 7.1792 22 76 4.04 88.79 230.77
03/02 2.5535 23 77 3.97 91.34 233.33
04/02 1.3366 24 78 3.86 92.68 234.66
05/02 4.3818 25 79 3.88 97.06 239.05
06/02 1.2688 26 80 3.78 98.33 240.31
07/02 1.2126 27 81 3.69 99.54 241.53
08/02 4.9454 28 82 3.73 104.49 246.47
09/02 6.2162 29 83 3.82 110.70 252.69
10/02 3.2167 30 84 3.80 113.92 255.90
11/02 8.662 31 85 3.95 122.58 264.57
12/02 6.3511 32 86 4.03 128.93 270.92
13/02 7.9067 33 87 4.15 136.84 278.82
14/02 2.2398 34 88 4.09 139.08 281.06
15/02 4.4972 35 89 4.10 143.58 285.56
16/02 9.316 36 90 4.25 152.89 294.88
17/02 8.0829 37 91 4.35 160.98 302.96
18/02 6.1076 38 92 4.40 167.08 309.07
19/02 7.2964 39 93 4.47 174.38 316.36
20/02 10.227 40 94 4.62 184.61 326.59
21/02 9.7365 1 95 9.74 9.74 336.33
22/02 8.4449 2 96 9.09 18.18 344.77
23/02 3.499 3 97 7.23 21.68 348.27
24102 4.6816 4 98 6.59 26.36 352.95
25/02 12.358 5 99 7.74 38.72 365.31
26/02 8.5204 6 100 7.87 47.24 373.83
27/02 7.0745 7 101 7.76 54.31 380.91
28/02 1.083 8 102 6.92 55.40 381.99
29/02 4.4787 9 103 6.65 59.88 386.47
01/03 11.241 10 104 7.11 71.12 397.71

Note replicate plots 1 and 2 reached harvest 2 apgs
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B15(a)
04/11
05/11
06/11
07/11
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24/12
25/12
26/12
27/12
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01

Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt
planting by phase by phase of crop
5.6752 0
1.059 1 1.059 1.059 1.059
7.8806 2 4.47 8.94 8.94
3.1268 3 4.02 12.07 12.07
2.7453 4 3.70 14.81 14.81
6.7913 5 4.32 21.60 21.60
3.1448 6 4.12 24.75 24.75
4.8303 1 4.83 4.83 4.83
5.6285 2 5.23 10.46 10.46
6.7093 3 5.72 17.17 17.17
2.0898 4 4.81 19.26 19.26
5.3324 5 4.92 24.59 24.59
5.5739 6 5.03 30.16 30.16
6.1841 7 5.19 36.35 36.35
4.7229 8 5.13 41.07 41.07
6.0232 9 5.23 47.09 47.09
4.2064 1 1 4.21 4.21 4.21
4.0229 2 2 4.11 8.23 8.23
1.8278 3 8 3.35 10.06 10.06
2.5243 4 4 3.15 12.58 12.58
3.2234 5 5) 3.16 15.80 15.80
2.7167 6 6 3.09 18.52 18.52
1.8613 7 7 291 20.38 20.38
4.9419 8 8 3.17 25.32 25.32
2.8654 9 9 3.13 28.19 28.19
0.4899 10 10 2.87 28.68 28.68
2.5631 11 11 2.84 31.24 31.24
3.2709 12 12 2.88 34.51 34.51
4.3651 13 13 2.99 38.88 38.88
1.3316 14 14 2.87 40.21 40.21
4.6846 15 15 2.99 44.90 44.90
4.2534 16 16 3.07 49.15 49.15
1.615 17 17 2.99 50.76 50.76
2.953 18 18 2.98 53.72 53.72
0.815 19 19 2.87 54.53 54.53
3.624 20 20 291 58.16 58.16
3.2933 21 21 2.93 61.45 61.45
0.694 22 22 2.82 62.14 62.14
2.473 23 23 2.81 64.62 64.62
1.344 24 24 2.75 65.96 65.96
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07/01

08/01

09/01

10/01

11/01

12/01 1

13/01 3.714 2 55 2.59 5.17 147.16
14/01 4.079 3 56 3.08 9.25 151.24
15/01 2.9653 4 57 3.05 12.22 154.20
16/01 4.6517 5 58 3.37 16.87 158.85
17/01 2.8404 6 59 3.28 19.71 161.69
18/01 3.6581 7 60 3.34 23.37 165.35
19/01 1.9523 8 61 3.17 25.32 167.30
20/01 0.8385 9 62 291 26.16 168.14
21/01 2.1002 10 63 2.83 28.26 170.24
22/01 4.5688 11 64 2.98 32.83 174.81
23/01 5.6634 12 65 3.21 38.49 180.48
24/01 4.9846 13 66 3.34 43.48 185.46
25/01 6.9361 14 67 3.60 50.41 192.40
26/01 6.9778 15 68 3.83 57.39 199.37
27/01 7.2015 16 69 4.04 64.59 206.58
28/01 2.914 17 70 3.97 67.51 209.49
29/01 2.8929 18 71 3.91 70.40 212.38
30/01 3.7967 19 72 3.90 74.19 216.18
31/01 5.8873 20 73 4.00 80.08 222.07
01/02 1.5274 21 74 3.89 81.61 223.59
02/02 7.1792 22 75 4.04 88.79 230.77
03/02 2.5535 23 76 3.97 91.34 233.33
04/02 1.3366 24 7 3.86 92.68 234.66
05/02 4.3818 25 78 3.88 97.06 239.05
06/02 1.2688 26 79 3.78 98.33 240.31
07/02 1.2126 27 80 3.69 99.54 241.53
08/02 4.9454 28 81 3.73 104.49 246.47
09/02 6.2162 29 82 3.82 110.70 252.69
10/02 3.2167 30 83 3.80 113.92 255.90
11/02 8.662 31 84 3.95 122.58 264.57
12/02 6.3511 32 85 4.03 128.93 270.92
13/02 7.9067 33 86 4.15 136.84 278.82
14/02 2.2398 34 87 4.09 139.08 281.06
15/02 4.4972 35 88 4.10 143.58 285.56
16/02 9.316 36 89 4.25 152.89 294.88
17/02 8.0829 37 90 4.35 160.98 302.96
18/02 6.1076 38 91 4.40 167.08 309.07
19/02 7.2964 39 92 4.47 174.38 316.36
20/02 10.227 40 93 4.62 184.61 326.59
21/02 9.7365 41 94 4.74 194.34 336.33
22/02 8.4449 42 95 4.83 202.79 344.77
23/02 3.499 1 96 3.499 3.499 348.27
24/02 4.6816 2 97 4.09 8.18 352.95
25/02 12.358 3 98 6.85 20.54 365.31
26/02 8.5204 4 99 7.26 29.06 373.83
27/02 7.0745 5 100 7.23 36.13 380.91
28/02 1.083 6 101 6.20 37.22 381.99
29/02 4.4787 7 102 5.96 41.70 386.47
01/03 11.241 8 103 6.62 52.94 397.71
02/03 3.9518 9 104 6.32 56.89 401.66
03/03 7.493 10 105 6.44 64.38 405.61
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B15(b)
04/11
05/11
06/11
07/11
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24/12
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01

Day no Crop Daily light Cumulative Cumulative
days
by phase  from integral light receipt light receipt
planting by phase by phase of crop
5.6752 0
1.059 1 1.059 1.059 1.059
7.8806 2 4.47 8.94 8.94
3.1268 3 4.02 12.07 12.07
2.7453 4 3.70 14.81 14.81
6.7913 5 4.32 21.60 21.60
3.1448 6 4.12 24.75 24.75
4.8303 1 4.83 4.83 4.83
5.6285 2 5.23 10.46 10.46
6.7093 3 5.72 17.17 17.17
2.0898 4 4.81 19.26 19.26
5.3324 5 4.92 24.59 24.59
5.5739 6 5.03 30.16 30.16
6.1841 7 5.19 36.35 36.35
4.7229 8 5.13 41.07 41.07
6.0232 9 5.23 47.09 47.09
4.2064 1 1 4.21 4.21 4.21
4.0229 2 2 4.11 8.23 8.23
1.8278 8 3 3.35 10.06 10.06
2.5243 4 4 BN5! 12.58 12.58
3.2234 5) 5 3.16 15.80 15.80
2.7167 6 6 3.09 18.52 18.52
1.8613 7 7 291 20.38 20.38
4.9419 8 8 3.17 25.32 25.32
2.8654 9 9 &g 28.19 28.19
0.4899 10 10 2.87 28.68 28.68
2.5631 11 11 2.84 31.24 31.24
3.2709 12 12 2.88 34.51 3451
4.3651 13 13 2.99 38.88 38.88
1.3316 14 14 2.87 40.21 40.21
4.6846 15 15 2.99 44.90 44.90
4.2534 16 16 3.07 49.15 49.15
1.615 17 17 2.99 50.76 50.76
2.953 18 18 2.98 53.72 53.72
0.815 19 19 2.87 54.53 54.53
3.624 20 20 291 58.16 58.16
3.2933 21 21 2.93 61.45 61.45
0.69396 22 22 2.82 62.14 62.14
2.473 23 23 2.81 64.62 64.62
1.344 24 24 2.75 65.96 65.96
4.668 25 25 2.83 70.63 70.63
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07/01

08/01

09/01

10/01

11/01

12/01

13/01

14/01 1

15/01 2.9653 2 57 3.52 7.04 154.20
16/01 4.6517 3 58 3.90 11.70 158.85
17/01 2.8404 4 59 3.63 14.54 161.69
18/01 3.6581 5 60 3.64 18.19 165.35
19/01 1.9523 6 61 3.36 20.15 167.30
20/01 0.83853 7 62 3.00 20.99 168.14
21/01 2.1002 8 63 2.89 23.09 170.24
22/01 4.5688 9 64 3.07 27.65 174.81
23/01 5.66336 10 65 3.33 33.32 180.48
24/01 4.9846 11 66 3.48 38.30 185.46
25/01 6.9361 12 67 3.77 45.24 192.40
26/01 6.9778 13 68 4.02 52.22 199.37
27/01 7.2015 14 69 4.24 59.42 206.58
28/01 2.914 15 70 4.16 62.33 209.49
29/01 2.8929 16 71 4.08 65.22 212.38
30/01 3.7967 17 72 4.06 69.02 216.18
31/01 5.8873 18 73 4.16 74.91 222.07
01/02 1.5274 19 74 4.02 76.44 223.59
02/02 7.1792 20 75 4.18 83.62 230.77
03/02 2.5535 21 76 4.10 86.17 233.33
04/02 1.3366 22 7 3.98 87.51 234.66
05/02 4.3818 23 78 4.00 91.89 239.05
06/02 1.2688 24 79 3.88 93.16 240.31
07/02 1.2126 25 80 3.77 94.37 241.53
08/02 4.9454 26 81 3.82 99.31 246.47
09/02 6.2162 27 82 3.91 105.53 252.69
10/02 3.2167 28 83 3.88 108.75 255.90
11/02 8.662 29 84 4.05 117.41 264.57
12/02 6.3511 30 85 4.13 123.76 270.92
13/02 7.9067 31 86 4.25 131.67 278.82
14/02 2.2398 32 87 4.18 133.91 281.06
15/02 4.4972 33 88 4.19 138.40 285.56
16/02 9.316 34 89 4.34 147.72 294.88
17/02 8.0829 35 90 4.45 155.80 302.96
18/02 6.1076 36 91 4.50 161.91 309.07
19/02 7.2964 37 92 4.57 169.21 316.36
20/02 10.227 38 93 4.72 179.43 326.59
21/02 9.7365 39 94 4.85 189.17 336.33
22/02 8.4449 40 95 4.94 197.61 344.77
23/02 3.499 41 96 4.91 201.11 348.27
24/02 4.6816 42 97 4.90 205.80 352.95
25/02 12.358 1 98 12.358 12.358 365.31
26/02 8.5204 2 99 10.44 20.88 373.83
27/02 7.0745 3 100 9.32 27.95 380.91
28/02 1.083 4 101 7.26 29.04 381.99
29/02 4.4787 5 102 6.70 33.51 386.47
01/03 11.241 6 103 7.46 44.76 397.71
02/03 3.9518 7 104 6.96 48.71 401.66
03/03 7.493 8 105 7.03 56.20 409.15
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D15

04/11
05/11
06/11
07/11
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24112
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01

Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt

planting by phase by phase of crop
5.6752 0
1.059 1 1.06 1.06 1.06
7.8806 2 4.47 8.94 8.94
3.1268 3 4.02 12.07 12.07
2.7453 4 3.70 14.81 14.81
6.7913 5 4.32 21.60 21.60
3.1448 6 4.12 24.75 24.75
4.8303 1 4.83 4.83 4.83
5.6285 2 5.23 10.46 10.46
6.7093 3 5.72 17.17 17.17
2.0898 4 4.81 19.26 19.26
5.3324 5 4.92 24.59 24.59
5.5739 6 5.03 30.16 30.16
6.1841 7 5.19 36.35 36.35
4.7229 8 5.13 41.07 41.07
6.0232 9 5.23 47.09 47.09
4.2064 1 1 4.21 4.21 4.21
4.0229 2 2 4.11 8.23 8.23
1.8278 3 8 3.35 10.06 10.06
2.5243 4 4 3.15 12.58 12.58
3.2234 5 5) 3.16 15.80 15.80
2.7167 6 6 3.09 18.52 18.52
1.8613 7 7 2.91 20.38 20.38
4.9419 8 8 3.17 25.32 25.32
2.8654 9 9 3.13 28.19 28.19
0.4899 10 10 2.87 28.68 28.68
2.5631 11 11 2.84 31.24 31.24
3.2709 12 12 2.88 34.51 3451
4.3651 13 13 2.99 38.88 38.88
1.3316 14 14 2.87 40.21 40.21
4.6846 15 15 2.99 44.90 44.90
4.2534 16 16 3.07 49.15 49.15
1.615 17 17 2.99 50.76 50.76
2.953 18 18 2.98 53.72 53.72
0.815 19 19 2.87 54.53 54.53
3.624 20 20 291 58.16 58.16
3.2933 21 21 2.93 61.45 61.45
0.694 22 22 2.82 62.14 62.14
2.473 23 23 2.81 64.62 64.62
1.344 24 24 2.75 65.96 65.96
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07/01

08/01

09/01

10/01

11/01

12/01 1.4594 1 54 1.46 1.46 143.44
13/01 3.714 2 55 2.59 5.17 147.16
14/01 4.079 3 56 3.08 9.25 151.24
15/01 2.9653 4 57 3.05 12.22 154.20
16/01 4.6517 5 58 3.37 16.87 158.85
17/01 2.8404 6 59 3.28 19.71 161.69
18/01 3.6581 7 60 3.34 23.37 165.35
19/01 1.9523 8 61 3.17 25.32 167.30
20/01 0.8385 9 62 291 26.16 168.14
21/01 2.1002 10 63 2.83 28.26 170.24
22/01 4.5688 11 64 2.98 32.83 174.81
23/01 5.6634 12 65 3.21 38.49 180.48
24/01 4.9846 13 66 3.34 43.48 185.46
25/01 6.9361 14 67 3.60 50.41 192.40
26/01 6.9778 15 68 3.83 57.39 199.37
27/01 7.2015 16 69 4.04 64.59 206.58
28/01 2.914 17 70 3.97 67.51 209.49
29/01 2.8929 18 71 3.91 70.40 212.38
30/01 3.7967 19 72 3.90 74.19 216.18
31/01 5.8873 20 73 4.00 80.08 222.07
01/02 1.5274 21 74 3.89 81.61 223.59
02/02 7.1792 22 75 4.04 88.79 230.77
03/02 2.5535 23 76 3.97 91.34 233.33
04/02 1.3366 24 7 3.86 92.68 234.66
05/02 4.3818 25 78 3.88 97.06 239.05
06/02 1.2688 26 79 3.78 98.33 240.31
07/02 1.2126 27 80 3.69 99.54 241.53
08/02 4.9454 28 81 3.73 104.49 246.47
09/02 6.2162 29 82 3.82 110.70 252.69
10/02 3.2167 30 83 3.80 113.92 255.90
11/02 8.662 31 84 3.95 122.58 264.57
12/02 6.3511 32 85 4.03 128.93 270.92
13/02 7.9067 33 86 4.15 136.84 278.82
14/02 2.2398 34 87 4.09 139.08 281.06
15/02 4.4972 35 88 4.10 143.58 285.56
16/02 9.316 36 89 4.25 152.89 294.88
17/02 8.0829 37 90 4.35 160.98 302.96
18/02 6.1076 38 91 4.40 167.08 309.07
19/02 7.2964 39 92 4.47 174.38 316.36
20/02 10.227 40 93 4.62 184.61 326.59
21/02 9.7365 1 94 9.74 9.74 336.33
22/02 8.4449 2 95 9.09 18.18 344.77
23/02 3.499 3 96 7.23 21.68 348.27
24102 4.6816 4 97 6.59 26.36 352.95
25/02 12.358 5 98 7.74 38.72 365.31
26/02 8.5204 6 99 7.87 47.24 373.83
27/02 7.0745 7 100 7.76 54.31 380.91
28/02 1.083 8 101 6.92 55.40 381.99
29/02 4.4787 9 102 6.65 59.88 386.47
01/03 11.241 10 103 7.11 71.12 397.71

Note replicate plots 1 and 2 reached harvest 2 apgs
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A20

04/11
05/11
06/11
07/11
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24/12
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01

Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt
planting by phase by phase of crop
5.6752 0
1.059 1 1.06 1.06 1.06
7.8806 2 4.47 8.94 8.94
3.1268 3 4.02 12.07 12.07
2.7453 4 3.70 14.81 14.81
6.7913 5 4.32 21.60 21.60
3.1448 6 4.12 24.75 24.75
4.8303 1 4.83 4.83 4.83
5.6285 2 5.23 10.46 10.46
6.7093 3 5.72 17.17 17.17
2.0898 4 4.81 19.26 19.26
5.3324 5 4.92 24.59 24.59
5.5739 6 5.03 30.16 30.16
6.1841 7 5.19 36.35 36.35
4.7229 8 5.13 41.07 41.07
6.0232 9 5.23 47.09 47.09
4.2064 10 5.13 51.30 51.30
4.0229 11 5.03 55.32 55.32
1.8278 12 4.76 57.15 57.15
2.5243 13 4.59 59.68 59.68
3.2234 14 4.49 62.90 62.90
2.7167 1 1 2.72 2.72 2.7167
1.8613 2 2 2.29 4.58 4.58
4.9419 3 3 3.17 9.52 9.52
2.8654 4 4 3.10 12.39 12.39
0.4899 5 B 2.58 12.88 12.88
2.5631 6 6 2.57 15.44 15.44
3.2709 7 7 2.67 18.71 18.71
4.3651 8 8 2.88 23.07 23.07
1.3316 9 9 2.71 24.41 24.41
4.6846 10 10 291 29.09 29.09
4.2534 11 11 3.03 33.34 33.34
1.615 12 12 291 34.96 34.96
2.953 13 13 2.92 37.91 37.91
0.815 14 14 2.77 38.73 38.73
3.624 iS5 15 2.82 42.35 42.35
3.2933 16 16 2.85 45.64 45.64
0.694 17 17 2.73 46.34 46.34
2.473 18 18 271 48.81 48.81
1.344 19 19 2.64 50.16 50.16
4.668 20 20 2.74 54.82 54.82
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07/01

08/01

09/01

10/01

11/01

12/01

13/01

14/01 4.079 1 51 4.08 4.08 135.43
15/01 2.9653 2 52 3.52 7.04 138.40
16/01 4.6517 3 53 3.90 11.70 143.05
17/01 2.8404 4 54 3.63 14.54 145.89
18/01 3.6581 5 55 3.64 18.19 149.55
19/01 1.9523 6 56 3.36 20.15 151.50
20/01 0.8385 7 57 3.00 20.99 152.34
21/01 2.1002 8 58 2.89 23.09 154.44
22/01 4.5688 9 59 3.07 27.65 159.01
23/01 5.6634 10 60 3.33 33.32 164.67
24/01 4.9846 11 61 3.48 38.30 169.66
25/01 6.9361 12 62 3.77 45.24 176.59
26/01 6.9778 13 63 4.02 52.22 183.57
27/01 7.2015 14 64 4.24 59.42 190.77
28/01 2.914 15 65 4.16 62.33 193.68
29/01 2.8929 16 66 4.08 65.22 196.58
30/01 3.7967 17 67 4.06 69.02 200.37
31/01 5.8873 18 68 4.16 74.91 206.26
01/02 1.5274 19 69 4.02 76.44 207.79
02/02 7.1792 20 70 4.18 83.62 214.97
03/02 2.5535 21 71 4.10 86.17 217.52
04/02 1.3366 22 72 3.98 87.51 218.86
05/02 4.3818 23 73 4.00 91.89 223.24
06/02 1.2688 24 74 3.88 93.16 224.51
07/02 1.2126 25 75 3.77 94.37 225.72
08/02 4.9454 26 76 3.82 99.31 230.67
09/02 6.2162 27 77 3.91 105.53 236.88
10/02 3.2167 28 78 3.88 108.75 240.10
11/02 8.662 29 79 4.05 117.41 248.76
12/02 6.3511 30 80 4.13 123.76 255.11
13/02 7.9067 31 81 4.25 131.67 263.02
14/02 2.2398 32 82 4.18 133.91 265.26
15/02 4.4972 33 83 4.19 138.40 269.76
16/02 9.316 34 84 4.34 147.72 279.07
17/02 8.0829 35 85 4.45 155.80 287.16
18/02 6.1076 36 86 4.50 161.91 293.26
19/02 7.2964 37 87 4.57 169.21 300.56
20/02 10.227 38 88 4.72 179.43 310.79
21/02 9.7365 39 89 4.85 189.17 320.52
22/02 8.4449 40 90 4.94 197.61 328.97
23/02 3.499 41 91 4.91 201.11 332.47
24/02 4.6816 42 92 4.90 205.80 337.15
25/02 12.358 1 93 12.36 12.36 349.51
26/02 8.5204 2 94 10.44 20.88 358.03
27/02 7.0745 3 95 9.32 27.95 365.10
28/02 1.083 4 96 7.26 29.04 366.18
29/02 4.4787 5 97 6.70 33.51 370.66
01/03 11.241 6 98 7.46 44.76 381.90
02/03 3.9518 7 99 6.96 48.71 385.86
03/03 7.4931 8 100 7.03 56.20 393.35
04/03 12.606 9 101 7.65 68.81 405.96
05/03 12.419 10 102 8.12 81.23 418.37
06/03 2.2102 11 103 7.59 83.44 420.58
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B20

04/11
05/11
06/11
07/11
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24112
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01

Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt
planting by phase by phase of crop
5.6752 0
1.059 1 1.06 1.06 1.06
7.8806 2 4.47 8.94 8.94
3.1268 3 4.02 12.07 12.07
2.7453 4 3.70 14.81 14.81
6.7913 5 4.32 21.60 21.60
3.1448 6 4.12 24.75 24.75
4.8303 1 4.83 4.83 4.83
5.6285 2 5.23 10.46 10.46
6.7093 3 5.72 17.17 17.17
2.0898 4 4.81 19.26 19.26
5.3324 5 4.92 24.59 24.59
5.5739 6 5.03 30.16 30.16
6.1841 7 5.19 36.35 36.35
4.7229 8 5.13 41.07 41.07
6.0232 9 5.23 47.09 47.09
4.2064 10 5.13 51.30 51.30
4.0229 11 5.03 55.32 55.32
1.8278 12 4.76 57.15 57.15
2.5243 13 4.59 59.68 59.68
3.2234 14 4.49 62.90 62.90
2.7167 1 1 2.72 2.72 2.7167
1.8613 2 2 2.29 4.58 4.58
4.9419 3 3 3.17 9.52 9.52
2.8654 4 4 3.10 12.39 12.39
0.4899 5 B 2.58 12.88 12.88
2.5631 6 6 2.57 15.44 15.44
3.2709 7 7 2.67 18.71 18.71
4.3651 8 8 2.88 23.07 23.07
1.3316 9 9 2.71 24.41 24.41
4.6846 10 10 291 29.09 29.09
4.2534 11 11 3.03 33.34 33.34
1.615 12 12 291 34.96 34.96
2.953 13 13 2.92 37.91 37.91
0.815 14 14 2.77 38.73 38.73
3.624 iS5 15 2.82 42.35 42.35
3.2933 16 16 2.85 45.64 45.64
0.694 17 17 2.73 46.34 46.34
2.473 18 18 2.71 48.81 48.81
1.344 19 19 2.64 50.16 50.16
4.668 20 20 2.74 54.82 54.82
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07/01

08/01

09/01

10/01

11/01

12/01

13/01

14/01 4.079 1 51 4.08 4.08 135.43
15/01 2.9653 2 52 3.52 7.04 138.40
16/01 4.6517 3 53 3.90 11.70 143.05
17/01 2.8404 4 54 3.63 14.54 145.89
18/01 3.6581 5 55 3.64 18.19 149.55
19/01 1.9523 6 56 3.36 20.15 151.50
20/01 0.8385 7 57 3.00 20.99 152.34
21/01 2.1002 8 58 2.89 23.09 154.44
22/01 4.5688 9 59 3.07 27.65 159.01
23/01 5.6634 10 60 3.33 33.32 164.67
24/01 4.9846 11 61 3.48 38.30 169.66
25/01 6.9361 12 62 3.77 45.24 176.59
26/01 6.9778 13 63 4.02 52.22 183.57
27/01 7.2015 14 64 4.24 59.42 190.77
28/01 2.914 15 65 4.16 62.33 193.68
29/01 2.8929 16 66 4.08 65.22 196.58
30/01 3.7967 17 67 4.06 69.02 200.37
31/01 5.8873 18 68 4.16 74.91 206.26
01/02 1.5274 19 69 4.02 76.44 207.79
02/02 7.1792 20 70 4.18 83.62 214.97
03/02 2.5535 21 71 4.10 86.17 217.52
04/02 1.3366 22 72 3.98 87.51 218.86
05/02 4.3818 23 73 4.00 91.89 223.24
06/02 1.2688 24 74 3.88 93.16 224.51
07/02 1.2126 25 75 3.77 94.37 225.72
08/02 4.9454 26 76 3.82 99.31 230.67
09/02 6.2162 27 77 3.91 105.53 236.88
10/02 3.2167 28 78 3.88 108.75 240.10
11/02 8.662 29 79 4.05 117.41 248.76
12/02 6.3511 30 80 4.13 123.76 255.11
13/02 7.9067 31 81 4.25 131.67 263.02
14/02 2.2398 32 82 4.18 133.91 265.26
15/02 4.4972 33 83 4.19 138.40 269.76
16/02 9.316 34 84 4.34 147.72 279.07
17/02 8.0829 35 85 4.45 155.80 287.16
18/02 6.1076 36 86 4.50 161.91 293.26
19/02 7.2964 37 87 4.57 169.21 300.56
20/02 10.227 38 88 4.72 179.43 310.79
21/02 9.7365 39 89 4.85 189.17 320.52
22/02 8.4449 40 90 4.94 197.61 328.97
23/02 3.499 41 91 4.91 201.11 332.47
24/02 4.6816 42 92 4.90 205.80 337.15
25/02 12.358 1 93 12.36 12.36 349.51
26/02 8.5204 2 94 10.44 20.88 358.03
27/02 7.0745 3 95 9.32 27.95 365.10
28/02 1.083 4 96 7.26 29.04 366.18
29/02 4.4787 5 97 6.70 33.51 370.66
01/03 11.241 6 98 7.46 44.76 381.90
02/03 3.9518 7 99 6.96 48.71 385.86
03/03 7.4931 8 100 7.03 56.20 393.35
04/03 12.606 9 101 7.65 68.81 405.96
05/03 12.419 10 102 8.12 81.23 418.37
06/03 2.2102 11 103 7.59 83.44 420.58
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D20

04/11
05/11
06/11
07/11
08/11
09/11
10/11
11/11
12/11
13/11
14/11
15/11
16/11
17/11
18/11
19/11
20/11
21/11
22/11
23/11
24/11
25/11
26/11
27/11
28/11
29/11
30/11
01/12
02/12
03/12
04/12
05/12
06/12
07/12
08/12
09/12
10/12
11/12
12/12
13/12
14/12
15/12
16/12
17/12
18/12
19/12
20/12
21/12
22/12
23/12
24112
25/12
26/12
27112
28/12
29/12
30/12
31/12
01/01
02/01
03/01
04/01
05/01
06/01

Day no Crop Daily light Cumulative Cumulative
days
by phase from integral light receipt light receipt

planting by phase by phase of crop
5.6752 0
1.059 1 1.06 1.06 1.06
7.8806 2 4.47 8.94 8.94
3.1268 3 4.02 12.07 12.07
2.7453 4 3.70 14.81 14.81
6.7913 5 4.32 21.60 21.60
3.1448 6 4.12 24.75 24.75
4.8303 1 4.83 4.83 4.83
5.6285 2 5.23 10.46 10.46
6.7093 3 5.72 17.17 17.17
2.0898 4 4.81 19.26 19.26
5.3324 5 4.92 24.59 24.59
5.5739 6 5.03 30.16 30.16
6.1841 7 5.19 36.35 36.35
4.7229 8 5.13 41.07 41.07
6.0232 9 5.23 47.09 47.09
4.2064 10 5.13 51.30 51.30
4.0229 11 5.03 55.32 55.32
1.8278 12 4.76 57.15 57.15
2.5243 13 4.59 59.68 59.68
3.2234 14 4.49 62.90 62.90
2.7167 1 1 2.72 2.72 2.72
1.8613 2 2 2.29 4.58 4.58
4.9419 3 3 3.17 9.52 9.52
2.8654 4 4 3.10 12.39 12.39
0.4899 5 B 2.58 12.88 12.88
2.5631 6 6 2.57 15.44 15.44
3.2709 7 7 2.67 18.71 18.71
4.3651 8 8 2.88 23.07 23.07
1.3316 9 9 2.71 24.41 24.41
4.6846 10 10 291 29.09 29.09
4.2534 11 11 3.03 33.34 33.34
1.615 12 12 291 34.96 34.96
2.953 13 13 2.92 37.91 37.91
0.815 14 14 2.77 38.73 38.73
3.624 iS5 15 2.82 42.35 42.35
3.2933 16 16 2.85 45.64 45.64
0.694 17 17 2.73 46.34 46.34
2.473 18 18 2.71 48.81 48.81
1.344 19 19 2.64 50.16 50.16
4.668 20 20 2.74 54.82 54.82
4.6512 21 21 2.83 59.47 59.47
3.9138 22 22 2.88 63.39 63.39
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07/01

08/01

09/01

10/01

11/01

12/01

13/01

14/01

15/01

16/01 1

17/01 2.8404 2 54 3.75 7.49 145.89
18/01 3.6581 3 55 3.72 11.15 149.55
19/01 1.9523 4 56 3.28 13.10 151.50
20/01 0.8385 5 57 2.79 13.94 152.34
21/01 2.1002 6 58 2.67 16.04 154.44
22/01 4.5688 7 59 2.94 20.61 159.01
23/01 5.6634 8 60 3.28 26.27 164.67
24/01 4.9846 9 61 3.47 31.26 169.66
25/01 6.9361 10 62 3.82 38.19 176.59
26/01 6.9778 11 63 4.11 45.17 183.57
27/01 7.2015 12 64 4.36 52.37 190.77
28/01 2.914 13 65 4.25 55.29 193.68
29/01 2.8929 14 66 4.16 58.18 196.58
30/01 3.7967 15 67 4.13 61.98 200.37
31/01 5.8873 16 68 4.24 67.86 206.26
01/02 1.5274 17 69 4.08 69.39 207.79
02/02 7.1792 18 70 4.25 76.57 214.97
03/02 2.5535 19 71 4.16 79.12 217.52
04/02 1.3366 20 72 4.02 80.46 218.86
05/02 4.3818 21 73 4.04 84.84 223.24
06/02 1.2688 22 74 3.91 86.11 22451
07/02 1.2126 23 75 3.80 87.32 225.72
08/02 4.9454 24 76 3.84 92.27 230.67
09/02 6.2162 25 77 3.94 98.49 236.88
10/02 3.2167 26 78 3.91 101.70 240.10
11/02 8.662 27 79 4.09 110.36 248.76
12/02 6.3511 28 80 4.17 116.72 255.11
13/02 7.9067 29 81 4.30 124.62 263.02
14/02 2.2398 30 82 4.23 126.86 265.26
15/02 4.4972 31 83 4.24 131.36 269.76
16/02 9.316 32 84 4.40 140.68 279.07
17/02 8.0829 33 85 4.51 148.76 287.16
18/02 6.1076 34 86 4.55 154.87 293.26
19/02 7.2964 35 87 4.63 162.16 300.56
20/02 10.227 36 88 4.79 172.39 310.79
21/02 9.7365 37 89 4.92 182.13 320.52
22/02 8.4449 38 90 5.02 190.57 328.97
23/02 3.499 39 91 4.98 194.07 332.47
24/02 4.6816 40 92 4.97 198.75 337.15
25/02 12.358 41 93 5.15 211.11 349.51
26/02 8.5204 42 94 5.23 219.63 358.03
27/02 7.0745 43 95 5.27 226.70 365.10
28/02 1.083 1 96 1.08 1.08 366.18
29/02 4.4787 2 97 2.78 5.56 370.66
01/03 11.241 3 98 5.60 16.80 381.90
02/03 3.9518 4 99 5.19 20.75 385.86
03/03 7.4931 5 100 5.65 28.25 393.35
04/03 12.606 6 101 6.81 40.85 405.96
05/03 12.419 7 102 7.61 53.27 418.37
06/03 2.2102 8 103 6.94 55.48 420.58
07/03 1.019 9 104 6.28 56.50 421.60
08/03 8.291 10 105 6.48 64.79 429.89
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