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Summary

Four growth trials were set up to assess the
suitability of a number of organic waste materials as
alternatives to peat for use as potting media.

Tomatoes, chrysanthemum and nursery stock were
grown in physically and/or chemically amended waste
materials, which included pine bark, spent mushroon
compost, worm—-worked animal slurry solids, composted
pig slurry solids, leafmould and municipal
refuse/sewage sludge compost. Plants wuwere groun
successfully in most of the waste materials with
appropriate amendment. Grouwth in municipal
refuse/sewage sludge compost was generally poors
boron and heavy metal toxicity being the probable
cause.

The waste materials were characterized by chemical
and physical analyses, using current M.A.F.F. methods
for chemical analysis, and with the development of
new techniques for physical analysis. Emphasis was
placed on simplicity of methods with advisory use in
mind. Growth and yield were correlated with media
analysis results using simple and multiple
correlation techniques, in an attempt to distinguish
the most important medium parameter, and to evaluate
the analytical techniques.

- Medium salinity (as measured by electrical
conductivity) and medium nutrient levels were found
to be most closely linked to growth and vyield.
Virtually no significant correlations were found
between physical properties and growth or yield. It
was concluded +that for advisory purposes the
measurement of conductivity and pH followed by
nutrient analyses, using the 1:6 v/v moist
medium:water extract, could give sufficient

information for recommendations for +the use of a



variety of waste materials as growth media, provided
the physical characteristics of the medium type were
known and data from previous growth trials was
available. The analytical techniques appeared to be
suitable for a wide variety of organic media of
different origin.

Short—-term growth trials were tested using
seedlings and transplants to determine if such a
method could be useful in research or advisory work.
These tests showed potential for wuse 1in research
work, but were rejected for advisory purposes as
being time consuming and difficult to interpret.
Reliance should continue to be placed on nutrient

analyses.



CHAPTER 1

Introduction and Literature Review

The Need for New Materials

Many authors have discussed the need to find
alternative growth media for horticultural crops,
(Pryce (1986a), Conoverrahd Pﬁolé (1983), Regulski
(1982), Gouin (1982), Gouin (1980) and Chen et al
(1983)) most citing the dwindling supplies and
increasing price of good horticultural grade peat as
the reason. Difficulties in collecting and drying the
peat 1in inclement weather conditions and the
increased use of peat for fuel have compounded the
potential shortages (130). The demand for growth media
is expanding along with the greatly increased output
of the container plant industry. The number of
container plants produced in England and Wales rose
from 50 million in 1979 (118) to nearly 69 million in
1984 (68), with every indication that this trend has
continued. Judging by the worldwide interest shown in
alternative media these problems are not confined to
Britain.

Many alternatives to peat have been investigated
and several, including vermiculite, perlite and
rockwool, plastic foams and flakes and softwood bark
have become well established in commercial use. All
these are expensive and most lend themselves best to
systems where nutrient 1levels can be accurately
controlled such as the nutrient film technique and
rockwool tomato growing systems. Few of these
materials would be =suitable for the containerized
ornamental industry (although some could be used as

amendments in mixes).



Alternative media so far studied 1include black
peat, soft and hardwood bark (86), municipal refuse
compost, Sewage sludge compost, spent mushroom
compost, leafmould, corfuna (30) and animal crumb
(slurry solids). MHore obscure materials which have

been studied are shredded Melaleuca quinquenervia

bark and wood (39,40), corkwaste (150), gasifier
residue (the residue from the burning of wood chips
and bark)(123), coal cihders‘f157), lignite (84,7),
peanut and almond hulls (21,75), macadamia husks
(148), cotton gin trash (107), grape marc and vinasse
(the solid residue of the fermentation of
grapes) (45), paper waste (71,132), Posidonia

oceanica (seagrass) compost (153), volcanic cinder
(75, 18) and many others.

The availability of many of these wastes is limited
to small areas, and their success as growth media has
been variable. No single waste material has emerged
that is both widely available and suitable in its
neat state as a growth mediunm.

Schmilewski (1984) states that there are in fact
huge resources of peat worldwide, but that much is
unsuitable for horticultural purposes because of
nonuniformity of Sstructure, nutriént content and
variable pH. Strongly decomposed peat (black peat) is
in abundance, but is structurally unsuitable.
Freezing has been found to improve its structure, and
Schmileuski predicts that greater use of this type of
peat must be made in the future, and allowance must
be made for a more diverse range of media.

This leads to problems of standardization of media,
both for legal and practical purposes, and in turn to
the need for analytical techniques for growth media
which are meaningful and can accommodate a diverse
range of media.

Presented below is a brief review of the preQious



use of the types of waste materials wused in this
study, followed by a discussion of +the analytical

techniques in use and the need for standardization.

Hunicipal Refuse and Sewage Sludge Compost

Waste materials from industry, agriculture and
domestic refuse are the most 1likely candidates for
grouth media of the‘futufé. Mahy of these materials
are rich in plant nutrients, and already present a
huge problem of disposal, being buried, incinerated
or disposed of in waterways and thus presenting risks
of environmental pollution. Strict legislation in the
USA in controlling pollution has led to a great
interest in the composting of municipal refuse
(64), often as a mixture with sewage sludge. Sewage
sludge, composted with a bulking agent e.g. wood
chips has also been widely researched for wuse as a
growth medium and soil conditioner. It will only be
discussed here in the context of municipal
refuses/sewage sludge composts, but other wuses and
problems with the use of sewage sludge and sludge
compost can be found in Bunt (1976), Pryce (1980a),
Verdonck (1984), Carlile and Sueetland (1984), Bﬁres
and Soliva (1984) and Parr and Wilson (1980).

Co~composting of municipal refuse and sewage sludge
has been practised in Europe for over 50 years
(Stentiford et al 1985 (139) ). In Britain composting
has never really gained favour following the
government working party reports of 1954, 1970 and
1971 on the subject which concluded +that composting
of municipal wastes could contribute 1little +to the
disposal problems of either refuse or sewage sludge
(Pryce (1980 a). Composfing plants which were built
during this period were designed on a materials

handling basis, with little thought for the microbial



population or the uses of the end product
(Biddlestone & Gray (1973)). Many of these composting
systems were expensive to run and highly mechanized
(Stentiford (1985) (139)) and +this in addition to
poor marketing of the product has led to the closure
of all large composting plants in Britain, the last
(the Wanlip plant, Leicester) closing down in April
of 1984.

This situation is in contrast to that experienced
in the USA. Composting of sewage sludge, with or
without municipal refuse, has been shown to be both
environmentally necessary and economical in many
states (104,41, 127). The major outlets for compost
are in land reclamation and ornamental horticulture,
and as a low grade fertilizer. Composting has been
used as a method of waste disposal in many countries,
the compost often being used for horticultural
purposes e.g. France (35,37), Belgium (150,156), UK
(43,118,141,20), the Netherlands (118), Austria (93),
West Germany (3), Switzerland (137), Canada (138,92),
and the United States (41,864, 14).

Stahlschmidt (1984) found that in "low cost"
countries composting of refuse in Dano-type plants
(such as that at Leicester) could compete
economically with landfilling.

Stentiford et al (1985)(139) have been studying a
simplified system of composting sewage sludge and
domestic refuse. Their aerated static pile method has
proven to be quite successful, producing compost
comparable to that produced by most reactor based
composting plants (Stentiford (1986)).

Municipal refuse composts often contain high levels
of soluble salts (118,3,37,41), particularly
potassium, and high levels of heavy metals (also
known as PTE (potentially toxic elements). The pH has

also been found to be high in many cases (125).



The PTE of concern are boron, cadmium, cobalt,
chromium, copper, mercury, molybdenum, nickel, 1lead,
selenium and zinc, with cadmium being the major
element of concern because of its 2zootoxicity and
accumulation in the kidneys with the effect of
inhibiting hepatic microsomal metabolism (Sanderson
(1980)). Piant and animal pathogens are also present
within municipal waste composts, but are generally
reduced to safe léveis by thé composting process
(106). However, because of +the possibility of
accunulation of heavy metals and contamination by
human pathogens, the use of refuse compost to grow
food to be eaten raw may be inadvisable (43). Davis
(1979) stated that the concentrations of Cd in plant
parts decreases in the order-

fibrous roots > leaves > seeds = Storage organs
suggesting that the grouth of leafy food crops on
heavy metal contaminated media should be avoided.
Several papers on pathogen and heavy metal aspects of
municipal refuse and sewage sludge compost use are
available, which go into greater detail than that
given here e.g. Davis (1979), Coosemans and Van
Assche (1984), Pereira Neto et al (1986), Williamson
et al (1981) and Sanderson (1980).

Research into the use of municipal refuse/seuage
sludge compost as a potting medium indicates that
<50% municipal refuse comnpost mixed with a low
salinity diluent such as peat, bark or perlite can be
used to grow a variety of plants. Most of the authors
grew nurserystock and containerized ornamentals such

as chrysanthemum (Sanderson (1980)), Dieffenbachia ,

Codiaeum and Cordyline (Vleeschauuwer et al (1980)).
Woody ornamentals were found to grow well in mixes
containing 25-50%X refuse compost (Sanderson & Martin
(1974) and Alt & Hofer (1986)), however, some authors

reported evidence of boron toxicity symptoms (80,92)



and reduced growth of nursery stock plants grown in
municipal refuse compost containing media when
compared to controls (Lumis & Johnson (1982) and
Daudin & Michelot (1984)). High pH, high salinity,
immaturity of compost and high levels of boron wuere
given as possfble causes of poor growth.

Reneaume & Riviere (1981) found that 40X municipal
refuse compost could be used with peat as a blocking
medium for the succeséful grduth of lettuce and
tomato seedlings, and Frey (1981) propagated pea,
corn ( Zea mays ), marigold, cucumber, +tomato and
pepper in mixes containing 25, 50 and 75X compost
with vermiculite, with no apparent differences fronm
the control (100X vermiculite).

Anid et al (1983) grew lettuce, spinach. and
perennial ryegrass in pot trials and found that
inclusion of > 20% municipal refuse compost caused a

decline in yield for lettuce and spinach.

Animal Slurry

The recent trend towards more intense animal
farming and housing of animals in buildings has led
to a problem of disposal of the dung and urine which
collect as a semi-solid slurry (Pain (1983)).
Application to land, which is widely practised, has
caused concern as to the ©possible pollution of
waterways with pathogens and nitrates and the
production of offensive odours. This has led to the
recent adoption of slurry separa£ing machines which
separate the more solid fraction (with 25-30X dry
matter) from the 1liquid. The 1liquid can then be
sprayed onto land and the solids (also known as
‘fibre® or ‘’crumb’®) provide a more manageable
material which will compost readily (Pryce (1980a)).

Slurry composts have high levels of soluble salts



and a pH level which is often > 7. Pathogen levels
are reduced to insignificant levels by the composting
temperature of 50-70 C which is usually held for
several days. Both aerobic composting (Gray &
Biddlestone (1975)) and anaerobic digestion (a method
of producing energy from waste materials)(Levanon et
al (1984) and Hobson and Shaw (1973)) have been used
as treatment methods for slurry. 'Co—composting of
animal or pouitry maﬁure or siufry with a bulking
agent such as straw, bark or sawdust has also been
studied (Hon et al (1982), Verdonck et al (1983) and
Vleeschauwer et al (1982)). The inclusion of the
bulking agent helps to improve the physical
properties of the slurry compost by increasing the
volume percent air and decreasing the salinity, thus
reducing the need for a diluent or leaching at a
later date.

Recently, the use of earthworms has been employed
to stabilize and fragment animal and poultry wastes
(Edwards (1983)). Much work has been done at
Rothamsted Experimental Station, Harpenden, Herts, on
developing the worm-worked waste technique (Edwards
et al (1985)). Initially the technique was used as a
means of waste handling and production of earthwornm
protein for fish and animal feed, but more recently
the horticultural value of the worm-worked waste
medium has been realised. The most promising slurries
for production of work-worked waste for growing media
are pig and cattle slurry solids. These slurries are
available in quantity, relatively uniform from batch
to batch (when taken from the same source),
manageable and easily broken down by the worms when
applied to the worm beds (wooden 'sided enclosures
with bottom heat (see Edwards et al (1985)) at the
optimal rate. The resultant worm-worked slurries are

structurally suitable for plant growth media, evenly



fragmented and odourless. The availability of oplant
nutrients is reported to be greater following
worm—-working than composting (Edwards (1983)). This
may be regarded as a mixed blessing since slurry and
slurry composts already contain high soluble salt
levels. High levels of zinc and copper are present in
Pig slurries as these elements are added to the feed
of fattening pigs (103) giving possible risk of
phytotoxicity, parficularly in worm-worked Pig
slurry.

The worm-working of sewage waste has also been
attempted. This will not be discussed in detail here,
but some success has been achieved with both the
worm-working process and the growth of plants in the
worm-worked sludge medium (Neuhauser 8 Malecki
(1984), Daudin 8& Michelot (1984), Grappelli et al
(1985) and Brandjes (1984)).

The economic aspect of worm—working waste is

discussed by Fieldson (1984).

Slurry compost and anaerobically digested slurry
have been used to grow a variety of horticultural
crops. Levanon et al (1984) used digested cattle
slurry (Cabutz) as a casing material for mushrooms

( Agaricus bisporus ) and reported =slightly higher

yields than with peat casing. Hadar et al (1985)
compared anaerobically digested cow manure composted
to three stages of maturity and found that the growth
of tomatoes on digested slurry 'composted for 3
months, then cured for 8 weeks, was as good as that
on fertilized peat. A number of species were grown by
Raviv (1984) on mixtures containing digested cou

manure. Philodendron plants grew more rapidly in 1:1

Cabutz:inert material (e.g. perlite, vermiculite)
than in 1:1 peat:inert material. No difference was

found between growth of Scindapsus and Pelargonium




plants in the Cabutz mixture and the peat control,
and the wuse of Cabutz containing medium for

propagation purposes was found to be promising.

Vlieeschauwer et al (1982) recommend that not more
than 252 chicken manure and up to 50X piggery manure
(before composting) should be used in mixtures +to
produce growth media for ornamentals (because of
excessive salinity levels). 7

Edwards et al (1985) report successful growth of a
wide variety of plants in mixes containing 25 and 5S0%
worm-worked wastes with peat, pinebark of loam. They
stateAthat “feSults.have ffequently been better than
with recommended growing media". Plants tested
include: Vegetables, bedding, glasshouse and

nurserystock plants.

Spent Mushroom Compost

Mushroom compost usually consists of partially
composted horse manure and straw with added gypsum to
reduce ’'greasiness’®, added N, P and K fertilizers,
and a layer of peat and limestone over the top
(the casing layer) (Devonald (in press)). Poultry
manure or sugar beet pulp may be substituted
partially or wholly where horse manure is sScarce
(Rathier (1882)).

The compost and trays are Stean pasteurised
following mushroom production as hygiene 1is very
important on mushroom farms, and the compost is then
bagged (usually without the casing layer) and sold to
the general public as a soil conditioner and organic
fertilizer. Much of the compost is sent to tip as the
domestic market for organic material is seasonal
(spring and autumn) and the spent compost cannot be

allowed to collect on the mushroom farm for reasons



of hygiene (Pryce (1980a)).

Spent mushroom compost is +thus high in soluble
salts, high in pH and subject to shrinkage (further
decomposition).

Several authors have reported the need to
aerobically compost the fresh spent mushroom compost
for 6 weeks to 11 months to reduce levels of
ammonium—N and stabilize the structure (Henny (1979),
Rathier (1982), Stokes .(1976)7 and Lohr et al
(1984b)). Growth trials comparing fresh and aged
spent mnushroom compost have showun that plants
generally grow better in matured compost, but that
shrinkagé of fhe compoét may still present a problem
in long term crops, even after 9 months maturation
(Henny (1979)). Lemaire et al (1985) found that most
shrinkage occurred within the first 6 months, with
42% of the volume of spent mushroom compost 1lost by
this time. Inclusion of bark or peat in mixes was
found to decrease the shrinkage and Henny (1979)
recommended the incorporation of at least 30% pine
bark to limit shrinkage.

Leaching of spent mushroom compost has been
employed as a means of reducing the soluble salt
levels (Henny (1979), Lohr et al (1984a) and (1S84b))
although Lohr et al (1984a) suggested that "the use
of unleached mixes may be preferable because leaching
is cumbersome, time consuming, and a potential source
of pollution®”. It has also been suggested (Henny
(1979)) that +the waterholding capacity of spent
mushroom compost may be too high, and volume percent
air too low (particularly in large pots) unless an
amendment is added to improve aeration. Henny also
found a means of reducing the pH to a more acceptable
level by the addition of iron sulphate with the
fertilizer progranm.

Henny (1979) grew cuttings of Dieffenbachia

- 10 -



maculata ‘Perfection’®, Pilea cadieri , Peperomia

obtusifolia and Epipremnum aureum (pothos) 1in

100%¥ leached spent mushroom compost and 1:1 1leached
spent mushroom compost:pine bark. All species grew
equally as well in the spent mushroom compost media
as in the control and Peperomia grew better than in
the control (fertilized 1:1 peat:pine bark).
Lohr et al (1984a) found +that transplants of
lettuce, tomato, cucﬁmﬁer ,and marigold ( Tagetes
patula ) grew well in 25% aged (6 weeks aerobic
composting) spent mushroom compost with peat (25%)
and vermiculite (50%), but plénts in 1:1 spent
mushroon compost:vérmiculite were slightly reduced in
quality, whilst Devonald (in press) found that

Antirrhinum °'Orange Glow®', chinese cabbage *Pe

Tsai’, french marigold *Orange Boy’ and
Tagetes 'Lemon Jem® grew better in the control (3:1
peat:sand) than in media containing 38-75% spent
mushroom compost with peat and sand or bark and
sand. Nicotiana 'Domino’ was found to growu
significantly better in 3:3:2 spent mushroom compost:
peat:sand than in the control.
20-30% spent mushroom compost with peat or bark (by
volume ) are stated by Gartner (1981) to be the

mixXtures generally used by growers in the USA.

Leafmould

Little interest is present in Britain for producing
leafmould in 1large quantities. The Royal Botanic
Gardens at Kew is the only large scale producer of
leafmould, utilizing the leaves collected from the
parks of central London, and storing them in heaps of
up to Sm in height. The production method is very
basic; no additives are used to increase the rate of

decomposition (accelerators), and no shredding of the



leaves is done at any time. The heaps are turned once
only during the summer immediately following
collection. Approximately 5000m of leaves are
processed in this way annually (Pryce (1980a)).

In the USA the ©picture 1is very different. The
banning of the burning of leaves in many states and
the restricted number of sites which are 1left which
are suitable for landfills has led to an increased
interest in the production of leéfmould (Derr (1985)
and Anon (1984a)). Another reason for this difference
in interest is the difference which exists between
the nutrient content of British and American leaves.
Iﬁ ihé USA the short length of the autumn results in
the dropped leaves retaining quite high levels of
nutrients. British leaves, however, retain few of
their nutrients and are not readily composted, unlike
the American leaves., In the USA leaves can be
composted within a few months (Flower (1983)),
whereas at least 2 years are required to break doun
British leaves. However, economic surveys done by
Derr (1985)(USA), Flower (1983)(USA) and Pryce
(1980a) (UK) suggest that the production of leafmould
is economically feasible on both sides of the
Atlantic and that real savings could be made in
tipping costs and purchase of growth media. Leafmould
could also be sold to local residents as a mulch or
soil conditioner. Derr found that even if the
leafmould was given away the process could be cost
effective as no special machinery or facilities are
required.

Because of the intrinsic differences between
American and British 1leaves the leafmoulds also
differ. American leafmould is frequently reported to
be high in soluble salts (Sawhney (1976)) requiring
leaching or dilution with a low soluble salt medium

before it can be used for container grown plants.



British leafmould, on the other hand, is very low in
nutrients and can be used as a possible substitute
for peat (Anon (1979)). Both types tend to be of high
pH (>7), although pine needle leafmould is acidic (pH
3.9-5.5)(152).

Relatively little research has been done on the
grouing of pot plants in leafmould. Traditionally
leafmould has had specialized uses such as the use of
pine litter for grduihr of azaleas, and Belgian
growers have used leafmould as a container medium for
some time (Cull (1982)). Most data on physical and
chemical properties of leafmould is to be found in
Belgian literature (see Verdonck et al (1982)).

Pryce (1980a) suggests that 100% leafmould
(British) may be possible for wuse as a container
medium, but expresses doubts about the wuse of
leafmould in this way because of the possibility of
the presence of plant pathogens. Cull (1882) suggests
that leafmould may vary between areas depending on
tree species. This could make recommendations for its
use as a growth medium difficult.

Gouin (1877) composted a mixture of 1 part
anaerobically digested sludge to 4 parts leaves. When
mixed with sand or topsoil this compost successfully

grew containerized Ilex crenata (Japanese holly)

and Prunus laurocerasus (Cherry laurel).

Antdn et al (1983) mixed leafmould in equal parts
with bark and sphagnum peat, and bark and black peat

for the growth of Pelargonium zonale and

Cineraria hybrida . They found no significant

difference between growth in the two leafmould mixes,
but significantly better growth in 2:1:1 sphagnum
peat:perlite:vermiculite. The difference in grouwth
was attributed to the superior aeration in the

peat:perlite:vermiculite mixture.



Bark

Since the beginning of the decade bark has become
an accepted growing medium for a large range of
plants throughout Europe and America (Verdonck et al
(1983)). Both soft and hardwood barks have been wused
and although fresh softwood bark has proven a
possible growth medium, it is generally agreed that
composting of the bafk prior to use is desirable, and

in some cases necessary for the following reasons:-

1. Some barks contain organic substances at
Phytotoxic levels (tannins, volatile phenolic

substances) e.g. Pseudotstuga menziesii (Douglas

fir) bark. The levels of <these substances can be
reduced by composting, although some barks remain
phytotoxic even after composting e.g. silver maple
(Pryce (1980a)).

2. Bark has a high C:N ratio and substantial
quantities of nitrogen and phosphorus are required by
microorganisms responsible for 1its decomposition.
Composting with added nitrogen and phosphorus prior
to use as a growth medium reduces the competition
between the microorganisms and plant and enables the
grouwer to add enough N fertilizers to the bark mediunm
to satisfy <the need of both, without increasing
salinity above toxic levels (for further details see
Bunt (1976), Aaron (1982), Gartner (1981) and Solbraa
(19886)).

3. Toxic levels of manganese and possibly chlorine
have been found to be present in fresh bark (both
soft and hardwood). Solbraa (1986) found up to 120g

of manganese per nlof spruce bark ( Picea abies ),

most of which was in exchangeable form (Mn++) and
available to plants. Oxidation of the manganese to a

less available form via composting at pH 6 (or
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greater) was suggested as a means of eliminating this
problen. Composting the bark with lime,
superphosphate and urea was suggested by Bunt (1983)
as a means of immobilizing phytotoxic manganese and
organic substances.

4, Composting improves the physical structure of bark
for use as a growth medium, by decreasing the
particle size and increasing the water holding
capacity. The water Holding capacity of composted
bark is still 1lower <than that of peat and more
frequent irrigation will therefore be necessary.
Solbraa (1986) suggests that 2 parts composted bark:1
part sphagnum peat should give a mixture of
sufficient aeration and water capacity for most pot
plants.

Many species have been grown successfully in Dbark
mixtures. Pokorny (1982) has reviewed the literature
on the uses of bark prior to 1982, and much has been
written since. A review here of the many mixes used
would be voluminous and not particularly rewarding;
bark being used widely as an amendment to increase
aeration of denser media as well as the basic
component of growth media. The negligible nutrient
content and optimal pH (5.0-6.0) (Aaron (1882)) makes
bark a very versatile material for inclusion in
potting mixes. Bark 1is also reported to sSuppress
certain soilborne plant pathogens, due it is
believed, to the gradual release of phenolic
substances (even after composting) and <the presence
of microbial antagonists (see Hoitink & Kuter (1984)
and Hoitink (1980)).



Analysis of Growth Hedia

The Need for Standardization of Methods

Writers on the subject of growth media frequently
refer to the 'ideal medium® quoting specific values
for physical and chemical properties. Often, the
methods used for the measurement of these properties
are not described and +thus their significance is
beyond interpretation. In addition, to have any
meaning in horticultural terms, the parameters must
be linked to grouwth of the plant. Needles; to say
this process requires much empirical +testing of
different plant species whilst varying the physical
and chemical properties of the medium; a very time
consuming process.

Numerous analytical techniques for both physical
and chemical properties of growth media have been,
and are still being used worldwide. Many of the
analytical techniques have been developed from
methods originally designed for agricultural crops
and field soils (Peterson (1986)). Sometimes the
original methods themselves have been used for
soilless substrates, giving results which are
obviously difficult to interpret. Other researchers
have developed new techniques of their own leading to
numerous methods which are not easily comparable.
Even when different researchers use the same
technique they have been known to disagree over the
interpretation (Kirven (1886)).

The diversity of analytical techniques has been
rerpetuated because of allegiances of researchers to
their own methods. Kirven (1986) cites economics,
accuracy and continuity as reasons for such
allegiances. This latter point has prevented many
researchers changing their methods, although attempts

at correlating results produced by different methods
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have been made with the possibility of converting
figures from one method to another in mind.

Another reason for the diversity of methods is the
apparent confusion existing over the underlying
purpose for analysing growth media. Bunt (1986) gives
two different objectives for which analysis is
undertaken:

1. Advisory purposes
2. Research purposes
and Gunther (1983) states legislative reasons. Care
should be taken when reading the 1literature not to
confuse these three objectives as the order of
priorities will be different for each. For advisory
purposes the speed, reproducibility and simplicity of
the method are of greatest importance (Bunt (1986);3
Van Dijk (1980)) along with the ease with which
recommendations for amendments can be made, and the
accommodation of a wide range of media. For research
the order of priorities will depend on the purpose
for which the research is undertaken, but accuracy of
results and relationship to real growing conditions
are likely to be at +the +top of the 1list. For
legislative purposes the analysis is used to describe
the medium in terms of properties which control its
quality such as organic matter content, soluble salt
content, pH and fertilizer content. The most
important property is the bulk density since grouth
media is sold by volume. Gunther (1983) describes the
West German standards for growth media DIN 11542
which covers (amongst other properties) percentage
organic matter, percentage ash content, bulk density,
pore volume, water capacity, air capacity, PH,
conductivity and salt content. Several of these
measurements are of little interest +to +the grower
e.g. percentage ash content and percentage organic

matter, and would be unnecessary analyses for

- 17 -



advisory purposes. Other standards for consumer
protection and legislative control are described in
Waller & Wilson (1984) (NFU 44-551, French) and Wold
(1986) (Norwegian standards).

The accurate measurement of bulk density is crucial
whether the analysis is undertaken for legislative,
advisory or researqh reasons since the plant is grown
in a certain volume rather than weight of medium. The
grower therefore wishes to know how many pots he can
fill from a sack of medium and how heavy it will be
(for handling purposes). The chemical and physical
properties should also be described on a volume basis
for all purposes (Gunther (1983), Waller & Wilson
(1984), Waters et al (1970), Bunt & Adams (1966) and
Bunt (1986)). Several attempts have been made to
develop a standardized method of measuring a volume
of growth media. Boertje (1983) describes the
*Hechanical Compression Routine Hethod’ in which
compression with a weight is alternated with matric
suction following saturation. Two cylinders are used
filled with medium and mounted end to end, the bottom
cylinder being used for the measurement of ©physical
properties. During the process of development of this
technique four methods were compared with the
co-operation of research workers 1in seven European
countries. The findings are fully described in
Verdonck et al (1978) and Van Dijk (1980). A review
of various methods used by research workers for
measuring volumes of medium is presented in the
volume measuring section of this thesis.

Further confusion over analysis of growth media has
been caused by the use of different units to describe
results. Gunther (1983) and Kirven (1986) both
suggest that an international standard System of
units should be adopted for growth media analyses.

Gunther also states that the following should be thé
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goals of an acceptable system:

- International conformity of procedures for
measurement.

~ Statements of procedures for measurement should be
put on the analysis report.

- International use of standard reference samples
for laboratory testing.

— ©Standardization of procedures for measurements.

The following pages contain a review of the various
methods which have been used for physical and
chemical analyses, and the attempts that have been

- made to standardize the techniques.

Physical Properties

A number of physical properties of growth media are
discussed in the literature and although most authors
regard these as being of vital importance +to the
growth of the plant, little evidence is presented in
support of these claims. Paul and Lee (1976) found
that aeration, and in particular oxygen diffusion
rate (ODR) at container capacity correlated well with
growth of chrysanthemum by a quadratic relationship.
They stated, however, that the critical value of ODR
for maximum grouth appeared to vary between media
types and plant species and that container depth may
also have an influence.

Bunt (1974) investigated the effect of overwatering
of tomato seedlings (under winter glasshouse
conditions) using peat and sand mixes of various air
capacities. When air capacity was reduced below 10% a
linear reduction in growth was found for over watered
plants, but no reduction in growth occurred with

greater than 10X air capacity.



Waller 8 Wilson (1984) and Verlodt et al (1985)
attempted to correlate growth response with physical
properties of growth media (e.g. ©porosity, air
capacity, water holding capacity and bulk density),
but in neither case were significant correlations
found. Waller and Wilson concluded that for air and
water capacity ‘there would seem to be a wide range
of acceptable levels, particularly if the plants are
not being subjected to the demands of commercial
production schedules or being constantly
overwatered’.

The physical properties of the medium will
certainly affect the practical aspects of YCrop
production e.g. handling of media and stability of
pot plants (bulk density), necessary frequency of
watering and fertilizer retention (water holding
capacity, total porosity and percolation rate) and
amendment proportions (particle size distribution).
The most widely used method of characterizing the
water relations of media 1is that described by de
Boodt & Verdonck (1972) in which the water, air and
solid content (phase distribution) are determined at
different water tensions (suctions). Hoisture
contents at zero tension (saturation), 10cm, tension
{regarded as field capacity, or more correctly
container capacity; the thickness of +the layer of
substrate for pot plants being generally 10-15cm),
S50cm and 100cm tension (a figure supposed to
represent the driest conditions which do not inhibit

plant grouth, as measured for Ficus sSp. ) are

determined with the use of tension-plate or
pressure-plate type apparatus (see Flegmann & George
(1975) for details of apparatus). A curve can be
fitted through these points as can be seen in fig.
1.1 (from de Boodt & Verdonck (1972)) for different

media.
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Fig. 1.2 shows the concept of volume percent air
(the difference between zero tension and 10cm tension
i.e. Dbetween total pore space and container
capacity), volume percent easily available water, EAW
(that released between 10 and 50cm tension) and
volume percent water buffering capacity (WBC) as
introduced by de Boodt & Verdonck. They quote 75-90%
EAW as optimal for a good substrate. Prasad (1979)
utilized this method for characterizing New Zealand
peats, wood wastes and Irish peat, on which he
introduced <the concept of difficultly available
water, DAW (water released between pF2 (100cm
tension) and pF4.2 (15849cm tension)). DAW was,
however, regarded as of limited value in
horticulture, tensions below 100cm being of most
importance.

Bilderback et al (1982) discusses the limitations
Wwhich should be considered when utilizing the
concepts of de Boodt and Verdonck, but regards their
terms as Qery descriptive and useful 1in describing
and standardizing the water holding characteristics
of growth media.

Simpler and/or 1less time consuming methods for
" assessing water relations of media (including the
determination of container capacity) have been
utilized by White & Mastalerz (1966), Beardsell et al
(1979), Goh & Maas (1980), Bunt (1984) and Waller &
Harrison (1986).

For the method of Beardsell et al total porosity
was determined using the pariicle-density method, and
drained water content determined by media containing
pots left to stand in water for 48 hours, then
drained for 2 hours, followed by oven drying. The
volume percent air was then calculated by subtracting
the drained water content from the total porosity.

Bunt (1984) describes a container method for
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determining total pore space, air capacity and bulk
density. In this method 0.51 cans of 10cm depth, with
drainage holes, are filled with medium and watered
daily with a rose for 8 weeks to simulate cultural
conditions. The media, still in the containers, is
then saturated overnight on a tension Plate
apparatus, allowed to drain for 8 hours then weighed,
and air capacity calculated.

Goh & Maas (1980) developed a method for the
simultaneous determination of air and water capacity
of soilless media, using a separate tension funnel
for each sample. The medium is contained within
 double cylinders (diam.=7.6cm, ht.=7.0cm) held
together with masking tape, the bottom cylinder
having a base made with tightly stretched cheese
cloth. A series of immersions in water alternated
with gravity drainage are followed by immersion in
water for 72 hours, then drainage, which is repeated
twice more. Drainage for 4 hours at 30cm tension
completes the process of consolidation of the sample.
The cylinders are then separated and the bottom one
used for analysis. A tight fitting lid with a small
hole at the centre is put onto the cylinder and the
whole apparatus is submerged completely in water. The
lid is pushed down to remove all air before and after
a one hour submersion period and the cylinder removed
with a finger placed over the hole to prevent
drainage. The outside of the cylinder is dried, then
the cylinder weighed to give the saturated weight.
The drained weight (at container capacity) 1is also
recorded, and weights at 10,20,30,50 and 100cm
tension by subtracting the drained weight from the
saturated weight.

White & Mastalerz (1966) also used a series of
immersions follouwed by drainage to consolidate and

saturate medium samples (in addition +to tapping of
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the cans on a bench prior to immersion) for the
determination of container capacity. 24 hours
immersion followed by 24 hours gravitational drainage
was used, the cans being wuweighed after the third
drainage, then dried at 105°C. Desorption curves and
total porosity were determined using standard methods
for soil cores.

Waller & Harrison (1986) developed a .method which
could be completed within one hour and compared well
with the desorption curve method of De Boodt and +the
container method of Bunt (1984). Four aliquots of
400ml of a wetting solution are added to 11 of mediunm
(measured by the FIBSPAN method) with a rose, each
aliquot being allowed to drain below the surface of
the medium before the next 1is added. The beakers
(10cm diam., 11 vol. with 6x8mm drainage holes) are
left to drain for 30 minutes, then weighed. The
drained volume i3 determined wusing 5x6mm diam.
calibrated rods which rest on the surface of the
medium. Particle density is taken as 1.5 for peat or
determined by displacement of paraffin. These
measurements, with weight of the dry matter, give
sufficient information to calculate the air-filled

porosity (volume percent air).

Particle size analysis is easily undertaken by the
use of various sieve sizes. Waller & Wilson (1984)
state that although the particle size distribution
influences air and water volumes these properties can
be more reliably measured by direct means. Handreck
(1983) and Jinks (pers, com) found that only those
particles of 1less than O0.5mm in diameter had a
significant influence over the water release and air

filled porosity. Handreck found that Pinus radiata

bark particles in the range 0.1 to 0.25mm decreased

air-filled porosity and increased water release to a
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greater extent than did either those in the
0.25-0.5mm range or <O. 1lmm range. |

Jinks found that a strong correlation existed
between aeration, water capacity and the proportion
of sphagnum peat particles <0.5mm regardless of the
proportion of particles making up the rest of the
mix. Table 1.1 (from Verdonck 8 Penninck (1886))
illustrates the findings of Handreck (1983) and Jinks
(pers, com) well.

The measurement of the proportion of particles of
<0.5mm diameter could thus give an indication of the
water relations of a medium, and also be of use in
the prediction of physical properties when amendments
are used.

Spomer (1974) introduced +the concept of the
*Threshold Proportion" for amendments. This i3 the
proportion of amendment at which the +total porosity
is a minimum, and goes some way towards explaining
the interaction betueen particles of different sizes
and the optimizing of medium mixtures (see fig. 1.3).
Equations are given which predict mixture total and
aeration porosities from component bulk volumes and
porosities.

Other equations have been reported which correlate
certain physical properties to other physical
properties. These have been produced in attempts to
reduce the number of different determinations which
are necessary in order to physically characterize a
mediun.

Prasad (1979) found that an inverse relationship
existed between bulk density and air capacity and
between bulk density and total porosity. Whilst other
researchers who have attemped to correlate these
properties would agree that total ©porosity was
significantly and negatively correlated to bulk

density, no other author has reported a significant
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pigt 1.3 The TreshoId Proportion Concept.

Spo»er (1974Db).

Physical parameters of peat with different particle size.

Size of Bulk Total Volume % water Volume Volume %
parti- density pore at a tension of % easily
cles in spare air available
g/cm3 10 cm 50 cm 100 er. water
< 2 mm 0.170 88.3 19.7 16.9 16.3 68.6 2.8
1-2 mm 0.205 85.9 21.5 17.4 16.1 64.4 4.1
0.5-1 mm 0.238 83.6 27.1 16.9 15.1 56.5 10.2
< 0.5 mm 0.281 80.6 63.6 17.6 13.9 17.0 46.0
tota:!. 0.212 85.4 78.0 42 .2 35.5 7.4 35.8
material

Table 1.1 The Effect of Particle Size on Phase
Distribution. NB the Influence of Particles <0.5mm
on Volume % Air and Volume X E.A.V. From Verdonck &

Penn inck (1986).



relationship between bulk density and air capacity,
Beardsell et al (1979), stating that air and water
holding capacity cannot be related to bulk density as
these properties depend on the ratio of macro- to
micropores, these varying considerably between media.
Prasad (1979) used mainly peat media for his
determinations, which probably had similar phase
distributions, making the existence of a correlation
between bulk density and air capacity possible.

The equations produced relating total porosity to
bulk density are remarkably similar despite <the wuse
of a wide variety of materials in the determinations.
Beardsell et al (1979) used mixtures containing sand,
volcanic scoria, pine bark, poppy Straw waste and
sawdust. Hanan et al (1981) used sphagnum peat, @pine
bark, almond hulls, sheep manure, clay and sand, and
Bunt (1984) used peat mixed with perlite,
vermiculite, calcined clay, sand or grit.

The equations are, respectively:-
(TP=total porosity %, BD=bulk density Kgr/1)

TP 94.1 - (32.8+1.6)BD r= -0.96

TP 88 - 36.2BD r= -0.99

TP = 98.396+0.264 - (36.554+0.364)BD r= -0.998

Chemical and Physico-chemical Properties

Greater success has been achieved in the attempt to
standardize the methods for determining the chemical
properties of soilless growth media than for the
physical properties. A symposium was held in October
of 1983 entitled "Interpretation of Extraction and

Nutrient Determination Procedures for Organic Potting
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Substrates® at which it was proposed that the
Saturated Medium Extract (SME) procedure for nutrient
analysis should be adopted (Bilderback (1888)).
However, Bilderback concluded that the adoption of a
standard procedure seemed unlikely at that time.

Kirven (1986) compared nutrient analysis results
from different research workers using different (and
in some cases the same) extraction techniques, and
concluded that the results were dependent on the
extraction procedure, and that they may differ even
between researchers using the same techniques. Kirven
states that because of the high valuse of
horticultural crops, the adoption of a standard
analytical procedure, or the production of a
procedure for comparing methods is imperative.

Bunt (19868) describes and discusses the different
extraction procedures in common use for the
determination of water soluble and exchangeable
nutrients:

Saturated media extracts - for research
Displaced soil solutions ~ for research
Suspension methods - for speed and

convenience.

Suspensions

For these methods a fixed volume or weight of fresh
or dried medium 1is suspended in a volunme of
extractant. Most researchers have rejected the use of
a extraction technique based on a weight of medium as
being meaningless in practical terms, preferring a
volume basis. Recently the preferred extractant for
soilless media has been deionized water with the
ratios 1:1.5 (Sonneveld et al (1974); Prasad et al
(1981a)), 1:2 (Waters et al (1970); Wilson (19886)),
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and 1:6 (Johnson (1980)) v/v fresh medium: water
being used.

A number of different extractants have been used,
some of which are supposed to estimate the
exchangeable macronutrient levels as well as water
soluble levels. Markus (1986) compared different weak
acid extractants: Spurway extract (0.018N HOAc),
boric acid and double acid (0.05N HC1 1in O.O25N
H2504), and concluded that all were effective
extractants of mineral nutrients. Linear correlations
were found to exist between the acid extractant
methods and between acid and non-acid extractants.
Greater quantities of nutrients were removed by acid
than by non-acid extractants, and it was found that
air dried medium released lower macronutrient levels
than moist medium. Drying of medium 4is thought +to
result in a disturbance in the ionic equilibrium of
the medium (Markus (1986)) with a reduction in the
extractability of NO3-N, P, K, Ca and Mg and
increased release of NH4-N (Bunt (1986)). Difficulty
in rewetting may also occur following drying. Wilson
(1986) compared saturated calcium sulphate, O.5M
acetic acid and distilled water for the extraction of
nitrogen, phosphorus and potassium. He concluded that
to remove exchangeable ammonium—-nitrogen and
potassium, calcium sulphate or acetic acid should be
used as the extractant, and that a ratio of 1:2 wv/v
fresh medium:extractant was preferable. Table 1.2
shows the effect of increasing the ratio of
extractant:medium on pH, conductivity and extracted
nutrient levels.

Prasad et al (1981a-e), in a series of papers,
compared the Dutch '1:1.5 water extract method, for
extraction of ©phosphorus and potassium, with <the
Olsen’s extract for phosphorus (0.5M NaHCO3, pH8.5,

1:20 sample:extract) and ammonium acetate extraction
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Effect of sample extractant ratio on analyses

= = - -~

Extraction = eeeccececmaeao

ratio Conductivity pH NOJ”N" NH4“N” P;0¢ K20
1:1.5 830 5.66 110 2 189 443
1:2 700 5.72 117 3 192 490
1:3 490 5.82 135 ] 219 551
1:5 338 5.96 155 5 247 620

Table 1.2 The Effect of Increasing the Ratio of
Extractant:Mediunm on PH, Conductivity and
Extractable Nutrient Levels. From Wilson (1986).

Simple regressions of Levington analysis on the Dutch

analysis
Determination Constant Coefficient r
pH 2-96 0. 592 00764
P 13.5 0.849 0.947
K 52.0 1.00 0.989
Mg 5.7 0,869 0.918
Conductivity 249 0.916 0.963
N03-N 42,2 0.659 0.551

Table 1.3 Equations Relating the 1:6 Water:Medium
Extract (Levington Method) to the 1:1.5 Extract
(Dutch Hethod). From Johnson (1980).



for potassium. They also evaluated the 1:1.5 extract
for the determination of nitrogen, phosphorus and
potaSsium by relating their extraction results to
plant uptake. A linear relationship was found between
the 1:1.5 and Olsen’s extract methods for phosphorus,
but the gradient of the regression line was found to
vary with the quantity of P present i.e. at higher
rates of P the slope was less steep than with lower
rates. A good linear relationship was found between
the two potassium extractant methods which did not
vary with the quantity of K present. Quadratic
relationships were found between extracted nutrients
and plant uptake. Whilst this relationship was very
good for all media for potassium, the relationships
for N and P deteriorated when more than one type of
substrate was included. Prasad et al concluded that
the uptake of nutrient per - unit of substrate test
value was not constant for all materials and that for
phosphorus no general equation would be available for
converting one extraction method to another for all
substrates.

Johnson (1980) compared the 1:1.5 extract to the
Levington 1:6 v/v water:fresh medium method. He
concluded that both methods correlated well (except
for NO3-N) but the 1:1.5 method was unacceptable for
routine rapid analysis as it required the adjustment
of the sample water content to PpF 1.5 before
analysis. The use of a wider ratio (i.e.1:6) of
medium:extractant overcame the necessity to do this.
Table 1.3 gives the equations found for conversion of
results from the 1:6 (Levington) method to the 1:1.5

method (for peat, bark and peat + sand sSubstrates).
Gabrigls et al (1985) describe a computer aided
soil testing method which can predict crop response

from medium nutrient contents, PpH, conductivity,
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nature of the substrate, growth stage and method of
cultivation. A letter of recommedation for the grower
is the end result. for the determination of P, K, Ca,
Mg, Na, S04, Fe, trace elements and heavy metals a 1:
S v/v fresh medium:ammonium acetate extraction is
used and for NO3-N, NH4-N, Cl, F, HCO3, B and Br
bidistilled water is used as the extracting solution
PH and conductivity are determined on a 1:2.5 medium:
bidistilled water extract. This +type of approach
could be very useful if an internationally adopted
standard method of analysis were used, and

experimental data pooled.

Saturated Media Extracts and Displaced Soil

Solutions

As stated in the introductory paragraph the
symposium of October 1983 concluded that the SHE
procedure should be adopted for nutrient analysis of
soilless media. In this method 500cm® of fresh medium
is mixed with distilled water until just saturated.
After equilibrium for 1.5 hours the pH is measured
and the solution extracted with a vacuum filter for
further analysis. Good <correlations vere found
between this and +the Spurway extraction technique
(Warncke(1986)), and the SME procedure was considered
quicker to do and more realistic since the moisture
holding capacity of <the medium is taken into
account. Decreasing variability betuween analyses was
also thought to exist with decreasing
medium:extractant ratio. One major problem found with
this procedure was the definition of the exact point
of saturation. In a study including seven
laboratories using the same media (Warncke (1986))},

variability in results between laboratories was found
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to be quite high. The inability to mix a variety of
growth media consistently +to saturation point was
thought to be the cause. Warncke concluded that
greater experience with this method would help the
situation. This method would not, therefore be
acceptable for routine advisory purposes where a
simple, easily reproducible, method is required, but
it is considered by Bunt (1988), Waters et al (1970)
and Warncke (1986) as the best method for research
purposes after the displaced soil solution method. In
the latter method a constant head of liquid
(immiscible with the sSo0il solution) i3 used to
displace the soil solution from a column of medium
(Bunt (1986)). A variation of +this method 1is the
‘Press Extract® in which the substrate solution is
removed with the use of a hydraulic press. Sonneveld
et al (1974) found that a good linear relationship
existed between the 1:1.5 extract and the ‘Press

Extract’ for nutrients and conductivity.

Hydrogen Ion Concentration (pH)

The pH of the medium is of major importance as it
affects the availability and therefore the balance of
nutrients, particularly that of minor nutrients.

Flegmann & George (1975) explain that two types of
information can be obtained from pH measurements as
follows: "A single pH measurement on a soil
suspension gives the concentration (or, strictly, the
activity) of the hydrogen 1ions in a solution in
equilibrium with the soil. A measurement of this kind
gives an indication of the momentary acidity of +the
s0oil. Two or more pH measurements are necessary for
determining the titratable soil acidity which is the
amount of base required to bring the so0il to a

predetermined pH value". The latter could be
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described as effectively the buffering capacity of
the sSo0il and 1is used in determining the lime
requirement.

The pH is generally measured on the extract used
for nutrient analysis with the use of a glass
electrode connected to a pH meter, or with a tougher
Spear Electrode for saturated samples.

The soluble salt concentration of the extractant
used will affect the pH found, since the higher the
concentration of ions in the extractant, the lower
the pH of the medium (as measured) will be. Flegmann
8% George (1975) attribute this effect to the
replacement of exchangeable hydrogen and aluminiunm
ions on the so0il matrix by cations from the
extractant. The magnitude of this effect will depend
on the structure and cation exchange capacity of the
mediun.

A commonly used extractant for the measurement of
PH of soils is ldd'H calcium chloride with a
soil:extractant ratio of 1:2.5. The ratio of
soil:extractant and concentration and type of
extractant used should always be reported with pH
results. The effect of increasing the ratio of
extractant:medium on pH 4is shown in table 1.2.
Increased extractant:medium ratio leads <to dilution
of the salts present (although additional salts may
come into solution) and an increase in the pH (known
as the soil-water ratio effect). The SHME and
displaced soil solution extracts, therefore,
represent the pH experienced by the plant better than
suspensions of greater extractant:medium ratio.
Alternatively a weak exectrolyte extractant can be
used to counteract the soil-water ratio effect (Bunt
(1876)).

The effects of medium pH on plant growth are

complicated. Plant species vary in their optimal so0il
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PH 1levels for growth. Higher concentrations of
hydrogen ions than that found at pH 4.5 can interfere
with root function and damage roots, but the major
effect of pH is that of controlling the solubility of
salts. Toxicities and deficiencies (particularly of
micronutrients) can occur at sub-optimal pH levels.
The optimal pH for many plants grown in field soils
is in the region of 6.5 (Flegmanm & George (1975)),
and 5.0-5.5 for organic media (Bunt (1976)).

Salinity

Plants vary widely in their ability to tolerate
soluble salts (see Appendix 2 for examples). HMHaas &
Hoffman (1977) give a thorough account of crop salt
tolerance, the factors influencing it and include a
table of threshold salinity levels (above which yield
begins to decline) and the rate of yield decrease
with increasing salinity for a number of crops.
Unfortunately floricultural crops are not inclﬁded in
this table. Maas & Hoffman found that yield was not
significantly decreased until a certain threshold
salinity was reached, above which yield declined
approximately linearly.

Bernstein (1964) defines salinity as "the prescence
of excessive concentrations of sSoluble salts", the
louer limit for salinity being that at which a
significant decrease in plant grouwth, yield or
quality of the crop occurs, and Maas & Hoffman (1977)
point out that "salt tolerance is a relative value
based upon cultural conditions under which +the crop
was groun...Absolute tolerances that reflect
predictable inherent physiological responses by
plants cannot be determined because many interactions
among plant, soil, water and environmental factors

influence the plants ability to tolerate salt". They
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80 on to describe the various factors which influence

salt tolerance, summarized as follows:-

Plant Factors

1. Stage of growth — Salinity tolerance may vary
from one growth stage to another.

2. Varieties and rootstocks — Varietal differences
for salt tolerance are not common, although some have
been reported for Gramineae - and Leguminosae.
Rootstock differences are of importance in the salt

tolerance of fruit trees and vine crops.

Soil Factors

Apparent salt tolerance may vary with soil
fertility. Bernstein (1964) goes into some detail on
the effects of salinity on soil nutrient balance for
corn and beans, suggesting that high levels of
calcium can influence nutrient balance in the ©plant
either beneficially (corn, tomato) or injuriously

(bean).

Soil, Water and Aeration

The drier the soil, the more concentrated the soil
solution will bDe, and the higher the osmotic
potential. Water uptake by plants is limited by both
the s0il matric potential and the soil solution
osmotic potential, <thus the higher the osmotic
potential the greater the irrigation requirement.
This may lead to overwatering and lack of aeration in
the medium; possibly adding oxygen deficiency to the

salinity effects.

Environmental Factors

When transpiration rates are high i.e. under
conditions of high temperature and 1low humidity,

plants are generally less tolerant of saline
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conditions because it limits their water uptake (e.g.
summer crops are likely to be less salt tolerant than

winter ones (Bunt (1978))).

Salinity Effects on Plants

Bernstein (1964) divided salinity effects on plants
into three catagories:-
1. Osmotic effects
2. Specific ion effects (nutritional)

3. Toxic ion effects

1. The osmotic effect of salinity in decreasing

water uptake is considered the most important factor
in causing injury to plants. Flegmann & George (1975)
state that experimental evidence is present which
shouws that the effect on water uptake of solutes
added to the s0il solution does not depend on the
nature of the solutes, but on their concentration.
Bernstein (1964) also suggested that this was +the
case, stating that with beans and corn "both crops
exhibited rather wide latitude with regard to their
tolerance to mixed-salts solutions of different
proportions®. The most common injury caused by
salinity is the stunting of the top growth of plants,
with possible thickening of leaves and increased leaf
:stem ratio.

2. Specific Ion Effects Bernstein (1964) found that

in a few genera specific ion effects of a nutritional
nature depressed growth and yield more strongly than
the osmotic effect of the medium e.g. tomatoes often
exhibit blossom end rot caused by calcium deficiency
under saline conditions, particularly when high
concentrations of sodium are presentf |

3. Toxic Ion Effects Occasionally specific

toxicities can occur under saline conditions e.g.

# (ther causes of Ca deficiency

exist under saline conditions

e.g. high NH&+ limits Ca - 34 -
uptake.



leaf scorch symptoms of chloride and sodium toxicity

in fruit crops, and boron and manganese toxicities.

Electrical Conductivity (EC)

Waller & Wilson (1984) regard the measurement of
electrical conductivity as giving a meaningful
estimate of the soluble salt content of a growing
medium, but that it may be a misleading measure of
fertilizer content; not all ions being known to be
useful plant nutrients. The EC does not, houever,
take into account non-electrolytes (e.g. urea) which
also contribute to the osmotic stress which the plant
experiences.

Bernstein also considers that electrical
conductivity can be used to assess the salinity of
media for most crops and conditions, as electrical
conductivity is highly correlated with osmotic

potential by the equation:-

Osmotic potential (qL) = -0.36EC (Maas & Hoffman
(1877)).

Bunt (1976) describes the different methods
available for the measurement of salinity, <the most
commonly used being the measurement of electrical
conductivity on a saturated paste or medium
suspension. Distilled water may be used as the
extractant, but for suspensions, saturated calcium
sulphate can be used to eliminate the effect on the
conductivity reading of extra solublization of this
salt in the extractant (over and above <that soluble
at container capacity). The medium solution is
frequently saturated in calciunm sulphate, some
remaining insoluble (particularly in so0il based
media). This salt contributes little to the osmotic

potential of the medium solution.
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Indicator Crops and Seedling Tests

Short-term growth trials and germination tests have
been used by a number of authors to assess the
Suitability of media for plant grouth, to determine
the maturity of compost, and as indicators of heavy
metal contamination of soils.

Sphon (1969) described a cress ( Lepidium sativum )

test which was found wuseful 1in indicating the
maturity of town refuse compost. Hadavizadeh (1982)
used a similar test with mustard and cress plants to
confirm predictions based on compost analyses for
composted pig slurry solids and paper waste. 1g of
mustard and 1g of cress seed were sSown in two halves
of a half size seed tray (25x12cm) and allowed to
grouw for 7 days. Plants were cut at medium level and
fresh weight recorded. Hadavizadeh (1982) also grew
tomato transplants for twenty days, these also
confirming predictions based on medium analyses.

Zucconi et al (1981) developed a rapid germination
test utilizing cress seed, in which seed are placed
in S5cm petridishes lined with filter paper containing
iml of a press extract of the compost under test. It
was concluded that 24 hours at 27°C in the dark, and
15 replicates of 6-8 seeds were sufficient to give an
accurate indication of the maturity of the compost. A
germination index of germination x root growth (both
expressed as a percentage of the control) was used as
the parameter of measurement.

Stentiford & Pereira Neto (1985) developed the
technique of Zucconi et al (1981) for +their own
purpose to assess municipal refuse/sewage sludge
compost. Seed trays filled with compost were used and
the Emergence Time Ratio (ETR) developed intead of

the germination index of Zucconi et al. For this
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method sweet pea seeds were used: the ETR equalling
the mean time for a seedling to appear from the test
compost divided by the mean time for a seedling to
appear from the control compost. A problem found with
this method was that poor environmental conditions
caused the mean time for a seedling to appear fron
the control compost to be extended, and the ETR
reduced. Standard environmental conditions were
thought to be necessary to minimize emergence time in
the control.

Frey (1981) attempted to assess the quality of

municipal refuse compost by germination of a variety

of plant species;  pea, sweet corn, marigold
( Tagetes sp. *Fantastic’), cucumber, tomato and
pepper ( Capsicum cerasiformae ‘’Large Cherry’). No

predictable significant trend was found when
comparing the germination of the species; differences
being attributed to differences in salt tolerance
between the species.

Waller and Wilson (1984) and Davis (1979) regard
grouth tests as being desirable for assessing the
quality of a growth medium. Waller & Wilson (1984)
consider growth trials as a necessary part of the
process leading to product registration and approval,
stating that "The overall performance of a growing
medium is a complex interaction of many factors and
its quality can only be assessed by growing tests."
In this case plants were grown to anthesis.

Davis (1979) considered seedling trials as a method
of indicating the contamination level of soils. It
was suggested that tissue analysis of indicator
crops could provide useful information on the level
of heavy metal contamination and that standardized
tests should be used, sSuch as the use of barley
harvested at tha 5 leaf stage. Davis concluded that

although standardized plant tests take longer than
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soil analysis, they are easy to set up and give more
direct results. Blunt (pers. com), however, regards
the wuse of indicator crops to assess soil
contamination and nutrient 1levels as not really
feasible, since it i3 not possible to isolate effects
of individual elements from possible nutrient
imbalances. Blunt considers that chemical analysis of
s0il gives the most useful and easily interpreted

test.



Introduction

The preceding pages give an account of some organic
waste materials which could possibly be used as
alternatives to peat as plant growth media. The
following experiments were designed to test these.
materials for suitability as growth media, and to
give an indication of any necessary amendments.
However, the primary aim of +this project was to
outiine the chaotic situation which exists with
respect to medium analysis and to provide information
as to which analytical techniques best indicate the
suitability of organic wastes as potential media.
Since the work was funded by MH.A.F.F emphasis was
placed on the simplicity of techniques (with advisory
use in mind) and existing A.D.A.S. analytical methods
were used. Simple and multiple correlation techniques
were used in an attempt +to 1link plant grouwth and
yield to medium factors, and the use of short ierm
seedling and transplant trials for rapid assessment
of grouth media was investigated. Physical breakdown
of the waste materials over time (i.e. shrinkage in
the pot) was measured as these media are most likely
to be of wuse in the containerized ornamentals

industry.



CHAPTER 2

Materials and Methods

The follouwing were included

study:-

NAME
Cambark

Fine

Leafmould

Beech
Leafmould

X

SOURCE
Camland Products

Ltd., Cambridge.

Royal Botanic
Gardens, Kew,
Richmond,

Surrey. (

Bath University.
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as grouwth media in this

NATURE
Finely screened pine
bafk‘designed for seed,
potting and blocking
media, top-dressing for
lawns, sports fields

and golf tees.

Leaves, collected from
London parks comprising
mainly London Plane

Platanus X hispanicus )

composted in heaps over
4m in height and
turned occasionally

during a 2 year period.

Approx. 1600 litres of
beech leaves collected
from the Bath area and
placed in a brick surr-
ounded compound to a
depth of im. The leaves
were turned tuice

during a 2 year period.



Spent
Mushroom

Compost

Worm-
Worked
Pig
Slurry
and
Worm-

Worked

Byfield Hushrooms

Bath.

Dr K.E.Fletcher
Dept. Entomology
Rothamsted

Expt. Station,
Harpenden,

Herts.

Cow (Cattlei

Slurry.

Pig
Slurry

Compost

Lescost

G.F. Shattock

5, Orchard Close,
Long Lane,
Tilehurst,
Reading,

Berks RG3 6YS.

Wanlip
Composting
Plant,

Leicester.

* Majority of casing removed.

Composted horse manure

used once for mushroom
production and therefore
containing mushroom

mycelium and stipes.’

Animal slurry solids

fed to worms in brick
surrounded, drained and
heated beds. The worms

( Eisenia foetida ),

convert the. organic
matter into casts high
in available plant
nutrients and stabil-
ized in structure.
Separated pig slurry

solids, composted in a
static pile with posi-
tive pressure aeration

for 35 days. The resul-

tant compost was left
to dry out for a
further 10 days.

A compost derived from
a mixture of dried
digested sludge and
refuse, composted in

Dano Stabilizers for 4

days, and in windrows
for 12 weeks. Rags and
metals are removed

prior to composting and

screening down tc 3/8"
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Unsorted domestic ref-
fuse from Doncaster, S.

Yorkshire, was shredded

and mixed with

sludge (4-5% solids)

sewage

This was composted in a

tion pad and stored

Doncaster E.I.Stentiford

Compost Dept. Civil
Engineering,
Leeds University.

Levington Fisons PLC

Potting Ipswich.

Compost

Levington Fisons PLC

Universal Ipswich.

Compost

Sedge

peat

Sphagnum

peat
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static pile with posi-

tive pressure pressure

aeration for 3-4 weeks.

The then

pile was

removed from the aera-
in

a heap to mature for 4

months. Sieving through
a 5nm mesh produced a
compost suitable for a

low grade fertilizer
conditioner.

(141)

and soil

Sphagnum peat based

proprietory potting

medium.

Peat and sand proprie-

tory potting mediunm.

A finely divided dark

sedge peat with no
additives.
Horticultural . grade

Irish sphagnum peat.



@ The Wanlip plant closed down in April of 1984.

¥ This medium was not used for growth trials, but
shows the ease with which leafmould can be made, and

its characteristics after 2 years.

Sampling

All grouth media were thoroughly mixed before
sampling. After turning eaéh stack of medium twice 12
cores were taken using a section of square drainpipe
22cm long, and 6x6cm. This sample was taken to the
laboratory where it was again mixed well and any
large 1umps (fhoée. iarger than the average) were
broken down or removed. Representative subsamples
were taken from the original sample for chemical and
Physical analyses. The remainder of the original
samples were then stored with the rest of the media
outside under polythene sheets to ensure they
received the same conditions as +the main batch of

medium.

Analytical Techniques

Chemical and physical characterization of the growth
media was the first step in this study. Chemical
analysis proved relatively easy, whilst the physical
aspects were more difficult and time consuming to
determine. Both total and available nutrient 1levels
were determined, the media being treated in the sanme
way as plant material for total nutrients and as peat
compost for available nutrients. The ADAS method of
dry combustion (Method 3 RB427) (9) was adapted as

follows for the determination of total nutrients:-
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Growth media were dried in kilner jars for 16
hours at 102°C (+ 2°C) and cooled with the 1lids
firmly on. 1g of sample, measured to 0.002g accuracy
and ground in a Glen Creston 14.480 micro hammer mill
to pass through a Imm sieve, was measured into a
tall 125ml beaker and transferred +to a preheated
nuffle furnace at 450°C. The door was shut for one
minute then left open for 5 minutes until ignition of
the sample was complete. It was then left closed for
1.5 hours. Thersamples vere thén removed from the
oven and allowed to cool, each beaker covered by a
watch glass, then moistened with a little deionized
water and dried (uncovered) on a bench heater. The
beakérs uéré then returned to the furnace for a
further half hour, removed, cooled, moistened, dried
and returned for a further half hour, giving 2.5
hours in the furnace altogether. No increase 1in
nutrient content was found with further ashing
although some residue, presumed to be silica,
remained in each case. The cooled ash was dissolved
in Sml of B8M hydrochloric acid and evaporated to
dryness. 2ml of 36% w/w hydrochloric acid was added,
the beakers covered with a watch glass and the
solution boiled gently for two minutes. This was done
over a low heat as the silica residue causes
spitting. 5ml of deionized water was then added and
the mixture boiled again. It was allowed to cool,
diluted to 25m1 and filtered twice, once through
Watman no.541 filter paper and once through a 0.22um
micropore filter, rejecting +the first few mls of
extract in each case. The extract was used for the

determination of the following total nutrients:-

- 44 -



Potassium
Phosphorus
Calcium
Magnesiun
Iron
Manganese
Copper
Zinc
Nickel
Lead
Cadmium
Aluminium

Sodium

Available nutrients were determined from a 1:6 v/v
medium:water extract (10) which was shaken for one
hour at 20°C by a Griffin flask shaker set at level
3. pH was determined on an unfiltered portion of the
‘extract and conductivity and nutrient content on a
filtered portion. Watman no.4 filter paper was wused
for an initial rapid filtration followed by
filtration through Watman no.1 filter paper. The
methods of measuring volumes of growth medium will be
described later.

Total and available ammoniuﬁ—nitrogen and
nitrate-nitrogen were determined using a Tecator
Kjeltec System 1, using the dry sample for total
nitrogen and up to 40mls of the water extract for
available nitrogen.

Total and available magnesium, calcium, iron,
manganese, copper, zinc, nickel, 1lead, and cadmium
were determined on a Pye-Unicam SPS atomic absorption
spectrophotometer with an air-acetylene flame (81),
0.2% strontium chloride was added to suppress
interferences from silicon, phosphorus and aluminium

in the determination of magnesium, manganese and
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calcium. Aluminium was determined with a fuel rich
nitrous oxide-acetylene flame with 0.2%X potassium
chloride added to prevent ionization of the
aluminium. -

Total and available sodium and potassium were
determined with a Corning 400 flamephotometer and
total and available phosphorus spectrophotomically as
the yellow phospho-vanado-molybdate complex on a
Unicanm SP500 Series 2 spectrophotometer.
Hydrochioric acid 5M was used to develop the colour.
As the water extracts already had slight yellow
colouration a deionized water plus hydrochloric acid
blank was used and compared to a sample plus water
plus hydrochldric acid mixture by measuring the
absorbance at 400nm (as for the phosphorus
determination, in which sample plus water plus
hydrochloric acid plus ammonium molybdate—ammonium
metavanadate reagent was used).

The original colour of the extract and the colour
. formed on addition of the ammonium molybdate—ammonium
metavanadate reagent were assumed to be additive, so
the water + HC1l + sample readings were subtracted
from the readings with ammonium molybdate—ammonium

metavanadate added.

Some difficulty was found in determining the level
of available copper in Levington Potting Compost. A
peak reading was obiained on the atomic absorption
spectrophotometer which rapidly fell away to =zero.
Repeated aspirations of the extract following this
gave no reading. Deionized water would not clear the
'blockage’, but aspiration of a 2ppm solution of
copper seemed to do so allowing another peak reading
to be reached on aspiration of the extract, but again
this fell away rapidly with subsequent aspirations

giving no reading. Since the peaks were not
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consistent no reading could be recorded. Physical
obstruction vas ruled out as a cause
following thorough cleaning of the instrument and
filtering of the extract through a 0.22um micropore
filter. Additions of concentrated hydrochloric,
sulphuric or nitric acid gave higher peak readings
which very rapidly dropped off, and 0.2% strontium or
potassium chloride had similar effects. A few drops
of ammonium acetate added to the extract resulted 1in
no reading at all. High avaii&blé ammonium exists in
the Levington Potting Compost extract, but this is
unlikely to cause this phenomenon since no major
interferences by ammonium have previously been
recorded in copper analysis (117).

Total molybdenum and available boron vere
determined by ADAS at their establishments at
StarCross and Exeter, using their own methods for
total molybdenum in plant material and available

boron in soils (9).

Dry ©bulk density was initially determined by
drying 396cm > samples, measured by +the ’Settling
Equivalent® method, in kilner gjars in a forced
aeration drying oven at 102°C (+ 2°C) for 16 hours.
The samples were covered with a tightly fitting 1lid
on removal from the oven and weighed when cool. They
were then uncovered and returned to the oven for a
further 8 hours, being weighed every 4 hours until
the difference between successive weighings was
reduced to less than O0.1%X of the original weight of
the growth medium. 20 hours (total) drying was

sufficient for all the growth media.
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Measuring the Volume of Growth Hedia.

The Settling Equivalent Method.

As yet no standard procedure forvpacking cores of
grouwth media has been widely adopted. Each
author has used his own method 1in order +to obtain
reproducible results. Some attempt at
standardization was made by Verdonck, Cappaert and De
Boodt (1978) with the comparison of two methods for
the determination of physical characteristics (eg.
volume weight, pore volunme, volume % water).
Hechanical compression of a saturated soil core was
used in ihe first method, with no compression in the
second. The seven laboratories.uhich took part in
the study produced strikingly different results using
the same method and soil type, whilst repeated tests
gave fairly consistent results within each
laboratory. This shows the difficulty in attempting

to develop a standard method for packing soil cores.

The determination of available plant nutrients in
growing media requires accurate measurement of a
volume of media. Weight cannot be used as the Dbasis
for analysis since the media in this study vary
greatly in density. The volume of medium in a
plantpot is more important in relation +to nutrient
content +than the weight. For total nutrient
analysis, accurate measurement of bulk density is
necessary since a certain weight of dry material is
used. The bulk density can then be used to calculate
milligrammes of nutrient per litre of fresh medium.
In order to measure bulk density, of course, +the
volume of the medium mnust be measured. So, for
physical and chemical analyses the production of a

repeatable standard volume of growth medium is
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important.

An attempt was made to develop a volume measuring
system based on the volume to which a growth medium
shrinks when watered to saturation and allowed to
drain. This procedure itself is of no wuse 1in
chemical analysis since nutrients would be leached
away. Five methods were compared and the °’Settling
Equivalent’® Method developed from the one which most
closely simulated the volume achiéved by settling
after watering. Spent mushroom compost, worm-worked
cow slurry, Keu leafmould, Cambark Fine and Lescost
were used as the test media. The growth medium was
spread out on a bench and mixed thoroughly, with "all
large lumps being broken down. It was then put into
a plastic bag and left overnight to equilibrate. The
moisture content was determined by drying a 100g
sample at 102°C for 16 hours, weighing, returning it
to the oven and weighing at periodical intervals
thereafter until no further uweight loss occurred. The
following methods were then tested, with 3 replicates

per growth medium:-—

Method 1 Hanan, Olypios and Pittas (1981).
Equipment:

1 section of square shaped drainpipe

6x6x11icm (vol. 396cm>).
1 plastic petridish 8.5cm diam.
Masking tape to secure petridish to

drainpipe to form base.

The drainpipe was filled loosely with growth medium
and struck off level with a straight edge. It was
then dropped repeatedly from a height of 1cm onto a
bench until no further subsidence of the medium could
be observed. The medium subsidence was measured (by

measuring the distance from the rim of the pipe to
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the medium on each side of the pipe) and the final
volume calculated. The growth medium was weighed and
the density.(g/cm3 ), determined by dividing the

weight by the final volume.

Method 2 Bilderback, Fonteno and Johnson (1882)
Equipment:
3 sections drainpipe, 6x6x1licm (396cm)
1 plastic petridish, 8.5cn diam.
Hasking fape to secure petridish to
drainpipe and drainpipe sections
together.

1 wide-necked 100cm° beaker.

The three cylinders were taped together end to end
and the apparatus filled with growth medium in 100cnm
aliquoté using the Dbeaker (loose-filled). The
apparatus was dropped 5cm onto the bench following
each addition of medium until all three =sections of
drainpipe were full. The top section was removed by
cutting through between the drainpipe and slipping a
piece of cardboard into the gap. The middle section
was then separated from the bottom section in the
same way and the medium in the middle section
weighed. The density, (g/cm3 ), was determined by

dividing the weight by 396.

Method 3 Prasad (1979).
Equipment:

2 sections of drainpipe, Bx6x1ilicm
(396cm>).

1 petridish.

Masking tape.
180g weight to supply a pressure of
5g/cm2.
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The two sections were mounted on top of one another
as in the previous method, loosely filled with medium
and struck off level. The weight was placed on the
surface of the medium and left for one minute. The
top section was separated from the bottom as above
and the medium in +the bottom Ssection weighed.

Density was determined as for method 2.

Method 4 Brown and Pokorny (1975).
Equipmént:
2 sections of drainpipe, Bx6x11lcm
- (396cm>).
1 petridish,
Masking tape.

The two sections of drainpipe, taped together as
before, were loosely filled with growth medium and
struck off level. The side of the bottom section was
tapped 40 times using one finger only. The botton
section was separated from the top as before and the
medium in the bottom weighed. Density was determined

as for method 2.

Method 5 ADAS (10).
Equipment:
1 section of drainpipe, 6x6x1icm
(396cn’) .

1 petridish.
Masking tape.

The drainpipe was loosely filled with growth medium

and struck off level. The medium was weighed, and

density determined as for method 2.
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The comparison :- Wetted samples.

Equipment:
1 section of drainpipe, 6x6x1lcm
(396¢cm3).
1 petridish.

Masking tape.

The drainpipe was loosely filled with growth medium
and struck off level. The medium was weighed and
water added until it could be seen to have drained
down to the petridish. After 18 hours the subsidence
was measured and the settled volume of the medium
calculated. This volume and the original weight of
the medium uefe used to determine the density in
g/cm3® fresh mediun. This was compared with the

density calculated for each of the above methods.

The results can be seen in table 2.1.
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Density (g/cm® Fresh Medium)

Growth Moisture
Medium Content Method Method Method Method Method Wetted
w/w 1 2 3 4 9

Spent 58.5 0.58  0.51 0.41 0.43 0,37 0.48
Mushroom 0,51 0.54 0.40 0.42 0.37
0.52 0,53 0.39  0.42 0.3

Wora-Worked 70.8 0.54 0.59 0.46 0.48 0.41 0,51
Cow Slurry 0.55 0.38 0.46 0.48 . 0.42
0.55 0,59 0.46 0.48 0.43

Leafmould 61,0 0.61  0.59 0.42 0.45 0.39 0.49
0.58 0.63 0.40 0.45  0.42
0.56 0.58 0.4 0.43 0.3

Cambark 453 0.35 0.33 0,29 0.29° 026 0.29
Fine 0.35 0.33  0.27  0.29 0.2
035 033 0.28 0.29 0.2

Lescost 54.9  0.64 0,70 0.3 0.57 0,50  0.é1
0,65 0.69 0,53 0,56  0.31
0.67 0.70 0.53 0.3 0.31

Comparison of Volume Measuring Methods. Table 2.




Comparison of Volume Measuring Methods:- Discussion.

The method of Brown and Pokorny (Hethod 4),
although giving consistent results (if a little less
dense than the wetted samples) was deemed wunsuitable
as it was impossible to standardize a ’'tap’. It was
also very time consuming.

Method 3, which employed the use of a weight to
compact the medium, generally gave 1low densities.
This cbuld be remedied with thé use of a heavier
weight, but not all the media behaved in a similar
way under the weight with Cambark Fine reaching the
same density as the wetted sample, whilst the
others, as stated ébove, had lower densities than
their wetted comparisons.

Method 1 gave difficulties in measuring the
subsidence. The distance from the top of the medium
to the rim of the drainpipe was measured on each side
of the drainpipe and an average used to calculate the
decrease in volume. This was complicated by lumps in
the medium and wuneven subsidence. Subsidence was
measured in the same way for the wetted samples, but
the water tended to level the surface.

The ADAS method (method 5) did not compact the
medium at all with the expected results of low
density.

Method 2, although giving relatively high density
results, seemed the best basis for a standardized
technique. The height of drop could be decreased to
give a less densely compacted sample, or larger
aliquots of medium added between each drop giving
fewer drops per core packed. The height of the
drainpipe sections were chosen to be roughly that of
an average (12-14cm) size plant pot. This is
important since the Settling Equivalent method is

supposed to simulate volume after watering, and the
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average growth medium density depends on the height
of the column of growth medium.

All the experimental growth media were measured
using the Bilderback et al method (method 2);
dropping the apparatus from a height of 1lcm and 3cn.
Eight repeats were made at each height, and three
replicates were uwetted. A new apparatus was designed
and built to make the process simpler (figure 2.1).
Table 2.2 shows the results.

The density of mediunm achieved by dropping the
apparatus from 1cm seems to simulate quite well that
resulting from wetting and settling.

A much greater variation between the recdrdings
was found u{th leafmbuld th#n the other media. This
is because of the wide range of particle size and the
presence of very dense particles such as stones. To
try to reduce this variation as much as possible the
leafmould was sieved through a 2cm sieve for all
analyses and experiments.

Further experimentation is needed with the
Settling Equivalent method to see what effect
differing moisture contents have on the degree of
compaction. Verdonck et al (1978) suggest that the
volume ¥ moisture content has quite a significant
influence on the determination of bulk density, and
that bulk density should be determined at a volume

percentage moisture content of between 50% and 60%.
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Height from which dropped.

%
Growth Moisture R{d ) fcm Wetted
Medium Content  Mean SD Mean S0 Mean
w/n g/cm® g/cm3 g/cn3
W.W Cow 73.7 0.386 4,32 0.521 325 0.515
Slurry
Levington 72,9 0.428 2,53 0,390 4.32 0.383
Potting :
W.W. Pig 69.0 0.558  3.42 0,511 2,57 0.493
Slurry
Cambark 40,5 0.295 2,22 0.2718  2.25 0.274
Fine
- Lescost 92.4 0.633 - 2.42 0,603 391 0.595
Leafmould 8.3 0.525  9.04 0.477 B.25 0.467
Spent- 63.7 0.497 4,91 0,443 2.71 0.465
Mushroom
Sedge 3.4 - - 0.532 1,17 0.529
Peat
Volume Measuring- ‘Bilderback’ Method. Table 2.2




Measuring the Volume of Growth Media

The FIBSPAN Hethod

Since the initiation of this project nev
information makes the °'Settling Equivalent’ method of
measuring the volume of growth media obsolete.
Fisons, in conjunction with other members of the Peat
Producers Association (U.K.) Ltd. have developed the
FIBSPAN method (Fisons British Standard Peat Afnor
Normes) and accepted it as standard (Appendix 1). For
this reason, all chemical analyses undertaken after
December 1984 were based on this method. It should be
noted that the bulk densities recordeed with this
method are lower than those with the ’'Settling
Equivalent® method, and further reduction in the
volume of most media occurs on wetting. The results
of chemical analyses based on the FIBSPAN litre will
thus be lower than for +the °’'Settling Equivalent’®

method.

Physical Properties of Growth Media

The following physical properties vere
investigated:-

Dry Bulk Density.

Wet bulk Density (at saturation and container

capacity).

Water holding capacity (at saturation and

container capacity).

Percentage volume of air at container

capacity.

Dry bulk density was measured as described
previously, this time wusing the FIBSPAN volume
measuring method. Wet bulk density, water holding

capacity and percentage volume of air at container
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capacity'ugre determined using a single method based
on the method of White and MHastalerz (1966), and
later on that of Goh and Maas (19S80). Emphasis was
placed on simplicity during all these determinations.
All media were mixed, with large 1lumps (those
significantly larger than the average) being broken
down, and left overnight in a closed container to

equilibrate before use.
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Method l (White and Mastalerz, (1966) ).

Equipment

1.

10.

1 FIBSPAN Apparatus.

3x1 litre cylinders to fit the FIBSPAN apparatus

per medium with perforated bases to allow free
drainage {(eg 10.5 cm internal diam. x 12 cm
height with 17x5mm diam. holes in the base).

So. .1 WHatman fiiter paper cut to cover the 5ase
of the cylinders.

Lid or film (parafilm is best) to prevent

evaporation.

Glass sheet 12 x 12 cm covered tightly with a
piece of plastic bag and sealed with tape.

Petri dish lids (2 per cylinder).

1 Washing-up bowl per cylinder.

Wire grid big enough to sit on the rim of the

bowl.

Growth Medium.

2 strong, large, elastic bands.



Method

1. Weigh the cylinders and label accordingly. Weigh the glass and

covering.

2. Line the base of the cylinders with the filter paper cut to
size. Moisten one representative piece of filter paper and

weigh.

3. Fill the cylinders with growth medium according to the FIBSPAN
method and weigh, then cover the cylinders with 1id/film and

weigh again.

4. Place the petri dish lids inverted into the bowl and arrange
them so that one cylinder can be stood firmly on them whilst

allowing water to enter freely.

5. Fill the bowl slowly with water to within 1/2 cm of the top of
the cylinders. Do not allow the cylinders to float. Leave for 24

hours.

6. Slide the glass and covering under each cylinder in
turn and secure with elastic bands. Carefully remove to a balance
so that no water excapes from the cylinder. Dry the outside of the
cylinder as much as possible. Record the weight. This part of the
procedure proved somewhat difficult to achieve and led to the

modifications in method 2.

7. Place the grid over the bowl and allow the cylinders to drain



for 24 hours or until drainage ceases - the time required to drain

to container capacity will vary with the medium used.
8. Repeat steps 4-7.

9. Transfer the cylinders to the balance and weigh. Remove lids
and measure the shrinkage: Take four measurements from the rim of
the cylinder to the growth medium and calculate the mean depth of
the medium from the rim. Use this to calculate the volume of

medium at container capacity from the equation below: -
volume (cm3)=1000-TTr*h

Where h= mean depth of medium from rim (cm)

and r= radius of cylinder (cm).

10. Transfer the medium gquantitatively to an oven proof dish and
dry in a forced aeration oven for 24 hours at 102°Cc or until
constant weight is reached. Kilner jars are good for this as
they can be allowed to cool with the lids on eliminating the need

for a desiccator.



Calculations

(1) Weight of cylinders, (g).

(2) Weight of glass + covering, {(g).

(3) Weight of moist filter paper, (g).

(4) Wt. of medium + cylinder + filter paper.

(5) Wt. of medium + cylinder + lid + filter paper.

(6) (5)-(4)-(3) Wwt. of 1lid.

(7) Wt. of medium + cylinder + glass + lid + filter paper at
saturation.

(8) (7)—(6f—(3);(2);(i) wﬁ. of medium at saturation.

(9) Wt. of medium + cylinder + glass + lid + filter paper at
container capacity.

(10) (9)-(6)-(3)-(2)-(1) Wt. of medium at container capacity.

(11) Volume of medium at container capacity.

(12) Dry wt. of medium.

All the following are based on settled volume at container

capacity:
(a) DRY BULK DENSITY = Dry wt. (12)/Volume (11) g/l

(b) BULK DENSITY ON SATURATION = Wt. at saturation (8)/
Volume (11) g/1
(c) BULK DENSITY AT CONTAINER CAPACITY =

Wt. at container capacity (10)/ Volume (11) g/1

(d) TOTAL WATER HOLDING CAPACITY = Wt. at saturation (8) -

Dry wt. (12) g=cc



(e) WATER CONTENT AT CONTAINER CAPACITY =
Wt. at container capacity (10) - Dry wt. (12) g=cc

(f) APPROX. AIR SPACE AT CONTAINER CAPACITY

[}

Total water holding capacity (d) - Water content at container

capacity (e) cc

N.B. The FIBSPAN litre gives a lower bulk density than that of
many growth media under practical growing conditions (i.e. it
shrinks to less than 1 1 on wetting). For this reason theA abqve
calculations have been based on the settled volume. Nutrient
analyses based on the FIBSPAN method will therefore give results
lower than those encountered in the plant pot. This has been the
case for sometime with Ministry analyses based on a loose fill
method of volume measuring which gives an even lower bulk
density. All present fertilizer recommendations are based on the
latter. Results of nutrient analyses based on the FIBSPAN method

could be adjusted to the settled volume if desired.



Owing to difficulties encountered in the removal of saturated
samples from the bowls and in measuring the exact volume of

medium after shrinkage the following method was developed.

Method 2 (White and Mastalerz (1966) and Goh and Maas (1980)).

Equipment

1. 1 FIBSPAN apparatus.

2. 3x1 litre open-ended cylinders per medium.

3. 3x1 1litre cylinders with perforated bases to
alloQ frée.drainage (eg 10.5 cm internal aiam. .x
12 cm height with 17 x 5mm diam. holes in base).

4. No. 1 Whatman filter paper cut to cover the base
of the cylinders.

5. 1 tight fitting 1id with one 3mm diam. hole in
centre per cylinder with base.

6. Insulation tape.

7. Petri dish lids.

8. 1 large bucket per cylinder with base.

9. Wire grid big enough to sit on the rim of the
bucket.

10. Growth medium.

11. Film to prevent evaporation.



3mm diam.
hole

111mm

open-ended
cylinder

Vol. 1000 cm3

*103 mm

cylinder
with
120mm base
Vol. 1000 cm*

perforated
base

Apparatus

Mastalerz (1966)

for pPhysical Analysis Method

and Goh & Maas

BASE OF
CYLINDER
WITH Smm
DIAM. HOLES



Method

1. Weigh the cylinders with bases and label accordingly. Weigh the

lid.

2. Line the bases of the cylinders with the filter paper cut to

size. Moisten one representative piece of filter paper and weigh.

3. Attach the open-ended cylinders to the tops of the cylinders

with bases with the insulation tape to form double cylinders.

4. Fill the cylinders with growth medium according to the FIBSPAN
method; do not compress with the weight. Cover the cylinders

with film.

5. Place the petri dish lids inverted into the bucket and arrange
them so that one double cylinder can be stood firmly on them

whilst allowing water to enter the cylinders freely.

6. Fill the bucket slowly with water to within 1/2 cm of the top
of the growth medium. Do not allow the cylinders to float. Leave

for 12 hours.

7. Remove the cylinders from the bucket and allow to drain on the

wire grid for 12 hours.

8. Repeat 5 - 7 twice more.



9. Separate the two cylinders with a sharp knife and retain the

bottom one.

10. Level the top of the sample and cover with the close fitting

lid.

1. Smeefge the cylinder completely in water. Push the lid down
firmly to exclude all air from underneath. Invert the cylinder to

allow easier release of air. Leave for one hour.

12. Push the 1lid down firmly again.

13. Place a finger over the hole and remove the cylinder from the

water. Dry the outside and weigh.

14. Place the grid over the bucket and allow the cylinders to
drain for 12 hours. Loosen the lids a little to allow air in

freely, whilst limiting water loss by evaporation.

15. Transfer the cylinders to the balance and weigh.

16. Transfer the medium quantitatively to oven proof dishes and
dry in a forced aeration oven for 96 hours at 102°C or until
constant weight is reached. Kilner jars are good for this as they
can be allowed to cool with the 1lids on eliminating the need for a

desiccator.
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Calculations

(1)
(2)
(3)
(4)
(5)

(6)

(7)

(8)

All

Weight of cylinders with bases, (qg).

Weight of lids, (g).

Weight of moist filter paper, (g).

Wt. of medium + cvlinder + l1lid + filter paper at saturation.
(4)-(3)-(2)-(1) Wwt. of medium at saturation.

Wt. of medium + cylinder + lid + filter paper at container
capacity.

(6)-(3)-(2)-(1) wWt. of medium at container ;apacity.

Dry wt. of medium.

the following are based on settled volume at container

capacity:

(a)

(b)

(c)

(d)

(e)

DRY BULK DENSITY = Dry wt. (8)/1000 g/1

BULK DENSITY ON SATURATION = Wt. at saturation (5)/1000 g/1

BULK DENSITY AT CONTAINER CAPACITY = Wt. at container capacity

(7)/1000 g/1

TOTAL WATER HOLDING CAPACITY = Wt. at saturation (5).-

Dry wt. (8) g=cc.

WATER CONTENT AT CONTAINER CAPACITY = Wt. at container

capacity (7) - Dry wt. (8) g=cc.



(f) APPROX. AIR SPACE AT CONTAINER CAPACITY =
Total water holding capacity (d) - wWater content at container

capacity (e) cc



Leaf Analysis.

Leaf samples were prepared using the method of dry combustion
already described for growth media (paged44), with the following

alterations: -

1. Leaves were washed and dried as described in the section
entitled 'Growth Trials' (page87) prior to grinding.

2. Only 2 hours total ashing was found to be ﬁecessary.

3 The following elements were determined, using the methods
employed for growth media, the results being quoted in mg/g

dry matter of ug/g dry matter (ppm).(N.B. Img/g = 0.1%.) :-

Phosphorus.
Potassium.
Magnesium.
Iron.
Copper.

Zinc.



Results, Discussion and Characterization

of Growth Media

Relationships Between Bulk Density

Measuring Methods

The bulk densities (mg dry matter/1 freshk medium)
as determined by the Settling Equivalent volume
measuring method, the method 2 for rhysical
properties (based on White and Mastalerz (1966) and
Goh and Maas (1980)) and the FIBSPAN method were

found to be related as follous:-

Settling Equivalent vs FIBSPAN Bulk Density

A correlation significant at the P=0.001 level was
found to exist between the two methods (r? =98.0%)

where:-

FIBSPAN BD = 0.901 Settling Equivalent BD - 1.4

This equation can therefore be used to convert
nutrient contents based on the Settling Equivalent

litre to the FIBSPAN litre (see table 2.4).

Method 2 for Physical Properties vs FIBSPAN Bulk

Density
These two methods uere also significantly

correlated at the P=0.001 level (r2=95.8%).
FIBSPAN BD = 0.769 Method 2 BD - 3.9
The FIBSPAN method of measuring volume <therefore
relates by these equations to the settled volume
following watering. The FIBSPAN 1litre is evidently

less dense than that of both the other methods, and
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Method 2 1is probably more dense than would be
experienced in the plant pot because the lower of tuo
cylinders is used in this method. Since all the
methods correlated well with each other conversions
can be made to analytical results to give more

realistic results if required.

FIBSPAN vs. ADAS Loose Fill Method

These two methods of measuring volume of peat
substrates were found to be related by an approximate
relationship as follows:- ( The FIBSPAN 11 container
was used to measure 3 replicates of 3 peat based

media for each method).

Loose fill = 0.873FIBSPAN

Analytical Results and Characterization of HMedia

The total and available nutrient levels are given
in tables 2.3 to 2.8. The media are divided into two
groups:-

1984 Media - those used in the tomato trial and the
first chrysanthenum trial. |

1985 Media - those used in chrysanthemum trial 2,
the nursery stock trial, the shrinkage trial and the
seedling trials (unless otherwise stated).

The same batches of leafmould, bark and spent
mushroom compost were used in both years. The 1985
results thus represent any changes which occurred to
the media over the period of a year. The major
changes were substantial increases in bulk density
for leafmould and spent mushroom compost which would
result in increased nutrient content results, and
decreased total porosity. Since particle size is
likely to be decreased this may result in an

increased water holding capacity and decreased volume
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percent air (Handreck (1983) and Jinks (1986)).

All nutrient analyses for 1984 were based on the
Settling Equivalent litre. These have been converted
to the FIBSPAN litre bases using the equation above
and can be seen in table 2.4. Total nutrients are
also quoted in percentage dry matter, since this
measure has been widely used by other authors.

The physical properties can be seen in table 2.9
These are based on the method 2 for Physical

properties described on p62.
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1984 MEDIA

Medium Al Ca Cd Cu Fe K Mg Mn
Leafmould 495 072 0.14 7.7 2680 757 443  111,2
Cambark

Fine 87 2001 0.08 1.0 293 7 8 38.6
Lescost 2206 11835  0.88 111.2  S441 1811 1254  84.8
Mushroom 122 23374 0.1 5.7 g4 22 709 56,0
Levington

Potting 51 9955  0.04 8.9 3135 342 1100 21.5
W.W, Pig

Slurry 278 17898  0.11 412,0 1711 1799 1285 103.4

W.W. Cow

Slurry 208 4334 0.08 17,7 1032 651 25  45.5
Sedge Peat 20 3765 0.04 1.2 1212 97 291 2.4
Medium Mo+t Na Ni N P Pb In Dry Bulk Density g/l
Leafmould 0.78  87.7 1.6 2425 428 47,2 30.9 204.0
Cambark

Fine 0.43 24.1 1.8 535 68 2.0 5.8 163.5
Lescost 4,03 2304.8 28.8 3495 999 189.0 286.4 263.4
Mushroom 0.30 341.5 3.2 976 1113 4.8 367.4 164,2
Levington

Potting 0.87 39.2 1.0 1162 261 1.6 2.9 11,1
W.W. Pig

Slurry 0.96 240.9 9.0 95536 4439 4.4 260.4 208.6
W.W. Cow

Slurry 0.15 80.0 10.8 2772 618 2.7 92.4 157.7
Sedge Peat  0.41  26.9 1.4 2145 109 2.3 5.2 137.9

* measured by ADAS

TOTAL NUTRIENTS mg/1 FRESH MEDIUM BASED ON THE SETTLING EQUIVALENT LITRE. TABLE 2.3




Medium Al Ca Cd Cu Fe K Mg

Leafsould  410.4  Bif1  0.13 6.8 2396 6717 396 9.4
Cambark

Fine 77.3 1785 0.07 0.9 261 247 70 .S
Lescost 1976.0 10599 0.78 99.5 5052 1622 1123 76.0
Mushroom 109.0 20854 0.10 5.1 735 2875 633 49.9
Levington

Potting 45.0 5290  0.03 7.9 279 304 977  19.1
W.W. Pig :

Slurry 248.5 16002  0.10 368.0 1530 1609 1149  92.5
W.W. Cow

Slurry 185.5 4045 0.07 19.8 920 580 228 40.6
Sedge Peat 222,6 3352  0.04 .1 1079 87 239 20.1
Medium Na Ni N P Pb In  Dry Bulk Density mg/l
Leafmould 78 10.4 2148 383 42,2 2.8 182.4
Cambark

Fine 22 6.9 495 61 1.8 5.2 145.9
Lescost 2064 25.8 3130 895 169.3 256.5 235.9
Mushroom 305 2.9 2655 993 4.2 327.8 146.5
Levington

Potting 35 0.9 1032 232 1.4 2.9 98.7
W.W. Pig

Slurry 215 8.1 4949 3986 3.9 2327 186.5
W.W. Cow

Slurry " 9.6 2473 551 2.4 825 140.7
Sedge Peat 24 1.2 1910 97 2.1 4.7 122.8
TOTAL NUTRIENTS mg/1 FRESH MEDIUM BASED ON THE FIBSPAN LITRE.  TABLE 2.4




Hedium Al L CaX Cdppa Cuppm Fel KX Mg I Wnppa
Leafmould 0.23 4.5  0.69 33 1.3 0.3 0.2 545
Cambark

Fine 0.05 1.2 0.49 & 020 0.17 0.05 23%
Lescost 0.84 4.5 3.3 422 2,10 0.69  0.48 2
Mushroon 0.07 142 0.70 I OO0 1.9  0.43 341
Levington .

Potting 0.05 5.4 0.3 B0 030 031 0.99 194
W.¥. Pig

Slurry 0.13 8.6 033 1975 0.82 0.86 0,62 496
W.N. Cow

Slurry 0.13 2.9 0.5 112 0.5 0.41  0.15 29
Sedge Peat  0.18 2.7 0.9 9 0.8 007 0.21 164
Medium Moppe NaZ Nippa NZ PY% Pbppa In ppa
Leafmould 3.80 0.04 54.9 1.2 0,21 231.4 151.0

Casbark

Fine 2,60 0.01 47.7 0.3 0.04 122 .5

Lescost 15.30  0.88 109.3 1.3 0.38 T717.5 1087.3
Mushroon 1.83  0.21  19.3 1.8 0.8 29.2 2240.0
Levington

Potting 7.83  0.04 9.0 .1 0.23 144 2.1

W.N. Pig

Slurry 4.60 0.12 43.1 2.7 214 21,1 1248.3

W.N, Cow

Slurry 0.9 0.05 68.5 1.8 0,39 17.1 ©585.9

Sedge Peat  2.97 0.02  10.2 1.6 0.08 16.7 3.7

TOTAL NUTRIENTS - DRY MATTER BASIS  TABLE 2.5




Medium Al B+ Ca Cd Cu fe K Mg Mn

Leafmould 3.00 6.48 84 0.000 0.20 4.35 288 7.5 0.24

Cambark
Fine 0.15  0.62 45 0.000 0.20 0.33 138 3.1 0.06
Lescost 1.05 11.38 858 0.093 0.75 2.37 1212 105.0 0.23

Mushroom 0.00 2,08 1605 0.015 0.54 0.93 2880 182.1  0.62

Levington

Potting 0.90 1,06 342 0,000 ? 0.57 270 79.8 0.80
W.W. Pig

Slurry 0.30 6,82 1026 0.000 1.61 0.12 1494 458.4  0.48
W.W. Cow

Slurry 0.00 3.18 303 0.000 0.32 0.39 532 413 0.09
Sedge Peat  0.00 3,70 17¢ 0,006 0,24 0.78 7 12,0 0.03
Medium Na Ni N  NH4+-N NO3 -N P Pb In pH us/cm
Leafmould 52.5 0.12 9 8.6 0.0 13.0 0.00 0.11 8,03 238
Cambark

Fine 29.4  0.00 0 0.0 0.0 13.7 0,00 0.03 6.78 118

Lescost 1252.8  0.30 987  25.7 961.5 4.3 0,35 0.84 7.5 2178

Mushroom 366.0  0.00 548 60.0 487.5 33.0 0.00 2.94 7.88 2548

Levington

+
Potting 46.2 0,00 1376 1200.0 175.5 141.0 0.00 0.11 S§.33 677
W.W, Pig
Slurry 223.2 0.03 1232 77.1 {155.0 228.0 0.00  0.47 6.23 2343
W.W. Cow
Slurry 70.8  0.00 711 0.0 711.0 69.0 0.00 0.37 6,58 5630

Sedge Peat  39.6  0.00 68 0.0 67.5 6.0 0.00 0.09 5.3 122

¥ measured by ADAS

AVAILABLE NUTRIENTS mg/1 FRESH MEDIUM BASED ON THE SETTLING EQUIVALENT LITRE. TABLE 2.6

+ This abnormally high figure for NH4+-N is
possibly caused by rapid formation of NHi+ from
urea formaldehyde under analysis conditions. This
level of NH4+ would not be present in the pot as
urea formaldehyde has slow release properties.



Mediua Al Ca Cd Cu Fe K Mg Mn
Leafmould 2,70 76 0.000 0.18 3.92 260 68 0.2
Cambark

Fine 0.14 40 0.000 0.18 0,30 124 2.8 0.05
Lescost 0.9 773 0.084 0.8 214 1092 946  0.21
Mushroom 0.00 1446 0.014 0.49 0.84 2595 164.1 0.5
Levington

Potting 0.81 Jjog  0.000 ? 0.51 243 7.9 072

W.W. Pig

Slurry 0.27 924 0.000 1.45  0.11 1346 413.0  0.43

W.W. Cow :

Slurry 0.00 273 0,000 0.29 0.35 479 37.2  0.08

Sedge Peat  0.00 154 0.005 0.22 0,70 7 10.8 0.03

Medium Na Ni N NHA+-N NO3 -N P Pb In us/ca
Leafmould 47.3  0.11 8 7.7 0.0 11,7 0,00 0.10 233
Cambark

Fine 26,5  0.00 0 0.0 0.0 12,3  0.00 0.03 106
Lescost 1128.8  0.27 890  23.2 B&b.3 3.9 032 0.76 1962
Mushraom 329.8  0.00 493 54,1 439.2  29.7 0.00 2.5 2295
Levington

Potting 41.6 0.00 1239 1081.2 158.1 127.0 0.00 0.10 610
W.W. Pig

Slurry 01,1 0.03 1110 69.5 1040.7 205.4 0.00  0.42 211}
W.W. Cow

Slurry 63.8  0.00 641 0.0 640.6 62.2 0,00 0.33 567
Sedge Peat  35.7  0.00 b1 0.0 40.8 5.4  0.00 0.08 109
AVAILABLE NUTRIENTS mg/l FRESH MEDIUM BASED ON THE FIBSPAN LITRE. TABLE 2.7




1985 MEDIA

Medium Ca Cd Cu K Mo Ni N NH4+-N NOJ -N P Pb In pH us/cm
Leafmould 122 05 128 83 20.1 63.3 7.2 6.88 204
Cambark
Fine 38 13 3.0 A 143 19.6 9.1 6.00 17
Mushroom 1704 3090  207.0 29 165 2727 2713 7.05 2475
W.W Pig 256 1710 278.7 17,9 93.2 228.5 6,30 1530
W.W Cow 132 1644 47.1 438 2,2 435.4 95.8 7.8 1127
Doncaster 672 287 72,0 0 275 18.8  255.9 3.1 0 0.24 7.03 907
Sphagnum
Peat 16 0,00 0,00 3 2.5 0 4 2.9 2.8 0.8 0 0.06 3.40 43
Levington
Universal 5.35 399
Pig slurry
Compost 764 0.9 1416 178.2 522 453.0 9.0 228.0 0.56 6,20 1240
Beech
Leafmould 1.73 154

Dry Bulk
Doncaster Density
TOTAL FIB. 19874 1,21 99.4 838 1365 42.9 2837 147 302 366.0g/1

D.M. 5.43% 3.3ppm 271ppm 0.23% 0.37%  117ppm 0.77%  403ppm B25ppm

1983 MEDIA. AVAILABLE NUTRIENTS mg/1 FRESH MEDIUM BASED ON THE FIBSPAN LITRE,

TABLE 2.3




DRY SATURATED BULK WATER WATER AIR VoL, 2

MEDIUM BULK BULK DENSITY  CONTENT CONTENT SPACE AIR AT
DENSITY DENSITY  CONTAINER SATURATION CONTAINER CONTAINER CONTAINER
g/l g/1 CAPRCITY < 34 CAPACITY CAPACITY  CAPACITY
g/l o (4 B
Levington
Uni versal 319.9 1101.3 1076.3 781.4 756.4 25.0 2,50
Levington
Potting 145.3 969.7 910.9 822.4 736.6 58.8 5.88
Sphagnum
Peat 115.7 871.0 851.9 775.3 736.2 39.1 3.9
Sedge
Peat 182.9 1056.2 1024.0 873.3 B41.1 32.2 .22
Casbark
Fine 180.8 911.6 5854.4 730.8 405.b6 325.2 32.52
Kew
Leafsould 395.2 1208.4 1181.4 813.2 786.4 26.8 2.68
Beech
Leafsould 114.1 1000.6 730.5 886.5 b16.4 270.1 27.01
W.¥ Cow
Slurry (85)  1353.3 1048.2 1021.3 912.9 8854.0 26.9 2.69
W.W Pig
Slurry (83)  236.1 1045.1 995.3 829.0 759.2 49.8 6.98
Pig Slurry
Compost 160.3 962.8 921.3 805.2 761.0 41.5 4,15
Spent
Mushroom 268.5 1052.2 987.9 763.7 699.4 64,3 6.43
Lescost
360.5 1118.4 993.4 757.9 635.1 122.8 12.28
Doncaster
Compost 483.46 1196.9 1107.0 713.3 623.4 89.9 8.99

Physical Properties of Growth Media Table 2.9




Characterization of the Media

Appendix 2 shows the total nutrient content of
sphagnum peat, and the recommended levels of nutrient
addition to sphagnum peat for various purposes.
Appendix 3 gives the desirable 1indices for crops
grown in loamless media and the classification system
used. The results from the analyses of the
experimental media (tables 2.3 to 2.8 ) can be
compared with these appéndicés to give some
indication of the biological significance of their
nutrient contents. It must be remembered though, that
pPhysical and physico-chemical properties of the media
such as water holding capacity, cation exchange
capacity, conductivity, pH and the balance of
nutrients will affect <the availability of each
nutrient to the growing plant. For instance, high
levels of nitrogen and potassion relative to
phosphorus may give rapid growth resulting in
phosphorus deficiency. Potassium—magnesium antagonism
is well ducumented with high potassium levels causing
magnesium deficiency and vice versa (Bunt 1978). Also
the lower the amount of nutrient fixation onto a
medium the greater the availability of the nutrients
(provided they are not leached away). The ion
fixation rate, cation exchange capacity and water
holding capacity combined with feeding and watering
rate (and initial nutrient content ) will determine
the quantity of nutrients available following an
addition of fertilizer.

A brief list of interactions between nutrients is
given in Appendix 4 . The extraction method used for
available nutrients may also make the interpretation
of the results more difficult; possibly bearing a
greater relation to plant uptake in one medium than

another. Studies with plant analysis in addition to
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medium analysis are presented later to discover if
there is a constant relationship betueen plant uptake
and the water extraction of nutrients for all the
media.

Each medium is discussed 1individually in the
following pages. These comments and predictions are
based on a comparison with the recommended indices
for loamless media (mainly peat or peat/sand
mixtures) and on interactions betueen nutrients
previously noted for plants grbuing in loam and peat
based media. It is therefore conceivable that +the
optimal balance of nutrients in the organic waste
composts may be very different from that for peat and
loam media. The following notes must be read with
this view in mind. Correlations of grouwth response
with media nutrient contents are presented later, in
an attempt to determine whether growth can be
predicted from the analytical methods used here, on

such a wide range of organic waste media.

Note on Terminology The +term ’compost® is used

loosely within the horticultural industry to mean a
substance used as a growth medium. In this study the
latter expression is preferred since many of the
organic wastes are true ‘’composts’® in that they have

been produced by the method of composting.
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1984 Media

Lescost (Ls)

This compost 1is high in +total and available
macronutrients, but low in available phosphorus. The
total micronutrient level is high, but the
availability is low with the exception of boron. This
may result in boron toxicity problems in crops.

The total and available heavy metal content is much
greater than that of peat media which could result in
accumulation of these elements to zootoxic levels in
edible crops.

The conductivity is very high leading to likely
salinity problems and the pH is also high at 7.65
which would depress availability of phosphorus,
manganese, magnesium, boron, copper, and zinc. This
compost would not be suitable for calcifuges.

The nutrient content of this compost may vary
greatly from batch to batch.

The water holding capacity is a little lower than
that of sphagnum peat and the volume percent air
somewhat higher. This may result in a slightly higher

rate of drying out.

Practical Handling
The dry bulk density is very high giving a very

heavy compost.

Small pieces of broken glass in +the compost may
cause problems with handling, but otherwise this is a
pleasant, odourless, granulated compost.

It has been suggested that shrinkage in the pot may

be a problem (145).
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Cambark Fine (B)

This medium is very 1low in total and available
macro and micronutrients. The heavy metal content is
extremely louw S0 this is a safe medium for edible
crops. The conductivity is 1low sSo +there are no
salinity problems, but the pH is a 1little high
causing a possible decrease in the availability of
phosphorus, manganese, boron and zinc. The available
K:Hg ratio is 44:1. This will undoubtably result in
magnesium deficiency unless the balance is redressed.

A full range of fertilizers 1is required for ©pot

plant use.

Practical Handling

The dry bulk density is quite low so carrying the
medium is not a problem. It is relatively pleasant to
handle, but splinters may be received. Watering is
required frequently as the water holding capacity is
very low at 406 cm®/1 and the volume % air high
(32.5%). This would result in wastage of liquid feed
as frequent feeding would be required and Dbase

dressing would be lost by leaching.

Spent Mushroom Compost (M)

Macronutrient levels (both total and available) are
very high in this medium, but a high K:Mg ratio may
result in magnesium deficiencies. Total micronutrient
levels are moderately high, with zinc being
particularly high, and molybdenum an exception in
being low. Availability of micronutrients is quite
low.

Heavy metal levels are 1low being only slightly
higher than for Levington Potting Compost.

Conductivity and pH are both very high resulting in
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subsequent salinity causing stunting of plants and a
depressive effect on the availability of phosphorus,
manganese, iron, magnesium, boron, copper and zinc.
Depression of magnesium levels would further increase

the K:Hg ratio.

Practical Handling

The dry bulk density is medium. It 1is rather a
sticky messy compost and the presence of undegraded
straw may cause excessive shfinkage in the pot as it
breaks down. Stokes (1976) found that the longer the
compost was stored before use the less the shrinkage,
but that more nitrogen must be added, and Henny
(1979) suggested adding 30% pinebark to reduce
shrinkage.

The water holding capacity is adequate, and the
volume percent air slightly higher than for Levington

Potting compost.

Kew Leafmould (Lf)

This particular leafmould contains moderate total
levels of most nutrients, but they are relatively
unavailable. Hagnesium is particularly wunavailable
and the available K:Hg ratio of 40:1 combined with a
high pH of >8, which will depress phosphorus,
magnesium, iron, manganese, boron, copper and =zinc
levels, will probably result in magnesium deficiency.
The heavy metal levels are quite high, particularly
for lead, but little is available.

A low conductivity and low availability of
nutrients would make this medium suitable for seeds,
but it is not suitable for <calcifuges. Fertilizers
must be added for use as a potting medium. The
reserve of nutrients may become available in time

which could suggest that the leafmould would be
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useful as nursery stock medium.

Practical Handling

The dry bulk density is high owing to the presence
of stones and twigs, but the larger ones can be
removed by sieving through a 20mm sieve. This also
removes other contaminants such as dog faeces and
rubbish collected along with the leaves. The former
are not unpleasant after two years of composting, but
do not mix in with the leafmould and femain in iumps.

Watering is required as frequently as for sphagnunm
peat, as the water holding capacity and air capacity
are similar. Weed growth is a problem in pot ©plants.

This medium will continue to break down with time,
with increased bulk density and water holding
capacity and decreased air capacity the likely

result.

Levington Potting Compost (Lv or LvP)

This is high in available macronutrients with much
of the total being available. It has a moderate total
level of micronutrients with 1low availability, but
compared to the other media, the percentage of total
which is available is quite high.

The heavy metal content is very low.

The conductivity is suitable for a new medium, but
not for salt sensitive plants or seeds. The pH is

optimal.

Practical Handling

The dry bulk density is very low and therefore the
medium is easily carried, but when pots dry out the
plants are easily knocked over.

It is clean and pleasant to handle. Watering is
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required quite frequently. Shrinkage away from the

sides of "the pot can be a problen.

Sedge Peat (S)

Sedge peat is low in all macro- and micronutrients,
both total and available with +the exception of
available boron which 1is quite close to toxicity
levels. The heavy metal content is low. The very low
availability of manganese may cause some iron
deficiency.

The conductivity is very low and pH optimal. This
would be =suitable for seeds, or with fertilizer

added, pot plants.

Practical Handling

The dry bulk density is only a little higher than
that of Levington Potting Compost with the same
advantages and disadvantages of ease of carrying but
instability of pot plants when the medium is dry.

Weed growth may be a problem and also shrinkage
away from the side of +the pot. Watering frequency
will be 1less than for sphagnunm peat as the
waterholding capaciy is high. Volume percent air

seems adequate when compared to sphagnum peat.

Worm-Wormed Pig Slurry (P or P84)

Very high total and available macronutrients are
present in this medium. Total micronutrient levels
are generally high, especially copper. Boron
availability is very high. The slightly high pH will
tend to decrease this availability, possibly

preventing toxicity.
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The total nickel level is quite high (nine times
that of Levington Potting Compost) but it is
relatively unavailable. Other heavy metal
concentrations are very low.

High phosphorus and nitrate may lead to molybdenum
and iron deficiencies, but the latter has good
reserves. High nitrate may make this medium
unsuitable for leafy food crops.

The conductivity at 2342.5 as/cm makes salinity
problems inevitable. This medium cannot be used in
it’s neat state.

The nutrient content of this medium will vary from

batch to batch (see 1985 batch analysis).

Practical Handling

The dry bulk density is quite high so the medium is
very heavy.

Worms in the moist medium may be regarded as a
problem for handling purposes, but these can be
killed by reducing the moisture content to below 60%
v/v. This does not erradicate them completely as
cocoons will hatch when rewetted (55).

Water holding capacity and volume percent air are
similar to those of Levington Potting
Compost (P85 figures). These, however, will vary
depending on the degree of decomposition and size of

particles.

Worm-Worked Cow (Cattle) Slurry (C or (C85)

Very high 1levels of available nitrate and
phosphorus are present, moderate levels of potassium
and calcium, but a relatively low level of magnesiunm.
The high K:Mg ratio could well result in magnesium

deficiency. Boron toxicity is possible, but the high
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PH will reduce boron availability (along with that of
phosphorus, manganese, copper, and zinc).

Total micronutrient levels are quite high, except
for that of molybdenum which is very low. The
availability of the micronutrients is moderate,
except for Mn which is low. Iron deficiency may be
caused by high phosphate and nitrate levels and by a
high K:Ca ratio. Low manganese availability coupled
to the high pH which further reduces the availability
will also tend to reduce iron uptake. High nitrate
will have a depressive effect on molybdenun
availability which is already very 1low. This may
result in deficiency symptoms. The conductivity is
reasonable for a new growth medium or for more salt
tolerant species.

The nutrient content of this medium will vary fronm

batch to batch (see 1985 batch analyses).

Practical Handling

The dry bdbulk density is roughly equal to that of
bark, and slightly higher than for sphagnum peat.
Watering is needed less frequently than for peat, the
water holding capacity being high (P85 figures).

The texture is fine and particle size even.' Worms
will be present in the moist medium, but populations
can be decreased greatly by drying to below 60%
moisture content (v/v) (55).

Shrinkage away from the pot may be a problem since
the fibrous celluloses and pentosans will have been
broken down by the ruminant cattle. Non-ruminant
waste (e.g. pig slurry) will still contain this fibre

and be more resistant to shrinkage in the pot (101).
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1985 Media

Available nutrients, physical and physico-chemical

properties only determined.

Worm-Worked Pig Slurry (P or P85)

This medium will not be described in full again as
most of the description given above for +the 1984
batch also holds true for this sample. The main
differences are in nutrient content. This Dbatch
contains less available <calcium, magnesiunm and
nitrogen than the 1984 batch, with a consequently
lower conductivity (despite a higher potassium

content).

Worm-Worked Cow Slurry (C or C85)

Nutrient content is the major difference betueen
this and the 1984 batch. C85 has less available Ca
and nitrogen, but more magnesium and phosphorus and
much more potassium than C84. The conductivity of the

1985 sample is much higher than that of (84,

Doncaster Compost (D)

This compost contains high total levels of
macronutrients, which are only moderately available.
The availability of phosphorus 1is very low. Total
levels of micronutrients and heavy metals are high,
but they are relatively unavailable, with no Cd, Ni
and Pb detectable in the water extract. The presence
of a high total level of cadmium, however, would make

this an inadvisable medium for the growth of food
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crops.
The high pH at 7.03 will reduce the availability of
phosphorus, magnesiunm and micronutrients with
probable deficiencies resulting. Salinity problems
are likely as the conductivity is quite high (index
7).
This compost will vary in nutrient content from

batch to batch.

Practical Handling

The dry bulk density is very high which would make
carrying difficult. This compost contains slivers of
glass, pieces of plastic and scraps of rag, which may
make handling unpleasant. It may also contain human
pathogens which have survived the composting period
or reinvaded following it (see Pereira-Neto et al
(1886) for further details).

Water holding capacity is a little lower than that
of sphagnum peat and the volume percent air a little
higher.

This compost i3 similar to Lescost in many respects
suggesting that municipal refuse/sewvage sludge
composts may not differ greatly from each other if
produced in similar types of area (fairly industrial
in this case). The toun waste compost of Alt & Hofer
(1986) (West Germany) also had similar ©properties
with low availability of P and high soluble salt

levels.

Pig Slurry Compost

This compost is high in all available
macronutrients, and high in copper. It contains
moderate levels of zinc. Other micronutrients were

not measured, but are likely to be similar to those
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in the worm-worked slurry (perhaps a little lower).
High copper in both the pig slurry media 1is not
surprising since this element is added to the diet of
pigs.

The pH at 6.2 is a little high and the conductivity
very high with probable salinity problems resulting.

The K:Mg ratio of 8:1 may lead to magnesium
deficiency, although the available 1level of Hg is
high. High phosphate is likely to give decreased iron
availability as will the high ©PpH, with possible
deficiencies (Fe level probably similar to that of
P).

Nutrient levels will vary from batch to batch.

Practical Handling

The dry bulk density is low and the water holding
capacity and volume percent air similar to those of
sphagnum peat. This medium tends to hold a 1lot of
water when fresh from composting and requires drying
out before use. The worm-worked pig slurry 1is finer
and more even in particle size (because of sieving
and breakdown by +the worms). Unbroken down large
lumps are present which make potting more difficult

and handling less pleasant than for P.
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CHAPTER 3

Growing Trials.

Tomato Trial.

F1 hybrid seed Cv. Shirley was souwn, 200/seed tray
on 31/5/84, and placed in a propagation house with
bottom heat. The seedlings were pricked out into Scm
pots containing Levington Potting Compost and placed
pot thick (temp. 18°C night, 30°C day) on 8/6/84 and
spaced to 13cm centres on 21/6/84. On 27/6 they were
again spaced to 25x20cn.

Bolster bags were filled with 21 litres of growth

medium to give the following treatments:-—

Code

FO Medium alone.

F1 Medium with base dressing.

F2 Medium with base dressing and liquid feed.

For each of:-

Code
Lescost : Ls
Spent Mushroom
Cambark Fine
Levington Potting Lv Total=
Leafmould Lf 27 treatments
W.W. Pig Slurry
W.W. Cou Slurry
Sedge Peat S
Sphagnum Peat Control SPC

The weight of 396cm> of medium was measured using
the Settling Equivalent method and multiplied up to

give the weight of 21 litres. Bags were sealed with
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sStaples at their mid point to give half length bags.
The quantity of base dressing required for each
medium was calculated using the medium analyses
(table 2.6 ) to bring the nutrient levels up to those

recommended for 100X sphagnum peat (12,15):-

PPH ELEMENT AS

175 Nitrogen Ammonium nitrate
630 Potassiunm Potassium sulphate
240 Phosphorus Super phosphate
2770 Calciunm Ground limestone
360 Magnesiunm Magnesium limestone

Trace elements Frit WH 255

Where a particular nutrient level already exceeded
that recommended no further addition of that nutrient
was made, and no attempt was made to reduce the
level. The balance of nutrients was thus not the
same for all the media but a minimum level of each
was achieved. Leaching to reduce excessive nutrient
levels would have interfered with other properties of
the media such as pH and conductivity and was

therefore not considered desirable.

The tomato plants were planted two per bag on
6/7/84 in a polythene tunnel 15.2m x 4.3m with a
randomised block arrangement (fig.3.1), with 3 blocks
and 27 bags per row. Each plant was supplied with a
drip irrigation nozzle which gave 2 litres/plant/day,

half at 9.00 am and half at 2.00pm. This was later

reduced to 2/3 1/plant/day. Differential watering
depending on growth rate was not possible. Drainage
slits were cut in all modules. Liquid feeding of

appropriate treatments commenced twice weekly 14 days

after planting. The irrigation system was turned off
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for one 3ession on feeding days to prevent
overuwatering. Feed, double the strength recommended
if given at every watering (15) (360:120:900
N:P205:K20), was dispensed from a watering can, and a
quantity of liquid equal to that supplied by the
irrigation system measured out in a beaker. This was
poured onto the root ball of each plant. Plants not
fed were given the same quantity of plain water. The
same feeding rate was used for all plants
irrespective of their growth rate. Feeding rate was
increased to 500ml/plant at the end of August as
control plants showed signs of nutrient deficiencies.
Routine trimming, training and deleafing was carried
out as necessary. Plants were stopped on the 22nd
August and picking commenced on the 28th August.
Fruit was picked twice weekly until the crop was

cleared on the 27th September.

The following recordings were made:-

Plant Stature

Height of plant

From medium level to top leaf.

1. Initial height (to first truss).

2. Every two weeks to stopping.

Stem width

Taken half way up the plant (widest diameter)

with a micrometer.

1. At end of cropping.
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Analytical Samples

Leaf
Two leaves per plant (fully expanded) taken

from the top of the plant.

1. Immediately before liquid feeding.

2. 5 weeks later.

Fruit

Two tomatoes taken from each plot (one/plant)
on two dates (4/9 & 18/9, 8 & 22 days from start of
harvest) for determination of heavy metal content

with particular emphasis on the following:-

Medium Element
Leafmould cadmium, lead, nickel.
W.W Pig cadmium, nickel, copper.
W.W.Cow nickel.
Lescost cadmium, lead, nickel.
Mushroom cadmium.
Sphagnun
peat control cadmium, lead, nickel, copper.

Yield

1. As tomatoes ripened:— Number.
Total weight.
Grade (size and quality),
according to EEC standards
for fresh tomatoes (13).

2. Green tomatoes at the end of cropping:-
Number.

Total weight.
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Leaf and fruit samples were treated as follows (44):-

Leaves - Washing: 1.

Drying: 4 hours

oven.

Fruit - Washing: 1.

10X hydrochloric acid, 60 secs.
changed every 8 samples.
Distilled water, 60 secs.,
changed every 4 samples.
Deionized water, 60 secs.,

changed every sample.

at 102°C in a forced aeration

10% hydrochloric acid, 30 secs.
changed every 6 samples.

Distilled water, 30 secs.,

‘changed every 3 samples.

Deionized water, 30 secs.,

changed every sample.

Drying: Tomatoes cut into small pieces and the

juice plus the pieces put into 500ml

kilner jars. Dried for 20 hours at

102°C in a forced aeration oven.

Dry leaves and fruit were stored in paper bags inside

sealed polythene bags

until analysed.
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Block 1 Block 2 Block 3

G G G

.SPCF1 LfF1 SPCFO

PF1 SPCF2 LvF1

LsF1 LsF1 LvFO

SPCF2 MF2 LsF1

SF2 SPCF1 LsF2

MF1 CF2 PF2

MFO BFO CFO

CF2 SF2 LfF1

CFO MF1 BFO

BF1 PFO SF1

LfF2 SFO PF1

PF2 BF1 CF1

MF2 LfFO SFO N
LvFO PF2 LfF2 (=—————
SF1 LsF2 LvF2

SFO CF1 _ SF2 G=Guard
LfFO PF1 PFO

LsFO LvF2 MF2

LfF1 LvF1 CF2

LvF1 CFO LsFO

BF2 LfF2 BF2

BFO LvFO SPCF1
CF1 SF1 SPCF2

SPCFO SPCFO LfFO
LvF2 MFO BF1

LsF2 LsFO MFO
PFO BF2 MF1

G G G

Plan of Tomato Trial. Fig. 3.1




Tomato Trial Results and Discussion

Height of Plant

Figs.3.2a to 3.3c show the heights of plants with
time to 47 days from planting (to when the plants
were stopped ). These are grouped according to
initial conductivity of the media since this
parameter gave the most natural grouping of the
curves. Soluble salt content of the media appears to
be the single most important factor in governing
grouth of tomatoes in all the media used. NB Scales

are not all identical.

Low conductivity media

Media with initial low conductivity and nutrient
content (Lf, B, S, and SPC) gave similar graphs (fig.
3.2a) with the biggest plants after 47 days on F2
treatments (base dressing + 1liquid feed), and the
smallest on FO (no added fertilizer). All these
media supported growth equally for 7-12 days after
planting, however, nutrition could have been supplied
by the Levington Potting Compost used at the pricking
out stage, and planted on with the root ball into the
bag. The FO treatment curves then begin to diverge
from the F1 and F2 curves showing that low nutrition
was limiting growth. After 30 to 35 days the FO
curves begin to flatten out indicating that no
further vertical growth was possible and that the
medium nutrients had effectively been totally
depleted. The F1 curves follow a similar pattern, but
diverge from the F2 curves at a later date and
flatten out later than the FO curves. The F2 curves
show a more constant increase in size of the plants
with no flattening out. Provided 1liquid feed was

continued to be given the plants would theoretically
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continue to increase in height.

High conductivity media :-

Lescost, worm-worked pig slurry and spent mushroom
compost all had initial high conductivity and
nutrient contents (see table 2.6 ). The graphs show
that both M and Ls supported growth well without the
addition of fertilizer. Liquid feed was apparently
beneficial towards the latter end of +the height
measuring period only. Plants by this time would have
used up a proportion of the available nutrients and
sone would have been leached away. Growth curves for
rlants in P were almost identical up to 47 days fronm
planting irrespective of whether fertilizer was added
or not. The use of these media <could represent a

considerable saving in fertilizer costs.

Intermediate conductivity media

LvP and C were of similar conductivity and
nutrient contents initially and gave similar growth
curves. It should be noted that the use of the term
'intermediate’® is in fact for convenience since the
recommended conductivity of tomato medium extracts at
the start of cropping is 701-900 (index 5) and the
term used should perhaps be ‘optimal’ (see Appendix
2).

A puzzling phenomenom seen with the intermediate
and high conductivity media was that plants in FO
greuw slightly taller than those in FJ. An increase in
salinity in the media from the addition of extra
fertilizer +to already saline media could be
responsible for a depression in growth, but in this
case plants in F2 would be expected to be depressed
the most, as in this treatment <the osmotic Stress
would be the greatest. This did not happen. A

nutrient imbalance caused by the addition of the base
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dressing to the media may have been responsible since
no attempt was made to keep the ratio of nutrients
equal, but instead a minimum level of nutrients was
aimed for. Lime addition may have increased the ©pH
from optimal. Liquid feed would have counteracted
this slightly since it had the effect of lowering the

pH of the irrigation water from 7.4 to 7.2.
Stem Width

Table 3.1 shows the mean stem diameter and mean
plant height at stopping. These, and their product
vwere correlated to mean yield of ripe fruit and to
mean yield of ripe + green fruit. All were highly
correlated to yield (P=0.001), stem diam.x height
(dh) vs. ripe fruit yield being the most highly
correlated. Equations and values of r?(adj) wvere as

follouws:-

ripe fruit yield =(-1191 +129) + (2139 1#94)stem diam.
r?= 83.1% (d)

ripe fruit yield =(-2106 +138) + (3.23 +.115)height
r?= 88. 1% (h)

ripe fruit yield =(-347 +54) + (0.125 +.003)dh
ri= 93.6%

ripe + green fruit yield =
(-3719 +503) + (5006 +367)d
r?= 63.7%

ripe + green fruit yield =

(-6226 +545) + (7.87 +.46)h
rt= 73.6%
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ripe + green fruit yield =
(-2046 +245) + (.31 +.014)dh
r = 81.8%

Degrees of freedom = 25

Fig.3.4 shous the relationship between stem diam. X
plant height and yield of ripe fruit. If +this were
found to be a reliable relationship 1in repeated
experiments, the simple measurement of stem diameter
or plant height or both <could be wused to predict
yields rather than the more time consuming process of

picking and weighing the fruit.
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PEAN STEM MEAN PLANT Ht. PLANT Ht. MEAN YIELD  MEAN YIELD RIPE +

TREATMENT DIAM. AT STOPPING X STEM  RIPE FRUIT  GREEN FRUIT
(ca) (ca) DIAY. (ca)® (g (Kg)
LsFO 1.38 15.7  173.47 1786 2.513
LsF1 1.49 18.3 176.27 1789 2,280
LsFO 1.56 1373 2419 190 3.913
WO 1.35 137.3  185.3% 2161 3.497
1 1.3 133.7  183.47 2084 3.207
w2 1.4 156.2 2024 2787 5,287
BFO 0.70 73.3 51.31 265 0.300
BF1 1.01 9.8 9.7 585 0.693
BF2 1.18 128.3 151,39 1532 2.573
LvFO 1.43 7.3 167.74 1908 2.403
LvF1 1.58 117.0  184.86 1961 2.483
LvF2 1.60 1282 205.12 216 4.513
LéFO 0.68 85.3 58.00 40 0.577
LfF1 1.16 9.0  113.68 876 1.013
LF2 1.43 1248 178.44 1724 2,940
PFO 1.64 139.2  28.29 2374 7.013
PF1 1.78 140.7  250.45 2869 6.313
PF2 1.78 183.5  255.43 2375 8.003
CFO 1.68 8.5 1923 2135 2,900
CF1 1.57 113.8 17847 1947 2.617
CF2 1.68 129.8  218.06 2316 4,760
SFO 0.82 9.2 64,94 385 0.467
SF1 1.23 93.0  114.39 923 1.123
5F2 1.26 119.8  150.95 1768 2.967
SPCFO 0.65 73.5 47.78 1 0.350
SPCF1 1.13 105.0  118.65 1167 1.313
SPCF2 1.40 12,0  170.80 2038 3.530

TOMATO YIELD, STEM DIAMETER AND PLANT HEIGHT TABLE 3.1
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Yield

Table 3.1 shows the mean yield of ripe fruit and ripe
+ green fruit per plot. Figs.3.5a to 5.3c show the
curulative mean yields of ripe fruit from +the start
of harvest (day 52 from planting = day O of the
harvest period) to day 83 (day 31 of the harvest
period), when all fruit were cleared. Fig. 3.6 shous
graphically the total yield of ripe and ripe + green
fruit with treatment (with standard errors
indicated). Analyses of variance were carried out as

can be seen in fig 3.7 and the following summary.

Ripe Fruit
PF1 and MF2 produced significantly greater yields

of ripe fruit than the control SPCF2 (P=0.001). BFO,
SPCFO, SFO, LfFO, BF1, LfF1, SF1, and SPCF1 produced
significantly lower yields than the control (P=0.001)
as did BF2 (P=0.05). All other +treatments were not
significantly different from SPCF2.

The results of the overall effects of medium and
fertilizer treatments can be seen in the summary. P,
M, €, Lv (P=0.001) and Ls (P=0.01) all gave
significantly greater yields overall than the
control, whilst SPC, S, Lf and B vere not
significantly different. F2 gave a significantly
better overall yield +than F1 (P=0.01) and FO

(P=0.001) which were not significantly different.

Ripe + Green Fruit
PF2,PF1,PFO,HF2 (P=0.001), CF2 (P=0.01), and LvF2

(P=0.05) all gave significantly greater total yields
than SPCF2.

BFO,BF1,SPCFO,SPCF1,LfFO,LfF1,SFO,SF1 (P=0.001),
LsFO,LsF1,LvF1 (P=0.01), BF2 and CF1 (P=0.05) all

gave significantly lower total yields than SPCF2.
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The medium and fertilizer effect ANOVASs gave
similar results to those for ripe fruit, except that
P was significantly greater for total yield than all

the other treatments (P=0.001).
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RIPE FRUIT / PLOT
__________ increasing yield

PFl MF2 LvF2 PF2 PFO CF2 MFO CFO MFl SPCF2 LvFl CFl LsF2 LvFO LsFO SF2 LsFl L-fF2 BF2 SPCF1 SFl I-ffl BFl LfFO SFO SPCFO BFO

RIPE + GREEN FRUIT / PLOT
---------------- increasing yield

PF2 PFO PF1 MF2 CF2 LvF2 LsF2 SPCF2 MFO MFl SF2 L*F2 CFO CFl BF2 LsFO LvFl LvFO LsFl SPCFl SF1 I-fFl BFl L-fFf0 SFO SPCFO BFO

TOMATO YIELD ANOVA RESULTS F16. 3.7



Tomato Yield ANOVA Results. (Summary).

Ripe Fruit
Treatment Medium Fertilizer
Effect Effect Effect
Df 54 72 78
LSD 0.05 458 482 397
LSD 0.01 612 641 520
LSD 0.001 805 834 687
f-ratio 22.99%xx 15. O3%kxk 8.23%%xx%
n 3 9 27

See fig.3.7 for Treatment Effect ANOVA diagranm.

Medium Effect

increasing yield (g)

2545 2331 2138 2085 1818 1166 1025 1013 794
P H c Lv Ls SPC S Lf B

Fertilizer Effect

increasing yield (g)

20986 1574 1305
F2 F1 FoO
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Ripe + Green Fruit

Treatment Medium Fertilizer
Effect Effect Effect
Df 54 72 78
LSD 0.05 0.77 0.73 0.71
LSD 0.01 1.03 0.98 0.S5
LSD 0.001 1.35 1.27 1.23
f-ratio 57.46%xx 25. 21%%x 9. 55%%x%
n 3 9 27

See fig.3.7 for Treatment Effect diagranm.

Medium Effect

increasing yield (Kg)

7.11 4.00 3.43 3.13 2.80 1.73 1.52 1.5t 1.
P M c Lv Ls SPC S Lf B

Fertilizer Effect

increasing yield (Kg)
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Fruit Grade

Table 3.2 shows the percentage of fruit in the
three grades. Most fruit were of grade 1 except for
those from the worm-worked pig slurry treatments,
which frequntly had large cracks around the calyx.
Trusses on P treatments were so laden with fruit that
they tended to break from the plant. Plants in P may
have been growing so quickly, and transpiring so
rapidly that the medium dried out between waterings
thus giving extreme fluctuations in medium moisture
content. This is known to cause fruit

splitting (12).

Analytical Samples

Table 3.3 shows the heavy metal content of tomatoes

and table 3.4 the leaf nutrient contents.

Heavy Hetals in Fruit

Cadmiun

This was detectable only in Lescost grown fruit. Cd
is zootoxic at levels >0.5 mgrkg dm (Davis (1979)),
however any medium giving a detectable level of this
element in food crops should be avoided as Cd 1is a
cumulative poison. Concentrations of Cd in both
samples (from 4/9 and 18/9/84) were towards the
upper limit of normal levels found in plant materials
(0.01-0.3 mgr/kg dm, Allen (1974)) and actually

exceeded the upper limit in one replicate.

Nickel

Normal levels in plant materials are 0.5-5 mg/ksg
dm (Allen (1874)). Very little Ni was found in the
4/9 sanmples, but levels had increased quite

considerably by 18/9 for Lf, C and Ls, being several
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times the maximum normal level of Smg/kg dm in some
samples. Stentiford et al (1985) found <1lmg/kg dm 1in
their refuse compost (D in this study) and a
commercial medjum. Ni s principally phytotoxic

(Davis (1979)), rather than zootoxic.

Copper

Normal levels in plant materials are 2.5-25 mgrkg
dm (Allen (1974)). Stentiford et al (1985) found 12
mg/kg dm in D and a commercial medium. Levels found
here were all within these normal levels, even for P

which had very high total and available levels of Cu.

Lead

No Pb was detectable in any of the fruit.

Conclusion

The use of Lescost and media containing similar
levels of cadmium (e.g. Doncaster compost (D)), for
food crops would be inadvisable. Davis (1979) stated
that Cd concentrations in plant parts decrease in the
order fibrous roots> leaves> seeds = storage organs.
Leafy crops would therefore accumulate even more of
the metal than the fruit measured here. Approximately
12Kg of fresh tomatoes containing the levels of Cd
measured here would have to be eaten in one week to
exceed the tolerable weekly intake of 0.4-0.5ng
(48), however, concentrated in the form of puree or

sauce this would not be impossible.

Leaf Nutrients

Levels of nutrients in leaves were lower 47 days
from planting (22/8) than at 13 days (19/7). The
liquid feed rate was evidently too 1low to maintain
nutrient levels in the media. The rate was increased

when it became evident from visible symptoms that
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Grade Grade Grade

Treatment i 2 3
LsF0 92.6 1.3 6.1
LsF1 97.5 0.0 2.5
LsF2 89.4 1.0 9.6
[ 1] 9.0 0.0 1.0
M 97.0 1.1 2.0
M2 9.8 2.5 0.6
BFO 83.6 6.7 9.7
BF1 92.6 0.0 7.4
BF2 98.7 0.0 1.3
LvF0 92.4 0.0 7.4
LvF1 91.5 2.2 4.2
LvF2 9.6 2.3 1.1
LfFO N.4 3.6 0.0
LfF1 98.2 0.0 1.8
LiF2 9.0 1.4 2.6
PFO 62.3 34.5 2.2
PF1 85.9 10.1 4.4
PF2 97.4 32.8 9.8
CFo 98.8 0.0 1.2
CF1 9.8 2.0 1.1
CF2 89.0 7.1 3.9
SFO 100.0 0.0 0.0
SFi 98.3 0.0 1.7
SF2 97.8 1.1 1.1
SPCFO 82.1 4,2 13.7
SPCF1 97.2 0.0 2.8
SPCF2 98.7 1.3 0.0

PERCENTAGE OF TOMATO FRUIT
IN BRADES 1 - 3 Table 3.2




Cadmiua Nickel Copper Lead
4/9 18/9 4/9 18/9 4/9 18/9 4/9 18/9

Leafmould FO 0 1.3 16,0 1.75 2.83 0 0

(=]

Fi 0 0 0 2.0 1.0 A5 0 0
F2 0 0 0 7.0 400 1.00 0 0
Wi Cow FO - - 0 0.0 3.5 7.5 0 0
Sturry F1 - - f 93 2.00 5.58 - 0 0
F2 - - 0 0.0 8.30 625 0 0

Lescost  FO 0.350 0.275 2.7 4.00 5.50 0
F1 0.250 0.175 17.0 4.50 3.3 0
F2 0.225 0.175 0 3.0 3.00 4.00 0 0

oo

Wi Pig FO 0 0 0 0.0 2.50 7.83 0 0
Slurry F1 0 0 0 0.0 5% 7.3 0 0
F2 0 0 0 0.0 9.00 7.42 0 0
Mushrooa FO 0 0 - - 375 525 0 0
Fi 0 0 - - 1,90 3.42 0 0
F2 0 0 - - 7.00 2.47 0 0
Sphagnua FO 0 0 0 0.0 2.00 2.47 0 0
Peat F1 0 0 0 0.0 3.25 2.43 0 0

F2 0 0 0 0.0 3.00 3.33 0 0

Tomato Fruit Heavy Metal Content (mg/Kg de) Table 3.3




K mg/qg da | Mg mg/g dm P mg/g dm Fe ppa da  |Cu ppm da In ppa da
Treatment 197 22/8 | 19/7 22/8 | 1977 22/8 { 19/7 22/8 | 19/7 22/8 | 19/7 22/8
Lescost FO [41.63 24.46 | 4.38 2.24 | 4.27 1.19 | 107 4 1 21.4 9.9 {116.7 57.9
Fi[39.04 20.83| 4.22 2.11| 627 1.79}] 112 4] 21.2  6.1]105.9 35.4
F2|38.96 28.13 | 4.24 2.35| 5.82 2.28 | 106 38]2.4 85] 96 292
Mushroom FO |45.96 35.15 | 3.87 3.13 | 5.98 3.03 84 48 | 15.2 7.7 |114.2 44.8
F142.34 29.73] 3.88 2.69 | 6.10 2,74 9 117,66 7.3 97.7 .6
- F2[45.23 .39.09 | 4.14 - 3.06| 6.02 3.53| 83 44 | 17.1 10,2 ] 95.5 41.0
Cambark F0 15,00 10.15| 2.71 3.01 | 2,96 2.43 44 271 48 221 2.1 156
Fine F1]30.50 13.29| 3.16 2.49| 5.1 2.3 &8 241 10,7 2.0 3.0 18,7
F2|36.79 20.17 | 3.47 2.33 | 4.67 2.06 85 29| 13.1 2.7 | 66.1 0.3
Levington FO [32.08 14.38] 3.82 2,53 | 8.16 2.23 | 134 4 |21.9 3.6]87.3 155
Potting F1132.96 17.98 ] 4.38 2.36] 7.36 2.16 | 110 3]19.4 4.4 91.8 18.0
F2 |34.42 28.06 | 4.01 2,82 7.78 2,22 | 115 42 120.1 957|934 223
Leafmould FO 115,33 13.44 | 2.59 3.80 | 2.85 3.17 49 31| 46 3.1 181 243
F1 133.42 14,77} 3.4 2,27 | 6.35 2.39 | 100 301155 2.6 | 54.2 16.7
F2 |34.67 20.64 | 3.90 2.18 ] 6.17 2.35 9 32 1 15.3 3.1 | 61.2 13.5
W Pig FO |37.42 33.50 | 6.45 4.24 | 6.06 3.98 89 41 §20.5 15.0 {116.7 37.5
Slury F1|35.75 34.82 | 6.71 4.14 | 6.23 3.47 94 58 | 23.6 16.0 [107.1 2.7
F2 |36.42 35.96 ] 6.33 4.27 | 6.03 4.20 97 $4 | 22,8 16.8 |107.5 5.3
Wi Cow FO (35,67 18.98 | 4.44 2.31 | 6.45 2.76 | 100 M| 2.3 11.9 [150.9 46.0
Slurry  F1]31.84 18,48 | 5.17 2.40 | 6.57 2.48 92 32 1 2.5 10.3 |139.6 32.9
F2 {3675 .58 5.19 2.55] 6.58 2.90 94 341233 11.1 |145.5 38.6
Sedge FO [14.04 S5.91| 3.23 3.28 | 2.49 0.95 92 7 | &6 15121.5 12.0
Peat F1]29.79 13.77| 3.52 1.97 | 5.96 2.27 | 102 32 69 1.9]5295 15.6
F2127.43 19.19| 3.71 2,54 | 5.81 2.25 | 112 I 69 2.7 47.5 148
Sphagnum FO | 8.80 2.72] 3.10 5.43 | 2.15 1.14 50 4.2 2.1 11,7 11.8
Peat F1136.25 16.36| 4.18 3.11 | 6.87 1.75 | 118 I |11.8 28808 2.3
Control F2 |38.75 25.27 | 4.15 3.40 | 7.72 1.81 | 109 49 | 13.4 4.0 [101.7 2.7
Tomato Leaf Analyses  Table 3.4




SPCF2 was becoming deficient.

Potassium :- High potassium levels are required for
a tomato crop, much higher than for any other
horticultural crop. The high K is required to ensure
good fruit quality as well as vegetative growth. The
typical level of K for tomato leaves 1is 5.5% dm
(12). All the treatments had lower K levels than
this, SPCFO and SFO being undoubtably deficient
(£0.9%, Peterson (1882)(109)).

At 13 days (before 1liquid feeding began) the
levels of leaf K in F1 and F2 treatments were similar
as expected, but by 47 days the effect of the feed
can be clearly seen for all the treatments except P,
for which FO and F1 had similar levels of leaf K to
F2.

Phosphorus :- Typical content 0.5% dm (12)
Deficiency €£0.15% dm (109)

None of the treatments were apparently deficient of
phosphorus at 13 days, although BFO, LfFO, SFO, and
SPCFO were well below the typical level. By 47 days
all but the P treatments were on the low side, with
LsFO, SFO, and SPCFO deficient. Differences betueen
liquid fed and unfed treatments at 47 days were not

obvious for phosphorus.

Hagnesium :- Typical level 0.5% dm (12)
Deficiency £0.15% dm (109)

None of the treatments had levels of Mg below that
quoted as deficient, however, only the P and C
treatments had greater than the typical level of Mg
at 13 days, and all had less after 47 days, excepting
SPCFO. Mg was not supplied in the liquid feed, S0 no
differences could be expected between F1 and F2

treatments for Mg levels.
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Iron :- Typical level 90 mg/kg dm (12)
Deficiency (50 mgr/kg dm (109)

BFO, LfFO, and SPCFO were all deficient by 13 days
from planting, but by 47 days only P treatments were
not deficient. Iron deficiency can readily occur in
tomato crops in soilless substrates in mid-season
when laden with fruit. High medium pH can also induce
Fe deficiency as in M, Ls, and Lf. Differences
between fertilized (F1, F2) and wunfertilized (FO)

treatments were not obvious.

Copper :- Typical level 15 mg/Kg dm (12)
Deficiency <5 mg/Kg dm (12)
Toxicity 225 mg/Kg dm (109)

Several treatments had greater than the +typical
level of leaf Cu at 13 days, though none were above
the toxic level. BFO, LfFO, SFO, and SPCFO vwere
already deficient by 13 days. Several more treatments

were deficient by 47 days including SPCF2 and LvF1.

Zinc :- Typical level 80 mg/Kg dm (12)
Deficiency 14 mg/Kg dm (109)

BFO, LfFO and SFO were all particularly low in Zn
at 13 days, and SPCFO was deficient. All the other
treatments had sufficient Zn. C treatments had by far
the heighest leaf Zn levels at 13 days despite having
less total and available medium Zn than P, M and Ls.
This may be explained by the fact that Zn
availability is reduced at high pH and also by high
levels of ©phosphorus in the medium (Bunt(1976)).
After 47 days most of the treatments were low in Zn,
those with high reserves being evident from

comparison with SPCF2.
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No obvious reason for FO treatments producing
larger plants and higher yields than F1 treatments on
some of the higher conductivity media can be sSeen

from the leaf nutrient levels.

Overall Comparison of Media

Little benefit i3 gained from base dressing
addition without liquid feed for any of the nmedia.
High soluble salt contaihing media such as H, P and
Ls may actually perform better if liquid feed but no
base dressing is added. F1 treatments for the mediunm
and high conductivity media actually produced smaller
Plants and lower yields than the FO treatments. The
inclusion of a 4th treatment where liquid feed but no
base dressing were added would have been useful.

P produced by far the greatest total yield of ripe
+ green fruit, but the quality of ripe fruit was
reduced by splitting around the calyx and breaking of
trusses under the weight of the fruit. The plants in
P were very vigorous and bushy and created excessive
shading of the fruit. Plants in M in comparison were
far more typical of commercially grown plants in
shape, with minimal shading of the fruit {see
photographs 3.1 and 3.2 ). c produced good quality
fruit and CF2 produced a significantly higher total
yield than the control. LsF2 was not significantly
different from the control in terms of yield, and the
fruit were of excellent quality, being perfect in
shape and colour. It is particularly unfortunate,
therefore, that this medium contained such high

levels of Cd.
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Photo, 3.1 Worm-Worked Pig
Slurry. Large Bushy Plants
with Excessive Shading of

Fruit.

Photo. 3.2 Spent Mushroom
Compost. More Normal Shaped
Plants with Little Shading

of Fruit.



Evaluation of Analytical Techniques

Leaf and medium nutrient levels were correlated to
yield (ripe fruit) using simple and multiple
correlation techniques. Best fit curves were also
fitted using a polynomial curve fitting program;
Curplot (162). Although the results of the
correlations are interesting in their own right in
indicating relationships betueen soil and plant, they
really serve here to show the success or otherwise of
the different analytical techniques and grouwth
measurement methods wused. This will be discussed
further later. Great statistical detail of results is
therefore avoided here, but can be obtained from +the

author if required.
The following results were found:-

Leaf Nutrients (x) vs Yield Ripe Fruit (y)

Leaf
Harvest Significance

Nutrient Date r? Level

P 1977 75. 1% *kx

P 22/8 20. 1% 3

K 1977 86.9% Xk X

K - 22/8 69. 0% XXX n=27

Mg 1977 63.5% Xkx df=25

Mg 22/8 14. 1% X

Fe 19/7 44. 4% XXX

Fe 22/8 30.8% XX

Cu 19/7 86.5% XkX

Cu 22/8 63.8% XXX

Zn 19/7 89.5% XXX

Zn 22/8 51.0% XXX
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Verlodt et al (1985) also found good correlations
between leaf Fe, leaf Cu and yield, but found
negative correlations between phosphorus and
potassium leaf levels after one month and yield. All

the above correlations were positive.

The curve fitting program (curplot) gave quadratic
relationships as the best fit for leaf copper, iron,
magnesium, zinc ahd'phdsphbfus vS.‘yieid and a linear
relationship for potassium.” Representative curves can
be seen in fig.3.8. These graphs show that despite
the statistical significance of the correlations the
scatter of the points is quite high. Also
insufficient mid-range points are present to be sure
of the calculated relationships.

The leaf samples were taken on 19/7 and 22/8 (13
and 47 days from planting), whilst harvest of fruit
did not commence until 53 ‘days from planting and
ended on the 83rd day. This suggests that leaf
analysis may give an indication of the expected yield

even before the first fruit ripen.

¥ NB All the treatments had 1low levels of leaf K

which may account for the relationship being linear
rather than quadratic.
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Available Nutrients (x) vs Yield Ripe Fruit (y)

FO treatments only included in these correlations.

Significance
2

Nutrient r Level af
P 40.6% XXX 25
K 44. 1% XXX 25
Mg 44.8% xxx 25
N 73.3% XXXk 25
Ca 53. 4% b3 2 25
N+Ca 85. 9% XXX 24
P+K 70.5% XXX 24
N+K 88. 1% XXX 24
N+K+Ca 89.9% XXX 23
N+K+Mg 87.7% Xx%%x 23
N+K+P 87.7% Xx%kx 23
P+K+Ca 71.4% X% % 23
N+K+P+HMg 88.8% XXX 22
N+K+P+Ca 88.5% Xk% 22
N+K+Ca+Mg 89. 4% XXX 22
N+P+Ca+Mg 86.5% XXk % 22
K+P+Ca+Hg 80.3% XXX 22
N+K+P+Ca+Mg 89.2% XXX 21
Concuctivity 60.0% XXX 25

Available nitrogen was most highly correlated to
yield, but K, Mg, Ca and P were also highly
correlated. Addition of more than one nutrient into
the equation improves the correlation as can be seen
from the table above, the best correlation being
given with N+K+Ca vs. yield. The curplot program gave
quadratic relationships as the best fit for
phosphorus, potassiun, magnesium, nitrogen and

calcium vs. yield, but as can be seen from the graphs
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(fig. 3.9 ) the scatter is quite large for each
nutrient despite the significant linear correlations.
Waller and Wilson (1984) found positive significant
correlations for water-soluble nitrogen and
phosphorus with growth of tomato (P=0.05). Their
study included 17 different commercial grouwth media
and they concluded that no reliable prediction of
performance could be made for such a diverse set of
media on the basis of any water soluble nutrient
analyses. Their levels of significance were, however,
lower than tose presented here i.e. their scatter was
greater. They also stated that the correlation of
water—soluble N with growth was understandable, but
that the correlation with phosphorus rate was
incidental. This quandary arises here to some extent
also. In commercial media where nutrients are added
in a balanced form, a medium with high N content will
~ probably also have high P. This is not  necessarily
the case with the media in this study, however, some
correlations between nutrient levels were found here
as follouws (only those correlated at the P=0.001
level are shoun as these are the ones most likely to

interfere with statistical analyses):-

Total Nutrients Correlation Coefficient, r
K vs Zn 0.959
K vs Ca 0.919
P vs Cu 0.970
Zn vs Ca 0.844
Available Nutrients Correlation Coefficient,r
K vs Zn 0.933
K vs Ca 0.966
Mg vs Cu 0.922
Zn vs Ca 0.871
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These highly significant correlations are likely to
affect the interpretation of the correlations between
yield and leaf nutrient levels i.e. is an increase in
grouth or yield dependent on the increase in K or the
increase in Ca to which K is highly correlated?' The
correlations above are of course also incidental; an
increase in K level in the medium has no influence

over the level of Ca whatsoever.

It appears that available nutrient levels based on
the 1:6 water:medium extract can be useful in
assessing future tomato yields. Also the existance
of significant correlations suggests that the media
behave fairly similarly with respect to the
analytical technique and with respect to plant growth
response to nutrient levels, despite the wide range
of organic media used in this study. Scatter may be
attributed to physical differences and interactions
betuween nutrients in the media, all affecting plant
grouth. The evidence suggests that the vieu of Waller
and Wilson (1984) is correct and that predictions

based on these correlations would be unreliable.

Total and Available Nutrients (x) vs Leaf Nutrients

(y)

Prasad et al (1S8la-e) used ©plant wuptake as the
criterion for evaluating the 1:1.5 water extract for
extracting nutrients from media. Here the same
criterion is used to assess the 1:6 water extract
method and the total nutrient dry ashing method.

Linear regression gave the following results:

% K more likely to limit
growth and yield than Ca. - 105 -



Leaf r

Nutrient Harvest Totai Available
Date

P 19/7 ns T7.8% %X%kx @
P 22/8 ns ns

K 19/7 60. 1% Xxxx 62. 7% *xXxx
K 22/8 83.6%X Xxxx 84.4% XXX
Mg 19/7 ns T9.4% XXX
Mg 22/8 ns ns

Fe 19/7 ns ns

Fe 22/8 ns ns

Cu 1977 ns ns

Cu 22/8 ns ns

Zn 18/7 ns ns

Zn 22/8 T70.5% Xx%xx ns

df=25. FO treatments only used.
@ excluding WW Pig Slurry results.

ns — not significant.

Potassium was <the only nutrient significantly
correlated to both total and available medium
nutrient levels for both leaf samples.

The Curplot program gave quadratic relationships as
better fits for all the significant correlations
except K18/7 vs. total K and Mgi9/7 vs. available Mg.
Fig. 3.10 shows some of the curves as plotted by the
Curplot program.

The results found here agree with those of Prasad
et al (1981e) in that the relationship between medium
content and plant uptake is very good for potassiun.
They also found quadratic relationships, even uwhen
all their media were included. Verlodt et al (1985),
however, found no relationship between K 1levels in
the substrate and the foliage, but good correlation

betueen initial Mg content of the substrate and Mg
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levels 1in the foliage. This is contrary to nmy
findings and those of Prasad et al. Since no
description of the analytical techniques used by
Verlodt et al are given it is difficult to assess
whether differences between analytical methods may
account for these discrepancies. Prasad et al found
that there 1is no general regression equation
available for converting one method to another for
all substrates since the factor for conversion varies
with the substrate. The results found by Verlodt may
therefore only hold true for their media ( Posidonia
oceanica , seagrass substrate) and their analytical
methods.

For phosphorus Prasad et al (1981c) found that
phosphorus uptake was not constant for all materials.
This may explain the failure to obtain correlations
in all but one case above. As in this study they also
_fouhd a quadratic relationship for phosphorus uptake
vs. extractable (available) P (1:1.5 extract).
Johnson (1980) found good linear correlations between
the Levington 1:6 extract method as wused in this
study and the 1:1.5 extract method for P, K, Mg, PpH
and conductivity, so the comparisons made here with
the work of Prasad et al are valid.

Although medium and leaf nutrient levels do not
correlate well in most cases, both leaf and available
nutrients correlate well to yield. Plant wuptake is
perhaps not a particularly good measure for
evaluating medium nutrient analysis methods, at least

not for the methods used here.
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Chrysanthemum Trial 1.

Rooted chrysanthemum cuttings Cv. Bright Gold
Princess Anne were potted S per pot in 14cm half pots
containing approximately 850cm> of grouwth medium on
the 2nd July 1984 . The cuttings were evenly spaced
around the edge of the pot and angled out at 45° .
Medium content was stapdard;zed by loosely filling
the pot, tapéihg once and scraping the top level with
a ruler. The same treatments were used as for the

tomato trial, with fertilizer levels as recommended

for chrysanthemums (96):-

PPH ELEMENT AS

225 Nitrogen Ammonium nitrate
150 Phosphorus Super phosphate

200 Potassiunmn Potassium nitrate
225 Magnesium Magnesium limestone
1500 Calcium Ground limestone

Trace elements Frit WM 255

The pots were placed under a bdbench in the
glasshouse for the first 48 hours +to allow the
cuttings to establish themselves, then placed pot
thick in three randomised blocks according to the
experimental design (fig.3.11). Each plot contained
three pots and each block, 27 plots. Guard plants
were placed at the ends of each block, and a few were
placed down the outer sides of blocks 2 and 3 to
prevent damage to the treatment plants whilst moving
blackout sheets.

Spot watering was carried out with a hose to give
each plant just as much water as required. All
plants were pinched out to a minimum of S leaves on

the 16th July, keeping the height even in each pot
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Block 1 Block 2

GGG : GGG
LsF1 SF1
LvF2 LsFO
PF2 LsF1
LfF2 LvF2
LvFO SPCF1
LfFO LfF1
MF1 BF1
CF1 PF1
LvF1 MFO
LfF1 SPCFO
LsF2 LfF2
SPCFO CF1
SFO CFO
PFO LsF2
SF2 BF2
SF1 PFO
MFO LvF1
BF2 CF2
CF2 LvFO
BFO MF2
SPCF2 BFO
PF1 MF1
MF2 LfFO
BF1 PF2
LsFO SFO
SPCF1 SF2
CFO SPCF2
GGG GGG

Block 3

GGG
BF1
SPCF2
CFO
LfF1
LfFO
BFO
LvFO
LvF2
SPCF1
CF1
SPCFO
LvF1
BF2
MF1
LsF1
PFO
SFO
PF2
MF2
SF1
CF2
PF1
LsF2
SF2
LsFO
LfF2
MFO
GGG



where possible, and then spaced to 23x23cn. Grouwth
regulator was sprayed onto all plants on the 17th
July at the recommended rate of 0. 125%
Chlormequat (Alar) and the 1liquid feed set up
using a Cameron diluter (Pressure type Model
*MK® KHMKV) +to give 250N: 150K at each watering.
Plants were fed carefully from a watering
can to prevent feed splashing onto unfed treatments,
as they required watering. Water only was given at
weekends.

Blackout facilities were set up on the 25th July.
Large sheets of black polythene were pulled over the
crop, supported by a metal frame, at 5.00pm each
night, and removed at 9.00am each morning, giving a
16 hour night, 8 hour day. This ceased on +the 10th
September.

At the beginning of August the plants were spaced
to 28x28cm centres and sprayed with Fenitrothion and
Permethrin against aphis, thrips and caterpillars.
Further applications of Chlormequat (0.375%) were
made on the 2nd August and 20 days later, as some of
the more vigorous treatments were becoming too large.

Disbudding commenced on the 3rd September, to
leave one terminal bud per shoot. The most advanced
treatments were disbudded first with the last
treatment being done on the 17th September.

Phytosieulius persimilis was released onto the

crop on the 13th September to combat an infestation

of red spider mite ( Tetranicus urticae ).

The crop was cleared on the 28th September. The

following recordings were made:-
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Plant Quality

Damage Scores

Every uweek the plants were compared to SPCF2 for
size, browning and yellowing of leaves, orange
colouration of stems and leaves and epinasty of
stems. Scores were given to each treatment according

to the following plan:-

Shoot length Break length

Size Score 10/7/84 16/7 2577 3/8 8/8
a -1 >100mm  >120mm > 15mm >55mm  >60mm
b 0 £100mm < 120mm < 15Smm £55mm <B60mn
£70mm £80mnm £10mm £35mm  £40mnm
d 2 £40mm £60nmm £Smm £15Smm  £20mnm
Size Key: a-Larger than control

b-Same as control
c-Slightly smaller than control

d-Very small compared to control

Browning and twisting of stems

No. of plants Score
o 0

1-5

6-10

11-15

16-20

21-25

26-30

D O A W N =
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Orange stems and leaves

No. of Stems Score
+ Leaves
0 o
1-15 1
16-30 2

Yellowing of leaves

No. of Plants Score
o o
1-7 1
8-15 2

Dead plants

One point per dead cutting (not including
accidentally killed plants).

Thus a maximum score for one treatment with 15
live cuttings would be 2+6+2+2=12 and a minimum -1.

A score for SPCF2 other than O would be subtracted

from all the other treatment scores for that block.

Disbudding
The number of breaks per plant were recorded.

Overall Quality and Form at Harvest

1. Leaf and flower colour - using RHS colour cards.
2. Date first flower opened (1st flat petal).
3. Overall form - compared to an ideal pot
chrysanthenmum:—- 2-2.5 +times height of pot, 15-30
flowers (96).
Scores given as follows:- 0-5 for height.
0-5 for shape.
(A total of 10 being for the ideal plant).
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4. Dry weight of one or more representative plant per
treatment, (the plants were very even within each
pPlot). The leaves and stems were dried for 12 hours
at 102°C in a forced aeration oven, removed and

weighed after 30 minutes when quite cool.

Analytical Samples

Leaf Samples

Leaves used for dry weight determination at
harvest (all the leaves from one or more
representative plant). The leaves were washed as for

the tomato leaves and stored in plastic bags after

drying.

Chrysanthemum Trial 1. Results and Discussion

Damage Scores

Table 3.5 shous the damage Scores over time. In
general those treatments with relatively high damage
scores after 7 days and +those with initially low
medium nutrient levels (e.g.BFO, LfFO, SFO and SPCFO)
declined in quality as can be seen by the increasing
damage scores. - -An explanation for the high damage

scores of P, M and Ls are given below.

P and M - Most damage scores were recorded as a
result of browning and yellowing of +the leaves and
stunted grouth. High salinity caused poor
establishment with wilting and dying of several
cuttings. Those plants which survived became yellow,
brittle and stunted. High osmotic sStress and mass

micronutrient deficiency caused by high Ca affecting
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the nutrient balance was the likely cause (Bernstein
(1964)). A conductivity level of 501 - 600 pus/cm is
suggested as the maximum for the initial conductivity

of media for chrysanthemums (96).

Ls - Plants were small, pale and with brown marginal
necrosis on lower leaves. Upper leaves exhibited
interveinal chlorosis. This was attributed to boron
toxicity since Gogue & Sanderson (1973) reported
similar symptoms in sSummer grown chrysanthemums.
Gogue also found that boron toxicity caused decreased
stem length and reduced flower diameter. Plants grown

in Lescost were certainly smaller than average.

Breaks per Plant

Fig. 3.12 shows the ANOVA results for the number of
breaks per plant. The number of breaks indicate the
potential number of flowers in this type of plant
since only one bud per break is allowed to develop.

Significant differences were not great since the
difference between the highest and lowest number of
breaks was only 4. LsFO, LsFi, LsF2, BFO, BF1l, HFO,
MF2, PF2 and SPCFO produced significantly feuer
breaks than SPCF2. All other treatments were not
significantly different to the control. The overall
medium effect ANOVA gave Lescost treatments as having
significantly fewer breaks than the control (SPC) and
Lv as significantly greater. All the other media were

not significantly different from SPC.
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Days froa Planting
Treatment 7 13 2 3 36

lescost FO 4.3 3.7 40 4.0 6.0
F1 47 4.0 47 43 &0
F2 4.7 53 40 43 5.7

Spent FO 33 57 63 63 8.0
Mushroom F1 4.7 5.3 4.0 &3 7.7
F2 4.0 6.0 6.7 63 8.7

Casbark FO 0.7 3.0 40 3.3 3.7
Fine FI 0.0 1.0 0.7 1.3 2.1
F2 0.0 1.3 1.0 0.0 1.0

Levington FO 0,0 1.0 -3 -3 -3
Potting F1 0.0 0.3 0.7 -1.0 0.3
F2 0.0 0.7 0.0 -7 0.0

Leafmould FO 0.0 3.3 4.0 3.0 4.0
Ff 00 03 03 -3 1.0
F2 0.0 0.7 -7 -7 0.0

WPig FO 27 S50 7.3 7.0 9.7
Slurry F1 2.7 5.0 6.7 7.3 8.3
F2 43 53 7.3 7.7 83

WCw FO 0.0 3.0 2.7 1.7 13
Slurry F1 -3 33 40 3.0 23
F2 -6 37 37 33 37

Sedge FO 0.0 1.0 1.3 0.7 23
Peat Ff 0.0 0.0 0.0 0.7 0.7
F2 0.0 1.0 0.3 -3 0.7

Sphagnua FO 0.0 1,0 1.7 1.0 2.7
Peat Ft 00 0,0 0.3 0.0 1.0
Contrel F2 0.0 0.0 0.0 0.0 0.0

Chrysanthesus Trial 1 Damage Scores.Table 3.5




Dry Weight per Plant (g)

39.9  31.429.4 27.5 27.4 27.4 23.2 22.7 21.6 19.9 18.818.2 16.0 145 11.6 11.511.3 11.2 8.7 8.3 8.2 8.2 7.3 6.9 6.5 59 3.9
tvF2  L+F2 BF2  LvFl SPCF2 LvFO CF2 SF2 SF1 CFO SPCF1CFl LtFl PF1  SFO  LsF2 MF1 PFO SPCFO PF2 BFl LsFl MF2 LsFO MFO L+FO BFO

Mean Number ot Breaks per Plant

138 13.7 13.3 13.3 13.2 12.9 128 12,7 12.6 12,5 12.4 12,3 11.7 11.7 116 11.3 113 11.0 10.7 10.6 104 lo; 102 101 101 9.6 96
L+F2 SFi  LvFI LFO w2 BF2 CFl  SF2 SPCF2 SPCFt 1L+FI CFO PFl MPL SFO (CF2 PFO L+FO LsF2 SPCFO LsFI BFl BFO MF2 v PF2 LsFO

CHRYSANTHEMUM TRIAL 1. ANOVA RESULTS. FIG. 3 .|2



EFFECT

Treatment Medium Fertilizer

Df 54 72 78
LSD 0.05 1.89 1.25 -
LSD 0.01 2.53 1.66 -
LSD 0.001 3.32 2.16 -
f-ratio 3. 89%xx 5. 37%x%xx 2.91
n 3 9 27

Medium Effect

Number of Breaks/Plant
13.30 12.63 12.41 12.15 11.85 11.11 10.93 10.63 10.22
Lv S ‘Lf C SPC B P y| Ls

Score for Form and Size at Harvest

This measure represents the quality of the plant at
harvest. SPCF2 was taken as the ideal plant, being
approximately three times the height of the pot and

an ideal shape.

Treatment Effect

Fig. 3.13 shows the results of the treatment effect
ANOVA. SF1, SF2, LfF2, BF2, LvF2, LvFi, LvFO and CF2
were not significantly different to SPCF2 in scores
for form and size. All the other treatments were of

significantly poorer quality.
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Score tor Form and Size at Harvest.

10.0 9.67 9.67 9.67 9.33 9.33 9.00 9.00 9.00 8.33 8.00 7.67 7.67 6.67 6.67 6.33 6.00 6.00 6.00 5.67 5.67 5.67 5.33 5.33 5.33 5.00 4.70
SPCF2 SF2  ILfF2 BF2 LvFl CF1 SF1 LvF2 LvFO LfFl1 CFO CF1 SPCF1 LsF2 PF1 HFl MFO MF2 PFO LfFO BFl LsFO LsFl SFO SPCFO PF2 BFO

CHRYSANTHEMUM TRIAL 1. ANOVA RESULTS FIG. 5.13



EFFECT

Treatment Medium Fertilizer

Df 54 72 78

LSD 0.05 1.42 1.51 0.92

LSD 0.01 1.80 2.01 1.22

LSD 0.001 2.50 2.61 1.59

f-ratio 12.69%%% 4.88%x%xxX 10. 96%xx
n 3 9 27

Hedium Effect

score
9.11 8.33 8.00 7.89 7.67 6.67 6.11 5.89 65.89
Lv c S Lf SPC B | Ls P

M, Ls and P were significantly poorer growth media
for chrysanthemums overall as measured by form at
harvest. The reasons for this were discussed above

under the damage score section.

Fertilizer Effect

score
8.33 7.33 6.19
F2 F1 FO

F2 gave significantly greater scores for form and
size at harvest than both F1 (P=0.05) and FoO
(P=0.001). Fl1 was significantly greater than FO
(P=0. 05). Fertilizing the high salinity media (M and
P) further decreased quality, however, the dramatic
effect on quality of fertilizing the 1low salinity
(nutrient deficient) media far outweighed this

effect.
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Leaf and Flower Colour and Date of First Open

Flower

Table 3.6 shows the colour codes for leaf and
flower colour corresponding to RHS colour cards. The
reader is advised to refer to these cards, hovwever,

the following gives a rough guide to the codes:

Leaf Colours 147 Very dark olive green

137 Mid olive green

146 Yellowy green olive

144 Light yellowy green
A=darkest-—->D=lightest.

Flower Colours

All were fairly similar shades of bright yellow.

Date of First Open Flouer

The first flower opened on the control treatment 84
days from planting. PF1 was the only treatment which
opened earlier at 82 days. Some treatments uere
considerably later opening, BFO being 10 days and
LsFO 9 days later than the control. 84 days appeared
to be average for most adequatedly fed treatments.
This was supposed to be a 10 week variety, but the
blackout facilities were set up a 1little behind
schedule which caused a delay in flouwer initiation.
Also (as will be seen later) all but P treatments
were low in copper by harvest, and +this can delay
flowering as can Mn and Fe deficiency (Machin &

Scopes 1978).
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Leaf Flower First Flower Open
- Treatment  Colowr Colour Day froam Planting

Lescost FO 137c 14b 3
F1 137c 12a 87
F2 13h 1l4a
Spent FO 1Ma 12a 85
Mushroom F1 137c¢  14b 84
F2 1Ma 123 84
Cambark FO 137a 12a 94
Fine F1 137 12a 7
F2 137a 18 84
Levington FO 137a  14b 85
Potting F1 1376 14a 84
F2 147a 1% B4
Leafmould FO 137c  12a N
Fi 13/ 14 87
F2 147a 1da 84
WPig FO 137b 12a 84
Sluery F1 1376 12a 82
F2 1373 122 85
WClow FO 13c 12a 83
Slurry F1 137b  14a 8
F2 147a & B4
Sedge FO 13 12a 90
Peat Fl 13 14a B
F2 137c 14a 86
Sphagnua FO 137c  14b %
Peat Fi 13 14 87
Control F2 137a 14a 84

Chrysanthesum Trial 1. Leaf and Flower Colours.Table 3.6




Dry Weight per Plant

EFFECT
Treatment Medium Fertilizer

Df 54 72 78
LSD 0.05 5.95 7.07 4.81
LSD 0.01 7.96 S.40 6.40
LSD 0.001 10. 45 12.23 8.32
f-ratio 20.75%%xx B8.22%x%xX 10.56%%x

n 3 S 27

LvF2 produced significantly heavier plants than any
other treatment. LfF2, BF2, LvF1l, LvFO, CF2, SF2,
and SF1 produced plants not significantly different
in weight to +the control SPCF2. All the other
treatments gave significantly lower dry weights than
SPCF2. However, the production of a large plant is
not necessarily desirable. In this case frequent
applications of grouwth regulator were required to
control the growth of vigorous plants such as those
in LvF2. Grouth regulator was applied by spray evenly
over the whole experiment. This would have
accentuated the differences in size between the
largest and smallest plants since large vigorous
plants would probably be less affected by the growth
regulator +than small ones at the same dosage
(although larger plants would present a bigger target

and retain more spray).

Medium Effect

weight per plant (g)
31.57 20.43 18.60 18.31 17.78 13.84 11.32 8.86 8.37
Lv c S SpPC Lf B P Ls M

——————— —————— — —— T ——— o ——— T — —— —



Levington Potting Compost gave significantly higher,
dry weights than any other medium. Ls and M were

significantly lower than the control (P=0.01).

Fertilizer Effect

weight per plant
22.33 16.03 11.32
F2 F1 FO

The treatment ANOVA fig. 3.12 shows howu the
addition of fertilizer affected plant dry weight for
each individial medium, however, overall, liquid
feeding significantly increased dry weight over F1
and FO treatments. This is a similar result <to that
found for tomato yield.

Photographs 3.3-3.6 show some of the treatments; B
representing a low salinity medium, Lv and Cc

intermediate salinity, and P high salinity.

Comparing the different methods of assessing the
plants it can be sSeen +that in general the same
treatments were ‘'good’® or ‘bad’ for all the
measurement methods. Those treatments with low damage
scores at day 36 had high scores for form and size at
harvest. These subjective assessments (albeit with
the subjectivity limited as much as possible) give
useful additional information to measurements such as
dry weight and number of ©breaks, since in this
particular case the final product is required in a
particular eye ©pleasing form. Measurement of dry
weight alone would not have given sufficient
information on the performance of the media.

Ls, M and P came out as consistently poor grouth

media for chrysanthemums, probably because of their
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Photo. 3.3 Chrysanthemum ’'Bright Gold Anne’.

Low Salinity Medium- Cambark Fine.

Photo. 3.4 Chrysanthemum ’'Bright Gold Anne’. Intermediate

Salinity Medium- Levington Potting Compost.



Photo. 3,5 Chrysanthemum ’'Bright Gold Anne’.

Intermediate Salinity Medium- Worm-Worked Cow Slurry

Photo. 3.6 Chrysanthemum ’'Bright Gold Anne’. High

Salinity Medium- Worm-Worked Pig Slurry.



high soluble salt contents, high pH and excessive
boron in Ls. The other media, if fertilized
adequately and liquid fed would be equally as good.
for chrysanthemum production as sphagnum peit. The
worm-worked cow slurry would probably perfofm just as-
well with liquid feed as the only addition.

Ls, M and P would require dilution with a low
salinity medium, or leaching to reducé the

conductivity for use in chrysanthemum growing.

. Analytical Samples

Leaf Analyses

Table 3.7 shouws the leaf nutrient levels (FO
treatments only and SPCF2 for comparison). Analyses
of variance showed that worm-worked pig slurry growun
plants had significantly more - phosphorus, magnesium
and copper (P=0.001) in the foliage than any other
treatment, and plants grown in M had significantly

greater K and Zn (P=0.01).

Phosphorus Deficient « 0.2 % dm
Sufficient 0.3 - 1.0 X dm
Excess > 1.21 % dm
(Peterson 1982)(109)
By harvest.time, plants grown in Ls, B, S amd SPC
were all deficient in phosphorus. All these media had
low availability of phosphorus as can be seen from
the medium analysis data (fable 2.6 ). It wuas
predicted that piants groun in Lescost would be
likely to be deficient in phosphorus, despite the
high total ievels found, as the availability was very
low and the pH of the medium high. No phosphorus was
supplied in the liquid feed for chrysanthemum, and it
can be seen that the foliage content of phosphorus in

the control, SPCF2, was also on the 1low side by
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P K Mg Fe Cu In
Treatsent ng/g da mg/qg da mg/g de ppe de ppa da  ppm da

Lescost FO 1.27 39.3 1.85 3.3 8.4 118

Spent FO 2.82 63.4 5.77 3.2 7.8 454
Mushroom

Cambark FO 1.65 26.7 3.09 75.8 5.7 2bb
Fine

Levington FO  3.56 2805 4.40 950 8.5 9%
Potting.

Leafaould FO 3.10 35.8 2.3 68.8 8.3 176

W Pig FO 6.22 42,6 .33 73.8 2.5 192
Slurry

W Cow FO 2.27 24.5 3.87 97.0 7.6 236
Slurry

Sedge Fo 0.76 22.9 2.00 63.9 4.8 39
Peat

Sphagnua FO 0.92 19.6 2.79 97.2 5.6 206
Peat
Control F2 2.08 32.7 6.35 70.0 4.7 130

Chrysanthesus Trial 1. Leaf Analyses. Table 3.7

NB 1mg/g = 0.1%



harvest time. Worm-worked pig slurry was the only
medium still supplying plentiful amounts of
Phosphorus by this stage, although levels of
phosphorus in Lv and Lf grown plants were just

sufficient.

Potassium Deficient ¢ 3.5 ¥ dnm
Sufficient 4.5 - 6.5 %X dm
Excess > 6.61 ¥ dnm (1089)

BFO, LvFO, CFO, SFO, SPCFO and SPCF2 were all
deficient in potassium at harvest. Ls, Lf and P wuere
a little 1low in potassium, and M was the only
treatment with sufficient. These results are
understandable if the initial medium K contents are
considered. Leafmould, initially 1low in available
nurients was apparently able to supply nutrients from
its moderate reserve of total nutrients. Continued
breakdown of the leafmould would be responsible for

the release of these nutrients.

Magnesium Deficient  0.14 % dm
Sufficient 0.35 - 0.65 ¥ dm
Excess 0.71 % dnm (109)

None of the treatments were deficient in Hg at
harvest, although Ls, B, Lf, S and SPCFO were all low
in this nutrient. SPCF2, C, Lv and H all had
sufficient Mg, whilst P had excess. The initial
available nutrient levels can explain these findings
in most cases excepting +those for Lescost. This
medium had a relatively high level of Mg, both total
and available. The high pH (7.65) may be responsible
for suppressing the uptake of Mg, but then H also had
a high pH (7.88) and a high K:Mg ratio which would be
expected to suppress Mg uptake further, M however,

had sufficient Hg in the foliage.
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Iron Deficient S50 ppm dnm
Sufficient 60 - 500 ppm dm
Excess > 526 ppm dnm (109)

None of the treatments uwere deficient in iron at
harvest, but Ls, M, C and SPC were all on the low
side. All the rest of the treatments had sufficient
Fe, with Lv the most.

Worm-worked cow slurry grown plants exhibited
chlorosis of upper leaves, similar to that caused by
iron deficiency early on in the experiment. This
later disappeared, but may have been caused by the
depressive effect on iron uptake of high phosphate
and nitrate levels, low manganese level and a high

K:Ca ratio in the mediunm.

Copper Deficient < S5 ppm dnm
Sufficient 25 - 75 ppm dm
Excess > 81 ppm dm (109)
SPCF2 and SFO were both deficient of copper by
harvest time. All treatments but P were 1low in
copper. P at 22.5ppm was close to sufficiency level.
This was as expected from the initial medium level of
copper in worm-worked pig slurry, which was

execptionally high in comparison to the other media.

Zinc Deficient «( 15 ppm dm

Sufficient 15 - SO ppm dm
Excess > 56 ppm dnm
According to the above criteria (Peterson 1982) all
the treatments had excess Zn in the foliage. However,
Sanderson (1980) found 320 and 67 ppm dm in two
different cultivars of chrysanthemun grown in
sphagnum peat, and considerably higher levels in
plants grown in sewage refuse compost without any
visible Zn toxicity symptoms, although a negative

correlation was found between growth and foliar Zn.
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Williamson et al (1981) quote 400 ppm dm as the
tolerable limit of Zn in leaves for most plants,
whilst > 200 ppm dm is regarded as the phytotoxic
level by Davis (1979). Only plants grown in M had >
400 ppm dm foliage 2Zn. This 1level was probably
pPhytotoxic. No explanation is obvioué for B and SPC
treatments having relatively high levels of Zn in the
leaves. Both had very low initial available levels in
the medium and the pH of B was > 6 at which the
availability of 2Zn begins to be reduced. An
explanation may be that poor growth in these two
media resulted in little requirement for Zn during
the growth period thus much of thé initial medium
content may still have been present at harvest,
whilst other treatments had used up their supplies. A
medium analysis at harvest would have been desirable

to clarify this point.
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Evaluation of Analytical Techniques

Leaf nutrient, total and available medium nutrient
levels were correlated to dry weight of plants at
harvest. FO treatments only were used. No significant
correlations were found between leaf nutrient levels
and dry weight or between medium total nutrient
levels and dry weight.

Available P (P=0.05) and N (P=0.01) were found to
be significantly correlated to dry weight at harvest,
whilst Mg, Ca and K were not. Hultiple correlation
techniques were used to correlate combinations of
these nutrients to dry weight. The 1lack of linear
correlations with dry wweight are not surprising,
since some of the media were too saline for
chrysanthemum and caused reduced grouwth. Potassium
and calcium contributed most to the conductivity of
the medium extracts. Both these nutrients (available
levels) were highly correlated to the conductivity
(P=0.001). Available Mg was also significantly
correlated (P=0.05). Phosphorus wunsurprisingly, was
not significantly correlated but perhaps more
surprisingly neither was nitrate-N. The likely
relationship betuween conductivity ( or those elements
mainly responsible for the conductivity i.e. Ca and
K) and dry weight of chrysanthemum would be a normal
distribution, such as that plotted for available Ca
vs. dry weight in fig. 3.14 . A linear correlation
would be possible either side of the peak of the
curve as in the case of tomato where the conductivity
and elemental content of the media does not become
excessive and repress growth (the salinity threshold
level, at which yield begins to decline for tomato is
reported as 2500 ps/cm (Haas & Hoffman (1877)) i.e.
the use of very salt sensitive or salt tolerant

species are recommended when assessing analytical
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techniques by linear correlations between medium or

leaf nutrients and grouwth.

Although above

several combinations of the

mentioned available nutrients were significantly

correlated to dry weight, the interpretation of these

correlations is complicated by the fact that normal
distributions of nutrient level against dry weight
are likely for Ca, K and Mg. The use of

chrysanthemum is not therefore recommended as a test

Plant for assessing analytical techniques by linear
correlations over such a wide range of media salinity

levels.

Total and Available Nutrients vs. Leaf Nutrients

As in the tomato experiment nutrient uptake was
used to assess the available and total nutrient
analysis methods. Leaf nutrient levels vere

correlated to both total and available nutrients with

the following results:-

r2
NUTRIENT TOTAL AVAILABLE af
P 80. 4% Xxx%kx 81.7% XXX 26
K 93.3% %xxx 90.3% XXX 26
Mg ns 83.0% XXX 26
Fe ns ns 26
Cu 93.9% xkx  87.7% Xxx 26
Zn 19.8% x 58.3% XXX 26

In the case of copper

been present had

correlation

the figures for

slurry been excluded as

15. Insufficient mid-range points was again a problem
in determining the validity of the relationships.

in the previous cases the correlations serve best

can be
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show trends rather than for use in actual predictions
(see fig. 3.195).

A greater number of significant correlations
between medium and leaf nutrient levels were found
for chrysanthemum than tomato. Chrysanthemum may be
less able to control the uptake of nutrients than
tomato, acting more like a ‘’sponge® in taking up
nutrients. Chrysanthemun, therefore, apparently
provides a better test plant <than tomato for
indicating medium nutrient content by the criterion
of plant uptake.

The curplot program gave degree 2 (quadratic)
relationships as better fits for total K or available

K vs. leaf K and for available Cu vs. leaf Cu.
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Chrysanthemum Trial 2.

A chrysanthemum trial was set up on 13/6/85 .to
compare growth media when physically and chemically
amended. The same cultural methods were used as for
the first chrysanthemum +trial, with materials as

follows:-

1. Rooted cuttings of Chrysanthemum morifolium Cv.

Gay Anne.

2. Growth media-amended as follows (96):-

Control (SPC) 100% Sphagnum Peat

Plus:- Kg/n3
0.4 Ammonium nitrate
.1.5 Super phosphate

0.75 Potassium nitrate

Base 2.4 Ground limestone
Dressing 2.4 Magnesium limestone (12X Mg)

0.375 Frit WM 253A

Supplying: - PPM
230 Nitrogen
120 Phosphorus
290 Potassiunm
290 Magnesiun
1740 Calcium
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Bark (B)

Bl 100X Cambark Fine + 100% base dressing.

B2 1:1 Cambark Fine:Sphagnum Peat + 100% base
dressing.

B3 1:1:1 Cambark Fine: Sphagnum Peat:Vermiculite
(Silvaperl Horticultural Grade) + 100% base

dressing.

All the following media were amended to the
recommended nutrient levels wusing the fertilizers
above according to the available nutrient analyses
(table 2.8). No attempt was made to reduce excessive
levels already present (except for M1). The
physico-chemical and physical properties of +these

amended media can be seen in table 3.9.

Spent Mushroom Compost (M)

H1 100X Spent Mushroom Compost leached ( 12 litres
of compost leached with 21 litreé tap water ).

M2 1:1:1 M:B:Sphagnum Peat (SP).

M3 1:1:1 M:Vermiculite(V):SP.

Doncaster Sewage/Refuse Compost (D)

D1 100% D
D2 1:1 D:Perlite(Silvalite Grade 35) (PL)
D3 1:1:1 D:B:PL

Leafmould (Lf) Kew, 3 year old.
Lf1 100X Lf.

Lf2 3:1 Lf:SP
Lf3 2:1:1 Lf:SP:V
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Worm—-Worked Pig Slurry (P) 1985 sample.

P1 1:2:1 P:SP:V
P2 1:1 P:B
P3 1:1 P:V

Worm-Worked Cow Slurry (C) 1985 sample.

Cl 1:2:1 C:SP:V
C2 1:1 C:B
C3 1:1 C:V

Composted Pig Slurry (RP) G.F.Shattock,Reading.

RP1 1:2:1 RP:SP:V
RP2 1:1 RP:B
RP3 1:1 RP:V

Bark was used in mixtures with H,P,C,D and RP
because of its ability to absorb (and release)
nutrients, vermiculite was also wused for the same
reason. Both these materials also help to increase
the aeration, and decrease the bulk density of these
grouth media mixtures because of their relatively low
densities and large particle size. Perlite was used
with D to reduce +the bulk density and improve
aeration, it also had the effect of <‘diluting’ the
salinity of the compost, as did B and V in the above
mentioned mixtures. Peat was used as a diluent in
the more saline composts and to improve water

retention in the mixtures with bark.

Five cuttings were potted per 14cm half pot, with
three pots/plot and 3 plots/medium. The experiment
was laid out according to the experimental plan (fig.

3.16 ). 0.125% Chlormequat (Alar) was applied on
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24/6/85 and 0.375% on 5/7/85 and 26/7/85. The tops of
the plants were pinched out to S leaves on 1/7/85,
and blackouts were used from 5/7/85 until 15/8/85 +to
reduce the daylength to 8 hours. Feed was applied
through the watering system equally +to all plants
twice a week. Liquid feed was the same as for the
first trial. The plants were disbudded to leave one
bud per break on 7/8/86.

The following insecticidal sprays were applied:-

9/8/85 Dicofol and dimethoatex vs. red spider and
aphis.

12/8/85 Cypermethrin vs. white fly.

15/8/85 Gamma-HCH vs. Earwigs.

X This organophosphorus insecticide was sprayed in
error, and caused some damage to the plants in the
form of marginal chlorosis. It had no other apparent

detrimental effect.

The experiment was harvested on 16/9/85.

The following recordings were made:-—

Damage Scores

As for the first chrysanthemum trial with the

following alterations:-

Stem Bud
Length Break Length Width

Score 2/7/85 9/7 17/7 31/7 1/8 15/7 23/8
-1 >190 >30 >S50 >130 >160 >180 >20mn
o €190 €30 £50 130 (160 (180 £20mm

1 €140 £20 <30 <90 £100 (110 £ 15nm
2 €90 €10 €10 £30 €40 €40 £ 10mm
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Pre-harvest

Dry weight of pinchings.

Date first flower opened on each plot.

Flower and leaf colour, (R.H.S. colour cards),
10/9/85.
Diameter of fully opened flower. (Mean diameter

calculated from 4 fully opened flowers per

plot).

Plants at Harvest

1.
2.

3.

Scores for form and size (as for first trial).
Mean number of breaks per plant.
Dry weight of ’'plant’, breaks and flowers only,

these being severed at their join with the stem.

N.B. At harvest the term ‘plant’ refers to the pot of

5 plants.
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Block 1 Block 2
GGG GGG
B3 c2
ci C1
D3 RP2
D2 M3
Lf3 D2
SPC P2
Lf2 M1
Lf1 RP1
c2 RP3
Cc3 D3
B2 B2
M3 B3
M1 M2
P1 Lf2
RP1 D1
RP2 P3
RP3 Lf3
P3 P1
D1 Cc3
P2 Lf1
M2 SPC
B1 B1
GGG GGG

Block 3

GGG

M2

D1

c2

P1

M2

Bi

Ci1

D3 N
B3 - >
SPC

B1 _

D2 G=Guard
RP1

Lf2

RP2

B2

P2

C3

Lf3

P3

Lf1

RP3

GGG



Chrysanthemum Trial 2. Results and Discussion.

Damage Scores.

Table 3.8 shouws the damage scores with time.
Several of the treatments had negative damage scores
by the 71st day of the experiment. These plants vuere
superior in size to the control. Only M1 uas
particularly poor after 71 days. Other treatments
with high damage scores after 19 days had improved
considerably by 71 days (see photograph 3.7). Table
3.9 gives the physicochemical properties of the
media. All those with greater than index 4 for
conductivity were above the level recommended for
media for chrysanthemums. These conductivity levels
are reflected in the damage scores. It appears that
most media were eventually 1leached to suitable
levels, but in the case of M1 +the post harvest
conductivity level was still excessively high.

Plants in D exhibited <chlorosis similar to that
caused by Mn deficiency (Machin & Scopes 1978) (see
photograph 3.8) The relatively high pH of the medium
may have been responsible for causing such a
deficiency since the availability of Hn is greatly
reduced between pH 7 and 8 (Bunt 1978).

Breaks per Plant.

Fig. 3.17 shows the ANOVA results for the effect
of treatment.
af 44
LSD 0.05 1.4
LSD 0.01 1.9
LSD 0.001 2.5
f-ratio 2.10 x
n 3
M1 had significantly fewer breaks than all the
other treatments (P=0.05). SPC was not significantly

different to the rest of the treatments excepting Ml1.
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Days from Planting

Treatment 19 2 M4 48 5 8 N
Doncaster 1 0.7 1.3 1.0 1.0 L7 2.0 1.0
2 1.0 1.7 1.0 1.0 1.0 1.0 1.3
3 0.3 1.3 0.3 1.0 1.0 1.3 0.3
Canbark i 0.0 0.3 0.3 0.7 1.0 1.0 0.0
Fine 2 0.0 0.3 0.0 0.0 0.3 0.0 0.0
3 -3 O.Q 0.3 0.3 0.7 0.0 0.0
Spent { 43 5.3 5.0 50 50 5.0 5.0
Mushroom 2 47 5.7 5.0 23 2.0 1.3 0.3
3 3.7 60 3.7 20 1.7 1.0 -3
Leafsould 1 0.3 0.3 0.0 0.3 0.7 0.0 -3
2 0.0 0.3 0.0 0.3 0.0 0.3 -3
3 0.0 0.3 0.0 0.0 0.0 0.0 0.0
W Pig 1 1.7 2.7 1.3 0.3 0.3 0.0 -3
Slurry 2 3.7 A3 27 10 1.0 03 -3
3 3.7 47 30 1.0 0.7 0.3 -7
W Cow | 0.0 0.7 03 -3 0.0 0.0 0.0
Slurry 2 23 3.3 13 0.7 1.0 0.3 0.0
3 20 30 1.0 0.7 03 0.0 -7
Pig 1 0.3 1.3 0.0 -3 -7 -3 -7
Slurry 2 1.7 2.0 1.0 0.7 1.0 0.0 -7
Compost 3 1.3 2.0 1.0 0.3 0.3 0.0 -7
Sphagnum 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Peat Control

Chrysanthesua Trial 2

Damage scores. Table 3.8




Conductivity Bulk Density

Treatsent pH us\cm INDEX ag/1 #
Doncaster 1 7.07 1031 7 367
2 7.2 673 5 221
I 672 565 4 208
Cambark 1 35.98 397 2 154
Fine 2 A3 427 3 119
3 4613 29 3 125
Spent 1 6.98 217N b 232
Mushroon 2 5.93 1347 9 148
3 600 1507 bl 154
post harv. 1 4.83 747 [ 207
Leaftmould 1  6.40 o980 4 237
2 47 &30 5 197
I  b6.68 393 4 199
W Pig 1 5% 79 [ 123
Slurry 2 677 1019 7 166
3 Insufficient remaining for analysis.
W Cow 1 5.45 697 5 107
Slurry 2 bW 841 6 130
3 Insufficient remaining for analysis.
Pig 1  5.68 578 4 114
Slurry 2 6 857 ) 140
Compost 3 6.95 819 6 141
Sphagnum
Peat control  4.57 509 4 a7

# Bulk density measured by FIBSPAN sethod.

Chrysanthesus Trial 2. Properties of Media. Table 3.9




Number of Breaks per Plant.

12,0 11.8 11,7 1Lé 11.5

11.4 11.4

11,2 11.2 11.0 10.9 10.8 10.7 10.7 10.7 10.7 0.6 10.4 10.4 10.3 1¢.2 8.7
RP1 M3 P3 SPC  P1 Lfl P2 C3 B2 Bl RPS C2 DI M2 RP2 L$3 D3 Lf2 BZ D2 Ml
Flower Diameter (ma).
111 110 107 106 105 104 103 103 103 102 102 101 101 99 98 98 9 95 94 8 8 77
RP3 RP1 PI P3 P2 M3 RP2Z C! Lf3 Lf2 C3 M2 C2 SPC B2 Lf1 DI BI BI D2 DI M

CHRYSANTHEMUM TRIAL 2. ANOVA RESULTS FOR NUMBER OF BREAKS PER PLANT AND FLOWER DIAMETER. FI8. 3 .17




Scores for Form and Size at Harvest.

The results of the treatment effect ANOVA are
presented in fig. 3.18.
af 44
LSD 0.05 0.9
LSD 0.01 1.2
LSD 0.001 1.6
f-ratio 28.70 Xxx%xx
n 3
The score for SPC was significantly greater than
those for B1 (P=0.05), D1, D3 (P=0.01), D2 and H1
(P=0.001). Other treatments were not significantly
different to SPC. Plants in D treatments uwere pale
with thin spindly stems. Bl plants also had thin weak
stems, but were a good colour, whilst plants in M1
were stunted with excessive chlorosis of the leaves

(see photograph 3.7).

Leaf and Flower Colour and Date of First Open

Flower.

Table 3.10 gives the leaf and flower colours and
date of first open flower (see page 116 for
explanation of leaf colours). The RHS colour codes
correspond approximately +to the following flower
colours:-

24 pale orange
26 dusty pinky orange
31 dusty orangy red

The normal number of days to the first flower
opening appeared to be 88. Plants in RP and P were a
few days earlier in opening , and in D treatments
and H1 one or two days later. Delayed flowering, thin
stems and uniform chlorosis as seen in D are all

possible symptoms of Mn deficiency.
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=400

Photo. 3,7 Chrysanthemum ’‘Gay Anne’

100% Leached Spent Mushroom Compost.

Photo. 3.8 Chrysanthemum ’‘Gay Anne’

100% Doncaster Sewage/Refuse Compost.



. 1c/h

Photo. 3.9 Chrysanthemum ’‘Gay Anne’

1:1:1 M:vermiculite:sphagnum peat.

4so

Photo.3.10 Chrysanthemum ’Gay Anne’

1:1 P:vermiculite.



Scores for Form and Size at Harvest,

10 10 10 10 10 10 9.7 %7 %7 9.7 97 %I 93 93 9.0 9.0 9.0 83 B0 80 7.0 2.0
M3 P2 P3 RPL RP2 RPI M2 Lf2 Pt Cl €3 €2 SC B2 B3 Lf1 Lf3 B1 DI D3 D2 M

CHRYSANTHEMUM TRIAL 2. ANOVA RESULTS FOR SCORES FOR FORM AND SIZE AT HARVEST. FI6. 3 .18

.

!



Leaf Flower First Flower Open
Treatment  Colour Colour Day from Planting

Doncaster 1 146b  24a 90
2 18ba 2ba a9
J 137a  3ib 87
Cambark 1 137a  3ib 88
Fine 2 147a  3ib 88
I 147 2%a 89
Spent 1 144c  26a 9
Mushroom 2 137a  3ib 88
3 1378 3Jb 86
Leafmould 1 137a  2ba 87
2 147a 3b 85
I 137a 2%a 87
Wi Pig i 1473 3Jla 83
Slurry 2 1378 3la 87
J 1478 2k 83
Wi Cow 1 147a 31b £
Slurry 2 1373 3ib 83
3 137 31b 85
Pig 1 147a 3ib 85
Slurry 2 1378 2k 85
Compost 3 1372 3ib B4
Sphagnua 147a  31b 88

Peat control

Chrysantheaum Trial 2. Leaf and Flower Colours.Table 3.10




Flower Diameter

Fig. 3.17 shouws the +treatment effect ANOVA for
flower diameter.
df 44
LSD 0.05 6.8
LSD 0.01 8.2
LSD 0.001 12.0
f-ratio 11.35 %xx%
n 3
D2 (P=0.01), D1 and ﬁln(?io.OOI) had significantly
smaller flowers than SPC, whilst RP3, RP1 (P=0.01),
P1 and P3 (P=0.05) had significantly larger flowers.

Dry Weight of Pinchings

Fig. 3.19 gives the treatment effect ANOVAs for dry

weight of pinchings and dry weight at harvest.

Dry Weight

Pinchings Harvest
df 44 44
LSD 0.05 1.563 5.64
LSD 0.01 2.091 7.55
LSD 0.001 2.7486 9.92
f-ratio 22.51%x%xxX 10.83%xx

n 3 3

Since all plants were pinched down to S leaves the
dry weight of pinchings represents the amount of
growth which occurred prior to pinching (18 days from
planting) plus a proportion of the original cutting.
Cuttings were standardized at potting to ensure each
plot contained cuttings of equal size. Only B2, RPI1,
Lf2, Lf1 and C1 were not significantly smaller than

SPC (in terms of dry weight) at the time of pinching.
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Dry Weight of Pinchings (g).

9.84 9.76 9.30 9.21 8.86 8.47 8.10 7.89 7.80 6.78 6.31 5.98 5.59 4.78 4.31

4.31 3.65 3.46 2.76 2.73 2.64 2.30
B2 SPC RPl If2 Ifl cl 1f3 B B PI D D3 D2 (2

RP2 M3 C3 RP3 P3 P2 M M

Dry Weight of Plant at Harvest (g).

32,7 31.0 30.3 29.7 29.2 27.7 27.6 27.3 26.1 25.3 24.8 24.6 23.9 23.8 23.6 22.2 20.9 20.1 19.9 15.3 13.0 4.5
Rl If3 Cl SEC PI M3 RP3 P3 B2 B3 P2 Lf2 Lfl 2 C3 RP2 M2 Bl D3 D1 D2 M

CHRYSANTHEMUM TRIAL 2. ANOVA RESULTS FOR DRY WEIGHT. FIG.



Dry Weight at Harvest
Lf1, C2, C3, RP2 (P=0.05), M2, B1, D3 (P=0.01), D1,

D2 and M1 (P=0.001) were all significantly lower in
dry weight than SPC. P treatments had improved
greatly when compared to the control (SPC) from the
pinching time.

RP1, C1 and P1 gave the 1largest plants of the
animal waste mixes. These contained 1:2:1 animal
slurry compost:sphagnum peat:vermiculite. The other
mixes were lzi uaste:bérk ftfeatment 2) and 1:1
waste:vermiculite (treatment 3). The salinity and pH
of the 1:1 mixes were probably initially +too high
(see table39 and restricted growth a 1little. The
quality of plants at harvest was, however, at least
as good if not better in the 1:1 animal slurry
compost:i:bark or vermiculite mixes (see scores for
form and size above).

Lf3 gave significantly larger plants than Lf1l or 2.
This mix had the least leafmould of the three and
included a proportion of vermiculite which may have
improved the cation exchange capacity. There was
little difference between the three treatments in
terms of pH or conductivity or between Lf2 and Lf3
for bulk density. The better growth in Lf3 may be
attributable to improved air and water relations via
an improvement in the particle size distribution.
Air and water capacity uwere not measured in the
chrysanthemum media so +this possibility cannot be
proved.

M3 produced significantly larger plants than M1 and
M2. M3 contained 33X spent mushroom compost with
equal quantities of vermiculite and sphagnum peat. M2
was similar, with bark instead of vermiculite in the
mix. The improvement in growth is again attributable
to a difference in air and water relations between

the bark and vermiculite mixes or possibly to a
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difference in cation exchange capacity betueen bark
and vermiculite; vermiculite having a much greater
CEC (150mes/100g) than bark ( === 36me/100g)(Bunt
1976). NB The bulk density of the vermiculite mixture
(H3) is =slightly higher +than that of the bark
mixture (M2) which means that slightly more
vermiculite in terms of weight was present in 1 litre
of M3 than bark in M2, thus increasing the difference

in CEC further.

Overall Comparison of Media

Several of +the mixes which appeared poor for
chrysanthemum growth at the start of +the experiment
because of high initial salinity levels gave
excellent quality plants by harvest time (e.g. M3, RP
and P treatments, see photographs 3.9 & 3.10 ). This
would not be acceptable to a commercial grower, who
would need to be reassured that the plants were
growing well at all times. This experiment was
conducted in the summer when frequent watering was
necessary. Leaching of the medium may therefore have
occurred. This may not happen so rapidly in a winter
grown crop. On the other hand high transpiration
rates of plants ddring the summer months would serve
to exacerbate the effect of high salinity 1in the
medium, by concentrating the soil solution, if the
moisture content was not maintained at a high level.

Only D mixes were consistently poor growth media.
The high pH was cited above as a possible
explanation. In addition the inclusion of perlite and
bark in the mixes may have reduced the water holding
capacity of the medium to below that which was
optimal. The water holding capacity of D was already'
lower than for most of the other media (see table
2.9).

This experiment was largely successful in <that an
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attempt was made to amend the waste composts +to
produce media roughly equal in ability to grow good
quality pot chrysanthemums. Differences between the
treatments were not great by harvest time on the

whole, M1 and D treatments being the only exceptions.

Evaluation of Analytical Techniques

Bulk density (FIBSPANi, PH ahd conductivity (pus/cm)
were correlated to dry weight of chrysanthemun
pinchings and dry weight at harvest. Simple and
multiple correlation techniques were used with the
following results:-

Dry Weight at Harvest

Parameter rly% Significance Level df
pH 21.0 X 16
us/cn 0.0 - 16
Bulk density (BD) 25.2 X 16
(pH)? 15.2 - 16
(us/cm)2 -5.6 - 16
pH+us/cm 21.6 - 15
(pH)* +(us/cm)? 13.0 - 15
pH+BD 21.9 - 15
(pH)? +BD 38.2 X 12
us/cm+BD 20.4 - - 15
(us/cm)” +BD 31.9 X 12
pH+us/cm+BD 16.4 - 14
(pH)? +(us/cm)’ +BD 32.8 - 11

(pH)2 and (us/cn)2 were included as the Curplot
program gave quadratic relationships as the best fit
for pH vs dry weight at harvest and conductivity vs
dry weight at harvest and dry weight of pinchings
(see fig. 3.20). Squaring pH and conductivity did not

improve the simple correlations, but did improve the
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correlations in combination with bulk density.
Overall correlations between these medium parameters
and dry weight of chrysanthemum at harvest were poor.
In addition bulk density was found to be highly (P=0.
001) correlated to pH which means that the
correlation between bulk density and dry weight at
harvest may be purely incidental. Verlodt et al
(1985) and Waller and Wilson (1984) were unable to
link physical pProperties to growth, but pH has been
found to have a sighificant influence over growth in

that it modifies nutrient uptake (Bunt 1976).

Dry Weight of Pinchings

Parameter ry% Significance level df
PH 11.6 - 16
us/cn 55.6 X%k 16
BD 0.0 - 16
(pH) -4.9 - 16
(us/cm)2 43.4 XX 16
pH+us/cm 66.5 XXk 15
(pH)2+(us/cm)2 47.2 XX 15
pH+BD 18.5 - 15
(pH)” +BD 10.8 - 12
us/cmn+BD 54.0 X% 15
(us/cm)” +BD 47.6 XX 12
pH+us/cm+BD 73.3 XXX 14
(pi)’ +(us/cm)?BD  73.0 XXX 11

In the case of dry weight of pinchings the wuse of
(pH)2 and (uss/cm)? did not improve any of the
correlations over pH or us/cn. In this case
conductivity was most influential over growth, being
negatively correlated at the P=0.001 1level. The
inclusion of pH and bulk density into the equation
improved the correlation. The quadratic relationship

for conductivity vs dry weight of pinchings can be
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seen in fig. 3.20. The tailing off towards the higher
conductivity level is probably explained by the curve
approaching the initial weight of the cuttings i.e.
no, or little growth occurred at the excessively high
conductivity found in the most saline media. The
curve is linear for most of its path which would
explain the better linear correlation between
conductivity and dry weight of pinchings than between
(us/cm)zand dry weight of pinchings. The analytical
techniques Appear 'tb rprédiétr grouth of young
chrysanthemum plants reasonably well, but the
relationships become weaker as the plants get older.
This is to be expected since the media properties
change with time and the plants adapt to their
environment e.g. they are able to adjust their cell
osmotic pressure to compensate for high medium

salinity (Stewart and Ahmed 1983).
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Nursery Stock Trial.

A nursery stock growing trial was set wup in April
1985 to compare physically and chemically amended

growing media.

Materials and Methods

Species Date Potted
Spiraea ‘Grefsheinm’ 5/74/85
Hypericum ‘Hidcote’ 11/4/85
Santolina incana 15/4/85
Senecio greyi 16/74/85
Rubus ‘Tricolor’ 17/74/85

Rooted one year old cuttings were potted into 1 litre
black polythene bags containing the following growth
media treatments, with 1 plant/bag, 3 bags/plot and 3

plots/mediun.

Control (CON)

3:1 Sphagnum peat: coarse sand (Stockwell RBL

Brand).
Plus:- Kg/m5 peat
4.5 Ficote 14:14:14
0.75 Single superphosphate
2.4 Magnesian limestone
- Ground limestone
0.3 Frit WM 253A

Physical and chemical amendments were made t0 the

following media as estimated from analyses:-
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Worm-worked Cow Slurry (C)

Ci 100X C + 1/4 rate Ficote + 2Kg/n3 magnesian

limestone.

C2 1:2:1 C:peat:coarse sand + 374 rate Ficote +

2Kg/n3 magnesian limestone.

C3 2:1:1 C:peat:coarse sand + 1/2 rate Ficote +

2Kg/m3 magnesian limestone.

Worm-worked Pig Slurry (P)

P1 100% P + 1/4 rate Ficote + 1.4Kg/m3 ground
limestone.

P2 1:2:1 P:peat:coarse sand + 3/4 rate Ficote + 1.8
Kg/n’ magnesian limestone + SOOg/m3 ground
limestone.

P3 2:1:1 P:peat:coarse sand + 1/2 rate Ficote + 1.2

Kg/m’ magnesian limestone + 650g/m3 ground
limestone.

Bark (B) (Cambark Fine)

Bl 100X B + full rate of all fertilizer as for
control.

B2 3:7 B:peat + full rate of fertilizer.

B3 1:2:1 B:peat:coarse sand + full rate of
fertilizer.

Spent Mushroom Compost (H)

M1 100%¥ M (no added fertilizer).
M2 1:2:1 M:peat:coarse sand + 1/2 rate Ficote.

M3 1:2:1 M:peat:perlite + 1/2 rate Ficote.
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Leafmould (Lf)

Lf1 100X Lf + full rate Ficote + O.75Kg/m3
superphosphate + 2.0Kg/m3 magnesian limestone.

Lf2 3:1 Lf:peat + full rate Ficote + 0.75Kg/m°
superphosphate + 2.0Kg/m5 magnesian limestone.

Lf3 1:1 Lf:peat + full rate Ficote + 0.75kg/m3

superphosphate + 2.0Kg/m3 magnesian limestone.

Doncaster sewage/refuse compost (D)

D1 100%¥ D + 0.5 rate Ficote + 500g/m> magnesian

limestone.

D2 1:1:1 D:peat:perlite + 5/6 rate Ficote + 2.0Kg/m3
magnesian limestone.

D3 2:1:1 D:peat:perlite + 3/4 rate Ficote + 1.5Kg/m>

magnesian limestone.

For +those mixtures containing coarse sand the
fertilizer rates were based on the volume of organic
compost + peat . It was assumed that the sand would
be absorbed completely in terms of volume as in 3:1
peat:sand mixtures i.e. 3m> peat + 1Im® sand -> 3m’®
mixture. There are certain problems in making sSuch
assumptions when different composts are 1involved,
since the extent to which the particles of two media
fit together will depend on the pa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>