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Foreward To The English
Translation

The Horticultural Development Council is pleased to publish this English
language cdition of the final report from the Dutch R & D project, "Quality
control in the chain”. LExtensive research and development activitics in Holland
aimed to highlight problems in the supply chain for tree nurscry products, and to
discover the best ways of handling bare root plants.

I am sure this practical guide will be welcomed by plant producers and plant
users alike. The problems of plant survival and subsequent establishment at all
stages arc addressed in a simple, user friendly way and valuable guidelines are
given to standards of plant handling we can all attain and practice.

This is a valuable picce of research that can benefit our whole industry.

The translation was made possible by the kind co-operation of the Dutch
Institute of Applicd Research for Nursery Stock (Boomicelt Praktijkondcrzoek],

to whom we are very grateful.

Q%
Tom Wood

Chairman, HDC Hardy Nursery Stock Panel Chairman
November, 1995
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Foreward

The project "Onality controf in the chain” has been completed. AAn important step has been

miade towards the improvement of quality care of irees, especially during the phase between fiffing
hy the producer and delivery to the client.

Before the definitive profect was allowed to commence, the Werkgroep Kwaliteitshevordering
Boomkwekerijgewassen (Working Group Quality Promotion in Tree Producing Nurseries), a
working group from the Boomteelt (Tree Crop) department of the Landbouwschap (Department
of Agricuiture), undertook a preliminary investigation. This identified a bottle-neck, and therein
is given a detatled description of the research projects.

This cansed the Ministerie van Landbouw, Natuurbebeer en 1issersy (Ministry of Agricuiture,
Nature and Fisheries) and the Produckischap voor Siergewassen (Production of Ornamental
Plants Department) to each contribute 50% to the costs of the project. Through the excelfent co-
operation of ail the companies and the detotion of all concerned it has heen possible to bring all
the facts together and combine the conclusions and recommendations in this report.

1 part of this project is a two_year investigation into the determination of viabulity by the
Institnut voor Agrotechnologisch Ondersoek (Institnte for Agro-technology Research), followed
by a second phase, wherelby a practical assay method should be developed. Throngh the policy
conpmission set wp by the project steering committee, the research from the first fwe years has heen
eraluated, and the decision laken to stop the research. The orerall ontcome of the vartous parts
of the inrestigation are posistve. The up-to-date results of the collective efforts are bere for you.

Dnring the project many activities have been picked up and implemenied. As well as
inrestigation, adrice has been given which has brought about the awakening of the target groups.

This adrice was supported by demonstrations, publication of articles and distribution of a posier
and a foider.

In this way, attention has been drawn to improving conditions during delivery. The word has
nowe heen delivered to the companies. Practical measures, taken with good discnssion, can prevent
the toss of quality of the product. The result of the attention drawn to guality aspects will be an
tmprovemient of the image of the tree production nurseries in a competitive environment,

Direction has been given through the project "Quality controf in the chain”. The task has now
been given to the trade to conplete!

On bebalf nf the project steering committee, we thank the authorities and company
representatives who have assisted in the production of this repord.

B. Ruys, member of the steering C.H. van der Smir, member of the

committee, representative of the stecring committee, representauve

"Produktschap voor Sicrgewassen”. of the Department Boomteelt ot the
Landbouwschap.
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1. INTRODUCTION

There are many links in the chain by which Dutch tree nursery producrs are soid.
Iiach link represents a different acion which must be taken to deliver the product.
The aim is to maintain product quality during the process which occurs between
lifing at the nursery and planting out by the end uscr.

Iivery acton taken in the different links of the chain has an influence on qualiny.
Some actions will not improve the quality. In fact, quality will be adversely
affected by a needless ot carcless action, for example, litang under poor
conditions, wrong choice of transport ete. In a very short ime, improper
handling can destroy the quality of a product that has been grown with care tfor
vears.

The dcelivery of high quality products becomes ever more important, because
consumers both ar home and abroad have become more discerning. In order to
maintain our position in the export market, the industry must pay attention to
the necessity of an integrated quality control approach, whereby all the links of
the chain are appropriate.

It is from this understanding of the problem that the working group on quality
control in tree nurserics (W.K.B.) put forward the proposal for a project "Quality
control in the chain”. The purpose of the project was to prevent or limit the loss
of quality within the supply chain. In order to reach this goal, research was
commissioned which was supported by demonstrations. These acuvities aimed
to raise the awarencss of all the links in the chain.

Through the BPO (Boomteelt Prakajkonderzock - Applied Research for
Nursery Stock), an investigation was started into conditions during packing,
storage and transport of tree nursery products.

The first step was a literature scarch. This was followed by a survey of around
80 nurscries and supplicrs. Actions taken during supply were examined, as well
as conditons under which they took place and their duration.

Random samples were taken during the survey, with measurements taken of the
temperature and relative humidity in the sheds, sorting rooms, cold stores and
during transport.

At the same time, 12 experiments were carried out.

11
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In the regular rescarch programme of the BPO, the following were investigated:
machine lifting, defoliation and washing. The last two investigations have not
yet been completed, and will be continued in future BPO programmes.

While the project was running, alongside the research, much attendon was paid
to providing information to all target groups, to urge them to pay attention to
careful handling when delivering or receiving tree nursery material. The aim was
to make all the links in the chain conscious of the importance of quality control.
This was supported by various articles in the trade press and by various
mectings.

The meetings were run in conjunction with detnonstrations at all the Dutch
research stations which showed the differences between plants that had been
wcll handled and those which had been badly handled.

12
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2. INVESTIGATION

2.1 Introduction

Four investigadons were carried out at the Tree Crops Rescarch Station
(Procfstation voor de Boomkwekerij), under the title "The optimisation of
storing, packing and transport of bare root tree crops” under the "Quakity
control in the chain” programme.

Three of the investigatons were undertaken within the normal tescarch staton
programme. Thesc were machine lifting, defoliation and washing. The fourth
was an experiment to determine the optimal conditions for packing, storage and
transport of trce nursery products.

Conditions for handling bare root craps are central to this investiganon. Most
attention is paid to the activitics of the producer and produce trader. Conditions
during the growing of the crop and its transplanting are not considered, although
they naturally influcnce the assessment and regrowth,

One part time scientfic rescarcher and a full dme senior technician worked on
the project for two years, from September 1992 to September 1994. During this
time there was a survey of the practices of commercial tree nurscrics, a literature
review and 12 experiments.

The results were presented in three sectional reports and in this summary final
report. For a detailed account you are refetred to the three sectional repotts (not
available in English, ed.). This summary report also gives the provisional results
of the experiments on machine lifting, defoliaton and washing.

13
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2.2 Cold storage

2.2.1 Optimal storage conditions

From the literatute review, it was evident that bare root crops can be stored for
the longest period if they arc lifted during winter and held at -2°C. By storing
below freczing, there is the least chance of fungal growth, and the activity of the
plant is at a minimum.

If plants arc lifted carly in autumn, it is not certain that they acc fully hardened
and dormant. With carly lifted plants, there is also the risk of frost damage when
they arc stored below zero if they arc not fully winter hardened. The same holds
for plants that are lifted late in winter or early spring as they are already active.
Plants that arc lifted early or late are not suitable for long term cold storage. The
best storage temperature for these plants is just above the freezing point.

If storage is only required for a few weeks, then a temperaturc just above
freezing is good, even for plaats that are dormant. The chance of fungal growth

is greater, the respiration rate and the use of sugars and starch 1s higher, and the

plants will be active carlier.

[rigure 1: Arerage

The results from the experiment with rose rootstocks (Rosa canina 'Inermis’)
bears out this general trend. After being stored for 11 weeks at -2°C, the nodcsl

temperatiire, desired valie  ere less developed than at +4°C, and were not affected by fungi. After 11

G e
tesmperatiee rariation in
seren cool ar freeing
slores.

weceks at +4°C, surface fungal growth was evident, mosdy at wound areas.
Plants emerged earlier after storage at the higher temperature, because of greate
node development.

- 2.2.2 Cold storage in practice
Average Desired Tetn;?el:amre Temperatures prescnt in the cold
temp::rature “_"_“Pff?m var:anon stores of several companies were
\ - C C measuted during the survey (Figure
Cold store S 1). In practice, the working air I
1 0.30 +0 27 temperature sometimes deviated from
, 0.08 o1 _ 0.4 the desired temperature. [t was alsoI
- : . : cstablished that temperature
3 2.40 +0 30 differences exist in different parts of
4 (.46 +0 13 the coldroom. Only in very few cas'
were thermometers and control
Freezing store _ apparatus calibrated periodically.
1 -3.8 -1.0 29 . . l
In practice, swings of several degree
2 -1.7 S 1.4 arc not uncommon within the
3 10 20 0.2 coldstores. These temperaturce swinl
are a by-product of the current
practice of ditect cooling, where the cooling unit itself sits inside the cold store.
FFrequent de-frosting, or where more than one unit is present in the cold store, I
de-trosting each unit in turn, will imit temperature fluctuations.
14 l
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2.2.3 Plant temperature
The temperaturc measured in the bundle of plants is usually higher than the air
temperature. This is because of heat production by the plants themselves, and

heat produced by the decomposition of residual leaves.

The manner of packing the plants into the bundle and the cooling capacity of
the store should be such that the plants are cooled quickly. Maintain space
betwcen the pallets and between the pallets and the walls. Packing materials
slow down cooling. Packing materials or films should only be applicd after the
pre-cooling period. Remove as many residual leaves as possible. 1f there is peat
residue around the roots in a pallet box, the temperature there will be higher
than in the middle because of poor ventilation (Figure 2).

In practice, realising the desired temperature around the plant requires extra
attention to detail.

NN : Figure 2: Recordin
Temperature (°C). o o ' qfin’ant and air ¥
0 _ temperature after the
| placing of a pallet of
' trees into a freesang
a roont. After 48 hours
| the plant temperature
A = Berween roots ' remains constant. The
¢ B = Centre of paller A remperature between
\ € = Cooling L the planis is higher
. | than the air
| temperature. Between
| i the roots which are
.2 covered with peat
\ ' residue, the
o \ W IS S——-— - - 4.._ A temperature Is higher
L . than between the crop
B in the centre of the
2 = palles.
2.2.4 Drying out in the coid store
In spite of the normally high rcladve humidity in a coid store, plants invariably
dry out during cooling. Condensation on the cooling elements and the high rate
of air displacement due to the fans causes moisture removal from the crop.
Humidity is also lost by opening the doors of the cold store. It is therefore
uscful to protect plants from drying out.
16
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Onc method of preventng drying out is the usc of humidificrs. An experiment
'‘Comparison of different methods for cold storage of Rosa 'Diamond Jubilec’,
showed that when stored at -2°C, bare root or packed storage did cqually well
when the air was humidified. In spite of a storage time of neatly six months, no
weight loss was recorded. The assessment percentage was practically 100%, and
the transplanting was good.

2.2.5 Fungi

Temperature swings can lead to the formation of condensation. The chance of
condcnsation is especially large when there is a high relative humidity, such as
occurs in a cold store. Even small temperature differences will cause the plants
to become wet. Condensation on the plants increases the likclihood of fungal
damage.

This is an important reason to maintain a constant temperature in the cold store.

The tradc press has reported that companies that have used buffer materals such
as peat duse, sphagnum, sawdust and the like, around the roots to try and
ptevent fungal growth have found them to be cither superfluous or harmful.

2.2.6 Great temperature changes

Until now it was not kaown whether large temperature changes are themselves
harmful to the plants. Alternating freczing and thawing can cause damage
through the formation of ice crystals between the cell walls which can damage
the walls themselves.

Rosc rootstock (Rosa canina 'Incrmis’) was unintentionally exposed to
temperature swings greater than 12°C several times in its storing period, due to
the long de-thawing of the cold stores. However, it showed no adverse reaction
when transplanted.

In an expetiment with Alkbemilla mollis, one year whips of Cornus alba
'Elegantissima’ and two year old scedlings (1+1) of Quercus robur, the influence of
large temperature swings was investigated. After lifting in October or December
the plants wete stored at cither -2°C or at -1°C. During the storage period the
plants were taken out of the cold or freezing store three times for a four day
period and placed into a warm shed. The temperature in these sheds was +17°C.
As a control a proportion of the plants remained at -2°C for the whole of the
storage period . The plants were all packed in polythenc for the whole storage
period , whether in the cold store or in the warmed shed. Thus, a drying out
effect played no part in the experiment.

The results of this test showed that a large temperature swing or alternate
freczing and thawing had no detrimental effect on the plants. A higher average
storage temperature gave the plants an advantage, whereby the buds emerged
quicker out of the eyes. The October lifted oaks which were frozen had a lower
striking percentage. This shows that early lifted oaks are frost sensitive.

16
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In practice the results of this cxperiment mean that the plants can be kept in a
warm place, (for cxample in order to grade them), without being harmed, so long
as the plants are covered or packed to protect them against drying out.

Also you must count on the fact that the plant, after being fully dormane, will
become active under the influence of high temperatures. With some plants, this
will occur when the storage petiod is interrupted to wash or grade the plants. In
this case, a comment should be posted on the door that the time that the plants
spend at a higher temperature should be limited to the minimum.

2.3 Storage in sheds

2.3.1 Shed climate.
Plants that are traded, will be stored in a shed for a time either by the producer
ot the merchant. Most sheds are not air conditioned and the plants are held un-

packed.

During the survey, the conditions in these sheds between the months of January
and April were measured. The measured temperature and reladve humidity
values were used to calculate a vapour pressure deficit. The vapour pressure

dcficit, apart from the wind speed, detcrmined the rate of drying out. This Figure 3: Arerage
was expected. The conditions in the sheds deteniorate as spring comes: the temperature, relative air
tcmperature riscs, the relative humidity falls and therefore the vapour bumidity and vaponur
pressurc deficit increases (IFigure 3). The activity of the plants and the drying pressure deficit in 34 sheds
out both incrcase. Therefore the plants are no longer in the state of duting the months January
dormancy, but are suffering from drying out. through May 1993. )
: Vapour pressure deficit
N/m2
9%
80
194
425
447
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2.3.2 Plant temperatiwe

Fronre 4:The air
temiperature in a shed and
the temperature in a pile of
rin-graded rse rootstack of
+7- b high. The
PICSHIEIREntS were miade
dnring fannary

Research Staton for Nursery Stock

The temperature between the plants was measured in the sheds just as in cold
storage. In a pile of rose rootstock about one metre high, a plant temperature ol
around 20°C was found, although the shed temperature only reached a

maximum of 12°C (Figure 4). This sort of incident presumably causes more
damage to the plants than would be indicated by the measured air temperature. '
The temperature can tise to undesirable levels when the heat generated by plants

short time the whole batch of plants is lost.

in stacks is not removed. In extreme cases it becomes dangerously hot and in a l

Temperature (°C)
2O e -
i |
i A = Berween the plans f
25+ |B=shed |
.9 - ’
j A !
7.5 4 w,r’w"}
> i
5.3 /
M /"’f !
ot l T
t2.3 1‘ ot “,‘\F“""J
0.2 ' ‘nv“r\ B
lf M
5.9
3 24 48 2 o6 120 PR
Hours from starting day 0

2.3.3 improving the shed climate.

There are many different types of sheds. Sheds with a uncovered floor have a
higher relative humidity than sheds with a concrete floor. The climate in the
sheds can be improved simply by having the doors kept closed as often as
possiblc.

Other possibilitics that improve the climate in the sheds are insulatton, closing
out the sunlight, removal of warm air out of the roof, active suction of cold
humid air whenever the outside is colder that the shed, and the installation of
bumidificrs. The target temperature for the temporary storage of plants in sheds
is around 5 C.

1t is preferable not to heat the shed and to use a separate place to pack and grade
the plaats.

The heating is l
aggravated by the
presence of old
leaves. Theit I
decomposition
releases a lot of
heat. By lifting
plants after the
lcaves have fallen
and by removing
any residual leave
heating can be
prevented. If the l
temperature
beeween the plants
begins to rise, .
loosen up the
plants and stack
them in lower l
piles. Controiling
plant temperature

is cssental. l
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2.3.4 Climatic conditions in the grading room.
The grading room is too warm and dry for the plants becausc of the desired

conditions for the personnel.

Mcasurements taken showed that the average vapour pressure deficit in the
grading rooms was 350 N/m". This is roughly four times greater than the vapour
pressurc deficit in January and February in the sheds. The plants therefore dry

out four dmes as fast.

The higher temperatures increase the activity of the plant and specd up shooting.
The best way of limiting the damage caused to the plants is to keep the
processing time as short as possible. It is better not to bring a bigger quantity
into the grading shed than can be worked within a day. The graded plants
should be returncd directly back into storage.

Protect the plants against drying out by covering them. Hot air cannons in the
grading room cause temperature swings and differences in r.h. are greater (TFigure
5). On top of this is the large amount of air movement caused by the fans. One
or the other can lcad to very fast drying out of the plants. The use of hot air
cannons is not recommended where bare rooted plants are being handlcd.
Another reason for avoiding them is the chance that carbon monoxide and
ethylene can be formed by imptoper adjustment of the burner.

. - : Figure 5: Average temperature and minivinm and maximum values of
Air humidifiers can improve . . :
temperature and r.b. in a bot air cannon warmed grading room.

the relative humidity in the
grading shed. - . Temparsture . Relative humidity
- Average. - Minlmum - Maximum. Averaga Minimum Maximum
SRR [ SR - o 19°C 80% 56% 97%
2.1.5 Ethylene '

Many vegetable and flowering plants are sensitive to ethylene concentrations
higher than 0.3 - 0.5 microgram per litre of air.

Too high a temperature combined with light shortage and excessive ethylene
concentrations are probably the most important causes of leaf yellowing, leaf-fall
and flower abortion by crops that arc handled during the growing or flowering
phases.

The plant itself produces cthylene, but exhaust gasses and ripening fruits arc
also ethylene sources. Under adverse conditions the rate of ethylene production

increases. Without good ventilation ethylene can accumulate,
The scnsidvity to ethylene differs between species and even between cultivars,
and will depend on other influences such as the temperature, the level of the

concentration, the exposure time and the growth stage of the plant.

Until now it was not known whether short duration exposute to a high ethylene
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concentration in the dormant stage had an influence on the storage and
transplanting of tree crops. In order to investigate this, bundles of plants from
four crops were exposed for a 24 hour period to ethylene concentrations of 0,
0.1, 1.0, and 5.0 ppm.

The crops were Malus communts, Robinia pseudoacacia, Quercus robur and Rosa camina
'Incrmis’. The experiment was repeated twice, namely in December and in
March. This was to determinc if there is a difference between plants that are fully
dormant and those which have already had thcir cold requirement.

The exposure to ethylene did not cause any perceptible cffect on the taking
percentage or on the growing out of the shoots. The conclusion is, that in
contrast with crops in the growing or flowering phases, crops in dormancy have
little sensitivity to short exposure to high cthylene concentrations.

Iithylene damage is easy to prevent through preventative measures. Avoid
storage of plants in combination with fruit. First spray out and clean storage
rooms where fruit has been stored. Usc clectric fork-lift trucks in preference.
Burncrs should have a exhaust pipe to the outside. Ensure that there is always
good ventilation.

20
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2.4 Packaging

2.4.1 Drying out

From both the titerature and the survey it was clear that the greatest problem in
the selling phasc of bare-root crops is the danger of drving out. Unless it is hot,
dryving out happens quicker than the exhaustion of energy reserves. In the chain
there are many occasions when the chance of drying out is greatest; after the

lifting in the ficld, during unprotected transport, in the sheds, in the grading
room and at the planting site.

For the plants there may be a fult working day lying outside uncovered after
lifting. They normally remain for between four and eight hours in the grading

room. In the marketing phase drying out can certainly add up by the successive
trading and transport delays.

The moisture shortage can be replenished if the roots come into contact with
water or are replanted. When the circumstances are adverse, then the plant will
recover very slowly or dry out still further.

It is important that by cvery action one strives to limit drying out to 2 minimum.
For this rcason, handling dmes should be kept as short as possible. This calls for
good work planning and organisadon. Strive never to allow bare-rooted plants to
lic outside unprotected. Carry off the plants directly after lifting, or at least

protect them, and when loading or unloading plants never let them lie on the
ground outside.

2.4.2 Damage limit
Untl a certain level, drying out is a reversible process. Dry a plant sall further
and there will be cffects on rooting and re-growth.

In an experiment with Quercus rabur, Rosa 'Diamond Jubilee', and Rosa canina the
critical drving out limit above which failures occur was determined. When plants
were stored unpacked for up to 8 weeks, in the cold store, a weight loss of a
maximum 20% was rcached. In this case there were no failures. The critical level
had not yet been reached. With both the rose cultvars no connection was
established with the shoot viability. With oak a rise in weight loss (and with that
a declinc in the water content of the plant) led to the later opening of the buds
(Figure 6). The watcr content of the shoots had a greater influence on the time

between planting out and the emergence of the shoots than the water content of
the roots.

In this test there was little influence due to drying out on the growth established.
This is probably due to the cold and wet spring of 1994, whereby the plants were
able to recover. In practice the circumstances after planting out arc not usually

so favourable. It cannot be concluded that the drying out is not important on the
grounds of this test .
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2.4.3 Protection against drying out

The protection of plants against drying out can be achieved in a number of ways;
kecping the cxposure time short, adjusting the climate in the place were the '
plants are kept, and the adjustment of the climate around the plant.

These methods can be applied at the same time. The adjustment of the climate
around the plant principally comes down to the packaging of the whole of the
plants or of the roots only, and covering the plants with covering material and
the like. So long as the plants have not yet been graded and more or less handled
in bulk, then covering matcnals are uscd. The plants are not always packed in the
litted phasc for long. Plants are usually packed when they have already been
sorted and graded. Standard plants are often prepared and then stacked on
veenman pallets and then wrapped in polythene film. Ocher plant types, for
example roses, shrubs and hedgerow plants are not packed before their delivery.

The functional requirements for the packaging and covering matcrials are as
tollows.

*  Impermeability to water is important to prevent humidity loss from the
plants.

*  Water resistance is necessary so that the material maintains its strength when
wet.

*  The material should be impenctrable to light ot ¢lsc the temperature would
risc as a result of the radiation. For storage in the dark, for example in the
cold store, this is not necessary, but is whenever the plants arc being worked
upon and are temporanly placed outside.
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+  Oxvgen and carbon dioxide permeability is desired, so that active crops do

not suffocate.
»  The material should be strong, so that during the processing there is no

tearing or damage.

In  the chain  bw
unprotected on pallets.

2.4.4 The use of bags during cold storage
IEven with the high relative humidity in the cold storc, it is also
meaningful to protect the plants against drying out while they arc in
cold storage. Packaging is a method of limiting moisturc loss.

An experiment was carried out on rose rootstocks using white
polythene bags and five layer coated paper bags. The weight loss
after 11 weeks storage at -2, +1, or +4°C was only 5%. Un-packaged
plants were fully dried out after 7 weeks, in spite of an air humidity
of at least 90% . The weight loss of the un-packaged plants was then
+/- 35%.

Woven polypropylenc bags limited the weight loss only slightdy
better than the un-packaged ones. The weight loss of the plants in
woven polvpropylene bags after 11 weeks was 22%.

This was detrimental to establishment and regrowth. One advaneage
of these polypropylene bags was that there was no formaton of
condensation or fungal growth present due to the open structure.

2.4.5 Drying out in box pallets

Plants that are stacked into box pallets or tree pallets and transported, are usually
arranged with the roots towards the outside. The branches lic truly protected,

but the roots are exposed to drying out. Figure 7: The weight loss in

percentage from the fresh
In two cxperiments, onc in a cold store and one in a shed, it was investigated weight of rose rootstock Rosa
whether wrapping the pallets in pallet sleeves or stretch film and with the roots  canina "Inermis’ and the
stacked to the inside was an improvement over the standard stacking method. moisture percentage of roots
The influence of the diffcrent treatments on fungal growth, plant temperature,  and stems of two year oid
and drying out during the storage period were all recorded, and establishment Quercus robur during
and regrowth obscrved. storage in box: pallets.
, . "~ Rosa canina ... Ouercus robwr

The first experiment was carried out o nermis’ pe T T T S
using Qwercus robur. During January the |- v 00 s danuany ot
plants were stored in an insulated e Weight loss - .-Molsture content - -
shed. In a repeat cxperiment in March |0 i Foot - stem
the plants were stored for two weeks,  [Frash matenial .. &72. . 483

Standard pack 10.4 525 4e8.
The sccond expetiment involved the  [Roots inside 93 LRI TS
storage of Rosa canina 'Inermis' in a Stretch fim .. 72 SR AT

Palle! siseve 6.2 L %23 U oars

cold store.
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The results of both experiments were in the main consistent, however with

vorere X Uie arerage ; : ; WS
'Incrmis' the differences in drying out and regrowth were not significant

peraltire iy pox: pallets with
o sear old (Quercus robur
ad rase riotstock (Rosa
anina Trermis’).

Wrapping the pallet reduced the drying out, but increased damage through

fungal attack. This was especially the case where pallet sleeves were used.

Stacking the roots to the inside reduced the moisture loss, but less so than by.
wrapping the pallets (Figure 7).

Average tempaerature *C .

Rosa caning ‘lnermis’ -~ Quercusrobur . | The differcnces in drying out betwee~ the!

__ | - January. . March treatments did not lead to differences in ¢
resh material 0.7 &1 85 | establishment petrcentages.
Standard pack 0.9 . 87 . B4 . ' l
Roots insid L S : . i
3:,::: ;nf:ma :3 . 22 _ :.: Wrapping the pallet boxes and stacking w
Pallet sieeve 2-3 B 7-4 o 9b1' B the roots to the inside had an influcnce o
: ST | the temperature berwcen the planes (Figu

8). The temperaturc between the plants followed the room temperature lineaf.
There was no problem with overheating. The higher temperature explained the
visibly morc advanced stage of the buds of 'Inermis’ and the faster emergencefil
the buds of the oak as well as Rosa canina 'Incrmis’.

2.4.6 Packaging of plants for delivery l
In an experiment on the suitability of bags for the dclivery of plants, the
. ‘ termperature paths were compared in bags manufactured from several matenals
Pigrre 90 Maximum which arc often used commercially. The bags were laid outside on the ground.
fomperatire and The temperature rose most in bags of material which let through the most light

I Pelatire
bemidity on bags of

barois ”"‘”"f"""_/f and ”'{“ In a follow-up test, a few newly developed paper bags and a new polythene bag l
fiaht ir ansmussireness of - with a white outside and black inside were compared with the normally available
the matertals. The bags 4[] white or black polythene bags. The paper bags were coated with 2 water '
were faid ontside o the pegistant coating made from a starch base. The coating forms no obstacle to the

(Figure 9).

s, reevcling of the paper. Bags with rosc rootstock and whips were placed outside

on the ground for a period of six days during April. l
Material Maximum Minimum relative Light

lempffawfe humidity transmission | The temperature of the milky-white

Polyethylene < % * bags fluctuated greatly. During the da'
White PE 32 16 : 58 | the temperature rose strongly under
Green PE 26 20 18 the influence of the sun's radiation,
Black PE* 18 32 0 and during the night the temperature
Black/white PE 15 54 o ] fell through radiation to below the
Paper _ | outside tempcrature. In the
Svenco papier 23 37 t | black/white bags the temperature l
Weuerhaeuser 18 &) 0 measured at night was lower than the
Manocoat paper 16 45 .0 outside temperature.
“High densiry polverhylenc .

The establishment percentage of rose rootstocks packed in white polythene bags

high temperatures. The cstablishment and growing out of the plants packed in
the paper bags was less than desirabic in both crops. Furthermore, these bags
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were insufficiently resistant to rain. The establishment and growing out was the
best in those plants which were protected by the black or black and white
polythenc bags. These bags were found to be the most suitable for delivery.

2.4.7 Root dips

As an alternative to packaging to protect bare-root plants from drying ou, it is
possible to use a water absorbent polymer around the roots. These polymers can
absorb up to 400 tmes their own weight in water. In dry form they are a fine
granulc; after the addition of water the polymer becomes a jelly-like porridge. A
layer of root-dip around the roots protects them not only against drying out, but
also provides a watcr reserve.

In an experiment using cold storage of rose rootstock Resa canina 'Inermis’ there
was better establishment and out-growth of those plants with a root-dip
compared to untreated plants. The rootstocks in this experiment were stored in a
cold store during the period November/December for four weeks with and
without root-dip. There was no bencefit of using a freczing store.

In a sccond experiment five types of bush and hedging plants were stored with
and without root-dip for a three week penod in March. The types were; Quercus
robur, Fagus sylvatica, Betula pubescens, Crataegus monogyna, and Rosa canina 'Inermis’.
The average temperature in the shed was 7.5°C with a maximum of 15°C. The
average relative air humidity was 78%.

The oot-dip had a favourable effect on the moisture content of the plants at the
end of the storage period. The root-dip on the rose rootstock was completely
cxhausted by the plants within three weeks. With the exception of the rose
rootstock all the untreated plants died (figure 10}

A considerable proportion of the treated plants survived. Howcver, there was
also a quality reduction occurring in the form of dead tops, especially with
Crataegus. Root-dip limits the occurrence of drying out, but the roots on the
outside of the bundle did sall dey out.

The use of root-dips has a number of practical obstacles for which answers must

be found.

* The appiication of root-dips is laborious.

* ltis still not clear whether the dipping of root bundles into a premixed
container of dip is better than dusting the roots with powder and then
spraying them with water afterwards.

* Slopping of the root-dip makes the work floor slippery.

Cop- . . With root dip Without root dip Figure 10: Establishment
Betuls pubescons. . 61.6 88 ) perventages of plants treated
Crataegeus monogyna. S0.0 001 and antreated with root-dip,
Fagus sylvatica " .. 750 00 that have lain for three weeks
Rosa caning’irermis’ - 80.0 ) 43.0¢ .

Cuercus robur . 816 _ 6.0 in an unbeated shed.

* Pancpally ground shoaes.
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2.5 Transport

2.5.1 Unprotected transport

Fignre 11: The
traveiling speed of the
redicle and the
correspanding wind force,

Dascription : . Travelling speed - :Windspeed . - Wind force
km/he =i misec - (Beaufort scale)

Waeak wind N 10 & 2
Moderate wind, paper blaws up 20 4
Strong wind, branches sway = 30 5
Strong to hard, trees sway 50 6-7
Stormy, twigs break ) ' 70 8
Storm, liles blown oif o 8¢ o 22, S 9
Strong storm, considerable damage 100 L grels 10
Very strong storm 110 308 LA
Hurricana 120 333 12

The cover must prevent the temperature nising under it due to the sun's
radiation. Fixcept for thesc extra considerations, the choice of covering material
has the same requircments as that of the packaging materials.

2.5.2 Types of freight trucks

Most trec nursery crops are transported by road. There arc three main types of
eruck uscd. Tile trucks or trucks with a cover, closed trucks equipped with
insulation, and fridge trucks.

To compare the advantages of each type of truck, temperature and relative
humidity were measured over a few days in stationary vehicles parked in an
empty loading room.

I oft Vorsvthia in #1pnl 1992 protected transport, 3 days
aliowed to lay and then planted: 16%s dead plants.

Middle Votsvthia and Phitadelphus & Apri 1992
nnpoiected transport, 5 days allowed to lay and then planted:
Vorsvthia 100% dead plants and Philadelphus 72% dead
plants.

Right Philadelphus iz 1prif 1992 protected transport, 3
days alloned to lay and iben planted: 10% dead plants.

Transport from the field to the shed or packing house often occurs unprotected
commercially. The most important reason to protect the crop is to limit the
influence of the wind which causes drying out. To illustrate this the travelling
speed and the equivalent wind force is given in Figure 11.

Short distances, low
travelling speed, and l
wet or cloudy weather
are all rcasons why the
grower omits the use of
a cover. The heaviness
of the cover makes the
covering time
consuming. There is a
nced for a lightweight
cover that is also strong,
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The temperaturc of the tilt trucks was found to follow the influcnce of the
outside temperature and rosc quickly as a result of the sun's radiation and
fluctuated strongly. Silver coloured reflecting cover matetial did not reduce the
intluence of sunshine on the temperature. In the insulated trucks the
temperature followed that of the outside. Sunshine had only a small temperarture
increasing cffect on the temperature of the loading room. In the fridge truck the
temperature remained around 6-7°C.

The desired temperature of 3°C was not reached thanks
to an outside temperature of 8-15°C.

The cooling capacity of freighte trucks is often
insufficient to lower the temperature of the load. Itis
well known from measurcments from transport to ltaly,
Poland, England, and Norway that the fridge trucks can N
hold the temperature of a pre-cooled product constant. R -
In loaded tile trucks the temperature between the plants swings very little. The Lt Forsythia in Apr

influcnce of the temperaturc at loading is great. The plant temperature remains 1992 protected transpors,

a few degrees higher than the outside temperature in the average transport allowed to ‘@’ﬁ;5 days

vehicle. The relative air humidity is very high. For long distance transport this and planted: 16% dead

would mean that the crop would become active and that the climate would be Plants,

idcal for fungal attack. Right Forsythia in Apri!
1992 unprotected

Insulated trucks limit the influence of the outside circumstances, but the heat )
. . . . transport, allowed 1o lay for
from the loading room is maintained. Thus a low plant temperature at the time 5 days and planted: 1 00
of loading, and the ability to ventilate are very important. ) 0
& ‘ ry imp dead plants.

2.5.3 Loading and unicading

Plants that arc not transported on pallets, such as avenue trees, have more
chance of being damaged by loading and unloading. With plants what can
happen often does. When loading there are often provisions present in order to
carcfully load the plants onto the vehicle. At the unloading place these may be
absent, and damage can then occur to the branches and roots.

2.5.4 Binding materials

In practice it was established that wounding to the
bark was being caused by the improper use of binding
matenals. This damage can be prevented by not over-
tightening the band and not loading the bundles by
lifting by the ties.

Part of the blame for the damage is duc to selecting
the wrong material. ‘The compromise usc of a binding

material to sccure the bundles and tie up the crowns

proved that polypropylene string is the best. It is soft, : zmd‘&':gmgg‘ m&: bending
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clastic, lasting against moisture and reasonably priced. Sisal string is good
whenever the crop is heeled in. An advantage of this material is that the string
normally used is 3-3.3mm thick and is untwined. Wound string becomes thinner
as tension is placed on it, and as a result causes deeper wounds in the bark.

Strings made from natural fibres are not recommended for bundling plants that
will be clamped, as the material will rot. A disadvantage of plastic materials is the
residue left. This tesidue can cause damage to ground working machines.

The development of a general purpase string type based on natural fibres with a
known degrading time is needed.

Mctal wire 1s the most suitable for bundling of rose rootstocks. The wounding
that occurs through snaring is positioned above the grafting place. Of the
binding bands tested, polythene bands and an elastic cord which were both
broader than 3mm proved to be the most suitable.

2.5.5 Pot and container plants

Pot and container plants are, in contrast to bare root crops, marketed during
their growing ot flowering phase. There was only sparse information found in
the litcrature about circumstances during the sale of these plant groups.

In order to get an insight into the optimum circumstances for pot and container
plants a comparison can be made to those required for house plants. Leaf
yellowing, leaf fall, flower fading and petal fall are the most important image
spoilers. Attack by botryts can also be a problem,

The deterioration 1s principally due to too high a temperature in combination
with storage in the dark, exposure to ethylenc, and drying-out. It is often a
matter of a combination of factors.

Lowering of the temperature is the most important measure to prevent damage.
Lowering the temperature reduces the plant's ethylenc production and
sensitivity, it slows the respiration rate and thereforc the use of assimilates and
slows the growth and flowering. Also the growth of fungi will be retarded.
Reducing the formation of condensation by holding the temperature constant is
likcwise important to prevent fungal attack.

The marketing chain for floriculture crops is for the greater part conditioned.
The optimal temperature is crop dependant, but for nursery stock during the
growing season it would probably be in the region of 12°C. In the spring and
autumn this temperature will lie lower. The sensitivity of plants to low and high
temperatures depends primarily on the growth stage of the plants.

Mechanical damage can be limited by supplying the plants upright, by limiting
the number of times that they are handled, and by not over packing them. The
supply of pot and container plants in open trucks is not uncommon, but in view
of the danger of wind damage it is undesirable.
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2.6 Internal quality

2.6.1 Domancy

Bare-root crops want to be lifted when they arc in dormant. Their sensitivity to
adverse conditions, such as dryness and cold, is then at its lowest. Plants that are
lifted when they are not dormant are less winter hardened. If they are replanted
before the winter has ended, then there is a greater risk of frost damage. Because
early lifted plants are also less good to store, this risk cannot be circumvented by
coid storage for the whole wintcr duration. The determination of the lifing date
is therefore of paramount importance. The tendency to lift crops ever earlier is
contrary to the quality demands that wiil be placed on the plants.

There is no surc method to determine whether a plant is fully dormant. Criteria
which are currently used are, among others; date of leaf-fall, the presence of
white roots, and the formation of a dormancy bud. Especially in the change over
period between the growing and the rest phase, it is desirable to have at vour
disposal a good measurable criteria in order to fix the lifting date.

2.6.2 Vitality

Just as for the determinination of the resting state, clear criteria arc required in
order to determine the vitality of plants. Damage caused in the course of the
selling phase is often not visible. A vitality assay should be formulated for this.
Measuring the contents of metabolic products or hormones, varies not only with
the vitality of the plant, but also with the resting state. Rescarch by the ATO-
Di.0O into the development of an assay for vitality showed that a rcliable
parameter is difficult to find. Measurements of the potential root growth and the
water potential also have this limitation.

In Great Britain a method was developed to measure the level of cell damage
and this gives the opportunity to make 2 vitality assay. With this method, root
samples are placed into clean water. 1f cell walls are damaged then the cell
contents will spill out, This increases the electric conductivity (EC) of the water.
By measuring the EC of the sample the extent of ccll damage can be determined.
This method was designated by the term electrolytic leakage.

In this project the electrolytic leakage from roots was measured in a number of
samplcs.

With Quercus mbur there proved to be a significant linear relationship between the
clectrolytic leakage from the root samples and the water contene of the plant.
With the rising of the clectrolytic leakage and the falling of the moisture content,
the plants do take longer to grow out. With Rosa caninta 'Inermis’ and Rosa
"Diamond Jubilee' there was likewise a significant correlation between the
moisture content in the plant and electrolytic feakage. A connection with
establishment and growing out could not be proved, however.
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Quercus robar lifted in October and stored at -2°C, had 2 higher electrolytic
leakage than oaks that were lifted in December. The oaks lifted in October
showed 85% failure, those lifted in December all survived. So, in this study, a
connection existed between vitality and electrolytic leakage.

In Great Britain measurement of the clectrolytic leakage from the fine roots of
three conifer types has already been used to determine their vitality, The method
is able to give results from the laboratory within 48 hours. How far the

electrolytic leakage is dependant on the growing or rest statc of the plant is sull
not known.
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2.7 Mechanical lifting, washing and defoliation

At the samc time as the investigation on the storage, packaging and transport of
tree nursery produce, in the research programme of the
Boomteeltpraktijkonderzock (tree crops practical research) three other
investigations were undertaken:

» the damage caused by the mechanical lifung of trees

+ the influence of defoliation on erop quality

+  preventing damage duc to washing out root systems.

These topics will be separatcly reported at a later date. Becausc they are a part of
the total chain investigation a few provisional results will be presented here.

2.7.1 Limiting the caused damage by mechanicatl lifting

A number of machincs used commercially for lifting trees mechanically were
assessed for the damage caused during the lifting process to a number of crop
groups; shrubs and hedging plants, fruit trees, and standard trecs. Damage was
also asscssed for the time spent in the shed. At the same time, practical
experiences were recorded.

There was no damage to the establishment of plant matenial. The conclusion is
that even by using a mechanical aid and lifting machines, piants can be lifted
without damage. 1f damage is occasionally prescnt, it must be the result of
carclessness during lifting,

2.7.2 Prevention of damage when washing the roots
In different experiments the occurrence of quality loss due to washing or
following washing was asscssed.

Using two problem crops (Dicentra spectabilis and Hydrangea petiolaris) and two
non-problem crops (Astithe japonica and Caragana arborescens), samples were
provided with different substrates. This was to facilitate the washing off, so that
less damage would be caused to the root system.

At the samce time the same crops were washed with a water pressure of 2, 4, and
8 bar (28, 56, and 112 p.s.i.). With these treatments the establishment of the
crops was good, and no negative influence of washing was determined.

In 1994 6 shrubs and 6 potted plants (which were identified commercially as
problem crops) were investigated. From these there were some failures with
Kerria and Potentilla and with the potced plants Defphinium and Acomitum. The
preliminary impression is that the cause of the failure by thesc crops was caused
by a combinaton of washing and the applied transport and cross border customs
simulations. Growing differences are still to be assessed.

The prcliminary conclusion is that failure after washing only occurs in a limited
numbher of crop types, and thart these failures were amplified through other
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factors in the supply chain. A washed crop requires extra carc in the supply chain
as it is more vulnerabie. Establishment problems with washed crops in the final
destination countries are most likely to be the result of caccless handling in the
chain.

2.7.3 Is early lifting possible without quality loss?

For the crop groups fruit trees, bush and hedging plants, and ornamental shrubs,
experiments were carried out to find a suitable defoliation method whereby early
lifting could be performed without a loss in quality.

Defoliation can be performed chemically, mechanically, or by hand. Mechanical
defoliation using a lashing type machine resulted in damage to the bark and buds
with Malus types and a low establishment in the following spring. Hand stripping
leaves is too labour intensive. Chemical defoliation appeared to offer the most
prospects, only with fruit trees is there some uncertainty. The samples showed
that there are possibilities for an experimental material for chemical defoliation
in the tree nursery.

Different concentrations of the material were applied at different times, alone
and in combination with under cutting. For most crop types a concentration of
8% gave a quicker leaf-fall than 4%. The lifting time for most types could be
between one and three weeks carlier.

With this limited advancement in the lifting time there was no quality loss in the
spring cstablishment.

This research is still under way, and the spray application will be applicd eatlicr
and more often with crops with a naturally late leaf-fall {from December) to sce
if they can be lifted earlier {first half of October).

The quesaon is how the plant quality will respond to these strong advancements
in the ume of lifting.
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2.8 Research into vitality during storage,
transport and after planting out

From January 1992 to May 1994 the ATO-DILO performed an investgation into
the vitality of tree nursery crops during storage, transport, and after planting out.
In order to ereate differences in vitality of the trees used, the trees were lifred
one month before Icaf-fall. There are physiological and biochemical definions
to describe the differences in vitalioy.

In the 1992/1993 scason the re-growth of the trees which had undergone a
handling stress was very much iower than those of the control plants. In
1993/1994 the treated plants did not differ from the control plants cven though
the growth and treatments were the same as the first season. A reduced vitality
was not achicved in 1994, cven with a sccond stress treatment in addition to the
carly lifting. This shows that vitality is very difficult to check and to manipulate.

As a basis for a vitality assay, it was attempted to ascertain if there was a
connection between the re-growth (vitality) of the trees and the bud weight, the
starch content of the fine roots, and the so called NMR-1maging uptake of the
buds (vitality parameters) and a few plant hormones.

While in 1992/1993 clear differences between the treatments were found, with
respect to the relationship between bud weight and starch content of the fine
roots, these proved not to be clearly the case in 1993/1994. The probablc
reason, shown by the results of the re-growth, was that there appeared to be no
stress associated with the carly lifting in the second season.

A connccrion between the re-growth and the resules of the vitality parameters
were observed, but the grounds on which the connection is based cannot be
determined without further rescarch. This was caused by the natural variability
within the trees used. 1t may be possible to minimise this biological variation
through strictly controlled circumstances (stress induced in a climate controlled
room) and defined material (for cxample 7 vitro propagated or by using plug
matcrial).

In the scason 1993/1994 there was also an investigation carried out to improve
the establishment of trees which had undergone stress. Treatment of the root
systcm with the hormone IBA (auxin) proved the most effectuve: the
cstablishment increased from less than 20% to more than 60%. Cleatly it has
been shown that the establishment can be greatly improved by using specific
hormones. Further investigation into this appears promising and necessary.

Unfortunatcly, through the advice of the commission that accompanicd this
project, the stecring group of the project "Quality control in the chain" have
come to the conclusion that the investigation will not be continued. The steering
group came to that conclusion because in the second phase of the investigation
there was no prospect of developing a practical assay method.
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3. DEMONSTRATIONS

3.1 Introduction

Demonstrations were held on all the tree crop research stations in Holland,
wherc plants werc treated in a good and a bad manner. The purpose of this was
to show the difference in the results of handling methods.

It must be remarked that holding demonstrations is not research. The results of
demonstrations are not consistent. They do show clearly that if plants are not
treated in a good manner then the risk of a reduction in quality increases. These
risks can somcwhat, but definitcly not 100%, be compensated for through extra
carcful handling of the plants during delivery. The most striking results from the
demonstrations arc given per research station below.

3.2 Time of lifting

The time of lifting has the strongest influencc on the storage and establishment
of barc-root plants. In a demonstradon in Boskoop, Zundert and Noordbroek
with Philadeiphus, Pinus, Quercus, and rose root-stock this was clearly shown.

All the plants were planted out in the spring and in the autumn a check was
madc on the establishment and re-growth. This showed that when the plants
were not in dormancy, the risk of too early or too late lifting increased, and then
the quality was seriously affected. To somewhat reduce this risk the delivery
must be as careful as possible; the risk of a quality loss remains cver present.

Unpmtected transport on
da triick,

1f the plants arc lifted on time but remain unprotected for a long time, then th
risk of dcad plants is still high.

3.3 Protected and un-protected
transport

Demonstrations with Forsythia, Philadeipims, Catadoa,l

Quercus and Pinus in Boskoop, Lienden and Zundert
highlighted that unprotected mansport was disastroi

especially with plants which are not dormant.
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OF Forsythia that was transported unproteceed in Apal 100% died. Also with
Pinns the percentage dead was high whenever the plants were left to lie
unprotected. Fven over short distances at a low speed unprotected transport
caused a quality reduction. Unprotected transport at high speed during dark,
rainy weather caused the same drying out and damage as occurs after high wind

speeds.

3.4 Protected and unprotected transport of
visually attractive plants grown under glass.

A demonstration was carried out with protected and unprotected transport of
visually attractive plants grown in pots under glass, over a distance of 25km in
July, with variable low and high speeds. After transport, the plants were put back
in the glasshouse and regularly checked for three wecks after the treatment.

Damage o the leaves ran as high as 30 percent. There was a great difference in
sensitivity between the crops. Picea was not sensitive, while Photinia was badly

damaged.

3.5 Plants allowed to lie protected and
unprotected

Comparison of plants allowed to lic protected and unprotected brought clear
differenccs to light. The plants were lifted in October or pulled up in April and
tollowing this treated or cooled. Again, there werc great differences between the
ditferent plants. Spiraea tested in Boskoop and allowed to lie unprotected for 6
days in the spring, gave a failurc rate of 100%. With Acer that was tested in
Licnden the failure rate was less, and the growth was poor to reasonable. In
Zundert there were also some cases of high failure rates after
unprotected laying out. A clear conclusion is that allowing plants
to lic unprotected is always detrimental to the quality and will
affece thetr establishment and re-growth.

3.6 Plants protected by sheets or
packaged in plastic bags

Demonstrations in Boskoop with Lignstram, in Zundert with Pinus
and Quercns and in Noordbrock with Resa and Fagws have shown

that protection under sheeting or in plastic bags helped to maintain
the quality.

Plants were lifted in December and treated or cooled. All the
treatments werc planted in the spring. With plants which were let
to lic unprotected the failure rate rose; with Lagnstrun to 100%.
‘The damage was the greatest in the spring with plants which were
not covered and which were not dormant.

Left The dead row on
the left was raised in
Apnl 1992, left
unprotected for 6 days
laying outside and
planied: 76% dead
plants.

Rught The row to the

right of the dead row

was ratsed in AApril

1992, left for 6 days

protected laying outride .

and planted: 2% dead
plants,
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3.7 Storage of perennial plants in cold stores

The storage of percnnial plants in a cold store where the plants were packed tn
veenman pallets, gave a high failure rate in some cascs. The demonstrations were
carried out in Boskoop, and no fungjcides were used.

[t scemed that the high failure rate was due to the carly period of lifting. The
sampled Campannla and Irs were lifted in September. Through the combination
of carly lifting and cooling below zero the percentage of dead plants with rr and
Campanula was 88% to 100%. By cooling at 1°C the failure rate was less.
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4. ADVICE ABOUT
HANDLING IN THE
CHAIN

4.1 Introduction

What many do not realisc is the long journcy that the tree nursery product
covers from the nursery to planting out by the end uscr. The joutncy is not only
long in distance or in number of in between stages, but sometimes above all also
in time. Diverse dangers come to light. Everybody that handles the product can

cause a quality loss.

Below is a list of treatments which have an influence on the quality of the
product along the wayv between the nursery and the end user.

Nurseryman |[crtlizer
Crop protection
Under cutting
Lrripation
Lifting
Trade and transhipment Transport
Storage
Packaging
Grading
Defoliation
Washing
: Bundling L
Receiver ‘ Laying out
Planting hole treatment
Planting

Every careful trcatment from the moment of ferdlizing up to and including the
planting will have an effect an the quality of the delivered bare root crop. A
satisfied recciver is evermore the best client. All the treatments that take place
have their own influence on the later growth of the crop.

Many demonstrations and investigations have shown the importance of careful
handling of the product in the whole of the supply chain.

Although outside the scope of the present investigations, other advice can be
given for the preservation of quality in the whole of the supply chain.
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4.2 Handling by the producer

4.2.1 Fertilizing with prudence

[For good growth the correct application of food stuff for the plant is required.
The saying "if it does not work it does not harm" does not hold here. Too much
ferdliser can result in a forced plant. Also, fertilizing too late can icad to these
probiems. A lush, less hardened crop often has a pootly developed root system.
Also the crop will be supplied before it is fully hardened. In short, the delivered
product docs not satisfy the quality requirements.

Therefore do not simply fertilize, but follow the advice of experts. The
Landbouw Voorlichting (Agriculture advisory service) can help you devise a
good fertilizer plan. Make usc of it.

4.2.2 Health through crop protection

In the past, only control was mentioned. A timely observation of pests and
discasc plays an important role. Prevention is often better than cure. 1t is
necessary to be able to identify a disease when it occurs. A crop must be
supplicd frce of pest and discases.

Good control requires 2 knowledge of the materials used. Therefore find out
about the proper measures. Do not make use only of available materials, but also
consider using other materials. Think about the good protection of vour crop
before the delivery of the product.

4.2.3 Preventing drying out

Drving out is one of the greatest dangers that can occur. Under cutting is a good
method by which to obtain a good branched root system, but it must be
followed up with irrigation if the weather demands it. Barc rooted crops are
especially at risk to this.

The weather plays an important role in under cutting and lifting. When it is very
dnv weather, ensure sufficient irrigation is applied. The plants must be fully
saturated with water at least 24 hours before lifting. A plant that is fully saturated
with moisturc during its handling will have less risk of drving out.

4.2.4 Early lifting, time will tell

In the tree nursery lifting will take place at different times. This can be due to
circumstances or because of the wishes of the client. Nevertheless there are
limits. Lifting trees and plants too cariy when they are still in leaf] raises the risk
of poor cstablishment. Also late lifing of crops that are alrcady active carries the
danger of poor establishment,

With demonstrations it was shown that too carly lifing in some cases leads to a
failure rate of more than 80%. Thercfore, do not take anv unnccessary risks and
keep the lifting time within the limits, The client is not served by the carly
dclivery of a pootly growing crop.
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4.2.5 Careful lifting

The lifting of trce nursery crops costs a lot of tme. Too grcat a work load or
other reasons can sometimes mean that too fast and careless lifting can occur,
With lifting, a portion of the roots are shortened. When this is done correctly
there is a good balance between the top of the crop and its root system.

In all cases carcfulness is required. Only thus is damage to the roots kept to a
minimum. Bear in mind that 2 good and healthy root system forms the basis for
the start of the growth of the crop in its new position.
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4.3 Handling during selling

The minimun regutrentent
Auring transport is coverng
neth a sheet. It is better to
transport in a cosed vebicl,

4.3.1 Transport in the comrect way

On the way from the producer to the end user the tree nursery product
undcrgoes a serics of treatments. Movement is by far the most important
trcatment. Fortunately this generally is donc carcfully, so no loss of quality

OCCUrTsS,

Loading and unloading is another story. It is labour
intensive and sometimes hecavy work. The way in
which the loading and unloading takes place can l
have an influence on the quality.

4.3.2 Transport, a vuinerable time I
Betwecen lifting of the crop and planung out again,
there is often a long path of handling and transit. I
Even when the distance is not that great, damage
can easily occur during transit. This is especially the
casc with unprotected transport of crops without al
soil ball or pot. What care has been taken during
growing can quickly be taken away through unprotecied transport. Damage 1s
prevented by using a closed or well covered truck during transport. I

The damage caused by unprotected transport was clearly demonstrated on
diffcrent research suations. ln some cases there were very high faiture rates.
Unprotected transport is fatal, certainly when it occurs with plants that are not l
dormant. During several days transport plants can casily dry out or overheat.
With cvergreen plants the leaf green can reduce. With plants with flowers or l
berries these can fall off. Much of the damage depends on the condition of the
crop and the condidons in the freight truck.

Question tor exampie how humid, how warm, or how light it is in the freight l
truck.

4.3.3 Store without risk l
Lifted plants en route from nursery to client are stored in different ways. Plants

are to be found outside, in a shed or in a cold store. The outside plants can be r!
clamped, or lic on the ground not covered with a sheet. When the latter happen®
quality loss can casily occur. l

In a cold store, condidons are far easier to control. In a shed or outside, the
conditions are far harder to control and are therefore far from optimal. Plants
there often have to suffer from drving out. Demonstrations have shown that
plants that are put down outside for 2 short or long time often give a high failu
ratc. A few hours laying unprotected can produce damage. Whenever plants are
not in rest leaving them laying unprotected will cost a lot of money. ‘The longer
the plants lic unprotected, the greater the risk.
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4.3.4 Grading for quality by eye
Next to grading by length or diamcter, grading for the health of the crop is most
important. In this way the overall quality can be judged.

[n the ficld two types of grading occur; before lifting, plants are marked, and
after lifung, plants are graded by hand. With this it is important that the plants
do not lic unprotected for too long as this can causc a great loss in quality.
Certainiy with bleak and dry weather the dsk of drying out is very great.

When processing, the plants are stored for a short or long time in the shed. In
the shed there also exists the danger of drying out. By long duration storage
under certain circumstances fungal growth can easily develop. This is most likely
when there are sall leaves or leaf debris present. Also during the grading
procedurc it is important that the quality is not allowed to decline.

4.3.5 Defoliation without danger

Plants lifted soon after leaf-fail in the autumn are mostly not fully hardened off.
Often therc will still be plenty of leaves on the crop. Becausc of this,
transpiration can still continue, therefore the risk of drying out is very high. By
defoliation you can attempt to prevent drying out. What method causes the least
quality loss? On the rescarch station at Horst the most cfficient method of
defoliation was scarched for, whether mechanical, by hand, or chemical.

4.3.6 Washing with perspective

When exporting to different counttics the roots of the plants must be washed in
such a way that no morsel of soil remains. This treatment often results int a
considerable reduction in quality, certainly when the storage chercafter is not
done carcfully. On the tree crop research station at Boskoop investgations were
carried out as to how to limit or prevent this quality loss.

4.3.7 Careful bundling and tying

Plants without a soil ball ot pot, so called bare rooted crops, arc mostly delivered
in bundles. Larger standards and fruit trees arc supplied individually. It is of the
greatest importance that the bundling and the tying is carricd out carefully.
Broken branches often originatc from tying that is too tight. This undesirable
quality reduction can be prevented by careful working. The same holds for the
bundling. Opcrating with a bundling machine also requires careful working.

It is important to work accurately when bundling, so that the root necks of all
the plants in the bundle sit at the same height.
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4.4 Actions by the client

4.4.1 Extra care in setting out

With many extensive plantings there will usually be large numbers of the same
tvpe planted out. 1t then goes without saving that these crops may be set out at
their definitive location before they are actually planted. Planting will start at the
beginning of the scheme. The last plant that is put in the ground may have lain
unprotected on the ground for a long time,

Depending on the condition of the plants and the prevailing weather conditions,
the plants can run a great risk of drying out. There are various ways to improve
on this, dcpending on the weather conditions and the condition of the plants, for
exampie by only laying out a limited number of plants.

<
4.4.2 Iimproving the planting site
The tesult of a new landscape is dependant on the quality of the plant material
and the conditions at the new growing place. An optimum growing site is also of
great importance for the establishment of a new landscape. If the soil structurc is
not good, then measures must be taken to improve the ground. If the soil
structurc is so poor that a soil improver will not help, then the whole planting
holc must be excavated and replaced with good topsoil. When planting holes are
made mechanically for larger plants, for cxample using a soil auger, carc should
be taken that the walls of the planting hole are not smcared watcr-tight. This risk

is present above all with soil of poor structure. The smeared wall must be broken
up again before planting.

In many instances the planting hole of a standard tree will be equipped with a
drainage pipe in order to improve the air content capacity of the soil. When
necessary, water can also be supplied by this method.

4.4.3 Fore- amd after-care of the plants

The plants must be positioned in such a wav that the roots hang properly
downwards and arc divided as much as possible over the whole of the planting
hole. The ground around the roots should be fiemly pressed so that good contact

exists between the roots and the soil particles. In this way the plants can take up
water better and they are well anchored.

With larger specimens such as standard trees it is necessary to position tree
stakes next to the tree.

Also ensure that the plant receives the necessary attention after planting. Water
application can play a large role here.
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5. PUBLICATIONS,
LECTURES, AND
GENERAL INFORMATION
ACTIVITIES

During the period of the project diverse activitics took place in the sphere of
information. The cmphasis lay on showing the results of the research, and the
demonstrations of the diverse treatments, to maintain the quality in the various
links in the supply chain of tree nurscry products. An overview of the most
important publications, lectures, and general information acdvities is given
below.

Reports
In the coursc of the project various reports appeared aimed at giving an insight

into the intention of the project and its progress. A summary of the reports can
be broadly scen as follows:

¢ Prciiminary investigation,

¢ Brochure 1993
- Interim report of investigations,
- Results of the demonstrations.
- Information actions, shortened form.

¢ Brochure with full information actions.

¢ Research reports
- Part report 1: Survey
- Part report 2: Literature study
- Pagt report 3: Experimental results

¢ Summary report of the whole investigation
¢ Report from the ATO-DLO research into vitality

¢ End report containing:
- Overview of the most important investigation results.
- Results of the demonstrations.
- Information actions, shortened form.
- Overview of the various information activities.
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Poster

To underline the importance of good
trcatment in the different selling phases, a
poster was planned with poignant advicc
about the correct handling of bare rooted
tree nursery products. 1t consisted of an
attractive illustration combined with a piece
of information. The poster was distributed
to the following interested parties:

3,500 Tree nurscries/suppliers
550 Rescarchers

225 Garden centres

270 Auctions

700 Gatdeners

300 Advisers

525 Councils

VOLGENS MU
HEBBEN 2E.JE VODR

“Iif you ask me they see you as fire-wood"

Unprotected transport is the death-blow
of many a tree and plant.

Cartoons

Onc of the most important actions was the design of six cartoons, these were
regularly published in the trade press of the tatget groups. These cartoons were
also uscd in other publications for the groups concerned.

Regular repetition of these pictures has helped cmphasize the importance of
good handling of vulnerable bare-rooted trec nursery products.

Folder hand-out

In this folder, which can be sent as a
"reminder” to customers, is a short and
concise entry on the most attractive actions in
the chain. The folder was made with a run of
10,000 copies and is meant to support the
earher distributed poster.

Slide series

As enlightcnment material a slide scrics was
designed that was distributed inside the DLV
and to adviscrs. The emphasis of this serics lics
on restoring the correct actions in the sale of
bare-root tree nursery products.

Lectures

In total 65 lectures were held for different
target groups. An overview was given of the
most important results from the investigation,
filled with poignant advice on the correct
handling of the products.

SORRY HOOR,
MAAR I KRUG NTIET
HELEMAAL HOOGTE VAN JE..,

Y
“'m sorry, but what height do | get from you?"

With good bunching ail the root necks of the
plants are at the same height.
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Articles
In total 51 articles were published in different trade press, including:

de Boomkwckery Fruitteeit

Tuin en Landschap Oogst

Bloem en Blad Agrarisch Dagblad

Next to this was regular publication in several regional papers, news-letters and
information shects of study clubs and organisations. There was also attention
paid to forcign countries through the "De Boomkweket", the information paper
from PPH (Plant Publicity Holland), which is distributed in different countries.
There was also a number of articies published in foreign trade press over this
topic.

ONBESCHERMD
MAAKT JE ONBEMIND...

"Unprotected makes you unwanted™

The time that a tree can lie unprotacted without suffering
damage is very short. Even when in winter rest.

# Een goede kwaliteitshoom begint tussen je oren

A good quality tree begins between the ears
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Commercial Practice

Organisation

The majority of growers and traders were aware of the dangers of drving out of
the plant. Almost everybody acknowledged the danger of letting bare-root plants
lic unprotected in the ficld or unprotected (internal) transport. That this still
occurs In practice points to organisational causes. Good planning is necessary,
whereby the number of plants to be worked on s condnually tuned to the
available personnel! capacity. Good communication between the links is
indispensable for tight planning.

Unprotected on pallets in the
field; keep this period as

short as possihie.
Cool chain distribution

plans and afterwards of agrecments.

realise an improvement in spreading the

is superfluous. Cool chain offers above all the advantage if crops are to be
supplied late in the season, and for partics for which the delivery call off is
uncertain.

Maintenance of refrigeration plant

In practice the working temperature in cold and freczing stores often deviates
somewhat from the sct, desired air temperature of the store. This has an
influcncc on the possible storage duration of the crops.

At the yearly service of the cquipment the causes of these deviations should be
traced and corrccted. We recommend that analoguc needle thermostats should
be calibrated as often as possible. Digital thermostats exhibit less drift (course in
respect to the zero point) than measuring cquipment with an analogue
mechanism. Therefore there is a preference for these digital thermostats.

p=ry

The weathers' changeability remains an uncerta
factor which hampers the carrying out of work

Cool chain distribution offers the chance to

workload. The influence of the climate on the
activity of the plant development is controlled,
and the sclling scason lengthened without cost

plant quality. In cool chain distribution clampin
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Drying out in the sheds

‘The temperature in sheds riscs as the spring advances, and displays greater
swings throughout the 24 hour period. The relative air humidity fails and the
vapour deficit rises. Plants therefore dry out quicker and arc active carlier.

It is possible to improve the climate in the shed though working with the doors
shut, wetting the floor of the work place at the beginning of the day, installing
strip doors in the door openings, leaving the floor unsurfaced (for the greater
part), or by installing humidifiers.

1t is possible to control the climate in the shed by making use of cheap, cool,
humid night air. Warm air can be cxtracted from the eaves using a fan. Shutting
out the sun and working under fluorescent lights prevents warming up under the
influcnce of the sun.

Drying out in the grading room

The results showed that the drying out of bare-rooted plants was around four
times as quick in grading rooms as in the sheds at the same time of the year. 1f
hot air burners arc used in the grading shed then the evaporation rate 1s even
greater.

1n order to limit the moisturc loss the time spent in the grading room should be
kept to a minimum. The usc of hot air burncrs is not advisable on the joint
account of cthylene production and the high vapour pressure deficit and
unpleasant working environment they create.

Room temperature versus product temperature

Mecasurements taken in the sheds and cold stores showed that the product
temperaturc is mostly higher than the room temperature. So long as these
differences arc small this creates no problem for the viability. Problems can
occur if residual leaves are present, the product was lifted too carly, inadequate
ventilation is possible through too closed a container (kuub crates), too tightly
piled, or if insuladng filling material such as peat dust is used.

Chccking the room and product temperature can bring attention to problems in
an carly stage, and the stack method can be changed or the room temperature
fowered.

Covering of bare-rooted plants
In most companies, the barc-rooted plants in the sheds have no extra protection.
Plants in boxes or tree pallets arc often stacked with the roots to the outside.

Covering plant lots in sheds or wrapping pallets with stretch film reduces drying
out of the plants during storage in the sheds.
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Early lifting

Although it is commercially desirablc to bring forward the sclling season, it is
undesirablc from a quality point of vicw. Early lifted plants arc much lcss
tolerant to moisture loss during their time in the sciling chain and have low
winter hardiness,

The disadvantage that follows is not fully removed through carcful handling
during the selling phase.

Even in a short selling chain carly lifted plants have insufficient time to recover.
Plants lifted before natural leaf-fall are unsuitable for long duration or frozen
storage. If carly delivery is really required, then give preference to potted ot
containerised plants, or potentially root-balled piants.

Un-packaged handling
Many bare-rooted plants are supplied un-packaged. Research has shown that
protection against drying out during handling maintains the viability.

It is meaningful to strive for the usc of one type of packaging material through
thc whole of the chain. This prevents unnccessary over packaging and simplifies
the disposal of the waste. Black 0.1mm thick HDPE (high density polyethylene)
film and co-extruded black /white PE film are suitable protection materials for
hoth during, storage and delivery.

Root-dips.
An alternative to packaging is the usc of root-dips.

Root-dips consist of a water absorbent polyacrylic which offers protection
against drving out. There are practical problems regarding the application of
root-dips, and solutions must be found to these questtons, Here lies a task for
the manufacturer and the suppliers.

Road transport

Tilt trucks have Jittle protection against high or low temperatures. With cold
weather or heat or sunshine the chance exists of damage through frost or the
temperature running too high. With closed, insulated trucks, the air temperature
inside the vehicle follows the outside temperature, though there is a delay.

As with storage it is desirable to make use of temperature controlled trucks for
transporting. This is ceruinly teue for plants which must be transported over
long distances, or for plants which arc not dormant. The (pre-) cooling of plants
and temperature controlled transport give the most sceurity for the maintainance
of plant quality.

Loading and unloading

The trading of crops without the usc of pallets causes mechanical damage duc to
rough handling by hand. Broken branches arc often not caused through binding.
but through carcless and/or incorrect loading,

The preference is to use boxes and upright transport of plants to prevent
damagc.
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Binding material

The usc of unsuitable binding materials causes damage to crops in the form of
wounding on the bark. Use by preference single strand polypropylene string with
a running vicld of 1/400 or 1/600 m.kg. (cach kilo gives 400 or 600 running
metres of string). So long as the crop will not be held in cold storage for a long
time, single strand sisal with a minimum thickness of 3mm is sausfactory.

Unsuitable but otten used are; carnation wire, tomato ot sweet pepper twinc, and
parcelling twinc.

From an environmcatal point of view it is recommended that an improved
binding matcrial should be developed, one which is also suitable for long
duration winter cold storage.

Arrangements.
Growers against their better knowledge take actions or leave protective actions

out, which can cxert a detrimental influence on the viability of the crop.

In order to prevent this, clear agreements are required between the producer, the
supplicr, and the client. Thoughts fall to the fixing of the earliest lifting date per
seasor, compulsory protected (internal) transport, packaged delivery, and the
giving of growing guarantees.

In the future there could be certification of companics or the use of ISO-norms
in order to further advance the maintenance of plant quality during the selling

phasc.

GEWOON EEN
KWESTIE VAN EEN GOEDE

"It's normally a question of a good pedicure”

At the correct time and depth, under-cutting is of
great importance for the future life of the plants.
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6.2 Following Investigation
Covering sheets
The sheeting-over of plants for transport is laborious, heavy and ame consumin
work. To cover plants duting transport a light, strong material is required, whcri

the temperature underneath does not rise quickly. Rescarch is required to find a

uscablc matcrial. I

Protecting the roots nath
a covertng sheet.

Improving establishment

The drying out of plants is a reversible process
inside defined limits. The effect of plunging the l
root system, potentially with the addition of
hormoncs, on establishment was discussed in the
litcrature with variable results. Further research
into this subject may elucidate the benefits of this

treatment. I

Crops handied in leaf
Crops handied in lcaf came up for discussion onl
in the sutrvey and the litcrature study. Ethylenc I

and too high a temperature in combination with a shortage of light formed the

most important reasons for damage. Investigation is required to determine

specific requirements during the marketing of visually attractive crops in the l
different seasons.

Rest condition

The moment when plants are fully hardened is normally commercially measured
from the natural lcaf-fall. An accurate determination of the rest condition is
required in connection with fixing the time of lifting, Also the maximum storage
duration and the choice of storage temperature are dependant on the dormancy
position of the plant. In order to find suitablc critcria to determine the level of
dormancy, further research is required into the physiology of winter rest.

Vitality

The Instituut voor Agrotechnologisch Onderzock is also researching a method
to determine viability. A connection between re-growth and the measurement of
viability have been observed, but the grounds of the connection cannot be easily
determined within the time span of this project. Consequently it was decided not
to continuc this research. At this ime there is no method by which the viability

of hardwoods in the chain can be measured . l

Certainly the development of something like an assay is of great importance
commercially. British research on conifers and orientation experiments during
this project on deciduous wood have shown that a perspective exists for
determining viability.

Research should go further, possibly with International cooperation, in order to
develop a viability assay which is easily applicable in practice,
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6.3 Demonstrations and Advice

Next to rescarch, much attention was paid to the awareness process of the target
groups. The demonstrations have clearly shown what follows as a result of good
and bad handling.

‘There is also much attention paid to providing information about sales activities
in the chain. This has contributed to raising the consciousness within the links of
the marketing chain to the benefit of good acdons in the sales of bare-rooted
products.

In the near future, raising awaremenss should be continued. This can be done
through lectures and articles asking to maintain attention on good quality
control.

Also support can be granted to the information activities of third partics.
Likewise there can be co-operation in the setting up of lesson material regarding
this matter. Whencver possible demonstrations should be set up with this aim.

Co-operation can be given to the setting up and introduction of 2 piece of
regulation in the arca of handling of bare-rooted tree nursery products.
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