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» M >
e L g <N » B
L S e X W
= \ A N Nk
- | » W

' W %
o N . o p
4 N ; S £l
b S
\.‘W
& ) A

-



RISKS FOR PLANTING STOCK DURING
HANDLING AND STORAGE

A loss of water

Food reserve loss

¢ Mycorrhiza damage

¢ Scalding/steaming

¢ FUnRA@l Infection

¢ lMechanical damadge: = avold tnirewing the planting
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Weight loss (of water) of spruce 3+0
after 30 to 180 minutes of exposure by
planting stock drying in an open area

Weight loss (%)
Exposure to drying (min)

30 60 120 180

The above-ground part 7 15 23

The root system 21 43 49
The entire plant 11 20 27
Mortality (%) 52 92

25
53
33



VIABILITY OF FINE ROOTS OF SPRUCE
2+2 AND OAK 1-1 AFTER EXPOSURE IN

OPEN AREA (air temperature 15°C, RH 55%,
no wind, no sunlight)

. Exposure duration | Viability of fine roots
Planting stock (min) (%)

Picea abies

Quercus petraea




Spruce 3+0 mortality 1 year after planting when the
planting stock was treated with an antidessicant
(Agricol) or antitranspirant (Folicot) product and
stressed before planting for 60 and 120 minutes by
exposure to drying out in the open (normal weather
after planting)

Mortality after planting (%)
Protection method Exposure 60 min Exposure 120 min
Agricol 12 66
Folicot 75 99
Agricol + Folicot 10 44
No treatment 84

Control variant (no exposure) 7



Spruce 2+2 mortality 1 year after planting If the
planting stock was stressed by a 0 to 120 minute
exposure to drying in an open area prior to planting
and by a 3-week drying after planting

Drying exposure
duration before
planting (min)

Mortality after planting (%)

Normal weather after 3-week drying after
planting planting

4 3
13 21

48 87
84



Spruce 2+2 mortality 1 year after planting
depending on the drying rate — drying out to a loss
of 20% of the weight of the root system (root
growth restored at the time of stress, normal
weather after planting)

Mortality after planting

Drying rate (%)

40 minutes

220 minutes

12 days



Losses of weight (water) of the entire plant (after the
same drying stress) and losses 1 year after planting
of spruce 2+2 depending on the plant phenophase
during stress; the same plants evaluated

Mortality after planting (%)
Phenophase | Water
and plant losses
placement &) Normal weather 3-week drying
after planting after planting

Measurement
month

Dormant
March - from the bed ~ 1° > °
Not sprouted
- 3 weeks in a 18 12 31
April snow pit
Sprouted 5 42 100

- from the bed



DRYING OF PLANTING STOCK

¢ The root system dries 3 times faster than

the above-ground part

¢ Quercus - the most sensitive (do not heel in)

¢ Pinus sylvestris, Larix decidua, Picea abies —

VEIYy SEn SItive

¢ Ables alba, Pseudotstugar menziesll, Fragus

Sylvatica, Pinus nigra = “Kelatively resistamt™

\_J

ALL SPECIES DRY OUT, IT DEPENDS ONLY ON THE INTENSITY,

OF THE CONDITIONS AND THE LENGTH OF THEIR DURATION!
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FOOD RESERVE LOSS IN SPRUCE 2+2,
BEECH 1-1 AT DIFFERENT STORAGE
TEMPERATURES, PLANTS IN THE
STORAGE AREA FOR 20 DAYS (100%
content of food reserves before storage,
plants not sprouted, spring storage)

Food reserve content (%)
Storage temperature 0-4 °C Storage temperature 6-10 °C

Picea abies 98 64

Tree species

Fagus sylvatica 100 81



Loss of food reserves and mortality 1 year after the
planting of spruce 2+2 depending on the handling
method, phenophase of the planting stock and

weather after planting (prior to planting, the planting stock
was not subjected to drying, the same plants were evaluated)

Food Mortality after planting (%)

Phenophase and reserve _
e Normal weather 3-week drying

(%) after planting after planting

plant placement

Dormant

October o ihe patch

Dormant
- from the patch

After winter heeling in
under a stand

Not sprouted
- 3 weeks in a snow pit

Not sprouted
- 3 weeks under a stand




Mortality 1 year after the planting of spruce 2+2
depending on the temperature of the steamy
planting stock (normal weather after planting)

Mortality after planting
(%)

Planting stock temperature




The Influence of low temperatures on short-term
heeling in on losses after planting

Heeling in Mortality (O/O)

temperature

Pinus sylvestris Picea abies
6 4
6 6

64 53



CONDITIONS OF HARMLESS HANDLING
AND TRANSPORT

¢ Dormant plants

¢ Plants in the dark

¢ Air temperature -1.5 to +8°C (optimum 0 to +2°C)
¢ Alr humidity above 90%

¢ Heat removal fifom: plants:(ventilation)

Nursery workers provide better transportation of
planting stock!



PLANTING STOCK TRANSPORT

¢ Without any root system protection
¢ With root system protection
— Antidesiccants
— Crates + pouring soil through the root system
— Root system packed with a shrinkwrap
¢ Entire plant protection
— Bbags
¢ Plastic (black = silver, white;
¢ Paper (several layers)
= Cardboeard DOXES
¢ Antitranspirants are alse suitable for Feet system
PrOCECLION N
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Transport without any root system
protection




Transport without any root system
rotection
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Transport with root system protection —




Transport with root system protection —
containerized planting stock packed with
a shrinkwrap

g




Transport with root system protection —
containerized planting stock packed with
a shrinkwrap




Transport with root system protection —
containerized planting stock in plastic bags
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Transport with root system protection —
containerized planting stock In containers

on cultivation frames




Transport with root system protection —
containerized planting stock in containers
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Transport with root
system protection |
(paper bags)






Transport with root system protection
— plants in open plastic bags
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Transport with entire plant
protection — planting stock
enclosed in polyethylene bags
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Transport with entire plant
protection — planting stock-
enclosed in bags




Transport with entire plant
protection — heeling in a planting
stock enclosed in bags
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Transport with entire plant
protection — planting stock enclosed
In paper bags

« 1 ~ -




Transport with entire plant
protection — planting stock

enclosed in cardboard boxes
(advantage — can be stacked)
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Transport of planting stock in pallets
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Planting stock transport
- storage with possible ventilation




The safest transport of planting stock

- plants in containers (fewer plants
can be transported), storage with
possible ventilation

Der Nr.-l‘?ermer flr
Nachhaltige Forstwirtscha




Lifting planting stock




- In autumn — sale

— long-term winter storage

— planting

- In spring

- [N summer = seedlings for sUmmer transplanting
(only: short-term) storage) p

= conifer planting “from ground to
ground™ (w};’nogﬁf’:‘any storage)



Lifting methods

- manually (spading pitchfork)
. mechanized in a single row (also bundling)
. mechanized in the entire bad
., machine only undercuts, then manually
. machine lifts, then manually

., machine lifts, plants travel on a plane

to a counter, then manually:



- lifting is followed by packading into transport

wrappers and transport (but also sorting,
bundling, protection of the root system
against drying, possibly protection against
Hylobius abietis)

- heeling in at a bed for a maximum of 6 hours
OF until the next morning

- tFansport = See above

= NO lIftEr: Can’ Sekt ‘

=Hlfiting Up’ = the biggest Rical I)r‘JJJ’-IJ‘,d’
laced DY NUFSERIES - l’ /”



Plant lifter
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Bed lifter













Lifting seedlings
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Lifting seed|




Lifting planting stock, sorting and
bund:g_lj
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Soaking plants in antidesiccant
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Heeling in planting stock “into

hedgehogs”
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Planting stock
sorting




Sorting at beds

- planting stock IS homogenous

- bundling

- OOt System protection, Neeling In or
packading

= LFaNSPOLC



Sorting in the handling hall

temperature up to +13 °C (heating,
ventilation)

handling tables with irrigation
wooden (heated) floor

- non-homogenous planting stock
= inappropriate weather for beds
= SOrting can alse be done in wWinter When using
dii=conditioned Warenouses
= bundling), reet system: protection) transSport
. Yy |
<‘:)CJJ§) ) |

J 4 4o e V-
= Rallfdisinfection o
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Sorting methods

sorting according to the valid standard

sorting also according to the customer’s

reguirements
experienced workers — tools (meter, root collar

- dUring serting, It IS pessible tor MECAANIC

Modiiy. the above=ground part and t

(Smeoth, perpendictiar and ot rrJyAJ el }3‘

V" J ” /’



Bundling

5 to 50 plants in a bundle (according to

size)

- smaller plants are bundled at the root
collar

- |larger plants — above the root collar

- Use only: material that wen't damage the
plants (string, ne wire)

- oot protection and plant marking
Immediately, after bundling




Mobile shelter for plant sorting
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Plant sort




Handling for plant sorting
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A template to
determine the
root collar
diameter

Caliper
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Handling table with a template to
determine the root collar diameter




Plant bundling machine




Plant bundling
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Application of antitranspirants

o




The pine weevil Hylobius abietis (L.)

N\ L
* ", f .
S | -
7
» - [ 3

« Eats bark on freshly
planted seedlings

« Without counter
measures, up to 80%
of the seedlings are
killed

« The most economic
important forest
Insect



Protection against the pine weevil

e Chemicadl
proteccion

S\ lelaelal=lanl




How Conniflex® works

« Small grains of sand
(0.2 mm) are lodged
between the pine
weevils’ jaws




Conniflex® - protective coating with sand
R




Conniflex
(protection against Hylobius abietis)



Wax
protection against Hylobius abietis




Mechanized plant sorting

A T




Mechanized plant sorting




Manual plant packaging

1 - 7




Lifting-up homogenous plants from
containers and packing them into
cardboard boxes




Fully mechanized lifting-up of
homogenous plants from containers and
packing them into cardboard boxes




PLANTING STOCK TRANSPORT

¢ Gentle handling (no tossing, no treading, no folding)

¢ Transport must be done at night when:
— The air temperature is above 16 °C

— Transport time is longer than 2 hours (includinc
loading and heeling in)
= Plants are sprouted

¢ lransport during the day. is possible only. When:

= lhe Weather s cold Withrnigh relative alF numiaity:

T o 2 i ] v o) ; . + ‘ 4 /
= Iranspoertistnotiongerthan: 2 hours (Including leading
. nt #
andREEling In)
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¢ Transport only plants with protected root systems

— Enclosed wrappers are best
Root system packed with a shrinkwrap

Root system covered with a wet substrate
4+ antidesiccant
no dipping in clay mixture

¢ [lransport IS po~s Ible with unprotected root
Ssystems only when:
= [he temperature does not exceed 16 °C
= lhe transport time is nerlonger than: 1 hour
= Plants do net sprout and few: plants are transp
= Antidesiccant wasi appliedl + Covering the whoele
plantsStwithfwet materali(@ tarp), sthaw, etc. ﬁ 4

A
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¢ Do not transport plants in heated wagons
¢ The transport space is covered with a well-sealed tarp

¢ In case of several hours long transports, the

transport space should be ventilated (after 2hours),

pour water on cloth tarps
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Stackable
containers "




Stackable containers
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Iners in

Stackable conta

the transport space




A multi-storey transport space
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¢ Transportation ends with good heeling in (storage) -

not folding of the plants into a pile

¢ Sprouted plants cannot be transported in enclosed

wrappers and cannot be stored

For oaks and large-sized plants, It IS hecessc C

Iu\‘r\._l\.a\..l v

(la

agree to go “from ground to ground® (the best way)

¢ In case off lond transport distanc I deciduous
SPECIES, tFansport and planting S| DESt done: In
gutumn y
i ¥

y
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HEELING IN OF PLANTING STOCK
(open air)

SAND (SAWDUST)

SNOW PITS

BASEMENTS, CAVES
STORAGE OF PLANTING STOCK

(special equipment)
UNDER THE SNOW

AIR-COND. WAREHOUSES



HEELING IN OF BARE-ROOTED
PLANTING STOCK

¢ The heeling in site needs to prepared — ploughed!

— Lighter and wetter soils, no large particles
— A sheltered, protected and shaded area (sun, wind,
[rost, an]mals)
Buila shelters (monile)
= A Water source at long-term neeling In Sites (or

LFAaNSPOKL off Water) .

/P



HEELING IN OF BARE-ROOTED
PLANTING STOCK

¢ Piles of sand and sawdust are not the most suitable

— Drying up to 15 cm

¢ Protect the above-ground part against the sun when



¢ Short-term heeling in (max. 3 days)

— Plants may stay in a bundle, place the root system into
the slot/furrow

— Cover the root system with soil and seal/fasten it
— Soil at least 2 cm above the root collar
— Provide shade

with brushwood (but don‘t cover entirely to prevent scalding
& With a shelter
& Cover with cloth

l_
Ul

= At temperatures above 15 °C and for sprouted plants,
pundlesrneed to beruntiead

— IR NUESErI

U

S, plants can be 'r)LJJ’JEdCJ Intor beds for a m <. o

~

Off 6reUES (] N WatER fiolF MaX. St days, oniy/ e vﬂrnj)
) PISCE FOOLS 1R SoIl, dornoE coverij)un‘rne surfac



¢ Long-term heeling in (over winter)
— Plants must be dormant
— Bundles must be untied, plants must be placed

“individually” into the slot/furrow
— Cover roots with soil, seal/fasten; each root must be in
contact with soil

Soil at least 10 cm above the root collar

— Provide shade
o With brushwood (but do net cover)
o Wi
v With cloth

= FEencing = protection against animals
-
Fe

h a shelter

LOnLE

= EFencing at the bottoms = protection against rodents Y ‘
— Trrigation necessary, but enly for the root system (sca alding)
o

>

V" J ’, 4



— Recommended - soak plants for several hours with the

root system into water prior to and after heeling in

— No long-term heeling in

¢ Sprouted plants (more than 3 days)

¢ Conifers except Larix decidua (over winter)

L
=
L

— Rather do not heel in anything during winter

y NOt In peat (Slow: defrosting)

v
RECOMMENDED - A CENTRAL HEELING IN SITE

’P
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eeled in planting stock




in planting stock

Heeled




Heeled in planting stock covered with
brushwood




Heeled in planting stock covered with cloth




Heeled in Elantmg stock under a shelter
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Heeled in planting stock — piles with the root
system covered by cloth (Austria)




Planting stock heeled in in a nursery (Austria)

7 o — §




Planting stock heeled in in a nursery for
the long term (Austria)




in a nursery for
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STORING PLANTING STOCK IN SNOW PITS

¢ 2 types of snow pits (bottom and lateral cooling)

¢ Plants stored in a dormant state

¢ Max. biologically acceptable storage is 3 weeks
¢ [he snow pit must provide
— Insulation (temperatures up to 10 °C, REH above
50%0)
» approx. 60 cmi of soil at the walls/ceiling
= Dark
= Minimal airF flow: (Ventilation ducts)

y ]
)



¢ The root system of the stored plant must be

covered!
— Plants in enclosed wrappers

— Storage for longer than 3 days — need to unbundle
+ Place the root system into a wet substrate
¢ Seal, substrate at least 5 cm above the root collar
¢ | NE root System Mmust Nnot

¢ Before planting, acclimatize the plants for at least
10 hoeurs (By taking them out off the pit)
¢ Buffer-room (for acclimatizing) In' larde Snew: pits

¢ NO'long-term heeJ]rJg I aliter thanSpPokt ‘

QUL It IS better ﬁoj
[EmoVeE them Uprandiet then

Ui, IE IS
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STORAGE OF PLANTING STOCK
IN BASEMENTS, CAVES ...

¢ Storage conditions
- Temperature ( -2 to +8 °C)

— Dark
— Minimal air [low.

1
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¢ SpPrinE(ShetEtErM)) Storad flor sSnew. pIts




¢ Long-term storage (over winter)
(also applies to air-conditioned warehouses)

— Plant in a dormant stage (lift up in October,

November)

— Plants prepared
& Do not fertilize with nitrogen, use phosphorus and potassium
¢ Treated with fungicide
¢ Broadleaves without any leaves

¢ Healthy
¢ With a nigh water content (profuse Irfigation prior to lifting
up)
The reot system g

= Interar supstiate (MenIter ILSTWELNESS)

= O 1N ENCIOSEE WIAPPERS y
/I



Plants in polyethylene (PE) bags

Plants dry, without any leaves
Root system without soil
Better unbundled

Push the air out and bind the bags after inserting the

plants
— Place the bags on a wooden surface
= Max. 1 layer off bags

= Continuoeusly: monitor health

= At least 24 hoeurs off acclimatization before planting
(LNE same: appliEsi to) caraboara  DOXES)

y |



Long-term storage of planting
stock in a cave










Wolg[e
of plant

ing stock




Long-term storage of planting
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AIR-CONDITIONED STORAGE

- 2 types — with direct cooling
— with indirect cooling (better)

- Conditions regulated and controlled via sensors

- Use of the entire storage area — forklift trucks

- Acclimatization of planting stock before
transporc

- Disinfection of the warehouse and contaliners

- Store up until June




- Air-conditioned
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Storage*n a freezef= plantlng stock
enclosed n PE bagﬁs



Storage in a
freezer -
planting stock . .

Dags “ oq VoA




Storage in a freezer -
planting stock enclosed in




STORAGE OF BARE-ROOTED PLANTING
STOCK UNDER THE SNOW

¢ Replaces an air-conditioned warehouse

1. Plants are lifted during dormancy (late autumn,
winter, early spring)

2. Placed into plastic bags (enclosed wrappers)

3. Preferably transport immediately to the place of
storage, but can also be placed in an air-

conditioned warehouse, cave, etc.
— [iransport to the storage site in winter, early spring
— At temperatures off -2 °C to + 5 °C

Place off storage:
— At higher elevations
— IR read ditches
— (Coyvered withra stanad



4. Storage
— Compress snow (create a layer of about 20 to 50 cm)

— Place wooden pads on snow

— Place the bags on the pads
¢ Max. 2 side by side, 1 m gap between the rows

¢ Cannot be layered
— Cover everything with a thin plastic foil and with snow
¢ Min. layer of 50 cm
— Snow must not mechanically: damage the plants
o Li Jg tweight construction above the stored bags

'_l1,

I eSsaly, IMPOrt the SAoW.
) At Je St 24 NOUKS off acclimatization BEfokRe planting

¢ Application 4
C ] ot L _ [
~ Afiorestation at higher altitldes oondd
= Sterade only at nighner altitldes
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HEELING IN OF BARE-ROOTED PLANTING
STOCK IN ENCLOSED WRAPPERS

Laid loosely on the soil surface

Only in covered and shaded areas — or under

shelter, brushwood (do not cover)

¢ Iff the plants are dormant and the temperature does
not exceed 18 °C - heeling in possible for 3 weeks
= At temperatures above 18 °C = one wWeek

y Monitor the condition: at Ieast ONEeE EVERY: 2-day/s

y 1Nl case off sprouting = plant immediately, 'fu;lg]l [ ‘

IRECTION! = OPEN CONtaINER

V" J ”/






HANDLING CONTAINERIZED PLANTING
STOCK

¢ Do not plant
— During the period of intense spring increments,
before late frosts, during the period of drying, into
frozen soil
— Wet habitats (rain) = planting into holes only:
¢ [he root ball must not dry out
= lHeel in at covered areas (sun, wind)

— Irrigate — dried peat dees not accept water!

¢ e root ball must not be disturbed

o Plant Py o
= Withrarwet root pball ~ y
= Cover the ball's surfiace w;';] sﬂutuﬁ’)'after planting



¢ Before transport from a nursery
— Fertilization

— Check whether the substrate is not dry (check
continuously during cultivation)

¢ [lransport

— In containers (containers need to be returned to
the nursery)

— On pallettes

= In cardboard DeXes

= Packed with shrinkwrap: (overwrap)
~ Plasticibags
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Planting stock
packed with a
shrinkwrap In

cardboard box
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Transpodrt of planting stock in palette
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Transport or containerized planting
STOCK In crates
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Planting stock in containers
In a plastic bag (fre™ inside
black, from ousid/e white) -




OBS!
1. "Farskvara"! Plantera snarast!
2. Torvklumpen maste vara helt upptinad

fore plantering!
g 3. Stéll kartongen skuggigt och svalit.
’ - Tryck ut kartongbitarna vid handtagshalen.

8 4. Blir pianteringen forsenad, 6ppna kartongen,

: ¢ vattna vid behov.

~ 5. Ladan &r atervinningsbar.

Svenska Skogsplantor AB ar anslutna till REPA.
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