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; Les Landes de Gascogne forest = the largest planted forest in Europe covered by
: monocultures of Maritime pine (Pinus pinaster Ait.)

e Importance of the wood industry
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Experimental trial - experimental design and treatments

Factor 1: deep soil preparation (~50 cm) -Trapro

e Control - NSS
e Subsoiling - SS

Factor 2 : shallow soil preparation (~10-30 cm)- Trasup

Disc harrowing - DISC

Strip ploughing without inter-row tillage - LBS

Strip ploughing with inter-row tillage after 2 years - LBR
Full ploughing - LPL

Randomized complete block design:
3 blocks with 10 plots each

Plot area: 0.1 ha, 5 rows of 25 trees
Tree density: 1250 t/ha (4 m x 2 m)

Experimental design : TRASOL network - Losse trial (40)

e Mechanical soil preparation: April, 2015
e Plantation of maritime pine seedlings : April, 2015




Experimental network= TRASOL network on MSP

Previous experimental results showed that
mechanical site preparation (MSP) increases both survival and growth of planted seedlings
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Experiment!dl trial - s dy area and weather conditions
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Materials and methods - measurements

Measured variables on trees (all planting trees)

Status

Height

(c) Bernier F., INRAE UEFP

Girth

£

5
Status Vertical distance from the bottom of Permanent height (marked) = 1.30 m
e Healthy tree the tree to the final bud of the main Measured from the 7th year after
e Dying tree stem planting
Other damages
Damage tree by wind (windfall or windsnap) Equipment Equipment : steel tape

Dead tree (Dry standing tree) e h<10m:pole
Disappeared e h>10m:dendrometer



https://organolawn.com/

Materials and methods - measurements

Environmental measured variables

Soil resistance to penetration

Soil cover

Valise de transport
Panda 3® i

N Téte de mes
instrumentéq

Unité Centra

d’'Acquisitio
Carte DAQ
Capteur deni
GPS

Logiciel -~
wave® 3

Subplots of 2 m? on planting rows and
inter-rows
Measured in 2015, 2016 and 2017

5 measurement locations in all NSS
and only in SS x LPL plots (severe MSP)

e Percent cover of 4 categories:

Equipment : :
quip : : o Bare mineral soil
e PANDA: computer-assisted dynamic o HUMUS

— digital penetrometer

o Slash and residues
Living vegetation
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Results - tree survival

k €{l;5} Study period = from 2015 to 2021

00000
-------------------------------------------------------------------------------------------------------------------------------------------------

Cox model with interval censoring

Factor associated hazard ratio g estimation of the date of death
of trees at 2-year intervals

NOT - {':J
LPL- - —i ( Significant effect of all explanatory variables \/)
LBS - 3
5 : e pvalue<005 3 Sjgnificant positive effect of subsoiling (SS/NSS)
© -ERe ¢ E o p-value >0.05 with a 64% reduction in the risk of death
DIS - )
: —2P Significant positive effect of the strip ploughing with
88 - — ; inter-row tillage (LBR/NOT)
Subsoiling with a 57% reduction in the risk of death
NSS - W
. . i . . .
ho ve H ' 20 2 —» Significant positive effect of full ploughing (LPL/NOT)
Hazard Ratio with a 88% reduction in the risk of death



Results - tree girth at yéars old

s . o . . . P Ciryy = Block; + T ; +T :
Spatial interpolation of tree girth in 2021 as a function of soil preparation E irijz = a + Block; + Trapro; + Trasup;, + a = intercept

Block; : Trapro; + Block; : Trasup; + Trapro, : Trasup; + i €{1; 3}

' , , j€{l; 2}
Block; : Trapro; : Trasup; + ke{l;5)
€ijk
6334500 — B 30
Significant effect of the 3-level interaction \/ RZ = 0.089
but low level of significance of the model ! e
- 360
6334850 B
—» Blocks 2 and 3 > Block 1
e DS with an average difference of around 65 mm in the SS x DIS plots
e L
o LP
o

" == Significant positive effect of subsoiling (5S/NSS)

with an average difference of around 45 mm

6334800

- 320

—» SS x LBR >SS x LBS

with an average difference of around 40 mm

6334750
300

—» SSxLBR>SSxLPL

with an average difference of around 35 mm

NSS

280
6334700

Significant positive effect of the strip ploughing with inter-row
tillage SS x LBR (/NSSxNOT)

with an average difference of around 66 mm

T * T T T T
457950 458000 453050 458100 458150

. LBR should be associated to SS 10
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2017 - 3 years old 2019 - 5 years old 2021 - 7 years old

2015 - 1 year old

R2=0.22

R2=0.26

R2=0.29

R2=0.29
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Results - héights

H,s = a + Block; + Trapro, + Trasup, + o = intercept
Block; : Trapro; + Block; : Trasup; + Trapro, : Trasup; + 1 €{1; 3}
je{l; 2}
Block; : Trapro; : Trasup; + k e{l;5)
€ijk

* *
* *
--------------------------------------------------------------------------------------------------------------------------------------------

Adjusted average tree height in each plot in 2015

50 X LPL 1 &

S5 X LB — %]

4% ¥ DIS - s
35 % NOT A .

NSS x LPL - Block 3
NSS % LB - S
NSS % DIS -

NSS % NOT - ——

59 % LPL - .

S5 X LB %1

SS X DIS - .
SSXNOT I Block 2

NSS x LPL - .
NSS % LB 1 ——

NS5 x DIS - .
M55 x NOT I S—

35 % LPL - — T

S5 % LB —
SsoxDls ———

Sa X MNOT — Block ’I

MSs x LPL —
MSSxLBy —*—

NS5 x DIS -
MSS x NOT - ——

30 39 40 45 alll 55
Adjusted mean

(Significant effect of the 3-level interaction \/ J

2015

—2 Blocks 2 and 3 > Block 1, especially
for NSS x LB and SS x DIS

—2 No subsoiling effect

12



Results - héights

H,s = a + Block; + Trapro, + Trasup, +

a = intercept :
Block; : Trapro; + Block; : Trasup, + Trapro; : Trasup; + i €{1; 3} (Significant effect of the 3-level interaction \/ J

je{l; 2}
Block; : Trapro; : Trasup; + k e{l;5)

e e it 3 2017-2019-2021

Ajusted average tree height in each plot in 2021

S5 x LPLA : — Highly variable response from disc harrowing

S5 X LBR A e

S5 X LBS - . plots depending on the block

50 X DIS - T Y1

S5 x NOT - T Block 3

NS5 % LPL T "

NS (LBR | . (q for NSS and SS subplots

NSS x DIS -
M55 x NOT ——

59 ¥ LPL - 1

Sexlps- . ' 2019-2021
e X DS S —

S5 % NOT - — Block 2

M55 x LPL - *

Mooy oo ] | —» 5SS x LBR> NSS x NOT

MNSS x DIS - - True for all blocks !

NSS x NOT A —_—
SSxLPL - with an average difference of around 50 cm in block 1,

S5 ¥ LBR — . .
SC y LBS - and 139 cm in blocks 2 and 3in 2021

59 X DIS 1 -

T e e | Block 1 —» NSS x LPL > NSS x NOT only for block 3!

M55 x LBR =

S8 X LBS | . —2 No significant effect of SS x LPL (/SS x NOT)
NSSxNOT-{___ | —— | |

500 550 600 650 700

Ajusted mean 13




Results - soil resistancCe

a = intercept R2 =0.55
: i €{1; 3} 5 = 0.
i Res;u = a + Block; + Trasup;, + Depth; + €y koe{l: 5}
1 e{1;5)
........................................................................................................................................ ( Signiﬂcant effect of all exp|anatory variables JJ

-----------------------------------------------------
\d 3
4

beep soil preparation (-50 cm) ‘ . —> Depth class : resistance to penetration
-Trapro : . . . .
" . Control - NSS increases significantly with depth (for
° Spbsolling - 55 : the same sandy texture)
Shallow soil preparation (~10-30 cm) :
: - Trasup :
40 : e Control - NOT .
: e Disc harrowing - DIS :
e Strip ploughi ithout inter- : ¢ . . .
3 dlage-tgs —2» SSxLPL reduces resistance to soil
e Strip ploughing with inter-row tillage : . * :
3 i after 2years- LBR : penetration even at the greatest depth
©n 30 “, * Full ploughing - LPL ';' E3 NssxnoT
8 ..................................................... - MES % DIS
) . E3 nNssxLBS
o ) BE nssxlBR
> . B3 nssxLPL BUT
< 20 . B3 ssxLPL
' ' ' NSSxDIS NSSxLPL NSSxLBR
10

i Tl **ﬁh%'% 5 Qﬁ e | ' —» NSS x LBR =SS x LPL

0-10 cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm

Depth

—2» NSSxLBR = all types of ploughing
14



Results - soil covering

2015

Soil covering ~ Beta (u, @)

g(p) = Bo + B1-Block + B3 - Trapro + S5 - Trasup + B4 - Planting rows

h(¢) = 70 + 71 -Block + 2 - Trapro + ~3-Trasup + -4 - Planting rows

»,
----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2017

Plantin Plantin Plantin
Block Trapro Trasup & Block Trapro Trasup & Block Trapro Trasup &
rows rows rows

112 DIS { LB_ { LPL 112 DIS {LB_ | LPL 112 DIS iLB_ iLPL

Vegetation

e -+ = + + + = + + + | = +

Bare soil

© - |+ =] = - | - +

Humus

¢
Residuals :

15



Discussion

This experimental trial is complex, as there are interactions between factors and blocks

Control-NOT: reduces survival
no significant differences with other modalities for tree size, especially associated with subsoiling

Disc harrowing-DIS : variable for survival and growth —3 Not recommended, even associated with subsoiling

> bare soil A residue with + + variability

Full ploughing-LPL: improves survival ™S understorey vegetation, humus, residue and _A bare soil

NSS

e Survival : LPL > LBR > LBS
e Treesize: LPL=LBR=LBS

SS : bigger tree size
e LBR>LPL =LBS

Subsoiling : improves survival and tree size for blocks 2 and 3

Subsoiling and strip ploughing with inter-row tillage ~a resistance to soil penetration A

C_y better root exploration



Synthesis and perspectives

Severe MSPs (SS + (LP or LB))
e has a high lag effect in the recovery of understorey vegetation.
e appears as an option to obtain a high early seedling survival; but even in NSSxDISC the survival is >80%.
e will not provide stronger growth dynamics in all environments.
e has a financial cost that must be balanced against its beneficial effect on seedling survival and growth.

Next analysis:
e Floristic differentiation and level of soil disturbance “e
e Last measurements at 10 years old (2024) : survival, height, girth and basal deviation from verticality

~Mechanical site preparation (MSP) is widely performed around the globe to enhance the success of forest plantations.

. Our aim: Prompt pine forest managers to select silvicultural methods that
allow seedling survival, dynamic early growth and preserve both soil and biodiversity. 17




Conclusion

Thank you for your attention !

Any questions ?

LT
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2015 2017 2019 2021

Year

Travail

- DIS
LBR

- LBS
LP
NOT

2015 2017 2019 2021

Year

Deep soil preparation (~50 cm) .

-Trapro

e Control - NSS
e Subsoiling - SS

Shallow soil preparation (~10-30 cm)

- Trasup
e Control - NOT
¢ Disc harrowing - DISC

Strip ploughing without inter-row
tillage - LBS

Strip ploughing with inter-row tillage
after 2 years - LBR ,
Full ploughing - LPL ':'
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