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Locations of Plantations
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Silvicultural Systems
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Historic and Projection of the Consumption
of Round Wood for Industrial Use
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General view of Eucalypt Plantation in Brazil



Edaphoclimatic and Physiographic
Characterizations
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ANNUAL AVERAGE TEMPERATURE

Source: [MIET 1931/159590
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Time of Soil Formation

Bedrock New soil Flat soil Mature soil
newly exposed (Entisol) (Inceptisol = (Oxisol = 48%,

14%) Ultisol = 26%)




15 to 35% clay content
Dystrophic
Poor -, Ca, Mg,

Virtually without primary
minerals easily
weatherable







Typical Landscape



Gzology: Ailznilc
reliziz nilly-rolling

A B cambic
E sandy <50 cm lal
Bt  clayey

Inceptsol

Red-yellow Argisol, dystrophic



Productivity



National mean productivity (Age 7 years)
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High quality site (5 yr) Poor quality site (S yr)
E. urophylla x grandis E. urophylla x grandis
MAI =50 m3/ ha/yr MAI =30 m3/ha/yr

Quartzipsarmrment



Same climate and clone of E. grandis
10 High technology level of forest management
(without nutritional constraint)

Critical level of clay @

B ) ¢+ 30

JAV-N

IAIY (I Uy _9U0 )
MAI (t ha! yr)

A= 9'298 +55'00e [T-6xb (-0'0A8 X)] ! 15
‘ ) ) )
1P KO = 0'gR! U=T' b<0'0T

JO | | | | | | |

0 10 S0 30 Y0 20 e0 AO
Gava & Goncalves (2005) CLAY CONTE NT ((yo)



3 |
33 4 \1_ 7
. . A= SA'0SS + ¢'2\\ [T -exb (-0°'0SS X)]
—_— - S_ ) ) _ ) )
X ® K =0'e3!uU=pe! b<0'0T
z
> 37
©
-l 30 |
<
= 5o |
O
- ]
S8
o
SL _I I I I I I I |
0] I0 S0 30 10 20 eo0 \O
CLAY CONTENT (%)
Gava & Gongalves (2005) (O—ZOcm Iayer) Clonal plantations of E. grandis

6.5 to 7.0 year old






Soil fertility and Eucalypt nutrition



Available Nitrogen in the Soil



i X . Genotypes: E. grandis and E. urophylla x grandis
Localization (11 sites) Rainfall: 1200 to 1500 mm

M.A. Temp.: 20 to 21.5°C
M.A. EVT: 900 to 1000 mm
Dry season: < less months



Relative Productivity (%)

Average
A RP(%) = RAN — CTL
16% 9%

Control
Regular Application of N Fertilizer (60 to 100 kg/ha N)

Sandy Soils Loamy
Quartzipsamments Oxisols

MAI (m3/ha/yr)
35-45 40-50

Age: 12 to 24 months

10%

Clayey
Oxisols

45-55
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Soil layer: 0-20cm
A B
10% clay; 17% No/Nt  60% clay; 12.5% No/Nt

y = 18,5907 - 0,0111x Nt =12 Me/ha i
(r=0,79; p = 0,0039) t B g/ Nt = 2.9 Mg/ha
No = 205 Kg/ha No = 360 kg/ha

No / Nt (%)
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Potassium



K deficiency



+ K



With K fertilization

E. grandis
20 months

Withought K fertilization






LAI (m? m?)

Control

Age (month)

E. grandis (monoprogenie)

Experimental Station de Itatinga

Almeida, Laclau, Gongalves (2009)



Measurement of sap flow gross (Granier method, 1985)

Sensors Datalogger



Growth and efficiency of water use

Treatment Biomass Water
Consumption

Mg ha’ L kg

Control 8 500

K fertilization 21 248

Almeida, Laclau, Gongalves (2009)



50% K + 50% Na
100% Na
Control

v
v
v

AP=+40%



Silvicultural Practices Used to Alleviate

the Nutrient Constraints



1. Site-Species/hybrid matching conformance



The main species and hybrids recommended for planting and expected average productivity
(roundwood with bark) of the planted areas with eucalypts

Climate Mean Mean Mean Dry season Species / MAI
type annual annual actual ET hybrid
(:Qéoippen) rainfall temper. Ne h Wai-:er !
mm y'..1 oC mm yr_1 months deficit m?3 ha! yr1
mm yr
Cfa, Cfb 1500 — 2500 13-20 500 - 800 0-1 0-50 EUG, 35-60
Eqgr,
Eur,
Cci,
Edu,
Climate type Ebe

Cfa = Subtropical, oceanic, fully humid, hot summer
Cfb = ..., temperate summer

Genotypes

Egr = E. grandis;

Eur = E. urophylla;

Cci = Corymbia citriodora;

Ebe = E. benthamii (frost tolerant);
Edu = E. dunnii (frost tolerant);

EUG = Eucalyptus urophylla x grandis



The main species and hybrids recommended for planting and expected average productivity
(roundwood with bark) of the planted areas with eucalypts

Type Mean Mean Mean Dry season Species / MAI
limat [ I tual ET hybrid
T
1 : per. . months geficit m? ha! yr!
mm yr C mm yr 1
mm yr
Cfa, Cfb 1500 — 2500 13-20 500 - 800 0-1 0-50 EUG, Egr, 35-60
Eur, Cci,
Edu, Ebe
Cwb, Am 1000 - 1800 18 -20 800 - 1000 2-3 50-100 EUG, 35-45
Eur
Climate type

Cwb = Subtropical, humid, dry winter, temperate summer
Am = Tropical, monsoon



The main species and hybrids recommended for planting and expected average productivity
(roundwood with bark) of the planted areas with eucalypts

Type Mean Mean Mean Dry season Species / MAI
limat [ | tual ET hybrid
cHmate e —" T W ater "
per. months deficit m3 hat yr"
mm yr1 °oC mm yr! ;
mm yr
Cfa, Cfb 1500 - 2500 13-20 500 - 800 0-1 0-50 EUG, Egr, 35-60
Eur, Cci, Edu,
Ebe
Cwb, Am 1000 - 1800 18 -20 800 -1000 2-3 50-100 EUG, Eur 35-45
Cwa, Aw 1000 - 1800 20-24 1000-1200 3-5 100 - 200 EUG, Eur, 35-45
EGC, EUC,
Eca, Ete
. Genotypes (highly drought tolerant
Climate type — ye (. gy _ J )
— subtr. humid. d _ h Ete = E. tereticornis;
Cwa = Su tr., umid, : ry winter, hot summer EGC = E. grandis x camaldulensis:
Aw = Tropical, dry winter EUC = E. urophylla x camaldulensis;

Eca = E. camaldulensis;



The main species and hybrids recommended for planting and expected average productivity
(roundwood with bark) of the planted areas with eucalypts

Type Mean Mean Mean Dry season Species / MAI
limat [ I tual ET hybrid
o —, T
1 : per. . months geficit m? ha! yr!
mm yr C mm yr 1
mm yr
Cfa, Cfb 1500 — 2500 13-20 500 - 800 0-1 0-50 EGU, Egr, 35-60
Eur, Esa, Eci,
Edu, Ebe,
EUG
Cwb, Am 1000 - 1800 18 -20 800 -1000 2-3 50-100 EGU, Egr, 35-45
Eur
Cwa, Aw 1000 - 1800 20-24 1000 -1200 3-5 100 -200 EGU, Eur, 35-45
EGC, EUC,
Eca, Ete
Aw 1000 — 2000 24 - 26 1100 - 1500 5-7 200 -400 EGC, EUC, 25-35
ETB, Eca,
Ete, Ebr, EUT
As, BSh 700 - 1500 23-27 600 - 1000 > 7 > 400 planting is not

feasible




2. Application of fertilizers



There are significant yield gains in response to fertilization in most

eucalypt plantations in Brazil;

Gains in productivity attributed to mineral fertilizers are
quite variable and high, but in general , they represent at

least 30% to 50% on average;

Especially in soils with low fertility, continuous nutrient
removal by crops consecutively increases the potential

response to fertilizer application;



HIGHER HIGHER

) : | "
Demand of nutrient : « Competition for growth factors

*Dependence on soil fertility < | > « Nutrient cycling
*Potential of fertjlizer response | - Efficiency of use of the nutrients
*Risks of nutrient losses : « Volume of soil explored by roots

/

Stem growth (Mg hal yr1)

-

Crown AGE

fully formed (6 to 8 yr)
(1 to 2 year)

Nutritional stages of a forest stand as it develop



A very dynamic water balance troughout the rotation
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E. grandis
Loamy oxisol (20% clay)
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Phosphorus Fertilization



Application of P Fertilizer at planting

v Low soluble Sources (whole rate)
 low risk of leaching

v Part of N and K application (as a starter)



Fertilizers more common

4-28-6 (MAP, KCI)
6-30-6 (idem)



Prevent
e Leaching
* Fixing
 Weed competition



High precision of application
High operational yield



Continuous bead planting line
(Loamy and Sandy soils)



layer 0-20 cm

Clay Content

P-resin (mg kg'1)

Exchangeable K (cmol. kg™)

(%) 0-2 3-5 6-8 > 8 0-0.08 009-0.18  >0.18
Rate of P,05 (kg ha') —— — Rate of K,0 (kg ha™') ——
<15 40 40 10-20 10-20 100 40 10-20
15-35 50 40 30 10-20 120 60 10-20
> 35 70 50 30 10-20 120 60 10-20

Goncgalves et al. (2011)



Active root

Seedling little or no strained



Nitrogen and Potassium Fertilization



Dressing Fertilization

v Highly soluble Sources (split 2 or 3 times)

v' N, K and B (according to rhythm of crown and root formation)



N fertilizer prescription

Soil layer 0-20 cm

SOM Rate of N
(9 kg?) (kg hat)
0-20 60

21 -50 40

> 50 20




40-50cm

Ideal size for

first dressing fertilization

30 a 40 kg/ha of N
30 a 40 kg/ha of K,O

=150 up 200 kg/ha of 20-0-20
=95 up 125 g/plant



Ideal size for
second dressing fertilization



At this stage

Increase competition for
light and water

v low fertilizer response



3. Site Preparation



Old Technology
(1960 to 1980)



Eucalyptus
Biomass pre-burn: 20-45 t ha!
post-burn: 85-90% less

N: 200-310 kg hat
85-9090 less

P: 25-35 kg ha't
35-60%






Bedding



Soil Organic Matter (%)

Time of cultivation (year)

Native vegetation: savanna (“Cerrado”)
Intensive tillage: plowing and harrowing

Silva et al. (1994)



“MINIMUM CULTIVATION"

New technology (since 1988)

* Established in Brazil in the late eighties.

* Currently, about 90% of the plantations are established in this system.



3.1 Maintenance of plant residues
on the Soil

(litter layer and harvest residues)



Residue retention after harvesting

Slash

Bark

Litter layer



Removal of residues in the planting
strip before subsoiling



Oxisol, clay (50%0)



STEM VOLUME (m? ha")

300

250

200 -
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100

50

—&— All residues retained

Bark =10 t hat

——— Less bark Leaf =3t ha_l
—+=— All residues removed
| —¥— Residues incorporated 4
—-— Residues burned / ™
E. grandis
loamy Oxisol
_/
0 1 2 3 6 7

AGE (year)




STEM VOLUME (m3 ha")

300 -

250 -

200 -

150 -

100 -

50 -

All residues retained Bark 10 t ha'l

Less bark Leaf 3thatl
All residues removed
Residues incorporated -

Residues burned / 280

AGE (year)



leaf + branch)
bark

litter

N

P

K

Lime

> 21

>53 «—

60 months of age

High nutrient
deficiency



3.2 Soil Preparation

Limited at planting rows
» Subsoiling

* Pit digging



Soll Preparation

1) Areas with
e Low to medium water deficit

e Friable soils



Yield =1.5h ha?

Subsoiler (= Ripper)



ﬁ planting row

I m




Effect of rippering

40 cm




INCLUIR PROF E LARGURA



Soll Preparation

2) Areas with
« High water deficit

» Cohesive soils



Ultisol Dystrophic, kaulinitic, cohesive

A loamy

25cm

B clayey



Heavy machine
Riperring at 80-100 cm



Soil structure: cohesive

Bulk density: 2 1.6 g cm= (predominantly clay)

Drought: severe (5 to 7 months per year)




Higher infiltration

N

/

Low infiltration

Crown helps to carry

/ the rainfall

Soil Volume Per Tree

* 1.5 m3/tree
e Spacing: 3 x 2m

Ds =1.6






Final Considerations

1

The Brazilian experience has shown that despite repeated short-rotation
cropping, continuous gains in productivity of eucalypts are possible. The
increase rate has been steady for over 40 years, indicating the large-scale

productivity gain through improved genotype and silviculture.

2
Across a range of sites, the maintenance of crop residues has
been found be a key management factor that significantly

influences soil fertility and plant nutrition and site quality.



3

Replacing nutrients removed in harvest are key elements of

sustaining site productivity.

4

Measurements of yield in successive rotations suggest, so far, there is no
widespread evidence that plantation forestry is unsustainable in narrow sense.
In the few cases where yield decline has been reported poor silvicultural

practices appear largely responsible.



Thank You
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