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Introduction

These investigations on growth and wood formation of native tree species of Cenfral
Amazonia are part of the development of sustainable landuse systems in this area at the
CPAAlEMBRAP A, Manaus. In agricultural systems a smaIl portion of trees for high quality
timber production could be of ecological and economic value as well for the landscape
development in the Manaus region. Especially for the recultivation of degraded land areas a
smaIl portion of longliving trees for high quality timber production might contribute to the
stabilization of agroforestry systems. Therefore in recent years the CPAAlEMBRAP A (Dr. L.
Gasparotto, C. de Azevedo, R. de Lima, E. Neves) extended its work to studies on growth of
forestry tree species on degraded land areas.

For most ofthe tree species used for timber production in the Manaus region onIy few
informations on growth and site demands for high quality timber production are available.
Therefore in this project the influence of site conditions of degraded land areas on growth and
wood fonnation of 8 selected native tree species wiIl be investigated Due to the specific site
conditionns of degraded land areas the investigtions wiIl be carried out with special reference
to the mineral element (comp. SHIFT -project Prof. Dr, Lieberei, ENV 23) and water supply
(comp. SHIFT-project Prof. Dr. Zech, ENV 45) of the trees. These investigations should give
some practical help for the selection of tree species and management practices for high
quality timber production in agroforestry systems.

Experimental

The influence of abiotic site conditions on growth and wood formation of up to 8 different
native tree species (Swietenia macrophy//a, Carapa guianensis, Cedrela odorata, Dipterix
odorata, Hymenea courbaril, Ceiba pentandra, Virola surinamensis, Tabebuia heptaphylla)
wiIl be investigated in 3 different plant systems.

System 1:
System 2:

Monocultural system (installed by CPAAlEMBRAPA in January, 1992)
Enrichment of a 25 years old secondary forest with the species mentioned
above (instaIled by CPAAlEMBBRAPA in January, 1992)
Mixed agroforestry system (system 4) ofthe field experiment installed by
CPAAlEMRRAPA and Hamburg University in February 1993 (ENV 23)

System 3:

As to have the chance to compare the results of the project with the investigations carried out
on pIants for fruit production in agricultural systems (SHIFT-projects ENV 23 and ENV 45),
in the subsequent investigations (1)-(3) and (5) partIy corresponding methods are used (comp.
annuaI report ofthe SHIFT projects ENV 23 and ENV 45):
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(1) Important abiotic site factors (temperature, air humidíty, suction force of the soil,
element supply ofthe soil, wet deposition) will be characterized in ali plant
systems (comp. methodological approach used by Dr. G. Schroth, ENV 45).

(2) Height growth and stem diameter ofthe trees are quantified in 6 month intervals by C.
de Azevedo and R. de Lima (CPAAlEMBRAPA).

The tree biomass and the biomass of difIerent tree compartments (roots, stem,
branches, leaves etc.) will be quantified for alI species in one year intervals.

Investigations on the variation of these parameters within difIerent plots are carried
out in cooperation with the University ofCuritiba (phD.-thesis E. Neves. Prof Dr.
Reissmann). From these data the net biomass production per year ofthe trees will be
calculated. For ali experimental plots litterfall will be quantified in one week intervals.

(3) For corresponding tree compartments the element content and the element distribution
within the tissue will be investigated on a subcellular levei as to characterize
physiological sinks for mineral elements within the tree. From these data and the
corresponding biomass of the tree compartments the net element uptake per tree and
year will be calculated.

The variation of the element content of the trees between different experimental plots
is investigated in cooperation with E. Neves and Prof Dr. Reissmann
(CPAAlEMBRAPA; University ofCuritiba).

(4) The influence of the abiotic site factors mentioned above on wood formation will be
characterized in one month intervals by time series ana1ysis (pin-marker technique,
correlation analysis). From these data response functions to environrnental influences
on wood formation will be calculated for different plant systems.

(5) Investigations on the water uptake and water transport ofthe plants will be carried out
under soil culture and field coriditions. From these investigations a calibration of the
Granier-method (xylem sap flow measurements) for the species investigated will be
expected. This ofIers the chance to quantify xylem sap flow in the field in the future
(investigations are carried out in combination with SHIFT project ENV 45, Dr. GG.
Schroth).
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Present state of the investigations

AlI experimental pIots could be used for the investigations mentioned above also in the
future. Only a few pIants (especially Swietenia) died due to fungi and insect attack.
Management of the plant systems 1 and 2 is carried out by the CPAAlEMBBRAP A
(coordination: Dr. L. Gasparotto, scientists: C. de Azevedo, R. de Lima, fieId workers:
Valdez, Beto) and runs well. Management of the pIant system 3 is carried out by the
CPAAlEMBRAPA and the SHIFT-projects ENV 23, ENV 45, andENV 42.

(1) Instruments for the characterization of abiotic site conditions are instaIled in alI 3 plant
systems. The last installations of suction cups in a depth of 60cm will be carried out in May
1996. Since July 1995 data are availble for plant system no. I, 2 and 3 in one week intervals.

The meteorological parameters measured in all 3 plant systems indicate strong
microclimatical differences between the 3 systems (Fig.l). Thediurnal variation of
temperature and air humidity is strongly reduced in the plant systems 2 and 3 compared to the
monocultural system (system I). This might be of some evidence for the water and element
uptake ofthe trees as weIl. The influence ofthese microclimatical differences on wood
formation of the trees wiIl be studied in 1996 and 1997 in moredetail,
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Fig.1: Diurna! variation in air temperature and air humidity in the plant systems 1, 2 and 3 for
the experimental period from March 11 to March 17, 1996.
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The element content within the soil solution is influenced by the tree species and the plant
system as well (comp. Table 1). In alI experimental plots the P-, K-, and Mg-supply seems to
be of main importance for tree growth. Only small amounts of these macronutrients could be
detected in the soil solution. High amounts of nitrate and only small amounts of ammonia
could be found in all pant systems, which indicate a strong nitrification within the soil of alI
experimental plots. Highest N-contents could be registered for Hymenea whereas the K-
content within the soil solution of all Hymenea plots was fairly low. This might be caused by
a strong K-uptake of Hymenea trees or a stronger leaching effect for K in these plots.

Data on the element content ofthe litter layer ofthe soil indicate that only a few amount ofK
and Pare stored in the litter layer, whereas the Ca-content is fairly high (except litter layer of
Dipterix plots). The element input into the plant systems due to annual rainfall might
contribute on1y to a small amount to the element demand of the plantation systems.

Table 1:Element content ofthe litter layer, the soil solution (soil depth 20cm) and ofrain
water ofthe plant systems 1 and 2 for Swietenia (Sw), Carapa (Ca), Cedrela (Ce), Dipterix
(Di), Hymenea (Hy), Ceiba (Cei), Virola (Vi), Tabebuia (Ta), cover crops Pueraria and
Homolepis, and the secondary vegetation of plant system 2 (capoeira).

Litter laver mtzlke I Art AI Ca I Fe K I MR P I S C N I CIN
AreaI I ! 1 I I iI

1 I Ca 0,66 ' 56,70 I 0,15 I 2,02 I 8,09 1,08 I 369 44,60 1,24 1 35,90I

1 I I Di 1,20 7,94 ! 0,33 1 3,22 I 0,83 0,75 i 4,18 I 49,70 1 1,49 I 3330
1 I Dv 3,27 22,00 I 0,61 I 1,73 1,30 I 329 149,20 1,38 I 35,60I

1 I 1 Sw : 85,70 I 0,31 I I 3,99 0,61 I 5,19 I 45,20 1,15 I 3930,
1 IPueraria 1,55 : 55,30 i 0,29 0,30 1 5.96 0,21 i 6,14 41,70 1 1 19 I 35.00
1 I Cei 6,07 41,80 I 1 01 I 8,23 2,00 I 1,82 45,40 1 144 i 31.60
1 I Ta 1,55 ; 28,20 I 041 I 561 0,95 I 3,44 45,00 1,32 34,00
1 I Vi 2.20 ' 27,80 I 0,37 I I 17,00 1,32 i 3,71 47.70 1.23 38,80
1 I I Domol. 4,08 10,90 I 0,74 ! 1,80 I 5,18 1,01 I 2,71 I 41,90 1.56 26,90

AreaD I i ! I i ! iI

2 I 1 Ca 0,58 44,60 i 0,13 3,12 I 8,18 0,81 I 537142,10 127 1 33,20
2 I i Ce 2,23 23,90 i 0,34 I 4,79 0,67 i 3,41 i 45,30 1,41 I 32,20
2 ! I Di 1,78 22,30 ! 0,21 I 0,37 1 2,21 1,01 I 454 I 48,10 1.64 I 29,30
2 I I Capoeira 4,97 25,60 ! 0,42 I i 5.10 0.82 i 5,29 I 46,20 2,05 : 22,50

Soil solution mall i AI Ca I Fe 1 K 1 Me CI I N03 I P04 S04 i ND4
Area I 1 i i I I 1 I !

1 I i Ca 3,04 ! 1,45 1 1,27 1,29 i 418 I 4,17I

1 i Ce 3,74 i I 1,42 I 1,46 I 0,92 I 11,53 1 0,32 2,40 1 005I

1 ! I Di 3,74 i I 1,60 i 1,35 1,18 1 6,60 i 0,30 I 2,01 II

1 I
,

Hy 5,46 I i 0,91 I 1,66 1,13 I 17,30 2,01 :I I

1 Sw 3,62 ! I 1,03 I 1,49 0.96 ! 9,60 2,58 0,23
1 1 ! Cei 2.34 ! I 1.22 1 0.85 1,43 I 4,52 0,25 1,91 I 0,31
1 i Ta 4,40 i ! 1,05 1 1,96 1,18 1 11,27 I 2.31 i 011
1

,
I Vi 347 ! I 1,75 I 1,39 1,06 I 13,38 2.08 i 0,07! I I I

AreaD 1 I , I II

2 ! I Ca 4,83 I I 0,95 I 1,54 1.60 I 8,68 1,91 I 018I I

2 I I Ce 4,72 i 1 1,58 I 190 1,58 I 7,16 0,11 3,51 021I I

2 I ~ Di 2,50 i I 1,31 1 1,21 1,18 I 9,24 0,24 2,60 1 0,47
2 I I Hy 4,17 ! I 1,09 I 1.96 548 i 12,74 I 0.55 I 1,08 I 0,22
2 I Sw 3.05 ! ! 0,87 i 1.03 1,07 i 3,45 1,31 I 0.78

I I ! 1 I ! I I,
Precíuítatíon mlZll ! 0,26 I i 0,92 I 0,06 ! 1,60 1,98 i 0,11I



(2) The total tree biomass of a tree was quantified for all tree species investigated in
March/ April 1995 and in December 1995 (Fig. 2). The biomass production of the trees varied
under identical site conditions up to a factor of 1 (Virola surinamensis) to 12 (Ceiba
pentandra). The variation ofthe biomass production ofthe trees in the different plant systems
was up to a factor of 1 (system 2) to 30 (system 1) for Hymenea courbaril. In plant system
no. 1 only small differences in the rank ofthe tree biomass ofthe tree species could be
observed between March/April1995 and December 1995. In contrast to that in plant system
no.2 a significant change of the biomass distribution within the tree and the rank of the
biomass ofthe trees could be observed in December 1995 compared to March/Aprill995.
This indicates a strong interaction between the secondary vegetation and the planted trees in
system no.2, whereas the biomass production ofthe trees is still stronger influenced by
genetic factors in system no.l. As to get some informations on the influence ofthe secondary
vegetation on the plant systems, informations on the structure and mineral element supply of
selected species ofthe secondary vegetation are carried out by Ronaldo da Silva (financial
support ofthe work by the CNPq, Brasilia) in cooperation withthe SHIFT-project ENV 23
(Dr. H. Preisinger).

Sw Ca Ce Di Hy Ta Cei Vi Sw Ca Ce Di Hy Ta Cei Vi

Species Species- Roots ~ Stem - Roots ~ Stem

D Branches D Leaves D Branches D Leaves

Age: 38 months after planting

Biomass Ikg)120------------------

100

80

60 -

Age: 47 months after planting

Biomass Ikgl120~-~~------~~--~

Fig.2: Biomass [kg] ofroots, stem, branches and leaves of Swietenia macrophy/la, Carapa
guianensis, Cedrela odorata, Dipterix odorata, Hymenea courbaril, Ceiba pentandra, Virola
surinamensis, Tabebuia heptaphy/la grown in system no.l 38 month (a) and 47 month (b)
after plantation.
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Significant differences in the biomass distribution within the tree could be observed between
the different tree species. A high amount ofthe total tree biomass of Sw ieten ia, Dipterix and
Ceiba are located in the stem, whereas a higher amount of the tree biomass of Carapa,
Cedrela, Hymenea and Virola is located in the roots and the crown (e.g. 47 month after
planting: although the total tree biomass of Carapa is twice as much compared to Swietenia,
Swietenia produced a similar absolute amount of stem biomass compared to Carapa). This is
of main importance for the economic value of the tree with regard to timber production.

(3) For the mineral element supply ofthe trees, the element content ofleaves (assimilaton)
and roots (element uptake) serves as a good indicator (comp. Table 2). First results indicate
that in general a high amount ofP, K. Ca, and Mg is located in the tree biomass compared to
tree species grown in temperate zones. The element content of leaves and fine roots varied
between the tree species investigated and for one tree species between the plantation systems
as well. First results indicate a high demand for P and K for the tree species Carapa and
Cedrela, whereas the P- and K-content ofleaves and roots of Swietenia and Dipterix were
fairly low. The secondary vegetation of plant system nO.2 has a strong impact especially on
the P- and K-supply ofthese two species.

Table 2: Element content [mg/kg] ofleaves and fine roots of Swietenia (Sw), Carapa (Ca),
Cedrela (Ce). Dipterix (Di), Hymenea (Hy), Ceiba (Cei), Virola (Vi). and Tabebuia (Ta)

grown in plant system 1 and2. Sample collection March/Apri11995.

Leavesm~ AI I Ca I Fe I K I Me ! p I s i C ! N I CINI

Ares I Art I I I i I I I I I
I

I Ca ! 16,10 I 0.07 I 28,10 I 4.45 I 4,26 I 8,65 46,80 I 1,97 i 23,70; ! i

I Ce 4.17 i 29,40 i 0,88 i 41.80 i 4.24 ! 4,10 I 6,90 i 45.00 i 2.62 I 17,10I I I

I Di 0,53 I 14,40 I 0,16 I 23,80 i 3,39 I 3,61 I 4,00 I 47,90 i 2.08 i 23,00I

I Hy 0,34 I 20,60 I 0,18 , 23.50 I 3,46 I 3,56 ! 4,07 i 48,70 i 2,43 I 20,10
I Sw I 20,80 I I 37,00 I 2.99 i z.u I 4,76 i 46,20 i 1,32 I 35,00I I I

1 Cei 2.22 I 3L40 i 0,54 i 33.70
,

12.10 I 3,22 I 4.08 I 43.60 I 2.38 ! 18,30I

1 Ta 0,28 i 21,40 , i 31,20 4,92 i 3.57 ! 5,24 i 45,00 ; 2,23 ! 20,20: I I

I Vi I 22.40 I I 0,63 ; 6.62 ; 1,21 I 2.08 ; 48,10 I 1,30 t 36,90! I I

ArealI I
, i I ! I : I iI

2 Ca I 17,40
,

i 35,50 7.00 i 3.17 I 7.15 46.50 I 1.74 i 26,70I j I

2 Ce 2,46 i 31,70 i 0.45 I 33,90 : 5.611 i 3,25 I 7,55 I 44,50 I 2,12 ; 21,00I

2 Di I 6,17 ! ! 8,78 2,66 I 2.88 I 6,50 I 47,80 I 2,64 I 18,10
2 Hy ! ]4,60 I 0,06 I 24.10 3,15 " 2,90 : 4,26 ; 49,10 i 2.46 I 19,90: i
2 Sw 0.29 , 42,90 i 0,14 i 13,50 : 6,61 I 1,73 i 8,38 , 46.30 ! 1,59 29,20! I

Fine roots me1k2 I ! I , I I ! I !! I

Areal i I I I
, I ! ;

I t !

I Ca 46.10 \ 35.40 I 7,68 , 18.90 6,47 . 3.24 \ 2.63 I 39.00 i 0.97 I 40.20I

I Ce 129.00 I 19,60 I 22,40 i 26,10 i 6,83
,

2,70 I 5.07 32.40 I 1.50 i 21,70; i ,
1 Di 51,40 I 13,00 \ 8,77 I 2,64 i 1,51 ! 2.80 i 0.52 39,80 i 1,11 , 35,80I I i
1 Hy 16,30 I 15,90 I 2.53 ! 9,00 1,29 i 1.52 I 4,12 i 48,60 I 0.98 ! 49.40,

I I

I Sw 68.50 ! 9,00 : 1LOO I 19,80 I 1,83 1,95 i 2,54 39,10 I 0,98 ! 39,70;

I Cei 24,70 I 13,70 I 4.03 I 13,70 i 6,22 ! 0,89 I 2,23 I 46,30 I 0.89 I 52,30I I I

1 Ta 43,00 I 13.50 I 7,45 i 33.40 4.61 I 1,25 I 2,27 I 43.90 ! 0,73 ! 60,10\ , \

I Vi 50,20 I 6,74 I 8,32 i 32,30 i 8.43 I L77 I 3.70 I 40,00 ! 1.26 I 31,70:

Ares 11 i I I ! I
I i i I! i

2 Ca 45.80 I 20,40 ! 7.22 ! 9.67 I 4.62 I 1.24 I 2,81 I 40.20 ! 0.96 i 41.90

2 Ce 39.20 i 8,70 ,
5,91

, 19,50 ; 637 ! 1.35 ! 6,78 : 42.20 I 1.32 ,
31,90; I ,

2 Di 93,30 ! 26,30 ! 12,70 ! 5,90 ! 7,02 I 1.42 I 5,06 I 36,00 I 1,32 I 27,20
2 Hy 27.50 ! 14,70 i 4,23 I 3,00 I 1,86 I 0,57 I 4.46 ,

46,10 i 0,89 I 51,70I I I I I I

2 i Sw 44,40 I ll,40 I 6,45 I 6,23 i 2,01 I ],14 I 2,97 I 43.50 I 1,12 i 38,80



These results also indicate differences in the uptake and transport within the tree of mineral
elements between the tree species investigated. This especially becomes obvious comparing
the AI-content of leaves and roots of the trees. AI, which shows a strong antagonism to other
mineral elements (e.g. Ca, Mg) is taken up by Cedrela and Ceiba and is also transported to
the leaves, whereas in alI other species probably no transport of AI from roots to leaves takes
place. Due to the high amount of AI within the soils investigations on differences in the
uptake of AI between different plant species are of main importance with regard to the
management of mixed plantation systems. These investiations are extended by Ronaldo da
Silva (fmancial support by the CNPq, Brasilia) to important tree species ofthe secondary
vegetation (cooperation SHIFT-project ENV 23, Dr. H. Preisinger).

(4) Since March 1995 wood formation of 4 trees of each species in each pIant system is dated
in one month intervals by means of pin marker technique. The suitability of the method for
the species investigated was proven by light microscopy. The method could be used for alI
species investigated, but best results were obtained for Swietenia and Ceiba due to a high
sensitive wound reaction. For the study of exogenous influences on wood formation longer
time series are necessary. Therefore first results based on correlation analyses could be
expected in 1997. Some qualitative observations obtained for Swietenia and Carapa indicate
a strong influence of site conditions to structural dynamics in wood formation.

(5) Under soil culture conditions the water uptake of 7 out of 8 species was quantified under
maximum water supply (water saturation ofthe soil; Table 3). The water uptake ofthe plants
was not strongly correlated with the biomass of the pIants. A comparison of the water uptake
of the plants under greenhouse conditions and the suction force of the soil in the experimental
system no. 1 by rank analysis, indicated a similar result for the water consumption of the soil
cultured plants and the trees in the field (except Tabebuiai. In contrast to that the tree species
investigated showed a different behaviour in water uptake during the dry season (different
rank of the suction force of the soil within the plots during the dry season and the water
uptake of the soil cultures), which indicates a different sensitivity of the species to dry
seasons. The water uptake of the plants was not correlated with the maximum hight of xylem
sap flow (Table 3). This shows, that besides the sap flow velocity the conductive xylem is of
main importance for the quantification of the water uptake of the trees. The conductive xylem
will be quantified by wood anatomical studies in 1996.
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Tab.3: (1.1) Average suction force of the soil [bPa] in a depth of 20cm in the experimental
plots ofsystem no. 1 during a dry season (20.7.-26.10.1995) and a wet season (27.10.-
18.1.1996). (1.2) Maximum hight of xylem sap flow / lh [em] oftrees of system no.l cut
17.1./18.1.1996 (48 month after plantation). (2.1) Average water uptake / plant / day [ml] of 6
month old plants under greenhouse conditions.

1. Field experiments I
1.1 Average suetion force of the soil in a depth of 20 em [hPa] I

Period Swietenia Carapa Cedrela Dipterix Hymenea Tabebuia Ceiba I Virola
Dry season I

July 20 to Oc1.26, 1995 -241 -251 -176 -192 -285 -2l3 -211
,

-148;

Rank 3 2 7 6 1 4 5 I 8
Wet season 1

Oc1.27 to lan.18, 1996 -42 -37 -47 -37 -42 -34 -49 ! -40
Rank 3/4 6/7 2 6/7 3/4 8 1 I 5

1.2 Maximum hight of xylem sap flow / 1h [em] I
Date/time Swietenia Carapa Cedrela Dipterix Hymenea Tabebuial Ceiba i Virola

lan.17 / lan.I8, 1996 I
9:30-10:30 AM 129 78 210 81 57 39 I 186 I 42I

Rank 3 5 1 4 6 8 2 I 7
2. Soil cultores I
2.1 Average water uptake / day / plant of 6-month-old plants under greenhouse eonditions [ml)

Period Swietenia Carapa Cedrela Dipterix Hymeneal'I'abebuial Ceiba I Virola
June 6 to June 23, 1995 I
Nov.29 to Dec.19, 1995 99 44 153 51 113 58 151 I

Rank 4 7 1 6 3 5 2 I

These preliminary results indicate, that growth and wood formation are strongly influenced by
genetic factors. Nevertheless the strong variation of tree growth of the same tree species in
difTerent plantation systems indicates, that side conditions have a strong influence on tree
growth as well. This ofTers the chance to improve tree growth and wood quality by
management practices.
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Appendix

Investigatioos 00 parameters suitable for predicting wood guality of plaotatioo grown
Aodiroba trees

Within the SHIFT-project ENV 42 the influence of different site conditions on tree growth and
wood fonnation of 8 native tree species (Swietenia macrophy/la, Carapa guianensis, Cedrela
odorata, Dipterix odorata, Hymenea courbaril, Ceiba pentandra, Virola surinamensis, Tabebuia
heptaphy/la) is studied since January 1995. The aim ofthese investigations is to get infonnations
about growth pattems of the. trees as to inc1ude promissing native tree species for high quality
timber production within agroforestry systems.

Besides the ecological stability of plantation systems the economic success of plantations is of
main importance in the long run. Especially for longliving trees the quality of the timber is
important for the selection of tree species inc1uded in agroforestry systems from the economic
point of view. Therefore a prediction of wood quality of younger plantations for the future would
be an interesting tool for plantation management. Therefore in a first attempt Florian Schuster
(Master student at the Institute of Wood Biology, Hamburg University) tried to evaluate
parameters suitable for predicting wood quality of plantation grown Andiroba trees.

During a 5 week stay at the CPAAlEMBRAP A in NovemberlDecember 1995 he collected wood
samples of eight 4 year old planted Andiroba trees from the SHIFT experimental field of
CPAAlEMBRAP A, 2 older plantations 40 km north of Manaus and 2 trees from old growth
Andiroba from a primary forest.

At our Institute of Wood Biology, Hamburg University, he compared wood anatomical
parameters (formation of growth rings, fíber length, distribution of cell types within the xylem,

vessel size etc.) and technological parameters (density profiles from pith to bark, modulus of
elasticity) of these trees. First results indicate that structural parameters of plantation grown
Andiroba from the SHIFT experimental field after a couple of years reach a similar level as it
could be observed at old growth Andiroba This gives some hints, that wood quality of planted
Andiroba trees expected for the future might be similar to wood quality of natural stands from the

structural point of view. From these investigations no informations about the chemical durabilty
of the timber are available. Nevertheless these are promissing results for the growth of Andiroba

in planted systems. Florian Schuster will finish his thesis in September 1996. We hope we can
extend these work to other tree species mentioned above (Celso de Azevedo will continue this
work with Ceiba trees in September 1996 during his stay at Hamburg University).
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