Bioelement loss on clearing a tropical rain forest™/

G DE LAS SALAS®**, H. FOLSTER*

COMPENDIO

Se transformé wn bosgne Havioso tropical con i capital de bioelementos cono-
cido, en an barbecho con y sin quiema y se regittraron los cambios reindtentes en lay
propiedades del suelo y en la reserva de nuntiinentas

Ef nimero vesiringido de 1éplicas v la pran vaiiacion local especialmenie de la
capa orgdnica deutve del bosque, no permite dm nis gue wn interealo de las péididas
de bioelementos infligidas al ecosistema forestal por twmba, quema y cultivos diwanze
wn aite. Lar pévdidas en los cationes intercambiables son del orden de G0-140 kg K/ ba,
i00-240 kg Cajba y 30-86 kg Mg/ha  Extas pésdidas pucden compersaise con la
precipitacion en rastrojos secundmios suficientemente vigoiosos, solo dwante periodos
de barbecho compaativamente largos { 10-20 dios)

Los 1300 4 1400 kg N/ba que se pievden en la vegetacion y en el suwelo (coi
distiibueion vaviable 3 relaciones C/N dependienies de los tratapicitos), parecen ser
mds fdeilmente compensados poi tasas de fijucion de 100 a 130 kp/bafafie  Estas
dltimas cifras se devivan de un estudio compaiativo de algnnos sitios de  paitizales

secindarios y barbechos con condiciones similares de snelo. — Los autores

Intioduction

LEAR-FELLING and burning of primary forests
or secondary regrowth disrupts the mineral cycle
and sets free sizeable quantities of bicelements,

from both vegetation and soil, in volatile o1 dissolvable
form  The former are lost from the site though some
of it may return to the region with the rain. How much
of the dissolvable bioclements are lost by leaching will
depend on climatic and soil conditions and land use
practices. At present, very few data exist on the bio-
clement stores of tropical primary and secondary vege-
tations (2, 13) and cven less on the changes inflicted
on soil bioelement stores during and after cearing
though such data should be of vital interest for certain
South American regions where the forest is presently
cut at a formidable rate
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The data which the present paper is contributing,
were cbtained at a humid tropical lowland site of the
Middle Magdalena Valley, Colombix, during a study of
the bioelement stores of primary and secondary vege-
tation sites ‘The clear-felling of the forest in the ex-
perimental aren provided the opportunity to examine
the effect of burned and unburned clearing though this
study had to adapt to the requirements of the primary
study, especially in regard to the time interval and the
number of samples to be analysed Quantitative balances
of bioelement changes in forest ecosystems suffer from
the enormous short distance variation i the composition
of the organic layer and soil 'Therefore, our data cannot
clam to supply more than approximated intervals of
bioelement losses and rates of nitrogen fixation.

Materials and miethods

The study area is situated on the Pleistocene terraces
of the Magdalena The terrace material constitutes a
dense parent material on which 3000 mm of annual
rainfall result in long phases of high water saturation
with intervening irregular phases of drought The sea-



180 TURRIALBA: VOL 26, NUM

2, TRIMESTRE ABRIL-JUNIO 1976

sonal evergreen forest on these acid terrace latasols is a
low (max 30 m), two-layeted stand with a considerable
contribution of palms (7). Because of the high seasonal
water saturation of the mineral soil, a great patt of the
fine roots grow on the surface forming a cohicrent root
mat mixed with organic debris {F layer) (6), while
oot penciration into the soil is restricted to the up-
permaest 30 e Wind fall of trees is common, and the
ground surface is characterized by pits (hogwallows)
Total biomass of the stand belongs to the lowest re.
corded in tropical evergreen forests (180 t/ha)

The experiments were planned as balances between
total bicelement stores before and after cutting respecti-
vely cutting and burning of the vegetation The biomass
and the different bioelement stores in the different plant
compartments were estimated by means of allometric
regressions based on data from harvest trees of selected
dimensions and type. The size of the sample was 40
trees in the primary, and 23 trees in the older secondary
forest Undergrowth and younger regrowth stages were
harvested on plots of 10 x 10 to 4 x 4 m Plant com-
ponents  (leaves, twigs, branches, stemwood, palm
fronds, ctc ) were analysed separately for dry weight
and bioelement content For more details of method
and results see the paper by Félster, De las Salas, and
Kharna (7).

The sampling of the organic layer and the soil was
carried out on 10 x 10 m plots Six volume samples (20
x 20 cm) of the organic layer were taken per plot and
combined to a composite sample Similarly, one com-
posite soil sample was mixed per 10 c¢m depth layer,
from 6 auger samples Because of the shallow rooting,
only data from 0-50 cm depth have been incladed in
the soil store In the original lay-out, two plots were
planaed as replica for each treatment However, the
short distance variation, especially in the thickness of
the organic layer, proved to be too great, in regard to
some elements greater than the changes due to clearing,
Therefore, cach plot had to be balanced separately, and
the final balances be treated as replica. This change
intervened with our original lay-out with the result that
the number of plots per treatment is uneven, and that
two plots of the unburped fallow had to be balanced
against one and the same forest plot

Soil and vegetation samples were anmalysed for bio.
elements in the Institut fiir Bodenkunde und Walder-
nihrung, Géttingen In the organic layer, the total
soil only in regard to N Ca., Mg-, K stores in the
soil were those exchangeable with ammonium-chloride
at the pH of the soil O:ganic P, Al- and Fe-pho-
sphates were determined in the soil besides total P
The sum of the former have been used in the balance.

The spacial variation in soil bioelement stores re-
quites to keep the unit atea of study small The res-
pective wnit area for weodland biomass (and the bio-
element store) determination is necessarily larger (1,
3, 14)

This discrepancy poses a methedical problem of
correcting the overall figure for the bicelement store of
the vegetation for every soil unit. For this purpose, we
assumed that woody matter would not loose bioelements
at an appreciable rate within the fisst 6-12 months after
clearing  On the unburned fallow, stem wood was ac-
tually removed from the plots but the negiect of bio-
element loss from twig wood implies a slight under-
estimation of total hioelement losscs. Results from the
butned fallow show that the assumption was wrong
here; the charring of twigs and tree bark contributed
considetable amount of ash though the fire was not very
hot  This addition from wood charring could, however,

¢ determined in the organic layer directly after burning

In regard to leaf biomass, we corrected the overall fi-
gare (M) t/ha} by means of the added twig biomass
on the grouad surface of the plots (balance before and
after clearing) and the twig: leal ratio assuming that
the amount of tree feaves and palm fronds would be
inversely telated The corrected leal biomass (line two,
Tables 2 and 3} does not deviate substantially from the
overall figure.

Results and discursion
The wnburned fallow

The total bioelement store and its distribution in
the primary terzace forest is shown in Figure 1. The
soil site is comparatively well supplied with nitrogen
The N-content in the leaves is rather high (about 20
mg/g) . Because of the low biomass of the forest, only
10 per cent of the total store is found in the vegetation
The percentage figure for P in the vegetation does not
even reach that level (6 per cent) From 30 to 80 per
cent of the soil P occurs as occluded phosphates, and
the P-content of leaves (0.7 - 10 mg/g) and wood
(01 mg/g) belongs to the lowest recorded in tropical
forest vegetations. The cations, on the other hand, show
a high accessibility so that the very low soil reserves
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have bzen mobilized to o considerable extent, Of the
total stores, 30 - 70 per cent are contained in the above-
ground vegetation, and of these, again 5 - 20 per cent
return annually to the soil with the leaf litter. The
K/Ca-ratio varies in leaves (108) and wood (0.77).
In the organic layer, K is released at a fast, Cit and Mg
at 2 much a slower rate (6), but the element content
of the actual F-layer + root mat it fow

The results of the clearing and of one year fallow
without buning have been summarized in Table 1
The losses in and above the mineral soil have been
balanced separately Because of the required rearrange-
ment, the two plots of the fallow are balanced against
one and the same pre-clearing plot  The former have
been placed in such a way as to overlap wilh the fatter
The variation in the plot balances of the organic layers
(Table 1, line 5) do not only reflect the existing spa-
cial variation of the organic layer weights. Disturbances
arise from the break-down of twig material which adds
to the organic layer during the year of fallow, but also
from the root tangle of the F-layer from which organic
debris falls into the mineral soil during the sampling
procedure, especially when thickes living roots pass
through the sampling area and have to be cut This was
the case in the second plot {Table 1) where a great loss
of C in the organic layer is partly compensated by a
gain in the uppermost 10 cm of the mineral soil Analy-
tically, this gain is obvious but cannot be calculated

because of the simultanecus loss of soil humus. The
remaining variance of the total loss balance is still
unsatisfactorily high.

The data of Table 1 imply that wood (twigs, bran-
ches, tranks) does not loose any bioelements during one
year . This assumption certainly undersates the possible
speed of wood decay so that the losses of Table 1 re-
present minimum figures, However, the low C/N-ratio
(C/IN = 7) of the carbon and nitrogen losses indi-
cate that it is easily decomposable organic matter that
constitutes the bulk of the organic matter loss During
the decomposition of this material Ca, Mg and K have
been mineralized and been leached beyond the rooting
limit level with the cations added with the leaf biomass

The bnrned fallow

Three plots were sampled before clearing, immedia-
tely after burning the siash (before the first rain), and
again after 5 months when the experiment had to be
discontinued.

The changes before and after burning concerned the
organic layer only and provided information on the
amount of volatile loss, as well as on the extent to
which elemesnts accumulated from material not accounted
for in the input (Table 2, line 3). Such additional salt
naturally stems from the burning of wood. The actual

Table 1.—Balance of bioelement storg in forest and unburned fallow (2 plots).

t/ha

ke/ha

org C N

1) Organic layer before
clearing 15 394
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amount burned probably dves not make up a sizeable
portion of the existing store of the clearing but much
of it was charred on the surface The bark is richer in
bivelements than wood and has a much Jower K/Ca.
ratio (13, 18) This might explain why Ce and Mg
dominate the excess salt

How much woody mattes was lost due to burning
could not be determined. The volatile loss of line 5
{Table 2) is, therefore, 2 minimum figare. The organic
layer has been strongly affected, not only the L-layer
(3 - 6 t/ha) but also the Flayer. The loss increases
with the thickness of the organic layer from about 10
per cent to almost 70 per cent in the plot with highest
organic matter accumulation in the forest (120 t/ha)
The C/N ratio of the volatile loss is slightly higher than
that of the organic layer (36/31).

After five months, ie after the first part of the
rain maximuom, the quantitative changes in the organic
layer were negligible, obviausly because less easily de-
composable material (C/N = 44) had remained after
burning However, the rain of the 5 months effectuated
a transfer of P to the mineral soil, and a complete (K)
or considerabie though incomplete (Ca, Mg} leaching
of cations from the organic layer, but not yet from the
rooting zone of the mineral soil  Figure 2 shows the
vertical distribution of cations in the mineral soil at this
time in comparison to the original situation (forest)
and the situation under the unburned fallow one year
after clearing. It seems that the first flush of easily
dissolvable cations had afready been washed down
( probably following the early rain maximum of the
first 214 months (March/May: 1690 mm) after the
burning) to a depth of 40 - 50 cm (K, Mg), in the case
of Ca also beyond Ca is the only element with a marked
negative balance. Leaching later slowed down, probably
following the rains (June/july: 240 mm), the de-
creasing avaifability of HCO,;~ and the decreasing ion
concentration  The total loss of cations in Table 1 and
2 show littie difference, and this is statistically uncertain
because of the great variation of plot results and plot
conditions, but also because of the different time length
involved

The store of “available” phospherus (org, Al-
and Te-phosphates) decreases in both treatments by
about 20 kg/ha, that of total P by about 8 kg/ha  As
feaching of P needs not to be considered, these figures
may indicate some change in the solubility of P-com-
pounds

In regard to nitrogen and carbon, the total balance
figures demonstrate that the fire also attacks less easily
decomposable organic matter. The C/N ratio of this
loss (C/IN = 46) is much wider than in case of the
unburned plots (C/N = 8) so that actual N-losses
are smaller than on the unbuined plots (12 as against
19 per cent of the original N-store of the ecosystem)
In case of the burned plot, 75 per cent of the N was
lost below the mineral soil surface, mainly in the top
soil (0 - 20 ¢m). Ia case of the burned plots, this
relation was reverse The C- and N-data of the soil
balance of the secand plot have not been considered
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(brackets) as the forest plot had exceptionally high
C-contents in the sabsoil. The most likely explanation
is that one or two of the auger holes hit a subsoil dis-
turbance which can develop in connection with tree
fall  Apart from this exception, the changes in the
mineral soil occur mainly in the surface layer, for which
C- and N-contents have been summarized separately
in Figure 3 The drop from the original to the actual
contents in the soil of the fallows amounts to about
15 per cent A similar decomposition constant was
found by Cunaingham (4).

Figure 3 also inclades data from two plots of an
older fallow in the immediate environment of the
clearings The site had heen cleared, burned and cul-
tivated with upland rice before it was abandonned to
natural regrowth which, after two years, had built up
a biomass of 19 t/ha  Because of the more severe
burning and the cultivation, the soil humus had been

affected more strongly, though accretion especially from
grass fitter has cettainly lifted the preseat figures above
their absolute minimum after cultivation. If the bio-
element stores of the primary forest are compared with
those of the 2 years fallow, the difference would sug-
gest a total loss of 1800 kg N, 200 kg K, 380 kg Ca
and 120 kg Mg These figures include the bicelements
of the wood, and are, thezefore, certainly too high as
some of the wood was still present on the fallow, and
because some of its bioelements would be taken up by
the geadually developing roat system of the fallow

In order to arrive at a reasonable estimate of bio-
element losses after forest clearing and one year of
burned and cultivated fallow under the humid tropical
conditions of the Magdalena valley, one can only envi-
sage an interval range that takes into account the varizble
combinations of treatment and meteorological condi-
tions. As lower limit, we suggest the lnsses of our
unburned plots increased in regard to C and Ca because
of the additional fire The zbove mentioned difference
between the stores of the primary forest and the 2 years
fallow could be used as upper limit though after sub-
tracting 50 per cent of the cations and 100 per cent of
the C and N contained in the wood The interval thus
obtained {Table 3) appears to approach a reasonable
average though the N values may be somewhat closer

Recovery of bioelement losses

The bioelement losses inflicted on the ecosystem
during or because of human intetference involve an
appreciable portion of the original bioelement stoze of
the ecosystem (15 - 45 per ceat, see Table 3). One
has to bear in mind, that the high rminfall and the
sudden death of 200 t of vegetable matter represent the
most favourable conditions for great bioelement losses,
and that these decrease markedly in adapted shifting
cujtivation systems with shorter fallow cycles and nar
rower fluctuations of the soil organic matter (13). On
the other hand these singular losses are definite and not

Table 3 —Bioelement loss on clearing of a rain forest (in brackets: per cent of total store), average annual
bicelement input with the rainfall, and their quotient, ie the number of years needed for recovery

of the loss, by rainfall input.

t/ha kg/ha
Binelements

arg C N K Ca Mg
Loss m'nimum d0 {11) 1300 {19} 60 {14) 00 (18) 30 {15)
Loss maximum G0 (16) 1400 {21) 140 (33) 240 {43) 80 (39)
Input with rain — 15 7 3 3
Bioelement loss {min) —_— 86 9 20 10
Input with sain (max} — 94 20 18 27
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recoverable. On a tegional basis, some of the volatile
foss including ash particles that were blown ap inte
the air, may return to the ground They add to the bio-
elements contained in the rain from other sources and
—together with naitrogen fixed from the atmosphere—
constitute the only possible accretions to the bioelement
store of the soil

No data concerning the element conteat of the
rainfall are available for the Magdalena valley We,
therefore, used an average of the not very numerous
data available for the tropics (13, 16, 19) and juxta-
posed this possible annual accretion to the site with
the proposed loss figures in Table 3 The comparison
shows that the elements contained in the rain could not
possibly play any role in land use systems with brief
fallow periods. The longer the life span of a fallow,
the more important the size of this accretion, at Jeast
under the assumption that the developing root system
of the fatlow wiil be able to retain most of the added
bioelements and keep them circulating in the secondary
regrowth  Cations may then be accumulated in quanti-
ties equivalent to the minimum losses in Table 3 when
the fallow is allowed to grow for 10 (K, Mg) or 20
(Cay years The assumption of z loss-free bioelement
cycle can, of course, not be maintained — Otherwise,
the primary forest would be rich in bicelements How-
ever, the annual loss of the circulating bivelement stock
will vary with the element concentration of the circu-
lating solutions In mature forests, one can assume an
equilibrium between leaching output and addition witn
the rain to be maintained (113} In the fast growing
stages of the secondary regrowth, high annual rates of
bioelement fixation in the vegetation maintain a dise-
quilibrium in the bioelement flow which might support
high uptake rates from the bioelements in the rain,
without which it would, in fact, be difficult to under-
stand the subsistance of centuries old shifting cultivation
systerns,

In regard to nitrogen, the ratio between loss rate
and the content in rain water is less favourable, and
the number of years required to compensate the loss
from rainfall addition 5 to 10 times higher than for
the cations. Irrespectively, the secondary regrowth
builds up a nitrogen store in the aboveground biomass.
Following the figures given by Nye and Greenland
(12) for N-stores in tropical secondary vegetations, the
annual increase of the above-ground N-store amounts
te 25 - 75 kg N/ha/yr  The simultaneous increase of
soil humus normally sccompanying this development
suggests N-fixation as sousce

In the Magdalena valley, we studied three regrowth
stages of similar species composition and different age
2,5 and 16 years) (7). In this case, the above-ground
N-store (vegetation and organic layer) increased from
276 to 609 and to 1045 kg respectively Soil nitrogen
increased also but we don't know the original humus
content of the soil before and after clearing and burning,
The soil sites of the 2 years and the 16 years regrowth
were practically identical with that of our forest and
fallow site so that we included figures of the 16 years
regrowth site, as well as of a neighbouring grassland

site, into Figure 3, to show the possible estent of C-
and N-regeneration in the surface layer of the soil In
order to arrive at o quantitative estimate of the actual
N-fixation under secondary regrowth we aguin propose
a range interval between minimum and maximum
values:

~ Minimum estimate:  Assuming the soil organic mat-
ter to have remained unaltered since the clearing,
the above-ground N-store of the 16 years regrowtl
would imply an average annual fixation of 50 kg/
ha/yr — in case of the 2 years fallow (and with-
out considering the organic layer which still con-
tains residues of the forest) the rate would be 75
kg/ha/ye, and 35 kg/ha/yr in the 5 years regrowth

— Maxinuun estimate:  Assuming that the difference
in soil lhumus between the 2 years regrowth and the
16 years regrowth is due to humus regeneration, the
annual fixation rate would amouat to 160 kg/ha/yr

One could also use the humus content of the grass-
fand (sce Fig %) as base to calculate the humus regene-
ration in the 16 years regrowth, as both belonged to
the same clearing, and as one can be reasonably certain,
that the rather well kept grassland did not lower but
rather increase the lowest level of soil humus 1 or 2
years after the clearing and burning. The difference
between the two N-stores would imply 100 kg/ha of
annual fixation which can be considered the more likely
minimum estimate, though variations with age and
quality of the regrowth may be expected. More exact
information would require many more regrowth sites
to be studied, which would be desirable also in regard
to the suggested regeneration of the cation stores

Moore (12) and Ruinen (17) have summarized
some estimates of annual N fixation in tropical grass-
land and forest systems  Our proposed range of 100
to 150 kg/ha/yr of fixed nitrogen does not reach the
high levei of 650 kg/ha/yr found by Jaiyebo and Moore
(10), but is higher than most data from forest systems
while equivalent levels have been reported from grass-
lands Greenland and Nye (9) suggested fixation rates
between 50 and 150 kg/ha/yr. Most of this gain can
be expected to have derived from non-symbiotic fiva.
tion. They are, however, net gains without the leached
and volatilized aceretions  Gross fixation according to
Ruinen (£7) might well be 2 to 3 times higher, while
Nye and Greenland {13) do not consider high N-losses
likely in the dense fallow vegetation.

Summary

A tropical rain forest of known bioelement store
was turned mto unburned and burned fallow, and the
resultant changes in soil propesties and element store
were determined

Restricted number of replica and great local varia-
tion especially of the organic layer within the forest do
nat permit to give more than a range interval of biocle-
ment losses inflicted on the forest ecosystem due to
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clearing, burning, and cuitivation for ane year: Cation
losses tn the order of 60 - 140 kg K, 100 - 240 kg Ca,
and 30 - 80 kg Mg are possible and can be restored by
rinfall input in sufficiently vital secondary regrowth
only during comparatively long fallow periods (10 - 20
yeirs) The 1300 - 1400 kg N which are lost above and
below ground (with varying distribution and C/N-
ratios depending on the treatment) appears to be maore
casily restored by N-fixation rates of 100 - 150 kg/
ha/yr The latter figures are derived from & comparative
study of some secondary grassland and fallow sites of
similar soil conditions
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