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Resumen

Ll crecimiento inicial de una plantacion de Alnus jorullensis A B K. (= A
acuminata H. B K. ) a 2300 msnm en el sur de Colombia fue rdpido, alcanzando des-
pués de 2 afios ung altura mdxima de § 0 m y un promedio de 6.2 m en los mejores
sitios. Se estimd que en le plantacion con una densidad de 1200 drbolesfha, la produc-
cion de madera seca fue de 6.4 toneladas/ha.

El drenaje interno del suelo forganico arenoso de origen volcdnico} fuve gran
influencia tanto sobre el crecimiento del Alnus como sobre los cambios de nitrogeno
en ¢l suelo. En dreas con buen drenaje el crecimiento del Alnus fue mejor que en agqué-
flas con drenaje deficiente. En dreas pantanosas el Alnus sobrevivié pero su crecimiento
fue menor, El crecimiento del Alnus se correlaciond con el porcentafe de cobertura del
pasto kikuyo {Pennisetum clandestinum Hochst.) (r* =0 93), sugiriendo que el kikuyo
puede servir como indicador de sitios favorables para la siembra de Alnus El Alnus re-
sistior bien la presencia del kikuyo

Las raices tuvieran una gran cantidad de nodulos que a su vez produjeron un
inoculum cepaz de inducir la produccion de nddulos en pldntulas de Alnus rubra Bong.
cultivadas asépticarmente in vitro.

Por estas caracteristicas favorables, el Alnus jorullensis parece ser de un gran po-
tencial para la reforestacion en climas htimedos de tierra fria en Centroamérica v Sur-

arerica

Introduction

actinorhizal plants in the world that form root

nodules in symbiosis with nitrogen-fixing
actinomycetes of the genus Frankia (1, 11, 44).
Although most alder species are found in temperate
regions of the northern hemisphere, several alder
species, including A4. jorullensis H. B. K. are native
to the cool tropical highlands of Central and South
America where it is often referred to synonomousty

g Inus is one of at least 19 known genera of
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with 4. acuminata H. B. K. (18). Alders have been
widely planted and they become nodulated in soii,
even outside of their native ranges (10).

Estimates of annual nitrogen fixation by alders
vary widely because of differences in species, climate,
and experimental techniques used by investigators
(42) Lawrence (28} estimated that a S-year-oid
thicket of A. sinugte (Reg) Rydbert may fix
155 kg/ha of N annually, while Crocker and Major
(6} estimated that nitrogen accretion in soil under
A sinuata (Regel) Rydb. in areas of receding glaciers
in Alaska was 62 kgfhafyr. Alnus glutinosa (L)
Gaertn was reported to {ix nitrogen at an annual
rate of 125 kg/ha {45), and Daly (8) calculated that
from 155 to 165 kgfha nitrogen may be added an-
nually to the soil by A. rugose (Du Roi) Sprengle
in Quebec In Oregon, Newton et al (33) found in
red alder stands (A. rubra Bong) between 2 and 15
years old, an annual increase of 320 kg/ha N in

Turrialba Vol. 35, No, 2, 1985, pp. 141-150



142 TURRIALBA: VOL 35 NUM 2, TRIMESTRE ABRIL-JUNIO 1985

biomass and soil. Such increases in red alder stands
were substantiated by the work of Zavitkovski and
Newton (47)

Alders have been found to increase growth of as-
sociated vegetation (17, 38) as well as to control
certain fungal coniferous-root pathogens (19, 32)
Alder stands are also thought to increase soil organic
matter and to lower bulk density thus increasing soil
porosity and water infiltration rates and improving
soil hydrologic properties (42} In the northern
hemisphere various alder species have been widely
planted for soil improvement on minespoils and for
stabilization on recent flood deposits and landslide
areas (11) Various experiments using nitrogen-fixing
alders as nurse crops have demonstrated growth
stimulation of associated crop trees (7, 13, 20, 34,
41)

Alders have been used regionally in a number of
silvicultural and agrosilvicultural systems in Lalin
America FHighland farmers in Guatemala have been
known to allow scattered alder trees to remain in
corn fields to increase crop yields {9) In Costa Rica,
upland dairy farmers plant Afnus acuminata H B K,
at wide spacings in pastures to combine g system of
wood production with natural fertilization of pasture
grass {3) In the Alte Charma region of Andean
Venezuela, A, jorullenis is the main timber species
available to farmers for house construction material
(14)

The Andean aider or alise (Alnus jorullensis H B
K.) is native to humid areas of the central and eastern
sterras of the Colombian Andes at elevations between
2 000 and 3 250 m (36) Andean alder does well in
zones with annual precipitation averaging between
2 000 and 3 000 mum and with an average tempera-
ture of 18°C, ranging between 5° and 24°C The
alder’s rapid growth, strazight bole, natural pruning,
useful wood, and nitrogen-fixing capability make it
an ideal species for plantation culture {39)

in Colombia, 4. jorullenis has been extensively
planted in the watersheds of the cities of Manizales
and Armenia Peace Corps volunteers in the Manizales
region used the alder for establishing farm woodlots
on heavily eroded sites and for direct seeding of land-
slide areas. Also in Manizales an experimental planta-
tion interplanting A. jorullensis with a Cedrela species
has been established to evaluate the effect of the
interplanted alder on Cedrela growth (35}

Several decades of plantation work with the alder
in Caldas, Colombia have resuited in the development

of some silvicultural treatments for the species in
that zone {36, 39} Tree heights of 35 m and dja-
meters & breast height of 79 cn1 have been noted for
alder and height growth of 25 m in 10 years in
Colombia is possible (36). Common tree associates of
Andean alder in native forests of Colombia include
species of Cedrela, Juglans, Tabebuia, Nectandra, and
Ocotea {36)

Tree legumes are prevalent in many tropical eco-
system {2, 24) and & number of nodulated tree
legumes are used for reforestation in the lowlnd
{ropics (15). We observed Frankig-nodulated Alntes
and Myrica to occur commmonly in the Colombian
highlands, though these and other actinorhizal
{Frankiz-nodulated) trees zre not common in tropical
lowlands ([ 1) Various genera of nitrogen-fixing tree
legumes have tzzditionally heen incorporated into the
agricubtural systems of the lower and middie elevation
neotropics, such as the use of species of Inga, Albizia,
and Erythring as shade trees for coffee and cacao
plantations and in pastures. However, only the non-
leguminous, nitrogen-fixing Alnus has been used to
any great extent in silvicultural and agro-sitvicultural
systems in the cool highlands of Colombia
Actinorhizal plants seem to be equally efficient in
fixing dinitrogen as legumes (43). Consequently,
actinorhizal woody plants such as Alnus may be
important contributors to the nitrogen economy of
some highland forestry and agricultural systems,
much as tree legumes are at lower elevations for site
amelioration and improvermnent of soil productivity

Future intensive reforestation efforts in Colombia
will undoubtedly be directed toward humid zones
where there are high potentials for loss of soil N due
to nitrate leaching and denitrification Nitrogen [ixa-
tion will become an increasingly desirable character-
istic in tree crops in order to avoid high fertilizer
costs and to maintain site productivity In cool high-
land areas the use of alder, either in 1otation with
Pinus or Eucalyptus or in mixed planting systems,
should be investigated as a possible technique to
maintain site productivity 1n addition, since human
population and intensive land use in many parts of
Colombia are concentrated in highland areas, tech-
niques using alder in agro-forestry systems may prove
to be sustainabie methods for increasing food and
fiber production while expanding the amount of
tree cover on deforested upland areas of the Andes.

The objectives of this study were to measure the
growth of Alnus jorullensis plantations at the
Merenberg Nature Reserve at various spacings and to
determine changes in soil nitrogen concentration in
alder plantation soils
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Materials and methods

A three-quarter ha area at the Merenberl Naiure
Reserve was planted in May of 1981 with Alnus
Jorullensis The Merenberg Reserve is located in the
Andean highlands of southern Colombia  ap-
proximately 80 km ELast of the city of Popayan The
area fies at latitude 2°15" North and longitude 76°10°
West and is situated on the eastern slopes of ihe
central sierra of the Colombian Andes at zn clevation
of 2 300 m

The Merenbert Reserve lies on the upper siopes of

and ancient voleano, el Volean Merenberg, which last
erupted approximately 50 000 years ago {27), and
the parent material of the upper soil layers is
probably  wind-deposited  volcanic  ash trom the
nearby Puracé Volcano which has erupted within the
last few centuries The mean annual temperature of
the {arm is 15°C with temperatures never faliing
below 5°C. Mean annual precipitation on the Reserve
for the years 1970 through 1982 averaged 1956 mm
The Merenberg region typically experiences two
wet and two relatively dry seasons each year with the
principal dry season occurring between December
and February and a lesser dry season falling between
July and September. Apart from rainfali, the area
receives a large amount of mist and fog, and insola-
tion during much of the year is quite low for a site
near to the equator

The experimentsl site was chosen because it
contained the least topographic variability (with
stopes ranging from 10 to 30°) within the area desiga-
ated to be reforested in 1981 The soil in the top
20 cm is an organic sandy loan (30% organic matter)
with a bulk density of 09 gfcc and a pHof 52 The
soil varies from being very poorly drained {depth to
sleying of 15 to 25 cm) in the lower portions of the
field to somewhat poorly drained (depth to gleying
of 45 to 60 cm) in the upper parts of the field. The
very poorly drained downsiope are was generally
defined by a ground cover of mosses, lerns, and
sedges with islands of kikuyo grass (Pennisenton clan-
destinm Hochst ), an introduced pasture species, on
better drained rises. The somewhat poorly drained
upslope region was covered predominately with
kikuyo grass with pockets of mosses and ferns in
swales and other wet spots. The area of the experi-
ment had been covered by highland hardwood forest
{(dominated by Quercus humboltdii Bonpl., Billia
columbiana Planch & Lind ., Fieus spp., Weinmania
spp , and Ocotea spp.) until the late 1940s, when it
was cleared, burned, and converted to pasture The
area had been in cattle pasture until 2 months before
planting.

Alnus forullensis seedlings were grown from seed
collected in Colombia al La Selva farm sbove Muni-
zales, Culdas. Secd was germinated in the state
nursery in  Villamaria, Caldas and grown for 4
months. Seedlings of approximately 4 cm in height
were then transported in moist peat moss to the
Merenberg nursery At Merenberg the small seed-
lings were planted in 7 x 12 cm black polyethylene
bags containing local forest soil. The containers were
inoculated with crushed nodules from established
aiders in the Merenberg nursery to insure adequate
nodulation, and the seedlings were grown to 2 20 to
25 cm height {8 months after germination) before
planting on the experimental site

In April of 1981, the site was prepared for plant-
ing by removing aboveground vegetation on areas
70 ¢m square for each seedling and by thoroughly
chopping the soil down to a depth of 15 to 26 cm
Site preparation was done with machetes and an
18 x 22 ¢m pick hoe for breaking ground Trees
were planted in the center of these “plateos” the
following month “Plateos” were weeded at 3, 12,
and 24 months after planting There was 100% sur-
vival of the alder despite the fact thal in the first
3 months after planting many trees stood in pools
of water in the concavity resulting from site prepara-
tion.

Tree plantings were organized in a randomized
compiete block design with 35 replications ol 3
spacings (Figure 1) Trees were planted with rows
offset, giving a siaggered rather than a lnear configu-
ration across rows. The 3 spacings in .03 ha plots
were: {1) 5.0 x 50 m, piving a density of 400 alder
trees/ha; (2) 2.5 x 5.0 m, giving a density of 800
alder treesfha; and (3) alder planted with 25 m
between rows and alternating within row spacings
of 25 and 50 m, giving a density of 1 200 alder
trees/ha. The blocks were located across the principal
stope with 2 blocks positioned on the lower slope,
which was very poorly drained, and the remaining
3 blocks on the upper and middle slopes, which
had better drainage Swales occurred on the slope,
resulting in drainage variation across the slope in
some of the middie slope blocks (Figure 1)} The
plantation site was mapped for dominant ground
cover before tree establishment.

Alder tree height and diameter measurements were
taken 2 years after planting Height measurements
were taken to the nearest tenth of a meter using an
8§ m measuring pole, and diameter measurements were
taken with a caliper at 30 cm above ground. There
was one staggered row of border trees within each
plot which was excluded from statistical analysis. An
ANOVA was performed to determine the variation in
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Fig. 1. Schematic disgram of plot layout on the site The
upper nwrmnber represents ranking of mean aldes
height growth. The lower number is density of 4
Forullensis plantings in a plot lIrregular blocking is
due to rough terrain

2-year alder height associated with blocks, spacing,
and block by spacing interaction Means and standard
deviations of alder height and an alder volume indes
(D*H = diameter at 30 cm squared times tree height)
were determined by plot and were ranked in descend-
ing order by mean alder height Mean alder height was
plotied against % kikuyo cover in each plot Also,
after 2 years a stemn analysis was done on 4 randomly-
selected entire alder tree stems from each of the 6
plots with mean tree heights exceeding 49 m by
measuring diameters at l-m intervais A volume
estimate for 2-year alder growth was made using
Smalien’s Formula (23), and an estimate of 2Z-year
dry tonnage of stemwood biomass was made using
and average value for dehydrated specific gravity
of 0.338 g/ce for 4 jorullensis as reported by Rojas
et al, (36}

Prior to tree planting, soil samples were collected
by taking 4 cores with a soil probe in each block
Cores were taken to a depth of 20 cm and were
divided into 5-cm depth increments. The soil was im-
mediately air dried at the Merenberg Reserve and was
transported to the University of lllinois in Urbana
where the samples were sieved through a 2-mm mesh
prior to total nitrogen determination using a micro-
Kjeldahl procedure (31). After 2 vyears, soil samples
were again taken around one randomly selected alder
tree in each spacing plot. Cores were taken with a
soil probe adjacent to the alder stem and at [0, 25,
50, 75, and 100 cm distances at a randomly selected
stem azimuth for each sample. The cores were again
taken to a depth of 20 cm, divided into S-cm incre-
ments, air dried at the Merenberg Reserve, and
transported to Urbana, lllinois for total nitrogen
anafysis  Nitrogen concentrations at the various
distance by depth combinations from alder stems

were combined for the 3 better drained upslope
biocks and for the 2 poorly drained downslope
blocks These 2-year concentrations were compared
with soil nitrogen concenirations from correspond-
ing depths and drainage class prior to tree planting
using a t-test for comparing means of unequal sample
sizes (40)

Nodulated Alnus jorullensis plants from the plan-
tation were brought to Urbanz, Hlincis and fresh
rodules from these plants were ground in a Virtis
homogenizer in 4 phesphate buffer solution at pH
70 Tthe ground nodular suspension was filtered
through cheesecloth and used to inocuiate asepticaily
grown Alnus rubra seediings on Hoagland’s agar slants
according to the method described in Knowlton and
Dawson {26) Nodulated seedlings were assayed for
nitrogensse activity using an acetylene reduction
method of Dawson and Gordon {12)

Results

Analysis of variance showed significant differences
in alder height and D*H means associated with
spacing, blocks, and their interaction The significant
difference associated witi spacing is probably the
result of the spacing effect being confounded with an
effect due to dreainage. since plots at the wider
spacings often were in the wettest areas.

A ranking of spacing plots by mean alder height
shows increasing alder growth with better soil drain-
age {Tabie 1) The poorest aider growth occurred in
the most poorly drained areas which were covered
with mosses and ferns. Two-year tree heights ranged
from a maximum of & m in the best drained plots to
a minimum average of slightly under 2 m in the
wettest areas Examination of Table o reveals an
apparent lack of spacing effect on alder growth.
The fastest growing alder plot with & density of
1 200 trees/ha was estimated te have produced
6 5 dey metric tons of stemwood/ha after its first
2 years of growth.

Fitting mean alder height with percentage kikuyo
cover (Figure 2} further illustrates the strong
influence drainage seems to have upon alder growth
The r? value for this simple linear regression is 0 83,
indicating a strong positive correlation between
percentage of kikuyo grass and alder height growth
The lnpear equation provided the best fit of the
regression line, compared with quadratic or loga-
rithmic fits as is manifest in Figure 2. Kikuyo grass
is intolerant of poor soil drainage.

Nodules were formed on most aseptic Alnus rubra
seedlings after inoculation with ground nodules from
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Table 1. Ranking of plots by mean <inus height.

Topographic position % Kikuyo Density No. of trees  Mean tree height  Range (m) Dyt {dma)
cover (stems/ha} (m) mean & sd mean + g
1 Upper slope 100 1200 19 62210091 48-80 249+124
2. Upper slope 100 800 i2 6082086 52-1719 1I88:90
3 Middle siope 100 800 i2 5431147 iPl-73 05145
4. Upperslope 100 400 6 525+£041 48-60 166% 68
5 Middle siope 72 800 12 5232082 37-67 155+ 81
6 Middle slope 100 400 6 493%122 31-05 144% 84
7. Lower slope w/rise 60 {200 19 439126 20-60 109%f 70
) Middic siope 92 1200 19 434 %105 24 -60 102+ 97
g Middle stope w/swale 100 1 200 9 4241108 24 ~6.0 88 47
10 Lower slope w/rise 52 800 12 376E123 20-60 68 52
il Middle slope wiswale 48 400 & 3JABE132 15350 54% 62
i2 Lower slope 12 400 6 297108 22-51 424 435
i3 Lower slope 12 1200 19 2491084 13-50 144 32
i4 Lower slope 0 800 i2 2482071 {5358 23+ 19
i5. Lower slope 0 400 6 1952047 1224 09+ 06

: . 2
* Diumeter for D7 H measured at 36 em above ground

the A. jorullenis plantation Nitrogen {ixation was
evidenced by the greening of nodulated seedlings on
N-free Hoagland's agar slants. and by the ability of
intact nodules to reduce acetylene to ethylene

Soil nitrogen concentration in the refatively better

drained upslope area increased significantly after 2

years in the superficial 20-cm soil layer at distances

7.04  y= 2.28+03x
r’= .83

6.0~

MEAN ALDER HEIGHT (m)

% KIKUYO COVER

Fig 2 Relutionship between mean A jorulfensis height and
% kikuyo ground cover

from 30 to 100 cm from alder stems (Table 2).
Within 50 cm of tree stems, soil N seemed 1o increase
slightly over preplanting levels, but the increases were
not statistically significant Only at the base of alder
stems in the top 10 c¢m did there seem to be a
decrease in soil N, but this decrease was not signifi-
cani. Soif N at the 50 to 100 cm distance from stems
seemed to increase most in the surficisl soil layer (0
f0 10 ¢m) while closer to alder stems this trend did
not exist. Soil N concentrations in the very poorly
drained downslope area decreased at all depths
around the alder frees with no consistent pattern of
nitrogen change evident in this region {Table 3).

Discussion
Alder Tree Growth

Growth of 4. jorullensis in the better-drained plots
on the upper stopes is extremely rapid. Although the
alder does not occur naturally in the immediate area
of Merenberg. its early height growth and abundant
nodulation suggest that the species may be well
adapted for more extensive use in reforestation in
the region An actinorhizal Myrica species occuss
naturally at Merenberg and may be a source of
Frankia propagules, explaining the abundant nodula-
tion of Alnus at this locale Several 5-year-old alder
irees in the Merenberg botanical garden have reached
heights of 15 m with 15 cm dbh’s and have produced
3 seed crop

Alder on the better “somewhat poorly drained”
sites had three times the height growth of alderon the
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Iable 2. Mean change in total soil N around the stems of A jorullensis on the somewhat poorly drained upstope site (mg N/kg air-
dried soil sample). Mean values are for 9 plantation soil samples minus the mean value (n = 12) for soil N concentration at
corresponding depth prior to planting.

Soil depth (cm) Distance from alder stem (cm) Initiaf soil N

concentration
¢ 10 25 50 75 100 mean * sd
0- 5 —~112 223 162 8H4** 930+ 657%* 1661 %276
5 - 10 ~1{H 110 302 536%* VL 581** 1071 £314
iG — 15 87 187* 321¥* 308* 408%* 394k 706 £ 108
15 - 20 22 32 09 309* 2007 222% 666 * 185
*% Significantly differeat trom mean N concentrution at corresponding soil depth prier to plantation establishment (e = 001}
#

Significantly different from mean N concentration ul corresponding soil depth prior to plantation establishment (& = 0.05)

Table 3. Mean change in total soil N around the stems of A jorullensis on the very poorly drained downslope site {mg N/kg air-dried
soil sample). Mean values are for 6 plantation soil samples minus the mean value (n = §) for soil N concentration at
corresponding depth prior to planting,

Soil depth (cm) Distance from alder stem (cm) Initial soil N

0 10 25 50 75 100 concentration

mean = sd

0- 5 550 2329 ~337 —463%+ _27ge 101 1784 + 304
5-10 —gag s ~581% 617+ 795 ~371 —546% 1750 £ 382
10 - 15 ~742%% _579%= 565+ _550%+ ETILE —547%% 1459 £420
15 - 20 -471% ~349 —466+ 451+ 355 428 1180 £528

**  Significantly different from mean N concentration at corresponding soif depth prior to plantation establishment (¢ = 001},

*  Significantly ditfferent from mean N concentration at corresponding soii depth prior to plantation establishment (o = 0.05).

very poorly drained sites. Although Alnus jorullensis
naturally occurs on wet sites along streams and
around swamps, the species grows best on well-
drained sites as long as soil moigture is not limiting
This situation may be analagous to that found with
A glutinose in the British Isles (29) where alder
grows best on upland sites but is limited in occurence
to streamsides and wetlands because of extreme
sensitivity of germinating seedlings to desiccation.
Although alder growth on the lower slopes of the
experimental plantation is evidently limited by poor
seration, the trees have grown at least 1 m per year
and have suffered no mortality.

Alder’s ability to become established on boggy
sites may be useful In the cool Merenber region
where high precipitation is coupled with low evapora-
tive potential, Sphagnum filled boggy pasture land
often is found adjacent to fairly well-drained forest
lying on the same terrain. The poorly aerated condi-

tions of the pasture may be the result of the loss of
the evapotranspirative tree cover which allowed for a
buildup of Sphagnum and other mosses. The mosses
seemn to hold water on the site resulting in saturated
soil conditions and the exclusion of many tree species
and preferred pasture grasses, Since alder trees are
able to survive these pooriy drained soils, they may
lower soil moisture content over time through evapo-
transpiration. 1f this is the case, then planting of alder
trees may be a low cost means for converting wet
sites to more productive wood and forage sites.

The results of this experiment suggest that kikuyo
grass may be a useful indicator plant for a good alder
site. This exotic grass is widespread over most of the
Celombian highlands and is a dominant ground cover
in many pasturelands. We have observed in Colombia
that sites with volcanic soils lacking kikuyo invariably
have drainage that is too poor for the establisment of
trees.
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While kikuyo grass may indicste the best sites for
alder growth, the presence of the grass generally in-
creases the costs of tree plantation establishment
owing to the highly competitive nature of the grass
(36) Eucalyptus globulus Labill, the principal hard.
wood planted in the Colombian highlands, is
notoriously intolerant of grass competition {16},
and much of the cost of Eucalyptus establishment
is the result of kikuyo control The alder is more
tolerant of kikuyo competition than in Eucalypius
Although two weedings are recommended for
establishment of alder in kikuyo (34), we have
observed in previous work with 4 jorullensis  that
the species can become adequalely established in
kikuyo with only one weeding. This ability to
tolerate weed competition is important because
campesinos often do not carefuily follow recom-
mended maintenance practices with small tree planta-
tions

It is fortuitious that 4 jorullensis grows well in
kikuyo grass because an importapt use of this tree
species is in agri-silvicultural systems in which alder
is cultivated st wide spacings in pastures Inter-
planting alder in pasture has been carried out for
decades in parts of Costa Rica {22) We have observed
in some farms above Manizales, Caldas, that farmers
somewhat passively foilow this practice by leaving
volunteer alders that grow in their pastures when
cleasing their fields of other volunteer trees Also.
kikuyo under partial alder shade continues to
produce throvghout the dry season while the open-
field kikuyo does not, which may be due in part to
moisture inputs from condensation and drip during
misty weather (personal communication from John
Beer of CATIE, TVYurrialba, Cosfa Rica, 1981}
Furthermore, free cultivation in  pastuses diversifies
and expznds a farm economy via production of fuel-
wood and timber

Apart from its beneficial effect on pasture grass,
alders have been found to support greater volume
and variety of understory plants than stands of other
timber species (42). We have chserved in the Maniza-
les region that understory vegetation in alder planta-
tions is much greater and more varied than under
plantations of conifers or Aucalypius This abundant
understory may be due to increased nitrogen fertility,
increased dripping of water condensed from mists on
the alders, or abundant light penetration permitted
by the relatively open alder canopy .

Nitrogen Accretion

A dense mat of heavily-nodulated roots was
observed near the soil surface within 1 m of alder
trees in the better-drained plots Aseptically grown

Alnus rubra seedlings inoculated with ground nodules
from this plantation produced nodules that were
effective in reducing acetylene to ethylene, indicating
nitrogenase aclivity of Frankia originating from this
plantation. The existence of large-diameter roots
at 1 m from tree stems in the better-drazined plots
supgest that alder roots were extensive However,
roois were not totally excavated to determine their
extent. The zone of greatest soil nitrogen accretion
was in the concentric zone from 50 to 100 cm around
alder stems. Various researchers have found evidence
for the immportance of roots in nitrogen cycling
Hansen and Dawson (20) found localized regions of
soil N accretion confined to the zone of preatest
carly root growth around 2-year-old A. glutinosa in
northern Wisconsin Root mortality was found to be
the most important cycling mechanism for nitrogen
in a southern Appalachian forest soil (21}, and Zavit-
kovski and Newton (47} estimated that 60% of soil
nitrogen added in a stand of 4 rubra came from
within the soil

The absence of significant net nitrogen accretion
within 50 cm of alder stems, despile many heavily-
nocdulated roots there, might be explained by the
effects of site preparation In the process of removing
the ground cover vegetation during site preparation,
part of the N-rich top horizon was also removed . Chop-
ping the sofl probably resulted in a mixing of the
upper soil horizon with lower horizons, while un-
doubtedly increasing soil aeration at the planting site
and increasing activities of microosganisms, including
nitrifiers Improved aeration may have led to acceler-
ated decomposition of roots of kikuyo grass with
subsequent addition to soil N, but it aiso might have
promoted nitrification. Although nitrification rates
are usually low in acidic soils with pH’s around 5 0 or
hefow (23), Bollen and Lu (3) found high rates of
nitrification in strongly acidic soil under red alder in
coastal Orepon Once formed, nitrates could have
been leached through the coarse texture soit Signifi-
cant increases at the 10 to 15 cm depth close to alder
stems {Table 2) suggest that leached nitrates may
have accumulated in that zone Ponding also occured
in the depressions created by soil chopping for seed-
ling planting This could have accelerated nitrate
leaching in the site-prepared zone closest to the
alder stems and reduced nitrogenase activity of
nodules

Nitrates also could have been lost from the
chopped “plateos”™ by denitrification. Denitrifica-
tion occurs when nitrates are present in a water-
saturated soil with an available energy source When
the supply of oxygen in soil is not adequate to meet
the requirements of aerobic micrcorganisms, deni-
trifying microorganisms utilize the nitrates in place of
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oxygen as hydrogen acceptors and volatile dinttrogen
gas is lost in the process {(4) With an abundant energy
source, owing to the high organic matter content of
the soil. and with water saturation caused by precipi-
tation. high rates of denitrification could have
occurted at the planting site Even when the soil was
not water saturated. denitrification could have oc-
curred in anaercbic microsites present in the soil
resulting from low oxygen potentials caused by zctive
root respiration and microbial activity (46).

Another possibility for low N aceretion near the
upslope slder stems after 2 vears is that much fine
root activity of these large trees migrated away from
the root collar Newsr the aider stems were large,
suberized roots with large, older nodules It is pos-
sible that N was added here in the first year of tree
growih when fine root activity would have been
greatest. but that much of this N had subsequenily
been removed from the soil as a result of ammonifica-
tion nitrification leaching, and denitrification

Although less soil nitrogen accretion wus expected
on the very poosly drained lower slopes of the planta-
tion because of the slower alder growth, the osses of
N were surprising, and we have no precise explanation
for them H seems possible that loss of nitrogen in
surface runoff or due to denitrification may have
been significant in these areas Making direct measure-
ments of denitrification based on the irhibition by
acetylene of N, O reduction during denitrification,
Ryden and Lund (37} estimated N losses as high as
3.60 kg/ha/day after rains, and annual nitrogen losses
of up to 233 kg/ha in irrigated vegetable crop lands in
Cafifornia in the Merenberg srea with a stable year
around teniperature and considerable precipitation, it
seem possible that levels of denitrification of such a
magnitude could also have occurred This could
explain the losses in soil N found after 2 years in the
very poorly drained parts of the plantation

The largest annual N coniribution estimated for
red alder in the coastal range of Oregon, an enviro-
ment not unlike that of the wet highland Andes, is
320 kg/ha in the top 60 cm of soil and in the standing
biomass based on stands 2 to 15 years elds {33} This
research suggests that A jorwdlensis might be a
similarly prodigious contributor of nitrogen to high-
land tropical ecosysterms where alder growth, nitrogen
fixation, and nitrogen accretion in soil are not limit-
ed by poor drainsge By averaging the values for
changes in soil N concentration for the top 20 ¢m
of soit within I m of alder stems on the better-
drained upslope plots {Table 2), using the correspond-
ing soil butk density value of 09 gfec, and assuming
a density of 1 200 trees/ha, a rough estimate of
279 kg/ha of annual soil N increase can be derjved

Additional sampling of soil and plant nitrogen
contents will be necessary to accurately determine
soil nitrogen accretion rates in these plantations

Summary

Barly growth of Aluws jorullensis H B K (= A4
acumingta ¥ B K.) in a plantation at 2 300 m in
elevation in southern Colombia was very rapid with
maximum individual tree heights of 8 m, and maxi-
mum average heights of 6 2 m in the best plot after
2 yews. Stemwood production in & plot with a
density of {1 200 trees/ha was estimated to be 6.4
dry metric tons/ha after 2 years.

Internal  drainage ol the volcanically-derived
organic sandy loam soil influenced both alder growth
and soil nitrogen changes Alder growth was greatest
on upper slope soils with better drainage On very
pootly drained lower slopes  alder survived well,
but grew slowly Alder height growth was strongly
linearly correlated with percentage of kikuyo grass
(Penniserim clandestinum Hochst ) cover (r* =0.83)
suggesting that kikuyo may be a useful indicator of a
good alder site Alder was also quite tolerant of
kikuyo competition Trees were heavily nodulated,
and nodules produced an inoculum capable of induc-
ing effective nodules on aseptically-grown 4 rubra
Bong

Because of these favorable features, 4. joruflensis
seems to have potential for use in similar moist high-
tand areas of South and Central America
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