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Resumo

Foram plantados feifdo de asa, soja, feijfo caupi e milho em diferentes solos da
Awmazonia Central, muna drea protejida de cluva As taxas de crescimiento das planias,
nodulagdo e ocorréncia de Azospirillum em latosolo amarelo argiloso e solo podsodico
arengso ndo queimados foram muito baixas Em latosolo argiloso queimado o cresci-
mento das plantas e o ocorréncia de Azospirillum foram maiores, mas ocorren pouca
nodulegiio. Soja var. Jupiter nodulou espontaneamente em solo aluvial (“vdrzea”)
Com inoculagdo de Rhizobium a nodulagdo de soja aumentou em solos da vdrzea e
terra preta dos indios A nodulagio de feiido de asa e feifio caupi ndo aumentou com
inoculagdo sem adubagdo em latosolo ou solo podsdlico, mas em solo de vdrzea o cres-
cimento e a nodulagdo de felido de asa inoculado aumentaram. O crescimento e nodu-
lagido de feijdo de asa inoculado e adubado aumentaram, especialmente em solo pod-
solico arenoso, enquanto o crescimento de feiffio caupi awmentou em todos os solos,
e nodulacio somente em solo podsolico queimado e solo da virzea. Os dados indica-
ram que a auséncia de nodulagio em latosolo argiloso era parcialmente devida i presen-

¢a de nitrogénio no solo,

Introduction

ellow latosol occurs over a large proportion of
Y the Central Amazoniz {4, 5, 8, 10} Much of

this soil is very heavy, acidic (pH 4.C — 50},
has a high aluminium saturation level (over 50% of
total C. E. C) and low available phosphorus
I-2 ppm). Areas of a more sandy soil (red-yellow
podsol) occur on the valley sides This sandy soil is
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grey in colour at the surface but appears similar to
yvellow latosol when analysed by routine chemical
tests. These two soils will be distinguished here by
use of the terms latosol and podsol, Sandy podsocl
is often used in preference to clayey latosol for
subsistence agriculture by the local inhabitants

The natural vegetation on these two soils is forest
which showed a living biomass of 473 t ha™" (dry
weight), containing 2 983 kg N ha™ (6). However,
when three parameters were used to  estimate
nitrogen-fixing  activity  (nodulation, acetylene-
reducing activity and oeccurrence of Ny ~f{ixing Azo-
spiriflum spp ), little activity was found in association
with roots of trees growing in arcas of undisturbed
forest on clayey latosol (12). Plants growing in sandy
podsol and more f{ertile soils showed higher levels
of activity.

Areas ol forest in this region are being cleared
for agricultural development, the trees being burned
after felling which releases some plant nutrients into
the soil and atmosphere. Growth of Pennisetm puir-
pureum  planted in recently cleared latosol near
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Manaus was enhanced tenfold by fertilization with
phosphorus but nitrogen gave little response. Maize
and cowpea also showed little response to nitrogen
in the first year of cultivation, but in succeeding years
the response increased (1). This implies that nitrogen
was not the limiting nutrient immediately after
deforestation. However, continuous cultivation of
the soil, especially if fertilized with phosphorus
alone would rapidly cause depletion of the soil
nitrogen and other nutrients. [t is thus important
that nitrogen-fixing plants should be incorporated
into the agricultural systems being introduced in
order to avoid the use of costly inorganic nitrogen
fertilizers.

The objective of the investigations described here
was to determine whether crop plants growing in
representative Central Amazonian soils fix nitrogen
and whether this activity can be enhanced by
fertilization and inoculation of the appropriate
bacteria.

Materials and Methods

Experiment I: Soil samples were collected from
five sites considered to represent Central Amazonian
soil types as follows: “alluvial” soil from the north
bank of the Rio Solimdes about 1 km above its
confluence with the Rio Negro; “sandy podsol” at
an experimental site at km 14, AM-010; “clayey
latosol” at the Instituto Nacional de Pesquisas da
Amazonia (INPA) Reserve (Estacdo Experimental
de Silvicultura Tropical, EEST) at km 45 of the
Manaus-Caracarai road BV-8; “burned clayey latosol”
in anareaat EMBRAPA-UEPAE-Manaus (km 30,
AM-010) which had recently been deforested and
burned, and which therefore contained ash; “black
earth” from the Estrada do Aleixo, Manaus, on the
north bank of the Rio Negro opposite its confluence

Table 1.  Analyses of soils used in Experiments I and IL.*

with the Rio Solimoes. Soil analyses and descriptions
of alluvium and black earth are shown in Table 1.
Samples were collected at five points at each site
from 0-20 cm depth and mixed. The soil was
distributed in plastic bags of 1.6 kg capacity covered
with  aluminium foil to prevent excessive
temperatures. Soybean cv. Jupiter, winged bean
(Psophocarpus tetragonolobus cv. IRI 30-91 from
the Legume Research Institute, Singapore) and
maize seeds were surface-sterilized in 0.1% acidified
HgCl, and planted in four replicate bags of each soil.
The plants were irrigated with distilled water. Plant
dry weight, dry weight of nodules on the legumes,
Azospirillum enrichment root culture activity for
the maize, acetylene-reducing activity of the intact
system and total foliar nitrogen were determined
after 42 days growth in a rain-proof area. Azospi-
rillum  enrichment root culture activity was
determined as previously described (12). Acetylene
reduction was determined by enclosing the entire
plant and soil system in a polyethylene bag and
incubating with acetylene for three hours, after
which gas samples were analysed for ethylene by gas
chromatography (2).

Experiment II: Samples of the same soils as those
used in Experiment I were taken. Eight bags of each
soil type were planted with surface-sterilized soybean
cv. Jupiter seeds, four with rhizobium inoculum and
four without. The rhizobium culture used for the
inoculum had been isolated from nodules on soy-
beans grown in Experiment [ in alluvial soil. Dry
weight of nodules and plants were determined after
45 days growth.

Experiment III: Clayey and medium latosol and
sandy podsol were colllected from three sites close to
the INPA EEST reserve at km 45 BV-8. Samples at
each site were collected from primary forest and

. P K Ca + Mg Al pH Organic (Total) N

Soil Type ppm ppm meq./100 g matter (%) % C/N
Alluvium  (4) >30 144 14.3 0.8 5.0 0.4 0.12 2

Podsol (P) 15 28 0.7 0.5 4.7 0.8 0.07 7

Clayey latosol (CL) 2 66 0.5 2.5 3.6 5.0 0.32 9

Burned clayey 1 56 1.7 0.5 4.6 2.2 0.18 7

Latosol (BCL)

Black earth (BE) 3 44 6.3 0.1 5.2 3.1 0.17 11

*  Analyses carried out at EMBRAPA-Km 47-RJ. Black earth (‘“‘terra preta dos indios™) is a fertile soil containing many pieces of
broken ceramics presumed to be left by the indians who once inhabited these sites (9). Alluvial or ““varzea” soil is the fertile alluvial
soil deposited in annual floods on the banks of sediment-loaded rivers such as the Rio Amazon.
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from adjacent areas which had recently been
deforested and burned. These as well as alluvial soil
from the banks of the Rio Solimbes were obtained
using the same methods as those described for
Experiment 1. Surface-sterilized and pgerminated
winged bean cv. IRI-30-91 and cowpea | Vigna wigni-
culata cv. VITA 3 (TVU 1190)] sceds were planted
in bags of each soil with three treatiments: untreated,
inoculated and inoculated and fertilized, with five
replicates ol each treatment The rhizobium
inoculants used were prepared from cullures isolated
from nodules on the respective plants growing locally
and pretested for efficient nitrogen fixation on
plants in sterile sand and nutrient solution, Fertiliza-
tion rates of triple super phosphate, KCi and lime
were caleulated from the seil analyses {Table 2)
following the recommendations of Souza (11).
Nodule and plant dry weight were determined aiter
75 days growih.

Results

Table 3 shows that in Experiment | plant dry
weight, nodule weight, Azospirilon enrichment
culture activity and total plant nitrogen were all
refatively low in unburned clayey [atosol and sandy
podsol

In the other three more fertile soils (burned clayey
latosol, black earth and alluvial soil), soybeans and
winged beans grew equally well, whereas maize grew
better in burned latosel than in alluvial soil or black
earth.

The pattern of occurrence of nodulation and Azo-
spivifin enrichment culture activity in the three more
fertile soils was different for each plant Soybeans

showed some nodulation in  alluvial soif, and
negligible amounis in other soils. Winged beans
showed good nodufation in both alluvium and black
earth. They did not nodulate well in burned clayey
latosol even thouogh plant weight was relatively high
in this soil. On the other hand activity of Azospiril-
ey enrichiment cultures from maize roots was higher
in burned latosol and alluvium than black earth.

Total plant nitrogen was particularly high in
burned clayey latosel for all three plants. The acety-
lene reduction assays carried out on the intact system
at the end of the experiment showed zcetylene reduc-
tion only by winged beans in alluvial seil and black
earth,

Experiment Il was set up in order to test further
the noduiation of uninoculated soybeans in alluvial
soil observed in Experiment 1. Table 4 shows that
inoculation of soybeans with Riizobium isolated
from the nodules formed on soybeans in alluvial soil
in Experiment I caused better nodulation in alluvial
soil and black earth, Mowever, plant weight was only
slightly higher in the inoculated treatment in alluvial
soil

The results of Experiment I are shown in
Fable 5. Although growth of the winged beans and
cowpeas was better in burned than unburned latosol
and podsol in no case was it as good as when the soil
was fertilized. Even in alluvial soil growth of cowpeas
was better with fertilization. Cowpeas in unburned
unfertitized latoso! and podsol either failed to
germinate or died shortly after germination, despite
various replantings

Neither winged beans nor cowpeas nodulated
better in burned than unburned latosol and podsol

Table 2. Analyses of soils* and fertilization rates used in Experiment IIL
; Fertilizer applied

Soil P K Mg Ca Al pi Organic Lime TSPRE Kl
Typett ppm ppm meq./100 g matter Jb tha~! kg ha~! kg ha~t
c A 24 0l 02 G.7 39 34 410 336 101
BC 4 1562 06 13 0.1 590 50 0.65 285 60
M 2 28 0.2 02 G.7 4.0 14 198 336 101
BM 3 28 01 00 0.5 4.0 22 132 336 101
e 2 17 0.1 0G¢ 0.9 38 36 4.79 336 101
BP 2 2] 0.1 0.0 i0 16 4.2 495 336 101
A 52 106 20 99 0.1 50 1.9 0.00 143 101

Carried out at 1AC, CAMPINAS, SP

O = clayey latosol; BC = burned clayey fatosel; M = medium latosol; BM = burned medium latosol; P = podsol; BP = burned podsol;
A = alluvium; TSP = triple super phosphate.
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Table 3.

Levels of four plant parameters in different Central Amazonian soils (Experiment I). Values of the same parameter anotated

with different letters are significantly different at the 50% level (Tukey’s test).

Plant parameter Sail type¥ Soybean Winged bean Muaize
Dry weight (g) plant = A 139" 12020 096"
P p24b 0750 0.20°
cL 0240 0520 0 56°
BCL 1 29% 1.69° 2.30°
BE ik 1012t 0 90"
Nodule weight (rmg) plant ' (egumes) and
root enrichment assay nmol C, H, culture—
b= (maize) A 20.70 62700 205 08
P 0.00 1670 12780
cL 0.00 p8sb 24 99 b
BCL 000 p47b 198 290
BE 016 41 374b 20 80 b
Fotal N (mg) plunt,~* A 19000 5128b 10e3b
p 688° 2638¢ 3 640
cL g51° 22.66°¢ g4gb
BOL 183090 g4.224 24 1570
BE 24 870 43.40°¢ g93b

* Asin Table 1

Iable 4.  Means and coefficients of variation {(in brackets) of dry weights of nodules and whole soybean cv Tupiter plants in different
inoculated and uninoculated Central Amazonian Soils (Experiment I1).
Soil Type mg nodules plant ' dry weight plant =" (g)
Uninoculated. Inoculated Uninoculated Inoculated
Abuviem 30.75(187) 485 IH 249 (30} 273 (10}
Podsol 0.90 127503 0.81 (33} 0.65( 3
Clayey latosol 0.00 0.50 (149 .53 (34) 041 (24
Burned clayey latosol 0ac 63.85( 8%) 2,27 (32) 167 (47}
Black earth 0.06 22930 ( 2N 233(13) 199 (44

without fertilizer, even in the presence of inoculated
Rhizobium spp. In slluvial soil inoculation alone
improved both nodulation and growth of winged
beans, but not of cowpeas.

In the fertilized and inoculated treatments winged
beans nodulated well, particularly in the sandy pod-
sol. Cowpeas on the other hand only showed good
nodulation in fertilized and inoculated burned pod-
sol and alluvial soil.

Discussion

The growth of winged beuans, soybeans and maize
in Experiment I varied markedly between the

different soit types The good growth observed in
burned clayey latosol was presumably due to the
autrients contained in the ash. The legumes did not
however nodulate in this soil, which indicates that
it contained sufficient nitrogen to meet the plants’
needs. Indeed, the total nitrogen data show that
the plants grown in burned clayey latosol contained
relatively high nitrogen levels.

Azospirilium enrichment culture activity was high
in burned clayey latosel, but this does not necessarily
imply that nitrogen was being {ixed in the roots.
Acetylene reduction assays of the intact maize plants
in this soil were negative, although this might have
been due to poor diffusion of the gases in and out
of the soil. The higher enrichment culture activity
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observed may have been due Lo an increase in tota}
numbers of bacteria including Azospirithon in the
roots stimulated by more abundant energy-rich
root exudates. The low Azospirillum enrichment
culture activity observed in black earth was un-
expected: previous observations showed abundant
N, —fixing Azospirillum in black earth samples (12)
The difference may be due to the black earth having
been collected from an  uncultivated site, whereas
previous investigations used samples from inhabited
sites planted with fruit trees, cassava and other crops

Soybeans are usually considered to require
inoculation with Rhizobium  japonician for the
establishment of effective nitrogen-fixing nodules,
but rhizobia of the cowpea miscellany can form
nodules on soybeans, although they are [requently
ineffective (7, 13). Effective nodulation of low-
yeilding soybeans of Asian origin by naturatly-
occurring cowpea rhizobia has been observed in
African soils (3) In Experiment I and 1l surface-
sterilized seed and soil [rom areas not previously
planted with soybeans were used The occurrence
of nodules in uninoculated sluvial soil thus implies
that this soil naturally contzins rhizobia able to
promote nodulation in Fupiter.

In Experiment Il inoculation greatly increased
nodulation of Jupiter in both alluvial soil and biack

garth, and to a certain extent in sandy podsol and
burned clayey katosol. The lack of nodulation in the
uninoculated black earth samples and its presence
in the atluvial soil indicates that the rhizobia causing
nodule formation were indeed of soil rather than
seed origin because if they were of seed origin nodula.
tion would have occurred in uninoculated black
earth. However plant growth was no preater in
inoculated than uninoculated treatments which
implies that the strain of rhizobium used was
inefficient on this variety of soybean. Further inves-
tigations would be needed to determine the spec-
ificity and efficiency of these naturally-occurring
rhizabia.

The better growth of plants in fertilized than
burned latosol and podsol observed in Experiment 111
indicates that the ash did not contain sufficient
nutrients to support good growth The guantity of
nutrients contained in burned soil depends on the
efficiency of the burning, the degree of leaching and
run-off, and other factors. Resuits obtained with
burned soil thus vary between experiments It is
possible that if crops were planted after a good
burn before significant leaching had occurred they
would not require additional fertilization.

In Experiment Il inoculation alone did not over-
come the lack of nodulation of winged beans or

Table 5. Means and coefficients of variation {in brackets) of dry weights of nodules and plants of winged bean and cowpea in dif-

ferent Central Amazonian soils (Experiment [1I).

Plant Soil Winged Bean Cowpea
parameter type® Inoculated Inoculated
and and
Untreated Inoculated Fertilized Untreated Inoculated Fertilized
Dry C 042( 62 062( 488( 29 - 030¢ ~) 395( 18}
weight BC 187 ( 24) I 84 ( SI15(11) 069¢ 435) 066 26) 4.38( 25}
() M 0.29 ( 21) 031 (- 3155(18) - - 366( 43)
plant~! BM 283030 169 ( 33821 177¢18) 170( 43) 318 ( 24)
P 046 ( 37 .22 ( 329( 14 - 3.00( 24y
BP 228015 256 ( 4065(17) 105¢ 38) 109 ( 34) 438( 33
A 278( 29 4 04 ( 326( 32 272( 16) 2.22¢ 28) 314 ( 4
Dry
nodule C 00 oo 54.0 (103) - 0.0 .5 (200}
weight BC 25 {200 00 338 ( 86) G0 0.0 4.0
{(mg} M 00 Q.0 464 (101) - - 1 3(100)
plant™! BM 049 0.0 640 ( 80) 00 G0 14(273)
P 09 a0 1294¢ 72 - - 00
Bp 0.0 10 146.0 ¢ 23) G4(225) 0.8 (225} 600137
A 590 (213 1838 (11 1210 ¢ 72 13.2 (133 122 (147 450 ( 75)

*  Asin Table 2.

— Plants failed to germinate or died shortly after germination
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cowpeas growing in latosol or podsol even when
it was burned. Once fertilized, however, the winged
beans did nodulate. The more abundant nodulation
of fertilized winged beans in sandy podsol than
medium or clayey latosol, despite equally good
growth in all three soil types indicates that there was
more nitrogen available in medium and clayey latosol,
thus partially inhibiting nodulation A simifar dif-
ference between clayey and sandy soil was observed
when examining roots of vegetation (12) and is
presumably due to more rapid leaching of nitrogen
from sand than clay.

Cowpeas only nodulated in two of the inoculated
and fertilized treatments: burned sandy podsol and
alluvial soil. Plant growth was however more or
less equal in all the treatments. This implies that
cowpeas nodulate less readily than winged beans
when nitrogen is present in the soil. Further experi-
ments are needed to show the efficiency of nitrogen
fixation by winged beans and cowpeas in different
soils and whether it can be improved by inoculation
of Rivizobium.

The failure of cowpeas to grow altogether or their
death shortly after germination in unfertilized un-
burned iatosol and sandy podsol was overcome both
by burning and by fertilization. This may have been
due to the greaier vigour of the plants in more fertile
soils enabling them to resist disease

The data indicate that neither the winged bean nor
the cowpea varieties used in these experiments would
grow well in latosol or podsol without fertilization
Even the nutrients available after recent burning
were not sufficient to support good growth and
nodulation. It is also implied that the soils tested
contained levels of nitrogen which were sufficient
to inhibit nodulation in some cases However, selec-
tion of the varieties used in the experiments described
here was carried out without the determination of
characteristics that would enable them to grow in
soils of low npatural fertility, The differences in
nutrient uptzke between varieties observed in these
experiments imply that a wider range of varieties
should be evaluated for ability to grow at low levels
of nitrogen, phosphorus and lime, association with
mycorrhizae and high rates of nitrogen fixation It
might then be possible to distribute these varieties
to Amazonian farmers, thus avoiding as far as possible
the application of expensive inorganic fertilizers.

Summary

Winged beans, soybeans, cowpeas and maize were
planted in pots containing different Central

Amazonian soils in  a rainproof area. Plant growth,
nodulation, and occurrence of Azospirillum in un-
burned yellow clayey latosol and sandy podsol
were very low. In burned clayey latosol plant growth
and incidence of Azospirilhum increased but nodula-
tion was still low. Soybeans cv. Jupiter nodulated
spontaneously in alluvial seil, and inoculation with
Rhizobium isolated from these nodules increased
nodulation but not growth in alluvial soil and black
earth. inoculation zlone did not increase nodulation
of winged bean or cowpea in latosol or podsol, but in
alluvial soil growth and nodulation of inoculated
winged beans increased Inoculated and fertilized
winged beans showed an increase in both plant
growth and nodulation, especially in podsol, whereas
cowpeas showed an increase in plant growth in all
the soils, and an increase in nodulation in burned
podsol and alluvial soil. The datz indicated that the
lack of noduiation in clayey latosol was at least
partially due to the presence of nitrogen in the soil
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