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SHORT COMMUNICATION

Soil organic matter and phosphorus relationships
under tropical forests

Summary

A positive correlation was detected between soil organic matter and acid-
extractable P in the superficial soil horizons, Lut not in the subsoil, of
sccondary forests in the humid tropics. Clearing diminished the onginal level
nf organic matter concomitantly with concentration of acid-extractablel’,

An important correlation between soil organic matter and acid-extract-
able P (Bray 1) ® in the superficial soil layers of tropical secondary forests
in Sierra Leone, W, Africa was detected as shown in Figure 1. This relaton-
ship might explain documented observations that the major reserves of
available I’ under natural and undisturbed forest and savanma ccosystems
are found in the surface soil layers. Acid-extractable 17, which also includes
exchangeable I, ranged from 1 to 20 kg/ha in the surface (0-15 ¢m) layers
of diverse forested sites, while substantially less B, about 175 of the surface
concentrations were contained in the subsoil (32-60 ¢cm). No siguilicant
correlations between organic matter and PP were detected in subsoil zones
as shown in Figure 2. [t is important to note, however, that P from these
depths provides a significant source of available 1* for the natural savanna
and forested ccosystems. In the fatter, the deep-rooted forest specics pump
considerable quantitics of P anto the canopy which eventually becomes
mixed in the superficial soil Jayers. Nye d estimates from radioactive 1
measurements, that the subsoil in forested sites contributes 10-259; of the
total I’ concentrations in forest canopy,

The stability of a nataral {orest or savanna ccosystem depends in large
measure on I’ recycled in the organic matertals, Generally, the concen-
tration of the soil PP in the upper solum under savanna is 4 to 5 times less
than in the similar zones under forest. Crops respond to P fertilization of
cleared burned savanna, but rarely in forested sites that have been cut,
burned, and sown to crops in the same year 8,

¢ Bray extractant 0.03N NH [P and 0.025 N HICL) was uscd and P determined
spectromctically by molybdenum blue method. Soil organic matter was doterinined by
the wet oxidation inethod.
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Fig. 1. Relationship Letween organic carbon and inorganic phosphorus in

soils of the humid tropics under secondary forest in Sicrra Leunc W. Africa.

Values indicated with circles were taken from forest sites adjacent to ex-

perimental plots. Values in squares taken from upland soils under secondary

forest in coastal plain of Sicrra Leone. All samples taken from surface soils
between 0 and 15 e depth.

When the natural systems are destroyed during the process of opening
new farm sites, as for example in traditional shifting agriculture, the supply
of available I’ in the recycled organic material as well as that inherent in
the parent material, comprise the pool of P available to the agronomic crops S,
The longer a soil remains under regencrative brush, grass, or in forest, the
more nearly will it achicve the maximum levels of available I in part limited
by the original supply and the characteristics of the soil. Because of the
generic, shallow root systems of most foud crops, the 12 associated with the
soil organic matter in the upper solum exerts an important influence on the
potential yiclds that can be attained during the st and 2nd vear of pro-
duction for anv particalar site under subsistance (shifting) agriculture. With
the advent of clearing, the organic matter level drops sharply in the Ist
year and by the 3rd year, under continuuus cultivation, the vriginal concen-
tration of organic matter is diminished by 50 per cent and becomes more
or less stabilized at this level provided regencrative cover and residues are
annually incorporated into the surface soil 2,

Since a dircct correlation between soil organic carbon and inorganic
(acid-extractable) P has been established, as shown in Figure I, the di-
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Fig. 2. Rclationship between organic carbon and inorganic I’ in sub-soils
from upland forested sites in Sierra Leone, West Africa,

minution of organic matter directly influences the concentration of P
available to the crop. Nyed reported that mineralization of organic Pis a
concomitant reaction with the oxidation of organic matter which contributes,
in some Ghanian soils 12 kg per ha of 1° to the surface Lavers, a substantial
amount. Almost without exception however, on upland, well-drained soils,
yields declined in the 2nd vear following clearing. Apparcntly, there was
sufficient P in the soil to supply the needs of the crop only during the ist
year. Declining reserves of organie matter during subsequent cropping
periods however, could not restore concentration of morganic 1* at levels
high enough to maiutain adequate ywelds, Therefore, dependence on sup-
plies of P from organic matter under svstems of sinfarned cultivation is not
expedient without addition of inorganic P fertilizer. [t has been shown that
where minimal amounts of inorganic 12 are used in closely-supervised and
carefully managed sites under sustained cultivation, the 17 associated with
the organic matter (not nccessarily the ‘organic phosphorus’) is relatively
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inconsequential compared to the contribution of inorganic P from outside
sources 1, It should be carefully noted, however, that much of the positive
residual effects of applicd inorganic I under sustained cropping are also
attributable to the beneficial properties of organic matter; for example, the
high ion exchange capacitics of this material as well as its chelating prope--
ties. These soil paramcters are of singular importance to crop production in
the leached soils of the humid tropics where exchange capacitivs are low and
P fixation by Al and Fe sesquioxides can be serious yield-limiting factors in
many instances 3 7. The value of ley periods in cropping systems and the
utilization of plaut residues and cover must be serionsly considered in the
development of suceessful cropping systems for the humid tropics,

Achnowledgements

The work was supported in part by the University of Illinois A1D/Sierra
Lcone contract and the International Grant Program established by Section
211(d) of the Forvign Assistance Act of 1960, amended 1966 under a grant
for the Consortium of Tropical Soils. The author wishes to thank Dr. J. 1.
Kirkwood for his valuable comments and suggestions,

Eucene Brams®

Prairie View A&M College
Received February 6, 1973

References

1 Brams, E., Soil Sci. Soc. Am. Proc. (in press) (1973).

2 Brams, 2, Plant and Soil 3, 401-414 (1971).

3 Luse, R A, in A Tropical Rainforest, Odum, ed. U.S. Atomic Energy Comimnisslon,
Washington, D. C. (1970).

Nye, P11 and Bertheux, M. 11, J. Agr. Sci 49, 141-154 (1957).

National Academy of Scicences, Soils of the 1Tumid Tropics, 63-102 (1972).

Walker, T. W. 2nd Adams, A, ¥, R, Soil Sci. 87, 1-10 (1959).

Willis, J. 3., in Agriculture and Land Use in Ghana. Mluistry of Food and Agri-
culture, Oxford I'ress, (1962).

~N o

® Assoclate Professor of Soil Sclence, Pralrle View A&M College Pralric View, Texas
77445,



Notice to Subscribers
Subscriptions should be sent to the publisher:

Martinus Nijhoff - g-11 Lange Voorhout - P.0.B. 269 - The Hogue
(The Netherlands) or to any bookseller.

The subscription price is fl. 90.— per volume -+ fl. 7.50 postage.

Each volume will comprise ca 720 pages and will consist of three
issues, published bimonthly. Two volumes will be published each
year.

Notice to Authors

PLANT AND SOIL will contain original contributions in
English, French or German. Notes on methods or preliminary
results of investigations may be published a1 Short Communications,
which, if accepted, will appear without delay.

Manuscripts (in duplicate ) and lctters on cditorial matters
should be sent to the Executwe Editors of PLANT AND SOIL,
Institute for Soil Feriuity, Oosterweg 92, HAREN (Gr.), Netherlands.
Authors should cnclose eight self-addressed, gummed labels.

Manuscripts of rcfused papers will not be returned unless postage
costs have been prepaid (pref. with International Reply Coupons).

Before submitting a manuscript authors should read the
Instructions to Authors published cach year in the February issue of
this journal. Offprints of these Instructions can be obtained upon
request.

Book reviews
Publishers should note that PLANT AND SOIL does not print
book reviews.,

Offprints

Authors will reccive 50 offprints of their articles frec of charge,
Additional offprints can be purchascd at a nominal price (Dfi 0.06
per printed page). The offprint order form should be returned to
the editors, together with the galley proof.

Orders for extra offprints should be accompanicd l}:{ a chc_?uc
or interuational money-order, made out to Martinus Nijhoff, The
Hague, Netherlands.

Inquiries about offprints should be made direct to the publisher.



Plant and Soil

Contents Volume 39, No. 2, October 1973

W. B. Ipinmidun, Assessment of residues of phosphate application in
some soils of northern Nigeria. 1. Examinationof Land Evalues . . .
1.T. Twyford and D. Walmsley, The mineral composition of the Robusta
banana plant. 1. Mcthods and plant growth studies . . . . . . . .
James Viamis and D. E. Williams, Manganese toxicity and marginal
chlorosisof lettuce . . . . . . . . . . . .. e e e
Hussian Al-Saadi and Herman H. Wiebe, Survey of the matric water of
Various Plantgroups . . . . . . . . o .o e e e e e e
Jose Tarquinio Prisco and James W. O'Leary, The effects of humidity and
cytokinin on growth and water relations of salt-stressed bean plants .
D. Alt and W. Schwarz, Bor-Toxizitat, Bor-Aufnahme und Bor-Vertei-
lung bei jungen Gurkenpflanzen unter dem Einflusz der N-Form . .
J. Shathevet and B. Yuron, Effcct of soil and water salinity on tomato
growth . . . . . L .. L e ..
A. Monem Balba and T. H. Sheta, Nitrogen balance sheet of (NH):SO4-
gypsum pellets and mixtures and ureaformaldehyde applied to corn in

potsofsand . . . . . . L oo ol e
D. Chandramohan, D. Purushothaman and R. Kothandaraman, Soil phe-
nolics and plant growth inhibition . . . . . . .. oL o0 oL
Hans Némmik, The cffect of pellet size on the ammonia loss from urea
applied toforestsoil . . . . . . . . . . Lo
P. gy Bonish, Pectolytic enzymes in inoculated and uninoculated red

cloverseedlings . . . v o . . . e e e e e e e e e e e
J. Schiffmann and Rina Lobel, Seasonal changes in symbiotic nitrogen
fixation and haemoglobin content in nodules of peanuts . . . . . .
M. H. A. El-Shakweer, A. S. Abdel-Ghaffar and M. A. Barakat, Ni-
trogen balance studies for different Egyptian soils cropped with corn
M. A. Singlachar and R. Samaniego, Effect of flooding and cropping on
the changes in the inorganic phosphate fracticns in some ricc soils . .
D. Purves and E. Jean MacKenzie, Effects of applications of municipal
compost on uptake of copper, zinc and boron by garden vegetables . .
J. R. Jorgensen and C. G. Wells, The relationship of respiration in organic
and muneral soil layers to coil chemical properties . . . . . . . . .
S. Mclntosh, P. Crooks and K. Simpson, The effects of applied N, K and
Mg on the distribution of magnesiumintheplant . . . . . . . -
Teresa Crisznto and C. D. Sutton, Measurement of available phosphate
content of some Spanishsoils . . . . . . ... ...,
Umesh C. Gupta, J. A. MacLeod and L. B. MacLeod, Effects of alumi-
num, manganese, and lime on toxicity symptoms, nutrient composi-
tion, and yield of barley grownon a podzolsoll . . . . . . . . A

Short communications
U. C. Shukla, S. K. Arora, Zile Singh, K. G. Prasad and N. M. Safaya,
Differential susceptibility in somc sorghum (Sorghum vulgare) geno-
types o zinc deficiency insoil . . .. Lo
R. O. Barnard, W. ]. Folscher and P. C. J. Oberholzer, The uptake of Zn,
Mn, Cu and B from spray mixtures by navel orange leaves . . . . .
J. P. Voets, M. Meerschman and W. Verstraete. Microbiological and bio-
chemical effects of the application of bitumenous emulsions as soil
coNditIONETS. . . v .« + 4 e e e e e e e e e e e e e e e e
D. P. Ormrod, N. O. Adepipe and G. Hofstra, Ozone effects on growth of
radish plants as influenced by mitrogen and phosphorus nutrition and
bz TEMPErAtULE . . . o v o o v e e e e e s e e e e e e
R. P. Pareek and A. C. Gaur, Organic acids in the rhizosphere of Zea
mays and Phaseolus aureusplants . . . . . . . .. oo oL L
Barney W. Cornaby and Jack B. Waide, Nitrogen fixation in decaying
chestnut logs . . . . . . . .. e e e e e e e e e e e
V. Ranga Rao, N. S. Subba Rao and K. G. Mukerji, Inhibition of Rhizo-
bium in vitro by non-nodulating legume roots and root extracts . . .
A. Wallace, E. F. Frolich and G. V. Alexander, Effect of steam sterili-
zation of soil on two desert plantspecies . . . . . . . . .. . ..
].l(lj. Bhatt and K. N. Indirakutty, Salt uptake and salt tolerance by sun-
OWEE © . o o e e e e e e e e e e e e e e e e e e
V. Iswaran, A. Sen and Rajne Apte, Azotobacter chroococcum in the
phyllosphere of water hyacinth (Eichhorniu crassipes Mort. Solins) . .
Eugene Brams, Soil organic matter and phosphorus relationships under
tropical forests. . . . . . . . . .. oo e

213
227
245
253
263
2717
285

293
303
309
319
329
341
351
361
mn
389
399

413

423
429

433

437
441
445
449
453
457
461





