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ABSTRACT

'\;i‘oploil and subsoll samples were collected from the check (0 nitro-
“gen ldde’d) plots of a nitrogen fertilizer experiment vith maize located
on an Oxisol in the Central Plateau of Brazil on land which had been
‘recently brought into cultivation. The samples were evaluated for their
k potential to ﬁupp]y nitrogen to a crop by s standard incubation technique
und Sy a chemical proceﬁure vhich had shovn some promise as a predictive
tool for other tropical soils. The results vere compared with nitrogen
uptake data available for a maize crop grown on these soils. A long term
incubetion study vas also conducted in order to characterize the nitrogen h
release pattern of these soils.

| All samples vere extracted with 1 N KCl1. The chemical test proce-
dure, vhich measured a fraction of the extractable organic and inorganic
llﬂz, involved the digestion of extracts with concentrated H‘.‘_,SOh and
analysis for m{: by steam distillation. Extracts from incubated and non-
incubated soil ~mn'e also analyzed for mineral nitrogen by steanm distilla-
tion. Difficulties vere""encountercd in the analysis of these dark red
Oxisols by the macro-Kjeldahl procedure.

The nuzber of samples was insufficient for a gatisfectory inter-
pretation of the correlations between the chemical soil test and crop
nitrogen uptake data. The only strong relationship in the soil test data
. was that between Amineralizable nitrogen and digest nitrogen. This
would lend some support to the hypothesis that the digest nitrogen does
measure some portion of the soil nitrogen vhich is potentially available

to plants. The incubation studies shoved a difference betveen topsoils



upd lﬁbooill in their patterns of release of uuz and no;; the topsoils
shoved rapid incrcases in the amounts of uo;{nnd rapid decreases in NH:.
vhile the subsoils shoved an initial aceﬁnnlnxion of HHI and decrease in
uo;. The values of Amineralizable nitrogen from thiﬁ study fere similer
to those reported in the 11terg&ure from incubation studies of soils with
similar chemical properties from temperate and tropical regions. It can-
not be consluded +%at these Oxisols from the Central Plateai of Brazil
have the same potential for nitrogen prnduction as temperate region soils,

for the ciopping histories of th: various temperate and tropical sqils

vere dirrerent,
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M‘éfogen’ is a najor element required by all plants for growth, and
although it is present in the biosphere in large quantities, much of the
N is in forms which are unavailable to pla.nts‘. Today N can ble supplied
to plants from two major sources: the natural processes of N fixation,
rainvater introduction and mineralizaticn, and the technological processes
of N fixation in the manufaciure of nitrogzenous fertilizers. The capac-
ity of the natural systems to 'aupply N to crops is more limited than the
capacity of people to marufacture nitrogenoﬁs fertilizers, Therefore,
vith the advent of relatively inexpensive and abundant feriilizer sup-
plies, mle&ch interest siifted from the utilization of natural supplies
of N to the manipulation of technologically produced fertilﬁers in 'pla.nt
production. Recent concern about environmental degradation due to in-
sppropriate uses of fertilizers, the increasingly high cbst of f;ertilizer
production, and the realization that many ‘fa'.mera in the worlad do not
now and vill not soou have access to commercial fertilizers has lead to a
reneved interest in the sources of N in the oiosphere, Precise recom-
mendations for fertiiizer rates and management schemes whit.;h maxinize the
resources of the land for those farmers without access to N fertilizers
'cuinot be“ developed ’\'vlthout an understanding of the processes of ” cir-
culation in the soil zystem,

Nitrogen exil,t’q in thl; s0il system in many forms, both organic and
inorganic. The organic forms are subject to transformation to inorganic
forms in & microbial process called mineralization, and inorganic forms

may be transformed to organic fom by the process of immobilization.

1



_.Organic N enters the s0il system through the additions of plant and snimal. -
recidues and through the fixation of ¥ by symbiotic and mon-symbiotic
organisms in the soil. Microorganisms are responsible for recycling the

N by degrading organic matter and converting it to mh. NO,, e and NO., The

3
process, being &« bilolugical one, is influenced by the physical, chemical,
and environmental conditions of the soil, Physical factors ;M“ affect
vater mpply and seration, chemical factors such as pn and the presence
or tbnmce of essential nutrients or toxins, u.nd environnontd factors
such q.'o climate and the presence of an cnergy source atfect the growth
and cfbnpolition of the microbial community. The nature of the microbial
commnity will determine the type of activities carried out, and thus the
forss of N in the soil system. Factors such as desiccation affect the
‘nitrifying bacteria more than the ammonifiers, resulting in an accumula-
tion of un,': in drought or dry seasons, vhile an excess of ;‘x-.ter will
favor the growth of anserobic organisms vhich reduce no; tc NO, and N,
gasses, Under cond:lt:}ons of moderate pH, mocisture, oxygen supply, and
energy source, orgenic forms of N are converted to lm; which is oxidized
rapidly to NOj.
organic combinstion, and the N which is inorganic is either in n{ or uo;

Under most conditions, most of the N in the soil is in

form.
Anoniun may be fixed 1n the clay minerals in *he soil or held on
the cation exchange sites. Under many conditions, howcvcr, most lm,‘ is

nitrified to NO,. Nitrate may be held on the anion exchange sites of the

3.
soil system, but most is thought to be in the soil solution. As it is in

the #011 solution, NO is available for plant uptake and 1oss by leaching

as the solution percolates through the soil. Nitrate can also be

utilized by microorganisms, either through the conversion to organic -



f\\ﬂl in umbh.l. tissue or a» u oxygeu source, resulting in the con-
muoltotm mmea is lost from the soil m

The nitmen mtn vlthin the soil is a dynamic one, with changes
u forme oeemiu eontinmly. The developa:nt of procedures for study-
iu tho ) | omly of & given »0oil must involve emidcation of all of the
N frections and ﬂn interaction between cavirommental factors, the K
mtan ard the microorganisms. The development of techniques to quantify
mh e complex system is necessarily d:ff‘c\nt. Today & great deal is
oun unknown about the nature of the for- of nitrogen in the soil and
their intersction with the physical system of the .oil components and the
microbial commmity. Problems of technique are also related to the
ephemsral nature of the vu'iou,‘,_rons of N: they change even as one
ntt;nto t0 measure thi..‘ The decision concerning vhich fraction of N

to measure vhen estimating the soil supply of availeble N must be largely

based upon empirical measurements, because 30 little is known about the

nature of the N in organic combination.

¥

The most direct measure of plant availeble N supplied by the soil

1s the analysis of the N content of a plant grown without N fertilizer

(Beckwith, 1963). If other factors are not limiting, then the plant

- would thporctiedly take up all of the N which is available during the

groving i'sason, In practice, it is difficult to grow a plant in an
envirooment 13 which no other factor is limiting. Greenhouses pravide

" the opportunity to comtrol some varisbles, but they do not ofﬁ'r a

totally controllable enviromment, It is tnouible to control u\rhbu-
'lty in the field. less dimt -lthods of estimating the abu:lty of &
nu to supply B involve eh-ud m biological tests in the laboratory.

U
\mmwmumhhtqﬂm.medmma



consistently rroduces & result vhich can be correlated vith the N uptake
by plantn gron in controlled enviromments and in the field, vhen no
&fothamﬂixétorc»afé'11i£€#n¢. A procedure which demonstrated close correla~
tions over a range of 0611 conditions could possibly be used to predict
the amount of N that might reasonsbly be expected to be released by the
s0il in & groving season. This would aid im making fertilizer and
management recommends’ions. The soil test procedures proposed to date
.ﬁlxe had mixed and iinited success in N prediction.' The procedure vhich
is most generally accepted as reliable involves the incubation of soil
samples for varying periods of time, and the measurement of N mineralized
during the time of incubation. As this biological procedure is both time
and space consuming, efforts have been made to develop more rapid chemical
methods.

In this theais, soil samples of an Oxisol from the central plateau
of Braszil were evalaated by a standard incubation technique and by a
chemical procedure which had shown some proaise as a predictive tool on
other tropical loill: The results wvere compared vith nitrogen uptake
data availadble for u“cora crop grovn on the soil. A long term incubation
ltﬁdy vas nllo»éonducted in order to try to characterize the N release of |

these loilq;\



LITERATURE REVIEN

2

The objectives of soil testing have been stated by many authors
(mf;t«. 1967; Tisdale, 1967; Hanway, 1973; Welch and Wiese, 1973) in
various ways, but in general tﬁe objectives are to provide a method for
rapidly and easily determining the nutrient status of a soil and to pro-
vide a basis for making recommendations for fertilizer and soil manage-
ment practices in terms of plant yiela response to fertilizers applied.
An ideal test would describe the nutrient status of the soil and the exact
yield response to fertilizers, thus providing a basis for an economic
interpretation of the fertilizer recommendation. These objectives cannot
be met with precision, for crops are part of a biological system of which
nutrient status is only one of many intervening variables.

The development of a soil test, in the broad sense defined above,
has tvo aspects: first, the development of a procedure vhich provides
numerical values that are related to some measure of plant growth and
second, the establishment of a predictive relationship i:etveen the test
values and crop response to added increments of nutrients. In the liter-
ature different words are used for these rather distinct aspects of the
soil test process, wvhich has lead to some lack of clarity, Welch and
Wiese (1973) call for the use of the term correlation "to express the
relationship betveen the amount of nutrient extracted by laboratory tests
l;d uptake by plants in the greenhouse or field" and the reservation of
the term calibrate for "the relationship between laboratory roil test
values and yield response from incremental rates of the nutrient applied
in the field." A soil test which is highly correlated may not be well



calibrated, so that criticism of the calidration may instead be leveled at
the actual laboratory test method. Howvever, it is important i‘or research-
ers to be sure that highly correlated tests can also be well calidbrated.

A farmer, after all, is interested in yield response.

The development of a soil test for N has been particularly dirfi-
cult due to the behavior of N in the soil. A desircble test procedure ia
one vhich is simple, precise, and applicable over a wide range of soil
conditions (Stanford and Smith, 1972). Because the N system in the soil
is biologically controlled, the factors which affect the microbial process
are those vhich affect the N supply. Furthermore, because thgre are so
many forms of N in the soil, it has been difficult to detemii;‘e vhich
fraction should be measured. A laboratory soil test for N, then, must
either describe some aspect of the process of N mineralization, or else
Beasure some fraction of the N in the soil n.pd assume th‘.zt it is propor-
tional to that K which becomes available to the crop during a growing
season. The former upproa.cﬁ is a biological one, the latter a chemical
appchh. There are advantages and dicadvanteges to both approaches;
neither one has yet produced a simple, quick method which is applicable
over a broad range of conditions.

The advantages and disadvantages of the biological approach stem
from the ssme fact: the techniques involve direct work with the biologi-~
cal system which is responsible for the mineralization ofﬁ N in the soil. |
The advantage is that if the environment can be controned to reduce the |
-ources of variation, a direct measure of the -.x:l.-u- amount of N vhich
can be mineralized from a given s0il system is obtained. The disadvan-
tages are that the optimal conditions of the lab or greenhouse make
extrapolation to the field difficult, and variation in field experiments



due to uncontrolled factors make data collection and interpretation diffi-
cult, if not impossidle. ’

Biological approaches to the measurement of available N involve
the determination of the rate of mineralization (Harmsen and VanSchrevan,
11955). This can be attempted through the use of various laboratory
proceduces including studies of microbial cultures and incubation of soil
samples, and by greenhouse and field plot experimentation. In microbial
cultureggtentl. nicroorganisms are growvn in a nitrogca-free medium and a
soil ni‘ple. Since N is essential for microbial growth, and the soil is
the only source of N, the activity of the microorganisms is taken to be a
measure of the availsbility of the soil N (Cornforth, 1966). The measure-
| ment of ‘002 evolution by a nicrobia.l population has also been used as a
measure of N mineralization based on the assumption that the rate of CO,
evolution is dependent upon the amount of N available for microbial
activity (Cornforth, 1966)., This is true only if N is the limiting
factor to microbial growth (Cornforth, 1966).

Inguba.tion methods are based on the fact that the N vhich is re-
leased hi the s0il during the cropping season is released by the same
organisms vhich release N upon the incubation of soils under laboratory
conditions (Bremmer, 1965; Cornforth, 1966). This technique is consid-
ered to be a direct measurement as it involves the actual organisms wvhich
are responsible for N release. The technique has been widely used, and
is eon‘u:ldored t0 be the most satisfactory procedure available (Harmsen
and VanSchrevan, 1955; Bremner, 1965). The procedures most widely used
are dbased upon the aerobic incubation techniques developed by Stanford
and lhmny (1955), Stenford and Smith (1972) and the anaerobic incubation
’;?clmiquu ‘introduced by Waring and Bremner (1964). Incubation techniques



vary tremendously; each variation in technique is an attempt to create
laboratory conditions which are closer to the ideal for microbial growth.
What is desired is the elimination of factors influencing mineralization
other than the supply of aveilable forms of organic N, to provide a
measure of the potential of the soil to supply mineral N, thus permitting
a rankirg of scils based upon N availability. Since factors such as
date of sampling and treatment of samnles prior to incubation can affect
the mineralization measured (Harmsen and VanSchrevan, 1955; Eagle and
Mathews, 1958; Cornforth, 1971), it is necessary for the techniques to be
standardized if there is to be any possibility of comparison (Bremner,
1965). One of the problems with incubation studies is that they are both
time and space consuming. Various other aspects of incubation technique
have been discussed and criticized in such reviev articles as Harmsen and
VanSchrevan (1955), Bremner (1965), Black (1968), Dahnke and Vasey (1973).
The chief objections to the incubation techniques are summarized by
Harmsen and VanSchrevan:

esolt must be formulated that reliable results, suffi-

ciently correlated with the N requirement of field crops,

can be expected only vhen.the incubation technique is

restricted to one soil type, one climate zone, and one

farming system and when all samples are collected within

one season, preferably during the early spii.g. For

each set of conditions the interpretation o. results

must be developed separately.... Besides these limita-

tions of the incubation method the results and their

interpretation certainly will vary from one year to

another, oving to uncontrollable and often unpredictable

variations of the weather conditions. So the method

should never be overestimated, and consequently the

determination of the N requirement of soil presumably

never vill reach the same accuracy as the determination

of P and K requirements.

Researchers in both temperate and tropical regions have related in-

cubation results to N uptake by a crop and to crop yield. In research



with tiopicn.l soils, good correlations vere reported betwveen mineralize-
able N and tcbacco quality in New Zealand (Ross, 1960), between mineral-
izable N and both N uptake and yield of dry matter by 6 week old tomato
plants grovn on a variety of East African soils in the greenhouse
(Robinson, 1968). Good correlations were also reported between mineral-
izable § and N uptake by crops of maize and sorghum grown in 10 Puerto
Rican soils in the greenhouse (Lathwell, 1972). Fair correlations vere
reported betwveen mineralizable N and the N content of malze plants at
tasseling vhich were grown in farmers' fields in Western Tanzania.
| The alternative to laboratory experineﬁtction with the componentg of
the biological supply system isolated from the growing plant is to include
a plant in the system being studied. Greenhouse experiments are a type of
incubation experiment, with the plant added to the sysf.em. Here the
environment can be largely controlled, the volume of s;:ll explore«li‘ by the
roots is limited, so that the measured N uptake can be expressed in terms
of a given amount of soil, and sny interactions between plant roots and
microorganisms (supply of growth factors, etc.) are included in the
experiment. Good correlations should be expected between this system
and a laboratory incubation technique, and in fact such correlations have
been widely reported {Gasser, 1961; Gasser aud Jephcott, 1964; Robinson,
1968; Cornforth and Walmsley, 19T1.; Lathwell, 1972).

The n.r:lgztion introduced by adding a plant to the system provides
q intﬂ‘rnediateb‘ step betveen the controlled conditions of the laboratory
and the variability of thy field. The fact of the addition of a plant
to the s0il system shoull not mislead the researcher to believe that
there is reason to extrapolate from greénhoule results to the field.

Since gggenhonle pondit:lonmm mOTE Or less c&htroned, the pot systex
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bears only slight resemblance to the soil synte.:;in the field. PField
experimentation as an initial tool is uuwieldy due to the large require-
ments of land, labor, time, expense, and the unpredictsﬁility of"‘the\
environmental conditions, The object of a field experiment should bel to
characterize and quantify the entire set of conditions in the ﬁeld.
(Hanway, 1973). A test procedure which is well correlated with nutrient
uptake in a controlled environment must be tested fo: predictive value
under fieldﬂ";_conditions. Once the correlation is established with the
field data, field research for purposes of cllibratioz; can be conducted.
According to Melsted (1967), "it is a basic principle of soil test.
ing that simple, ;'apid chemical analytical procedures can be designed to
accurately mea:ure or be a measure of the level of available nutrients”.
The advantages of chemical soil tests compared with biological tests are
that commercial teafs are generally more rapid and mors convenient
(Xeeney and Bremner, 1964; Bremmer, 1965), simpler, noi‘ie reproducidble,
and more suitable for routine soil testing (Cornforth, 1966). It was
assumed that chemical tests vere less subject to influence by previous
treatment, such as date of sampling end type of storege, but according to
Bremner (1965) there is little evidence to support this usunpi;ion.
’ " The disadvantages of chemical netho@p are numerous. UYhe major
body of eriﬁt:l.cisn df the chemical appr:i»él;{ stems from the facts thet
chemicsl methods are completely upir:!.gul in nature and can makc no allow-
ance for the fact that the supply ,ori,};f;inerdinue N is depeadent upon
the microbial commnity vhich is affected by factors such es crop resi-
dues with a high C:N ratio (Keeney and Bremmer, 196L; Bremmer, 19§5;
Cornforth, 1966). It is unlikely that a chemical reagent vill bc{l}’;igqpnd

1y
., that can simulate the activities of soil microorganisms or that con



release selectively the fraction of the soil N vhich is made available for
plant growth by organisms (Mr, 1965). Murthermore, chemical methods
vhich depend upon surface soil samples cannot be expected to integrate
the various soil-plant interactions which affect the release and uptake of
¥ and grovth of the plant (Bremmer, 1965). Changes in nutrient concen-
tration vhich occur in soil solutions also are not reflected in chemical
soil tégtu (Beckwith, 1963). Since soils are not homogeneous, there
pmbsbi; m, areas in the soil vhere the rate of release of N is greater
than in others; this variability cannot be adejuately expressed in
chemical procedures (Beckwith, 1963). Finally, most of the research u..
‘"’lxaeen performed on temperate region soils; the complications introduced
by tropical conditions of extreme véathering. and the variations due to
differgant soil moisture and temperature regimes are largely ungﬁudied.
Deapit};e the many problems associated with chemical test methods, however,
furly!'good relationships between chemical estimates of N availability
aad crop data have bgen reported; these relationships are usually found
for soils belonging to similar groups or series (Cornforth, 1966).

Of the many extraction techniques described in the literature, only
a fev of the major methods used in recent years will be described to
illustrate the type of vork done snd the problems encountered. Truog
rirst proposed (Richard, Attoe, Hoim, Truog, 1960; Keeney and Bremmer,
1965) a method for extracting the readily oxidigzed organic N with
alkaline permanganate, based on the procedure alresdy established for
evaluation of the N status of organic measures ('s&bu.h and Asijs, 1956;
Richard et al., 1960). Modifications of the procedure by Subbish and
Asija (1956), accompanied by some high correlation values for ;}rhrat and
rice on Indian soils, stimulated interest in this procedure, 5(:SnMGQuent
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research has produced mixed results. Richard et al. (1960) found highly
lignifiemt correlations betveen the test results and the N uﬁtnke
response of maize grown on Wisconsin soils in the greenhouse; the corre-
lation coefficients accounted for 72 percent of the variation. Olson
. et al. (1960) tested the method against the N response of oats grown in
the greenhouse and with yields of vheat and oats in the field in
Nebraska and found no significance in either relationship. Tamhane and
Subbiah (1962), reporting a compilation of previously unreported ata
from undescribed experiments showed highly significant correlations Le-
tveen the alk~line permanganate test and yield response to N by wheat
and paddy rice in greenhouse experiments and in the field on various
Indian soils. The reported correlations accounted for as much as 77 per-
cent of the variation. Keeney and BEremmer (1966) modified Subbiah and
Asija's method slightly and compared results with N uptake by the 2nd
and 3rd cuttings of ryegracs on Iowa soil and found significance at the
5 percent level, but correlations whick accounted for only 18 percent of
the variation. Jenkinson (1968) working in Great Britain using Keeney
and Bremner's modification of Subbiah and Asija's modification of fhe
alkaline permanganate method found low correlation with K uptake by all
cuts of ryegrass, accounting for only 18 percent of the variation.
Cornforth and Walvsley (1971) working with 154 soils from 6 islands in
the West Indies reported slightly significant correlations between
Truog's n;hod and N uptake by 35 day old maize plants, The correla-
tions, however, only accounted for 1k percent of the variation. When
taken on an island by island basis, there wzre some islands for vhich
) the test could account for 58 percent of the variation. Walmsley,
Tvyford and Cornforth (1971) reported no correlation between the soil



test md yield of bananas grawn in the rield on the Windward Islands.
Herlihy (1972) used s modification of the method by Kresge and Merkle
(1957), and Peterson, Attoe, Ogden (1960) in a study of the variation in
N availability under two different crop rotations in Ireland. The
correlations between the values or the alkaline permanganate test and
those of the nitﬁgen mineralization experiments were significant but
lov after the first year of the experiment. The test was therefore not
used in subsequent years,

In 1960 Cornfield proposed the measurement of easily hydolyzed K
released by n.lhlineu hydrolysis of soil in a diffusion cell. Cornfield
(1960) reported a high correlation between the values derived from this
technique and those of N mineralization experiments using soils from
England, but cautioned that individual variations vere very high,' making
the ‘tut only approximate in the prediction of thg N supply of a specirfic
80il, Keeney and Bremner (1966) found very low ;nd insignificant corre-
lations between the method snd N upteke by the 2nd and 3rd cuts of rye-
grass in pot experiments with Iowa soils. Cornforth and Walmsley (1971)
measured N uptake by’ 35 day old maize plaats in West Indian soils in a
greenhouse and foﬁ;';"d that total N and Cornfield's method vere the only
twvo chemical procedures used that not only had significance at the 10
percent level of proiub:llity but also accounted for more than 50 percent
of the varifation., When ‘Shc soils vere broken down into various groupings
by"prépertiel. Cornfield's method was found to be particularly good when'
the CEC vas 30 me./100 gu. soil,and vhen the percent base saturation
vas between 80 md 99 percent. Walmsley, Twyford snd Coraforth (1971)
found no liscml.cunt correlation botvm tbe yielu of bananas in the
field and the test values detenincd by Cornfield's technique. Kneney
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and Bremner (1966) found hthe values of N obtained by this method to change
betwveen moist u.nd‘ air dried samples.

Keeney and Bresner (1966) proposed a mtho‘d‘bérf extraction which
vas based upon that of Livens (1959) involving the extraction of N vith
boiling water and xzsoh. and subsequent digestion of the extract with
sulfuric acid. Keeney and Bremner claimed improved ease of riitrat:lon
and the reduction of the size of the soil sample which vas required with
this modification of the procedure. The proposed method was found to be
significantly correlated at the .1 percent level of probability, and
accounted for 62 percent of the variation of K uptake by the second and
‘third cuts of ryegrass grown on soils representative of the major scil
types of Iowa. Jenkinson (1968), using British soils, reported signifi-
}cmt correlations between both N extracted by boiling water and N
ninehlized by aerobic incubations, and different cuts of ryegrass grown
in pots in the greenhouse. Only 42 percent of the nfiation vas
sccounted for, however., Values obtained by this method vere shown to ,
be una.r{e,cted by whether the soil vas moist or air dry. Stanford (1968) -
propout\ a modification of the boiling water technique, substituting 0.10

M CaCl, for water, arguing that the salt concentration is near that of

2
the soils, that the pH tends to hold constant even with successive
leachings, and that the soil does not become dispersed. Ryan, Sims, and
Peaslee (19T1) found significant relationships between the procedure

and the third harvest of lorghuh from pot experiments vith 15 soils frum
Kentucky, but the correlations could only account for 3T percent of f/the
variation. Lathwell et al, 2’(1.972) found signifiant correlations ‘ne-
tveen extru:tionl“by this method and the uptake of N Uy maize and

sorghum grovn in pots in 10 different soils from Puerto Rico.
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‘. Btmfbrd (1968) used different concentrations and different
pambers of extractions with sodium pyrophosphate, and found that extrac-
tions with dilute Na-pyrophosphate were related to the readily mineral-
izable portion of the soil orgaaic §¥. Lathwell et al, (1972) modified
this procedure and found correlations which were significant at the 1
percent level and accounted for up to 81 peréent of the variation with N
uptake by maize and sorghum grown on Fuerto Rican soils in pots. Various
other methods have been used to extract one fraction or another of the
soil organic N and to relate it to mineralizable N or plant uptake.
Stanford and Demar (1969) found correlations betveen total distillable
un: eﬁmcted by boiling NaOH and aerobic mineralization. Cornforth and
Walmsley (1971) had limited success correlrting acid hydrolyzable N with
uptake by young maize plants grown on West Indian soils in the greenhouse.
Smith and Stanford (1971) found a high correlation between Conway dis-
:tillable N and anaerobic incubations using 39 soils from different ioca-
tions in the United States.

J“enkin-on (1968) attempted to break from the notion of measuring
some fraction of the available soil N supply and developed a test based
upon earlier work of Hobson and Page (1932) and Paul and Schmidt (1960)
using cold dilute Btl.(O!l)2 in an attempt to measure the soil biomass. He
argued that "by taking the size of the soil biomass as a measure of the
mineralizing pover of a soil, some allowance can be made for the N min-
erdi:ed from slovly decomposing fractions and that from labile ones. If
it is assumed, therefore, that a soil ninta:l.n;ng 8 large biomass miner-
aligses more N per unit time than one maintaining s small biomass, and
that Bc(Oll)2 extrsctable organic matter is correleted closely with the
amount of bLiomass in a soil, then lh(Oll)2 extractable organic matter
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should serve as & neuux:e\‘*“of the N mineralization power of the s0il."

Jenkinson measured both non-l|03

mined by the enthroae nethod, termed glucose equivalent or "glucose" ex-

=N extracted by m(ou)a and hexoses deter-

tracted by Ba(on)a. The results of these tests were correlated with the
N uptake data frcn ryegrass grown in the greenhouse and reported by
Gasser (1961) and Gasser and Jephcott (1964) and with yield data from
field experiments with barley reported by Gol.ner (1961). Correlations
between non-l03-l extracted and mineralizable N were significant, but
accounted for only 32 percent of the variation, and were not significantly
correlated vith N uptake by ryegrass in the greenhouse, Keeney and
Bremner (1966) found that the amount of N extiracted by this method vas
affected by the status of the soil moirture; air dry samples gave higher
values than vwet samples. BQ(OH)2 extractable "glucose" wvas found to be
highly significantly correlated with mineralizable N, accounting for 61
percent of the variation, and was highly significantly correlated with N
f-;’\izptnke by ryegrass, although accounting for only 52 percent of the varis-
tion (Jenkinson, 1968). 1311(011)2 extractable "glucose" was highly signif-
icantly cor;'el;;ted with the yicids of unfertilized barley fields, and the
" correlation coefficient accounted for 69 percent of the variation
(Jenkineon, 1968). nobiiu-on (1968) tested the n.(ou)z extractable "glu-
cose" method with N uptake by 6 week old tomato plants grown on various
East Africau soils in the greenhouse and found no significunt relationship.
Cornforth and Walmsley (1971) working with 154 West Indian soils in the
greenhouse, found a correlation with N uptake by maize plants which was
significant at tﬁe 1 percent level,but could account for less than 50 per-
- cent of the variation vhen the soils were separated on the basis of percent
‘base ssturation. Those so’ls vith a base saturation betveer 80-99 percent



had & good correlstion botvnﬁ the extractable "glucose” and N uptake

- seise, The Ba(0H), extractable "glucose” method vas modified by using
¥ BaCO, tnstead of 0.01N Ba(0H), by Walmsley, Tvyford and Cornforth
(1971) for use with the anslysis of yields of bananas. Ko useful corre-
lntggn vas found.

Various other methods have been proposed and tried, and all have
met vith the same variable fate ss the methods discussed. Because each
author keithu- modified a technique or used one of a variety of parameters
to evaluate the test methods, such as K value, N uptake, yield, percent
yield response to fertilizer, it is difficult to compare the results of
the various researchers with respect to the evaluation ;f one test
procedure, Further, and most seriously, a number of papers reported in-
complete information, questionsble experimental designs, or poor tech-
niques for data anaisis, which makes interpretation of the dats in the
pepers &imcnlt, if not impossible.

Smul of the papers 4o not detail the propertie- of the soils
being mm Saunder (1957) only deseribod the texture of the soils,
and Robinson (1968) gave ranges of soil properties, suggesting that
interested readers commmicate vith him for details. Nefther Subbiah

o

and Asije (1962) nor Tamhane and Subbish (1962) in thei: s_ry article

" pn the properties of the soil used in their original thlinc perman-
gante experimental work. Olson et al. (1960), similarly, did not
describe the soil being studied. Most researchers simply gwé the pH,
total N, and organic C. When the soil yp-operties vere mentioned, snd in
detail, mineralogical characteristics Gm not described. Cornforth and
Valmsley (1971) using 154 soils from 5 Caribbean Islands, menticoed that
the soils vere formed on very d;mmt materials (coral 1imestoue,
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volcanic materials, igneous rock and mixed alluvia) but did not use this
information in their interpntatton of the test results. Walmsley,
Tvyford and Cornforth (1971) reported the fallure of chemical tests to
predict yields of bananss grown on volcanic soils., While it was noted .
that "swrprisingly, response (to N) increased with average amounts of N
in the three groups of soil and vas independent of pH." It would have
been helpful to have had a discussion of the influvence of an analysis of
the allophane content of the soils, and an interpretation of the results
of the chemical tests in light of the relationship between allophane
and organic matter content (Buol, Hole and McCracken, 1973; Sanchez,
1976). Very few of the papers avwve the classification of the soils being
studied, so that the reader has’ gﬁfﬁculty determining the general nature
Of the sofls. Lathwell et al. (1972) vere exceptional for including
great group and s0il order as well as series names.,

/ Once the soil vas sempled, the handling of the soil was quite

ir
/

w./ried by different researchers. Early workers did not consider the
/:

/{fﬁouibinty of the effects of handling and pre-treatment on subsequent

laboratory study. Gasser (1961) froze and then thawed his soils to im-
Prove the physical structure, and made no mention of the N flush vhich
could result from such a proeedurc' Although Jenkinsou (1968) studied
the effacts of length of storage on soil tests, he correlated his soil
test results vith yleld data from the work of Gasser (1961) and Gasser
and Jephcott (1964), wvho hed used the freesing-thawing technique. Other
murch,rl did not mention the nature of the handling at all ( Bubbi;h
and Asijs, 1956; Richard, 1960; Tamhane and Subbish, 1962), Although
many authors udmmtmormm.m.tong-.uuudm

iy

consider the influence of a ¥ flush resulting from wetting a dried loﬂ.
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on the growth of plants in pits. Researchers using crops vith multiple
harvests d1d separate out the first crop or cut from the others (Keeney
and Bremner, 1966; Gasser, 1960; Lathwell, 1972) in the correlation work
in an attempt to recognize the N flush phenomenon. Robinson (1968)
developed a pretreatment system of wetting and drying the soil wvhich vas
supposed to give all soils a uniformity of pretreatment, and Ryan, Sims,
and Miee (1971) placed moist soils in pots in the greenhouse for 6
veeks before planting grain sorghum. The variety of treatment of soils
not only influences N uptake by plants but also the amount of N measured
b; the different chemical and biological methods. Keeney and Bremner
(1966) evaluated several test methods for change in amount of N measured
from fresh, air dried, and air dried plus stored samples and found that
different procedures vere affected in different wvays. The variety of
treataent of the soils, then, makes it difficult to ‘eo-pare ¢onditions of
the soil, and thus test results.

Once the soil is put in pots in the greenhouse, all sorts of vari-
‘ation in experimental desi;n and procedure is introduced. One author did
not detall greemhouse procedure at all (Olson et al., 1960), vhile others
gave incomplete information (Subbiah and Asija, 1956; Tamhane and Subbiah,
1962; Keeney and Bremmer, 1966). Plant density in the pots is variable,
ranging from 1 plant to several plants per pot; the ratio of plant to
s0il volume is also varisble. Robinson grev one tomato plant per pot,
using the micro-pot method of Chenery (1953). Richard et al. grev 3
maize plants per pot of 3 kg soil, Cornforth and Walmsley (1971) grew 4
maize plants per pot containing 1 kg soil and Lathwell et al. (1972) grew
b maize plants per pot containing 1600 g soil. Ryegrass density was
similarly variable, vith 1 gm of seed sown in each pot containing 3 kg



so1l by Gasser (1961) and Gasser and Jephcott (1964) approximately 100
seeds sown in a pot containing layers consisting of 2 kg sand, 1 kg soil
and 500 kg sand by Keeney and Bremner (1966). Ryan, Sims and Peaslee
(1971) grev 5 sorghum plants in 1500 g soil placed betveen layers of
‘quartz sand, vhile lathwell et al. (1972) grev 6 plants in 1600 g soil.
Not one article discussed the possibility of interplant competition for
light, water, and other nutrients which might affect N uptake by the
Plants. In no paper was the growth habit or nutrient uptake pattern of
the test crop descrived; it is, therefore, difficult to knov how to com-
pare data concerning the N uptake by ryegrass, and maize, sorghum, or
tomatoes. The rationale behind the choice of the test crop plant was nof
discussed in any paper; one was not sure vhether the plants vere chosen
because of kno;rn physiological response, the importance of the erop to
the area being studied, or due to some factor of convenience. It vas not“
clear, then, vhether the researcher vished to extraspolate from greenhouse
crop to similar crops in the field, or from a particular greenhouse crop
to a variety of plant species.

The age of the crops at harvest for analysis vas as varied as the
plant density and variety of crops grown. Re-urelien have reported
correlations between various soil tests and N uptake by maize plants that
vere 3 and & veeks old from seeding (Lathwell, 1972), 35 days fr‘@ plant-
ing (Cornforth, 1971), 50 snd 75 days from planting (Richard et al.,
1960). Correlations have been repcrted for 3 cuts of ryegrass, all at
different lengths of groving time. Thus Gasser (1961) reported the first
cut 33 days after planting, the second 37 days after the first cut and
the third 56 days after the second cut in one experiment and 28, 35, and
k9 days in the second. Gasser and Jepheott (1964) reported cuts at 35,
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3"1 and 39 days vhile Keeney and Bremner (1966) reported cuts at 32, 26
and b days. In all cases the first cut listed is days after seeding, and
thus includes the time required for germination and emergence. Ryan, Sima
' and Peaslee (1971) harvested grain sorghum 3 times at 6 wveek intervals for
N uptake studies vhile Lathwell et al. (1972) harvested and analyzed b
veek old plants. Robinson (1968) measured N uptake in tozato plants six
veaks after soving the seed. In no case did the researcher discuss the

- possible effects of the stage of development of the plant on either rate
or amount of N uptake. Hanway (1963) discussed the growth stages cf
mize varieties adapted to Iowa conditions in relationship to the uptake
of N, P and K and the accumulation of dry matter. In varieties studied
by Hanvay, at 30 days after emergence the maize plants had produced
approximately 5 percent of their total dry matter and had taken up less
than 10 percent of their total N, at kS days after emergence they had
accumulated approximately 15 percent of their dry matter and had taken up
about 30 percent of the total N and by TO days after emergence the plants
hed accumulated approximately 45 percent of their total dry matter and
about TO percent of their total N. Since there is evidence that the
amount and rate of N uptake at a given time after emergence varies with
different varieties grown in the same location (Rodriguez,197T), it may not
be possible to extrapolate from Hanway's data to all of the maize in the
aforementioned experiments, and certainly there is no Justification for
the extrapolation to ryegrass, tomatoes, and sorghum. However, the data
of Hanvay and Rodriguez clearly shows that the rate and amount of N up-
take by maize is small in the first month of corn growth, and changes as
the plant ages. It is reasonable to suspect that plants other than

maize shov differences in rate and amount of nutrient uptake in the
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course of their development.

Since the N uptake is different Ly plants at different stages of
their development, it becomes difficult to compare results of data col-
lected from several plants of the same species at different stages of
their growth, and it is extremely hard to determine what meaning can be
drawvn from a comparison of two entirely different plant species at some
stage of immaturity. With the nutrient requirements of a young plant be-
ing relatively low, little stress is being placed on the capacity of the
soil to supply nutrients. All that can be measured is the rate at vhich
the soil can supply N relative to the needs of a plant at a given stage of
growth, It is entirely possible to have soils with the same rate of
mineralization and very different amounts of mineralizable N; plants
grovn on the soils for a short time might not reflect the difference in
potential , as the demand of the immature plants could be met by the rate
of mineralization, and the supply would not be used up before the harvest
of a crop. The situation becomes more conplicatgd vhen more than one
plant is grown in a pot, for the plant-plant interactions and competition
for light, nutrients and vater will confound the measurement of N release
in the system. Finally, some of the soils in the various studies vere
air dried or frozen before being used in the pot experiments, and the
resultant N flush could be adequate to supply the N needs of young plants
grown for a short period of time, In this instance, the plants might
not in their lifetime ever draw upon the mineralizable N which would
normally be made available to & crop during the growing year. In the
tropics, vhere wet/dry climates produce an initial N flush, much of the N
released in the flush is leached out of the profile before plant roots
are sufficiently developed to utilize it (Sanchez, 1976).
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Field experiments should serve two mrpoueo-;fo make sure that the
text procedures developed with greenhouse studies perform under field
conditions and to calibrate the chemical test values vith yield response
to fertilizer applications. In order to fulfill the first purpose, it
would be logical to use the same crop in the field as was used in the
greenhouse. Using a different crop in the field experiment would intro-
duce a new source of possible variation and error. In many of the field
experiments reported in the literature, vhich follow up greenhouse vork
s different crop from the one used in the greemhouse is planted. Thus,
Gasser (1961) and Gasser and Jephcott (196k) used HI ryegrass in the
greenhouse and barley and potatoes in the field; Robinson (1968) used 6
veek 014 tomato plants in the greenhouse and maize at tasseling in the
field; and Walmsley, Twyford and Cornforth (1971) reported the failure of
a number of chemical tests to predict yieid of bananas in the field by
tests vhich had been evalusted for their relationship to N uptake by 35
day old maize plants in the greenhouse (Cornforth and Walmsley, 1971).

While it might be argued that a test is needed for a wide range of
conditions and plants, in the process of developing a new test, it is
important to control as many variables as possible in order to evaluate
the sources of error and wveakness. Once a test is determined to have
some success vith a field experiment, then subsequeat trials can be con-
ducted to establish the utility of the test over II range of crops and |
soil conditions. !

The reporting of data and dsti analysis in the literature ulso has
some areas of veakness. Many authors simply reported correlation coeffi~
cients without reproducing the data in & wvay that & reader could manipu-
late the data to verify the authors' comclusions (Olsen et al., 1960;
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Jenkinson, 1968; Robinson, 1968; Coraforth and Walmsley, 19T1; Ryan, Sims
and Peaslee, 19T71) Other authors reported correlations with the means of
several crops (Gasser, 1961; Lathwell, 1972). There is nothing wrong vith
such a reporting systen, except that vhen means are the population used
for the correlation calculations, extrapolations from the data only
apply to populations of means. Since the function of soil tests is to
determine the requirements of a given soil, it might de best to be sure
to clarify to which population the correlation coefficients apply.
Misuses of the correlation coefficient has lead to misinterpreta-
tions of data. In a regression calculation, if there are a cluster of
points and an outlying point, the cluster of points acts as one point ancd
the ’6ne outlying point is given a greater value in determining the slope
than any single point in the cluster (Daniel and Wood, 1971). The same
holds true for two clusters of points; the individuals within the
clusters contribute less than the cluster as a unit., These types of
situations lead to very high r values, approaching 1. Lack of considera-
tion of this fact has lead several researchers to report high correlation
coefficients vhich vere actually artifacts (Subbish and Asija, 1956;
Gasser, 1961). Some authors seemed to misunderstand the linear nature of
the simple regression function and fitted 1:l.nqu' relationships to uﬁi)uent
curvilinear sets of points (Gasser, 1961). G;l-er and Jephcott (1964),
and Robinson {1968a, 1968b) simply presented regression lines with their
equations dravn on a set of axes without any points. This is no better
than a table of correlation coefficients. For the work of Gasser and
Jephcott the omission of the data points is particularly suspect, as the
experiments reported in this paper were a continuation of the data
reported in 1961 vhere straight lines were drswn through curvilinear data
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and outlying points and clusters were analyszed wvith linear regression.
Some of the papers showed a lack of consideration of the meaning of
a correlation coeff:lcient; the value of r is important, and so are
statisticel significance at .01, .1 and .5 levels of probability, but it
is the wvalue of r2 vhich gives an esiimate of hov much variation has been
accounted for by the particular test under consideration. Cornforth and

2 for a given test procedure

Walmsley (1971) used the minimul level of r
of .50 and argued that a test accounting for less than 50 percent cf the
variation vas not particularly helpful. Many authors have not established
minimm levels of r2 vhich are acceptable. Many of the proposed methods
with promise do not account for more than 60 percent of the variation.
Chemists vorking with chemical and biological procedures only,
seemed to present the data most completely and clearly (Keeney and Bremmer,
1966; Stanford and Smith, 1972). Unfortunaiely, the laboratory work is
only one part of the process of soil test development. Given the great
varisbility in experimental design, treatment of soil samples and plants,
and complexity of data analysis, it is difficult for this author to
determine just what the state of the art is in the area of deve.ioping a
soil test procedure which is useful for prediction of fertilizer needs of

crops grown to the harvestable state in the field.



THE EXPERIMENTAL SITE, EXPERIMENTAL DESIGN,
AND DISCUSSION OF VEGETATION AND SOILS

The experimental site was located on the grounds of the Estacao
Experimental de Brasilia in the north central part of the Federal
District, near the municipality of Flanaltina, approximately 40 kilo-
meters from Brasilia. The location is between 15° 34' 30" and 15° 37" 30"
south latitude and the meridians !}7° 41* 30" and 47° 45' 30" west longi- :
tude. The climate corresponds to the type Av in Kloppen's system of
classification (Boletim Technico No. 8, 1966), with a wet season gener-
ally from October through April and a dry season froin May to September
(Feuer, 1956). The wet season is often interrupted by periodic dry
spells, called veranicos, of varying duration. Veranicos of 10 days may
occur one year in two, and veranicos of two weeks or more may occur one
year in five (Wolf, 1975). These veranicos can be a serious problem to
crops grown without irrigation.

The soil of the site is classified as Latosol Vermelho Escuro
distrofico, textura argilosa, fase Cerradao (Dark Red Latosol, dystrophoc,
clayq/y texture, Cerradso phase) by the Brazilian classification system
(Bol’e};;im Technico No. 8, 1966). These soils would most likely be classed
as Typic Haplustox, fine, isohyperthermic, kaolinitic in the U.S. Soil
Taxonomy (Cline and Buol, 1973). For a profile description, see Table 1.
"I'he soils of the experimental site are friable, porus, permeable, and
highly aggregated (Cline and Buol, 1973). The maximwum amount of vster
vhich can be stored in these soils to a depth of 30 cm is about 50 wm

(Wolf, 1975). Since evapotranspiration can be 7 mm or more per day,
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Table 1. Soil Profile Description.

Perf:ll:” b § “Municipio: Distrito Federal
(Profile) (Municipality)

local: Estaceo Experimental de Brasilia

(Site)

Unidade de Mapeamento: Latosol Vermelho Escuro Distrofico textura argilosa fase cerradav.
(Mapping wnit) '

Classificacao:
(Classification)
(Sample, air dry) )
Amostra HORIZONTE AMOSTRA SECA AO AR Equivalen-
de Lab. (Horizon) (%) - pH to de
n.° Profundi- (Stones) (Gravel) Umidade
(Sample Simbolo dade cm Calhuas Cascalho agua KCl1 B (moisturs
nusber) (symbol) (Depth, cm) 20 mm 20-2 mm (wvater) (N KC1) equivalent)
2258 AP 0-10 (1] x k.9 .2 22
59 A3 -3 0 x 4.8 4.3 23
60 Bl - T0 o x L.9 4,2 23
61 B, -150 0 x 5.0 k.2 22
62 B, -260+ 0 x 4.6 4.k 20
(Attacked by) (Densi‘;.‘y 1.47)
ATAQUE POR H_SO D - 1,47
2g b " rr Al04 P
8102 u&?}_ l?eaoL "l'lt)2 P2°S MnO Fezog pmm
1k.2 15.7 T.4 0.38 0.05 1.54 1.19 3.35 2
1k, 7 16.5 7.8 0.32 0.0h4 1.5 1.16 3.1 1
15.1 16.6 7.5 0.38 0.04 1.55 1.20 3,167 x
15.3 17.7 7.6 0.35 0.0h 1,47 1.15 3.63 x
UM 16.2 T.5 0.31 0.03 1.51 1.17 3.38 x

(continued)



Table 1. (continued)

COMPLEXO SORTIVO

(Absorption complex) veE
(‘“é‘g‘)’" &) (% Base 100.A1
ey ey + r ey + satura- A1+S
Ca Mg K Na s Al H T tion)
0.4 0.10 0.02 0.5 1.9 7.8 10.2 5 79
0.2 0.05 0.03 0.3 2.0 5.8 8.1 h 87
0.2 0.03 0.03 0.3 1.6 5.2 T.1 N 8k
0.2 0.01 0.01 0.2 1.5 h.h 6.1 3 88
0.2 0.02 0.02 0.2 0.7 2.7 3.6 6 78
(Partial size distribution)
COMPOSICAO GRANULOMETRICA (%)
c Dispersao com NaOH (Clay) (degree) (si1t)
c% N% x (Dispersed with NaOH) Arglla Grau de silte
Arels Arela natural flocula- Arglla
grossa fina Silte Arglla y cao (clay)
2-0,20 0,20-0,05 G,05-0,002 0,002mm (of floccu-
(course (f2ne (silt) (clay) lation)
sand) sand
1.76 0.21 8 16 17 23 11 13 70 0,52
1.16 0.08 15 13 17 22 48 22 Sk 0.46
0.91 0.05 18 1k 19 21 46 22 52 0.46
0.73 0.05 15 1l 19 21 46 22 52 0.46
0.32 0.03 11 16 20 22 42 0 100 0.52
SOURCE: Boletim Tecnico No. 8 (1966). Ministerio da Agricultura, Escritorio de Pesquisas e

Experimentacao, Equipe de Pedologia e Fertilidade do Solo.

g
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" water stress is likely after one wveek wvithout rain if the rooting depth
is no more than 30 cm (Wolf, 1975). Field obscrvations reported in the
1972 Annual Report state that corn showed wilting after 6 days without
rain (Annual Progress Report, 1972-1973). In the area of the experiment,
the duration of th~ veranicos is variable, but the regularity of their
occurrence makes them an important factor in crop production.

The history of the experimental site prior to clearing for the N
experiment is uncertain. It uppafently wvas used by researchers affiliated
vith an animal science group (Bouldin, pers. com.). It is possible that
the land had some lime applied to it 4 or more years previous to the
advent of the nitrogen experiment. When the land was cleared for the
experiment, the project technician noted "one spot perhaps 5-10 feet in
diemeter in vhich it appeared perhaps a wvheelbarrov load or so of lime
might have been dumped and never thoroughly distributed. In fact, we
removed that lime material and the upper inch or so of soil and excluded
it from the plot as best we could" (Naderman, pers. com.). The area had
& number of termite mounds wvhich could contribute to the heterogencity of
the site (Bouldin, 1977). Since the occurrence of termite mounds is
videspread in the Federal District (Feuer, 1956), the presence of the
mounds would serve to make the site more, rather than less, representa-
tive of the region.

The experimental design m a randomized block with 5 replications
of 10 levels of N fertilizer application. The plots were 5 x 10 meters,
with 6 rows per plot and a plant population equal to 50,000 plants/ha.

A locally produced maize variety, Cargill 111, was grown in all years.
The rates, sources, and times of application of N vere changed over the

course of the experiment in an attempt to get an appropriate set of
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rates for developing a response curve. The first year there wers no gero
N check plots -- the check had 20 kg/ha N aprlied at plo.nting:\ However,
the check plot received no N fertilizer each year following 1972-73. The
consistent rates of N applied in the experiment were 60, 80, 100, 140,
and 200 or 220 kg/ha, applied in various combinations of split applica-
tions. Phosphorus, K and minor e’ements were applied, and the rate ad-
Justed as more vas learned of this particular soil system. The most
critical change was in the application o P, It was shown in the P
experiment that, contrary to expectations, P applied as a broadcast
fertilizer gave greater yield response than the same amount of P applied
in the band (Annual Progress Report, 1972-1973). In accordance with
these findings, the P applications were changed froam 200 kg on.). in the
band and 200 kg broadcast in 1972 to 300 kg/ha broadcast and 80 kg/ha in
the bank in 1973 and finally just 100 kg/ha in the band in 19Th. ‘It is
noted in the 1972 annual report that maximum yields of 8000 kg/ha were
achieved on the P experiment with 100 kg N in split application of 20-L0-
4o, but top yields of the nitrogen experiment that year were only 6310
kg/he. The lover muximm yields of the N experiment vere attributed to
the suboptimal application of P. Lime coutaining 10 percent Mg vas
ﬁppl:led at the rate of UT/ha and ploved in vhen the experiment was
established. No further lime additions have been made. In addition 50
xg/ha ngsoh.'meo and 50 kg/ha of sodium molybdate were plowed down with

the lime. There was debate as to vhether the 1975-76 crop suffered from

;,f miciunutrient deficiencies of Cu and Zn; the 1975-76 crop did not show

""u.vesponse to applications of Cu and Zn (Ritchey, pers. com.). Irriga-

tion was used the first year (1972-73) during & verapico but was not

used in subsequent years.
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The site was selected because it vas thought to be "typical of ex-
tensive areas in the Campo Cerrado” (Annual Progress Report, 1972-73).
The site may not , however, be representative of the intended ares. One
of the reasons for this may be due to & confusion in terminology. "Campo"
can be & general term referring to an ares covered by scrub sevannah
~ (Peuer, 1956) and "Campo Cerrado” is often wged to denote the central
platesu or nnnu of Brazil, an area reportedly encompassing 600,000 -
1,800,000 Ka® (Ritchey and Lobato, 1977; Soares, Lobato, Gonzalez and
Nedermari, 1975). Within tke broad classification of scrudb ssvannah, how- ..
ever, various vegetational associations have been recognized and des-
crived. Thus, Feuer (1956), citing Waibel (1048), described three types
(©f cempy: CANPO Serreco cerrado, campo sujo and campo limpo. Cumpo Cerrado is
charscterised by Peuesr (1956) as consisting of dense gtaads of nﬂi. 12-
30 Coot twisted trees with thick bark and leathery hairy leaves and a
dense understory growth of grasses 3 to 6 feet tall. Campo sujo is to be
«u-tmédhma from cempo cerrado in that the irees are shorter and more
uulyopuedingmﬁgthmin_c_&cem Campo 1impo is
rerorrod to as a steppe, vwith no trees at all. The Brazilian Ministry
of Agriculture’s soil survey bulletin describing the Federal District
(Boletim Techuico No. 8, 1966) distinguishes 6 categories of vegetation in
the diltrlet. including 5 fy'pu of campo. While campo sujs and campo
1limpo sre not listed, _m cerrsdo, campo cerradso cerradao, cerrsdao, campo de
varsee, cempo de cubcecira de ravins and ¢ campo de sltitude are itemized.
m descriptions of eernd; and campo cerrado cerrado are similar to those given

by Peuer (1956), sbove. bpeeiu typical of the upper story vegctution are

Curstells smericans, Q_rm_ ar brasiliensis, Stryphnciendron hcbat:lno,
-

Solspum spp, Anons Anons Coriscea, and Quales sPP, vhile understory ve;etoﬂou




commonly consists of Aristids pallens, Attalea exigua, and Melinis
minutiflors. Campo Cerradso vegetation is bigger than caxpo cerrado
vegetation, reaching heights of 10-12 meters, vith tree trunks which are
less tvisted then those of the campo cerrsdo (Boletim Technico Fo. 8,
1966). Campo de varzes occurs in flood plains (Dos Santos, pers. com.),
Campo de cabecira de ravina at the head of ravines and campo altitude
occurs on the highest land surfaces. VanWambeke (1971) distinguishes
betveen campo cerrado and campo cerradao on the basis of the density of
trees -- campo cerradao being those regions in which the desnity of trees
is great enough to prevent the passage of a jeep.

Attempts have been made to explain the variation in vegetation.
Peuer (1956) suggested that the variation was due to repeated burning in
some areas, vith the taller and denser stands of irees existing in those
areas vhere the burning vas minimal. Cline and Buol (1973) mentioned
that local tradition asrribed higher soil fertility status to tbose areas
vith Cerradao vegetatiox; than those areas with cerrado vegetation, and
Don Kass, Maris Kass, Dos Santos (pers. com.) suggested that improved
vater status might explain the vegetational differences. Lopes (BNorth
Carolina State University, 197h) collected 528 composite topsoil samples
from under nstural vegetation of 5 different types: cempo limpo, campo
cerrado, cerrado, cerradac and forest. The dsata is reproduced in Table
2. It can be seen that the soils taken from under the Cerradso vegeta-
tion had greater values for exchangeable K and extractable P, Zn, Ca ,
Mg, and had & larger effective CEC than did those sampled from under the
campo cerrado vegetation. Cerrado soil samples were intermediate in
properties betveen campo cerrado and cerradso.

The water status of these vegetational areas may also differ,
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Table 2. Relationship between type of native vegetation and average top-
soil properties in the Cerrado. Numbers of samples for each
vegetation class in parentheses.

Campo Campo
Limpo Cerrado Cerrado Cerradao Forest

Soil Property (6k) (148) (255) (b5) (16)

pH (H20) 4.87a® L.94ad 5.00b 5.14b 5.28¢

ApH ~0.Tlab -0.69a  -0.76bc -0.82dc -0.93d

Organic matter (%) 2.21a 2.33a 2.35 2.32a 3.1kdb

Exch. Ca®* (meq/100 cc) 0.20a  0.33ab  0.L5v 0.69¢ 1.50d

Exch. Mg** (meq/100 cc) 0.06a 0.13a 0.21b 0.38¢ 0.55d

Extr. ©*5% (meq/100 cc) 0.08a  0.10ab  0.11b 0.13b 0.17c

Exch. Al (meq/100 cc) 0.Th 0.63a 0.66a 0.61a 0.78a

Eff. CEC (meq/100 ce) 1.08a 1.19a 1.43 1.81c 3.00d

Al saturation (%) 66a 58b skb kle koe

Extr. P*® (ppm) 0.5a 0.5a 0.9b 2.1b 1.he

Extr. Zn** (ppm) 0.58a 0.61a 0.66b 0.67® 1l.11c

Extr. Cu** (ppm) 0.60a  0.79ab 0.9 1.32¢c 0.95be

Extr. Ma** (ppm) S.ha  10.3b 15.9¢ 22.94 24.14

Extr. Pe** (ppm) 35.7a  33.9a 33.0a 27.1b 37.2¢

Clay (%) 33a 36a 3ba 32a 3Ta

si1t (%) 20a 16b 15b 16b 16b

Sand (%) L6a ~ 48a 5la 53a 47a

Hue T.3YRa  (.TYRe  S5.LYRb  L.LYRe  L.bYRe

Value 4,3 h.2a 3.8 3.5¢ 3.6be

Chroma k.5a 4.7a 4.9a h.7a 5.7b

M for each line not followed by the same letter are significantly
different at the 0.05 probability level.

**Extracted by 0.05N HCL * 0.025NH,80,

®9eExtracted with neutral ¥ KC1.

SOURCE: Agronomic-Economic Research on Tropical Soils, 19Tk.
Annual Report for 19Tk, Soil Science Department, North Carolina
State University, Raleigh, NC.
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Dos Santos (pers. com.) reported that cerradao vegetational associations
are predominately found at the base of an escarpment. Cline and Buol
(1973) mentioned that the field plots for the experimental site at
Planaltina are located on a gently sloping geomorphic surface which is
sbout 850-900 meters from the base of & sharp escarpment that rises to an
older erosion surface. "Questions could be raised about hov represents~
tive the site may be of extensive areas of the central plateau. The
position of the site relative to the escarpment to higher land could sug-
gest moisture relationships atypical of much of the plateau" (Cline and
Buol, 1973).

The experimental site, then, is not typical of campo cerrado soils
in the strict semse of soils which occur under cerrado or campo cerrado
vegetation, and as the Cerrado and campo cerrado vegetation dominate the
region loosely termed "the campo cerrado” of Brazil, the experimental
site cannot be said to typify this region. The distinctions recognized
by the wvarious names for different vegetational associations appear to be
correlatsd with differences in the soils upon vhich the vegetation grows.
Hov important these differences would be in high input egricultural sys-

tems is not known.



PURPOSE, MATERIAL, AND METHODS

Purpose
The objective of this work was to study the relstionship tatveen &

maize croﬁ grown in the field and a chemical soil test. The soil test
had shown promise in relating soil test values of N with uptake by
maize and sorghum grown in pots in the greenhouse (Lathvell et al., 1972).
Two procedures were employed —- the chemical soil test vhich measured a
fraction of extractable organic and inorganic ammonium and an incubation
procedure vhich provided a standard for the evaluation of the chemical
soil test. If the two methods were comparable, the values of the two
pethods should have been significantly correlated with each other as well
as vith N uptake or yield of the crop. The soil test value should also
account for much of the variation in yi?ld or N uptake from plut to plot
to be useful as a soil test procedure for the evaluation of the ability
of a particular soil to supply nitrogen to a crop during a groving season.
The amount of mineral nitrogen produced over time in incubations could
help to characterize thess soils in relation to the wide range of soils

studied by other researchers.

Materials and Methods

The Soil: Soil samples were collected from tre zero-N check plots of a

nitrogen fertilizer experiment at the Estacao ‘E‘xperimta.l de Brasilia,

Brasil in November 1973 and August, 19Ti. Topsoil samples (0-15 cm) and
subsoil samples (15-30 cm) vere collected in November 1973 and only top-

soil sanples (0-15 cm) vere collected in August 197i. The samples were
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air dried in a greenhouse and stored in plastic bdags, first in Brasil and
then in Ithaca, Nev York at room temperature until the time of analysis.
The Crop: The locally produced maize variety Cargill 111 was grown. The
crop vas planted on November 28, 1973 and harvested on May 6 and 7, 197k.
Incubations: 50 gram samples of air dry soil were placed in 250 ml
Erlenmeyer flasks, brought to field capacity with distilled water and
covered wvith Parafilm T. The flasks were put on a lab bench and allowed
to sit, undisturbed, at room temperature (=22 degrees C) for the specified
amount of time. All November 1973 topsoil samples were incubated for 2,
L, and 8 veeks, 2 of the November 1973 topsoil samples vere incubated for
39 weeks, the November 1973 subsoil samples were incubated for 2 or L4 and
8 weeks, and the August 19Tk topsoil samples were incubated for 2, 3, 4,
8, 16, and 39 weeks. There were duplicate incubations of all samples
except for one 39 week incubation of a November 1973 topsoil sample. The
quantity of soil available for analysis determined the number of time

intervals each sample could be incubated.

Analytical methods:
Soil: 1 N KC1 extracts of the incubated and non-incubated soils were

analyzed for inorganic ammonium and nitrate by the steam distillation
procedure using Mg0 and Devarda's alloy, as described by Bremmer (1965).
Extracts of the soil samples were also analyzed for total extractable
ammonium nitrogen by acid digestion and then steam distillation with
10 N NaOH, as descrided by Lathwell et al. (1972).

Total N vas determined by the macro-Kjeldahl procedure (Greveling,
1976) as well as with a selenium catalyzed auto analyzer procedure
(Creweling, 1976). Difficulties were enccontered in replicating the
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resulta. The values seemed to vary sccording to sample size. Since the
macro-Kjeldahl procedure is the standsrd procedure for total N determine-
tion, the values obtained by this method vere used in the study under dis-
cussion. Total C and organic C vere determined by the methods of Allison
(1961). Due to the difficulties associated with the determination of
the N, the values calculated for the C:N ratio should be regarded as
rough approximations rather than accurate estimations.

Soil pH vas taken inal:l soil to water suspension and in a 1:2

soil to 0.01 M CaCl, solution, as described by Greveling and Peech (1965).

Terminology:
The amount of mineral N measured after a period of incubation will

be referred to as mineralizable nitrogen, and the difference between the
amount of mineral nitrogen found at the end of a period of incubation and
thet vhich existed before incubation will be referred to as Amineraliz-
able nitrogen. The nit.:ogen fraction recovered by the acid digestion
technique will be referred to as digest nitrogen (to be consistent with
Lathwvell et al., 1972) and the difference between the amounts of digest
nitrogen found in incubated and monincubated soil cample extracts will be

referred to as Adigest nitrogen.



CHEMICALU AND BIOLOGICAL TEST METHODS

Results

Figure 1 shows the relationship between digest N and Amineralizable
N for the November 1973 samples after vo.r:loui periods of incubation. The
relationship improves vith length of time of incubation, and is most im-
proved by the inclusion of subsoil values as well as topsoil values after
8 weeks of incubation. The correlation coefficients also show that
although the test values did not account for more than 32 percent of the
variation when only topsoil samples were considered, 75 percent of the
variation vas accounted for when top and subsoil samples vwere considered
together.

Figure 2 shovs plots of the same variables for the August 19Tk
samples. No significant relationship existed and no trend tovards a rela-
tionship over time existed. Since no subsoil samples vere available from
this sampling date, the effect of the inclusion of their values on the
correlation remains unknown. The scatter diagram for the 39 veek incuba-
tions shows that there is no association at this time interval. The data,
hovéver, may reflect the vwater status of the soil saxples more than the
possible relationship betveen these two test procedures. No wvater vas
added to the soils once the incubations v :re established, and the soils
appeared to be drier at 39 veeks than at i or 8 weeks. The 29 veek samples
vere also on the hottom layer of a set of samples, vith a glass plate
separating the two layers. Conceivably, the glass plate could have in-
hibited gas exchang:, thus subjecting these soils to a different gaseous

atmosphere than the 10ils incubated for a shorter period of time which
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Figure 1. Digest N vs Amineralizable N, November 1973, 2, b, 8 veeks
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‘Figure 2. Digest N vs Amineralizable N for August 197 soils, 2, 3, 8,
39 week incubation.
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vere on top of the glass shelf and thus able to have freer gas exchange
through the Parafilm T.

It should be noted that some of the graphs contain only four
points, requiring a higher value of r than those with 5 or more points for
significance at the 5 percent level. For purposes of oriemtation, it
should be noted that significance at the 10 percent level requires values
of .8054 for 5 points and .9000 for four points. |

Figurc 3 shows the plot of Amineralizable N and Adigest N after 2,
I and 8 weeks of incubation for November 1973 topsoils and after 2, 3, 8,
and 16 wveeks for August 1974 samples. Again, there was no apparent rela-
tionship. Figures 4 and 5 show plots of Amineralizable N against Adigest
N for all incubation periods for each soil. In these figures a definite
trend tovards significance is apparent. Although these data show no rela-
tionship between Amineralizable N and digest nitrogen at any given incuba~
tion time because of the variation from soil to soil combined with the few
nuzber of data points, they suggest that digest N measurements vere related
to the reservoir of N available to microbial populations for the production

of mineral nitrogen.

Discussion

From the small number of data points it wvas impossible to conclude
anything sbout the value of tho twvo test procedures for the Dark Red
Latosols of the experiment station in Brazil. There is no simple explana-
tion for the lack of correlation between the chemical test and the incuba~-
tion procedure. Lathwell et al. (1972) reported a highly significant
relationship using 10 Oxisols and Ultisols from Puerto Rico, vhile Assa

(1973) reported correlation coefficients vith and without significance



Appm N

Amin N

k2

- Mgure 3, Amineralizable N vs Adigest N after different lengths of
incubation, November 1973 and August 1974 samples.
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Pigure L, Alineruiublo N vs Adigest N, August 197& samples and soil
average November 1973
Soil A Boil B Soil C
Tro 970 q70
- so - so - So
40 140 - L0
(o] o o o)
] o 4
a (o)
3 o o
e =420 8 -{20 (@) 20
o o 0
-10 =10 10
[ [ [ 1 | 1 [ 1 1
«30 <20 =10 0 «30 <20 <10 0 «30 <20 =10 0
Adigest N ppm
Seoil D Soil E Soil A 11/73
470 -70 -170
<60 <60 <460
=150 =150 -4 50
L0 o <40 & <40
0 30 % 430
= o
g o
5 -120 =120 -120
(o} OO
0
<10 =10 =110
L 1 1 L 1 1 2 i 2
-30 <20 =10 0 <30 <20 =10 0 «30 <20 210 0

ddigest N ppm



Figure 5. Amineralizable N vs Adigest N, November 1973 soils. 1]
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bctwnn the values of digest N and the values for mineralizable N at 2,
L, and 8 veeks, using a .Lima Silt Loam soil from Aurora, New York.
Among the factors which could have influenced the relationship between
the tvo sets of test values are the conditio~; of the soil at sampling and
the length of ctorngelbofore analysis.

The soils in thic study vere a.i.xb-‘ dried in a greenhouse and stored
' in plastic bags for 2 1/2 yesrs before analysis. There are n> data
available ebout the effeetgi{ of air-drying of soil saxples on the va.lue;
obtained by the 1 N KC1 exé:j;ction Plus acid digestion test procedure
vhich vas used in this -tuqfi or #hat the effect of air drying might be
on the properties of the specific Oxisols used in this study. Various re-
searchers have reported data concem.ing the mpt:;nle of a variety of soils
to air-drying, and the effact of air dr}’ing and storage on various
analytical procedures. Eagle and Mathewe (1958), working vith nine soils
from Ontario, Canada, stated that there vas no effect of air-drying on
scil test results. They did not, howvever, present anyk{,_;inu to support
this stetement. Birch (1960) reported that drying profoundly affected
the ammonifying and nitrifying organisms in the soil. Keeney and Bremmer
(1966b), using 25 soils from Iowa, studied the effects of air dryimg on
the analytical results of 6 soil test methods and reported a distinct
effect on values of & of the 6 test procedures. In all cases of a change,
the Teported means of the 25 soils incressed. Since the dats on the
individual soils vas not reported, it is imprssidle to d termine vhat the
nature of the variation in response vas by individual soils, or by groups
of soils vith similar properties. Jenkinson (1968) studied the effects
of air drying on mineralizeble N and on Ba(0H), extractable "glucose”
values of some English soils. Air drying was found to increase both the
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‘mineralizable nitrogen and the "glucose” values. Hesse (1971) reported
that the vater soluble organic nitrogen fraction increased vith time and
temperature of drying. Lathvell et al. (1972) used freshly air dried soil
samples in their study and reported highly significant correlstions be-
tveen digest nitrogen values and mineralizable nitrogen values. There is
not. clear evidence, then, that air drying the Brazilian soll samples
influenced the values of digest nitrogen and mineralizable nitrogen
sufficiently to cause a lack of correlation between the two soil tests.
There are rcports in the literature on the effects of lengths and
temperature of stor.ie on soil test results. Eagle and Mathevs (1958)
reported that prolonged storage of soil samples before testing caused an
increase or decrease in the neasured ability of the soil to supply
nitrate nitrogen. Keeney and Bremmer's 1966 study comparing the effects
of field moist, freshly air dried, and air dried nlus stored samples on
the results of six soil test -etho;!'f noted a trend tovﬁrds increased
values for some test methods after 8. veeks of storage compared vith
values for freshly air dried samples, although the increases vere not as
large as those betveen field moist and freshly air dried samples.
Jenkinson (1968), working with British soils, found an increase in the
mineralizable nigrogen values, but little, if any, in the values for the
Bu.(Oll)2 extractable "glucose” after 3 1/2 or 10 years of storage. Nevo
and Hagin (1966) were cited in Hesse (1971) as having found that changes
during the first three months of dry storage were independent of micro-
organisms, and that the major factor involved was a change in the physics’
structure of the organic fraction. Cbalk and Waring (1970) reported that .
storage at room temperature vas the main factor in the change. They “
further reported that the response of soil to storage vas not consistent
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nong ﬁthodl hor predictable vithin methods. Freney and Simpson (1969)
studied the effects of drying soils at three different temperatures and
concluded thst there vas an increase of nitrogen released vith an increase
in temperature.

The type of container used to hold the soil in storage may also
influence soil test results. Olson et al. (1960) compared the change in
ammonium nitrogen status of four soils before and after incubation when
stored in glass jars or paper sacks. They reported that the emmonium
values vere higher for soils stored in sacks than in jars, and that soils
vith pH of 5.4 and 5.7 had a greater accumulation of ammonium vhen stored
in the sacks than did soils of pH 7.8 or 8.0. These increases in samon-
ium 1ikely reflect contamination from the storage environment. Hesse
(1971) noted the possibility of pollution from certain kinds of plastic
containers. In a study of montmorillonite clays, it vas found that
organic complexes passed from the Plastic into the clay minerals, result-
ing in fundamental changes in the minerals.

Incubafion studies and tests for digest N were conducted in 1975
on 4 soils which were samples of the original soils used by Lathwell et
al. (1972). The soils had béen stored in an air dry state in tightly
capped plastic bottles at room temperature for 3 1/2 years. Table 3
shovs the ppm nitrogen determined in the original study and by this
suthor in 1975. Inspection of the data lead to a conclusion that there
vas, in general, no effect of storage. An independent T test performed
on the date supported this conclusion. However, there vere changes in
test values for some soil samples. The Nipe soil (Typic Acrorthox)
shoved a definite increase in ppm N mineralized at both incubation times
after storage, and the Cialitos (Orthoxic Tropohumult) showed a marked



Table 3. Storaée of Puerto Rican soils.

48

pm N

b week ~ B week
Series name Order Digest N incubation incubation
¥ s"w L ) L 8
Pina (p) Oxisol 28 26 15 20 16 20
Sample 11
Nipe (N) Oxisol 21 19 16 30 21 42
Sample II £
Catalina (BC) Oxisol 81 5T 84 53 95 97
Sample II
cialitos (V) [2] Ultisol 63 65 121 108 149 213
Value independent T test -.T13691

®Value reported by Lathwell et al. (1972)

S#yalue determined by Shovers.
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increase in mineralizable N after 8 weeks of incubation. The Catalina
soil \pric Haplorthox) shoved a marked difference betveen the values for
digest N of freshly air dried and air dried plus stored for 3 1/2 years
saxples. The samples from Brazil are also Oxisols, although they belong

to the Great Group Typic Haplustox.



SOIL TEGTS AND MEASUREMENTS OF CROP YIELD

Results

Figures 6 through 9 illustrate the relationship betveen values
from the chemical and biological test procedures and nitrogen uptake by
the maize crop. As shown in Figure 6, there vas no relationship between
digest N and N uptake by the grain. A trend towards significance with
length of incubation is shown by Figure 6, slthough the r values do not
reach significance at the 5 percent level and the R2 values account for,
at most, 60 percent of the variation. The data in Figure 7 shows there
vas no relationship between digest N values and values for nitrogen uptake
by the stover, and no significant relationship between any of the incuba-
tion times and N uptake by the stover. There is no explanation other
than chance for whLy there was an increase in correlation for 2 and U
veeks and a decrease in correlation with the 8 week incubation time.
Figure 8 shows the plots of digest nitrogen and mineralization values
against nitrogen uptake by grain plus stover, {ynd. as might be expected
mn. the preceding two figures, there was no relationship of significance
with either test. Figure 9 shows the affect of the inclusion of subsoil
incubation data in the values for the 8 week incubation experiments
vhen plotted against grain nitrogen uptake, stover nitrogen uptake, and
grain plus stover nitrogen uptake. There are only four data points be-
cause there vere only four subsoil samples available for analyses. The
required r value for significance at the 5 percent level is .9500; in no
instance is this value approached.

Figures 10 through 13 depict the relationship between the two test

50
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Pigure 6. N uptake by grain vs Amineralizable N and digest N,
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- Mgure T, Nitrogen uptake by stover vs Amineralizable N and digest N

(topsoils)
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grain + stover N uptake, kg/ha

grain + stover 'N uptake, kg/ha

Pigure 8. N uptake by grain + stover vs Amineralizable N and digest N
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Figure 9. N uptake by grain, stover, and grain + stover vs Amineraliz-
- able N (8 week incubation); topsoil and subsoil.
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methods and various measurements of crop yield. Figure 10 shows the
scatter dlcnn for the test values of the two test procedures lna the
yYield of grsin. There was no relationship between digest N and grain
yield. There was, hovever, a trend of increuing correlation with length
of time of incubation, culminating in a highly significant relationship
betveen the mineralization values obtained after 8 weeks of incubation and
the grain yield. The correlation coefficient is .9213, which exceeds th?
required r value of .4783 for significance at the 5 percent level, and
accounts for 85 percent of the variation. Figure 11 shows that there were
no relationships between values obtained by digestion or incul;ation for
any of the three lengths of tim' and stover yields. Thus, it is of little
surprise that Figure 12 shows no relationship between digest or incubation
values for grain plus stover yields. Figure 13 shows that, as with
nitrogen uptake in Figure 9, inclusion of the subsoil incubation values

did not improve the correlation with yield data.

Discussion

_ The data presented in Figures € through 13 shov some trends towards
correlation dbut, with the exception of values for grain yield and 8 week
incilbl.tiona, no significant relationship wvas shown to exist. A major
factor limiting the interpretation of the date from this study is the
small nusbher of data points. With only four or five data points, it is
difficult to determine a trend or a relationship; individual points can
vary consideradbly from a régreuion line. Further, since there is a high
probability of four or five points indicating a relationship vhen there
is none, the value of r for significance at the 5 percent level must be

extremely high. However, the attainment of a high and significant r



" ‘Mgure 10, Grain yield vs digest N and Amineralizadble N
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Pigure 11, Stover yield vs digest N and Amineralizadle N,
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R = 8054

4 week incubdbation

for significtace at 108 with 5 points.

_Figure 12. Yield of grain ¢ stover vs Amin. N and digest n, '
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~——Vigere 13, Yield of grain, stover, grain. +. stover vs 8 veek mﬁemu-
adble N, topsoil and sudbsoil.
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value is not enough evidence to demonstrate the existence of a useful rela-
tionship. When evaluating the meaning of the significant r value for the
relationship betveen yield of grain and Amineralizeble N At 8 veeks, it is
important to consider the slope of the line. The lteopneil of the slope
of the line in this relationship is such that a small error in the x value
imineralizable N would mean & large error in the y value (yield of grain).
Thus, the relationship would be of little use in predicting grain yields
if there was any possibility of variation in the soil test value. It is
also quite likely that this significant relationship is not a reflection
of reality but rather an example of data that appears to demonstrate a
relationship but in fact is only reflecting a chaace configuration of
points. Pactors other than nitrogen measured may have been more important
in determining crop growth, but with only four or five data points and
sparse data sbout the crop environment and handling of the field experi-
ment, it vas impossible to perform azy dats analysis which would take into
consideration these other potentiually mediating factors.

Several factors may have influenced the values for the soil tests,
crop yield and their relationship to each other: time of sampling,
pretreatment of the soil sample, growth of the crop in the field and
error in analysis. The time of sampling has been mentioned as a critical
factor in obtaining meanizgful relationships tetwveen soil test values and
crop yields. It has been reported that the mineralizable nitrogen content
of the soil varies in ¢Le course of a year in tropical situations
(Cornforth, 1971) as vell as in temperste regions (Eagle sad Mathevr,
1958; Olson, 1960; Assa, 1973). It has been sugsested that sempling
should be done in the spring or late fall in temperate regions, in order
to obtain & relisdle estimate of the nature of the soil nitrogen reserve..
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The best tine of the year for seampling has not been suggested for regions
1ike the central platesu or Planalts of Brasil which have a wet/dry
moisture regime. Cornforth (1971) studied the variation in mineralization
of samples collected at monthly intervals on the island of Trinidad and
concluded that mineralizable nitrogen was related to the moisture content
of the soil at the time of sampling and to the previous month's rainfall,
and therefore that there vas no justification for using mineralizeble
nitrogen in a so0il sampled in one season to indicate the amount of avail-
able nitrogen in that soil in a different season. Lathwell et al. (1972)
introduced a drying period into the cropping sequence in the greenhouse,
thus measuring nitrogen flush after a period of drying. They suggested
that laboratory and greenhouse techniques might be devised to account for
the problem of time of sampling.

In the earlier discussion of factors affecting soil test procedures,
air drying and storage vere suggested as influences on the values obtained
by various tests. In the study by Keeney and Bremner (1966), storage
effects vere found on the values of various soil test procedures, but the
change in values did not affect the correlation of the soil test with
N uptake by the crop. Chalk and Waring (1970) similarly found storage
effects on test values but no effect of room temperature storsge on the
correlation betveen biological or chemical tests and nitrogen uptake.
m;-. vas no opportunity to investigate the difference betwveen fresh, air
dried, and air dried plus stored samples of the Dark Red Latosol from
Brasil,

Another factor vhich may have influenced the relationship between
soil test values and crop y1§1d or nitrogen uptake m the cnv:l.ronicnt of
the crop in the field, and its affect on crop growth, Aceoruhk”to the
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1974 snnual report (North Carolins State University), the 1973-19Th year
vas notable for the second highest amount of rainfall in U7 years of
record keeping in September, high rainfall vhich wvas vell distributed
throughout the rest of the growing season, lov solar radistion due to the
cloud cover in September and March, and high incidences of disease and
insect demage. This damage vas largely due to Northern and Southern Leaf

Blight (Helminthosporium spr) and ear wvorm and stalk borer (Heliotis zea);

insecticide applications were washed out by the daily rains, and the
veakened plants vere susceptible to wind damage (North Carolina State
University, 197h). The nitrogen experiment vas reported to have been
particularly severely damaged. It lfisht be suggested, then, that the
crop performance vas lov due to envﬁomtd conditions, and thus did not
reflect the potential of the soil to supply nitrogen, vhich the tests
measure. Figure 1k shows the yields of maize from all plots for the last
5 years. While it is apparent that the crops receiving nitrogen suffered
greatly in the 1973-Th growing season, it is also apparent that thei-e vas
no significant difference between the yield of the check plots in 1973
and in 1974-75, vhich vas considered to be a year with excellent field
conditions.

There is one factor in th: experiment wvhich may modify the seeming
high ability of the soil to supply nitxogen to the check plots. Bouldin
(pers. com.) and Ritchey (pers. com.) report that the rooting habit of
the maize variety yt;wn is such that, combined with the small plot size,
the maize plants in the outside rows of the check plots were able to
utilize nitrogen applied to adjacent plots receiving nitrogen treatments.
These outqido rovs grev taller than the inside rows, providing some
shade. What affect the interaction of the additional nitrogen and the
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Pigure 14, Crain yield vs fertilizer application, Planaltina, Brazil
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shading had on the crop yields of the zero nitrogen check plots is not
knowvn. Thus, it is possible that the soil samples did not reflect the
nitrogen supply vhich vas available to the plants for growth.

Further possibilities for the lack of correlation between crop
grovth and the soil tests is error in determining the yield of the crop
and in the laboratory analyses of the soils and crops. Kass and Drosdoff

(1970) discuss possible sources of error in various N measurement pro-

cedures.



INCUBATION BTUDY

Resylts

Figures 15 through 17 shov the amownt of NO; N and N, N produced
over time by the topsoil samples taken in November 1973 and August 197k.
For all soils, the smount of NH, N declined from the levels |
originally present in the soil, and disappeared after two or three veeks.
Nitrate N shoved a sharp increase, with the maximum rate of production in
the first 8 veeks. It is evident that in all plots sampled, the November
1973 samples produced more mineral nitrogen than the August 1974 samples.
Figure 27 shovs the amounts of !(0; N and NH; N produced over time by the
subsoils. In contrast with the topsoils, there wvas a sharp increase in
mz N production for the first fewv weeks, and concurrent decrease in

N, followed by a rapid decrease in !!Hz and increase in NO3 N. Table &

ll03
shows the average values of mineral nitrogen produced by the Brazilian
soils, and the names, some characteristics, and amounts of nitrogen
mineralized upon incubation by 29 other soils which vere reported in the
literature. Table 5 gives the means of the amount of nitrogen mineralized
by various groups of the soils from Table L. Table 6 gives characteris-

tics of the individual soils from Brazil.

scussion

The reasons for the difference in the amount of nitrogen mineralized
by the samples from the two sampling dates is not clear. The difference
could reflect nitrogen uptake by the crop, a change in the energy source
available to the microorganisms after a crop, or the seasonal variation in
potentially mineralizable nitrogen. The August l—i)lﬂ were taken 3 1/2
months after the crop vas harvested; it would, therefore, be unlikely that

65
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Pigure 15. 8¥O] and ANH, production vs length of incubstion, November
" 91973 and August 197h, topsoil samples A + B
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Figure 16. Mlo; and mm; production vs length of incubation, November 67
1973 and August 197k, topsoil samples C & D.
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AN, and ANH, production vs length of incubation, Kovember

197§ and August 19Tk, topsoil sample E,
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Pigure 18. 3
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Table 4. Value of mineralization deternined for Oxisols compared with
values reported for some temperste and tropical soils.

Amin N, ppm
pH 3

Soil/source Hao CaCl, Org C Total N C/N week week wveek

t——

Showers (197T)
Planaltina, Brazil
November 1973
top (0-15 cm) 6.29 5.83 1.89 .114 16,58 L1.66 43.85 50.3
sub (15-30 cm) 5.20 474 1.55 .0975 15.9 52,93 53.2
August 197k
top (0-15 cm) avg. 6.07 5.60 1.79 .116 15.k3 29.03 31.60 U40.6
Boletim Technico #8
10
Planaltina, Brazil

top (0-10 cm) 4.9 1.76 .21 8
sub (10-35 cm) 4.8 1.16 .08 14.5
Stanford & Smith (1971)
Cecil SL, Ga. 5.8 .68 .09 13.88 50. L
6.2 s 051 1h.51 56.4
6.5 .36 .031 11.61 29.7
Goldsboro SL, S.C. 5.3 .66 .09 16.92 18.5
Greenville FSL, Ala. 5.4 .86 .09 17.55 20.3
6.4 .92 .0k8 19.16 27.6
Grenada SiL, Miss. 5.9 1.17 116 10.09 TT.h4
6.k 1.h9 .14l 10.57 96.9
Kranzburg SiL, S. Dak. 6.2 2.38  .231 10.30 75.9
Lakeland LS, S.C. 5.6 .26 .03 8.39 13.1
Leck K11l SiL, Pa. 5.6 1.51 .115 13.13 87.8
Norfolk FSL, S.C. 5.5 0.45 .030 15.0 16.8
Palouse SiL, Wash. 6.0 1.82 .135 13.u48 51.8
Pullman SiCL, Wash. 5.8 1.06 .110 9.63 65.8
Ritzville SiL, Wash. 6.5 T2 .068  10.59 24.7
Gasser (1961)
smd 5-5 .82 .09,‘ 8,7 10
511t Loam 6.4 1.62 .143 11.3 26
Fine Sandy Clay Loam 5.9 2,37 .256 9.3 U3
Fine Sandy Clay Loam 5.3 2,38 .262 9.1 36
Lathvell, et al. (1972)
Puerto Rico
Nipe, Typic Acrorthox 5.7 1.45 .,100 1.5 16 21
Pinas, Psammentic
Haplorthox 4.9 T1  .0T2 9.86 15 16
Catalina, Typic
- Heplorthox 5.4 2,92 ,280 10.h4 8l 95
Cialitos [28], .
Orthoxic Tropohumult 6.2 1.01  .i27  T7.95 7 11
Ccislitos [L4], Orthoxic
Tropohumult 5.0 1.67 .196 8.52 b2 53

(continued)
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Table h'f'(continmvd’)mmy S

_921_“_.%.-_23.6—-
PH 3

Soil/source _H&O CaCl, Org C Total ¥ C/N week week veek
Cialitos [3], Orthoxic

Tropohumult 5.9 2.24 .238 9.41 22 32
Humatas, Typic

Tropohumult k.9 2.50 220 11.3 58 69
Cialitos [2], Orthoxic

Tropohumult 6.4 3.26 .335 9.73 121 149
cialitos []], Orthoxic

Tropohumult 5.8 3.26 .320 10.2 99 118

Los Guineos, Typic .
Tropohumult 4.9 3,66 .328 11.2 189 193
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" Tgble 5. Summary

AMin, ppm
’ % % 3 L 8
Group soils pu(uao) Org C Total N C/N week week veek
mean of all soils 32 5.8 1.57 .12 11.1 -~ - -
ne&n Of h 'eek inc 28 5-8 l.sh 0162 90 51 hadend 53 -

mean of 3 week inc 6 5.9 1.81 .16 11.7 31 - ==

mean of 8 week inc
(tropical soils) 13 5.6 2,15 .196 11.6 -~ - 69

mean of Oxisols,
Puetto RicO 3 5 . 3 1 069 . 151 11 .6 - - "‘h

Brazil samples
Topsoil, 11/1973 5 6.29 1.89 .11 16,6 k2 N 50

Topsoil, 8/197Th 5 6.0 1.79 .116 15.% 29 P W
Subs?il, 11/1973 L 5,20 1.55 .0975 15.9 ~-- 53 53
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Table 6. Soil characteristics Typic Haplustox, Plamaltims, Braszil,

——

é‘mple !la,Opucm':l2 £ org C N c/n
Topsoil 11/73
¥; 4 ‘ 6.15 5.63 1.6k 11 14%.9
3 6.38 5.9 1.88 10 18.8
415 « 6.30 5.90 2.13 11 19.4
p 6.31 5.88 1.95 11 17.7
B 5.79 5.31 1.83 A1 16.6
‘Subsoll
A 5,93 .47 1.69 .08 21.1
B 5.41 4.89 1.66 .08 20.8
c 5.22 4,78 1.66 .09 18.4
D 5.23 .80 1.20 .09 13.3
E no sample available

‘,Toﬁnoil 8/74

A 5.79 5.30 1.88 .10 18.8
B 6.18 5.69 1.68 .09 18.7
c 6.22 5.73 1.82 J1 16.5

| D 6.30 5.90 1.7h .10 17.h
E

5.86 5.38 1.82 .12 15.2
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 these samples reflected the condition of the soil at the end of the crop-
ping season. It is more likely that these soil samples, vhen rewvetted
after being air dried, produced s nitrogen flush similar to that which
occurs at the beginning of the rainy season. It might be more plausible
to consider the affect of residues from the crop on the energy supply of
the soil microorganisms. It could be hypothesized that root and other
crop residues contributed to the carbon supply of the soil, decreasing the
amount of mineral nitrogen wvhich would be released to the soil system.
However, Table 6 shows that the means of the carbon to nitrogen ratios of
all of the plots remained essentially the same. Individual plot to plot
varistions are likely a reflcction of error in sampling and analysis. It
has been reported in the literature that acid soils in the temperate
region demonstrate a seasonal variation ir their ability to produce
mineral nitrogen (Olson et al., 1960) and Cornforth (1971) has noted
monthly variation in mineralizable nitrogen produced by incubating soils
of 2 different moisture regimes, vhich were collected at monthly intervals
for one year on the island of Trinidad. He concluded that the mineraliza-
tion of nitrogen vas related to the moisture content of the scil at the
time of sampling and to the previous month's rainfail. The rainy season
genermykntartl in October in the region in vhich the experimt ;tttion
is located. In 1973 the rains began early and the amount of rain vas
grester than usual. The monthly precipitation vas 180 w for November
1973 and 30 mm for August, 1974 (North Caroline State University, 197h;
1975)-"*i According to Cornforth's theory, samples taken in November 1973
reflected the high amount of rdpf&n in the pfeceediné month and, poss-
ib]y, s high moisture content at the time of sampling, vhile those samples
taken in August 1974 reflected the conditions of the dry seasom, It is
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--pot- possible to determine, from this data, vhether the Brazil samples
really did follow Cornforth's model, for Coxnforth's samples vere fmze:i
wtil the time of snalysis (within one year of collection), vhile the
Brazil samples vere air dried and stored for qeveral years. It is not
known vhether the effects of date of -mpling‘ would pgx;cist through a.i;
drying and storage. "

The values in Teble 5 show the means of mineralization values re-
ported in Table 4, which vere taken from the litersture. The soils ais-
cussed in the literature vere all hundled in different ways, and incuba-
tions vere not condugted according to a stan.dard procedure. Also, error
estimates vere not reported with all values, making it impossible to
determine the v;rimce. Thus, comparisona.‘ of the exact numerical values
| in the literature is not meaningful, and these values should not be used
for other than generally descriptive purposes. The striking feature of
"'the dats in Table 5 18 the similarity of the values obtained from such a
geographically diverse group of soils. Differences in experimental
techn?,que and sampling error would likely account for any !;ppcrent differ-
ences. It would be tempting to conclude that there is no difference in
the potential of tropical and temperate region soils to supply nitrogen
to a crop.

It 18 important, however, to consider the cropping history of a
soil as vell as its mineral properties. It is widely accepted that culti-
vation of a virgin soil disturbs the organic matter equilibrium, inducing
an increase in the decomposition of organic matter, with a consequent
greater rate of N release., After a given piece of land l;\is been culti-
vafjed under & particuGar management scheme for a period of time, a nev '
equilibrium level is reached ‘n which the rate of organic matter
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- -decomposition and N release is much lower than vhen the land vas first
brought into cultivation. The nev equilibrium level represents & lover
level of both organic matter and organic N than existed in the virgin
soil. Further, it has been reported that additions of nutrients and a
change in pH can also affect the decomposition of organic matter, leading
to increased N mineralization. Sanchez (1976), citing unpublished dats
from North Carolina State University, reported that P and Ca additions
increased N mineralization in an Oxisol from Brazil vhich vas extremely
lov in these nutrients.

VWhen conparing N mineraliza.tiox; values of different soils, it is
thus important to knov vwhether the scils at the time of sampling were at
an equilibrium or not, and if so, vhich one. The soils described in
Tables L and 5 had varied cropping histories. The Brazilian samples wvere
tn.k@n before and after the second year of cropping at a location vhich had
no known history of cropping. The smpies used by Stanford and Smith
(1971) were collected at various ARS field locations in the United States;
most likely these were areas with a history of having been cropped.
Gasser's (1961) samples vere taken from experimental fields in England
vhere rates of ¥ fertilizer vere being evaluated on the growth of barley,
potatoes, kale, and grass. Of the 10 soils studied by Lathwell et al.
(1972), 9 of the ssmples came from cultivated fields (tvo vere in pasture
at the time of sampling) and one sample vas taken from & field that had
not been recently cultivated.

The soils in Tables 4 and 5 can thus be divided into two major
groups: those which have a history of extensive cultivation and those
with no known history of cropping. The Brazilian samples fau into the

1{

latter category, and all of the other soils fall into the former category.
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_One might reasonably assuse that samples from the various cultivated
fields vere at or near their equilibrium with respect to organic matter
and organic N content, and thus vere at s somevhat stable N mineralization
level. The Brazilian samples of this study, hovever, more likely reflect
the dynamic transition time betveen the stable equilibrium of a virgin
soil system and the equilibrium attained under lustained cropping. Taken
in this 1ight, one would conclude that the potential of cerradso soils,
taken from the Planaltina site the second year of cultivation, to
mineralize ¥ vas equal to the N mineralization potential of a variety of
temperate region soils wvith similar pH, and organic C and N values vwhich
vere st an equilibrium state under cultivation.

The next reasonsble question to raise would be, how does the
- potentiwl of cerradr. soils at cultivated equilibrium compare with the
potential of temperate soils with similar pH organic C and N levels at
cultivated equilibrium. There is no data at this time to answer this ques-
tion. However, if the general theory holds true for these Cerradso soils,
then the levels of organic N and organic matter of the equilibrium under
cultivation will be less than the amount at equilibrium in the virgin
soils. Thus, if the potential for N mineralization of cerradao soils Just
brought wnder cultivation is equal to the potential of temperate regim
soils at cultivated equilibrium, it 1s reasonable to suspect that the
potential to mineralize ll vill be ‘ess for the Cerradso soils than the
tuporstc region soils ct the equilibrius of cultivation.

The soils from Puerto Rico vhich vere likoly at cropping aysten |
equilibrium shoved an N mineralization potcmnl’ similar to both the gro
of Brazilian samples and the group of temperate region soils. Although
: th: Puerto Rican soils are highly weathered Oxisols and Ultisols from &
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_tropical climate, it would not be jJustified to use data from these soils
for the prediction of the performance of the cerradso soils under exten-
sive cultivation. Since there i no data available for the N mineraliza-
tion potential of the Puerto Rican samples uuder virgin conditions, noth-
ing can be stated about the change in the N mineralization potential of

these soils over time with cropping.



SUMMARY AND CONCLUSIONS

Certain problems vere associated with the collection of some of the
datas presented in the preceding three sections of results aud discussion.
The factor of storage of the soil samples has been adequately discussed
elsevhere. As the author did not participate in the conducting of the
field experiment, she has no direct information as to the nature and condl-
tion of the crop, and therefore of the crop data. Certain problems arose
in the laboratory technique. The 39 veek samples vere drier, by visual
inspection, than those samples incubated for a shorter period of time.
Thus, the amount of N mineralized after 39 weeks of incubation is not
directly comparable to the values for shorter incubation times. Also,
the incubation in bottles technique may not be suitable for long-term
{ncubations. Keeney end Bremer (1966) reported gaseous losses of N dur-
ing the long-term incubations which they conducted. The decrease in
nitrate in the subsoil data presented in this parar, if real, may reflect
such losses. Stanford (1972) citing Aliison and Sterling (1949), reported
"appreciable drops in pH" during 23 veek incubations, and Harmsen and
Van Schrevan (1955) noted the possibility of the accumulation of toxins in
long-term incubations in bottles. These factors, then could have in-
fluenced the incubation data. One further problem was in the determine~
tion of the percent total nitrogen. The soils vere analyzed five diffcr-
ent times, r-sulting in five different sets of values. The vealues seemed
to be dependent upon sample size. The values used in this paper vere those
of the macro-Kjeldhal digestion procedure, which vere vithin $.02 of the

values reported by the autoanalyzer. Because the percent total nitrogen
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' \'nluel may be in doubt, the carbon to nitrogen values may also be suspect.

The number of samples clearly limited the interpretation of this
data. The only strong relationship seemed to be that betveeni mineraliz-
able nitrogen and digest nitrogen over time within one Plot. This would
lend some support to the hypothesis that digest nitrogen does measure some
portion of the potentially available nitrogen in the soil. Another
observation of possible interest vas the difference in the pattern of
nitrogen release for the topsoil and subsoil samples from November 1973.
To what extent the behavior of soils incubated in the laboratory is a
reflection of conditions in the field is not known. However, the behavior
of subsoils, and their contribution to the mineral nutrition of plants,
especially in areas of lov nutrient status soils, is an important area for
further investigation. A further point of interest was the similarity of"
values repnrted for incubated soils from tropical and temperate regions.
Interpretation of this uimilarity must include a consideration of the
history of the land use; the Brazilian samples were teken from land
recently brought under cultivation while the other soil samples came from
land with a long history of cropping.

It is difficult to determine whether the chemical method used in
this study had any more or any less promise than other chemical test
procedures proposed in the literature. Since there is so much variation
in the pretreatment of soils, and suggestion that time of saxpling and
condition of the soil at sampling influence the values of soil tests, it
nigh't( be wvorthwhile for a team to conduct a series of experiments under
uniform conditions in order to evaluate several test procedures. The tean
should have a minimal composition of a biometrician, an agronomiut vitli

knovledge of soils, a plant physiologist and a chemist. The role of the
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_biometrician is obvious, the chemist would be needed for the laboratory
processes and evaluation of techniques, and the physiologist should, among
other things, investigate the utility of grouping plants by their patterns
and rates of nutrient uptake. It is conceivable that the final calibra-
tion of the test methods will require a grouping of both soils and plants,
and an interpretation of the interaction of the potential of the soils and
the needs of plants. Clearly, the role of the agronomist in such vork is
one of synthesis. Field trials should ultimately be conducted with a wide
range of crops, on a wide range of soils, in many locations so as to
evaluate the effectiveness of the various procedures under different

mineralogical and meteorological conditions.
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