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Soil Nitrogen and
Organic Matter

A vast amount of knowledge concerning soil nitrogen and organic
matter has been accumulated. Most of this knowledge has come from
rescarch in temperate environments, However, the fundamental prin-
ciples established in researchin temperate regions have application in
tropical regions. There are numerous reasons to corclude that tropi-
ail regions differ from temperate regions Laieely in chimatic environ-
ment, but the fundamental biological principles formulated in tem-
perate regions apply equally well in tropical regions when adequate
consideration is given for chanpes i envitonmental factors. The pur-
pose of this chapte-is to review the fundamental panciples that
should guide rescarch on soil nitrogen and orgamce metter in tropical
regions and to emphasize measarements that are required in order to
manage tropical cropping systems etficiently.

NITROGEN SUPPLY CAPABILITIES OF SOILS

Nitrogen Supply Processes

Natural nitrogen supply processes have provided the nitrogen for
crop production since the beginning of time. However, sctifom have
N
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64 sOILS OF THE HUMID TROPICS

they provided an abundance of nitrogen for long and sustained pe-
riods of crop production on the same land areas. Morcover, natural
supply processes at their best have seldom provided enough plant
available nitrogen to achicve the level of food and fiber production
needed to meet the demands of present-day crop production. The
natural supply processes include (1) mineralization of nitrogen from
soil organic matter and from crop residues and the reverse process of
immobilization in the decomposition of plant and animal debris and
soil organic matter; (2} fixation of nitrogen from the atmosphere,
largely through tiological processes; (3) addition of nitrogen added
through rain and other forms cf precipitation.

Soil Organic Nitrogen

The nitrogen insoil organic matter has been and is yet an important
source of nitrogen fog crop production. However, soil nitrogen is not
inexhaustible: it must decline in quantity in the soil in order to sup-
ply net amounts of nitrogen 1o crops grown on the land. Considera-
tion of several fuctors associated with formation and decomposition
of soil organic nitrogen will iltustrate its importance and also its
limitations as i source of nitrogen for crop production.

Nitragen in the soil s Fargely in organic form. The organic mtrogen
is an integral part of the sail otpanic matter systen. Changes in or-
ganic matter are always accompanicd by paratlel chanpes Of gL
pitrogen, Orpanic matter is a temporary product astige i a natural
cycle of elements. Fachhmcrement of orpanic netter ongnated asa
patticle of plant or ammal residuoe, and it remains in the soib while it
passes through the ceveral slow biological changes that eventually
convert it to carbon dioxide, water amonium, and other naneral
clements The sorbsupply of orgone matter s replennshed by penodie
adidit=pre o fresh plant o anonal sesiduey

Upeter all nonsterde sorl conditions mtroyan s added ta the or-
e supply i the sonl antatly through crop residues tinnotliza-
tont Alko itrouph bioloycal decamposticn, orpane tropen the
woil 1s contmonsly converted to the morpant torm frneradization)
Under any sustinned system ol crop atnd ol manapement these two
processes temd toappreach cach other mnapmtude <o that mmerabe
zation halances mmmolization R tholomew and Kitkham, 19600,
When this balance woattimed, the sybeny i constderad to e
eqquihbiinm

Soil areas ditfer markedly o the cqubinrum Jesel ot soib mtrogen



SOIL NITROGEN AND ORGANIC MATTER 65

attained after long periods of constant soil management. The equilib-
rium system is best illustrated by reference to the general mathemati-
cal expression used to describe soil nitrogen changes with time
(Woodruft, 1950).

(dNJdt =4 - rN) (1)
is the primary differential cquation that states that the rate of change
in soil nitrogen is positively related to the rate of addition and in-
versely related to the rate of decomposition. A in the cquation is soil
nitrogen content. A is constant and is the annuat rate of addition,
The rate of decomposition, . is g given fraction of the orgame nitro-
genin the soil. Upon intepration, the expressionin Fq. (2) results,

, 4 rt
A\’ :_! ',1( ~ + N et (2)
r r

The function ¢ 7 varies from |t 0 s rt vanes from 0 to some very
large number. Theretore, after o long tirne (7 o0, the last two com-
ponentsin the equation approach zero and the cquation becomes

’ N o= Afr (})
and
r\N - A (4)

This means 1Eq. (0] that addition is cqual to decomposition 1 qua-
tion (3) shows that the amount of mitiorei i the ot at tinal cquilib-
num is influenced by both the rate ot addition and the tate of (e
composihion

The imphcation, and comwspienccs ol copnhbtiam st tions
SOt orpane nitroren need 1o be cinphasized At cqulibipm, the
amount added to thie supply o olyame ntlropen e esentnally bal-
anced by b e amonnt of de ampesthon Phe totad quanidy ol
rogen i the <ol e i Langeed Conmequently the net
Aot that Canche i vcapphed 1o top vezere Under these
O there mined e s M oreanmc uteoven ooturned to the
st froun top rcaducs ay n hiberated from dey position A cntaeal
Examstion of cquibibinnm ataations rovcal that sl a part of the
oD s Banvested anid renioyedd Lo the Lo evpuahibeam en onganie
Matter can caang only b the mitropen and organe mattes mpnts are
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supplemented from sources apart from the land area in question. Fal-
low areas and permanent pastures most nearly provide conditions
where equilibrium situations could exist without fertility input from
outside sources. Also, at very low levels of soil nitrogen, rainwater
and nonsymbiotic nitrogen fixation may furnish enough additional
nitrogen to permit low levels of removal by crops for long and sus-
taincd minimum production.

Cropping Practices and Changes in Organic Matter

In virgin soils, some kind of an cquilibrivm situation miust have been
attained or closely approached with respect to soif orpanic matter.
When cultivation of the virgin soils was begun, this cquilibriem was
disturbed. Either the rate of addition of soil orpanic nitrogen o¢ the
rate of decomposition or both were so altered Bt a new equilib-
fium fevel was approachied. T mostinstances, this new level ol ar-
ganic matter was lower than that in the virpin sotls.

Available Nitrogen in Relation to Supply Processes

Soil organic mtropen must dechine mquantity i order to supply net
ymounts of nitropen tor crops grown on the cort This s sull hap-
penimg i some arcas of the world, T here 1s no simple method for
deternnnmng the extent to wlneh o arcas fave atbamed vipanic mat-
ter and orpane mtropen cquithibrmn Soil test procedures Lipely e
flect total mincrlization of total o e nitbogen Fhe time that the
worl T been nnder vonstant coltnateon e e best sude Some long-
tine sorl i Crop munaecient experne b empenate pesmons
Jrow that 4 new copnhbon amonteesn o wond ot natter s
losely appross hied 60 1o 10D years ol censtantn vapeient In
sore tropies and sotiopieal ares the Ge to attam onprante matl-
ter and mtroren cquhibnum may be mnch shogter

Dy pernds ol g or nom dlivated comditions, certa sonls
ternd tor bl up woal onranne it ter andd o tutroren Some sanls ace
cumnhite as cte TO 000 by due ol mitopen nder vy condy
tsogis Drunimg the Hrsty oot vultivation, these wame nods nay sup
ply as mudchoecA00 b ol avanbable nitropen por yeast (S et
and Brown, 1238y Accattivation conlinues aned the orrante tropen
dechnes, the quantity of wttogen becomnge sl ale vach year de
Lines Altcs Tong et ol culbvation the s orpanic it b

cutes exhatated s o ougee ol avatlable mitrogen, aad voless
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legumes are grown, the annual available nitrogen from natural supply
processes becomes chiefly that from rainwater and from nonsymbi-
otic nitrogen fixation.

Current Situation

Many of the major land arcas of the tropics have now been cropped
for extended periods, and the orgaric matter stored under virgin
conditions has been dissipated. Where little or no nitrogen fertilizer
has been used, yiclds of major crops largely reflect the magnitudes of
the natural nitrogen supply processes from rainwater and nonsymbi-
otic nitrogen fixation.

Yiclds of carnin the order of 600 to 1,200 ke/ha and of wheat of
400 to 8OO kg/ha require sapplies of avathable nitrogen only a little
larger than could be expected from rain and from nonsymbiotic fixa-
tion. Morcover, such yields do not remove more than 15 kp/ha of nitro-
gen from the fand in the bincested grann products. Such yicelds, there-
fore, could be sustained for fong periods under priimitive cenditions
of agniculture with the ase of only snzall amounts of tertilizer and
witiiout the colture of Teguminous plants. In nuny aaportant food-
producing areas of the tropies, these yield fevels prevail, and the lack
ol avinlable mtrogen is the chict limiting factor in production of
crops Foancrease yiclds m these same areas widl requie the use of
mitrtogen tertihzer or lerunnnous crops as well as ather production in-
Puts,

Laree aieas of Lind i tropacat regions have not been deared and
cultivated within the Lnown nstory ol the Lind, Sone of these
arcas tor example, the mland remons of Brasal sne expected to be
cleared and voltivated o the near futuee Atter clearmge and coltiva-
tion, the sonl would be expoected to Larnsh wome substantial aimounts
of mbrogen to Cie aops prown T he ancunts turnshed, the tate of
anticipated dechime mesol mitropen, suad the e tequined for a close
approach to mtropen and orpanic matter e-phibnum are samportant
tescarch topos

BIOLOGICAL NITROGEN FIXATION

Nitrogen Fixation by Biological Agents

Biologueal mtrogon fivation procesaes iuve beenresponsible tor pro-
Viding mosd of the Large quantities of nilropen conrently used by and
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tied up in plants and animals and in the decomposed residues found
in soil (soil organic matter). Moreover, biological fixation processes
still svpply the major part of the nitrogen for crop production in
world agriculture.

The chief process is symbiotic nitrogen fixation, in which a host
plant (mainly leguminosae) and bacteria function in symbiosis in the
nitrogen fixation processes. Numerous host plants function in this
way, and a large number are employed in crop husbandry. The sym-
biotic process of nitrogen fixation may supply a part or all of the
nitrogen used by the host plant for growth. As a result of the prowth
of the host plant, which has functioned in nitrogen fixation, other
crop plants that are associated with or that follow the bost ina crop
sequence may benefit by being stupplicd with some increased quan-
tity of nitrogen. An understanding of some aspects of the fixation
process provides a bisis for determining what may be expected of the
host plant and the benefit that may accrue to the associated crops,

The amount of nittogen fixed per acte per year under tieid soil
conditions lus been estimated by several investyrators 1 prosumed
that i most instances the estimates are based Laeeely anthe quan-
titics of totat nitvogen tahen up and inmobihized the plaot fissue,
Total mtroren contained in lepamimous crops panges frese i tilo-
grams per hectare i pool statuds af Tepumes 1o as moches 00 b/
in Larpe yiclds of soybeans and severab cattinges of attatha

An stpottant aspect of holorcal nitroren fenatton s that the
fixation provesses are prosthoclied In both sy mbaotie amd none
symbiotic bvation nattopen fved and uned ondy ot s needed for
growth of the hactern, the host plant, or both The Tevaton process
does ot resubt i s g te mtrogen tivation 1o whoc han exoesy
of tived mtroyen iy transported to the extenor ol the hactonabeelbin
nonsymbiotic taatien at o the ontade of the host phant i syime
ot vation Frveston s prowth boudand the Tivation processes
are 1 some way ecihated by prowth processes and by needs o
mtrogen

Anotherimpottant Lactot Biotorial nitropen hevation s thatm
both sy mbiotn and nonsymbrote processes Tecaton i iminhited by
the presenoe of vabstle morpanus mttopen Wien nnctal nitropen iy
i the sy stems ot adable Toruae by the bactona anud the host plant,
the morpanie mtroeen s aborbed o waed st and the fivation
processes fnnchim only tosupply the mtropen detiat Toother
wortdy, avalable mtrogen sabstitutes ot and replacen the fivation
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processes (Allos and Bartholomew, 1959). A very small but sustained
concentration of mineral nitrogen in the soil solction will conmpletely
inhibit fixation.

Fixation may be inhibited without inhibiting nodulation. Nodules
on host plants do not necessarily indicate that extensive fixation is
occurring or has occurred. When small but sustained amounts of
available nitrogen are supplicd to leguminous plants, infection pro-
cesses of the roots may be normal and nodules may be formed, but
very little, i any, nitrogen may be tixed. Higher concentrations of
available nitrogen prevent the formation of nedules (Vineent, 1965).

Influence of Nitrogen Fertilization on Legumes

In constdening the mtragen mutntion of sone feounnous Ccrops, it
should not be torpotten that tegumes oy respond i vrowth and
yickl to the presence ot o tivorable quantits. of mineral soil nitropgen
CThornton, 1948 Greenhonse tests by e demonstatod such re-
spotses CA o and Bartholomoew, 19990 Moreover, nannnum yiclds
ol sovbeans luve most otten been produs od where el quantityes of
nitrogen tertizens huve beenapphed Nittogen terhilizer manaeement
for the production of lepwnes s Laecly anunb oown teld About all
that s been done so L e to ey apphication pracvees tiat have
been succetiul tor nontecamnons Crope. Some wcrmns s tudies
should be andertaben oo mtrosen tertization of Leames i the
tropics espeaally those that are mnportant foad cropn

Influence of Legumes on Assoctsted Crops

Themtinence ot lerumes onacocated Crops ar on crops that follow
the leprome soathoult to e Do the acise prowing peniod of
lepuninous plants, very Bte ntrescn eocapes aoad becomes avarlable
toassoctted crops T ondy when the lepunns matutes of when on-
vironmental conditrons snduce parts of the plant 1o die that the
nittogen contamed o the treone of the legnme Begmes 1o bey ome
avarlible theoupl mscrotnal decomposton Ferenned Tommmes bogen
tocverta pugotintloe o e onecocnded phts ot the seaaon of
establtime ot and anpat Tepomes, ot notanty o thereal ter doning
decompoution ol top and 1oot reardues

An evaluation of meadow and catch rops has been nade by
Shrader ¢fal (19600, 0 tenms of mtrosen wipphed by the Jepmmes to



70 SOILS OF THE HUMID TROF!7S

crops that followed. The crop immnediately following the legume ob-
tained a rather large quantity of available nitrogen from the legume
that preceded it. Their data indicate that a crop that followed a good
legume crop in the rotation benefited to the extent of better than
110 kg/ha of nitrogen. The benefit to the second crop following the
legume was one third to one half that obtained by the first crop.

The increase in available nitrogen in the soil immediately following
the growth of the legumes is due in large part to the legume residues
returned to the soil and to the refease of nitrogen upon decomposi-
tion of the residuces. The increase also reflects some increment in
total nitrogen in the soil in the legume rotation plots over thatin
continuous corn plots,

Green mantre and cover crops vary markedly in the quantitics of
nitrogen they supply toa crop that follows. Al of the nitrogen in the
groen nanure is not available to the Tollowing crop. The proportion
of ihe nitrogen in the legume crop that becames avatlable is closely
related to the pereentage ol nittogen in the restdue retured to the
soil (Bartholomew, 1905 In penerdal, green nanure crops have tur-
nished growth resporses in crops that Followed that were equivilent
1o those obtained from the addition of from 10 to 68 ke/ha of nitro-
gen. The amount of mtrogen supphicd s not Large i terms ol fertil-
izer equivalents. The economies of the practice need to be critically
comsidered betore preen anures are recommended as a souree of
pitrogen to crops that tollow.

Place of Legumas in Modern Agriculture

It would b well at thiss pomtm the discussion to apprarse the poten-
tial and the value of lepunnnous culture and of biological mtrogen
fixation 1 modern agricnltune Whete fepnmes are vaduable as forage
or food, they will continue to beamperiant i modern arncultare,
Their culture sy not beustihied, howeverowhenamagor prrpose I
only to supply mittopen ta s ted crops Dast, the cost of nitro-
gen supphud by leprmmons cropsan terms of Labor amd Lind use s
often mudch too fnph to compele with tertitizer except where ferl-
jrer iv expensive and dithoult to et Sccond, fepnminous crops cate
not supply cnoupl mtropen tomeet the necds of modern hugh-
yiclding crops A perenal feprine crop,atter Iwo or more years af
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growth, may furnish from 50 to 150 kg/ha of nitrogen to a non-
legume crop that follows. Green manure crops and annuat legumes
may provide from 10 to 70 kg/ha. In some areas of the tropics and
under some circumstances, these sources of nitrogen may be the

most cffective for a fair crop yield. However, the nitrogen tor high
and efficient yields will probably need to be supplied in substantial
part from fertilizer. The natural supply processes--soil organic nitrogen
gnd biological fixation -supply some nitrogen for crop production but
do not appear capable, in light of present knowlec'ge, of providing the
nitrogen requirements ior high production. However, furtker rescarch
on this subject in tropical environments may challenge current
concents,

Fixation by Free-Living Micrcorganisms

In nonsymbiotic nitrogen tixation by free-living bacterta in the soil, a
limiting condition is food energy for the prowth of the organism. For
xample, 10 my of nitroper fixed per gram of organic food decom-
posed s near the maximum cthiciency obtained by young, fast-grow-
ing. heterotrophic nitropen-hining bacter (Azotobacter). Assuming
nanamm cthiaieney i the use of food cnerey and the absence of
available nitroren tw o conditions thut seldoni oceur in i soi ST
tem for 10 ke of nitropen fived per hectare, the nitrogen-tfining
bacteria would lve consimed 1060 ke ol ciaergy tood. Tn the case
of nitropen biving atyae, the encrey would come from helit The evi-
dence strongly surpests very little nonsymbiotie miropen hivatton in
most soils

In Bras atavorable civitonmient tor nonsyimbyotye mlroyen fixa-
ton s under study (Doberemer, 1901, 1908) Lootobad ter pnpal
thaves i the oot zones of suparcane and some speaes ol Paspalum
The plants through the root system, may provide sulficient cnergy
toresultm sphicant tivation. A paeudosy mbiotic associition ap-
peats Teastbdes Vhe importance of thns to agocultore warrants further
study However it the known pinaiples that influence nitrogen fixa
ton apply to the nopsymbioti and paeadosymbiotic assocutions,
only L to moderate vields ol the particidar crops coald be ex-
pected frony mitrogen tvanion: Lo ohtn the hipher yickds required
for modern cconomic agnonlture would necessitate the addition of
nitrogen fertilizer
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NITROGEN MOVEMENT IN RELATION TO CLIMATIC
FACTORS

Loss Processes

A problem of major concern in the tropics is the apparent poor use
made by plants of available soil nitrogen. Well-documented evidence
from a number of sources indicates that plant recovery of available
soil nitrogen ranges on the average between 50 and 60 percent
(Rogers, 1961 Viets, 1960). The other 40 to 50 percent somehow
escapes from the soil system. Tt could be Jost by leaching, or it could
escape by volatilization. Moreover, experimentation indicates that
native soil nitrogen coming from mincratization of soil organic mmat-
ter has not been used more efficiently by crops than has added fertil-
izer nitrogen.

The chiet Toss process has been comsidered to be removal of the
available nitrogen from the toot zone by water, usualiy referred toas
leaching. Under hugh raintall conditions and i triable welldraned
soils, leaching may be quite rapid (Charreau, 1901 Roose ad
Godetroy, 1908). Under low rainat! conditions, as at the beginning
or end of the dry season, leaching may be neghgbleand other tac-
tors may make the nitrogen unavintable,

Denttrification and other volatile loss processes do occur in sonl
and account for same of the inefficicncy m the use of mtrogen by
crop plants. However, except tor sonme unusual soid conditiens, vola-
tile loss prrocesses do not appeat to account for ol ot the aittopen
escaping use by crop plants. Reasonable estinutes of demtutication
are from S to 15 percent of the avandable mitropen in the courwe of a
sigle crepping season (Alhson, 1960; Bartholomew, 1964,

Loss of ainmone mitrogen by volatihization has been amagor Toss
process i some situations, e g, where annmoneyselding tertilizers
have been apphicd to the surtaces af sandy sols When the rate or
method of addition results 1o local o generad concentotion of am-
monia too pread for elective adsorption by the soil, some volatiliza-
tion is incvitable

Influence of Soil Water on Nitrogen Absorption

Soil water appears to be the most important single fuctor influencing
or controlling nitrogen uptake and use by crop plants in field situa-
tions. This hypothesis denves from acritical eviuation of a farge
body of indirect evidence.
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Soil water is directly involved in the transportation and absorption
of nitrate nitrogen by plants. Also, it is involved in leaching, the chief
mechanism of loss from the soil system. It is involved indirectly in
denitrification. Soil water also influcnces the incidence and activity
of roots in some soil horizons.

Four major premises relative to nitrate absorption by plants and
loss from a soil by leaching are worthy of critical consideration.
These are as follows:

Nitrate nitrogen absorption by crop plants from soil i closely re-
fated to water absorption and to water availability.

Nitrate nitrogen absorption by plant roots is negligible in soil
zones where moisture conditions are low or are adverse for fon diltu-
sion and plant uptake of water.

Root pencetiation into and root proliferation in the several hori-
zontal Layers that make ap the solum vary markedhv among soils and
among plant species and varictjos,

Nitrate moves with water, and an understanduy of water move-
mentand avalability in woil Lreely explains nitrate movement and
avanlabihity to particular « rop plants.

I these premises are cotrect | they not only would provide explana-
tions for much of the poor clhcieney of nitropen uae by crop plants
but also would point the way to formulating muanapenent practices
towleviate nitrogen Tosses by feaching.

In solution calture experiments in the absence of sor, it has been
shown that the plant can ke np nitnte more rapdly than it takes
Up water (Minotti ef al - 1908) T sorl systens, lowever, nitrate
nitrogen must be carned or moved msome way by or thiough the
soil solution to the 1ol boundary. his transpor Process v by and
through water (Ohlrogpe, 1969 Ohven and Kemper, 1968), and the
chiet imiting factor in nitrogen absorplion s transport to the oot
surface,

In these situations, the nitrogen uptake by the plant from nitrate
sources would appear to be passive ensen, 1962y, mthat 1t is de-
pendent an water transport or the movement througiv water Bilms.
Another well known feature of soil wateris tiat not adl of it is avail-
able to plants, OF the water held at field capacity, not more than 60
percent, and often less than that, is available to crop phasts. Water
held at moisture tensions above the wilting point can contiin nitrate
but would tend to prevent its movement to the roots of crops. 1t nj-
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trate nitrogen absorption by the crop plant is dependent on water to
transport it to the roots either throvgh mass flow or by diffusion,
then in soil systems where water is stored in the soil for subsequent
crop growth, nct more than 60 percent of the nitrogen could be ab-
sorbed by the crop. The water would have to be replenished and
recharged a number of times in order to permit a large proportion
of the soluble soil nitrate to be moved to the plant roots.

In ficld situations the moisture conditions would be different from
those in solution culture experiments. In the ficld, incoming water
from the surface, in part, may displace the old soil water to decper
depths. Incoming water alsn may only wet the surface of the soil and
have little influence on the soil water in the lower parts of the root
zone. Often the water supply for a crop comes largely from the top
few inches of soil. In such situations, any nitrate nitrogen in the
lower parts of the root zone would not be available for absorption.

Under conditions of high rainfall, the incoming moisture may
rapidly leach most of the nitrate nitrogen from the confines of the
root zone. Norinal precipitation results in water entering the top
layers of soil. Net movement of water downward through the top
few centimeters of soil may be quite extensive. As a result of water
absorption by plant tools and subsequent transpiration through the
feaves into the atmosphere, net downward movement of water be-
comes progressively less through progressively deeper fayers of soil.
When a plant removes water from the subsoil, some upward move-
ment of water must oceur. When subsoil Tayers pet dry during crop
growth, there must be some depth position in the root zone where
the net vertical movement of water iy 7e10.

Water movement patterns vary marhedly among solls, cropping
practices, and climatic regions. Also, watet moverent at a single site
may vary considerably from season to season, Because mitrate
nitrogen is carried and moved by water, the water movanent pattern
in o soil may have a marked influence on plant absorption and on
how fast and when nitrogen is moved down in the soil to positions
beyond the reach of crop plants.

CROP NEEDS FOR NITROGEN

Nitrogen needs for some widely grown crops have been investigated
and are quite well understood. However, for many crops peculiar to
tropical regions, the total nitrogen requirements for particular levels
of production are not known.
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TABLE 1 Nitrogen Used and Needed by Salected Cyops

Nitrogen, kg/ha
Needed
to Produce
Yield Level In Tops and Roots Yield Shown in

Crop (tons/ha) In Grain (Crop Residues) Column 2
Corn 10-12.5 150-190 112-150 300-390
Corn 1 11 10 28
Rice 6-10 82-141 46-86 200-360
Wheat N 140 78 300
Wheat 6004 12 6 27
Soybeans 4 245 115 -
Peanuts 35 128 205 -

? kg/ha.

Data on nitrogen use and needs for some cereal and leguminous
crops give some indication of the total quantity of nitrogen that may
be needed to achicve high crop production (Table 1). Such quantities
can be compared to the magnitudes of the natural supply processes.

The actual use of nitrogen by the crop may be much lower than
the total quantity of soluble nitrogen that may be required in the soil
or may be applied as fertilizer in order to produce the crop. Use effi-
ciency is often low and is one of the problems needing investigation
in the efficient production of tropical crops.

NITROGEN AVAILABILITY AND ITS MEASUREMENT

Availability

Availability of a nutrient implies a condition that permits its use by a
plant. This connotes that the nutrient is in the proper chemical form
for plant absorption, that it is located where it is accessible for up-
take, and that the local environment is conducive to plant use. How-
ever, we have only a meager understanding of the conditions that
must obtain in the soil to satisfy the requirements for availability.
Consequently, no precise methods for evaluation have been found.
Plant uptake, therefore, has been vsed, and it stili remains the best
measure of an “available™ situation, Conventional methods of mea-
suring nitropen availability do not nevcessarily indicate how much can
be absorbed by the plant. Soil test methods for nitrogen generally re-
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flect a quantity of mineral nitrogen in the soil or a potential to sup-
ply mineral nitrogen during a cropping season. ' '

The quantity or proportion of the soluble nitrogen (chiefly ammo-
nium and nitrate) that can be absorbed by the crop is dependent on
or is influenced by several important local site factors. These are

Rooting habits of the crop

Volatile loss processes and the local environmental factors that in-
fluence these Joss processes :

Vertical movement of nitrate nitrogen and in some instances the
complete removal of the nitrate by leaching

The moisture status in that part of the root zone where the nitro-
gen resides

The presence or absence of crop residues, which may immobilize
nitrogen

Evaluation of Available Nitrogen in Soil

- Crop needs for nitrogen fertilizers depend on the total crop require-
ment for nitrogen and the proportion of this total that can be sup-
plied by natural processes. Both factors should be appraised in soil
fertility evaluation programs. Test methods measure or reflect solu-
ble soil nitrogen. Calibration of test methods with crop response to
nitrogen applications should indicate crop needs.

A number of kinds of test procedures have been used to indicate
av :ilability of nitrogen in soil. Some are chemical extraction methods
and reflect the total nitrogen in soil. Some are biological and measure
mineralization. All are arbitrary and to be useful must be calibrated

_with plant use and plant needs.

Test procedures have had varying degrees of uscfulness and success
in soil fertility evaluation programs. Under specified soil and crop-
ping conditions, the calibration relationships for some methods have
been very good. However, no methods have been used widely for
diverse soil and cropping conditions.

In general, test methods for nitrogen are expensive in terms of
analytical time and cquipment. This fact suggests the need for a criti-
cal appraisal of the usefulness of nitrogen test methods in soil fertil-
ity evaluation programs. Such an appraisal should include considera:
tion of (1) the type or types of tests that could be used and the unit.
costs of making the tests; (2) the kind and extent of field calibration
research needed to muke the test meaningful; (3) the kinds and



SOIL NITROGEN AND ORGANIC MATTER 77

values of the crops to be grown; (4) the general level of nitrogen in
the soil and the cropping history of the area; and (5) other proce-
dures for getting equally useful informaticr about nitrogen fertilizer
needs \nd crop response to fertilizer. For all cropping systems, a
critical appraisal should be made of the precision in fertilizer recom-
mendations that can be achieved by use of a test methed and the
relationship of this precision to the needs of the crop for nitrogen
fertilizer.

Immobilization and Mineralization

The processes of immobilization (fix) and mincralization (release)
often exert a very marked influence on nitrogen availabiiity in soil
(Bartholomew, 1965). Morcover, these transformation processes
complicate the use and interpretation of a number of soil fertility
analysis procedures for evaluating soil supplies of and crop needs for
nitrogen. Practical appraisals of the influence of these processes
generally take into account the influence of past cropping practices.

Nitrogen in organic form remains associated with crop residues
during the decomposition process. The quantities remaining as or-
ganic nitrogen and the periods of immobilization and mineralization
have been extensively studied (Bartholomew, 1965). Some important
aspects of "these transformation processes need to be emphasized.
First, ordinary crop residues are raiher similar in their capacity to im-
mobilize nitrogen and will retain from 9 to 13 kg of organic nitrogen
per ton of original residue when decomposition occurs under acrobic
conditions. If the residue originally contains less nitrogen than
needed by the microorganisms for decomposition, inorganic nitrogen
is absorbed from the soil and immobilized by the organisms. If the
residue contains more than is needed by the microbes, the excess
nitrogen is mineralized and appears as inorganic nitrogen in the soil.

The major tic-up and release processes come carly in the decom-
position processes. In soil they are essentially complete within the
first 2 to 4 weeks of decomposition. Low nitrogen residues, which
immobilize extra nitrogen from the soil, tend o retain the total im-
mobilized nitrogen for two or more scasons without any appreciable
release. High nitrogen residues tend to release small amounts of nitro-
gen after the first initial decomposition surge. Small but measurable
amounts of nitrogen become available from high nitrogen residues
during the second and subsequent seasons of decomposition,

After the first carly surzes in decomposition, crop residues tend to
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continue decaying slowly, losing chiefly carbon dioxide and water
but retaining nitrogen. Conscquently, with progressive decomposi-
tion, the percentage of pitfogen increases in the residue material

and the carbon-to-nitrogen ratio decreascs. In wrable soils, environ-
mental factors, chiefly weather, influence the nitrogen tic-up and re-
lease processes principally by influencing the rate of decomposition
of the crop residues but do not significantly alter the amount of
nitrogen retained or released by residues at particutar stages of de-
composition.

Many observed cropping and soil management practices exert part
or all of their influence upon the soil or the crop through some
modification or controt of the tic-up and release of nitrogen. The
marked intfluence that one crop may have on a crop that follows is
often largely due to the influence of the crop residue on the nitregen
supply from the soil.

The amounts and kinds of residuces left on the land and the man-
ner in which the residues are managed determine the rate and extent
of nitrogen tic-up and release. Although residue yields vary with sca-
son, with soil, and with crop varicty, the reidue yields tend to be
closely related to the level of production of the particular crop. High
production of a crop results in high yiclds of residue.

The practical handling of crop residues, including plowing versus
subsurface tillage, and the time of year when tilage operations are
carried out may alter the nitrogen supply. Residues Ieft on the sur-
face decompose more slowly than those plowed under. This slow de-
composition, along with the fact that surface residues are in contact
with less soil material, results in a much slower tic-up of nitrogen
from low-nitrogen residucs and a slower retease of nitrogen from
high-nitrogen residues than when residues are incorporated in the soil
by tillage. Surface mulches also modify seil temperatures and mois-
ture contents, which in turn influence tic-up and release of nitrogen
in crop residues and soil organic matter.

Plowing-under low nitrogen residues well in advance of planting a
crop is always likely to result in more soil nitrogen being available to
the next crop than plowing just prior to planting. The chief reasons
are, first, that weeds and other plants that absorb soil nitrogen are
killed, leaving available nitrogen to accumulate in the soil; and,
second, that the nitrogen tic-up processes of decomposition will have
been satisfied long before plunting, so that nitrogen made available
from the soil will be available to the crop and not reabsorbed by the
residue during carly stages of decomposition. Plowing-under legumi-
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nous residues too far in advance of planting a subsequent crop may
provide opportunity for nitrogen loss by denitrification or by
leaching.

Cultivation of the soil has been reported to stimulate microbial
activity and to result inincreased nitrogen becoming available from
the soil. The validity of this principle has never been adequately in-
vestigated. It may or may not be correct. Factors other than just dis-
turbing and avcrating the soil, in most nstances, can explain most of
the benefits of cultivation. Changes in soil temperature or in soil
moisture brought about by cultivation nay account for the elfects of
cultivation.

The carryover eftect of nitrogen fertilization into the cecond sea-
son atter application may be explained in part by the amount and
composition of crop residues left on and in the soil and in part by in-
organic nitrogen remaining in the root zone. Fven though increasing
the rate of applying nitrogen fertilizer to nonlegumes increases the
amount ol residue returned to the soil, the higher nitrogen contents
of the residuces induced by high rates of mitrogen fertilization would
tend to offset the eftect of the amount of residue in total nitrogen
immobilization.

Volatile loss processes and the inpact of water on nitrogen avail-
ability and use were discussed in a preceding section. The incidence
anl :lclivil'y ol plant roots in the several horizontal laycers of soil have
a marked influence on nitrogen absorption. Some of the factors that
influence root growth are discussed in other sections,

MANAGEMENT OF CROP RESIDUES

Crop residues should be considered apart from soil organic master.
They can have several important influences on soil. Also, they are
much more subject to management than is soil organic matter. Crop
residues function in the following ways in and on soil:

As a protective cover on the soil surface, crop residues prevent the
deterioration of soil structure that may result from high-intensity
rain. Such a function can be used to reduce erosion of surface soil
and to increase infiltration of water into the topsoil,

Crop residues insulate the soil surface against rapid changes in tem-
perature. Soils partiully covered with a layer of crop residues tend to
increase in temperature less rapidly than bare soil. This may be due
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in part to the color of the residue and reflection of the incident
energy rays and in part to moisture changes in the topsoil induced by
the residuc layer. Residue covers also reduce heat loss from soil.

Crop residues supply and regulate the supplics of mineral nutrients
in soil. Upon decomposition, the mineral elements contaived in the
crop residues may be released and may become available (potassium
is a special case in that most or all of plant potassium is water soluble
and decomposition processes are not necessary for release). In the
initinl decompaosition processes, all of the mineral clements are not re-
leased. The quantities released initially, or in the carly stazes of de-
composition, are related (1) to the pereentage of the nutrient in the
residue and (2) to the susceptibility of the residue to decomposition,
The most important influence of decomposition oiten is reflected in
the nitrogen tic-up and release.

Crop residuces often harbor discases and insect pests. The manage-
ment of residues, theretore, can have a marked intluence on soil sani-
tation and on the incidence of diseases and pest damage 1o crops that
follow the addition of the residue.

Residues on the surface of the soil impede and often restrict cer-
tain cultural practices. For this reason, as well as to control discases
and pests, residues are often burned. Residues on the sarlace decom-
pose more slowly under many environmental circamstances than resi-
dues buricd by plowing or other cultural practices. Large yields of res-
iducs are penerally a much greater problem for tillage operations than
are small yields.

A widespread conventional practice in tropical and subtropical
areas is 1o burn crop residues during or near the beginning of a dry
scason. This practice cleans the land surtisce of couarse residues and
permits new forage to emerge in grazing arcas or climinates tillage im-
pediments on cultivated land. Although the literature concerned with
burning is extensive, there remain i number of unanswered questions
relative to the value of the practice as a practical means of handling
crop residues. These questions need to be resolved.

Residues may also be of major concern in arcas where multiple
cropping is practiced. Fresh crop residues often pose tillage and
cultivation problems when a second crop is planted immediately
after the harvest of a first crop. When two or three crops are grown
in the course of a single year, the accumulation of residues from high
yields of crops could very well induce a number of operational and
management problems,
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