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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 front 
research in tcmperate cnviro)nne1N,,., lowever, the hidIncn tl prin
ciples established inl rcsearch in t ilplrAtV IC i4)li% have JI)lqih ati(l in 
Iropical reg'ions. Thcre arc 1irlro](er lis I0)asol" to co'.L.i111e ht tropi-
Cal retgions differ from teMlperA ,lCti0os lAtrvly ill dilniic environ
ient, bult the lindamnII Itiolhgicail princiles forniilaticl in teii

plrat e regions ,apply equally Vell in tlopical rhM MoJUhJIioltpte 
consideration is giVien for Lli'allk% III elivil(olill tiA ti ic l) 'Ilie pur

pose of this chiapte is to lview+'ev t ielti)iii nl1i 1lilAilles that 
should guide rcsearch on1,oil iitrogr arid orgiIc llh Itcr iIIlltopical 
regions and to eInphasi/e lcasor rllilents thait are iCtlilcd ill i ler to 
manage tropical cropping systeurs clficntly. 

NITROGEN SUPPLY CAPABILITIES OF SOILS 

Nitrogon Supply Processes 

Natural nitroi slupply 1proce ,sc,have providcl the nitrogen for 
crop production since the Iegir nili, tif tifi. Ilowever, seldoll hrkVC 
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HUMID TROPICS64 SOILS OF THE 

they provided an abundance of nitrogun for long and sustained pe

riods of crop production on the same land areas. Moreover, natural 

supply processes at their best have seldom provided enough plant 

available nitrogen to achieve the level of food and fiber production 

needed to meet the demands of present-day crop production. The 

natural supply processes include (I ) 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 biological processes; (3) addition of nitrogen added 

through rain and other forms cf precipitation. 

Soil Organic Nitrogen
 
important
The nitrogen insoil organic mnat tcr has been and is yet an 


source of nitrogen to' crop produhction. lowever, soil nitrogen is not
 

iblC; it roust decline in quIntity in the soil in order to sup
incxlaUt 

ply net amiounts of nitrogn'll to ciOps grown on the land. (onsidera

forlatiol nd lec(position
tion of several factors asouiatetd with 


of soil orga nic nitrogen will illst-ale its impolLrtance and al~o its
 

limitations as a soffice o nllitrogel to clop ploductlo ll. 

Nitrogen in the soil is largcly ill organic loirn. 'I lie mrmic itrogell 
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attained after long periods of constant soil management. The equilibrium system is best illustrated by reference to the general matheinlati
cal expression used to describe soil nitrogen changes with time
 
(Woodruff, 1950).
 

(dN/dt =1A rN) (1) 
is the primary differential eqnation that states that the rate of chalnge
in soil nitrogen is positively related lo the rate of addition and ill
versely rela ted to the rate of decomposition. A'i-i the equation is soil
nitrogen content. .A is constant and is thie annul raft, of additiol,
Tile rate ohI decomposition, r, is a g!ivcn IractI ion of' lil'orlannc nitrogenl in] the soil. Ulp)n1 ii.tc'i'ld iol,t111C \ l, i in F(q. (2) restidts. 

r " r (2) 

The function c ' t 
 ics hinm I I') ;isti ,,ies rom 0 to some very
large imniher.'Iienctolo. Alt- a ling tune (I ' ), ilie last two coinl
pollents illtile et(Ionlapi pllal;h /cro arid tile e(luation becomes 

V - Air (3)
and 

rV -<1 (4) 

This IncaI II. (,0)J thIt alition isel I to deconposition qlla
lion (3) shiows that Ht,amomnt of niti 
 'll Ini t ie oofat1 f1.1l taIhlihihrium i%itllicn-ced t hott lit rait (it *hihlt llt ,til IIIL, 1.1k. (d t.o 

1lit, I ~l ,Alt i.ll )l,'lll,.td
%oil mi..ll.ll fit'd h) k idlkt ,ll w "1,11.11lmisHInnh inii . t l 
tlliph,.,ilA t .,Jillh 11tl1,Ific 

aSo ili j.dthtd 1)i t ' ,ciii ti, tIc (LulyltillIk ,, t I-u".'.t'lnlHI b 

uiu, ia nlv ( WI,h i I tillfm t t t- ' Illjl-t,ll I Ih,ht, I1it -lli:l1Vot 

ll. tll l
il,lfll~b ll h,8 l~n
, ,llq l 'l , tI( ', , t !ld r Illt'a
 
nlilnnp~ri Inn l i ' 1 i 111n, 4l-t'ninillk n,l ll h'd 14)t11.n 
Uill fliuut it 1(y ic - hn Ii t ' llIlltlt l niti'l ( Iti lI i ,-",I u ntirA k 11 6 
C-lb|a11 1.h11IltI ( 11.t(" 111111 11)11 1t11 lI I i )I hIsIN, II I I'u h lll.1 J ,f (PI lit'11 hlit 'l,I tilinI Inf lttit II ic h i tiltfllII 1 1111 1 ilt4 it.fltI. 
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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 nonsymbiolic nitrogen fixation may furnish enough additional 

nitrogen to permit low levels of removal by crops for long and sus

tained minninuim prodtction. 

Cropping Practices and Changes in Organic Matter 

In virgin soils, some kind o allIequilibrinni sitli:iiol mo1st have been 

attained or cl(,Iy approached with iespect to il o()ialic matter.
 

l"the virgin ,.nl\ w.I, begill, thib et1 ilibliliin was
When ,ulliviltiont 
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legumes are grown, the annual available nitrogen frorm natural supply 
processes becomes chiefly that from rainwater and from nonsymbi
otic nitrogen fixation. 

Current Situation 

Many of the major land areas of the tropics have now been cropped 
for extended periodIs, aal the orgaic matter stored under virgin 
conditions ha'; 'een dissipated. Where little or no nitrogen tertilizer 
has bcen used, yields of la)or crops lIrgely reflect the magnitudles of 
the natural nitrogen supply priocesses frout rainwater md nonsymbi
otic nitrogen fiitiou. 

Yiehld ol tc.(ir iif ftioIldc- ()' )(i to 1,20) k /lia i ud (owheatl of 
400 to 800 kglh;i rcijitine sipplics oifavilahlc nitroveeg only a littll 
)arger than could he expcted Irm lin mnd trom norsylhiotic fixa
tOll. NIMLV , Nili1 yil,(I (t,) iot) rtrnove Ilo, th1in I 5 (It nitroof'/ 
gen 1'rnin thel- ill hIIu 'dklit Such yieIld,, thlecat Ot' t pwoluct\. 

'hir1e, could h *,,t, tl iio lr,per od , llmt.l IniultveLc.'rllliiolls 
of agricultur withlthe "llnll o t utItili/el andl',Cit only lliollitll" 
withioot 1te r c ift 1litimi"i, MAiHrni' 1t1i I+toodlt, lcgu plant". Ill iriipmo l 

tt td ttll t. -.tlhe'., IllI 
olavailal~lbc iitilt kili ire kt.hiet Iilliriii ict'r illp iotlict lo 

ViitI A ti ll 1' 

prod il , r11't i yield levckI )1eJ.il, i e lack 

crop,, 1(I'.It ',l\t l i n A itllre tit' tlu 
ni tw r't'll lo,1llli/c' l ' trlli l t' l q ,I wil, I inl- ti!llit.1 h Ilto 
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le~ec'm 11 1(Iil 

BIOLOGICAL NITIIOUEN FIXATION 

Nitrogien Fixation l)y Ilioloijical A9e0ts 

hl(liltr'Il 1u t' 11ln'a l . llot 1foiIit t Itee,i ;e' porr 
vidifir, ili . 4t1Oth ir , tlllurtit"ic', 4if rIi"Imitn. lil'tl fly al)nilflt'iillIv 




68 SOILS OF THE HUMID TROPICS 

tied up in plants 3nd animals and in the decomposed residues founl 

in soil (soil organic matter). Moreover, biological fixation processes 

still supply the major part of the nitrogen for crop production in 

vorld agriculture. 
The chief process is symbiotic nitrogen fixation, in which a host 

bacteria function in symbiosis in theplant (mainly leguminosae) ant 

nitrogen fixation processes. Numerous host plants function in this 

way, and a large number are employed in crop husba ndry. The sym

biotic process of nitrogen fixation may supply a part or all of Ilhe 

nitrogen used by the ho,t plant for growth. As a result of tile growth 

of the host plant, which has functiolned in nitrogen fixation. other 

crop plhnts that are associated with or tht ftollow tlw host in a1crop 

Cllt by heinlg ',lpplidwith solm incicisCd llall-Sequence 1y 
f sonim apecld oifthe ixatiol

tity of nitrogen. Al uideltiitiiull, 

Prlc> PI0%ides a hj isik for detc lliling what limay be expece d of the 

host pill alld th iielitt ;inaCCitie to tileiciited crops,. 
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processes (Allos and Bartholomew, 1959). A very small but sustained 
concentration of mineral nitrogen in tile soil solution will completely 
inhibit fixation. 

Fixation may be inhibited without inhibiting nodulation. Nodules 
on host plants do not necessarily indicate tl.:,t extensive fixation is 
occurring or has occurred. When small but sustained amounts of 
available nitrogen are supplied to legtnmiliIons plnlts, infect ion pro
cesses oIhte roots ilay be nolnimal id nodules may be l'orimel, but 
very little, it any, nitroegcn may be fixed., lli!,hcr concentrations ol 
available iitrogen p t teVCnflnii o (Vincent, 5).t imnilltc., of I) 

Influence of Nitrogen Fertilization on Lequmes 
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crops that followed. The crop i'mediately following tile 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 obtaint-d 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
 

returncd to the soil and to the rcese o!nitrogen upon deconposi
some incrtnent in
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growth, may furnish f.orn 50 to 150 kg/ha of nitrogen to a non
legume crop that follows. Green manure crops and annual legumes
 
may provide from 10 to 70 kg/ha. In some areas of the tropics and
 
under some circumstances, these sotrces of nitrogen may be the
 
most effective for a fair crop yield. However, the nitrogen for high
 
and efficient yields will probably need to be supplied in substantial 
part from fertilizer. The natural supply processes --soil organic nitrogen
and biological fixation supply some nitrogen for crop production but 
do not appear capable, in light of present knowlecge, of providing the 
nitrogen requirements for high production. lowever, further research 
on this subject in tropical environments iny challenge current 
colncen s. 

Fixation by Free-Living Microorganisms 

In nownymbiotic nitrogcn fI\atitIn I)V fIkcl ivilIw b.ctera in the soil, a
 
lilnitil', colldition is 
 food cnct',y I Iic giowth of the organisn. hor
 
ex.llna plc, I1 i111 of 'Iilrorci llt'cl pc'litl of orp,.;llic food decoln
posct iW ii'tcu
ucIr flt' IIlI \i1l '11( lcli y ohtailcd by y(otllg, fats-glowinlg, hctckrolti)phic IbltltllI~ lt litfk1k.11l (.1:(t4 ,l)dch r), 'NN"(it11ii1P
 
fl~lillaxu titii ic l tf ivy ti 
 thli stii ttl foo~d Cttciy tlltl tlt.*,ltftllkcu H'
 
aydildl 
 Ilt' IlItI (W'c'l tk,' o to~li llmls :. 1 I (,I'vh ll , I ',oilck i~.t ill y 

tell I )!W ki tt I rli tycitl ft\c(.l pcl Ilt 1tc, 11wl ilopt'.I-l itt\ 

lf"!iltot,''li II'tili ,itw, Ic cttol' y ltl con ll trtill It'h I hw cvi-
Ii tCc't it ', , tt ' n'l i't' -,' s l lilL t l y lttb iitk, lI i iNill 

iI]l t ,iltc Ih',,ot! 'tlof l lttjtttic to 't1 ~tticyllptq il ofll 't'l l-Ii a-

Ihlci t't,,cIc ttgiit bot!'ts t tI,.t ti Xl 'oitllt "1"',.". I it' c',vu 

,I Ill- Ic.I'h1 hcllpI I(- lolllt ll~ fl i )J~Wit'l lt' 'A ll l lllt LII Pl tIIi iol . Il b hfilt"ktt ;I t in tlo' thiup itich itll o..oenl \,igt ' 111ly "llict l aIilt l \ l p ll do" 111nh Ih0hlCl d c OIII ! ll.K, 

oily11fapil ItI)CJ 1t"lclt i , i t i'tl fi tti ihitIltko'lriio',c ftlvil)h l,,lt ttt jo,cltIto Ilitht tI o,, i'tltI;tllo l - ,ptho tdAp to | ) lil| ,Owlll llk Alnd~tp Inhihl tl lk1.1llle 

o(11 inl i Lttlto lltii ll'rit IILut' 1i khluucil %ottiai ilt il ithiti of 

ruilfrou't-i Iti lili/v 



72 

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 50naml O percent 
(Rogers, 1961 ;Viels, 1960). The other 40 to 50 percent somehow 
escapes from tile soil system. It could be lost by lealching, or it could 
escape by volatili/atio.l Moreover, experimenta tion indicates that 
native soil nitrlupn coili lromi inifrroim/tiof, ooil organic mat
ter has not becn Ue mole t'iciently by crops thit tita addcd tertil
izer nitrogen. 

Tlie chief l(ss protk,s i:i bcii oii,idtred to be riniv,l ot tie 

available litc Iroti the ioot /oilnroge by waler, tl'sial;y rek lred to as 

leaching. 1ii)tl12 high laintil Conditlion-, and il,tIriihle well i.riie.d 
11u 1,soils, leaching llay be (Illite rlpid 4('hWa llcml, 'os' .t1d 

liotler low rajitl:ill conditioni," ,A 

or end otftu dry seao,i, ',tchlillp inly b ille '111d ()ti1tr ta 
tors ny make tihe nitrotien uniiavail;i bi. 

l)elitrificatimul and oihir olitile loN-, [ho tccs d1(()c'ltill',()l 

and ac.omiit li sonice ot the ittit it-iy illile iiw il Ilit.or-ti by 

crop plt.s ilt) 5ck,'vLi,o PC oi ttllic , 

Godefroy, I nda. t t tte ieiitfing 

' i llltil 'oil 'tot Vuulaw

,",o Ia, to l 1 till t) t'l tile loss liftic .,. i ot 'l) .1. fl i ofir,It 

. oti'lllblc tt" tltit.cat i 

tire Iriiiii 5 tio I ' i o 1tit iti I 'ilqc liw te ,tni 
esca.lpiIg lu, ,e tby o tolaillk Ittill dtl 

c l hh t ill o (d a 

Single clt'Wljtl '. (Allisn, 1I0( I96 ).S',01,t 1liiitholt ihew. ' 

'utie ,tit tt', diglllg leltill/l 

have bt':n ippield to the tilit"k, (d1,itdy s)il Whcni liltrite o)r 
Ietllod ol 1ddit ili (11 )"'Citmet.ic I C rlitn (1ttn

ui'olce',ill llitk J! , lt ;IlllIItiiiiii.iv 

ion r,,itiIt l h i litcc 1iii 

tlliiloo for t'l y ti1e soil, sojikc volatililatJ-ciut ivc asolltloit ly1 

tioln S ietvitable'. 

Influence of Soil Waitor on Nitrogon Abtorption 

Soil water ap at's impoltalto be the moot t single tactiir influencing 
or controlling nitrogen uptake and use by clop plants ill fiell %ittla
tions. 1his hyplohesis derives Itll1a Ltitical tevalulation ofla large 
body of indiret evidence. 

http:IlllIItiiiiii.iv
http:Citmet.ic
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Soil water is directly involved in tile transportation and absorpiiollof nitrate nitrogen by plants. Also, it is involved in leaching, tile chiefmechanism of loss from the soil system. It ik involved indirectly indenitrification. Soil water also influenccs the incidence and activity

of roots in some soil horizons. 
Four major premises relative to nitrate absorl-tion by plants andloss from a soil by leaching arc worthy of critical consideration.
 

These are as follows-


Nitrate nitrogen albsorption by crop plants from soil is closely rc
lated to water absoirption anl to vater availability.


Nitrate iitiTh!Cnuabsorptiol by plant rioolN is iiegli*ible ill soil
 zones where moistir conditons ar'c low or are 
adversc ko ion diffu
siOll ld I)il t utlake of' watr. 

Root l t iieeii into aid l(ot Prilifletion ill tht sevcral lorizoital layels thll ili akueil maelflhe soli a;Jry, 1iiil, ilon soils and 
ali iil1g 1la1t sl)c, illead Varitlits. 

Nitrate ileve', wihn ir,lmt all I tluliildkisulaill, (i, \ titcil mllovemciil aild a\'ilileuOty ill soil itiwl'l$ C\hlliiils ilitiute Illo eliicilt and
availabhility tol lRulltiifai 
 lin iplantsl. 

If ht , llsiui , ;sita tale lCkil, l, Cy 1i0l eily, w uld privide cxplan a 
uIr I pol lltiolils n litit h t 'i-'lit'o of liltlo ' il iW byl cro)p linlts
bill ;il"o w iihlu peieii ti wayIe, l e u
Ieilin iil:ii r practices
 

tIo alllviat niiirori, los t,e hvy lca hilil,
 
ii S(lhilieinl UiNlt .\lC llltiills iii ti ceLs'licc s( il, li, a. ot it %i Clein

shwlin lh;el the' ili ll m]e li illn ltrue, uiliei me llu thii it !iaks
lp wailter I lililoti e, ,/. I ' ) lit ',Il ,,'slcm is, limkc\d tr, niiialt,
nitrol!eii I c t mrhi 11itiel iotell d ie lloi i 1ke1 or Illolillh the
soil solutio ni to ti lli o ibolitilday. 
 Ills It'li lr1e1 l'c. issI,; lb y lidthrougllh wa (P()llrot,ltr o I i(() ,i)si .heel cilner I )C1)S), and Ilechief liiiiiiu" lclom ill ilolei ,l~eimt iplion is t ranuspri Itr h0 ii t
 

suir face.
 
I Ilit s 
 sitiniticus the it'uitieee, JiN,Icy t Jtllit l,ilil i ilrite' 

sources t evihl ,ilpl~e;ir 1) ice p1.isivC' (.le st'l'ui, 19 e , ). rit hl l it i, ticpendet (illiw11 ie, ftaill poe t m IhIIt! Illele)eiilut l ' Itiel fillms.Anc tir vell kinow f inltn o'soil w,,iter is iiii i i all ell' it is ,iViilable to plants, ()If'lit wiitr held at field pac',it),. Iiel uiC thnil 60
Percent, and oftell ICtllall thllt,i availabl to clop lelaiits. Waterheld it liti lille teiiouu al ove Ilile williing pIoilt tnCllntail nitratebut Wolld teild to IcViI its iioeill C IVteile lootS o Il hi_lfrop. 
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trate nitrogen absorption by tile crop plant is dependent on water to 

transport it to the roots either through mass flow or by diffusion, 

then in soil systems where water is stored in the soil for subsequent 

crop growth, ncIt 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 tile plant roots. 

In field situations the moisture conditions would be different from 

those in solution culture experiments. In the field, incoming water 

from the surface, in part, may displace the old soil water to deeper 

depths. Incoming water also may only wet tile surface of tie soil and 

have little influence on the soil water in the lower parts of tile root 

watt supply for a crop conies largely fron the top 
zone. Oficit tht 

few inChes I Soil. In sIcl1 situations, any nitrate nitrogen in tile
 

lower parts of the root zone would not be available for absorption.
 

Under corilitions of high rainffall, the incoming moisture may 

of the nitrate nitrogen frolm tile confines of tile
rapidly leach moAt 


root zone. Noinal precipitation results in water entering the top
 

layers of soil. Net movement of water (lawnrward through tile top
 

few centimcters of soil maiy be quite extensive. As a result of water 

toots and e luent transpiration through tile 
absorption by plant 

leaves it (otilie amt osplire, tict (lowniwrd rlnovclinc nt of water be

comes progrc;iivoCly ICs tlhrough pioro,,sivcly deeper layers of soil.
 

111oi the stb,,oil, somle i)ward irrove-

When a plant removes water 


ment (If water i tst mceir. When sub oil taycts get dry during crop
 

growth, there must be some depth plition in tie root /one where
 

tile net vet tical mlovetitlt of water is /ro,
 
inra ti,) ,il', cloppingokly anoWater mioveient pattet us vary 

tou10VCr'nt A a single site
practices, anid climatic rtegions. Also, waler 

xaNon to ,xtol. IeCAtill ltitt'(may vary considcrably ftrom 
tol liv'lre t patt ern 

nitrogen is ctlried anid moved by water, tle wa, t 

in a soil may have a marked influence ol plant absorption arid on 

how fast arid whell nlitrogcn is moved down in) the soil to posiJions 

beyond the reach of crop plants. 

CROP NEEDS FOR NITROGEN 

Nitrogen needs for soie widely grown crops have been investigated 

and are quite well untderstood. Ilowever, for many crops peculiar to 

tropical region, the total nitrogen requirements for particular levels 

of prodtction are not knowl. 



75 SOIL NITROGEN AND OHGANIC MATTER 

TABLE 1 Nitrogen Used and Needed by Slected Ciops 

Nitrogen, kg/ha 

Needed
 
to ProduceYield 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 I I I 10 28
Rice 6-10 82-141 46-86 200-360Wheat 5 140 78 300
Wheat 600a 12 6 27
Soybeans 4 
 245 115 
 -Peanuts 3.5 128 205 


a 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 achieve 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 aplant. 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. Flow
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 utlake, therefore, has beenused, mn( it stili remains the best 
measure of an "avaihi lc.,"situation. Conventional methods of mea
sturing miln rtt vail;mility do tmolniecessarily indicate how much can
be absorhcd by the plant. Soil test methods for nitrogen generally re
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flect a quantity of mineral nitrogen in the soil o' 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 -nvironmental factors that in

fluence these loss 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 inSoil 

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 

a, ilability of nitrogen in soil. Some are chemical extraction methods 

and reflect the total nitrogen in soil. Sonic 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 usefulness 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 equipment. 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 considerao 

tion of (I) the type or types of tests that could be used and the unit 

the kind and extent of field calibrationcosts of making the tests; (2) 

research needed to make the test meaningful; (3) the kinds and
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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 information about nitrogen fertilizer 
needs -nd crop response to fertilizer. For all cropping systems, a 
critical appraisal should be made of the precision in fertilizer recon
mendations that can be achieved by use of a test method and the 
relationship of this precision to the needs of the crop for nitrogen 
fertilizer. 

Immobilization and Mineralization 

The processes of immobilization (fix) and mineralization (release)
often exert a very marked influence on nitrogen availabiity in soil 
(Bartholomnew, 1965). Moreover, these transformation processes 
complicate the use and interpretation of a number of soil fertility
ami..lvsis 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 formn 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 rather 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 aerobic 
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 anld appears as inorganic nitrogen in the soil. 

The major tie-up and release processes come early in the decomn
position processes. In soil they are essentially complete within the 
first 2 to 4 weeks of decomposition. Low nitrogen iesidues, wbich 
immobilize extra nitrogen from the soil, tend to retain the total im
mobilized nitrogen for two or more seasons 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 Fubsequent seasons of decomposition. 

After the first early surges in decomposition, crop residul'3 tend to 
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continue decaying slowly, losing chiefly carbon dioxide and water 

but retaining nitrogen. Consequently, with progressive deconposi

tion, the percentage of nitrogen increases in the residue material 
irable soils, environratio decreases. Inand tile carbon-to-nitrogen 

mental factors, chiefly weather, influence the nitrogen tic-up and re

y influencing the rate of decomposition
lease processes principally 


of the crop residtues but do not significantly alter tlie amount of
 

nitrogen retained or released by rcsidues at parlcuar stages of tle

composition. 
Many observeA cropping and soil management practices excit part 

or Ihe crop throngh solle 
or all of their influence upon the soil 

itirogen. The 
modification or coitrol of tile tic-III) and release of 

marked itunce that one crop may have on a crop that follows is 
it rogln

often largely tue to the inllicnce of' the crop residtie on the 

supply from the soil. 

The amoutt anad kinds of residues left oh the land and the uan
rate and extent 

ner in which the residues ale imaal-mld determine the 

of nitrogen tic-up and release. Although residtue yields %'ary with sea

son, with soil, and with crop variety, the reslduc yields tend to be 

closely related to the level of prodtion Of tihe particular crop. IHigh 

production of a crop results in high yields of residue. 

The practical handling of crop residue.i, including plowing versus 

subsurface tillage, and the litle of year when tillage operations are 

carried out aniy after the nitroaen suipply. Residues left oil the stir

more slowly than those plowed under. lhi,; ,low de
face decompose 
composition, along with tihe fact that surface residues are in contact 

with less soil material, resllts ill a much slower tie-up of niitrogen 

from low-nitrogen residues and a slower release of nitrogen from 

high-nitrogeil residues than when rcsidues are incorporated in the soil 

by tillage. Surface inulches also modify soil temperaturcs and inois

ture contents, which in turn influence tie-tip 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 acctllntiate in the soil; and, 

second, that the nitrogen tie-up processes of decomposition will have 

been satisfied long before planting, so that nitrogen made available 

from the soil will be av'ilable to the crop and not reabsorbed by the 

residue during early stages of decomposition. Plowing-under legumi
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nous residues too tir in advaiice ofl iillling ;sul)se(tuetll crop illay
provide opportunity for rillogei hoN by dcniltrificallori or Oy 
leaching. 

Cullivation of the soil has been repoltt to stimurlat e microbial 
activity and to result in increased ni trogenIbecoming available from 
ihe soil. The validity ofI Iiis principle has never been atic.tlitly in
vesligaled. It iay or iiay not he correct. Factors othtier th;ill just dis
turbillg and aeratilg lie Soil, ill11ioSt ili tces, canllexplal ilost Of
the belielits of cultiv;lioni. ('hilip,;es in soil tcriiperatlre or illsoil 
iijlOiturL brought about ly cltiv,ition may account for the (l'fects of 

cultivation. 
The carryocvr clffce(ff nitroc fertili/ationi into the 'eCild sea

soi alter application iay be exlaincd ini palrt b 
the limoiiit and
 
composition Ot ciop rcsitties left on aild illthe ie l 
 idtin part ly in
organic niilrogci remainin, in the root /Onic. I-vcii thouhll ilcl-C-lSing
the rlte of ipplyin! nitiogcn fertili/er to nonleiets increases the 
amount o rcsidue retunedtl thie il, the hilier nilroen coitenits
of the rCsidlieS iliiceti by hig!h iatcs ofllitlolL'ei ter tili/ation would

tend to otfset the clect ot ' tile anoint of resCiduC in total liii-ogen
 
inlliobiliiat io l.
 

VolitilC IoN's procsses ard the iiipact ol wiltr ol nitrogen avail
ability :liiduse were ditis"cu t ila preceding scctiol. The incidence
 
and activity of' planti 
 roots ilthe several hiori/ontal laycrs of soil have
 
a marked inifteice on nilrogeni ibsorplioni. Soiie of lile factors that
 
influiince root growlh are diSeucdse 
 ii Other sect ions. 

MANAGEMENT OF CROP RESIDUES 
Crop residtues should be considered apart from soil organic riia^ter. 
They can have several ilorlant influences on soil. Also, they are 
muchnmore sirlject Itomanaigemenil than is soil organic matter. Crop
residues function in the following ways in and ol soil: 

As a prmtective cover olnthe soil surlaice, crop resities prevent the
deterioration of soil structlre that may result froi higt-intensity
rain. Sich a function can be userd 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 tetn
perature. Soils partia!ly covered with a layer of crop residues tend to
increase initemperature 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 residue layer. Residue covers also reduce heat loss from soil. 

Crop residues supply and regulate the supplies of nineral nutrients 

in soil. Upon decomposition, tire mineral elements contaiv'ed in the 

crop residues may be released and mauy become available (potassium 

is a special case in that most or all of plaint pot assium is water soluble 

and decomposition processes are not necessary for eleascl. Inthe 

initial decomposition proccsses, all of tlie mineral elements :ire iot re

leased. The quantities released initially, or iutie cally st:iyecs of de

composition. ale related ( I ) to the perccntage of, the nutrielt in 1tie 

residue and (2) to the stisceptibility of the rcsidic to dccompo,ition. 

The Most important influence of' decampoit ion ()i'tci rcllctced iiiis 

the nitrogen tic-up and release. 

('op residues oftell harbor di;ises anl insect psts. lihe ninage

ment of residues, therefore, can have a imirked iniluenrce m soil sani

tation amd on tihe incidence of diseases and pct damlIge to clops that 

follow the addition of tile ICsiduC. 
Residues on the surface of the soil impede il oftein Icstrict cer

tain cultural practices. [r this reason, as well as to contof tiiseass 

and pests, residues arc often hurned. Rcsidues (m tie stiuFacc decolll

pose more slowly nldcr iany eirvironniental circunimaices tIran resi

dues buried by plowing or other cultural practices, Large yichls of res

idues are generally a mruch grcater prohlem for tillaic operations than 

are small yields. 

A widespread conventional practice in tropical and sutiopical 

areas is to burn crop residues dluring or near tire beginnirg (ofa dry 

season. This pratice cle as the land surf'ace of coarse residues ani 

permits new forage to emerge in grazingz areas or eliminates tillage im

pediments on cultivated land. Although the literature concerned with 

burning is extensive, there remain a number of unanswered (Itestions 
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 areas 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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