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. ABSTRACT

 An understmdmg of the bxogeeehennstry of earbon and mtrogen in eeosystems is =

. - necessary for the sustamabmty of System ﬁmehen Transformauens, meludmg d:ﬂ-‘erent_' o

land usesb dlsrupt the natu:al mput output of seﬂ orgame matter and oﬁen result in B

- chan,gee in the eyelmg of carbon and mtregen Consequently it is imperative to know how .

N chﬁ‘erent land uses are hkely to alter the peel mzes, fhux rates and tumever of carben and ;

'_':mtrogenmthesoil | EEETET T |
7 The savanna and grassland biomes of South Aﬁ10a Jnclude la:ge areas wluch have
| been transfonnedby man and are the main gites ofpnmary aﬂd seconda:y productlen._ .

L  Sites in these bzemes along 2 vegetatlon and soil type gradient have been investigated.

' Soil smnples from a conserved area, a cultivated area aed a iwestoek grea have been = o

o -sampled ‘A Tange of soil properl:les mcludmg the poteﬂtlal rate of. mtrogen nunerallzatlen, _-
:  total soil ea:bon and nitrogen, microbial carbon and mtregen, soil texture, bulk denmty o
P pH and standing dead herbaceous biomass. have been quantified. These along with values N
" reported in the hterature have been used to vahdate the CENTURY ‘model, wlnch -

_ smmlates the tumover of eeosystem attn'butes on the basm of soil orgame matter mputs

' andeutputs . ' _ s o L
Results show that ‘the soﬂ orgame matter pool sizes for the sttes a.nd land uses ) | 3

were positively cotrelated with the pereentage fines (s:lt—plus—clay) and site andlty Sites B

B whleh were moist and had a percentage of ﬁnes greater than 45% tended to have 3 times
more C: a.ud N. Land use, especially eultlvatlon, reduced the amount of SOM at sites by

B 50% mamly because of the effects on the light fraetlen mass The potential rate of N__' '
mineralization was not significantly different between sites but the euitlvated land use led
“to the. mmoblhzatxen of N. Possnble reasons for this mcluded the negative impact that

‘cultivation has on soil macroaggregates, the lower (< 1.0 g/kg) input of light ﬁ'actmn, and

- the low (< 10%) percentage fines at these sites, Sxmulatlons of the SOM fractions using -~

the CENTURY model fer six fsnctional types i indicate that similar trends emerged but the' -
‘model greatly overestlmated absoiute amounts of SOM.
In cenelusxen, the - abselute quam:ztles of SOll earhon and mtregen are mﬂueneed by '
'ehmate, soil textune and land use; but the. prepertmn of soil organic matter fracuons do
not appear to diﬂ'er per bleme or per land use mdleatmg snmlax turnover times. .



__ACKN OWLEDGEMENTS A N :
o -; ] would hke o extend mythanks ta my supemsor, Dn Mary ok Schoies, who patlently

e gmded me through the pro}ect oﬂ?enng advlce and support when 11:was needed o ’o

o : : Special thanks must go to the many farmem on Whose property I was 81"31?* Pmss‘f’“ t°
o take smles These mcludeMr Visset (NYiS"leY) Mr 3. Smit (Nyslvley) MrF. Nel .

S (Messma) Mr Pnnsloo (Klasene) MrE. Cralg (Iﬂasene) ME'N Strydom (Bloemhot),
- Cmnje (Bethlehem), Mr G. Kewer (Vryhe:d) Mr DanHauser (Vryheld), and Mrs Snnt

G Sim.!laﬂy thanks gc to Mr Rem* van de Pol (Towoomba Agncultural Research Statzon)

S M Rudi Van Wyk (Messma A@culu.u-al Research Statlon), Mr Kasper Du 'I'ort, Mr.

5 _I-Iector Urquaz't (Vi ryheld Agncultural Oﬁces), Mr Sakkie Koste {Bethal Agncultural
_ Research S‘tatlou), Mr Burger De Vos (Bethlehem Nature Consewatmn) andProfC C
- Du Preez (Unrvermty of the Orange Free State) who assmted w:th mte selectlon o

I am.also apprematwe of the advme and help oﬁ‘ered ta me by Dr Robble Robmson and a

o M Allan Van Coller, and Dr Edward Witkowski who gmded me through the statistical

- analysis and mterpreta'aon when usmg the CANOCO program and SAS program,

o "_respecttvely Sm:u!arly thanks are extended to Dr Jacky Galpin and Prof Paul Fattl of the :

~ Department of Statistics; Umvermty ofthe Witwa.tersrand for advme on stansucai
_ '_.analyms L - C :

" Thanks also go to Mrs Mahalia Suhubert, Department ofBotany, Umvers:ty ofthe
Witwatersrand, who asmsted vmth the prowmon of Iaboratory equlpment

- mecml a1d was provxded by the Umvermty of the Witwatersrand Post Graduadate Merit '_ -
_Award!Bursmy andtheFoundatmn for Research Development ' '

'. Last, but certamly not least, J§ would hke to aclmﬁwledge the love and suppoxt givcn to __
‘me by my parents, MrI-I.M. Custers aners AM. Custers, durmg a]l stages of the '

| pro;ect ;

e



: DECLARATION S OO SO ST SOPU S ONUIP OO | |
LI IR LI LI LTS ..-'_;'.:-'-'..-ou--i.aica.".'ni-nut;uc_H--nuu-4-'-v-r-0---.-uulu-'u.-q,--g-:g-guu-_no-bu--u--.'m-
ACICNOWLEDGEMENT ' o : rereesensnesiei .. i
S Ity u---uu------an--o--vu-n‘-..-»u-w-_---_;.q...u.u.oa.'lﬂ :
I T 0 G[.]RES rhmes anasieennia v B T T T T T S L Lt L P SR PR S P P m
'LIS'I'O ABLE RN v s '
. F T S ....... [EETE TSI R T o S A P P ST A RPN F L PSP SR Y lx

. CHAPTER 1 Ty T LT T T P T T N L T LI TP P

12 Literature Revxew .......

. "121Thecychng0fmtrogen rerverenns U SO SO SOOI SOOI OTON
1 ZZSOMdynamlcs veesbores
h 1231\4101'01:}131 ty viiens vav . . ......a....M._;....u..:.,.-...u.'....'.-'.-..n...-_...-..-...
1.2.4 Factors mﬂuencmgthe cychng ofN OO CO I SO OF SO SRS ST
1.2.5 Land transformations ..........coceursecscrsersees crersene veerrerensnesensnsarnessnnnsnrenes 1O L
1.2.6 Brief overview of N mineralization in the blomes of South Aﬁma.. verviveireasiienes 14
1.2.7'N availability indices............ weareseesens ,. 15 -

© © 1.2.8 A brief review of some of the methods to determme avaxlableN cverersers 16
1.2.9 The ytility of 2 s:mulatlonmodel cevreue et brenasesreseersnnhsbatpranrarsasseasnesrronncarios 1S
1.3 MOTIVATION............. eseeviebevasessisnanneis soeeatvsenene ‘ ..... v isconsensensistopestensentnras 22
L4AM........... OOV SO OUIOOTURPIOPOD. .
1.5 OBJEC’I‘IVES....;...-..... ....... ...... ............ eeareneasias aversorsens 23
1.6 KEY QUESTIONS eereis s s sttty e sreios 23

CIIAPTER 2 ;.u.-"..-‘u.-..i.-.o.,........'n‘.a‘.'.'....“..-‘..._n.6.udcuc“n;.-.c_-uo'-'unun--u_;--l 25 R :

S, IIntroductlon irssbaissisatas e aes s e r s e nan baseana e BB RS AT E SRS b e b bbb 25

2.2 Material andMethods et 26
22,1 Sample sites.....,..oernnn. b st asacarera s tasier .'.26'-
'2.2.2 Sample collectton cevirenirrensnern 2’7
2.2.3 Site measurements................ 28
2.2.4 Sample analyses ......... e aerss e v et bt et bR tae st et R aor et rerverrenes 29
2.2.5 Data analyms eerress et irveeserieabptasessasabesserneserensemnitiasesaners rererineners 32
2 3 Results ...cocerinennn et .... R '

23.1 Blorne and site compansons‘.,..... BSOSOV O TP SO |- SR |

.2.3.2 Land use comparigons... reveseersenstrnbebsresa e 39

- 2.3.3 Comparison of sites and land uses along the envnnnmental gradlents raeremrenisns 42
-2.3.4 Soil differences between sites and and USes .........coreeeeveeeniensioneianerins ' ..--45-'
2.3.5 Multivariate techniques to identify patterns mthe sunﬁmty/dmmnﬂanty of sﬂes 47
2.3.6 The proportions ofN and C mthe SOMﬁ'actlons . cereierennerisavizervarens S 1
2. 4Dlscuss10n ...... PP PP retestereareeas ereereerieessosanraritsips 55
2 4.1 Cantrols on the accunmlatlon ofSOM.. SRV DEI SN NN



24250Mfractxonsandthe1rrelat10nw1thclay ..... R SRR - EEN

.. 243The mapact of laz.':d use on SOM fraenons in the so:l.....,..‘._;._.'..-. ............ beraseranires 66
| '_CHAPTER K RS NP - S
" Potential rate of nitrogen mmeraluatmn, ..... PR S
3.2 Material and Method...... _.'..-'. ...... eearienseane b ar e pes e sarsren R Ar s ettty viasressesnsts 68_ .
B .
' 33 ReSultS ...coinnicsirsenrinnnines et s aes e fspas s ar st e b bt b e gnersnp e siains 69
.- 3.3.1 Biomes and site dliferences..,....-.-....;...-.: ..... SO covsemsressribainesnirasr 09
. 3.3.2 Comparisons per land use’ ..... erorienen diereennsreanas beraenine W [ I
-+ 3.3.3 Comparisons alonga gradlent SO OO TSRSy /: S
3 A DISCUSSION . ..cevricruriverionsisinesiaivernaerions ._-J..-.,'...-' ...... S A UG SUURY -
~3.4.1 Controls onNmmeralmauen rensnasraes st ee st irt v aassas e byt eannntanns IO
_ 3 4. ZThelmpact oflanduseonNrmnerahzahon.......-....-.,.L._ ..... teesneiraeneesarerisebnesenraess 80
4. i Introductlon ........ ..... SOOI -7 S
42 Material and MEEhods........iveeririecivriuis eniasmensiossioressnisurerssoserertasmasstsssnsses receeneivn 83
ABRESUMS o croseeieereesersmsonenseom st st amessnstsbeneesse st sessbersessemssetens s Y
* 4,3.1 Comparisons of pool sizes and ﬂux rates forthe ﬁmctional types ofthe .
CONSEIVEd JANA USE......coerieeierineroeaereivsiniarermaseeesennrsesborsesnssorsnsosnonnsessnasinns eesiverarereies B8
433 The effects of land use.........cooeei.... ..... drauesessmetea et ea e s e b amagrensrares 91
434 Changesin landuse mtenmty reerbrsenaeerasesstis s bhmnansnsnnasstessaesisrersaors 99 ¢
. 4.4 DISCUSSION......v.sreserscrrnsisnasieamivss rernseennns ;,' ........... evireaneeneny - .4 103
44.1 Imphcatmns of land USE vveeseaeeirnsrsses svansinsassenerrsessarisiseseomersssmiossassrsnrmsarersess 1077

CHAP‘I‘ER 5 r.-.J--oonaIo-t.o-no'too!oocte"olvo-no-"Ir(-‘no--q‘outo'-oulId|-to‘nso!o.o"tq-l_l--o-icl‘-n.-vtop-r‘d-a&.v-;.a_w 109
. APPENDICES ................... fersemratesisneb et sasean R e s iR r s e e e s B bn e e SR n SR rAs bR OB RO S i19

-Appendix 1, The envu'enmental vanables for the land uses at each site mvastlgated in g the

savanna and grassland biome. ., vesine . 120
Appendix 2. The amount of mtregen (ug N/g soﬁ) 1n the three 5011 orgame matter

fractions. ........., ereseressabeebaasheninnsianisesasbirrintresisasiveetarenssrariessvassetnttasetsssnrasastoninsnstisresiinns 121

- Appendix 3. The amount of r:arbor( (mg C/g sml) inthe three scnl orgamc matter

EACHIONS. eveveieeeree i e iiaeseeessiansineasssestensstbnneatessenanmbeetvesonedesssabnnotseesba s tannsnmnmnetiitreedssanns . 121

- Appendix 4 ‘The management regimes for the land uses mvest:gated i this study and a .
list of abbreviations used in tables E1 - E3 of the management regimes. .. .. 121
Appendix E 4.1 The conserved land use management regime that is used as the _

event 100 file in the CENTURY model This shows a low Jevel of grazmg as expected

conserved areas, and a one in four year fire event with & mednm:l mtensmy wlnch
reflects average effects of fire over a 100 year mnmlanon, i.e some years hot ﬁres,

" cool fires, some triennial burns, others later years........ iibeesebeiskionearanerasedresntn 122 '
_Appende42Hiemﬂtzvated1andusemanagementreg1methat1susedasthe : |
event.100 file in the CENTURY model. ..o nninsetiess 123

.. AppendixE 4.3 The hvestocklandusemanagementreglmetbat isusedasthe -
event. 100 file in the CENTURY model. This shows a rotational grazing schedule for a

. particular camp with alternating periods of heavy grazing, winter grazing, and rest. . 123 . O



_LIST OF FIGURES | | |
Fi gm‘e 1 1 Aflow dw,gram for the N submodel of the CENTIJRY mode[ (aﬂer Parton et

al 1987) sﬂonu..o--s...““uu.on---u-nn----M---u-l-ﬂ-t-io--u R e R L L -l-(I

'"-'-.._'Flgure21Themean(+SD)massofthehghtﬁ'acuonateach31te(n=3)ofthesavanna R

. and grassiand biome, Similar trends exist for the dlﬁ'erence in light fractxonN andC

_betweer the 11 sites... 38 o
Figure22 Themeanmassofhghtﬁ-actmn(g/kg)meachlanduseofthe11 sttes S
‘investigated in the savanna and grassland biome. ........c..cirecoreerirersinn aimrsicesiveneinn 41

3 ‘Figure 2.3 The distribution of the investigated sites according to the aridity mdex of aach 43 L
o i_Fxgure 2.4 The relation between mean site () total nitrogen {sitcles) (ug N/g) and (b) -

total C (traingles) (mg C/g) for the 11 sites investigated, Each is the mean of the land-

7. _uses, and showsthevanatlonmtotalNand*otaICw:thsﬁe atidity. ... cniverie 44
Figure 2.5 The relation between mean site (=) total nitrogen {(ug N/g) and (b) tota] carbon o

(mg C/g) with the percentage fines. Means for the three land uses at a site were used.44

N 'Flgure 2.6 The relation between the total amount of carbon and mtrogeu in the soxl of the

.11 sites investigated a5 4 mean of the land uses at each site, .. .45
' F:gure 2.7 The relation between the light fraction mass and the predlctor vanab} and:ty o
- index, Meanis per land use at each site have been used (n= 23) for the three land uses. 46 '

R Flgure 2.3 The relation between the light fraction mass and the predictor vaziable

percentage fines (silt + clay). Means per land use at each site have been nsed =3

For the tHree 100 USES. ...civeiveriurenierivrnirusreressiiomnraiarmsisnisrcncasmarasssnsrassenseecs sasrecesoncs 4'-':'-. _
- Flgure 2.9 A triplot showing a redundancy analysm (RDA) for the samples, the “species”

‘varisbles, and the environmental varisbles, (A1 = 0.574, A2 =0.340, scalmg =2),..50

L Flgure_ 2.10 The proportion of € for the SOM fractions active pool (Merb C), slow pool

(Lfr C) and intermediate pool (Int C). See Table 2.9 for explanation of groups....... 52

- .Figure 2.11 The proportion of N for the SOM fractions active pooi (Mcrb N), stow pool

- (L& N) and intermediate pool (Int N). See Table 2.10 for the explanation of groups.53 |
Figure 2.12 The relation between mean (n 3) standms dead blomass and the percentage

£INES AL B BB, ..\.rverecvereeecrieienessbiceeasesiane s senastrebesbasssassrebssnannsoen RIS L.
_: Flgure 3.1 The potential rate of mtroge.n mnerahzatwn for the 11 sites m the savanna and '
- grassland biome. ......... L ercesab b s et e sene e e brend s e e g n e b Spe S b r e sans e e r e ke PR e b bR S S 69 -

| Figure 3.2 The mean (n = 3) potentlal rate of N mmerahzauon for the land uses ai each

site of the savanna and grassland BIOME..............ccreenincormmseramioimssssssomasansseiinser 0

Figure 3.3 The relation between the potential rate of N mineralization and the predictor . - .-

- variable total N, The slope of the regression lines of the conserved (a), cultivated (b) .

and livestock (c) land uses were significantly different. Conserved sites (squa:es) '

_ Cultivated sites (circles) and livestock sites (triangles)........convrenemvreeveiverenesasnnns 7

Figure 3.4 The relation between the potential rate of Nmin and the percentage finesinthe
 soil for the sites of each land use types. The regression lines for the three land uses
- are conserved (a), cultivated (b) and livestock (c) and sites are indicated as S
_ - conserved sites (squares), cultivated sites (circles), and livestock sites (triangles). . 72

: F1gure 3,5 The relation between the potential rate of Nmin and the predictor variable
aridity index. The regression lines for the three land uses are conserved (a), .
cultivated (b} and fivestock (c) and sites are indicated as conserved sites (sqaares)

cultivated sites (circles), and fivestock sites (triangles). .........ccc..urerarmsrismsareriresivesss 72
.F'gure 3.6 The relation between the potential rate of Nmm and the amount of N in the soﬂ '

for the land uses at each sit€..........oovverennnco Eebeerrna s e et aebia e e sy ate et SOTUTULIETRE Y /- B



| :.._Fxguré44'_"_ T

= "-ZF:gure4 | CENTURY Model smmlanon ofthe C dyna:mcs for thehngh(mg gmpl.) and
' . Tow {bottom graph) percenta,ge clayﬁmctlonaltypesofthaconsemdlan&use o

B mesugatedmﬁns smdy rasgiee fedR i eaaineny - '- 86 )
- -._-Fﬁg!lre4ZCENTURY odeimmﬂatwnoftheNdyuamwsforthemgh(topgmph)md S
- low (bottom graph Pefcmsemyﬁmcnonﬂtypwottheconservedlmduse G
o VRSHGRIR 10 S S i ¥
N __-_.F:gure43CEN’I‘URYsmmiatmnsshomngtherateomeforthecmd(a) e

o+ cultivated (b) and livestock (c) land use ofthe cIay ﬁmctmnaltypes, aSWelIasihe

_conserved sandy functional type . .. e
RY Model sum:latlonofthe C (top

pn);and N (bottom graph)

dynanncsforthe lowpercentage clayﬁmcuonal typeofthe cnﬂﬁvatedlanduse S :
investigated in this study. ... iinkesassreriaviens 96 oo

. Flgure4 5 CENTURY Model smulatlon off:he C (‘top graph) andN (bottom graph)
. dynaniics for the high pememtage clay ﬁmctmnal type ofthe lwestack 1and use U
mvestiga:ted m thts study, s vt e e ir s 9B




LIST OF TABLES

o Table 1 1 The rate of mtx'ogen mmerahzanonmblemes of South Aﬁm& ...... 15 -

Table 2.1 The broad climatic, vegetation and sonl type eharactenshes for each of the i1

L studYsxtesmvestlgated....-.;..‘..'..;; ............................................................. eirvessasiies 27
o TablezzCorrechonﬁetctorsthatwereusedtoestzmatethemnouutofNandethehght i

o fraction. i 31

o ._’I‘abIe23Thestzeofthesoxlorganmmattercﬁ'acttens,asameanfmthethreeland

- uses, in each of the sites of'the savanna and grassiand biome. .. e 2035

-_ ’I'able 2.4 Pearson correiation coefficients for the variable means mvestzgated in thls smdy

" (n= 31, significant correlations indicated by italized bold) Bartlett Chl—sqaure

. StAHSHC = 346,565, DF. = 105, P € 0.05.c.worsrorseserescrnsisisonebensssssssamsisssivinariraseses w36

-'Tablez SThesweofthesodorgamematterNﬁaeuons,asameanforthethreeland o
© . uses; in each of the sites of the savanna and grassiand biome. .. 37 S
* Table 2.6 The size of the soil organic matter fractions for the]and uses ofthe 9 sxtes in the B
- savanna and grassland biome. ...........cruun- 39
Table 2.7 The climatic variables for the 9 locations mvestlgated A3
. Table 2.8 Ordination summary for the RDA performed on the Specles and enwromnental o
data for each of the land uses at each site. .. - voeennss 8

Table 2.9 A chi-square comparison of the pereentages of N per sml orgamc matter S

~ fraction for the two biomes, three land uses, and for the three land uses in sach :
biome. Sites and land uses have been meaned for -2 comparison of the savanna aid
;.y'assland biome, sites have been meaned across biome type for the land use
. comparison, and for the land use comparison per biome. ., ere 54

Tsble 2.10 A chi-square comparison of the percentages of C per sml orgame matter
~fraction for the two biomes, three land uses, and for the three land uses in each
biome. Sites-and land uses have been meaned for the comparison of the savanna and
grassland biome, sites have been meaned acruss biome type for the land use '

- comparison, and for the land use comparison per biome. ........ tereasemseeapisonnrissersneres 54

* Table 3.1 A summary of the comparison of the slopes for the regression lines of the three
- land uses when testing tlie association between the predictor vmables and the

_ ‘respunse varable Nmin, Means per site have beer used (n = 31). .....iciicivnmicireane 73
- Table 3.2 A summary of ths regression analysés investigating the assoelatlon between e
- the predictor variables and the response variable Nmin (n=90). ... - . 74

- Table 4.1 The classification of sites into fiinctional types based on the percentage ﬁnes or
~ aridity index of each, Only the benchmark of each functional type was used to model
" the change in the nutrient load over time using CENTURY............ccovumrmcemrmseeernsenss 85
_ _Table 4.2 A summary of the changes in the total SOM pool size of C and N in functional
: ~ types of the conserved land use over the 100 vear simulation period, and the rate of -
. rmtrient loss from the slow pool during the first 10 YEars............rmererivrersorssseconcen 38
_' _Table 4.3 ‘A comparison between the observed (Obs) and simulated (Simul) results for -

the conserved land use pools active C, stow C, passive C, and totat C. The smmlated o

~ values are given as at time 0 and therefore indicate the expected pool size for that .
combination of climate and soil texture with minimat management losses. A bu]k .
 density of 1.3 has been used to convert mg C/g to g C/m2. .......... wamereenesararnaninnions M
Table 4.4 A cempanson between the observed (Obs) and simulated (Slmul) results for the
- N pool sizes of the conserved land use indicating the active, slow, passive, and total
SOM pool fractions ofthe ﬁmctlonal types mvestxgated The snmuiated values are



ngen 4 at time 0 and therefore mdxcate the expected pnol size format combmanon

_ . of climate and soil texture with minimal management losses.......... NI 80 IR
C Table45AsummaryafthechangeSmthetotalSOMpoolsrzeOfCandeﬁmcuonal

- types of the caltivated land use over the 100 year simulation penod. and the rate of

S nutnentlossﬁ-omtheslowpaoldunngﬁleﬁrst IOyears canreein .94 L
. ’I‘abIe 4.6 A comparison between the abserved (Obs) and mnmlated (Su:aul) results for '

- the, pools. of the cultivated land use indicating the active C, slow C, passive C, and
" total C. The simulated vaties are given as atnme{)andthereforemdlcatethe
expected po_al size for that combination of climate and soil texture with minimal -

- - Table 47 A._ otuparison between the obsewed (Obs) aﬂd s:mulated (Sunul) results fnrthe - | IR

N pool sizes of the cultivated land use indicating the active, slow, passive, and total

-SOM pool fractions of the functional types investigated. The simulated values are '

" givenag at time 0 and therefore indicate the

. of clirnate and soil texture with minimal many

R * has been used to convert ugN?gto g N/m2.. \ .................................................... 95-__ -
- TabIe 48 A compmsonbetweenthe observed (Ohs) and simulated (Smml) results for

1osses_ Abulkdensat)rolehasbemusedto convertmgC/gtog R

ected pool size for that combmahou .'
entlosses. A bulk densiy of 1.3

" the livestock pools active C, slow C, passive C, and total C, The simulated values are

. given as at time 0 and therefore md:cate the expected pool size for that combmaﬁon
chllmateandsonltexmrew:thmxmmalmanagemenﬂosses Abulkdenmtyofls o
© . 'hasbeenused to convert Mg C/G 10 g CM2, oo.vvvecliprevitommecmmsiaonsrissearsenessssivimsioyens 97 . .
: ’I‘able 49A companson between the observed (Obs) and Slmﬂated (Smml) results for the -
- Npool sizes of the livestock land use indicating the active, slow, passive, and total -
- . SOM.pool fractions of the functional types investigated. The simulated values are
.- given as at time 0 and therefore indicate the expected ool size for that cnmbmanon
© 7 of'climate and soil texh:rew:thmlmmalmanagementlosses Abulk densltyofl 3 S
I has been used to convert g N/g to gNlmz.‘._..;_..f._......-..- ................ eressrsrseessiriresas :-_99_'. o



Introductmn

) Soil mtrogen is oﬁen 8 hmmng resource to plants Whlch requlre it for metabehsm and _' : -

- _ growth The prmelpal source for this nutrient is the deoomposmon of plant and ammal

- . .I:tter, whxle addltlonal sourees mciude the mput of atmosphene mtmgen by blologmal and :
e mdustrlal ﬁxauon, amﬁclal mputs via fertlhser addmons, and the: mtrogen o‘otamed ﬁom L
' the store of sml orgame matter present in the so:l - '

) Consuierable understandmg already ex:lsts for maty of the processes llsted above and the N

_ ) _needls now to mtegrate them into 2 modeL Suoh an undertalong will allow for the. _
| development of : mmulation model wluch can he uaed to determme the likely changes in
‘the mtrogen cycle foltowing changes in the enyironment. Such ohanges are posuﬂat.d to

'oeeuf as a result of lnereased levels of COz and land use cha.nges (Vitousek 1994) Tt will _. _
therefore be neoessaryto ensure that the cyclmg of nztrogen be maintained for any S
X dlsruptlon to this exehange will inevitably lead to srtuatlons of unsustamable use. Thisis
 because available mtrogen is closely assoelated wzth the level of orgame matter in the soil
(Parton et al 1987). Soil orgamc matter stores, in tum, are often deereased by land use -
changes lzke the conversxon offorest to grassland, grassland to pastme and the effects of .
urbamsatlon a.nd over- opulatlon (Ayauaba etal 1976 Campbell and Zentner 1993)) -

' In hght of the above however it is perhaps ironic that the exact relamns.hlp between the | =
inputs and outputs of N 1o the soil in South Africa are not well understood, andthis |
project sets out to pm‘tlally address this need. The project aims to quannfy the amount of
soil carbon and nitrogen and the potential rate of mtrogeu mmeralxzatlcm in selected sites -
-of South Africa, The proeess of mineralisation describes the conversion of organic
_mtrogen into ammonium (NH;- N). Changes in the exmronment determlne this rate

“which varies aooordm‘= to several biological and environmental vanables (Pauland Clarsk . '

'_ 1989). Laboratory analyms in conjunctton Wlth past and current literature will be used to
- testthe CENTURY model developed by Parton etal (1 987) Such a model quantifies the' o
- tumever of various soxl orgamc matter ﬁ'act:ons and meludes N mmerallzatlon ﬁ'om the



: | orgamc pools in each_ Thzs isa smtable ﬁ-amework from wlnoh to esumate plant ymld and -
_-appropnate land use in the various blomes of South Aﬁlca ' o

oo '1.2 LtteratureRewew

._121 Thocychugofnm-ogen' o

o -The mtrogen cyole i a good example ofa bxogeochemxcal cycle Such a cyclo describes o
| the movement ofelemeuts and orgamc compounds that are essential for life andis
- genera]ly demgnaied as nutnent cychng Each cycle is composed of pools or reservou's

| wlnoh vary in sme 'I’hese pools can be e1the1: large and slow movmg havmg amon-. -
N . o b1ologlcal componerrl: known asthe resefvorr pool, or it can be a smaller and more actxve
o exohange pool that is movmg back and forth rap1d1y between orgamsms and theu'
o ';mmedmte environment (Odum 1971) R

| _Anessen;ial feamée ofébibge«bc}iemical eycle i thit the fluxes betvween the poclsare

- regulated pnmanly by the activity of bmiogtcai organisms. Such orgamsms mclude the soil |
-~ macro-, meso-, and mlcro-falma which cont:ibute to the tumover and size of the vanous

_ pools, especlally those of mtrogen Such orgamsms typlcally fanction mt‘.tnn anarow
S abiouc range, wiuch nnphes that when the environment demates from this ophmmn theit
o iﬁmctlomng is nnpedod (Wa:die 1992) Consoquently, in the case of nitrogen cycling, the |

flow of_ the nutrient will be alterf*fr +i this often leads to losses from the system. |

. Nitrogén .has a QIObal aﬁnt:sspherio Teservoir pool size of approximately 3.9 x. 10° Tg,

| N _whlle the soil i in contrast only has apool size efapprommately 105 000 Tg (Paul and

-~ Clark 1989) Despite this large atmospheric reservolr only a small percentage of plants |

-_ - have symblonc assoolanons w!:uch aid the i mcorporat:on of N into plant tissues by means
R 'ofBlologxcal Nitrogen Fixation (BNF} (Charley and Rlcha:ds 1986). Other kinds of

blologmal mtrogenﬁxers, e.g. free hvmg bactena, snmlarly do not. play a significant roIo in |
- ﬁxmg mtrogen, ie. convertmg atmospheno Nto forms ofN tha;t are avallable foruse by

_ PlaRtS, €8 NH4 or NO;", This mnphasmes the unportant role that the soil N pool has for o
. mamta.mmg the source of N for blologmal actmty ' o . 3



_Charley and Rxchards (1986) emphamsod that the soxl-htter subsystem acts as 2 control

: vaIve through v'hxch pass. wrtually all the nutnents The rate at Whlch energy arzd nutnents."_ e

" " ﬂow through this gate govems the produotlwty ofthe whole ecosystem. Severa]

' '_-'processes are mvolved in this oyellng and some mclude mmeral acqmsntlon or mputs

o redlsmbuuon as well astransfonnatlon and relocatton, and mmeral or nutnent iosses In ﬁ-'

the case of N cychng m senu-and savannas itis the remrn of Nto the soxl that xs )

b K e0n51dered to he the rate hrmtmg step (Scholes and Walker 1993) Thls return occur@, via

o several pmcesses and detenmnes how productlve the vegetanon 15 o RN -%:i_

| -'Nltrogen is commonly retumed to the 5011 m '{he form of htter although addltlonal sources - |

N 'mciude the mputs from W’et and dry deposxtl.on BNF and fernhzer mput&,h.gter is-

o oompnsod oi—‘ sev*eral nutnents whloh vary accordmg to the mne ofyear that 11: is formed

" the supp}y of the nutnents and supply ofr resources such as carbon dloxid.. water and

. hght In cases where rlutnents may be ltrmtmg, and resouroes Iike CO;, n abundance then L

o the qualnty of the lxtter may bocome !ess sultable for decompos:tton, ie, become more
S remstant to decomposntlon (Swnﬂ: et aI 19’”’-" Chapm 1980 Chapm }99 1)

o
f“* o

o Decomposntlon is the prooess by whlch lxtter 1s omdlZed or broken down and its rate

o g detenmnes how qulokly nutnents such as mtrogon are made avaﬂanle to plants and
e ammals for growth (Homer etal 1988) A common mdex used to quantiﬁf how

susceptlble the htter 15 to mlcrobla] attack and therefore decomposmon, is the oarbon (C) o
or lignin (7 ) to mtrogen (N) ratlo ie. C:N or L: N (Swﬂ’: el al 1979 Tay!or etal 1989) '

o When ik ratio is greater than 25:1 then the lltter will be more recalcltrant to
- decomposmon because of the higher quantltles of eonden..ed tanmns ‘structural carbon, '-

' and hgnm remaining in the tissue (Homer ef al 1988; Paul and Ciark, 1989) When the
ratio is less than 25:1 then the litter generally decomposes quleker since tho zmeroblal
_. populatlon can gam access t0 the mtrogen in sufﬁelent quantltle.\s o

o 12.2. SOM dynamxcs B

_ 'Soii orgalﬁo- matt'er '(S'OM) "'(i'eﬁoes all carbon oontaininé :sﬁb'stahces in the soil. It owes "it"
~_origin to the decomposttion of abpve- and below-ground piant and animal su?istrates and
ref'ers to the remammg i:tter and I'GSldlleS m the soﬂ ' '



o SOM 1s composed of varlous pools whlch are dwnded accordmg to whether the orgamo _': B

o mater:al is labile ¢ or recalcltrant to rmorobnal atfack and decomposmon, Several

: classnﬁcatlons exist rangmg from those Whtch subdmde the SOM mto varlous c‘nenmcal
B and physncal fracnons Mckean 1993) to those wh:ch use a bxologxcal class1ﬁcatton based |
~on turnover tlmes (Parten et al 1987) qu latter elassxﬁeatlon is seen to be more usefulas

o it rehes on understandmg the input and output of orgamc matenal to the soll It can thus
T be used to develop predxctlons of soﬂ fertihty and sustamahlhty (Woomer 1993)

s Soll organic matter mrnover isa funotlon of the decomposxtlon rate Tlus regulates the
- rate of release ofnuments to the. soil. The decomposmon rate in tum is ﬁ.mctzen of ‘the

| aetmty and size of ﬂae microbial populatlon whlch is aﬂ"ected by both abl(}tlc and bxotw '_ -

o 'factors m the ecosystem Ae no two ecosystems posses the seme dnvmg vanables and

o _ vary according to their geology, climate, and topography, the decomposmon rate and
SOM turnover for each ﬁ'actlon in the htter erI therefore be dlﬂ‘erent E oL

s Deeomposmon mcludes the physmal and chenueal breakdown of orgame matter The
physxeal processes include those of eommmution, 1 e. the breakdown of organic matenal

- by organisms themselves, and weathenng, i.e. by the action of wind, water or eblot:c

damage Chermoal breekdown or the catabollsm of organic matena! mcludes the o:odatlon )
of complex orgame molecu]es to morgame ions or gases. Typtcally this eonversmn results "

~in the release of CO; m asa result of respnranon losses

- Both of the above decomp051tlon processes involve m:cro-orgamsm and mcroh1a1

-actmty Any factor whlch cmstrmns this activity and therefore the deeompomt;on rate :

_ w:ll in turn mln'bxt the relea.se of nutrients, This can often lead to reduced eoosystem -
. produchon and fertdlty (Odum 1971 Charley and Richards 1986 Scholes 1993)

. 1_.2".3 Miembiat activity
'_Accordmg to Sparling (1985) the soil nncroTnal bxemass, defined as the living rruerob:al
component ofthe sonl 1s the pnmary agent of the soil ecesystem responsxble for lltter



R decomposmon rutrient oyclmg and energy flow {C‘zarley and Richards 1986) Thls it B
' "'aohleves by mﬂuenclng both the transformation of orgamc matter and the storage of -
carbon and mmeral nutnents The mxcroblal biomass thus serves as & source and sink in

h _ :most terx*estnal ecosystems (V’tousek and Matson 1984 Ladd etal i985) andis

: ':-_3' mcreas;ngly becommg recogmsed as being closely hnked to the mmeral:zatlon potential of .
- .scnls and the decay rate of leaf htter (Wardle ]992) '

l\ﬁneraiiﬁkatioo"mfefs tothe conversion of an element ﬁ'om an organic to an itiorganic i
- form Gross mlnerahzatlon is the: total amount converted and net rmnerahzatton is the -
81088 mihus the growth demand or mnnobﬂlzatlon by the decomposer: orgamsms (Paul

o and Clark 1989) Thls decompomtlcm process catabohzes orgamo matter and commonly is | )

brought on by a successmn of orgamsms in the soﬂ

_ 'Immobilizat_ion re_fers to the locking away of nofriénts_ inito the__mi_crobi'zil component ir_i"_che R |
SOiI 'Aithough it redu'oes the av'ai'lability of the nutrient -dui'ing“ the g‘rowi'ng season, it may
_ still be benoﬁoxal for temperate and troplcal regions during the aututrm months whena
flush of nunerahzatlon followmg organic matter dl sturbance releases the pitrogen.
Immoblhzatlon of mmeral ritrogen into the mlcroblal blomass reduces the risk of leachmg _
and allows a steady re-nnnerahzatlon of the mtrogen from the mlorobnal blomass for
' _growth the foliowmg season (Wood 1989)

| A commonly hold view (Wood 1989 Paul and Clark 1989 Prasad et al 1993 WIld 1993)
is that micro-organisms immobilize nutrients i suﬁ':‘lclent quantmes to maintaina

o _ partncular balance in their tissues. For example bactena require a C:N ratio of

; -approwmate]y 4:1 and are cons:dered to be ‘heavy users’ of N, while fungi such a5

- Pemcillmm chrysogenum have a C:N ratio of approximately 13:1 (Jenkinson and Ladd

~ 1981). Substrates w:th aC N ratio of apprommately 251030, or 16 inthe case of

- savannas (Scholew and Walker 1993), nonnally have suﬂicnent N to balance C

| assmulauon, and no net release or lmmobnhzatlon of N will accur. Substrates with ratios
s greater than this wﬁl usually result in net munobnl:zanon, ie, lockmg away of mtrogen free
to move othemrlse, and substrates with C: N ratios lower than this generally result innet |
_rmnerahsanon of N (Berg and Staaf 198 1. This iilustmtes the well known Mnerahzatlon—



: Immobihzatlon Tumover or MIT model regulatmg the acmunulatmn of m:tnents such as’
. | NEH“ in the soif (Wood 1989). o IR

o ConsetIueml}'aanactorsthatmereasetheCNratio oralternncrobxal aetmty‘m]liﬂm o

' alter the ava;lab:hty of plant avmlable N

124 ._._-facto'rjs_--inﬂnéneihg-tne .eyeﬁngl-em o

| cro'bml a.ctivity ig largely dependent onthe way that the ehermcal composﬁmn of the -
- litter and the env:ronmentﬂ eﬂ:'eets oftemperature and mo:sture va:y over space and time.

o - Mpenodsofm@mnfanthemnemﬁsaﬁonmtensmcmasedbecauseefthegreater

a -'_mlcrobxal populations in the sorl However mmera]xsatxon hke mtnﬁcanon is oxygen -
| dependent and wﬂl be reduced in the case of ﬂoodmg o

) Contr‘o’is' oh"the nﬁn‘efa]iseiioh preeess fneliide these of temPeramre' ratur mo:sture, oxygen
K concentraimn (tensnon) mbstrate quahty and avaxlabxhty, seﬂ depth, soxl pI-I and kmds of

Ianduse

e) | Temperature effects Changes in sml tempera:cure have marked effects on y
mlcrobial actmty as, like other organisms, they are governed by the laws of o
. thennodynamlcs (Paut and Clark 1989). Temperature also influiences thie phymcochemar

- chatacteristics of the env:ronment including the soil volume, pressure, omdat:on—reductmn

| pot_entlals, dlﬁlsmn, Browman movenmt,__ viscosity, surfa_ee tension, and waier_ structure.

| -Nﬁcrobmlog:cal actxvity genera]ly increases exponentmlly from 5°C to 25°C while growth -

below 5°C is almost non-e:nstent (Paul and Ciark 1989) Beyond the maxlmum aetwlty at -

- 25-35°C their activity declmes lineatly as the temperature mcreases to. 60°C (Wood
1989). Very fow soils maintain a uniform temperature in their upper layers and vanatmns '
eanbeeltherseasonalordlmml. S SR

- Soil temperah:re depends upor the atmoephenc temperature and i mputs and losses from |
o ."radlat:on It ls also mﬂuenced by the presence or absence of vegetatmn (Hofstede 1995), -



o 'the sorl water content and the depth W1th1n the sml Temperatures m  soils are oﬁen e

' '-'asseeleted W1th dry condltrons and the resu}tmg effects cm soil orgamsms and processes

o can be complex In temperate grassland sezls rrucrobla! actmty Is hrmted by iew

o 'temperatures duting the winter, whereas the major lumtatmns to soil erga.msms in trepleal_' N

'savanna sods durmg the. same penod 1s drrmght (Hofstede I995) In treplcal ram ferest

- nelther temperature nor 5011 mmsture lmut ;merobra[ actmty throug‘aeut the year leadmg | ': o

S o relatwely rapxd rates ef ergame matter tumever in these smls (Marrs et a[ 1988 Prasad o

| etal 1994)

B '_ b) Monsture avazlabxhty aleng wrth ehanges in temperature w:ll occur ehanges m soxl e
o monsture eentent Sell water aﬁ‘eets not only the melsture avmlable for use by orgamsms T
- but alae mﬁueuces the sonl aeration status, the nature and amount. of soluble matenals and

the pH ef the sml solut:on (Paul and Clark 1989) Water is alse necessary i plants are to '_ S

§ be able te make use efthe avanlable nutnents such 18 NH.;’r and NOy". Thrs 1s because such_
_nutnents can enly be transportee to the root surface as water is drawn there by bulk flow.

- “This o eeeurs when transplrat:enal water Iesses set upa diﬂimen gradnent between the serl

~ and the reet surface, As water moves to even out this watet' petentlal gradlent se

- nutrlents enter into the roots and root halrs

“ Weter"ia'aise .'irrlbot‘tat'ifas' a'i‘eqliireﬁleri:t' of ed‘eéitiate soil mbi'st&rel’ﬁfer mi'el‘obial .'ac':tivity. s
y Aceerdmg to Paul and Clark (1985) the water potentlal at which rmcrobnal activity is |
: eptimaj eceurs near -0, 01 MPa, and deereases as the soil becemes cither waxerlogged
near zer6 water petentlal or more arid at large, negatwe water petentlals (cf -8 MPe)
. | Dzﬂ'erent groups of ergamsms do not all show the same responses and sore may still be
_ 'acnve at more negatwe water potentmls (Kladrvko and Keeney 1987 Axlas and Bartha
_ 1993 Schelea 1993) ' '

9) f .Substrate q_uality - The influence of substrate =qualitjr on microbial activity has been
| :ee'vered above, However it is worthwhile reiterating the point that the C:N and /or L:N -
 ratios of the plant material -greatly influences the dynamics of microbial -aeiivitf These
ratzos are typlcal!y a function of nutnent avazlab:hty (Mehlle et aI 1982 Scholes 1993

B | Bleemhefand Berendse1995)



: ' d)‘_ oxygen aVa-llablhty Oxygen avaﬂabﬂ:ty Wlll stron gly lﬂﬂllence ‘i‘hose nncm.. S
o __orgamsms that are aerob:o decomposers The hlghest levels of decomposer actwu;y are

" found in aerobic environments (Swift ef al 1979). Fusther more when soils become

L ) "_anaoroblo mtmgenls lost ﬁ'om the system This § is produced by the anaeroblo bactena as a [

- '__by product of the reductlon of NO; to Nz and other oxades of mtrogen, 1 e NO and Nz() -

L e) Sabotrate avallabﬂlty Mioro-orgamsms requlre orgamo mbstrates for energy

o a«.qmmwm, cell mamtenanoe and growth. These substrates enter the sml m the form Of :

. ’_abovegmundhﬁer including shootmatenalandammaIWaste, or below ground ltter L. .

 as rod* matenal and soil orgamc matter “Wood (1989) has shown that & bacterial _
. "populat:on in a United ngdom forest soil would require. 13kg orgamo matterm®yr.
- for. mmntenance alone. Snm[arly, for a Canadlan grassland soxl the esumated mamtenance |
._ 'requxrement for abactenai populatxon of 55 -4 m> was 19 270g m?yr.” compared toan
" estlmated mput of substrate of 500 gm’yr! . Wood (1989) concluded that these
: calculatlons supported the wew that growth of the soil bacterial populatmn is severely -

' _hmltod by substrate supply Smular oonolumons exist for fungal populahons Consequently o

it can be mfen-ed that system fortﬂlty deohoes thh a decline in the rmoroblai component
: (Wardle 1992 Prasad er al 1994 Snvastava and Lal 1994) :

o There is also constderable spahal vanablllty in suhstrato Sl.lpply in the 3011 L:tter and
 animal excreta are not umfomﬂy dlStﬁblltﬁd on the soil surface, and roots prov:de

'looahzed zones of hlgh nutnent concentration. This will explain the wide spatlal vailahon

in the quant:ty of mtrogen found ina ﬂmm-and landscape (MoKean 1993, Soholes 199;)

f  Soil texture - This soi pfoperty varies accorsing to'the climate, mpegraphy,' and
 parent material from whloh the soﬂ part:oles are derived (Gerrard 1981, Scholes 1993)
- Sml oonsnsts of mineral partlclos of various snzes, shapes, and ohel:mcal oharactenstlos .
" The fonnatlon of olay-orgamo matter complexes and the stablhzatmn of clay, sand and
- silt partches into aggregates are the dormnant struotural features of most soils ('I'lsdall and- |
: Oades 1982; Wood 1989). In terms of mloro-orgamsm funouon and the oyclmg of Nin
the sonl it is the olay fraonon of soils that plays the most mportant role. This is because
- most clays, ond mmrgmsms and SOM have a net negative charge and therefore -



adhere eattons Se:l aggregatton is one of the most 1mpertant factors controlhng mtereblal- P

_ activity and SOM turnover, Aggregates form when microflora ancl roots produte
filaments and polysacchandes that combme Wlth clays to form orgamc matter—rmneral
eomplexes (Ttsdall and Oades 1982 Wood 1989)

C The 1mpertance of soil texture on mtcrebnal actmty is mest clearly seen hy how easﬂy the - - :

' Orgamsms gam aceess to orgamc matter encased in sozl aggregates The pore slzes of

' aggregates may a]low fer the proteenoa of ergame matter if they prevent miert, organism o

aceass, Most orgamams exist on the outs:de of aggregates and in the small pora spaces

. between them; 1elat1ve]y few restde W1thm the aggregate Pore neelc space detemune the
E ._'.aeeessxbthty to pores by ergamsms aecordmg to the:r body sxzes Occupancy is alsc '
N a{fected_.by-the_w__ater content of the (W ood 1___989)‘ - "

i g) : pH Aeld smls i.e. those with a pH below 7 eommonly oocur where smls are
- strongly leached The mtens:ty of acnd:ty isalso affected by the parent rock, the ellmate
 and the vegetation. Processes which act as a source of proton ions mclude the d:ssolut:on o
of catbon dtoxlde in 'the soil solutlon mtnﬁcatton of NHa ~and sulphur 0x1datlon as a

| result of fertilizer ((NH; 804 ) addition, combustion of fossil fuels and acid rain (Wood L

| 1989) As soils become more ac1dtc, basic cations are dtsplaced from exchange sites and -
leached down the soil profile. Exehangeable H* ions take their place on the clay mmerals
- and organic matter, Clays with appreetable amounts of exchangeable H release.
' _alummlum magnesxum and sthca After prolenged weathenng the clay mmerals are
' destroyed and mamly glbbsl_t_e, s:hcat__es and various iron _oxtde minerals remain (Trudgill-
1977,

h) Sahmty Selub]e salts (mamly sodmm sulphate and ehIondes of sodlum and
) calelum) accumulate in the surface so:ls under hot dry cendltlens when the ground water | o
| comes w1thm a few meters of the sezls surface. Situations where this can ogcur melude |

|  desert reglons, following foregt elearmg and under the apphcatwn of poor: 1rngat10n
~methods. If the salts are mamly sedlum, then as they are washed out, sodium hydrogen B |

N carbonate is formed wl'uch causes the soil pH to increase to > 9. At such htgh pH mtrogen
_ _may be lost fmm the system as NH3 is volatxhzed Sml mlcre-orgamsms are mlub:ted by



o .the osmotu. ef‘f‘eot cased by salt accumulauon and thrs is equwalent toa eondluon oi’ _
- drought stress, Subsequently the rmnereiuetron of organic matter wﬂ! be altered and: htter "
_ - could accumulate The nitrogen ‘would then be suscepuble to losses followmg combustlon . ._
o ofthe htter (pyrodentnﬁcauon), hyslcal mmeralrzauon and voiatﬂrzatron o '

: The mﬂuence of each of the above faetors on the avariebrhty of mirogen cen bw

o understood in lsolatton but it is the mteractron of these faetors that determmes how eaery o

: trunerahsatton is chsnged An example would melude the mteractlon between temperature -

: ;'and water on microbial actmty

: Fluctuatrons in soﬂ temperature and moisture may have a more profound effect on soil
mlcrobtal proeesses and mmerallzatlou than constant or extreme condrtrons For example

'_'arr drying soil kllls some of the microbial population and renders soil organic matter more -

' decomposable The release of squbIe organic oarbon mtrogen and phosphorous
| | followmg air drymg, leadstoa subsequent mcrease in resplratton and nitrification wherr._.
. the dry soil is re-wetted (Wood 1989) This is known as the Birch eﬂ‘ect and rllustrates_
. .mteracuon between temperature and morsture on mrerobral aotwrty ' '

: l=;2.5. Ltmtl trrlnsl‘ormsti.ons'

e sml mrero—orgamsms are sensitive to extreme temperature and requrre morsture to

_ survive, Thus at temperatures greater than about 50°C and below 5°C soil orgamsm
| actlvlty will decline (Runge 1983; Wood 1990) and the flux of mineral-N entering the soil
will deo!me Not only will land use ehanges result in deleterious oondmons for the survival
3 of micro-organisms, but the supply of substrate will dlmmlsh the decomposition process :
declme over time and litter will accumulate on the surface Such changes will |
consequently result in lower levels of mineral-N i in the soil due to pyrodenitrification and

. ieachate losses, Pyrodemtnﬁcatton isa process where the combustlon of orgame materials -

leads to the Ioss of htter nutifents (Cook 1994), Reduct:ons m surface cover also expose
' the system to losses in the form of runoff as the infiltration rate declmes but increase the '
- temperature of sori Ieadmg to mcreased rates of nunera.hzauon - '

10



| The eontmued eychng of Nin the soll rehes on there bemg an almr)st constant supp[y of

Orgame matter to the soﬂ In the event of there bemg any change in this balance between
- the znputs of N as orgamc martex and the outputs of Nas piant available and gaseous
' 'mtmgen, the system will develop mte one with lower s0il fertillty anuetlstauublllty over
timme. Such chauges are ﬁ'equently mamfested by land se changes and transformatnons _
| -(thousek 1994) ' SRR

. Land 'eever cha'n‘ge is ldéfiﬁed as -elt'eratiens 'eft*ri‘e‘ physical or 'biefie nature of a site, i.e, ©* .

. the converston of forest to grassland whlle land use change mvolves alteration of the way L

_' humans use land,- as in the GOIIVet‘SIOH of low input agricultural land to h;gh mput uses or

- vtsa versa (Meyer and Turner 1992) Here they are both used synonmously as they both ' | "

fepresent changes m the Iandscape
- thousek (1994} fist three well documented global changes as those meIudmg (1)
o increasing eoneentratmns of €O i in the atmesphere (2) alteratxon in the blogeoehennstry R
‘of the globat N cycle, and 3) ongomg land use and land cover changes These he
_ 'hypotheslzed were beund to chrnatlc cc*.sequences whxch strmlarly would have dlrect
: eﬁ'ects on blota m all earth’s terrestnal ecosysterns ' '

' Censequences of land use change mvokes changes at many scales and incorporates -

o changes in the physicel, ehmatlc and blologlcal sense, Appareént "Hects ofland use change_ -'

' mclude mereases in the coneentr&hon of atmosphenc gases, ie. CO;, N:0, NO,;, N; and
CO; alterations of the climate both lecaliy and regxenally (Lean and Wamlow 1989; .
| Shukia et a! 1990 Dnekenson 1991), and i mcreases in albedo and local temperature :

. In addi’tion to ﬂkiﬁg N in the form of fertilizers, estimated to yield ._>.8_0- Tg year”, humaﬂ |

. _ activ’lity' also mob’iliz'es N from long term sforage’ peols through biomass bur’ning; land

_ clearing and convers:on, and the drainage of wetlands (’Vitousek 1994). Such
| : transformation of an often limiting nutrient can be expected to aﬁ'ect mengcal systems at

all levels of organisation and at spatial scales from local to global, At the atmospheric
scale, anthropegetﬁc_ﬁxatien has peeurred;_aiong with increases in the atmospheric

. coneentratiet;s of the stable 'greenheese. gas ritrous oxide (Prinn etal 1990). Such

m



i | alteratlous Were proposed by Vitousek (1994) to resuIt in global sourees and. smks that

o weze 30% out of balance He also s:,lggested that the moreases in ﬁxat;on, moblhzahonm __ L

pheatxon of N would have posmve effects o net pnmary produehon and blomass

o 'I-Iowever such addxtmns of N will also aid the dec!me in many miorobm] species, i.e.

| - eotomycorrhlzal fungi in arcas of Europe (Amoids 1991). Addlnonal changes 284 result R
. N of alteratlons in the eyohng of N mclude the eﬁ'ects on eco!oglcal processes hke N S |
o mmerahzanon (Couteawcetal 1995) L ' SRR

_' Stevenson (1 965) noted that N aceumnlatlon in soﬂs bore a close relatlonshlp to that of

| | .' orgamo matter Undlsmrbed grassland soils aeemmﬂate orgamc matter over many years
5 o Wth eontents o£ for example, 3.6% in a long term (30 year old) lowland pas’mre (Tyson
o et al 1990) Ryden (1984) notes that older pastures may eontam Iarge amounts of orgamo

| N ie. S- 15 t ha" in the top 10 cm. Ayanaba et al (1976) sum!a:ly report that the

. observed declme in the soil reserves of C,N, and S under secondary towland rain forest

wrth eroppmg is usually’ less rapld when crop remdues (ma:ze) were retumed to the soil 8
. aruich then when they were removed. The decomposmon of htter is therefore critical to o
| '.'-;nutnent cyeles " | / | .

Many laﬁ_'thors sum]arly report a close association of N mineralization and _the'_total soil
“otganic N 'eontent of soils (PastOr et al 1987, Ayan‘aba et al 1976) with various factors.
:_ altermg the natm‘al ﬂuxes of' nutnents in the so:l (Hofstede 1995 Du Preez a.ud Du Tmt

o 1995)

_ Contrasting wewpomts are oxpressed in terms of the nnpaet that gra.zmg has on the
B avatlablllty of Nin the soil. Shariff et al (1994) repo:t that under heavy grazing, 77% of .

the annual aboveground growth is removed Annual litter and root decomposmon rates’

average 16% and over 59 ug Ng! is m1m0b1hzed mto the soil. In contrast a moderately

‘ grazed site had annua. htter and root decomposmon rates exceedm.g 55% andaN

s mmeralmatlon rate of 60 269 ug Ng ! for the growing season. These authors ooncluded

that the standard grazmg rate of “take halfleave half” may have a sxgmﬁeant Jmpact on N

co::servatton and the supply ofmmeral N for plant growth (Woomer 1993; Shanﬁ"et a

| 1994) . . : _

2



' IOpposmg thls oonservatwe wew is the results of an mvestlgatmn mto the e&‘eots that
: grazing and bummg had on sozl and plant nutrtent concentrattons m Columbxan paramo

- ;- prasslands. Hofstede (1995) report that after long-telm heavy grazmg, soils hada hlgher . | -
o bulk denSrty anda lower moisture oontent These study sites dxd however have 8l'eater o
P -decomposmon rates, Hé‘boncluded that the eﬂ"ects of bummg angd grwng on Paramo
. .'_soﬂs was pnnolpally restncted to changes in soﬂ physloal Ghafac'iﬁﬂstzcs, and that
S .dlﬂ‘erences in chemical eharaetenstte’s of the soit do ot cause dlﬁ'erenees in vegetatmn

N B structure between grazed ‘burned, and undisturbed sites. These trends were hypothesmd -' .
o exist because ﬁres tnggered a fast reoyclmg of nutrlents (Rundel 198t Vogl 1974), -
b 'grazers compressed the soil dus to tramplmg (McNaughton etal 1988) greater .

.- -'temperatures at the soxl surface meant faster rates of deeomposmon whlch all ytelded a

‘ _greater nunerallzatlon of nutnents (Chepm 1980 Mllehunas et al 1988)

: 'ngher nutnent avallablhty would generalIy result in hxgher nutnent concentratxons n
“plant tnssues (Bryant efal 1983 Chapin 1980 Ruess 1984) assummg that nutnents made

| : avatlable are taken up by the plants This i in tum would jeadto a posmve feedback Where
. . the more favourable CN ratlos in plant metenals would render the matenal more |

g susceptxbte to decomposmon

.Global clxmatlc ohanges are also expected to result m snm!ar ohanges in the way that
mtrogen and other nutrients fltix i in the enwronment (Parton etal 1987) The increasein
- global CO; from 205 parts per m:lhon in 1850 to 340 ppm today is expected to eontmue -
- to 600 ppmi by the year 2050 (Meyers 1985) Although exact estlmates are dlﬁioult to
_ make mcreasmg COz is Ilkely to result in more extreme olunatle events a wamung ofthe
C atmosphere and greater C:N rattos in the vegetation, Suoh changes will ellicit ohanges in |
. the rmnerahzatton and mtnﬁoatlon rate owmg to the;r mﬂuence on mxerobml aotwlty and - |
populatxon size. Hewver mcreasmg temperatures results in faster ttunover times.

Vitousek { 1992) and many others, reoogmse land usa ohange to be the smgle most

mtportant ofthe many mteraotmg components of global ohange, that eﬁ‘ects ecologlcel
systems However itis also reallsed that 10 smgle bonaﬁde quantttatwe measurement for



_ ._ thls change IS in-use today due to the summatlon of many local changes in many loc.al
. mreas prevents such a measure (Vltousek 1994) R : '

N -1.2.6_ Brié_i"évervigw .qifN m-inml_i'zatgon i_n_th_c_é_h:dme_s pr_'s'_@u__thﬁf_ﬁca-_”f e

__ | Recent (cf 1990’8) esnmates for rates of Nmm EXISt for several sxtes in South Aﬁ-lca o
e (Pnnsloo etal 1990 Ellery i992 Carter G.A, 1993 Mckean 1993; Scholes and Walker R

L -_"_'1993 DuPreezandDu Toit 1995)

- Du Preaz and Du To1t (1995) quantiﬁed Nnnn in the grasslﬂnds of South Afnca by

= ._ mvesngaung S agro-BGOBYstems along an east-west gradlenﬁb At each sﬁe a cuitwated soﬂ; o

= and its virgin couuterpart were sampled toa depth of 200 mm and total mtrogen and - -
mmerahzable N were detemlmed as mdlces of N fertility, 'I‘hey concluded that c“““’am“ o

__ B '_ irrespective of‘the penod caused a sngmﬁcant decrease in the N ferhhty of all ﬂve agro- . |
B | ecosystems. Thls was atmbuted to the mtenswe croppmg practlses whlch severely N
' depleted N fertnhty desplte N fertlllzatlon The quantlty of mmera!hzable N for the wrgm
: 'soals increased almost lmeady from 11 8 mg kg in the dry West to 70 3 mg kg in the
01St east accordmg to the fine sﬂt-plus-ciay content and exponentlally with increasmg
andtty Smularly the quantity of mmerahzable N mcreased from 6 8 mg kg to 15.7 mg

s kg for the cultivated smls 4Cross the west-east gradlent The pattern for loss of -

nuneralrzable N was very rapnd during the ﬁrst few years of cultxvanon and followed the '
loss of‘total N, Tms is because the latter serves as a re&ervoxr for the former (Du Preez
s and Du Tmt 1995), ' ' '

Other estimates for the rate of Nmm in the grasslands of South Aﬁ'ma mciude the study by

o Ellery‘(1992) He showed that Nmin ranged from 1.6 mg N kg™ ¢’ in the sweetveld

grasslands of the west to 2 7 mg N kg Ly ! for an mtermedlate and 2.2 g N kg“ dfora

~ sour grassveld

In # snmlar study of the savanna blome, Ca:ter, G .& (1993) showed that Nmin ranged
| ﬁ'om 22 mg kg dtat Nylsvley £ 5.5 mg kg d" in‘the east. A site which was more arid,
- Messina in the far north, had an Nmm fate of 2.4 mg kg" d o whlle & 51te at the southam

o extremxty of the savanna bxome (Rompoort game farm) had. a Nmm ot‘z 9 mg kg d o



- _MeKean (1993) also reported Nmm rates of the same order of magmtude f'or the Nylsvley B R

. study site a]though it was apparent that Nmm was gfeater "“der the canopy Ofmes than

S e

'-mtheo‘perL e T A

o .-Table I 1 The rate of rutrogen nunerahzatlon in biomes of South Afnca Converslons o
-are calculated usmg abulk densxty of 1. 6 g/om to a depth of 0 2 m o -

Blome am‘.l s:tes -Nmm rate.. Lo _-Inm_ba_ﬁo_n _Sonrc_e_ LT

O ..'.-mg lég“dlﬂ-gNm yr L
o Savannablome L S
Rooipoort. -..1293 EY7 R - Anaérobic  Carter(1993).

. Messina . - 236~275. . - Anaerobic car:ter.(iiggs)i" :
CNylsviey . :222~259 - .. . -Anserobic  Carer (1993) .
 Nylsvley - 2.18~255 ~ 7 Angerobie” McKean(1993) -

. Nylsvley -~ "011013-»12 775 . Anaerobic __-Scholes&Walker(1993)-

. Mkuze = 554~647 . " Anaerobic: = Carter (1993). - - |
Timbavati -~ 4.35~508 o T " Anaerobic' Carter (1993) .:

- Grassland biome - T L

" Uncultivated -~ 40. 15 10814 (gm yr 3 . Leachate . Prinslogezal (1990)
Reverted . 27.7410916 (gm’yr’) = Leachate . Prinsloo ef al (1990)

- Drytomoist .-0076too456 9 53 .- Leachate "Du PreezandDuTort

o __'_-_SWeetto'sour ) ._"-;163 t0218~190 255 . Anaerobic _Ellery(1992) _

;'-Fynbosbrome B ' ' R ' '

' -COastal 0260t00438 30 51 B _'_Aeroblc _ Stockeml (_1988)

- Results suoh as those given above ﬂlustrate that Nmm does vary between natural sites m o

" South Aﬁlca and this variation is typmallv a fimcuon of soil texture (Du Preez and Du |
Tott 1995 'y and aridity (Carter, GA 1993 Du Preez and Du Tolt 1995) However the

o . rates tend to.filuctuate within an order of magmtude Stock e: al(l 988) estlmated Nmm in

the coastal fwbos along a success:on with values for Nmin ranging from 0 260 03 10
and 0.438 mg N kg" d* for sites which were 1 year, 6 year and 20 years old

1 2 7 N avallab:l:ty mdlces

| Accordmg to Bundy and Me:smger (1994) N avarlabllity mdmes are calcuiated usmg
ehenuoal or broiogica} tests to measure or predxot the amounts of avaﬂabie N released

o o from 8 spemﬂe soxl under a speclﬁc set of test condltrons Predlctwe estnnates of N -



i .

- avallablllty m solls are necessary owmg to the pressures of eeortomlc and enwronmental o
o meentwes to use avallableN more efﬁenently in orop produetton and minimise the Iosses

i of N f‘rom erop!and to the enwromnent_ el
: . A . ) r,'_:'_g .,___.r| U

128 _A arief review _oﬁf ‘some of t'hé methods to a‘eﬁtamiiae aaaa N o
'-'Chelmeal methods refer to the SImple and l’apid al’!""’a“l’1 to eshmatmg N needs and
N provxde a eonvemem assessment of relatwe dnﬂ‘erenoes among val‘mus %Peﬂmeﬂtal

_' ._ | :_' treatments New rnethods me{ude determ:mng the quantlty ofNH; N’ released from e
o orgamo matter on heatmg soﬂ samples with 2 M KCI measurement ot‘NI-L N released

o by steam dlstﬂlatlon of soil samples thh pI-I 11 2 phosphate-borate buffer, and UV .
. ."absorbanee of NaHCO; sonl extracts at 200 nm (Bundy and Melsmger 1994) o

. Undlsturbed sox] core meubanon ref‘ers to isolatmg a eore of soﬂ in smx ina stamiess steel. N

| __ eyltnder and measumg the ehange m NI-L«. N and NOa N eoncentratlon over the - “

| | meubatlon penod This method is seen as bemg a more reahsno methoct for assessmg N
- availability than the dlsturbed methods (See later) However dlserepaucles exxst as

- standardised conditlons can not be mmntamed owmg to ﬂuctuatmg soil water content,’i e.

R mcreasmg water contént in the cylmders because of condensatton (Scholes and Wa!ker -'

1993). More importantly s that plants would fis ‘et access to roots and changes in the o

- bulk densﬂ.y of the sail would follow compactlon These would lead to unreahstlc |
- estlmates for the rate of Nmm Coe T . o

_ The above aerob:e teehmque ’is also seen as bemg 1mpraetloal for ﬁeld seale predlctlons as
" a Iarge number of soll cores would be needed 1o acourately assess Nmin. It is also avery "
labonous technique, The method would however be appropnate forj mvestlgatlons mto

_ tdlage studzes, pastures forests and fallow soils where the vanatxon in the degree of 8011
B disturbance § isan mtegral component ofthe systems under evaluatlon (Bundy and ”
Melstnger 1994) - ' -

There are alsoa number of labofatory techmques which have been deve!oped to qua.ntlfy

 the rate of Nnun These melude those whlch are bxologteal as well as those which are
ehenucal in nature The htologlca! methods usua!!y mvolve incubation of soil uuder N



condmons that promote Nmm from orgamc sourt:es and the measurements of merganic N | o
o preduced Chemxcal techmques foﬂow those descnbed abeve, and there selectlon“cfepends L

| -Iargely on the objectwes of the study (Bundy and Meismger 1994). The mengcal

- _' _ methods are based cn the assumption that the same blologlcal processes that cause reiease' [ -

) of plant ava:lable N are also responsﬁ)le for productmn ofi morgamc N in the labcratory
procedures An 1mp0rtant caveat of‘ using the b:ologlcal N ﬂvmlabihty mdxees is that they
_rmlst be mewed as relatnve mdncatnons of sod N availabﬂlty c

o Twc laboraiory techmques commonly used to measure N mmerahzat:on mclude the
| aerobm ot W&teriogged (anaerobic) mcubatmn ‘The waterlogged techmque was ﬂrst

'_'-_prOpo.%d by Wanng and Bremner (1964) and was reconnnended by Keeney (1982) due

their being severdl advantages to the techmque Itis s:mple, easﬂy adapted tod laboratoxy e

' _. 'routlne hus a short incubation period of only 7 days, requires little or no sample pre-
treatment ehmmates cencems related to optimum water centent and water loss durlng
. incubatton, and makes use of rmmmal apparatus and reagents (Keeney 1982). The long~

term aeroblc laboratary mcubatlon techmque first came to the fore in 1972 when Stanford -

| and Srmth used it to estimate the Nmm rates for various s0ils. Thxs method mvolvas
E meamrement of i mergamc N produced dunng aeroble meubatlon of soil or soil amended
: Wlth sand or vermiculite under near optlmum condltlons of temperature, moisture and
oxygen supply for up to 30 weeks. Inorganic Nis usually removed by permdm leachmg of
-soil sathples mcubated ina combination filtration-incubation conitainer. Aithough these -
 authors used a lengthy mcuhatmn petiod, shorter time penods (< 8 weeks) prove cntlcal

o for understandmg the N avmlablhtv status of soils end adequately d’escnbes the Nmin i m

the active ﬁ'actlen of sml orgamc N 'I‘he N that is released later i in the incubations

" ~explains the release from the more stabIe soil organic matter pool and is ﬁ'equenﬂy used _

 to model soil Nivin and eharactense various components of the tabile N poolinsoils.
- Aerobic methods do however have a coefﬁclent of vanation hetween 20 and 60% (Bundy
- and Melsmger 1994)

- Surmnanes of early research (Hermsen and Van Scbreven 1955 Allison 1965 Bremner

1965) reached the general conciusion that ) chemical extractmn methods were likely to - .:
be unsuccessﬁll because they could not s:mulate the action of soil nucro-orgamsms (but

e



- see Keeney and Bremner 1966), (2) btologlcal mrmbatlons under standardtsed condmons
were most successful because they used the same mlcrobtal agents under ﬁeld condltlons,
| and (3) methods based on soil NO3 Nlevels were of very lumted value beeause the soﬂ
N . NO;. N pool was too ttan31ent to be useﬁzI | ' '

: Stanford (1932) and Keeney (1982) slmﬂarly concluded that 1ong—tenn blologlcal

S nunerahzattons were most suitable but were not practical, short-teml nnnerahzattons Were o
. aceeptable but were aﬁ‘eeted by sample handhng and pre-treatrnent (Keeney and Bremner -

. 1966) wﬂh NH,* N productlon after 7 days of anaerobie moubatton bemg the "
reeommended prooedure by Keeney (1982) L

; In 1984 Meismger suggested that N avaxlabil:ty assessments should mvolve use ot‘ both
o remdual NO.v. N and Nmiin tests, expanded use of local soil oondmons through sox{
B taxonomle classnﬂoatton and an 1ntegmtxon of thxs mf‘omlatlon for each speclﬁe site by

- useof oomputer models and local weather data
1.2._9__ _’Ihe utitity of a -si'm‘ul'ation model :

| Mbdel:l.i'ng 'pi'ovides a oonveoient tool- to use in assessing' the sissceptibility of pro.ceSSes to
' =ohange‘ A simple way of i mvestlgatmg the 1mportance that any part:eular change is hkely
to have can be descnbed b}r means of 2 simulation or sensltmty ana1y51s This i is the '
. procedure where mdmdual parameters in the model a.re systematlcally altered and the
| “output: from the model compared wtth previous outputs. Depending on what these results )
: mdloate, the change can be classified into sensmwty classes, 1. e those parameters whlch .
produce the greatest deviation in output will be most sens:twe to ohange wlnlst those - |
whioh produoe slmllar results are more robust '

Curreaﬂy several models have been developed to model the sod orgamo matter dynalmcs ' '_ "
of soxl (Parton etal 1987) Jenny (1941) used a single-state variable model to 855e88 the
decline of SOll orgamo CandNi in cultivated soils. Campbeﬂ etal (1978) divided soil -

| .orgarue mattar into two di&'erent oompartments mcludmg the stable organic ‘matter and
- labile organ_ze _x_natt__e_r- with quick (53 years) and slow_(142_9 years) turnover rates '

- respectively. Paul and Van Veen (1978) and Van Veen and Paul (1981) further divided

18



' _'the plant Je:-ndues mto recalmtrant and dccomposable fractlons and mtroduced the concept o '.
| '_ “of physically protected soil orgamc matter. The latter class was assumed to have amuch
" _ 110Wel' decomposttton rate than non-physrcally pmtected soil matter Parton etal (1987)
| develc:»ped a model havmg multlple SOM compartments based on mmover hmes S
| :__ : De@omposntmn rates vaned as a ﬁ.mctmn of monthly sml temperature and precupttatlon, "
-j_and mcludedbothCandNﬂows, R ' S

Parton et al (1987) deveIOped a model to sxmulate the steady-state organm matter levels

- for24 grass1and Tocations in the Great Plams, United States of America. The CENTURY S

o model sunulates both the labxle (rapid tumover) and stablhsed (slow turnover) ﬁ'actlons,

~ - and thus sunulates the nutnent-supply c.apaclty of the soil. orgamc matter. The chmce of .
- focusmg on soil orgamc matter was given that organic matter is central to the oychng of‘

~ plant nutnents, mﬂuences water relations and erosion potentnal and | isa key factor in soil
i stl:ucture (Tlsdale and Oades 1982) The model comprises three submiodels namer the

SOIL and I)ECOMPOSI‘I‘ION (SOM) submodel, the PLANT submodel and the

| -NITROGEN submodel The soil and decomposmon or SOM submodel mvestlgates the

B .tumover of carbon i in the soil. The plant submodel simulatés plant productmn as tbe o |

month[y dynamtcs of C and N in the hve and dead aboveground plant material, ]we roofs,

: and structural and metabolic surface and soil remdue pools, The nitrogen modei (anure 1)'

has the same structure as the carhon model and the.y assumed that most N was bonded to

Sevml models have also been deveioped to estxmate the contnbutton of mtrogen o -
o Imnerahzatlon to the mtrogen supply of plants Matus and Rodnguez (1994) based thetr
' estxmates on the decomposltlon of the active SOM pool. This pool is compnsed of -
~ . stabilised and labxle soil crganic N Where the stabilised N is built up from acoumulated
'_ inputs of fresh organic N_ during plant rotation, and the labile Nis a fraction oftotal_ N_ |
added, which mineralizes faster than the stabilised N, Bloerhof and Berendse (1995)
 described a dynamic simulation model of carbon losses due to mlcrobtal respiration,
' -nunerahzatnon and lmmob:hzatlon of N from above-ground and dead plant materials, They :
- showed that the model was adequate in predlctmg the quannty of nitrogen and catbonin
all htter types Snmﬂarly Paustxan etal (1992) usmg 8 CBN‘I‘URY model showed that the- .



_.nnneralzzaﬁonandimmobmzatmn T Q’.' Sl TR
o f'..'Models al[aw oneto posmla:te what:mpact fllture changes mthe enmonment arellkely to S

L hold Processes such 58 N nunerahzatxom and mtrtﬁcatmn can be adequately modelled

| ¢ rends mﬁ ,s able o prednct how the system functlon is. hkely to change

: :. partou and Ra%mussen (I 994) further stress the i mcreasmg need to develop models to o |
assess the long"tm offegts "fma“ﬁgement practices on soﬂ and enwmnment quahty, and - R

'-'_--to test these models acrossamdc range ofemronments 'g S g

. treatment dtﬁ‘erences m%‘OM could be explamed by the rate of nrgamc matter mput rts ' ‘_' _' SR
| y hgmnwoment, and the C:N ratlo HOWever there appeared to ba addltlonal posmve B .

f.": eﬁécts Of N supply on SOM accumulatmn that Were riot ﬁﬂly explamed by the model.
" '—_ These lnduded the qUahty of orgamc amendments through the eontrols on N

o ._ '__,'usmg oniy a siall’ sat of deiving vanabies These vanables also aften change betweeu and .
7 within sttes whmh cari be used to dascnbe regwnal trends “Thiss on the basis nf such R
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: 3A cmrent foous in South Aﬁman plant and soﬂ sclence revolves around understandmg the _

biogeochemistry of managed and natural ecosystetns (Du Preez and Du Toit 1995~
: Schole& M. C 1996 thUbllshed mmusorlpt) This mvolves understandmg ﬂle zmpaots °f o "
*Tand use, climate and stmospheric change 5o that the svailabity and supply of mitcients -
_  can be ascertameg Blomes such as the grassland and savanna bxomos mclude areas wmth 3
: . ﬂ!ﬁ‘ereat iand uses mwhxch the amount ofsonl orgamo ma:tter conld be expected o be B
-~ reduced in companson with natural areas. Such changes have commoriy been reported to -' o |

e have slower ratos of Nmm owmg to the correlatxon between Nmin and orgamo matter

* Three objectives have been set o a research plan inta investigating the biogeochemisity

of South Afiican ecosystems (Scholes, M.C. 1996 unpublished manuscript). The first aims

. to better quanniir ‘the relatwo 1mportance of and env:ronmental cor%‘fols on the processes

o - dtiving the oyolmg of carbon and mtrogenm setni-natutal ecosyste‘ol)s in South Afticaasa e
B basls ﬁ)r predwtmg prunary and secondary productlon The sé‘conﬂeeks to bettr:r |

) ':__understand the hnkage between carbon and mtrogen bmgeochem:stry 8CTOS3 a range of _' - |

" sol and vegtation types, wiile the third looks at incorporating this kmowledge in o
pred&ctwe slmulauon models to exn'apolate the processes through time and space, Such o
' -reseamh wﬂl be able to answer quesnons regardmg how N fluxes i in the environment with :

| *an mportant cavea:t bomg thart prodﬁotwrty can be mmntamed Thls is especlaliy :mportant
in hght of the threats that anthropogemo mﬂuencxaa such as fand use change, la.nd
) transforrnatlon, and pollutlon, etc have on the ecosystem o

14 m

. To quantlfy the relatwe 1mportanoe of processes dnwng carbon and mtrogen dyna:mcs
_ and how ﬂux rates ofthese prooosses vary across vegetanon types and land use. .

S



45 OBJECTVES

o 1‘).' - Te-'_qu'aﬁtiﬁr_'the amounts ef soi_.l organic rh.att_er (SOM)for each site and land'uee_--'- s

. type R . : . . o
o 2) Te quantlfy the rate of potentla! N nnnerahzatton in salnples from dlﬁ'erent sntes o |

-
i

TR andlanduses L o D )
i _-3) To quantlfy the propertten of N munoblhzed in the nneroblal poe! for diﬁ'erent '_

sﬁesandlanduses R TSR o

_4) To test whether TotalN Total C mterobnal N and C petentm] N nunerahzatton o

and hght fractnon N and C in areas of South Afnea can be predleted by the

_ ) CENTURYmodel e R o AT
: 5) To tmprove understandmg on how the blologlcal and physmchenncal factors of R .

| the soil system interact to determme the tumover of the carbon and mtrogen a

pools in each site.

EERRY & KEY_'Q'UESTiONs_:.. o

- - '_1') ] What are the smes of the sml ergame matter pool fraetmns in each of the sampled
| B Jand use areas and sites? : _ -

2) . Doss the rate of potentlal N rmnerahzatlon dlﬂ"er mthm and hetween Iand use

o types and between sites? . .

.3) What quant:ty of piant avatlable Nis lmmobihzed into the mlerohtal blomass?

4 How well does the CENTURY model predlct the tmnerahzatlon of so:l orgamc o
nitrogen in each fand use type and site? .
- $) DoN nunerahzatlon, biological immobilization and the physxoehenucal factors

o mcludmg texture, pH and moisture content of the soxl system adequately explam

| _ the tumover of sml carbon and mtrogen in these sites and fand uses? -

| The analysm anid mterpretatmn of the samples w:ll be conducted in two stages. In the ﬁrst
 stage sample srte charactensttcs and sample analysis for soil organic matter ﬁ'aehons and

N merahzatmn will be quantcﬁed (laboratory stage). The second stage mvolves ﬁttmg

o the eollected data to the CENTURY medel and followmg thts, relevant data ebtamed for -

£






' So:! O;gau'ié.Maﬂer frégﬁon#ﬁon an'ﬁ;;juﬁﬁﬁﬁc_aﬁoa-" S
3

B The cychﬂg of carbon and nrtrogen m an ecosystem is postulated to be governed by the
: mmover of soil orgamc. matter Aocording to Andersou and Ingram (1989] soil organx:

| - matter canbe dehnnted mto two mairn ﬁ-action& The light ﬁ'actlon compnses the soil .
o : which consxsts of lmcroblai bmmass and partla]ly hmmﬁedfcelllﬂar orgamc, matter Wlth - o )
| short tumover tune ofl t05 yea:s The heavy ﬁ'actlon compnscs hunnﬁed soil compnmng L .
T physically proteeted aad/or che:mcai forms of orgamc matter that are resistant to i
. - decomposrtmn with tumover times ﬁ'om 20 to 40 years (slow so;l) or up to 200to 1500

- years (passwe sml) For pracucal purposes the heavy ﬁ'actxon is deﬁned as the orgamc C
and N pool in sozl samples aﬁer the remova! of the hght ﬁ‘actlon (Anderson and Ingram
--_1989) SO - . -
| Parton et al (1987) in forn:lulatmg the CENTURY mode], subdiwded the contmuum of

R SOM in the soli into three mam pools b&sed on thetm'mver times of ea.ch. These mclude o '_
o 'the active pool, the slow pool and the passwe pool. ’I'he active pool includes mamly the

mzcroblal bromass and has atumover time of 1 - 3 yea:s The slow pool, of which the
mass: of light fraction is a pnmary constituent, ‘hasa turnovertime of decades rangmg 25-

R . 75 years, Thxs ‘paol also has an mtennedJate fraction that is recalcltrant but not nonnally

- resistant to decompos.ltlon, fom:lmg partlcles smaller than 250 #m in d,lameter This pool is
' nevertheless included in the slow pooi becauss it turns over more rapidly than the passive |
- pool. The passive pool whlch includes humified matenal adsorbed onto clay partlcles, has g
a tumover ttme of 100’3 to 1000 8 of years. The deﬁmtmna for the vanous SOM ﬁ-actlons .
- 'as outhned by Parton &t aI (1987) are ased here __ :

- Any suﬁcienﬂﬁ"large dismpﬁdﬁ to the mm of these SOM fractions will ine\'ritably '-

lead to situations of unststainable use, This is because the SOM fract:ons deterrmne the
' nutrient capacity of the soil (®arton et al 1987). Soil organic mater in turn is oﬁen
~ reduced by land nse changeg l_lke the convermo_n of fOl'eSt ta grassland, grassl_and_ to

25



_ pasture and the eifects of urbamzat:on £ d over-populatlon (V‘ tousek 1994 Woomer -

_' Thls ohapter alms to quantlfy the amount of soil carbon and mtrogen in the sonl orgamc
: matter frao‘tlons of selected sites in’ South Aftica.. These quantlﬁcatlons wﬂl prowde a
" bettor Understandmg of the factors mﬂuenomg the carbon and mtrogen dynaxmos of

B _"'-__":.__dtﬁ'ereni land uses a]ong an envxronmontal gradlenthouth Afnoa ' L

. 22 Materialand Methods

2.2.1 "S._am'p_lé'_sit_e's_f o

 Study sites were chosen on the basis of the criteria given below and these provide abroad

P range in geomorphology, chmate and vegetatlon This follows S similar sefection

o procedure as that used by Ellery (1992), Carter, G.A (1993), and Du Preez and DuToit
_ (1995) who hav_o_ als._o_quaotlﬁed soil nut_nent_ dynamics as part of larger pro_leots. inSouth

o :.Jj"L_ﬁ‘ioa.

a) '- R .Smltype o

b) - G‘eographlo dmsnon of chmato
¢) . Kindof vegetatlon - “
L Landusetype

¢ Rainbll

) Geomorphology _
Within each biome, study sites along a ramfall and broad soil type gradlent extendmg from
 the dry west fo the moist east were samplod (’I‘able 2. 1) These sites are thus useful for

3 mvestlgatmg Which environmental processes were 1mpoﬂant in regulaung the amount of

. carbon and mtrogen in the soil. At each study site, saInples were collected in each ofs

* - maximum of three land use types namely a8 oonserved or relatively undisturbed area (Con), ;

- “a cultivated area (Cult) and an arsa used for llvestock productlon (Lvstk) Each land use

 type was not necessan!y on the samy soil texture of mmeralogy owing to the smtablhty of
the s:_te. for that particular land use. Consequ_ently statistical dx_ﬁ‘er._ences for tho relevant



:_' .nument amounts and rates pet land use are confounded by dlﬂ‘enng soil textures and - o
B dtﬁ'erences per so:I texture are confounded with dlﬂ‘areltt chmates Hcswever this is - )
_ :unavmdable, The expemnental desngn does allow one to pOstuIate whxch processes are
N mpommdetemmmgnummlevelsmgenmnnghypmhesesbased on the trends in
the da:a (Carter MR 1993) :rms was the aim of this chapter S -

| mi% i

'I‘he bl'oad Ghmaflc, vegetanon and soil type chamctenst:cs for each of e

_ _ thellstudysrtesmvest:gated _
“Biome . Slte C .Vegetatmn Soll form
© - Savanna - - ' : e '
- B TowoombaHutton Mmedbushvdd Huttonsands
Towoumba clay _savanna " o
Ce _ - -Mxedbushveld Arcadxa(smechncclays)
'-'Nylsvley ' Mxedbushveld HnttonandFelmtesands,
' sAvanma ~ Arcadia (smectitic clays) -
Messma -Mopeni savanna . Red-yellow apedal, freely drained, -
R 'thMghbasestatuS';'-
Klasene Lowveld savanna Reg:csands _
K.IaseueCommlmal’ T -
Coe Bloemhof - Dzy@mbopagan- AvalonfClove!ly
_ T Themeda grassland
" Bethichem' . Cyinbopogon- _Avalon / Cltwelly
. - Themedagrasstand . - -
~ Bethal - .- Themeda grassveld  Avaton
'V:yheid " Northern Tall _'-"_Avalo'n '
'-'-‘Aﬁe:LuwandRebelousm '

zAﬂearMacvicareraI(IW)andLandTypeSenesmaps, Smlandlmgatmnm.seamh[nstxtute,i’remm' '

(1979) : : L

- CommmmlgmmnglandsoftheﬁkkenhomboomvluagenearAOOmhoek,Mpmnﬂmgﬂ
- .4Noconservedsampleforthe]f{lasenesm NohvestockareafortheTowmmbaCIay :

_ 222 -Sample. collecﬁon_ -

o '_A compos:te soﬂ sample (500 g) of 10 or'more (Bundy and Metsmger 1994) bulked

random sa.mples toa depth of 15 cm were taken from each of three rephcates in each of R _
 the Iand use types in each site using a soil corer (52 mm dlameter) Samples Were placed - |
into plastlc bags, loosely knotted, and stored cool in cooler boxes forasshorta fime .

- N penod as possible before analysxs Thls was done 80 thatthe sam;;les would not dry out

| Tlus was necessa.ty 50 that the mlcroblal populatlon was altered as little as posmble



R ) "I-Iowever storage of samples at 4°C in eooler boxes in the field proved dJﬁieult and the _' _
o subsequent eﬁ‘ects of keepmg samples molst under f‘avourable oxygen and temperature o
conditions could have initiated grewth and therefere an overestimatlon of the microbial _
blemass Nevertheless, the same samphng methcdology was' apphed for all ﬂ:(e samples o

' and so the relative differenoes between samples would still be vlid.

- Rephcates were from areas representatwe of the land usesm the area. Ail rephcaies are_ §

S aswmed to come ﬂ‘om 3 homogeneous sml type mthm a land u3e

'. 2-23 '-'S'i_tfemea's'lii"e_ments”-"- -

B Soﬂvariablesperlanduseateachsztethatwerereeordedmcludedsoﬂtexturebulk o
:_dens:tyandsoﬂpH - e

- .'Sai'f 'té:smfe' The per'centaiges of sand, silt and clay ina combined soil sample of three |
. rephcazes of the land use ata site were analysed by the hydrometer method (Anderson S
and Ingram 1993) at the Instltute for Soil Chmate and Water (Pretona) '

3 _' pPH-A Cnson nucropH 2001 pH meter (Laboratory and Sclent:ﬁc Company (Pty) Ltd)
~ was used to measure the pH of 20 g soil mnced in50-mt dlstiﬂed water for 10 minutes and
- allowed te stand for 30 mmutes (Okaleho etal 1993) |

B Bu!k derm!y Two methods were used to estnnate the bulk dens:ty at the vanous SItes -
~and land uses dependmg on whether the soil was sandy or stony. For sandy soxls acore

o .(105mrnby‘?()mmdlameter)wasusedtoextractalmownvolumeofsoﬂ Thxswasdned_

at 60°C in & convection oven until constant Weight and the bulk density caleulated _

following equation 1 (Okalebo etal 1993). In cases where the soil was steny, an mﬁll

o method was used fo calm,date soil bulk dens:ty (Anderson and Ingras 1993) Soil was
- exeava:ted ﬁom a hole oflO cmx 10 cm x 10 om, lined with aplastm‘bag and filled with _
 water, This was used to calculate the volume of the hole (V). The stones and soif which -

were removed from the hole were overt dried at 60°C until constant welgln (W) and used |

to calculate the bulkdenmtyusmg equauon(l) | o o

R Bulkdensnty(g/cnf) wvo.o o

28



TN SRR T

o Sorl mazm’e cantem The grawmetm change mwelgln ofa smved (2 mm meve) soil

' '_ sample aﬁer drymgma conveqhtm oven set at 60°C prowdes an estimate forthe soi’i DR
o ::.mmsmre cmﬁent (Anderson a.nd Ingram 1993) “This’ was used to express quanht:as 0f v e T

e nutnents on L’i soﬂ drymass bams
i | Andzw vwxfﬁn mdlty mdexwas used to dlﬁ"erennate srces along i chmatlc gmdlent -
_:andwas calculatedusmgtheraﬁo ofmeanannualpremp:taﬂonoverthelastzo)remto

S __ E mean annual potsntlal evaporatlon (South Aﬁ!can Wea{her Bureau)

| --.'2.234 smplemtyses - L
o Samplas were analysed as soon as pomblaaﬁertheyhad been collected In caseswhere

o 1 ﬂuswasnot possxble, samples were stored act4°C mareﬁ‘igerated store foom. Analysxs of_ SR -

~ the soil. samplw, whmh éompnse rephcates for the fand uses at each site, mchzded B
o detemnmng several c}waucal and phymca} attributes. meg to tlme constramts, onlytwo o

rephcateswerecollectedforthe'l‘awoombaculnvateds:te, othermsethreerephcates R

werecollected for eachmnd use R R '“"«\..‘\- R
'The size of the 8011 organlc matter ﬁ'actlons for the: rrucroblal hwmass N and C paols

L .(Vance et al 1987) themass ofthe i:ghtfracuon (Anderson and Ingram. 1989), amomts o

 of hght ﬁacmgn N aud tight. ﬁ'actlon C, total N and C (Anderson and Ingram 1989),
| _' 'bydlﬁ‘erence the s:ze ofthe passxveN and C pools, were est:mated for all ofthe 5011
- samples ' o

The szze ofthethreesml orgamc matterﬁ-act:ons ware detemuned foreachsmnple as .
fnllows e



- The active or mrcrobm[ ﬁtomas.s poa!
Quantlﬁcatlon of the rmcrebml pool foIlows the method proposed by Vance et al (1987)

. This slmple method fer determtmng the size of the nncreblal populatlen 1s the chloreform. ) ) - |

o 'ﬁxmxgatlon extractmn techmquc where cemposne ﬁeld samples Were retume:l 10 the

laboratory and sieved using a 2mm sieve. Ahquots 2 ), each of about SO g were we1ghed |

. | lnto polytops Dlstllied water (2.5 rnl) was gdded fo. the sml te bnng it to 60% ﬁeld

N capacxty, and these were mcubated for’5 days in the dark at room temperature & 25°C) |

- This was used to prime the microbial population in the soil samp]es After the pnmmg |

| "pened had elapsed, one half ofthe su'bsamples was furmgated by placlng the polytops Qf
moist soil i in a large glass vacuum dessxeator with a beaker of £ 50 m! Uf alcohol free
chlorofoml The desswator was evaeuated until the ehlqkpofonn boiled, and placed mto the
_ 'dark for 5 days at 25°C (Andersen and Ingram’ 1989) T‘he other half ofthe subsamples .
W were not ﬁ.mugated Samples were extracted with 0.5 M I{gSOa, At a ratio of 5:1, Samples

Cooweret t‘uged at 5000. revolutmns per mmute for 5 minutes, and the supematant

ana(yse& for ammomum N. by she colomnetnc method (Anderson and Ingram 1993)

- Altheug‘h the techﬁique does not diree'tly irieasure miereb_iai ac__:‘tix’rity,- as_n’q -dii’f‘ereﬁtiati_en '
| 'bet“_'reen quiescent and active orgénisms. is made (Lake 1995), it an be i_iifermd‘_-th;ﬁt. a.

greater microbial biomass equates with greater nutrient turnover (Wardle 1992). ~

Micrebial biomass N was estimated by calculating the. differenice bétWeen a T§ ass'ay and

. an assay wh:ch was incubated i in 100% chioroform for five days (Vance el al 1987), The

chloroform causes the mxcreblal membranes to fyse which should result in an increase in -
the amount of nutnents in the soil. Nitrogen released by the fu:mgatmn process was
| measured by the colonmetnc determmatmn of ammonium (Anderson and Ingram 1993) '

’_I‘h'e ambunt of carbon in the:miefobial biomass was Iﬁeasdmd -in a siha_il'a'r méthod L _

| described 'abqé_e,; but the ex'.treeted carbon was d'etem_l_i_hed. using the c_ompletel-‘wet."- )

- “oxidation method by acidified potaSSium dichromate (Anderson and 'Ingrem 1993). This
| method requlres heatmg the sample at 150°C for 30 minutes, follomng wh:ch banum |
thonde is added and the supematant solutlon is. analysed by colonmetry at 600 nm,

0



L me SJW or !lght ﬁ-ac:ion pool

'The light fractxon is defined as that matenal whlch, when dlspersed in Water ﬂoats, and o .

whlch passes a2 mm bt not a0, 25 mm, sieve. Asunp!e method which was used for

-' ) _collectmg the hght fractlon mcluded dxspersmg 50 8 of‘ smved 5011 through a2mm s:eve, o

R 'and then dacanung the ﬂeatmg resxdue into 8 0.25 mm. meve (Anderson and Ingram -
- 1989) Mateml was dnecf and weighed overa three day penod ina convectwn oven set at .

. 60°C, Follovnng combustion in a furnace at 550°C for 6 hours the percentage of fine sand -

- -'(less than 2 mm but greater than 0.25 ram) was calculated and used to correct the light _  |

B ﬁ'actlon mass used in the chermca! detemunatnons of hght fractlon Nand C (see below) .

o Two carrectlons were reqmred to accurately estlmate hght fractlon C and N in sonl
. samples from. each land use and btome ‘The first correction was used to compansate for

" the fine sand that remam;,d in thetlight fraction after sieving. 59% of the sieved soil

~+ sample from the land uss of each blome was llght fraction, The qecond correctlon -
| included using biome and land use specific correction factors (ie. %N and %C} to
_'estlmate the am.:mnt of N and Cin the light fraveion (Table 2. 2)

Table 22 Cormctxon factors that were used to est:mate the amount of Nand C in the o

hghtﬁ'actlon
. Y 7Y - E
Land use Savanna Grassland . Savamna ____ Grassland
Comserved -~ 1165 . 2396 2257 3982
© Cultivated 1718 S 1837 #sB s

Livestock 2948 4300

Correctlons were denved by measurlng the pementage N and C (see methods for total N

and C) in subsamples that possessed a hght fraction mass greater than 0.4 g. Following

' tl'us the un—ashed light fractlon + fine sand cumponent was multlplzed by 59% to get the -

- mass of fight fraction and then an estimate of the amount of Nin the hg‘ht fraction was'
obtamed by multlplymg by the correctlon factors (Table 2 2) '

- Siniil:_tr 'method'c;nlogy applies fof‘obtaiping an eStimﬁté of.light ﬁacﬁbn__ c.

_ | 31:_



- The mfermedmte pool . - o
o '._To calculate an estimate for the mtermedtate N and C pool snzes it was necessary to

. N | determme the total N and C for the soil samples, ’I'otal N was determlned by Kjefdahl
o dngesuon fo!lowed by steam d1stillatmn (Instlmte for SmI Chmate and Water) Total C
- '_was quant:ﬁed with a ‘wet” complete omdatmn prouedure (Andetson and Ingram 1993) in .

v which 4120.001 ¢ g soﬂ, sample was dlgested at 135°C for I hour before the addltfon of
50 ml of . 4% barium chloride. Samples were leﬁ to stand overmght befora they were

o fead at GOOmnusmga spectrophotometer o

' -Intermadlate N and C was ca.lculated as the dlffemnce beﬂveen the total N and C and thc

I N and Cthat isin the mlcrobxal bxomass ancl light ﬁ'action pools, respechvely Thus

B subtractmg the total pool snze ﬁ'om the sum of the microbial and l;ght fractmn pools, gwes
N the pool size th&t is complexed onto soll parttcles, ie. clay C ' '

| 225 _'D’ata analysls - .

 Parametric statistical methods
'HiSfdg’ri&ms.bf all th'é variable means were used to 'determine if fhe dafa was:hon'hally |
o distnbuted An exanunatmn ofthe resxdual plots followmg an analysis ofvanance test or

o a,ﬂer regresmon analysls, was used to detennme if transformahons were necessary A log
' trans_fomation was applied to thg dataif a _i_‘an-shaped p_att_em, mdlcatmg hateroscedamty

- of the variance, was evident when plotting the predicted and the residual, Transformed -

véisables included, tight ﬁaction'_mass, m_icrobial N, microbial C, Light fraction N, and
| Light fraction C. Nmin and other variables were not transformed, and transfbnnﬁtidns .
‘were not conducted on the regfes sion analysis because an exami ﬂatum of the i‘emdua_ |

| -plots mdxcated the existence of no clear patterns. -

o The means for each fand use at each site (n 11) of the SOM vanables mcludmg

~ microbial blomass N and C light fraction mass, ltght fraction N and C have been.

compared using a one way analysns of vanance for bxomes, sites and land uses (SYSTAT)b
Ifthe ANOVA was shown to be mgmﬁcant, dlﬁ“erences were detected usmg a Student



.." =

' Newman Keuls multlple companson test testmg at the 95% leveT AS i986) No . .
: 'mteraetlon term could be mvestngated in any of the ANOVA‘e as the design was
a unbalaneed and had xmssmg ee’lls Thxs was because certain land: uses could not be

e sam;ﬂed at twe ofthe 5‘“’5 lnvesngated These were the hvestoek on elay at Teweomba, S |
A 'and the conserved ofi regxe sands at Klasene (see ‘I‘able 2. 1) RS %H o

i To mvestlgate the i lmpact thet Iand use had on the quantlty ofthe SOM vanableh at e%ich - | SRR
- biomes, site and land use, an analysls of covatiance was used with the variables andlty o

B mdex and | poroentage ﬁnes in the sml of sach stt& and land u3e 4s covanates A Tukey

" -post hoe multlple eompanson test was used te :Ieteet dﬁerenoes if the analysw was ': ' '_ | R o

E srgmﬁcant at the 5% level

B Stmﬁar methods as desenbed above were used for commnng Nmm in the b o mes mtes : ._ | R

- .. and !and uses, Linear regrese:on analyms was used to determme whether any trends

- e:osted in the dlstnbunon of Nmm in the vanous sntes and land uses under mvestngation o

B Simllarly Nimnin was regressed with total N, ‘ltght ﬁ'actlon mass, hght fractlon N, andlty
L mdex an\i pereentage ﬁnes to determme 11“ any assoolatxon exxsted with these vanables _
_ " R Relatlons per land use have also beer compared and the slopes of the regressnon Imes

B statlstmally eompared (Sokal and Rolf 1994} IR ' -

__ | Chl-square tests of dlﬁ'erenee used to mdleate mgmﬁeant assoolatlons between the
SR proportton of Nand C in the vanous soil and SOM fractions of each biome and land use .' _
'_ have been calculated usmg EPISTAT (Gustafson 1986) at the 95% level. |
Pearson oorrelatmn analysss and bonferrom ad_lusted probablhtles were used te compare
_the corte!ations among all the varxables ' o

eMe;eerzrxffé’ana{.,ses-. -

The CANOCO verenonB 12 (ter Braak 1988 and 1990) eanomcal ordmatnon pregram was )
o used fo desonbe the loeatlon of sites aceordmg to the mﬂuence of spee:es and -

N enwromneIual Vanables A Detrended CorrespOndence Analysxs, used to aid seleot:on of a



_Iinear or ummodal model showed that the grachent Iength was less than L 5 standard

o dewat(ons Therefore 2 linear indirect, i e 'RDA, method was used to desenbe which -
o .vanabfes were most important in explammg the Vanatlon in the loeatlon of srtes and iand -

' _uses Gauch (1982} states that the assumpnons of PCA, ie. that they have nomtal
- dlstnbuttons and he unoorrelated ‘can rarely, if ever ‘be vatid when using ﬁeld data sets.

| = C However dev:ahons from these reqmrements are tolerable when the teehmque is used for
o desorlptlve purposes (Gauch 1982) Furthermore the test of slgnﬂicance does not depend o
~ on parametno dssmbuuon sssumptlon.,, therefore there is nio need to coricern oneSelfmth o

L _;.transfomung data to conform to a.normal dlstnbutnon Therefore the untransfonned data o o

' _-'were entered mto the program snd no transfonnatlons were perfonneli

) E _A mulnvanate dtreet gradlent analysns ie. Redundaney Analys:s or RDA, was used to R
. explam the Species responses by ordmanon axes that are constramed to be finear |
| oombmat:ons of supphed environmental Vanables (ter Braak 1988), The ordmatioo
: dlagram obtamed ﬁ'om & dnreet gradnent anaiysm has therefore a known envnronmental
_ bams ' o '

' 'I'he falt specws and ermronmental data sets were nm w:th the RDA ophon, and all

 defaults were chosen The ﬂnal cutput from thls n:uttal analysns ‘was used to define the data"'
sets to' ‘be tested. Vanables with an mﬂatson factor greater than 20 were dlscarded as these -
-do not have a“ﬁmque oontnbutlon to the ordmatxon Slmtlarly strongly correlated vanables _

' make the plot unstable (Gauch 1982) Spemes vanables that were therefore used moluded N
rmoroblal biomass C and N, light fraetton N and the potenttal rate of Nrmin, Envmonmental -

o variables mc\"'.zded the pereentage ﬁnes aridity index, pH, bulk densny, and light ﬁaotlon o

- mass, The latter vanable was included, even though it was strongly conelated mth the
o percentage ﬁnes, to note its mﬂuence B : :

B Interpretatlon -Tna RDA tnplot the ‘species vanables are dxsplayed as arrows whereas | |
" samples are dlsplayed a8 points, With the appropnate soahng inuse (ter Braak 1990), the -
length of an arrow indicates the 1mp0rtance ofthe vanable, and 4 ’tt s dnreetzon mdlcates
. how well the enwronment is correlated with the vanous spemes ct)mposmon axes. The
o oosme ot‘ the angle between the arrows mdwates the eorrelatton between the vanables, the E

0o
i

TR S L

o



L thelr 1mportance.

o locatmn of the snte scores relatlve tt) the arrows mdicates the etmronmental

S cha.ractenstlcs of the sites, and the location of the specles scores to the arrOWS mdlcates o

. ‘the- envnmnmental preferences of each specles (see ter Braalc 1988 and 1990 for ﬁxrther

| _explanatlon of the mterpre’satlon of the PCA bsplot) The elgen ana[ysxs gwes a measure of -

'. '-'the lrnportance of the axis (ter Braak 1990) The closer the values are to 1 the greatel'

23 Resuts

. ."2'.3?_1 Bi.jm_e- ah_d Site'cﬁlﬁpﬁﬁs.‘.’_i_’sl

Table 2, ? and 2, 5 shogv the results obtamed f'or the detennmattons of the vanous fractlons S

of sml orgamc matter (SOM) found in the sml of the 11 su:es and Fxgure 2. I shows how
 the sites dlﬂ‘ered in the mass of hght frachon R |

% __’I‘abl_e 23 The sizeof the so1l orga.mc matter C fra,ctmns as a mean for the three land
o uses, in sach of the sxtes of the savanna and grass{and bmme

R " Soll orﬁanncmatterfmctmns _
Biome - Site.- Mlcrubml LfrC Intermedmtec TotalC _
' (‘“5--31 _(mgCle) (mgCl)  (meCle)

" Savanna

* Towoombal: 0,17 oso’"c S 658 755%e
‘Towoomba2 023 ) 2.24% e 1950
Nylsvley - 0.03.. foes“"‘ 525 598%

© Messlia . 013 -7 004 - 472 - 499%

S Kiasde 010 17T 506 693
KlwereC - 011 034" 532 5774
CMkeze . 021 260% - 1803 2084

Grasslaed. o T I

. UBleemhof . 010 L1 . 270 0 397
Bethlehem. - 021 . 086® 869 . 1007
Bethal -~ o037 124%™ . 1009 . - 11.40%

__ Vigheid - 0,10, 244 3634 . 39.08"
-.Note that sngrﬂﬁcanl dlﬁ‘erences(l"<0 05) exist between sites wluch have dlﬂ'erent letters. .
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' _No sngmﬁcant dxﬁ‘erenees Were found for the amount of Cin the mlcroblal biomass for E o

. either of the biomes (Sava!ma 147.23 mg Clkg versus Grassland = 145 38 mg Clkg)

Site differences (Table 2.3) were significant (Emn =2.389, P =0,015) The Towoomba2

_ i ; elay mte had 2.8 tunes the amount ot‘ Ci m the mxcroblal blomass of the Mesmna s1te The_- '
o -vanance of the mmrobml bzomass C pool at each site was large and showed that snes

L were 1iot genera]ly umque in the level of nticrobial bmmass C. The size of the nucrobxal

- .- bmmass C pOol was sngniﬁcanﬂy correlated with the percentage ﬁnes aud negatzvely o
o _eerrelated with the bulk densny of the soil (Table 2. 4) No mgmﬂeant correlat:lon ofthe

amount ofC in thexmcroblal bmmaSS was found mth the andﬂ.y mdex or the amourrt of o R

towlC.

o .Teble 2._4..' o i’eatscm}emrel'aﬁon' ceeﬁicxenfs for the variable 'means"mvesﬁgated mﬂns'_" |

-stiedy (a =31, significant correlations indicated by 1tah2ed bmd) Bartlett o
Chl-square stat:stxc = 346 565 D F =105, P<0.05," -

T AL BD %ﬁm Tho I.;FrN.'Lﬁ'm_assMerbC”'McﬁaN

;Bulkd_ensny _ '_--0387 1.0 T
% fines - L. 0425 -0.784 10 :
LightfactionC . 0.3% -0.467 0481 10 .
. LightfractionN -~ 6375 0652 0.600 0925 10
" Light fraction mass  0.260 -8.39 6.588 0.695 0743 10
Microbial:C .~ . 0222 -0.365 4.508 0239 0195 0293 1O
‘Microbjal N - - . 0314 0,122 1 6231 0334 0152 0200 0199 i0. @
" N mineralization 0333 -0.080 0019 0249 0.126 0112 0274 @401
~ pH - -0.376- 0,083 0220 0049 0113 0333 0362 0136
TotalC - - G600 -6.607 0.753 0419 0482 0460 0112 4.365
C L TotalN . . Q700 -0.680 0.765 0.535 0562 0.525 0312 0.442
COSeCN. - - aS503 -0.505 0.768 0373 0464 0408 0258  0.336

Light fraction C:N* <001 0,017 0169 0341 0050 -0007 0078 0.436

A ‘Nmin - pH TotalC_’.['otalN. sCN LECN.
Nmineralization 10- - Lo

pH - 0,128 - 1.0 :

TotalC T0276 <0137 1.0 ~
C TotalN . - . @375. 0148 6914 10 -
. Soil N - - 0165 0111 0846 0.701 10

gghtﬁ'acuonCN 03050138 0012 0123 0.130 '10

The amount of C in the light ﬁ'actxon was not sngmﬁcamiy dlﬁ‘erent between b:omes -
(Savatma 1945mgClgv. Grassland 25,121 mg C/g, F(; o0y = 0.943, P =0. 334), but

S sngmﬁcant site differences existed (Table 2. 3) Light ﬁ'actlon C was significantly pos:tlvely
- ,' correlated w:th the andlty mdex, and the 'total N and C contents of the sml ('I'ahie 2. 4)
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- The Vryheld slte had a s:gmﬁcantly greater amount of tota! C ('I‘able 2 3} The mtes of

' Towoombaz MkUze and Vr‘yhetd had the greatest total o} whxch was on average 3 tlmes S
: greater than the total C content ofthe char sﬂes, whmh tended to have lower percentage - R '. .

o "_ﬁnes m the sml The Bloemhof site had the lowest amount of total o but thls was not

- . s;gmﬁcamly dlﬁ’erent to the rsmammg sites. Total C was sngmﬁcanﬂy con:elated wuh the o
- andlty mdex petcentage ﬁnes in the sonl and C m the llght ﬁ-actton (T able 2 4)

B Tabl_é-z;s_ ié-_-

The size of the soﬂ orgamc matterN ﬁ‘actxons as a mean for the thi'_ee 1and

uses in each of the sites of the savatna and gmsslaﬂd bxome
N . So:l orgamc matter fractlons '
~ Biome. Site Mn:rohlal Ler Intermedlate TotalN
(ugng) (ug__g) (ug____g) (ugN!g)
- Savanna o o
.---Tmmbal _ .372 31454"“ : 41535. 73061
. Toweomba2 . 974 1187.73% 225775 ¢ 93972 .
o Nylviy - 734 - 28998% o 23113 - . 52845
. Messiia 722 6638 _‘ 36392 0 43752
- Ktaseric - 769 - 73245% 7026 669.88™ -
- Klasoris C 695  169.93% - 34793 - 52481%
Mkuze 897  .1490,76® . 4552 1545,25%
- Grassland -~ . . o R I
s Bleemhof . 601 45521 - -10230 . 35892° .
_Bcthlchém S 703 347.96™ . 43034 79433
‘Bothal .. 9.17 - 61698® 33104 . - 957.19"
. Viyheid - 9.45 - 1259.41* 676,50 1945,36"

Note that s@uﬁcant d:ﬂ’erenoes (P < 0. 05) ex'.lst between sites which have dtﬂ’erent letters o

" 'The amount of N in the mwrobial blomass wis not s:gmﬂcantly different between 'she two

biomes (Savanna 8. 09 mg N/kg versus Grassland =7, 92 mg N /g, F{],ssl =0.886,P= .
0 349) Similarly the differences between the sites were not significant (Faoan = 1,508, P

- =0.152). No relahonship existed between nucroblal biomass N and the andtty mdex nor

N the percentage fines in the soil (Table 2.4), Microbial blomassN was however pesﬂwely

con'elated WIth total soil N and C, the potentlal ratew N nunerallzatlon, and the C: N R

ratio of the llght ﬁ-actmn

| The amount of N in the llght ﬁ'actmn of the savanna blome (13 536 44 ug Nfg) versus that

*in the gt‘assland bwrne (15 850.69 ug N/g) was not 51gmﬂcant1y dxfferent Fa. o0 = 0, 973
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L S also posntwely correlated w1th the total Ni in the soil,

a P .0, 32?) Heweverfi‘ltes had mgmﬁcantly dlﬁ‘e,rzent ameunts of’N m then- llght fraegon _' SRR

o "(me- =6.235, P=0 .000). nght fractxon Nwas alSO s:gmﬂcantly corretated with the
o _. mass of hght ﬁ-acnon, due te the s way 1t was ca.lculated (see methods sectlon), and the oo
tetalNandethesnu(TabIeM) : T

. En-ors in the use of mean values for calculahng the hght ﬁ-actlon mass for land uge are " - .
L proposed to bethe reason for the negatlve mtermedlate ﬁ'aeuen values 3

S 'I‘he hght ﬁ'actlon mass was fot sxgmﬁcantly dxﬂ‘erent (Fmggf, = 0.160, P=o, 690) between_ SR
B bmmes wn:h the savanna blome having a llght fracflon mass of 2. 34 g?kg soﬁ and the e o
S grasslan& ha\elng a sllghﬂy greater mass of 2.49 g/kg soil, 'I’here W&re however mgmﬁcant o

~ differences between ites (Fuaay =4.346, P = 0, 000) Fig, fe2.1). Sites which had a high SRR
L percentage of ﬁnes in the soil snmlarly had a Iarge mass bflight fraction (Table 2 4) The R

' same relatmnShlp was not however found usmg the andrty mdex L1ght fqptzon mass was -

e ¥ 1 P N - .
LI S et B e .

" Light fraction me

R TR,

. Figure_z_.l Tne mean (+ SD) mass of the light ﬁ*actwn at each site {n 3) of the
S * " savanna and grassland biome. Similar trends exist for the diﬂ‘erence in llght
ﬁacﬁonNandCbehveenthellmtes o _ _

BRI



3

. 232 Laiu'ﬁ‘-,'_ise_ 'com'ﬁggisgﬁs S

; o The moa;n quantlty an in iho nncrohnai blomass ofthe Iaod uses were &gmﬁoantly
o differont (con s os* ouit = s 82%, lvstk g, 09“ Fm = 5 214 P=0. oo';) but

'szgmﬁoa.nt dlﬁ’orenoes wore not found for the amount ofC in the mlorohlal blomass of : S o

e eaoh land use type (cop 161.91 ﬁ’g C/kg GUIt = 137 60 ”S C!kg, lVka 143 03 ”g

_'_ér"r‘mcroblal bmmass (Table 2 6) The Mkuze snto had tho greatest !mcrobml blomass
whm was oniy shghtly Iarger than that of the other s:tes Sltes were not sxgmﬁcanﬂy
ziiﬂ’erentm the s:ze of tho mxcrobnal blomass C pools of oaoh land use, but tho Mkuze
B ¥ oonsorvod snto had the greatest C content '

S

L 39

o - CA &) Nono ofthe sltosoftho land uses were s;gmﬁcantly drﬁ‘orent in the amount ofN i R



 tabess

SItes in the saVanna and grassland bnome

The size of the soil organic matter ﬁactnons_ for the Iand uses of the 1 -

i ™ Soil nggani'c'matler fracﬁohs

“Fiomeand

site -

"Land : *n_;mic'mhi;s_w '- MncrobmiN LwC . LN
e (g Cfg) _GgNg - (gClp) - (mglNig)

- .. Toweombal
‘Towoomba2 - S _
CCom U MBEE L 8dL 2039 06
S Com. . 13135 o777 48 '-.2.-4’9_’"-5- L
o883 1342% i 693*
CoCom. . 30839 . 68T 61 os"*' co 3LEPP

_ Nylsv]ey -

L KlasarieC

" Grassand
- Bloemhof

. 'B_;gtm_enqm

 Bethal

Vryhclli

'.Cbn"" 16271_".‘_ 1048 f' ot S5 L

Con - - 21533 1L 14226* . 73400

Con. - . 16789. - -

Con - - 11765 - - 498 o990t - 59
Com. - 24880 . 425 1805 . .1036™

S Com . 4678 . 852 8503 - 3L16"
S Coi - .7630 - 8B4 .. 4SO d4sst

L

Savanna

- Towdombal - Cul (
Cul - 28340 0 768 . 1333 . ou®

Coul o cR021 0 631 gs9 509%
cCd T 132Ie 0 695 - 300 206
cal - 9658
Sgub o o 4899 T . 619 9.16* - 6.a8®
SCul 17186 . . 485 . 14934 10239

* “TowoombaZ
’ Ny]svley

'-.Messina e

Klascrie

Klaseric th

.. Grassland

. ‘Bloemhof -
Bethlcllem
Bethal

. Viryheid -

Cal . 18394 - 690 AS0® . 320%

670 2238° - 1534%

o . 7558 621 _..-._'_'i()._{)g*, X

Scal 15738 . 691 o c27st o189t

Cll. . 9995 - . 8m 493 . 3ag®
Comer . 3628

- Savadring

| - Towoambal -

Messing -
‘Kiasetie
Klasetie (C)

 Grassland
Bloemhof

Bethlehiem .

Bethal
. Viyheid

Lvs . 15107, o 879 e 6802“ o 23'.5_‘3*'
Lvs = 5635 662 3832 1351

S Lvs 1970 - - 695 673 Logar

Lvs (10041 869 - 100.86® . 3556
Ivs- . 10460 - 572 1278 as™

' Lvs 15931 15240 6096 2140

Clws o 11555 o 684 10196 - 3461%

Lvs . 218 993 6928% 2350
Lvs = - _-15895’"_; 1025 '2373"’“’ 9T
Lvs 23664 1189 ML 5005

Note that agmﬁcant diﬁ'erences P <0 05) exist between Sltcs whxch have d:ﬂ‘erent letters
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The mass of‘ fight ﬁactlon was sxgﬂlﬁcantly dlﬁ‘erent between land uses with the cultwated e

land use havmg a smaller mass (1 64 glkg) as opposed to the consewed and cultlvated
- 'land uses (3.00 g{kg and 2 87 g/kg) respectwely (Flgure 2 2) 'I'he cultlvated land uses
o usua]ly had half as much hght fraction mass, There was also a sxgmﬁcant diﬁ‘erenca
'. between the amount of Ni in the llght fractlon for the three land uses (F(z,sgj 4 ‘741 P =
. | 'f‘e 01 1) wﬁh thi cultlvated land use havmg 50% less Nin the light fractmn thian either the :- -
L cﬁnserved (12 823 31 ug Nfg) or the{westock Iand uses (13 458.60 ug ng) (Table 2 6),-

o Snmla:rly there was 2 sngmﬁcant 1ana m[&‘erence m the amount of Ci in the light ﬁ'actaon' o

h _"(Fg,sg; 12. 290 P 0 000) The cmltlvated land use had the 10wcst amount of Cin the -
: light fraction (10 33 rng C/g) versus that i the conserved (25.00 mg C/g) and hvestodc

-~ __(4046 mgClg)landuses -

-

QN

Light fraction mass (g/kg) -

o N A o o

b Figufa 2.2 The mean mass of lnght fracuon (gfkg} in each Jand use of the 11 sntes
_ * investigated in the savanng and grassiand biome.

- B The total soil N was sxgmﬁcantly greater in the conserved (95060 mg N fkg) and

| livestock (857 04 mg Nkg) land uses (Fpg =8, 677 P 0.000) than it was in the _ | _

~ cultivated iand use (535.80 mg N/kg) Tha differences between the sites ofa partlcular "
- land use showa that sites tended to differ in the amourit of soil C. and N (F(m gy = 15. 578

p= =0 000 and Fuu 81) = 16 375, P= o, 000 respectwely) thh sites havmg a close '

T



s trends ex:sted for the amount of sonlN

_' __ percentage of fines generally had greater amounts of total N and C than sites whloh had a
 high percentage- of sands (Appendlx 1) This seems to- 1mp1y thet soﬁ CandN vaned in

- accordancé thh the soﬂ temture or more epeelﬁcally the percentage of ﬁnes (silt + clay)

| "I'tus was. evldent from t‘ne close eerrelatnon bebween the percentage fines and the level of

o sonl o and N The ¢ N ratlo at eaeh 51te appeared tobe falrlv constant ﬂuetuatmg around

o 10 or 11 (data fiot presented) Dlsorepaneles exist where the soil was very claye}, eg.
- Towoomba 2, Mkuze szheld (Appendlx 1) Where the soﬂ was very clayey (% firies > -

o 60) the amount of carbOn in the soﬂ was approx:mate]y 2.5 to3 times greater than that -

~in the sandy so:ls The Vryheid mte had almost twme as much C than sxrmlar sites in the
. savanna, e. 2 Towoomba and Mkuze However the dlﬂ'erence betWeen the amount of soxl
T C in the two biomes was not sngmﬁcantly dlﬂ'erent (Fu,gg) = 3 628 P 0 060) Similar

| An analysxs of covanance with the andlty mdex and? i~ pen,entage ﬁnes at each snte and R

" land use as covanates, was used to indicate if biomes, land uses’ and sites dlﬁ'ered _
- aeeordmg to the impact of land use alone, This showed that the riean sﬁe quanuty of total

N, total ¢, and light fraotlon N was sngmﬁcantly smaller for the cultwated land use (Fasy

- =19.522, P =0.000; Foan =10.229, P = 0.001; andamu—7 802,P=0002
respectively), but slgmﬁcant biome and site differences were not apparent. All other

| vanables were insignificant w1th an ANCOVA using andlty mdex and the pereentage ﬁnes .

in the sozl as covanates

2. 3 3 Comparlson ot‘ sltes and land uses a}ong the envnronmantal gradlents : i :

I‘lgure 2.3 shows that the sites were dlstnbuted aiong a clear moxsture gradient. The dnest
site was that of Messma (Mes) which i is located in the far north of the South Afncan o
- -'savanna, The driest site in the grassland biome was that of Bloemhof (Blm) This site is
| located on the western frmge of the grassland biome, Progressmg ﬁ'om the drier west to
" molster east (bottom left to top nght in Figure 2.3) the sites are more moist and therefore
N “have a greater andlty index. Thus the Vryhe{d Slte (Vry) has a mean annual precxpltattoa |

. ot‘ 950 mm and an andtty mdex of 0519 (Table 2, 7)

a2

eorre:atnon between the amount of N and Cin the soxl (Table 2. 4) Sltes whxch had a hlgh |



S ?I_‘ablé_z-.‘?. ~The chmatzc vanables for the 9 Iocatnons mvestlgated

B o ':(°C)- ' .-“(°C) - '(mm) (-m) _-:mdex
- Towoomba 12 266 66l - 2252 . 0294
. Nylsley - 120 @ 265 - 623 - 2201 - 0283

- Messina 151 296 309 . ©2682 0,130

. Klaseie 148 270 . 562 2215 0.286

0 Mkuze - 1467 290 578 2230 . 0,330

 Grasgland- -~ - - o U
~ " Bloemhof 88 256 537 2280 0211

- Bethlehem -~ 7.8 . 220 - 650 . 1916 038

CBetl 73 24 TAT 1T 0423

- Vivheid 119 232 950 1671 0519
' ’Tmlnlsmeananmalminmmmtemperatmeatoswﬁ S o
2 Tmiax is mean annual maxioum temperature at 08h00

- ) _3hdAPisnm&mnannumlpnanpnaﬂnnibrﬁhehﬁﬂtﬂmmuyyeana -

_‘BJAElsmnmwmmﬂwammmmemMmré -
_ sAndxtymdex = MAP/MAE _

Aridity index

0.6 — —
_a’i; o - osed Blh '
] 208} e oy ’qao“‘ |
Cand e

' J'snes' '

———

| Fi_g'ur_e 2.3 T:c:;ldxsmbunon of the mvestlgated sites accordmg to the aud:ty mdex of N
o e . . . .
- An exatmnatmn of how the SOM ﬁ'actmns change along gradlents of moisture and s«mﬂ
type (Fxgures 2. 4 2 6 ) show that generally there was an iricrease in the amount of scni
~carbon and nitrogen from tha drier west to the mmster east (i, e. along a moisture
- - gradlent) Thus where sxtes recewed more preclpltatmn and/or have a lower annyal _
: evapuratwe Ioss, the amou:it of sonl total Ni ig expected to be greater in the South Aﬁwan "
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il C were closely conrelated (F:gure 2 6)

e _.savanna and grassland b:ome. (anure 2 4) Snrm[ariy where sntes had a }ugh percentaga of _' S

- finies (snlt + cIay) m the soﬂ the amount of totai soxl N was a!so greater (Flgure 2 5). B
Snmlar trends exist for the qnantlty of totai C in the soﬂ as the amount oftotal N and total g __ -

RS

A

9)

i .

e
=

(=3
B R

L2

 Total N.x 100

i %
AL

- o ‘Aridity;-index_ R T

-TotamaTnta!o*-' |

- _ | Flgure 24 B The relatmn between mean site (a) total mtrogen (cu'cles) (ug ng) and (b)-' i

. total C (traingles) (mg C/g) for the 11 sites investigated. Each is the mean - .
- pfthe land uses, and. s‘xows the vanatlon m total N and total C with sxte C

' andlty

.-hn-
=

'(a)y 0l7x+278,r=085 ] . %
(b)y 0.359 x + 0.387, r—081 b_- S .

ey
&S

Total C (mg Clg)

Total N x 100 (ug Nig) -
Bl _
O

Percentage f‘nes o

_.-TotalNATntaIC' I

Fxgure 2 5 The reIatxon between mesn site (a) tntz-l nitrogen (ug Nfg) and (b) total e
-~ carbon {(mg C/g) with the percentage fines, Means for the three land uses.
ata slta were used _ : o

NP



. 1? 2000._:_

R 33_%_.4_4._15: X +309.40,r=095
a J- .
_.___.51000
g
: I_ 500?.’ S
'-0. 10 : 20 ' 30 _ .40

Total C (mg C!g)

Fi._gurelz"._ﬁ ' The reIatlon betWeen the tetal amount of carbon and mtrogen in the soil
' of the 11 sntes mvestlgated as a mean of the land PED at each site.

2.3.4 Soil differences between sites aud Tand uses -

| 'I’he sml ehemxcal and physncal attnbutes for ¢ach Iand use at each site are presented in -
Appendnx 1. The pH for the three la.nd uses was not statlstleally different (Fzsq) = 0. 963

P=0. 386). The lowest pH was on the livestock land use (5, 57), whilst the hl?hest wason
the eultlvated land use (5. 78) The pH of the soil at the Teweomba clay site was |
sxgmﬁcantly greater than that of any of the other sites (Fuo an= 17787, P = 0 OGO), and |

-"the Messina, Mkuze, and Bethal sites alt had pH’s which were statistically the same Ali of |

| _ *hese sites also had a high percentage of elay and silt (percentage ﬁnes) The percentage

of fitiles meaned Aeross all land uses was feund to be not s:gmﬁcanﬂy dlﬂ‘erent between

- the sntes (Fm 20)“ 1 263 P=0.314) Smularly the percentage of fines per each land use

_ | N was not srg:nﬁcantly different (Fms) 0. 333 P=0719) mdleatmg that sites did not
. 1gmﬁcanﬂy differ in pH, Table 2.4 does however show that a sngmﬁcant negative
E cerre!atxen existed for the change of pH with the Al and mdlcates that sxtes whxch -
- recewed greater ramfa]l tended to ha.ve more ac:d smls, ie a lewer pH. o
~ The bulk denmty for the three land uses was not sxgmﬁcantly different (Fms; O 6‘11 p= o
0 546) The cultlvated land use had the l'ughest bulk densuy of L 34 g/em whlle the N
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__ .' .--lwesmck area had the lowest of 1.26 g/om“ The bulk density at partxcular sﬁes was. _ |
‘ewmmwmmmmﬂwmpMwﬂmMmmmmmmmmf"
: _' '"at the Mkuze site, followed by the Towoomba clay sue and then the Vryheld site. Allof

: B these sites had a hlgh percentage of ﬁnes in the soﬂ i e, a clayey texture and this lndlcates " -
: ) - that the methodology fer deterrmmng the bulk denmty was 1mpreelse Thls sterns from the L
- dlfﬁculty m samphng clay soxls for bulk denmty measurements usmg the core techmque

o _:"Although trends emst to explam the change in so;l C and N over the two envlronmental

o _' gradlents dlﬂ’erences behaveen land sés were not always apparent However, sites. ot‘the o

land uses,.

: '_ conserved land uge usually had greater levels of fight fractton mass than those for the -
L cultwated or lwestoelc Iand uses (Fxgurerﬂi . thure 2.8 shows that the sites ot' the -
_ | cultwated Iand use, and snes ofthe hvestoek tand use both had. slgmﬁeanﬂy tower
o amounts of hght t‘ractlon mass- than sntes ot‘ the. eonsewed land use. Slopes of the
| regressmn lmes t‘or the hvostook and eultnvated land-uses were mgmﬁcantly dszerent S

(Fo, = =22, 494) Thxs graph therefoxe shows that if lwestoek produetlon mtensxﬁed then

- ~ the llght ﬁ'aetton mass can be expeeted to decline to lower levels than are m the conserved |

. — .
N

o
5121
210+ |
S S
- E 8+ .
86 . =
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" Figure 2, 7 The relatton between the hght fractlon mass nmd the predtctor variable

" asidity index. Means per land use at each site have been used (n = 3for
- the three land uses eonserved (a), eultnvated (b) and hvestoek (c)
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. Figwe2§ The relation between the llght fractlon mass and the pred:ctor vanable
S -percentage fines (silt + clay), Means per Jand use at each site have been -
used (n= 3) for the three land uses - conserved (a), cultwated (b) and
: lwestoek (c) L R S
o The use of regressxon ana]yses to mvest:gate the mteraction between the enwronmental
Vanahles and the various. SOM varzables i ntok appropnate as the predmtor vanables do

| net necessan!y represent a lmear eequence For example in regressmg the light fraction

~ mass agamst the predlcter vanable % fines, the range of soil types fer the 11 sites are at

_-._}\
the two extremxtles That i, soils for snte tended to be either sandy or clayey, with vet‘;,)r L

T few sifes les with mtermedtate vajues between these extremes, For this reason emphams has ! )

i

been placed on the multwanate analyses as these are cenmdered to be more pGWerlul in |
- analysing and mterpretmg the patterns in the data (Dr E R Robmsen persenal k

commumcatlon)

2.3. 5_ Multwarlate techmques to ldentlfy patterns in the s:m:lanty/dnss;mllanty of
_'Sltes :

- Multwanate techmques were used to deseribe the pattems or ordmatmn uf sites and land
uses according tu the abundance values for “species” and enwronmental vanables The _
- term species is analogous to t.he d_ependent vanables_. Nmm, light fraetlor_l N, m_xc:obna_l C |

' ‘Dr Robhle Robmson, Lecturcr inthedeaparment ot‘Betany. Univemw of the Wltwatersrand anate o |
-_BagXSW:tsmSO '
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and rmcroblal N where as the envuonmental variables mclude the mte vanables bulk
densaty, percentage fmes, andlty mdex, hght ﬁactton mass, and pH '

n A Mu'lpet'fermed w1th the ép‘écies' and ehvitonrhental :d'ata ﬁles‘ is shown in Fig‘ure'- 2.9 Lo

s and Table 2.8. The speeles emonment correlation measures the strength of the

o '_:{platlonshlp between the enwrenment and the speeles for that axis, “Thus axxs 13 shows that o .'

| ‘there was a 57 4% correlatlon between the spectes and the ermromnental vmables Thls

o tapers foW‘lﬂ'l addntlonal axes. Table 2. 3 shows that the RDA could on]y e;xplam 28, 1% . -

| : of the total Specnes variance m the first 3 axes. However 160% of the vanance m the

" speetes elmromnent relat:onshlp ‘was explamed by the first 3 axes

. Table_Z;B- OIdmatton summary for the RDA perfomted on the Spe(m“\ and
ST envrronmental data for each of the land uses at each site,

“Awes - 25 4

- Elgenvalues T R . 0255 0026 00 - 00
~ Species - environment correlatmns | 0574 0340 0333 - 00
" Cumulative percentage variance of: I a
_ Species data : . ... 255 281 281 . 00
Specnes envlronment relatmn %07 99 1000 - 00

| _ anure 29 shows that httle ofthe variance between the sites could be explamed by the
pnnupal o *nponents analyszs Sites could only be separated i into two bread groups One
- group wis positively con'elated with the microbial blomass C and N (quadrant 2} where |
asthe other group eeparated acmrdmg to the light ﬁ'actlon mass a the site (quadrant 4).
| although the exact pattern between the distribution of sites with the PCAupcios a1 the
RDA are not the same, there is a close resemblance, Aecordmg to ter Braak and Prentice
(1988) the smulanty in the dlstnbutton of the sites shows that there is greater oertamly

 thatthe enwronmental vanables are appropriate in describing the way that the species

'relate to the envnronment Thls is apparent fmm Figure 2.9 whtch shows howthe = _
' envtronmental Variables correlate wﬁ.h the distribution of the sites. The percentage of ﬁnes -'
" ~ and soil pH were pomtwely correlated with group 1, while the bulk density of the sonl was
Iposmvely correlated w:th gmup 2. Group 3 consisted of sites w:th & greater mass nf hght |
ﬁ*actmn in the sml but wh!ch had a lower so:l pH and lower pereentage of ﬁnes o
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Investxgatmg the correlat:on between the spec:e.s ancl the enmmnmentai vanables ofthe:'..____
RDA showad that the amqunt of mrcroblal bm’mass C and N was pomtwely mrreiated =

thh the pemeutage ﬁ‘;es in’ the soxl and soil pI-I The potentnal rate omem and hght

. .‘.1 PR

densxty of the 3011 |

fra thH N were both positlvely oorrelaled thh themass of hght f’racnon in the soil and :
!ess 50 wwh the andnty mdex Ail vanables wem negatwely correlated wnth the bulk _'

. .:‘5‘“". .
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o 23;6--' "_I‘hé mwﬁa‘.‘.s m a'na. Cl‘ml ﬁe.'sbm."fraﬁﬁqhs' B
" three fand uses mvesﬁgated m the grassland and savanna blome are presented m

L

. .l‘.}_:. .

_ o i The proportann of c andN m the three SOM pools of each Iand use type are shown in
S -'FigurEBZ 10 and 2.11; Chx-squaretests ofasaoclatmnumng EPISTAT showed thatno .
_ Slsmﬁcmt asmmaﬁon between 1heN in the hght fractmns of the two bmmes was evident g L : .
) s ie. both the savanna and grassland b;ome have suzular ratxos ofN in the nncroblal N pool - _

o hght fractmn N pool aiid the passweN pool (Table 2.9 and 2,10). Similarly there wasnof - |
e . .J'a mgmﬁcant assocxatron hetween the propomon ofN in the ﬁ-act:ons ofthe landuses.
SRR That is, the proportlon of N mthe SOM fractton of the conserved, culnvated and :

L hvestock land uses Was aot signiﬁcanﬂy dlﬁ'erent However s1gmﬂcant dlﬁ'erences inthe
5 .'proporuon ome the S()ﬂacuons ofthethree jand nses ofeachbmme were e\{;dent N e
o | In the savanna blome ﬂw cult:vated land use had a greater percemage (96 ‘77) ofN in the B o _.

 Tight fraction than either thie conserved or livestock land uses (65.69 and 56,64% -
"reaepechvely) n the grassland bmme, the kvestnclc land use had a greater percentage
LTS 73%) of Ni in the light ﬁ'actlon N thau elther the conserved or the culnvated (8. 4“4

- :_and 44, 77% respectwely} land uses,

o 'I‘he amount of N and C tli the various SOM pools ofaaah hlome, land use and mthinthe o S

oo



Fropomon ofc m the conserved s:tes - |

“rc;713%)
- Mcrbc{091%) TR

" Proportion of C in cultivated sites

e 7T8%)
S Mo C(1.38%)

= Morb C'(‘L‘IS%) :

 Figure 2,10 “The proportion of C for the SOM fractions active pool (Mcrb C), slow w
AR pool (Lﬁ" C) and tntf'rmedlabe pool {Int C) .
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| Flgure 2. 11 The propomon m:,N for the SOM ﬁ'actmns astwe pool (Mcrb N), slow o )
- pooi (Lﬁ' N) and mtennedlate pool (Int N) '



: ':_ | Genera]ly the proportlon of N that is mzmoblhsed mto the lmcroblal pool of each Iand uee '_
" -ranged between 0. 75% and 1. 04% Less than ha]fthe N that ceuld be made accessible to
plants by the nnnerahzatlon of orgamc matter was locked up in the Tntermediate soil pool :

o Ne mgmﬁcant assoczatxen was evident between the carbon in the SOM fraetzons ofthe

- two bzomes ie. both of the bmmes had a smular prqportmn of C in the poois of the so:l
"orgamc matter Fractions, 'I'he same was true for the propomon ofC mthe SOM fractxons -

o _'.ofthethfeelanduses aswellasforthepropomonof(lmtheSOMﬂ'acnonsperland
B ':usemeachblome ST N B e

. Inall land uses of the savanna and grasslend bmme the proportzon of C in the
- Intermedxate pool exceeded that m the mlcroblal or llght fraetxon C poois by
'-appmmmately 90% | -

Tebie 2. 9" A cm-square compmson of the Percentages oi"N Per sml OTgANIC ma.tter R
'+ fraction for the two biomes, three land uses, and for the three land uses in each biome.
" Sites and land uses have been meaned for the comparison of the savanna and grassland -

 biome, sites have been meaned across biome type for the land use companson, and for the

L land use cornpanson per bmme

.Companson ] RS Ch:-square D.F - Signiﬁeance
: SavannaversusGrass]and 0702 2 NS
 ConVCultVLvstk = =  2.4939 4 NS
Con 'V Cult V Lvstk (Sav) - 188178 4 *
" Con'V Culi VLvstlc- (Gras_s)‘ - 97796 4 *

Table 2.10 A ch:-square comparison of the percentages of C per soil orgame matter
- fraction for the two biomes, three land uses, and for the three land uses in each biome, -
Sites and land uses have been meaned for the con.parison of the savapna and grassland =~
biome, sites have been meaned acrosg blome type for the land use companson, and for the S
land use companson per blome .

Companson — | ~ Chisquare DF o '_Si'ggii'ficml_eé_ _
o Savanna versus Grassland i o :'.0,2356 ' 2 . ‘NS
 ConVCult VLvstk 24646 4 NS
- ConVCult VLvstk (Sav) = . 14856 4 - NS
Con V Cult V Lvstk (Grass) - 5.7105 4 - NS
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. atthese sxtes S:tes wiueh have a ‘high percentage of ﬁnes and whlch are located inthe

o 2'_.'4-."1 ;'- Centrels-mn- i:he aeeuxyel_atien" of SOM_ |
' Greenland et aI (I 992) recogmse that SOM c’.ynarmcs and the rate ef Nmm of sml ergame
matter are gevemed by aeverai eevlronmental factors The:e include the way that Nmm

- ehangee w1th temperatut\e end ramfall, the bzelegteal actmty m the sod the compositmn -_f__:. o L

- therefore the dynannes ef the SOM These mclude the cIay content ciay type dramage, '
e __.acldlty, and. nutntlonal status ofthe sonl BRI T

N K The redundancy analyses for the s:tes and 1and uses mvesegated m thxs study elearly
o __suppert the above etatements Sltes whxeh were melst, and whlcn had ahigh percentage
_of fines in the SDﬂ tendect 0 have 4 greater miass of light fractnon Smularly these eleyey

' sxtee and Iand uses had a greater nncrebial blOl‘IlaSS, and greate}’r quannhes of N and Ci in

) \ the hght fraction. ‘The mlcrebnal bmmass tended to mcreaee with the pH, and \a* es
_iassoc:ated with the aridtty lndex of the sites, Although ﬁme did not allow quanhficahon of o

- the fertillty of 'the 5011 types that Were sampled ie by usmg growth responSe trials of
: " grass produchon, itis pessxble to mfer that sites and 'land uses whxeh have greater .
- 'percentages of ﬁnes, wﬁI be more productwe Such a cenelusxon is besed on 'the greater

_ supp!y of SOM and the faeter rate at whtch it tumed evers ie. was nnneral:zed, in'the. soﬁ

.7:;:'.:."., -*/

'more moist. parts of South Aﬁlea, would therefore tend to show such responses (Flgure 2 \ _

.. of the organic matter entenng the soil, and by, hew dlsmrbanee acts te alter these factol‘si--:' e
- In addmon several mtnnslc prepert:es ef a sml smmlarly detenmne the rate of Nmin, and -

9) on the bams of these assumptions, However quantlﬁcanon of the standing dead SRR T

 biomass at each sxte and land use showex that not stgmﬁeant rela‘uen exlsted between the L

'_blemass and the sezl texture at a site (Flgure 2. 12)

Shou
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§ F1gure 2, 12 The relatton betWeen mean (n 3) standmg dead blcmass and the .
- percentage ﬁnes ata stte : . _

| Processes contrlbutmg to the fonnulatlen of such an hypothems weuld mclude the roIe '
' that the vanous SOM fractions, SOll texture site rnotsture, and other assccnated factors
: play in detenmmng SOM mmever (Greenland et al 1992; ) "

_ Ivhcro—crganisms, whlch rmneraltse SOM and thereby release nutnents, require suﬁictent -

substrate to survive, Not only must there be sufficient matenal t‘te organic matter must |
“beofa sultable qualtty for deccmposxtmn to oceur. That is, it must have a C N ratlo |

|  below approxxmately 25:1. Such a ratxo is needed because nncro-ergamsms requxre Nin
 sufficient quantmes that they. are able to asmmllate the necessary proteins and metabolites

- to funetton (Paul and Clark, 1989) Ifthe substrate is either 100 limiting or if the quahty of
the substrate is too fibrous, i.e. it has a C: N ratio. abova 251, then m:cro-orgamsms

would _l_mmeblhse N. Th_ls will reduce the avatlabtltty of N to plants in the short term.

 The C:N ratio’s of the light fraction in this study were exceedingly low fanging from 1.45
to 2. 85 (results not pt'esented) This 'twas att'ribiite’d:'te the method in w'hich 't'he' light

E fractlon Cand N dctennmatnons were obtamed (see methods section) as using the .
'unccrrected data shcwed tha’t the hght fraction C: N ratle should have ﬂuetuated between_’

B © 12 and 25. Nevertheless the ratio’s were below what is assumed to be the upper limit for
N xmnera.ltzatlon ta oceur, i. e 16 to 30 (Paul and Clark 1989; Scholes and Walker i993), .
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B _The C N ratio for the soll, ie. usmg the total C and total N quantltles, ranged betWeen 6. 5

- and 30 for the land uses. Thls is s.um.lar to C :N ratios obtamed in grassland and savanna |

| _' " sites in South Africa (Ellery 1992 Carter, G A 1993, Mckean 1993; Du Preez and Du -
| Tont 1995) Dy Preez and Du Tont (1995) reported CN ratxos for several agroecosystems .

| | in the grasslands of the Free Stateand values ranged from 9, '?7 to 14. 21. Carter GA - :
e (i993) reported the C: N ratio” a of several savatma sites dxﬁ‘enng m chmate and vegetatlon o

. '-and gave values m the range 8to 30

- Havhn et aI (1990) contend that average soil C and N contents are directly proportmnal

o to clay oontent They also state that combmed over all locatwns in eastem Kansas under

o differing cultwated land use regimes (oonventlonal tlllage Versus no tillage), tha orgamc c

. contet was htghly correlated to organic N content (r= 0 98 ) Similar regults were
- shown m this study where the correlatlon between the totaI C and total N content was

 significant. (r =0.92 M. It would also appear that the Cand N dynanics of these sites vary i -

_ thh the clay- content and along the mmsture gradlent Smuiar hypotheses were proposed o
by Du Preez and Du Toit (1955\ | |
The _supply-o_f decomposable matefial on which mi'e_ronor'ganisma can act need not only be
- provided by the mass of deeoraposi_ng” material designated as the _light fraction, butisalso

 contributed by the organiematter that is adsorbed on the silt and ciay portioa in the soil.

| _ Thus nunerallzatlon includes the breakdown and releaae of nutrients, in this case N, rom

- all ﬁactwns ofthe SOM pool in the soil (Greenland el al 1992) Consequently itis the
g eombmed content of SOM that deterxmrles whether 2 partlcular soil type will dlsplay net
N posmve or net negative rates of Nmin, These are demgnated N merahzauon and
lmmoblltzatson respectwely (Chapter 3).

_' .' The immobilizatio'o of N refers to the lockmg up Niato the microbial biOmaSS Microbial = -
| ‘biomass not only requires an adequate substrate mpply, it also reqtures a-suitable supply
of energy, usually prowded in the form of C; and suitable abiotic condmons Groﬂinan er

al (1996) suggest that soil type is a more ilnportant controller of microbial blomass and
.actmty, although dnﬁ‘erent grass speczes can create slgmﬁcant, but small differenees in the

+
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- - rate of Nmm Th.lS would be e\ndent m the way that the C N ratxo ofthe plant matenal .
- affects the mlorobtal blomass Although Lhave been unable to assess the C N rattos of the | |
| ._vegetation at each fand- use, the relationships suggested by Groffiman ef al (1996) appear '
- to -apply to these sntes as well That is sntes whtoh have lower ratlos of C:Nin the _'
_ . vegetatlon would be expected to have a greater mtcrobtal pool sxze if all else wasthe
- -same. 'I‘hts needs further study to validate (but see Prasad et o 1994) The correlattons
| _ a between soil type and mtcrobtal blomass and actmty appear to be a function ofthe

e percentage clay in the soil (Jones 1973), the kind of vegetatton (I-Iofstede }995) and the -

- impact of land use (Prasad et al 199‘4) These all tend to alter the SOM dynamtcs of the -
. system, of thch the nncrobtal btomass is an 1mportant constttuent :
| Mcrobia! bmmass :

-+ Microbial bxomass measurements promde a sensxtlve mdlcatlon of changes hrought about _

) __ hy soil management, long before any changes cat be detected in the soil organic matter R |

content (Powlson ef al 1987) In this study the microbial biomass N content was-
&lgmﬁcantly smaller in mtes of the culttvated land use. Sites of the conserved land use and -
~ livestock land use had progressively more N in the microbial b_1omass. o '

- The t'ien'si'tiﬁty.tjf the' ntethcd uged to quantify the .amount of Cand Nin the microbial . - |
- blomass tias recelvcd some review in the recent past. The chloroform ﬁmngatton '
extraction techmque is accepted as a rapid, reliable and accurate method (M onz ef al
:199 1). However #n inconsistency in these results hints ata poss:ble weakness in the
technique. This included incubating samples for three days to prime the microbial
- population. Samples that had soil water ccntents_ diﬂ‘eri'ng ﬂ'o_tn being_. almost 0 to being

. almost 100% meant that the application of a standard amount of 2.5 mi distilled waterto

bring th'e samplea toa theoretical field capacity of 60%, gave that some samples had field
capacities in excess of thls, and approached full saturatlon This would have allowed for
" anaerobic condttlons to ocour and the prohf‘eratlon of anaerobic bacteria with a resultant
loss of N by denitrification. Smularly the ﬁumgatton techmque may have been meﬂ'ectlve .

. insome of the samples because saturated soil could have protected sorne of the anaerobic

 microbial populatlon from the effects of the furmgatton These would then have grown in
size t‘ollowmg mcubatton at 25"(‘ f‘or 5 days C would therefore be loat dve tothe



a __contmued respiratlon of the rmcrobnal populatnon These factors could explam why the

. mleroblal bmmass C was 50 variable for samplee of a replleete whlolx dld not therefore E )

| y:eld statnstxoal d1ff‘erenees between sites. and Iand uses

S -'_-Results ﬁom thls studY show that the nueroblal blomass conmbuted between K and 1.4 % -

of the Cin'the soll, and hetween 0.75 and 1 % of the N m the B()ll of the three land uses.
- Thzs IS the lower St accordmg to several authors (Paul and Clark 1989 Snvastava and :
B Smgh 1989 Soholes and Wancer 1993~ Prased et aI 1994 Hofstede 1995)

o _' K There is general agreement in the llterature that sonl C and snmilarly soil N, in the :;‘2-_’: _
. nucroblal lem&SS ranges ﬁ'om 1to 5% (mean 2 3% Jenkmson and Ladd 198 1) |
| .'Mlcroblel biomass - range from 10to 200 g/m in serrn-and savannas (Scholes end
. '-'Wallcel 1993) Snvastava and Lal {1 994) state that nuerobxa] C.N, and P were
'SIgmﬁeantIy related WIth eech other and indicated that N and P concentrations in the

o bxomass are mﬂuenced byN and P pools in the soil, Brookes etal (1984) and Snvastava .\ S

- .and Smgh (1 988 1989) found close re]atlons between the tmcroblal blomass C and N
g pools ' ' '

This stildy 'showe'(l that only a weak correlation could l)e':‘found for micfobial 'biemass N
' and C, and thxs may p0551bly remforce the ola.tm that C was lost ﬁom the system owmg to
methodologlcal prob!ems wrth ﬁ.mugatmg the mlcrobxal blomESS - '

. Gro.ﬁ}nan__ etal 1996) fep_o‘ft ﬁal‘_ues in the region- of 61_, 92 to 100 mg Clkg soil for the
- ‘microbial bi’omaés Cof 'thfee locations ineludi'ng sites with loam:y' sand eoils (15 4'0%
_ | ﬁnes), sﬂt lom:rl sonls (75 - 95% ﬁnes), and a silt loam soil (55 85% ﬁnes) respeetlvely |
" Land ises in this study ranged from 4021 to 236.64 mg C/kg for a sandy (< 10% sxlt .
clay) and a eandy “ley loam Wlth 41% fines. A soﬂ W1th a clay texture, ie. Mkuze . _
o cultlvated had a pereentage ﬁnes of 84% and a mlerohlal biomass C value of 171.86 mg e
| .C/kg wlnch is almost double that reported in Groffman et al (1996) | o

' '_ A posmble explamtxon for the apparent accumulatxon of microbial € ancl N in ﬁne |
) textured soils would be that ofa protectwe eﬁ'eot Clay sozls generally have greater

- 59



less than 1 um in equwalent dlameter (Greenland ef al 1992) These properttes facﬂltate

o _ the accumulanon of orgamo matter of which approxlmately 45% is C The greater catlon -

| _ and amon exchange surfaoes would also faciltate the adsorptlon of IOHS such as o
- -ammoniutn and nitrate respect:vely In addmon clay so:ls have 4 greater propensﬁy to o _'

: “hold” water and therefore remam moist for longer penods ’I‘he greater cation. t‘xoham;e C

capactty of vertio soils also pro\nde a buﬁ'er for pH changes, i e F1gure 2.9 whete the pH - N

_ was posmvely correlated witk, the pereentage ﬁnes whlle clay soﬂs protect n:uor(:t—J _
o orgamams agamst nuoroherbmny All these properties will a:d the growth of mmroblal |
o populatlona as adequate substrate and ahtotto oondmons emst (Wardle 1992)

o '-Lfghtﬁaeﬁoajci'f M'al:dtnaés

The mass of light fraction, i.e. the organic material in the size range of 250 wm to 2 mmin

S dlameter has been previously regarded as an 1mportant index of soil t‘er’ohty and -

| __ sustamabxhty (Greenland and ] Ford 1964 Ianzen 1987 in Wander etal 1994) Thus asthe

- _ hght fraction increases in the sonl the more fertlle the soil is llkely to be. ’I‘hns is because

 the llght fraction 1 is recoglﬂsed to be an lmportant 13101081‘331 substrate (Wander e aI |
- 1994) S I

3 ones: (1973) states that cultNatlon is & powerful detenmnant on the Ievel of OM in the
sonl I-Ie stated that soils under cultivation have amean C contt nt which isa bttle more | |
B than halfthat of soils wluch do not appear to have been clﬂnvafel Snmlar conelusxons o
were developed by Woomer (1992) who mvestlgated oarbon fluxes in woody savannas in
) | smzthem Africa. The conversmn of natural forests to annual field crops results inthe,
' massive and unavoidable ioss of biomass C. This study also showed that slgmﬁcant .
. dlﬂ‘erences occurred between the amount of C-in the light fractton, but not nucrol:ual o
' _blomass, of sites and land uses Vemo sites- and those that were unaltered by land use
generally had the greatest amount of sod C. :

o The total sml orgame matter content depends on the agncultural use of the land (Qutroga

etal 1996) Therefore for any given clay content, the level of OM was lower in soils
'under long term nllage than in soils subject to rotatxon of in'virgin sods No sxgmﬁeam
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o relatlonshlps were found between the COM and clay eontent where COM is deﬁned as _' -
- Codrse organic mattei- Thls is roughly equwalent to the: hght ﬁ‘aet:on mass, and -

o represented 16% of total OM for fme textures and 28% for GOarse textures ot‘ the SOlls

. "mveshgatedmtherrsam;;les _ S ' '. _—

o Consequently the COM ﬁ'aetxon showed the greatest amount of ehange amonv the so:l

o management systems and they concluded that the eombmed effect of so:l management and e

'_ _' _ parncle mze dtstnbution can result m sxgmﬁeant dlﬂ'erenoes m the dlstnhutwn of OM
_'ﬁ'aotrons m sorls wrth srmxla.r TOM values The eﬁ"eot of land use, especially culnvatxon,

L . on the hght ﬁaetlon mass in the soli sebstantratee euch a elalm, although a sxgmﬁeant

- - relattonshtp emsted ieetween the hght fraction components and the percentage of ﬁnes in

the soﬂ
i '_3 2.4250Mfractlons aﬁti_;tlieit’ rélaf:ion.ﬁti_th 'C]_ay. |

| One of the prmeipal mechamsms responsrble for the preservatien of orgamc matter (under '_ _
' conservative tﬂ]age aystems) seerns to be the formatlon and stabxllsatton of - _ -
_macroaggregates (eroga et al 1996) Tisdall and Oades (1982) define macroaggregates, =
I .as opposed to nuc:oaggregates as aggregates greater than 250 ar in diameter. 'I'otal

- ~ organic matter content affects the- stabnhty of maeroaggregates whrch are therefore _

suseeptlble to ehanges in soil management teehmques Microaggregate stability i is mamly _
vontrolled by stable organic matter and therefore depends on intrinsic soil parameters such
- as texture The water stability of such mtcroaggregates depends on the persistent organic

- bmdmg agents and appears tobea charaetenstxe of the soll mdependent of management

| - (Tisdalt and Oades 1982). However, accord_mg_ to Qut.roga et al__(199.6.)_ drﬁ‘e_rent .
 management systems applied to soils within the same textural class fead to modiscasons

in the proportion of the SOM ﬁacttons Results show that total orgamc matter levels are ’

. strongly influenced by the clay content of the soils which confirm findings of those of
Buschla?zo et al (1991) Wander and Traina (1996) state that the ﬁne clay fom |
_aggregated son! had sngmﬁcantly hlgher C contents, than fine olay isolated ﬁ'om Ioose soil.
It would therefore appear that macroaggregates in the sOll act as potential sources and :
. sinks for nutnents | |



| An evaluatlon of the propomon of C and Nin the SOM fractlons showed that land use
did not sngmﬁcantiy alter the proporttons between btomes or Iand uses, Thls suggests that

© the relattve amount of C and N m the th:ee Iand uses is the same although absolute

. dlﬁ‘erences between them were apparent Thus the oulttvated Jand nse had stgnlﬁcantly

R smaller amounts of Cand Ni tn the various SOM fractions than were ii the SOM fm"t‘o“s L

. of the conserved and hvestook laod uses An explanatxon for these trends would mclude o
- that Iand use reduces the amount of SOM whenthe mput output balance is aItered 'I'hat o

s, the turnover of the vancus SOM pools ofa land uSe or btome occur at the same rate ._ S C

SR :_ and there are fto dtﬂ'erences m the proportlons of the mlcro‘otal b:omass llght fraehon

o - mass, and mtermedlate poois I-Iowever dtﬁ‘erences in the proporttons were appa.rent
o :Wlthm blomes whtch suggoets that an lmportant mteraotton between land use, ollmate, and o
. SOM turnover detemunes the c and N dynamtos of a system ' ' ;

| The amount of C and N in the sotls for the dtﬁ‘erent sites and land uses showed that they N
'. were clcseiy correlated wnth the percentage :Enes in the soil and tended to ificrease aoross o
. an andtty gradlent Land transfonnattons in the form of cultlvat:on also sngmﬁoantly '
 reduced the total c and N glool sizes. ' :

. Carter, G. A { 1993), mvesngatmg the sotl Cand N contents for dtﬂ‘erent savanna sites,

e found that the size of the total C and N poole changed with the. silt and clay content of the o

_— * soil a_t a sn_te. Aetdt_o nutrient poor soil sites had the lowest amounts of total C and N
. (3000 mg Clkg and 125,16 mg Nikg respectively) and thes'e'-'inereased 1031200 mg Clkg.

and. 1316 76 mg kag in the basic nutrient nch soil sttes The respeottve percentage ﬁnes '
' for the two kmds of so:ls included 21% and 84%. These results are similar to results -
obtained for the savanna sites in this study Scholes and Walker (1993) report values of | _
~ the'order of 2500 t0 7560 mg C/kg for a semt -arid savanna site (Nylsviey), which had |
 total N contents of between 120 to 450 mg N/lcg Savanna sites in this study h.ad amean -
0f10222 mg C[kg whtoh is comparable to the estmtates obtained i m othei studies (G A.

- 'Carter 1993; MoKean ]993)

Several authors, tncludmg Greyhng etal (1990) Du Toit ef al (1994), Prinsloo ef al
. (1990) and Du Preez and Du TOlt (1993) show that grasslands sites tre esttmated to



' co:ltam from 2600 to 36 340 mg C/kg, ie. {I 2o 10 3 63% C. Estnnates for ﬂm total N

o contam show that N can vary between 340 to 1993 mg N/kg (Du Preez and Du Toit

o E 1993) These are vety smular o the sonl Cand N oontent of the soﬂ ts’pes anestlgated in

* Soils with high clay contents often had irt excess of 2 to 3 times more C and N than soi'zs )

.' - 'wth sandy textures Wander and Trama (1996) suggest that soﬂs thh a h:gher clay
Lo content and more orgamc matter as m the livestock and conserved sites of this studY,

: appear to. have a greater aggregate structure Consequently they can be mferred to have o
. greater quantltxes of total soil Cand N Cultivation significantly reducedthe quantnty of
~ total Cand N whlch would nnply that the break down of maoroaggregate structure has '
- '_ 3 altered the C and N dynamxcs of the system L

- _Tlsdall and Oades (1982) state that where soil is oultlvated frequently, aggregates are

~exposed to physmal d:sruptlon by rapid wettmg and ramdrop lmpact as well as to sheanng -

: by nnplements The net effect is to expose maecessrble orgamc matter to mloro-orgamsms _

o aﬂd to stlmulate omdatlon and losses of orgame matter This deelme inOMi 1s usually '

- am,ompamed bya decrease in the rumber of Water—stable aggregates Tlus would ocour

’ -beoause OM stabllizes the aggregate by formmg and strengthening bonds betwoen ' _
N domal_ns, ie. parallel clay particles that are grouped closely together to behaye #s 4 unit in .
water (Bmerson 1959, 1977). An idealised model can be built up to show that an
o aggregate of soil i is composed of struotural units of various sizes heId together by vanous |

L bmdmg agents These mclude those that are transwnt tem;mrazy and persistent.

. Cambardella and Eltiot (1993) state that the amount of organic C and N in an. aggregate |
size fraction is deterzmned by how much 5011 ig in that ﬁ*aotlon more than the -

concentration of C and ‘\I in the soil, It therefore appears that orgariic matter content is

~ related to. aggregate stability; and that the loss of stmctural stablllty is related, either ' _

| directly or mdlreotly, to the loss of particulate orgamc matter Aloss of the hgbt ﬁ'actlon :

: mass would therefore result in losses of system C and N as the soif rnacroaggregate |

strocture_ is changed by l_a_n_d use, ie. cultlvotlon or intense ll_\_fEStock production. .

B



o _Greenland et al (1992} state that clay type as well as clay content play a role zn retardmg
- the clecomposmon of OM in soils w1th humxc materials bemg maccess:b’te to microbial .
_ | attack (see Tlsdall ancl Oadea 1982) Wlule the hght ﬁ'actton !S 2 more labtle ﬁ'actlon of -'
o the orgamc matter than the more hun'uﬁed materlal, both ﬁ'actlons are mvolved in - .
o nuneraltzatlon Accordmg to Tlsdall and Oades (1986) the relaxtve nnportance of the

i {-‘ra ctions vary mth the kmd Of 5011 and pla,yed an 1mpcrtant role in mterpartlcle bondmg

. and aggregate stahﬂtzatton o

' '1._:' The conversnon of native forest leads to the reductton of soll struetural stab:hty, a dec]me |
in the soil orgamc matter content hecauSe of the lower crgamc substrate input, and altered

B '_mtcroblal blomass size, composttxon and activity (Prasad etal 1994) Lonversnons may

- enhance the loss of fine sotl clay parttcles resultmg in the aIteratlon of the soil nhyslcal

3 structure parttcularly the reductton in the soﬂ olay ﬁeetton (Prasad et al 1994) Other

_ parameters ‘such 4s total soil N and P and mlcrobtal blomass also decline wnth the
comrersmn of forest fo cropl&nd (Pr‘asad et al 1994) Similarly alteratton of the soil
| structure and texture often leads toa reductlon in the microbial actmty (Van Veen and -
Kuikman 1990). These alterattons wculd reduce the avmlabxbty of binding agents and
_ 'mcrease the subsequent losses of clay and the various SOM ﬁ'achons Subsequently they
- may provtde an expalnatlcn for the “lcsses encountered in the oultlvated sntes in this
study o o o

: ."'Simifarlj( &eclihes in total soil 'ot"ganic tnatter content has b.een. feiated' to losses of organic
- C and N from the partlculate Orgamc matter or POM fraction (Tiessen and Stewart 1983
) Cambardella and Elliott 1992, 1993). Prasad et al( 994) showed clearly that the OM
_' content ofa soll is the best indicator of its nucroblal biomass and activity. Smce soil -
.nucrob:al parameters are mdlces of biological stabthty (Hm-t etal 1989) itcanbe -
i - concluded that land use conversmns lead to a mgmﬂcant loss of btcloglcal stabtllty

: -Trudgtll (19?7) states that the clay content and type isa key factor reIated to parent
- material, Clay is not only a source of nutnents itself, but also determines the degree to
~which orgamca!ly bound N and P can accumulate in the soil, There are seVeral abtotxc am:l' .
| bxotzc mechamsms that redlstnbute clay and nutnents in the landscape resultlng in .



. nutrlent neh and nutnent poor patehes wluch are d[ﬂ’erenﬂy exploxted by herhrvores

e Consequently one WOllld expeet the SOM fractions to vary acoerdmg to how the cla; g

content and climate VAry cver the landseape These patterns are apparent from these

' results. Both total C and total soﬁ N were greater in sites wluch hada gneater percentage '

o of ﬁnes in the sorl and in srtes Were  the andzty index was htgh mdrcatmg high mean
o _annual ramfall (Jones 19'?3) Sumlarly the lxght ﬁ'actlon mass mcreased with the N
percentage fines i in the soif and the andtty index. On the basns of these results (Frgure 2.9).

L sites which have a greater percentage of fines i m the sonl and a hlg‘ner andlty mdex would '_ o
v have greate; quantltles of tetal $0il and N Sandy sozls and sites Whlch have a low |

_' al‘idtty mdex, requite greater mputs m the ferm of fertlhzers and/or orgame matter
amendments B ' i

: Accordmg to. Trudgtll ( 1977) sorl eharaeterlstnes are determmed by parent matena] age
cltmate, topography and vegetatton. The relative lmportanee of these faetors vanes

' greatly along an andxty gradtent but the mechanisms are ﬁ'equently subtle and mteraetlve g

| In seml»arld savannas, the key mﬂuence of parent matena] is not through etemental
: eompos:tton but through elay mmeralogy The amotmt and type of clay produced

- determines the amount of N~ and P-contairing OM that ean be accumulated in the sol,

' and its turmover rate. J ones (1 973) however found that the OM status declmed with -
mcreasmg clay content i in the vertisol data that was analysed for srtes in troptcal Afnea

~ The vertic sites investigated in this study possessed the greater mass of lrght fraction and .
s:mtlar}y had greater tota] C and N eontents . '

) Jones (1973) elaiitls that there are two important factors goaerning amounts of oM in

" well dramed soﬂs These were the elay content and a morsture factor related to the length _
of the wet season, 1 e. the mean annual ramfall Fmdmgs suggest that the low levels of -

~OMin savarma soils arise from thetr predommantly sandy niature and from the relattvely

low rainfall (I ones 1973) In addition htghly slgmﬁeant relattonslups existed between sonl

. C oontent and clay and ramfall Soil C: N was also posmvely correlated w:th ramfall and

sotl N'was htghly correlated w1th sorl olay content. Schol.es (1993) clalms that water acts -' -
somewhat like a swrtch in se:m-and systems -‘“wheniti is absent, growth eeases but when
' 1t is present the growth rate i is detenmned by temperature and nutrlent supply” The |

e



o nutnent ass,lmllaneu of plants is ot hrmted by the mherent upfﬂke capamty ofthe reots,

- but by the rate at which the nutnent is supphed to the root surface (Scholes 1993) Thxs
C hxghllghts the 1mportance of the rate at whlch nutnents are mmerahzed mthe soﬂ.

2.4.3 The mipact of land use on S{)M fraetmns in the so'l '

_ In general, the relatlonshlps between SOM eharaetensncs and management prachses 1s i

o poorly understood (Wa:lder and Ttaina 1996) owmg te the complemty of the centmuum e

E of organic ma:tenals that make up SOM and by the dxversxty of factors that regulate xt’
© tumnover. Greenland etal (1992) state that the rate of retum of OM ismuchlowerin =
| e cultwated sites. GM will then fall to Jower equﬂlhrmm Ievels than in eomparable smls mth -
' _the compomlen of the OM added to sml mﬂuencmg 1ts rate of breakdown.

_ 'Cuitlva'aon generally serves to' a]ter the rate at wh1ch the SOM turns over in the 5011 _
Tﬂlage leads to the soil becommg more aerobac and the add.ltlon of fertihzers and moisture -
by ungatlon results in the m1crob1al biomass attaining populations of size. An increased |
incorporation . and decompoaatmn of SOM follow aﬂer tiflage and Iosses are more ]Jkely to
increase as more N is mmemllzed by the microbial biomass, This results i in an increase in o
| ._sml fertility in the short term. However rainfall events will ieach away excesses of N in the
* soil and the losses of N to the atmosphere as a result of itrification: and localised. )
denitrification, will ensue. Tn addition the macroaggregate structure of the soil will be less o

stable with the remaval of OM that is usua]ly retumai to the soil in the form of htter :
' (Tlsdall and Oades 1982) Such changes are postulated to increase eroswe Iosses of clay
_ partlcles and the system could therefore beeome less fertile angd sustamabie (Flgure 29).

The sjste_al as a whole w:li !e_oSe its nutnent capacity if .org'anie metter is not returned ;.:
~the Same rate at which it is lost. This is generally not likely te oceur becanse of the nature -
 of the farming practises in many of the sites wmted AIthough farmiers know of the |
: i 'unpoxtance of returning organic residues to the soil (personal cemumcatmn, Mr van de '
Polz) e.g. leavmg stubble mulch on the surface, this is not often enforced and does not
return an adequate substrate supply to the soil. This was apparent in this study from the o
“ significantly smaller h_gh_t fraction mass in the cultivated sites. 'I'he:efo_re instead of farming - :

%My Reint van de Pol, Towoomba Agricultural Research Centre, Private Bag X1615, Warmbaths, 0480
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o w1th orgamc matter ﬁu‘mers gencrally make use of‘ fertlhzers as z means of mcreasmg soﬂ -

' :_ ¥ fertﬂnty and cropproductlon R S e :

o - Cultwated srtes in thm study dld zot generall}' ShOW gfeﬁtef quantltles oftotal N and C

. even though they caﬂ'y llvestock in the fallow and are fert:llzed Accordmg 10 (Whitehead. R

o 1995) grazed sward retumsN in the form of wrine, but thls, hke thc addmon of N in the
h _fonn of fertﬂlzers s usually nmmsdxate!y taken up bythe plants and so should not '

.T necessaniy mcrease levels in the sonl Rﬁtums in the form of dung al‘e not conStdered to be R

g mportant m altenng the absolute quantmes ofnt:tnents mthe soﬁ but they are ImP"m“t |

_m redlstnbutmg nutr:en‘ts m the Iandscape (Scholes 1990 -Scholes a.nd Walker 1993) In "." .

o | the Ionges term tbough, the greater return of orgach should lead to a l'ngher level of

o " goit orgachnnder grazmg (HassmkandNeeteson 1991) Th!S Was not apparent ﬁ:om
| :I.theresults oftlus studY-_'--' LT R .



~ Chapter3
. Potential rate of nitrogen miri'eralisstion_ .
| 3.1';" :’:Iﬁti?adu&tieni PR

| E The rate of mtrogen nnnerallzatlon reﬂects how qult..kly mtrogen turns over in the sml

 With out such tumover plants won!d be Irrmted by thrs nutnent which is requlred for

L several metabelrc processes meludmg the formatlen of nuclelc acrds, protelns, and anﬁne
i .' acrds, as welI as enzymes reqmred for photosynthesrs The pnnerpal source of mtrogen fer
| plants is that mbtmned ﬁ*om the decomposrtlon of orgamc matter in the soil, Thls process
: 1s depe&l dent’ tm ﬂwmrable condltrons of tem'\erature, mo:sture, substrate supply, _as weil

S _: as substrate qusirty Orgamsms mcludmg soll maero and micro fauw' play an active rolein N

o d.ecommsmgr the sml orgame matter and xmneral:zmg N. Consequenﬂy conditions whxch
‘inhibit the actmty of soil nucro-orgmusrns wrll i tum result in Iower levels of |

B "deeomposrtlon and nuneralrzatlon |

| Thls chapter alms,fo quantlfy how the potentlal faté of N rmneralrzauon vanes between L

.1and uses and across sites dlﬂ"enng in aridity and sorl texture, i }
32 -_ Material 'andr Method o

A sultable methud fer quantlf‘ymg the rate of mtrogen mmerahzatmn is that of the _

' aﬂdero'brc techmque proposed by Keeﬂey (1982) “The method 1ncludes submergmg a 10 g.
~soil sample in 26 ml distilled Water and meubatmg it at 40°C for 7 days in a water bath o
Soil N ava:labxl:ty (potentral nuneralrzatren) was estlmated by quantlfymg the change in
the amount of ammomum over the incubation period where ammomum (NH,- N) fevels |
were detemuned by leaching the ammonium from the samnle, using a centtifuge set at
| ._ 5000 revolutrons per mmute for 5 mmutes, with 0.5 M K380, and determining the

" amount of ammomum usmg the Donch and Nelson (1983) ‘method. This method is

 sensitive, precise, and an accurate celorimétnc methed for direct measurement of NI-L -
Nmextracts (Andersonandlngram 1993) | | |

: -:_53_' _
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.3 Results

g 3;._3‘:1 B}ome;- ._a_nd_ _mte u-iﬁefcnc'eg )

:"The potentlal rate of N nunerahzaﬁon was not stgmﬁcantly dlﬁ‘erent in the grassland

result of" tha extremely varzablﬁ*. results obtmned for Nnun (Figure 3 1)

Figute _'3.1 " _ -The mean (ﬁ SD) potentlal rate ot‘mtrogen nunerahzatmn for the 1 1 sxtes B

~ inthe savanna and grassland biome. Savanna sites include Towoomba -
Hutton (TW1), Towoomba clay (TW2), Nylsviey (N), Méssina (M),

Klaseis (K), Klaserie communal (Kc), Mkuze (Mk). The grassland sites -~

include Bloemof (Bim), Bethichem (Bet) Bethal (), and Vryﬁe:d (V)

6 '3. o
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. The descmptnon cf how the data were analysed is prov:ded in chapter 2 under the headfﬁg, : - o -
L Data Aua!yqts One way ANOVA’S were pcrfonned to detenmne if Iand uses dlﬁ;'ered and
o '-'then one way ANOVA’S for each land use across both bmmes were used to detenmne lf R
o | _ sntes dtﬁ'ered mgmﬁcantly Regressmn lmes for each Iand use: have been cbmpared \mth a ' -

_ - biome t“han xn  the sav “ana blume (a-O 53 versug 1.13 mg kag/? days, Fu as) =3 940,P = ., o " " i
e 0 050), ThIS thWed that mtrogen when averaged for all land uses of the savanna bxome -
. was bemg nmnobmzed, as md:cated by the net negatwe rate for Nmm In contrast the rate "
B | omem was posntwe m the graSSIand blome whjch showed that N was bemg mmerahzed - ._
' Sltas ‘were not hOWever dlﬁ'erer,tt (Fuom =1.557,p= 0,13 5), whlch would appear to be a '.
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o . _Flgure 3. 2 gives the pptentlal rate of N mmerahzatmn for the land uses at the sntes R

. = ' investigated in the savanna and grassiand biote. Slgmﬁcant 1and use dl&‘erences were S
e ._ 'r_"apparent in the: my thathas nnnera]zzed (F(z,sn = 10 823 P=0. 000), wrththe o
R ' 'conserved and lwestock land uses nnnerallzmg 1, 86 mg N!kgf 7 d3§’5 and 0. 05 mg N/kg/7 N

o days respectwely, and the cultivated Jarid use unmob:lizing 2.19 mg kasf 7 dﬂ}'s In bmh
SN the savante and grassland bioms the culnvated land use had a slower rate ofN

__ :_ mmerahzatlon and. thls was usually negatlve mdlcatmg net unmobﬁlzatlon of N (grassland Co
F(;,,;;) 6, 526, P < 0 os savannaF,z,ss; s 491 P<0, 05) SRR ’

B LTI I |
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| _' ;Figﬁm 32 '- ‘I‘he mean (n 3) potenttal rate of N nunerahzatton for the land uses at
~ each site ofthe savanna and grassland bwme. Sltes as per -Fig 3.1,

' Companng the potent:al rate of Nrnm w1thm the sites of each land use type (Figu:e 3 2) o

‘showed that there were no sngmﬁca.nt dzﬁ'erences for any of the land uses, Therefore sites -

W1thm any one tand use type had the same rate omem Fe, =1 162 P= 0.374in the
conserved land use; Ruo,zn 1413,P=0 241 for the cultwated land use; and F(g = |
2.283, P=0, 060 for the hvestock land use). : '

A plot of the potentlal rate omem versus total sml N for the sites of each land use | _'
md:cated that a s:gmﬁcant relanon was found (Fxgure 3. 6) This showed that the rate of



Nmm mcreased as the N content and C c.onterlt in the soﬂ mcreased Howewer, the

B _ slopes of the regressxon fines for each land use mdmated that tand use altered the way in |

- ‘which Nmm mcreased wuh the amount of Nin the sml (Flgure 3: 3)
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" Figure 3.3 - The relation between the potential rate of N mineralization and the

o predictor vanablc total N: The slope of the regression lines of the conserved (a), -

- cultivated (b) and livestock (c) land usas were significantly different (Table 3.1).
- Conserved s:tes (squares), Cultivated su;es (clrcles) and hvestock s:tes (tnangles)

. _Fxg'ure 3,3 shows that the slopes .of .th.e regressxon lm_es for -the sites of each_ land use were
all significantly different, Nimin 'im':réa_'sed'-more strongly with total N in the conserved sites
_than it did in sites of the tivestock land use. Nminn the sites of the cultivated land use
showed afmost no relation wifh the lev'él of total N, The 'livéstt)ck sites at B’Ic;en{lmf,
o Nyisvléy, and Messina had mcreasmgly greater rates of N immobilization (-0, 90 to -4 21 |

B ] -'mg N/kg/’?days) and the majority of the cultwated sites also dlsplayed the unmwxllzatmn

' of N (-0. 54 10 -6.21 mg N/kg/7days). The greatest rate of 1mmob1h‘.auon was for the '
Klasene cammunal and Vryheid cultwated lands

| 'Tﬁe relation betwc_:en_the pot'e_ﬂt'iil' rate of Nmi'n for the three land use types along the

- texturel and aridity gradient showed that land use altered the strength of the association
~ (Figures 3.4 and 3.5). The conserved land use had a greater intércept than eiher the

e



llvestock or the Cultwated However the slope ef hvesteclc was generally greater - '_ S
mdneatmg that Nmm changed more rapndly wuh inoreases: in andlty and texture |

R
s |

 Nmin (mg Nkgl 7 days) -

o

. :, L Percehiagefnes

. F1gure 3, 4 The relanon between the potentlal rate of Nrnln and the pereentage ﬁnes m_" |

~the soil for the sites of each land usé types. The regression fines for the three land uses are

- N conserved (a), cultivated (b) and livestock (c) and sites are mdlcated as eonserved sztes .
- (squares), eultwated sites (e:rcles), ahd hvesteck sntes (tnangles) -~
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~ Figure3.5  The relation between the potential rate of Nmin and the predictor variable
* aridity index, The regression lines for the three land uses are conserved (a), cultivated (b)
- and livestock (c) and sites are indicated as censerved sltes (squares) cult:vated s:tes
o -(ctrcles), and lwesteck snes {tnangles) ' _
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o 'I‘he slopes of the regressmn lines forthe srtes ofthe conserved and hvestock land uses .

- '.were not sxgmﬁoantty dlﬂ'erent for the andity mdeX, but both dlﬁered slgruﬁcanﬂy Wlth the - -
. slopeofthe ciiltivated land use, This implies that cu!m:aﬂﬂﬂieduﬁed the potential of the
. soilto mineralize N i in sites which were more moist. 1n co:rtrast the Pﬂfeﬂ“ﬂl rate "me N o

' mcreaseﬁ wrth sxte mmsture for the sﬁes ofthe conserved and hvestock 1and uses A

N . similar trend was not however apparent ﬁ'om anure 3.4 which shows that the poteﬁual
- rate of Nonin at sites of the cultivated land use increased with an increasing pementage -
o ﬁnes in the g 011 ’Ihe slupe for this regression fine was ot dxﬂ'erent 1o that of the

'conserved land use, but dlﬂ"ered s!gmﬁcantly with that of the livestock land use (Table

3, 13 Conseqpantly it appears that culnvatlon alters how Nmm changeg with ant inc so m' N

o the percentage fines ofthe soil, i.e the potenual rate of Ninin i is mdependent of the -
' ._:_ipercentageﬁnesmthe soﬁmsntesundercultwatmn : ' '

o | . A plQ i Of ﬂ'le prﬁdlcb(}!' vanab]_es m,lcmblal C llght ﬁ'actlﬂnN percentage ﬁnes al'ldlty

. _ mdex and light fractlon s1iass agamst the response vanabla Nmin shower.l that Nmm d:d

~ met diff‘er accordmg to how the predmtor vanables changed in the three partwular 1and use
_types(TableBt) S S e -
Table3l A summaly of the companson of the slopes for the regressxon Tines of the '_

three land uses when testmg the association between the predictor variables and the
o response vanable Nmm Means per sne have been compared usmg and F test (n 31)

Pmdlctar _' landuse - Fratl_o o .DF. - S:gmf‘cance
varisble comparison . e
... omVeult . s 1027 o (810 #
: conVlvslk L3065 0 (99 BT
o celtVivstke 3197 . (9,10
CTellN e 3
S conVeult . - 405 . {910} *
ceonViwste . . 5433 o 9% . . 0+
- - cultVivstk 106.54 N (1) R 1
o MiorobiafN . o
' : ‘conVoeut - . 0 4269 - (gl - - *
conVivstk 21542 (9,9 S

 ltVivk 2581 (gl)  *

B



333 Comparlsmnsnlongagradlent

_ 'These results show that Nmm oou’ld not be predlcted on the bams ofa smgle predtotor o
- o vanable and 1mpl:es that Several such var*ebles need mmultaneously be used to predtct .
o - how Nmm wrll chango as the predxctor vanables change (see Chapter 2) | '

o lt is therefore fot 50 much mte iocatxon as it 1s 8011 texture, orgamo matter content and '
O alhed with this, the andnty index of the sﬁe whmh best descnbes what the rate omem, -
andthelevelofsonlCandellbe '_ T T o

B

L 'Regressmg the poteei‘tal tate omem agamst the prednctor vanabies, andlty mdex and R
- peroentage ﬁi %the son] shQWed that o sxgmﬁoant relatlon exlsted (Table 3 2) The o |
B _ only slgmﬁcant relatlons wele those between potenitial Nrmn and the predlctor variables ER
3' total N (Fxgure 3, 6) total C and mlcrohxa[ btomass N, However the Pearson correlat:on f .
o coeﬁiment for Nmm and total C was not sxgmﬁcant ('I‘ahle 3. 3) "

o

i | Table 3 2 A summary ofth., regresszon analyses mvestlgatmg the assoclatmn

betWeen the predlotor vanables and ihe response vanable Nmm (n =
- 90). _ _ _

Predictor \?_s’l:i!i#_bl_é_ I’value ) . .:Coeﬂ" cientof  Correlation 'S.'i'gl_lf;- 3

determmatlon (r’) ‘coefficient

| 'T‘-’WC-: T Tobes . oam o3 ®

Sol N o este T .0.00'5' . '0-.069 .. NS

. MiebilC. - 0386 . .0006 004 NS

throbmlN | o oo 0ase. e
Light fractionmass ~ . -~ 0519 . 0005 . - 0060 - NS
Light fractionC - -~ . 03% - . . 0008 - 0092 NS
Light fraction N 0853 - 0000 0020 NS
Percentagefines ~ . 0632 . - . 0.008 o089 NS

Aridity index ¢067. . - oMl 0333 = NS

B . . T 0002 - o047 NS

* Slope of the regress:onlme signiﬁcantly dlft'erent from 0 (P <0 05)



} y=0.0019% - 1.53, r=037

‘B2t
E44 T.
2-6 '1' . =

500 1000 1500 2000 2500 3000
Total N (ug N.'g) ' :

_-Fi'gure 36 The relatlon between the potent:al rate of Nmm and the amount of Nin the
. soﬂ for the land uses at each site.

34 - Di’scﬁssi'on._ o

3.4.1 Controls on N mineralizatioh L . 2_, :

' The change in the potential rate 6f N mineralization would be expected to mirtor the
changes in the quantity and quality of SOM in the system, Thus as the quantity increases.
and the quality of the substrate increasés so to should the potential rate of Nmin. Several
~authors however have shown that this increase need not be & simple linear response. "

According to Dendooven et al (1 995‘) 'potential N nﬁneralizatidn (No) data give different -

- types of curves mcludmg those which follow & negative exponentxal near lmear and

‘sigmoidal CUFVES. They slso found that the time of samphng had an nmpmtant nnpact on o
the amount of N nnnerallzed In addition the calculation of N mmerahzat:on should be |
: camed out with a field speclﬁc Nmin constant (K,,q,) for each kind of 5011 rather than an
= a,veraged one valid for all soils, This would i unprove the estimates for Nmm and possibly
show that different sonls have different rates of Nmin, C[early Nmin would therefore be.
| _expected to vary for the various sites and land uses uwestxgated in this pmj_ect. .
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- The d‘ﬂ.erence between whethe[' a Soﬂls . i

. . The increase i'n. ﬂie 'i"afe omem would .appeall' t'etbe: due to the evereli' iﬁei'eaéed rate ef ' o
| o 'deeemposmon. The deeompomnen of senl orgame :matter is caried out mamly bythe - -
o ._-m:erobxal pOPuiat!on in the soil; Thus, as more ergame matter is mcorperated intothe -
o - soil, i, e bythe aetton ef ﬁllmg the sml or if the“m’:mhal pepulatmn is faeﬂitated by the_'_. | ) o
o . add‘t“m "fff’fﬁhze”“ﬁ‘&)’gen, and water; the grea.ter the tumever ofthe SOM weuld be. : s

= and consequemiy the greater the releaSe of N i . the rate efN mmerahzatmn, would be . _:

zing o tmmebﬁ;ﬂ ,,gN can bestbe | .
o assessed using the MIT or Minerahzauon, Immebzhzauen Turnever eonceptual model
" This model purperts that the size ofthe mmroblal peel largely determmes the dnrectxen

e tumover of Nin the soil. Thus when an adequate substrate supply, bemg of suitable -

_quahty, exlsts in the seﬂ, then the mieroblal populatmn can be expected to mineralize N
_ Th:s results in the release efN ﬁ'om the ergamc matter and the subsequent Iiberatlen of N
~ into i soil sohition. Such N'is then avaﬂable for uptake by pla.uts HQWGVEI if the R

o subetrate meludmg components such as hght ﬁ'a.etxon mass, the mtermed:ate ﬁ'ectxon in :
- the soil and the orgatic mafter adsorbed onto clay partlcles (passnze ﬁ-aehon), is of fimited o

' quanttty and mfenor quahty ie.aCN ratio exceedmg 30, then the mremblal bzomass WIJI
. mimebiLze the N that is released by the decompesrhen proeeSs Aithough such

unmoblhzed mte the mneroblal pool is eventually made ava:lable enee the mlcmbtal

s blomass unde:goee decomposxt!on Th!s process usua]]y occurs when favourable

- -eendjtzens ofmmsture and temperature return, ‘The rate emem can therefore vary
 according to the seasons in association with how nunerahzat:en and 1mmeb111zat10n -
change wnth the ehmate but it can also vary with land use eﬁ'eets Thxs i8 because land
' transfo:mat:ons, pnmanly culnvatxen, tend to reduce the level of ergame matter inputs
 into the sml (Chapter 2) ‘I'hu; reduees the sub strate supply for microbial: deeempes:tlen,
and reduces the rate of nnerebxal acnvlty, wu:h the result bemg 3 slower rate of Nmm in

: the leng term (Pmsad etal 1994)

o .Remlts preeented in thls ehapter seern to mdlcate that the MIT model can be used to o |
- explain the rate of Nmin for the various sxtes and land uses ‘Sites which had a hlgh mass

S of light ﬁ-aenon associated Wlth the soil; also tend_ed to have a lngher rate of Nmin (Figure .~ |
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- -2 8) The mass of l1ght ﬁ'actzon was closely eomlated w1th the pereentage ﬁnes mthe sml .

| . .('I' able 2.4). This would lmply that sites with 2 hlgh percentage of ﬁnes m the soil would

a | be expected to' posses a faster rate of Nmm than soils that were sandy or hadalow < |
: percentage imes in the sm.l, and also 4 lower mass of hght fractlon Such & trend was
o _ewdent (Flgure 2 9) but why should thxs be? o C

ﬁ

_' A poss'ble reasen for why Nmm is genera]ly greater in more vertlc sites weuld be bec\;use o

o these sites have Bevetal pr0pe1‘t1es which facllxtate Nin. These mclude the genereﬂy

Ry greater store of ergamc matter that exits hecause of macreaggregate stabrhty

) '_ '(Cambardella and Elliott 1993), the greater pool of N that oceurs because of elay e

eunezalegy (Hadas ef a! 1986 Scott etal 1996) and the faveurable abnotle faeters that

- _ | enhance nncrobmi acttvrty (Wardle 1992) These include the mteractlon between soil

' -'moxsture content and s0il temperature (Franzluebbers et aI 1996) and the physical and
- chemical buﬁ‘enng capacity of vertic soils which faclhtate the development of large i |
mwroblal populatiens (Greexﬂand etal 1992) Consequently the. turnover of SOM is rapld

' -and more N is mmerailzed

| . From the above one Wmﬁd expect the ratg omei-n' to be correlated w1th the aridity ._
gradierit' in this study. The rate of Nmin tended to increase with the aridity index for the |

-~ sites indicating that drier sites had a slower rate of Nmin thah lheistef sites.. Similar trends
) were appanent in the way that Nmm varied with total seﬁ Cand N. The trend of "
- increasing nunerahzanon with mcreasmg C and N can be explamecf by the increase of the
- abeve—greund and. tlmrefore the below ground, preductmty of serm-and savannas :

- (Scholes 1993, Scholes and Walker, 1993), Flgure 3.5 also shows # similar response for

g Nmm with the aridity index, although the .st_rength of the _relatlons}up i net s_lgmﬁcant.

However significant relationships existed for the way that Nmin changed with site 'ari'dity -

* of the conserved and hvestoc.k land uses, the same was not true for sites of the cultivated -
i 'land use. Therefore it would appear that the relatlons}up is mgmﬁeantly altered byland ..
use. The reduced mass of light ﬁaetlon in the sozl of the eu]twated mzes may explam why -
 this is 50 (anure 2.9; Chapter 2),

o



ThlS pattem dccs nct seem to bed ﬁmct:cn cf only sonl type as culthancn reduced the

. | rate of Nmin in vertic soils as well Du Toit and Du Preez ( 1993} smularly found that the =

" N contcm: of ’vlrgm soils mcrcased linearly w1th mcrcasmg ﬁnc-sﬂt-plus-clay content (r=
0. 91 n= 41) and exponentlally with i mcrcasmg andlty mdlccs (r=0.89; n 41) They

| o ncsmlated that cultivation caueed a mgmﬁcant decrease inthe N ferhlxty of soils as o '_ _
. demonstrated by the tctal and rrnnerahzable N declmes and that the declinein .~ e

o nnnerahzablcNfo]lcwed that of the tctal le dcchnc, Consequcnﬂy the impact of land use o
o on the rate and tumover ch and C appears tobe 2 ccmplex process mcludmg thc way '

'. that tho microbia bmmass, rate of Nmin, light ﬁactxcn mass and chaﬁge in thc passWe
pcclsvaxy thhlanduse, climate and sclitype. mo S s :

- Thc MI.{‘ mcdel a]sc has utlllty in cxplammg why the land Uises had dxffercnt rates cf

: Nmm. In the samples of the cultwatcd sites, N was probably immobilized into the
- ~ microbial pool. A reason thls should ocour is because msuﬁlcxent N was available. fcr thc
microbial pcpulatxcn to release N, The N thiat would nornally be released into the soil
_ solution was mstcad locked up lnto the microbial biomass which requires it for growth
and mstabolism. In contrast soils Wlllcl'l dlsplayed pcsxttvc rates of Nrmn indicated soils
whxch ccntmncd sufficient SOM for the rmcrcblal bxcmass that thcy were able to use o

o ] _. : what thcy needed and still leave a supply of avallable N in fite soil solution. Smls which
. dlsplayed such lngh rates chtmn mcludcd the heavy textured vertxc scﬂs and soils of the -

conserved and scme hvestock sxtes, where the quantity cf organio matter would be
sufﬁcxent to yxeld encugh N for the nucrcb:al biomass and the plants

_Accc_rding 1o Whit_cheed (.1_995) the ra'té_cf mineralization should be grcat_ér-in Sandjr goils
than in clay and loam soils. This is because on non-sandy soils the C:N ratio and activify

- of the bacterial bnomass will be larger. These conclusions agree with the results of this

' - study where the nncroblal blcmass, and therefore by inference the bacterial actmty (ot

~and Clark, 1989) were greater on the vcrtlc soils, which also dlsplayed fastcr rates of
'pctentlal Nmin; However the vertic soils often had greater rates of potentnal Nmin.
Whitehiead (1 995) states that Nmin varies in response to soif water and temperature

| B 'status, as these regulate the response ct"the nucrobial population. One’ would also expect |
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the mncroblal biemass to be greaier in sites w1th vertic soﬂs ewmg to these soﬂs havmg a
_' greater propenelty to hold selI melsture and because they store nutnents (Scholes 1993)

s One can. therefore conclude that mcreased micrebla] populatlens would result in greater

. _ rates of Nmm, assummg an adequate supply and quallty of substrate. Hewever model

results (Paxton etal 1988, 1988;,, Chapter 4) mdxcate that it 1s the slow pool, of Wthh the S

_ | 'lllght ﬁ'actlon massisa pmnary consl:ltuent that regulates the loss of total C and Nin - |
| -_cuh:wated sells Sumlar conclusmns would hold fer sexls subject ta iand use dmturbance -

- Fxgure 3 1 shows that the sxtes mvestlgated in thls study chd ot ﬁt thie expected trcnds

" _ | a.ccerdmg to Whltehead (1995) in the rate of Nmin at each, even when the dlﬁ'erent Iand L

- uses where presented mdmdually (Flgure 3. 2). I‘hls may be because Nimin i isa dynarmc

- .process which: means that the mlcroblal blomass has the tendency to becorie active only

L when condxtlons are favourable Thls study also only quantlﬁed the rate of Nmm ata-

: part:cular point i m tlme "The methocl for quantlfjnng the pctentlal rate of Nimin does
_ _nevertheless prowde a2 sultable mdex of the potentlal of the soil to mmerahze N (Keeney
_' 1982), and the method attempts to mcubate the samplee under f‘avourable condmons of -
monsture and temperature. The reason Nmin vat!ed so greatly for sites may bemorea |
functzon of substrate supply than merely the abiotic censtramts on rmcroblal actmty Thus
F;gure 3 6 shows that net Nmm when pletted with totat N, was negatwe at values of
approxxmately 500 ﬂg N}g These s:tes have alow percentage of ﬁnes, ie, less than 15%,
and | may therefore have msuﬂielent SOM for decompesmon and nunerahzatxon to ocour.
‘A reason why the va]ue of 500 ug N/g is hlghhghted is that this value may refer to the N'
thatis tightly cemplexed in the clay that is present and therefore Unavallable as substrate
for mlcroblal attack. The oxidative digestion used to measure total Nliberates thisN~ |
o whlch can then be measured and higlﬂlghts the 1mportance why metheds whlch deal with
o 'avai’iable forms of N, like the potentlal rate of Nmm are more smtable for assessmg the )
| mlpacts of land use on scll fernllty and sustaumbihty -

. 'It therefore appears that predlctmg the rate Nnun depends not only on lmcmng what the
fikely abioti¢ constramts on the mlcrobla} populatlon are likely 10 be but also on hew the

- substrate supply and quallty vary between the sites and land uses, as well as on hcw sml
o _texture controls the accumulanon and tumover of SOM in the soil. This is best exammed

.



_ by means of models wlnch mtegrate the varlous factors to detemune how the system wxll
- respond (Chapter 4) [ '
_ 342 -. The _i_nipact of l_a_nﬂ 'ﬁuse_ on N minera!iZ_aﬁosi R - |

o Mlnerahzatlon rates ﬂuctuate conmderab]y for d:ﬁermt 1and uses. Maxlmum dally rates .
- _for a grassland soil in the UK’ range from 1.01 t0 3.19 ng/ha (Gt eral 1995) Changes

o in temperature account for 35% of ﬂ1e vanabnhty (G111 etal 1995) bt there: veas i l'tle Vo

' ._ mgmﬁoant eﬁ‘ect of soil moisture at these 51tes The oppo&te seems to apply to the s sen'u-» :
. arid savannias where water prowdes the smtch, and edaphle factors prowde the Iumt to

o the way that the systems ﬁmctlon (Scholes 1993) | |

* with the additiéiﬁ dffs&iﬁzér's o the cultvated.sites, one ﬁ@la have expected to find
greater'_ rafes' .of_'Nmin. This is because the _C:'N ratios decling, the soil is aesated'_-end' often '-

o | e,lso irﬁgated thereby incmasing tﬁe nii'cfobial Biomass pool aud orgenic matter turnover. :

- Gill et al (1995) state that the removal of ferhllZer N input to a previously femhzed sward

' had rio effect on mean mineralization rates, but the addltlon to the previously unfertlhzed

sward, mcreased mmerallzatlon by two fold. Unmodified mtes dlsplayed the lowest overali B

- nunerallzatlon rate which is in contrast to results in this study (Flgure 3.2). The oonserved
areas sampled in this study were the only sltes__to exhibit positive rates of Ninin across._ all._ _
R sites. In both the livestock and cultivated land uses, _the' immobilization of N seemed to

predominate. -

- Accordmg to Hofstede ( 1995) the zmpact of grazmg on the soﬂ attn'butes in the
.Columblan paramo grasslands were restnoted to physmal eharactenstlcs 0111y That is sml _
chemical differences were not related to the associated changes in the above~ground
-vegetatton This was said even though the decompomtlon rate was increased by the

- grazing treatment which removed the above—ground vegetation and thereby 1nereased the

* soil temperature asa result of vegetatwe losses of cover. They c-ohcluded that the extra

nutrients hberated by grazmg were not hIcer to cause measurable changes in the limited
| eeosystem An exammatlon of a broader range of habitats (Milcunas and Lauenroth 1993) -

| showed that no relatloushlps existed between the vanables aboveground net primary
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vanabies These results both confirm and reﬁlte the data obtamed in this study where the

'- 1993; Scholes and Walker 1995‘)

81

o _' preductmn and changes m root mass, sml orgame matter or senl mtrogen All three below .
._ - _ground vaﬂables d:splayed hoth pcsmve and negatwe values in response to grazxng
e Mleunas and Lauehhoth 1993) Data presented here and elsewhere conﬁnn that Nmm is )
- :clese[y correlated w1th the ameunt of tota. N inthe soﬂ and this WOuld suggest thaﬁNnun .
o would sumlarly be nerther posmvely nor strongly neganvely related to these beiow ground

| o fate of Nmin' Was observed 10 be shghﬂy slewer than the rate of mmeraﬁzanon m the A
g censervecl land uses Grazmg dld }mwever reiluce the mtercept of' ﬂ:e hvestock regressmn
. hne in the plot of Nmm versus 1he Al (Flgure 5 5) and the pereentage ﬁne’s in the soil -
o | (Figure 3, 4) whlch suggests that the quantlty and quahty of the ferage wﬂl be reduced as o
e s:tes become dner i e. w:th globa] chmate ehange (Couteaﬁx et al 1995) and as the o
_ -. percentage ﬁnes in the sonl are reduced as 1 reSult ef mcreased eroswe IOSSes (Scholes .
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© Validation of the CENTURY model

41 iroducton

o Snmnlatlon medels pmwde the researcher wﬂ:h the opportumty to test hypotheses over

B space and tlme A cntlcmm ot‘ the results presented inthe prev:ous chapters include that |

': . samples reﬂect system functlon at cmly a pomt m tune This is espeelally pertment for this
study as nutnent turnever, eSpecnally of mtrogen, isa dynanne process ‘Thus the -

- -mine ahzatnen and Immoblhzatxon processes change constantiy as a result of ehan,ges in

h substrate supply, as the enwrenment changes from season to seasof, and wnth dxfferent
_-'forms of land use o ' ' .

 The dynamic ehanges in the minieralization and imumiobilization processes can often result
- inaloss of ecosystem sustamablllty This WOuld emerge as 2 result of the loss of nutnent
- - capital typlcelly because of the dls-equﬂ'bnum between the mputs and outputs of

'_ numents either. directly or mdlrectly m the form of so:l orga,mc matter, to the soil -

: -(Woomer 1993) ' o

Transtonnatlons of the landSGape &dso result in changes to the rates at whlch processes
ocrur, f.e, with cultwatmn, the sen] 18 made aerobxe, sml orgamc matter is mxxec! 10 deeper
“layers, and asa result, mmerahze_tu_m rates usual_ly increase, These chinges can often make
~ the -eeﬁsy_stem susceptible to losses when the natura! buffers in the sol, ie. 'the._ pereeh_tage.

-of silt and 'cl'ay, are dimini:shed '.as a reeult of soil erosion or by the removal df gi‘ound"

_covers Sxtes wlth Jower percentages of fmes typxcally have redueed uapacmes for nutrient

storage and nutrlent tumover (Chapter 2) '

-Owing to the-ecfhplexity ofiardcéSses and events which tend to #ct in-upison to change -

B __ 3the pool size: end flux rates of nutrients in the soil, mode!s are usually employed asa .

- means of slmphfymg the way in wl:uch ecesystems are theught to fum:mon The
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o 'CENTURY model whlch mtegrates a dlverse set of dl‘l\’el‘ Vﬂﬂ&ble? a5a means Of

o estlmatmg the resporise efthe ecosystem attnbutes foliemng changes in the enwronment, : o

K _13 sueh an exarnple The CENTURY model (Parton etal 1987) isa plant]soJ model that
' -snmulates sml ergame matter ami plant nutnent (N, P, and S) dynarmcs in grassla.nd forest o
o and savanna, ecosystems and is sultable for the prehmmaxy evaluatnon of many land use

o _'=management strategxes (Woomer 1993}

| : The , aJm Ofthls "ch'aptef"_ie fo Vaiidate tiie_ CENTURY model thh reference tothe si{_es B .

:_ _ sampled in thls study. This will allow one to deterfnirie how eff‘eetive the modet is m -
o redlctmg soil C and N dynarmes On the basm of the current management strategles used .
in each land’ use, this ehapter will provxde a dlseussmn on the: sonl fertlhty and '
o .sustalnablhty of each land use o o

.'1-'4-2. . 'Material _and Methods' i

The CENTURY model (Parton el al 1987) snmulates ecosystem attr'butes on the basxs of
x several driver vanables This model was selected since it makes vse of three SOM |
ﬁaetlons, is most apphcable foruse in dlﬂ"erent ecosystems, and has climate, soil type or’
_ texture, and vegetatlon type as the drwmg vanables (Parton etal 1987 and 1988, _
_ Metherell et al 1993 Woomer 1993) The model runs ona moithly time step and the o
major mput requxrements include monthly temperature and precipitation; initial soil C and
- .nutnent Jevels, plant hgmrs and C:nutrient ratios, 5011 pH and texture and additional
| nutrient inputs suich as atmosphenc deposmon and b:olegtcal N ﬁxatlon (Woomer 1993)
'The model also contams an output shell that allows one to graphwally interpret plots of
' the various output variables over time. This shell almllarly allows one to save output in the_ -
form of ASCII text, whleh can then be used to compare output Quantltxes

_’The_.input -efsite par'a:rieters, notably the pefcemage_ of sand, silt, and clay; elimati_e |

~ variables ineluding mean monthly'precipitaﬁon mean monthly mixirrium and minimum
| temperature, were used to initialize the CENTURY model (mte 100 fite). Climatic

varlables for the mean monthly preclpltanon, mean maximum and minimum temperature

" ~ for the 6 sues mvesugated werg ebtamed from the South Aftican Weather Bureau, |
'Pretona These extend back a nummum penod of 20 years and theiefore represent the

)



o permdlc ﬂuctuatzons in the clunate ofthe subregwn The soﬂ te:m:ral mt‘onnatmn S )
obtama-d from this study, and the mean (n = 3) peu'centage of sand, silt and clay for each- . : f

S land use-was used The satne apphes for the mean- soil pH. Instead of substxtutmg in -

| . __.values fortherelevant SOM pnols, defauitvalueswere uaed Slmlﬂahnns exten dmg 100 e
 years were used, and the mansgement schedules for each land use type (event.100 fl)are

o EhownmAppendlxq' Thus,onthehasxs ofthe stteﬁleandtheeventﬁle, ﬂuﬁ‘leﬂfpo‘ﬂ

L | s:zes w111 ﬂuctuate dependmg onwhether Iosses or gasns are apparent

o Output vanables ofthe soil orgamc matter :ﬁ'actmns mclude the amount ofC and N (g/m’) R

 for the actma, slow and passnve pools 'I'he actwe pool compnses hvve soil m.lcrObeS and |
- microbial products with 2 short tutnover time (residence time of ~ 1 year) and therefore is
. eqmvalent to the mlcrobzal biomass (Chapter 2). The sfaw pooi mcludes plaut and |

- nncroblal products that are phys:cally proiected or bmloglcaliy resistant to decompos:tmn S

- _ '(resxdence t:me of deca;des) whlch is equwalent fo the light fraction (Chapter 2), while the *

' passwe pool can be chenncally recalmtrant or phymeally pmtected (resxdence tithe of
| 1005 to 1000’s ofyears) and includes the mtetmedlate pool (Chaptef 2); These

L '.deﬁmtlons are baswa]ly equlvalent to the pools thax wete described in Chapter 2 €. g

o active poal of CENTURY equaisthe tmcreblal biomass pool (Chapter 2.

E Total soxl C and total SOM C and N hut not total sorl N ay this was not avaﬂable w1th

" this version of CENTURY, werealso used, Thedifference between total soil C and total

: SOM Ci is that SOM C does not include the stmcmral (hjgh CN ratm) and metabohc
' (low CN ratm) below ground matenal, ie htter Thlﬂ is mcluded w1th total soil C

Sunulatmns extend a penod long emugh for the equllibnum Ievel expected for that
_ combmatlon of cllmate soll texture and management (the purpose of vahdatlou) to he
'reached ' SRS J'

| _. Sites ﬁzefe classiﬁed int& functional typés based 63 the resr.ilts of'Chaptér 2. ’I'he fhree o
- functional types mcluded Bltes wh:ch were vemc, ie hada pementage fifies greater than

60%, those that were sandy with a percentage ﬁnes less than 10%, and thosa that fell JUS!‘. E o

- _mtder nndway of the two em‘emes and had a percentage ﬁnes of 25% (Ta.ble 4, 1)



r

o Functlonal types were used because there Was nothmg to be gamed by mvestlgatmg each
- 'mdmdua! 51te ' 3

_' Table 4 . The classxﬁcatmn of sites mto ﬁmct:onal types based on the perr:entaga i} .
- . fines or aridity index of each, The site most typlcal of each functional type was used to _
: model the change in the nutﬂent load over tlme usmg CENTURY S _

. Functional type Site _"' ' Percentage :

o f'nesforandlty o
-'_index S e

 Sandylosmsite . - - Toweombal 250%

sandyste - Blemhof . 100%

S ._ e 05
'I'ntéhhedial_e'sitg: " Betblehem - 03 ..

' DrYsite - o -.Me's';s'ina' ' 01

4.3 'Rééglfs ) :

Fig'q're' 41and42 presént the butpuf obtamed for fc}_ur of the ﬁmétidhaﬁ. types of the

conserved land use, and generally show the annual change in the variables following a 100

- year stmulatlon. The figures show that 1t took approxlmatcly 30 yeam before equlllbnum =
~ levels were approached mthe case of C, and that there was & contmued gradual decline in

the case of N, The period precedmg the C equnlzbnum year was characterised by a fairly

_rapld loss of soil C asa result of the management reglme Since the maragement regime

was standardised for ﬁmctlonal types, the same trends are generally shown for the six
functaonal types However companson x)f the. slope of the tangent to the line representmg

- tota[ SOM for the first 10 years did show that the rate of change d:ﬁiered acoordmg to the_ |
: ﬁmchonal type (Table 4 2)
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Tabled2 = A summary of the chaﬂges in the total SOM ool size of C and Nin

- - functional types of the conserved land use over the 100 year’ é(mulatlon penod, and the S
rate of nutnent loss from the slow pool dunng the first 10 years . S

Funct'icnal'-"-- BRI % lo_ss o_f-nu_trient - Sl_cpe of the ft.angent-f'- S

type e | perl(lﬂ years o

Clm” Nlm’ gClm lyear gN/m Iyear -

" '-__C_Iaysrm R S T R 303 EZH

- -'Sandysue T - A S B D ;._-_s.s

TMoistsie 20_. 8 T a6 99
: ]ntennedlatemte o3 s .3 68 .
O Drysie 28 21 0 s o o s o

-

o 4 3 1 Comparlsons of pocl sizes and ﬂux rates. l‘or the. functlonal types of the -
. conserved land use. 3 : : _ - '

: Model output shows that total C ranged from 8 000 o 13 OOU g C/m for the conserved _

' land use of the six ﬁmctlonal types The output for the vanous SGM fraetxons showed

= that the microbial blomass C content was a]ways much smaller (25 - 3 tlmes) than the' '
carbon content of the other SOM fractions. The car’oon cottent of the slow pool ranged-.
~ from 5 200 to 8 900 8 Ch? for the dry and moist ﬁmctrcnal 1ypes, respeetlvely The
: amount of C in the passwe pool fell nud-Way between the s[ow and actwe pool sizes at '.

 the start of the suuulatlon However the C content of the slow pool converged to the C o

content of the passwe pocl after apprommately 60 - years mdtcatmg Josses . of -

-appro:umately 20%. The time to convergence dnﬁ‘ered for the various soil type and rainfall
funictional types with it bemg shortest for vertlc SDllS and longest for sandy soils, Similar

_' convergence ’omes existed for the ramf‘all ﬁmctlona! types which indicates that wet and

B heawly textured soils loose a greater ﬁ'actlon of SOM as cppcsed to dry and sandy sites,

_ This would be a function of the SOM content at s:tES, ie. srtes Mth greater mass.es of _'
' SOM IOose ahlgher fraction.. o g

- _Figurt:: 42 shomtheannual simulate.d N _outout for the hlgh and low -ttercentege fin_ee -
. functional types. Total SOM N ranged from 700 to 1200 g N/ for thie six functional -



[ e

tYPes Vertrc sml ﬁmctlonal types had a larger total SOM N pool slze than ﬁmctlonal S
_ ""types that” were sandy The total SOM N poel graduaI deelmed at a eonstant rate of‘- S
o approxrmately -1 58 g N!m /year ever the 100 year srmulatiorr tlme, vuth the stow: pooI o |
: hawng the greatest eﬁ‘ect on the rate of thls declme Thus where the clay content was- o R

.' _greater or the andrty mdex greater then the rate of deelme weuld be almost 50% o

- . "I'he simulated N eontent m the vanous SOM ﬁ‘actlons shbwed that the passwe pool - .:' : :
| K | eontamed tne largest amounts ofN (390 to 680 g Nlm ) and this peol remamed relatrvely: _: - B
o constant or uicreased in size mth sxmulatlen time. In eontrast the slew pool N eontent-:.
ranged ﬁom 300 to 520 g me This pool however declined by 50 - 60% by the end of L
- the mmulatren For the active SOM pool the N eontent was Tower than the slorw anci
- | paSSch pool srzes ranglﬂg betWeen 10 and 30 gNim Thrs peol tended to merease 10 44 . s
i _ .g me and 110 g me for the. sandy and dry functlonat types and clay and moxst'
' ﬁ.metlenzd ‘types respeetxvely, fellomng appromately 5 10 years ef simulation, The rate" .
E of i mcrease was greater for the mmst and elay types than for the sandy and dry types '
 After the. 1mtra1 increase. the aetwe pool remamed fmrly eonstant at the: new equrhbnum '

o Ie*VeI, oseﬂlatmg wnfh the moxsture content of the sxte (deta not presented)

_ Vertleﬁmctlonal typ'es ha‘d fhe greetest ar'rid'unt"ef totel C and sinﬁleﬂy.ﬁmetienal types '
wh:ch were mo:st i.¢. had a high andny index, also had the greatest amount of total soil
G Surular trends were e\ndent for the amount of Cin the total soil organic pool although )
 the total SOM pool deviated slightly from the total C pool size over time, The functional
types whreh were mtenned1ate in andlty and clay content, exhibited & 30% loss of the |

total SOM Cand 2 30% loss of total SOM N (Table 4.2). The rate at which total C was

| lost during the ﬁrst 10 years was greeter for vertie sites and deelmed 8CTOSs all ﬁmctlonal -

| 'types bemg slowest for the sandy and dry sites (Table 42).

A eompansen betvveen the results obtmned ﬁ'om this study and the sunulated output

 resulis of the CENTURY model (Table 43) show that CENTURY tended to
-_overestlmate the peol snze for the various SOM ﬁ-aetmns and the amount of total C and
N. The total C content of the sandy ﬁmctlonal type wis reeorded at 900 g Clm whereas '

' the snmulated C content was 9 6 times greater than thrs Smularly, the total c eontent for "



B _' .the dry ﬁmct:onal types was reoorded as 1 230 g C}m whereas the mmuiated C content .

- was 6 S times greater Dlscrepancles emst where the snte had 4 h:gh clay content, and 3 )
o N therefore a h];gh hght f:‘ractwn mass- (Tabie Z 3 Chapter 2), where the obsewed C content T -

o _was almost tvwceas gréat asthe smmlatedCcontent S

R _;_._.Tabla 4. 3 A compansan behveen the observed (ObS) and Slmulated {Sunul) 1‘53 u;lts'- . o
. forthe conserved Jand use pools active C; slow C, passive C; and total €, The. simulated

- vallues dare given as at time 0 and"therefore ‘indicate the .,xpected pool size for that o

- combination of climaté and soit texture with mmmml management Iosses A bulk denmty S |
L ot'lShasbeenusedtoconvertmgC)‘gtOgC!m R -

T e (ngm} ngm) (gﬂfm’) (g C"“‘) G
B Obs Sunul Obs Smml Obs Slmul Gbs . Snnul_ e

s _Claymte _."_.'Bt‘i‘ 2% '_“:“.15.8150.. 349_6._'.'.- "_4484' : :122‘52 13"“‘-’"7- :
: __-.:_:__Sandy ;mmm "?2 L%, 2782 60N Cp . 2655 | 1635 ___9440 o _

1nlenned1ate51te "_65_ m U469 e |0 sz (317710030

CDrysite’ o[ 8 ja2s3. stz [ arsl e s |

Ry vy W0 236 (B3 Bes0 | 470|221 1350 |

e

Table 4, 4 shows contrastmg trends f'or the dlﬁ'erent SOM N pool ﬁactzons CENTURY.__

) overesttmated the actwe ‘pool, compared w1th the N contents calculated for each sﬁe The o L .
| calculated content for the slow pocﬁ ie the light ﬁactmn mass wiis i ﬁtctcr greater than =
B that pred:cted by CEN’I‘URY However the mrmﬂated N content for the total SOM was,g "

on average, 3 tunes greater than the total soﬁ N content af the functlonal types _ _' o "

% -



 Tablt44 A comparison between the observed (Obs) and simulated (Simul) results
. for the N pool sizes of the conserved land use indicating the active, slow, passive, and -
- total SOM pool fractions of the functional types invesfigated. The simulated values are "~ -
~ given as at time 0 and therefore indicate the expected pool size for that combination of

- climate and soil texture with mmunal management Iosses A bulk densny of 1 3 has been -

: uSEd to convert ugng to ngm L . o _ o

. .: : -'_.':._Fl_l_t__l_(:t_il__n_uil- . Actwe : slow N :- N fﬁseive - .. .Toteil
f.emef?”””* mNmn N CeNm)  @Nm)
ST R -(__)b Smml ;'Obs S Sxmul Obs Si'iiml __._Obs Smml

- “Claysite. 1'1'_.'_' A S T BT R [az i
© Sandy loamsite . (27 16 © 1435 35 | . - 456 }187 - 839
C Sendysite . 113 no |1sa9 %1 | AW 199 782

Moistsiie |23, . 27 | 11661 583 | . 66 |78 . 120 |

. "’mteﬂﬂﬂdmtcm Ar 22 fasa 3w | o ase lsn- 8
C Dyste {20 w0 cle zs | s fm T

L Tola! SOMN nsed as total soil N not avallable as an output varlable

“The annual rate of N mineralization for the driest and lowest percentage fines functional
types i's shewn'i:i Figure 4 3. This shows that the rete of Nmin was closely correfated with

. _. the preclpltatlon ‘The wet functlonal type and the heavier textured functional type had_ '

almost 1.5 times greater levels for Nmm There did not appear to be any declme mn the. B
- rate of Nmm over the 160° yea.r simulation penod even though large declmes in the slow _

' pool SOM fractwn were apparent
43.3 The effects of land use
Cultiva't.ion '
| Generally land use did not alter the Jmtxal peol sizes of the various SOM fractions as

expected Heweverat the end of the 100 year snmulatmn penod pool snzes were reduced. |
_' under the eultlvated management regune as compared to the eonserved management '

91
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o .":'.regune (anure 4 4) Thls was mesrt cleady seen hy the rapld Ioss of the. siow C pool
:('I‘able 4.5) and narrowmg betWeen the SOM total C r‘pntent and that of the total sml C.
content (Flgure 4 4 (1)) Thls Woulci mf’er a reductxon in. system C content as a result of
S cultlvatmn under thls management reglme (see Append:x 4) A mechamsm to explam thxs e
L ﬁwuuld be thaf Gultlvated systems bacame less dwers:ﬁed ar mnre snmphﬁed wh:ch leads _ U :
- to a teductton in the posmble pathWays that C cau be accusaulated m the smi 5 :' T

2}

| 'I‘able4 5 A su:mimy of the changes in’ the total SOM poni mze of C and N in. L
- ‘functionat types of e cultivated land use over the 100 year smulatmn pemd and the a SO
s rate of nutrgeut 1053 ﬁ‘om the aiow pool durmg the ﬁrst 10 years A

- Fﬂﬂm““al B %loss of nutﬂent :_ S -_ _Slo_pe_ df thetangent e _ 3

thmwmm ggj  26 3[5549 i)g am. :-ﬁ;,¢wsp:?g

.mmmmw ;111“afﬁ;“'= 11&lv¥2f“4%”.r5 B
. - _Inlermcdlatesne 49 o 3 T _'-226 _— '."""'.'::; '_«9;9_ S

B _The same trends emerge m & companson of the results obtained ﬁ'om thf‘ CENTURY -
IR model versus those that w&re calculated in *&ns study (l‘able 4. 6 & Tab!e 4 7 versus Ta‘tﬁe B
i._43&4@ ' | DR

=



' *fablé4 6 A comparison betweerl the observed (Obs) and sxmulated (Sm’aul) l‘esults o

" for ihe pools of the cultivated land use indicating the active C, slow C, passive C, and ~
- ‘total C. The simulated values are given as at time 0. and theref'ore indicate the expected S
.- pool size for that cormbination of ¢limate and soil texture with. rmmmal management

o iosses. A bulk densnty ofl 3 has been used to convert mg Cfg to g C!m - e

| _'__'_Fun.e't_iom' T e Sew “Fassive Toml
Do | @omd @om) @ cfm**) @Cmd)
o :":Obs-._--__'- _-_S:mu! Obs Snmu! Obs Slmul Obs____ Simul

TChyste |4 '-':.-2’-5_ R 12843 | |

- Sandy loam site |48 160 [1248 _s_mg__ [ 3217 pu 9605
~ Sandysite |20 169 2607 537 | o825 35 a7

 TMoistsite |48 226 | 13759 7% [ 3953 | 86s0 11921 |

| lermediatesite |41 169 |7I7 6158 | 3164|1498 9265
CDysite 3 e 73&\ '_-4915, | case9 fsss Tesd |

Table 4. 7 A companson between the observed (Obs) and simulated (Slmul) results -
for the N ponl sizes of the cultivated land use indicating the active, slow, passive, and
total SOM pool fractions of the functional types investigated. The simulated values are
- given as at time O and therefore indicate the expected pool size/for that combination of
- climate and soil texture with minimal management Josses. A bulk den31ty af 13 has been
used to cunvert ug N/g to g N/m -

'Functil}tili_l o Actiire- | 'sib&é o o P.a.s'sﬁz-c' Total _7 |
e | @Nm)  @Nm) o @Na) N
B - Qbs Simul  Obs -_Simul Obs  Simul Obs  Simut”

© TCmysie %3 15 |26l 480 | 605 33 .. 1095

. Sandyloamsite |18 13 [&ssc 354 [ a9 |13 8w
Sandysite {18 16 fumy. sy | 47 fet 71

Moistsite |20 . 26 | 9433 438 | 374 497 1043
" Intermediatesite 18 15 j4;r 34 b 43 juo m2
Dyste . |18 15 - s 22 | 375 9% 683

| *® Totai SOM Nused as. total soil N not a\raﬂablc as an output va:nable -
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' The greatest dlﬁ‘erenee between the sunulatmn of the eonserved vetsus that of the - | _'
o 'cultwated land use was that the l:ght fraotion fass wes reduced below the C content of . -
. the passwe pool more rapldly than the conserved jand usem 'I‘I:us would be a result of the K

a _qmeker rate of loss of the slow poel due to cultwatlon

b 'Livesﬁiékpt‘edueﬁ_on o

' Fxgure 4, 5 shows the sm:lated remﬁts of the hvestock land use usmg the CENTURY L -

s | model, These results follow snm!Iar trends as the conserved land use (Flgures 4 1 and 4, 2)
- The rate of change of the slow pool for the ﬁrst 10 years are snmlar for the two land uses
"as are the percetttage diﬁ'erences befween the tune 0 snd t;me 100C and N contents '

S Tables 48 and 49 sum‘larly slmw trends thst ‘were apparent in the conserved, and

g cultwa:ted Iand use’ when eemparmg the. sunulated output with that of the observei |

Table4.8 A comparison between the observed (Obs) and simulated (Sitmul) results
for the livestock pools active C, slow C, passive C, and total C. The simulated values are
 giveri &5 at time O and therefore indicate the expected pool size for that combination of - -

climate and soil textyre with minimal management losses A butk densﬂ:y of 1.3 has been -

- usedto eorwe:tmnggtogC/m

o '_sunctional. __ f ' 'sresv'e T Slew | Passive ~ T Toml
Ctpe | (gczmﬁ - @Cm’) (@CmY) (ngm")
o  Simul Obs Simul Obs  Simul Obs  Simul

Clhayste |41 236 | 15850 7S5 | 4l§ | 10169 12317
‘Sandyloamsite 139 226 . | 17685 5989 | . 3220 (2166 9492
Sandysite - 130 - 113 }26509 S313 | o 2828|212 8362

“Moistsiis |61 169 [3807 623 | 3539 | 572 10509 |
. Intermediatesitt {59 169 . {18013 5989 | 3164 (2720 9605
. Diysite . Y31 13 jime 4859 .0 2655 |1063 . 7684 |
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: __'Taialé 49 ° A companson ‘between the observed (Obs) and snmulated (Simul) results
- forthe N pbol sizes of the livestock land use indicating the active, slow, passive, and total

SOM pool fractions-of the functional types mvestlgated The. sunulated values are givenas =~

- at time 0 and therefore indicate the expected pool size for that combination of climate and
- soil texture with rmmrnal management losses A bulk dens1ty of 13 has been used to

' COnvert:cgN/‘g fo gN/m

| __"-.'_Fungti_ohalf | :Active' Sloiv'.'_'. B ” i‘éss:ivé  ' Totai
'j;§m§f j¢1| (eNmY) @Nhﬂv @NMU e gnmn

L : _ .._"-"Obs_ Slmul - Obs -_-__-_Slmul Obs _ __Slt_nul_ (_)_bs ."-':'Sl_mul g - - o
T T Y L I s R K e R

'Sandylmmsna {23 150 {35 s | o 4 I E:CANERE " R

Mmsts:te_ T |31 20 [is03 sl | 506 (377 98
_ ';_-i;ite'rmediatei‘-sim_-*'-z'.s* 15 6115 355 . - 454 o (2600 B4
Drysiie - _. e m s a2 p o ms dme o677 |

B .'* Total SOM N usad asiotal sml N not avaxlahle asan oulpulvanable R -

4 3 4 Changes in Iand use mtensmy

| 'Fxgurés 4, 6 and 4.7 ﬂlustrate the lmpact that harvestmg two crops ina year and grazmg '
' the veld at low stockmg rates has on the c and N dynamtcs |

Geﬁe_ré"lly' the _éﬁéet was th_at'twc'j _'crops'-ﬂid' ridt drastically 'ch'atigi_é C and Ndynanucs in- -
- the clay ﬁxﬁcﬂ'o'nai' type, but -sudden CHangeS beca‘rhé evident by year 70 in the sandy - |
.ﬁmctmnal type The reverse was true for the ramfall ﬁmctlonal types i in which sudden

-changes in the C and N dynanucs occulfed at year ‘70 for the wet type but nr;ut the dw typa-

"-amwm4@

“ Fxgure 4, '? shows the s:mulatxon results for the low grazmg management regnne (sumlar

- schedule file as for the heavy grazmg management Appendix E3.but wi’ih GH subst:tuted
with GL) No d:ﬁ'erences were observed behveen the heavy and the hght grazmg '
i s;mulatlons :

e
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| '4.4_ '“E’Ji's::ussion |

= The results ﬁ*om the CEN'I‘URY sxmulatlons mdlcate that the model does net adequately o

o "reﬂect the absolute quantmes of soil C and N that Were estnnated at selected sites in tlns o '_ e
AN study The miodel dit however ahow mﬂar frends to those that were hlghhghted in .

o " Chapter 2 and 3, These mcluded the 1mportat1t role that soil texture, sne andlty, and Jand :

, | '."usehaveontlwdynamcsofsoilCandN

- _ -. Parton elal (I 987) indevelopmg the ﬁrst vermon of the (’ENTURY Model found that the.. -

_model was able to adequately simulate the eﬁ‘ects of climatic gradlents and 5011 texture on. | o

- SOM dynmmcs iur 24 gra.ssland loc.atlons in the Great P!ams, USA Hawever the model
B .- was recogmsed to everestnnate 5011 C and N levels for ﬁne textured soﬂs by 1010 15%

B Modei outpit for all the ﬁmctlonal types of the conserved land use, mcludmg those that _
| | were Stmdy soils, loamy soils and clay soils, ‘was generally 3to 8 times greater than the -

o observed estlmates The observed esttmates for the fine sozls were almost doublethe - - |
simulated: estlmates Explanatmns for thls could not be feund, and are dxﬁcult to explam, B
_ .'-:'even though soil texture is a major' control of SOM dynamlcs in the CENTURY model. -

' I—Inwever Parton ¢f al (1 988&) state that the unpact of clay onC stabliizatmn will change |

. asa ﬁmetzon of c]ay mmeraiogy Prehnnnary resulis suggest that the size of the passwe

poal, a ﬁ'actxon of the total pool is Iarger for oxidic and allophamc nnneralogy n- o
* comparison to kaolinitic and smectitic ones Allophamc mmeralogy is not present in thess |

- samples, but. axxdm kaohmtlc and smect:t:c mmeralogy is common.

The-eﬁys in t.hi_s' study were of tfi.e mohﬁnoﬁlloﬁite family indiceting the pr.esenee of 2:1 -
" lattice structures which facilitates a greater cation exchange capacity, This would equate
witha gl'eater store of C adsorbed onto the clay particles and therefore a gfeater pbo’l of -
C. Similar statements would apply forN, but this still does not explam why such 2 hlgh
amount of C, and not N was observed for the vertlc ﬁmci;mnal t}'pes

Iﬁ the-c_:ese ng.sﬁnmated vé_lues for _all ﬁ:ﬁcﬁcné! type_sl_were .'gfeatei* than cbserved -
 values, often by more than 6 times, This strongly contrasts with previous validations of
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| the model, and suggests that an etror may be appa.tent in the way that CENTURY was

: used. I-Iowever the enly possible source or errot is the mmmgement reg:mes modellmg

"_' eaeh land use, as the appropnate soil textura] and chma:txe variables that dnve the modeL . .-

| were an accurate reﬂecuen ﬁ:r that srte Addmenal enors ceuld also occur with meorrect .
rates ef deeemposmon, 1eaehmg atmesphene mputs such as atmosphenc deposmon and L

: bxologleal N ﬁxatmn, C N ratms, mtnﬁcanon and demtnﬁcatlon etc that would aid the

o . aeeumtﬂatlon ofC andetheseﬂ

- : : .Parten et al (1988b) demonstrated that the model was successful in slmulatmg the 1mpact )

- of cult!vation on the formatlon of soil orgamc c and Nin grassland soﬂs Soﬂ C andN |
o '-Ievels stablhzed at apprommately 7500 g Clm and 750 g Nlm respecnvely, with.

o B d:ﬁ'erences between the srmulated and observed results bemg less than 15%. In tlus stndy o

| dlﬁ‘erenees between smulated and observed estlmates were oﬁen as great as’ 80%.

Parton et al (1988&) found good agreement between the snmulated versus observed
_ a esnmates when companng the pred:etmms from a large data base, even though
| 3CENTURY tended to evereemnate losses. These were attnbuted to mgmﬁeant plant |

specles-leVel deviations which could smnlarly apply to thxs study Therefore where plants o

* have dxﬂ’erent ratios of G’N the deeompesmon rates wﬂl differ and mbsequenﬂy the
mmerallzahon of Cand, parnclﬂarly, N wﬂi change Aceordmg to Parton et al (198821)
mdmdual specxes have quite dlfferent ways of partitioning organic matter between

~ metabolic and structural material than the general CENTURY model would predict. Tt

~could. therefore be that more emphas:s was placed on partttlomng C and Ninto the
snuetural poels, and less mte the metabolic pool, with a subsequent #tcumulation of C _
and N in the system Thxs is a result of the slower decomposmon times and turnover rates |
ofst_rueiural mate_nal__s such as polyphenels, tannins and celiuloses (Melillo et al 1982).

 Paustian ef al (1992) similarly ciaim tht the CENTURY model provides a good fit to the

© . dataand that it can be adequately used to predxct changes in the soil Cand N peols Thus |

- changes in soil C and N could be explaitied by the rate of orgame—matter input, its lignin . -

' content, C:N ratio, and by the effects of fertilizer additions on belaw ground C inputs.
However the model could not fully explam the a__ddmoqal po_smve effects of N supply on
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- soM accum;ulatlon On the basis of these resultsthey claim that the model supportsthe -
N - _mam ﬁmetlonal relanonshlps that are used to explamthe changes in the pool mzes of C o
o andN Asnmzlarconclumonxswarrantedhere as the changes in the C andNecntent

although not e;q:]xcltly quannﬁed in this study do follow what is observed in other )
systems (Woomer 1993) Thus the change in the pocl sizes w1th mcreasmg percentage

. ﬁnes mcreasmg slte mozsture and decreasmg iand usage, show that Cand N levels can be o

o expected to be greeter These dechne watth mcreamng fand use, decreasmg clay content

and as the snes beeome dner Whlch we:e the trends. ev:dent in the mmulat:ons ofthe e _':

_vancus ﬁmatlonaltypes R

. For snmiar chmane reg:mes, SOM levels mcrease w1th mcreamng C addxhon and are |
_ lugbest for ﬁne textured soﬁs For soils where chnwne factors are most hnnnng to-

o decompemtlon duetolow tempera.tures, or mmsture stress, SOM leveis are hghest per

 unit of C input. Converseiy where decomposmon is rapui steady sate SOMlevels per umt
of Ci mput are lower (Cole et al 1993). The overall trend 18 that mcreasmg temperature |

- and preclﬁttatxon will usually enhance decomponucn raies and thereby decrease soil C. '

levels if C inputs remam unchanged These differences were not apparent fromthe
sxmlﬂanons of the wet and dry ﬁmctlonal types The wet site had substannaliy greacter
levels of soil C than dxd the dry site mdlcatmg that enhanced decomposmon (Coleetal
1993) but not a decrease m seﬂ C accumlation was operative. It appears that soil texture
- and possibly the management reg:me facﬁnated the accunmlanon of Cin eompanson to
 the observed C content wiuch was appro:emately 3 to § times smaller o '

Parton and Rasmuseen (1994) claJm that the CENTURY Maodei (versmn 2. 1) was able to .
predict scﬂ C and N change within & 5% when comparing the long term effects of crop :
management in Wheat-Fallow agnclﬂtm‘e Titey recommended improvements to the
~model by i meorperahng a dynamic plant growth submodel to represent the effect of sozl N

. _on C and N allocation to rocts, straw and grain. Soil C changes were seen as the result of
' . 'labovegrotmd C mputs, where an input of 200 g/m fyear was needed to stabilize soil C.

 They also recomtnended that the mmerahzatlon of N from deeper soil layers (30-60 om)
- needstobe considered in the N budget. Such changes are assumed to have been -
- 'mco_rporat_ed into the_mcdel. version 4.0 that was used here, and should therefore provi_de- - E

105



an even better 'ﬁi to tlie"deta, asEuming'the 'ﬁecessax'y' péﬁram.atéﬁéﬁﬁén is cor'rect and that -
. the observ'ed data are sound Tn any event the Model was unable to adeqmdy estzmate B
 the amountofCandethesonl at thesosites. AR

B f_ Posmble explanations why the soil C and N contents estlmated for the smdy sxtee dewated_ |
- so much when compared to the pred:cted content from CEN'I‘URY would mclude

o 1) e rem d . posmonra;es

N Pausnan et al (1992) stated that one of the values for winch the model was S most sensmve_ '_ :

. Was the parameter tog 4 m the decompomhonftemperature response ﬁmctlon Topt is tbe

temperature at Wlnch the ma:nmum specific decomposmon rate is reached and i is setat |
35°C. Eﬁgher values tend to underest:mate decompomtlon and therefore overeshmate sozl o

: C levels The need to slter model com:rols on decomposition rates (t,,pg) is evidence that
'the model does not prowde a fully general explanation of SOM dynamms (Paustlan etal
B 1992) Tlns means that there appeared to be 51118 specific factors that were not explained |

by the model, However the reiatwe furnover rates and produchon a]locatlon between the

- dxﬂ'erent organic matter pools indicated that the tumover rates, soui C and N Ievels, andN

| t:yclmg lend support to model formulatlons of the eﬁ'ect of quantity and quahty of orgamc .
matter mputs on SOM dynamics. Similar conolusmns could be drawn for the resuits '
obtamed ﬁ‘om this study Ifthe decomposmon rates were modelled as being 00 rapxd"

then a larger quautlty of C would enter the soil, resultmg in the large vaiues that were .

obtained. However even after 30 years, when equlhbnum levels were approached the

o levei omethesonlwasshllvasﬁymexcess ofwhatwasobserved o

- 2) ' "Ihcorrectinanagementreg‘iines_ '

. The results from these sinwilations indicated that the kind of management regirme did not,
| ] by Itselﬁ induce mbstanﬁal ohang'es: in the Tevel or dyﬂamics of sml CandN. It would - _
| therefore appear that the partleular management regune could fiot be used to explmn why
: “suoh hlgh c and N cmﬁents were obtamed with the model S o



B
4

| ‘I‘he management reg1me reﬂects what would appear to be current practlse in Seuth Afnca

) (personal commumcatlons and observatlons} However the dlfﬁculty of modeflmg these o

o maﬁagement objectwes for each parhcular funet:onat typ‘ meant that several assumptnons R

had o be made (see Appendxx 4) and these may not have been. apprepnate to adequately

- estlmate the C and N content ln the 501l These mc.luded the use of default valuea for the | - N

CN saios decomposmon rate constarrts inputs of N waNﬁxatton atmosphenc . SR L

. deposxtxons, logses of N by leaehmg, demtnﬁcataen uptake, and harvest losses efc. :_ -
_ Afthough many efthese parameters have been mcorporated mto the medel aystem, and
' glo‘oa] vahdatlon accounts for 93% of the variance (Parton et aI 1988a), some factor may B
: Etlll be requtred to explam the dl&‘erenee of the acll Cc and N dyna:mcs of these systems

441 'Im;ptieatiens:':af_?lgna use '_ |

Cultwatmn generally resulted in the greatest 1055es of C. 'I'hese were Iess fer ﬁmetlenal
_ types wl‘ueh had & greater percentage fines in the sm!, and was Iargely a result. of the rapld o
-~ loss of (i Irem the slow pool of the sandy and monster ﬁmchona] types S:rmlar -

“conclusions were postulated in Chapter 3 where 1t was shown that cultwatxen mgmﬁcantly
reducedthe hght fractlon 1mass, whnch isa pnmary constituent of the slow pool. This

effect was redueed for soﬂs which were vertic. Parton ef af (1983a) smnlarly contend that
C losses due to eulnvatlen oceur predommantly from slow SOM and these decrease with.
:'mereasmg soil clay content. Field atudles (Sehnnel etal 1985) support the eonclusmn that
most cultivation SOM losses are from the slow pool ' '

When the eultwated management reg'me was mtensﬁed to include two crops withing
‘year, epposmg trends emerged from the medel (F:gure 4 6) The vertic ﬁmetlonal type
| _dlsplayed 1o drastic changes in the level of soil C and N over the 100 year sunulatxon and”

~ jitwould therefore appear that such sites would be capable of preduelng tWo crops every -

Cyear. In m‘mtrast the sandy ﬁmetmnal type 1mt1ally had 8 greater store of C in the soil,
-posmbly as a result of the mputs of femhzers However after 70 years the level of C and N
| feli drast:cally to a new lower equmb'mm level Th.lS would 1mp1y that the eontmued |
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§ produenon ef two crops per year would not be sustained at adequate levels te prevent | the -
| 'cellapse of the crops without substantial inputs of fectilizer N, ) "
" 'The wet. ﬁ.menona! type alse dlsplayed a rapid deehne aﬁer '75 years, This is unexpected
_ | ‘asthe greatet prempxtatlen sheuld faellttate a greater fiet pnmaty preduetxen However
- .Ll_eblg s law of the __rn_xmmum fnay explain that_ pethaps nutnents are more impottant. -

- Grazing, m contrast to 'other' studiee (Parton et af 1987),- did not rednce the quentity of . ”

. s0il C end N with i mereases in graz:mg pressure, Usmg the management regnnes for eaeh e

- fand usé; which reflect current practises in South Afiican farming (Appendix 4), the level. - :
of soil C end N was reduced until 2 Iewer eqmlxbnum was reached after 30 to 60 years
_ "These losses clesely mm'ored the losses under the corlserved manaaement regune
~ ‘However when the 1mpaet of grazmg was- reduced to a level which did not cause an- |
. impact on the vegetation (Flgure 4.7), then the soil C and N levels ﬂuctuated areund |
- similar levels to those under heavy gramg That 15 the plot for tetal soM C and N was
alrnost 1dent1ca1 for the two levels of grazmg pressure The apperent stesxe in the jevel of
| SmI C and N under the two grezmg presstires could smerge because the veld was gwen |
B enough resttng time, Tainton (1984) and DuP Bothma (1989) state that a rest perxod
every fourth year faelhtates the recovery of the rangeland “This. occurs because the mput
of organic matter to the soil and subsequent decompasition and mineralization, restore the o
nutrients that \ner'e lost due to consumption by cattle. Importance is th.erefefe placed on
o mamtarmng the size of the slow pool so that a balance between gains and losses can be .
- reached, Howevar it has reeently been proposed that 2 High Density Grazmg strategy |
(pers. comm®, C.R. Hurt, T. Maorely and P.I.K._ Zacharias) would not lead to drastic shifts -
i system function, The cbservation that similar levels of C and N occurred for the low as
well as lngh intensity. grazed ﬁiots.may_ehqw that such a _st_fategy can 'nvdr'k, T_he debatc
surrounding this Issue is contentious however with empirical eviderice supportingboth.
schools of thought (pers, comm®, RWS Fynn and T.G. O"Connor; J.E. Danckwerts; K.P.
| Kirkman). This hightights the increasing need to nse models for cross-site and ~regionail
analyses, to compile comparable data sets mcludmg consistent measuree of SOM quantity
and quahty, 30 that madels can be tested a.nd ﬁlrther reﬁned ' ' .

3 Programme and Abslracis, Congress 32 of the Grassland Soe:ety of Southem Afnea, °ort Elizabeth 20
‘fo 23 Ianuaw 1997 : _ "



' Chapter5.
| ‘General discussion and conclusions

| .' ;I;h"e"C'. and N.ﬂynenﬁee of s}‘Stém's; are ISti.‘bneg. eontfoiied by fhe turrover of soil orgailie

. matter, The size of SOM ﬁ'actmns mvestxgated in this study shows that they were under
i '_the control of several enwronmental factors and that land use. played an 1mportant rolein-
' modlfymg these sizes. Tlus was apparent inthe way that land use, parhcuiarly cultWat:on o
altered the mass of the l:ght ﬂ'aet:on in the 5011 ' ' o

| The size of the three SOM peel' sizee i.nvesti'g.ated in this. study was shown to be relafed to .
“the texture nnd aridity. at the snte The sxzes Were modlﬁed by land use, where cultwatxon -
- generally reduced the size of the pcmls whe eas hvestock productlon areas and conserved

' ._ areas had greater levels: A, mecharusm postulated to explam these pattems and processes

“included how SOM vaned with the percentage sili-plus-clay in the soil, the andxty of the -
) mte, and by how culnvatlon reduced the light ﬁ‘actlon mass, othervwse desngnated the slcsw__

N pool Reasons for these patterns meltxde the 1mportance of clay in adsorbmg C and N, the _

- 'presence of favomable conditions for rmcroblal decomposxtmn, the greater plant bnomass .
- that occurs in moist sites, and the way that cultivation reduces the light fraction mass

through how it tay alter nmcroaggregate structure
S1mulations with the CENTURY model shewed that snmilar trends were evadent in the
“wyay that the SOM changed in comparisott with data coﬂected for each land use |

- 'management reglme, but the model markedly overestlmated the pool sizes.

. The six sol functional types used to 'nibdei S0l C end N dynaﬁxies showed that the poo’l

e size of the sm! organic matter fractions was greatest for the vertu: soxls and the mo:st

sﬂes, and was lowest for the sandy soils and dry mtes. Similar resmts were apparent from -
- the samples that were collected from each site. CEN'I’URY showed that the quantity of C :
-and N in the light fraction was greater than that in the mtermedmte fraction with the )

lowest contents occurnng in the rmcroblal blomass These results mm'or the trends in the

data obtamed from the samples of the sues, and demonstrates that the CENTURY model . -
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. would be an appropnate model to use m predlctmg the oarbon and mtrogen dynam[cs ol:‘

- _these systems '

*However large dlﬁ‘erences emerged between the CENTURY predlettons for the size of i
.the pools (almost 3- 8 tunes greater) and the. estimates obtamed by the laboratory
- teehmques Thxs requlres ﬁsrther mvest:ga.txon lf the model is gomg to be used to map
| _.reglons it South Afrlca on the basis of the tumover of SOM and N nnnerahzahon A
: posslble error that needs to be addressed 1 is that the incorrect management regune was - _'
 used which allowed for the accumulation of C and N in the system Add:tlonal errors
cOuld also melude the parametensatmn of varlables such as decomposmon rate constants, E
16sses by mtnﬁcatlon and demtnﬁcatlon leaehate losses a5 well as several others. Thls '
may reﬂec-. the dlﬂ’seulty in obtmnmg aeeurate estimates of the rates at which organic =~
: matenals decompose in the ﬁeld i.e. the light ﬁ'aetxon, mlerome biomass, mtermedlate |
ﬁ‘actton and passwe fractions of ¢ orgamo matefials appear to decompose at dxﬂ'erent rates |
' accord_mg to the reﬁ-aotory content of the material including the content of lignins,
‘cellulose and secondary chemioals. These different SOM fractions can n:o:' easily be
| separated and sl_i_udled in the field where biotic and abiotic conditions ehe'nge Id}}nemieally, o

'CooSequently the rate of breakdown of organlo matter and release of nutrients uhder field = .

| condltlons versus that predlcted by the CE‘NTURY mode! could be used to eXplam the o

dtﬁ'erences

~ In addmon to the 1mpaet that land use has on reduomg the mput of orgamo matter to the
. soil, is how & process like N Imnerallzat:on 1s changed by {and use. The rate of‘ N
. mineralization demonstrates the oapaelty of a soil to provide nutrients that are requlred
for plant growth and therefore produotmty “This study has showrl that Nmm is closely -
'.related to the amount 6f N i in the soil and consequently varied along the andlty and soxl
| type gradients mvastlgated Land use ohanged the rate of N nnnerahzatlon w1th

) _culnvatlon causmg a net N immobilization, eompared with the eonserved land use where R

N was ineralized, The livestock land use showed eontrastmg trends which can be
explamed by the 3011 texture at the sites, Sxmulatlons with the CENTURY model showed
 that Nmm was mﬂueneed by soil texture, preelpltatlon and nutrient addition, Therefore

| Nmin ﬂuciusted around snmlar levels for the relevant sﬁes, byt the modelled estlmate was |
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: mueh fastm' than the eattmated rate of the cultlvated land use Nnn*n was the:efore

' regarded to bea site Speelﬁe attnbute varymg wzth se:l texture and i croe] e, " well
. _.-.as\Intll'lage::rientfegm{e1 o N -

> _; . Although the nnerobxal blomass hias been hypethemsed as bemg an 1mportant mdex of
. SOM turnover and sonl fertlhty (Greenland. and Szabelcs 1994; Prasad et al 1994)

L | B conoluswns from tlus study do not generally support this, Ne dlfferences Were obsewed '
o B ?'_between sites in the size ofthe mlcrobzal bmmass, but differences were. apparent between N .
) ': land uses, Generally fess than 1.5% ofthe Cand N was in the mxcrehlal bxomass Whlchls .
~ the lower h:mt ofwhat is expected for Systems such as these Thla proportion did not vary_' | .j 8 |
: between the savanna and gra,ssland bxomes or the conserved, cultivated por livestock land.

Ted W2

© . lses, mdlca.tmgthat the turnov‘er of SOM ls smularm dlfferent land uses, even though the e N

 absolute quantities aay differ. ‘The majority of C and N was present as the intermediate

i ._ ) ﬁ‘actlorl, whtch remforees the 1mportant role that sml texture has on C and N dynanues '

o In eonclusten, the processes N mmerahzatmn and mnnoblhzatwn, as well, as the _

- physicochemical facters soil texture, pH and moisture content, could be used to explam
the tumover of C and Nin the sites and land uses mvestlgated. The redundancy analysxs
N showed that 51tes and Iand uses coutd be separated on the basis of the enmnmental
vartables mte aridity, pI-I, the pereentage fines (sﬂt—plus-clay) in the soil, and the hght

| fraction mass wlultxvanate methods may therefore provide usefill techmq;ues to:

= .dlserlmma*e whlch sltes and !and uses can be sustamed on the basis of how the
mdependent vanables soil texture site aridity, soxI pH and light fraction mass comnbute |
to the turnover of C and N in the soil. By followmg trends i in these veriables over tlme, it

o would be posmble to 1dent|fy how the system ehanged and how resilient it was (Greeuland | |

‘and Szabolcs 1994)

 Further research weuld melude 1mprovmg the fit efthese data. a8 well £ as addmenal data |
o setsto the CENTURY model, This would allew for the development of Geographxcal
| Infermaoon System maps which can be used to delineate sustainably productwe |

(Greeniand and Szabolcs 1994) regions of South Aftica on the basis of how the SOM and

N merahzed in the soil. This wiil require the input of soil textural information and

Can
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o -. &

R chmauc da'ta, that can be used wﬂ:h the. CENTURY model An unportant

o methodologl cally ,mpmvement for ﬁn'ther studles would be thei mcorperatmn ofsonl

- _'ﬁmctmnal types inthe analys;s ofthe C and N dynamcs As sml texune changes 50 subtly

o 3 _'along the gradlent and becausethere are 50 many differett scnl types (hothmtenns of
S '_ textrlre and mmeralog}’) lt wnuld be lmportant to 1dent1f}' d:stznctly dtﬁ'erent ﬁmctmna]

| 2 type_s w;thm the sanie chmatm region 50 that chmate would ﬂot be confounded wﬁh soll _
R texture, and visa versa An sxmple eammple Wmﬂd mclude catesﬁﬂﬂng 30113 on the bas‘“ S
thhepemgem mthe soﬂ, andthekmﬂ ofmmeralogy o D

_. Altematwely a 1ahoratory based expmment usmg sml type and sozl mmsture content as
- - covmables m afactonal expenment could be used to assess how SOM mmover, Nmio
'and mmobﬂrzataonvaryover tinfe, i.¢. wrth season, 'I‘hesew:ll have to be extrapulated to

- ﬁeld condmons, but Would be cheaper to conduct The:y wmﬂd alsu a]low for more '

o 'accurate paramaenzanon ofthe CENTURY model as unlmown parameters could be |

S calcu.lated

_ _. _ Thus a senmtmty analys:% where various: nger vanables of the model are systemahca]ly
- ._ altered to determine the efféct each has on model output, can be. used fo determme o
' .-smtable decompomnon rates and managemwt regimes. In addmon to tlus ﬁeld based
) '_validauons as done wuh this pro_lect aan be conducted to nnprov:re model fit w]nch wdl
'lprowde a robust explanahon for how carhdn and mtrogen dzﬂ'er across reglons and land -
:usesmSouthAﬁlca '_: co R . . :
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Appendsx 4 The management regimes s for the fand uses mvestlgated in thxs study anda
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Appendlx E 4 2 The cuItWated land use management reglme that is used as the _ e
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