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Profilerne har i plgjelaget en pH-vaerdi pa omkring 6, hvilket er rimeligt
bedemt ud fra Olesen og Hedegard (1968). | lidt over halvdelen af profiler-
ne er der et markant fald i pH til omkring 4 i en meters dybde, hvorefter

pH igen begynder at stige. Dette pH-forlab ned gennem profilerne viser, at
jorden har veeret steerkt udvasket i den gverste meter af profilen inden op-
dyrkningen, og at effekten af kalkningen kun kan spores til ringe dybde un-
der plgjelaget. | lidt under halvdelen af profilerne er opkalkningsprofilen
kun svagt eller slet ikke udviklet, og pH holder sig over 5,0 i hele pro-
fildybden, og i en enkelt af profilerne er den endog over 6 i hele profi-

lens dybde. | et par tilfeelde blev der i de dybeste lag observeret kalk-
klumper. Blandt de ombyttelige baser dominerer calciumionen klart, og den
udgar omkring 90% af de ombyttelige baser i Ap horisonterne og omkring 80%
af de ombyttelige baser i de dybtliggende horisonter, nar der ses bort fra
de kalkholdige C horisonter.

Betragtes variation i volumenvaegten ned gennem profilerne bemaerkes, at vo-
lumenvaegten i de fleste profiler er hgjere i de dybere lag end i Ap, men

der er ikke altid tale om en konstant stigning med dybden. | visse tilfeelde
findes de teetteste jordlag nederst i Bt horisonterne, og ikke som man kunne
forvente dybest nede i C. De hgjeste volumenvaegte i profilerne ligger nor-
malt mellem 1.7 og 1.8 g/cm3, og volumenveegte af denne starrelse kan al-
lerede treeffes inden for den gverste halve meter af profilen. Det er klart,

at sa hgje volumenveegte i lerholdige jorde betinger et relativt lavt grov-
poreindhold. Udregnes grovporeindholdet som differencen mellem porgsiteten
og vandindholdet ved pF2 for de forskellige horisonter i de lerholdige jor-

de, ses i kapitel 11, at grovporeindholdet ofte ligger noget under 10 vol%

for B og C horisonterne. Dette er under den kritiske graense for et godt
luftskifte (Wesseling 1962), safremt der ikke er udviklet en god struktur i
jorden med et kontinuert grovporesystem. Det vil derfor vaere forventeligt,

at der kan opsta perioder gennem vaekstsaesonen, hvor luftskiftet er haemmet,
fordi kraftige regnskyl kan fylde grovporesystemet op med vand og dermed
nedseette diffusionshastigheden for O, Og CO, gennem profilen.

Fig. 48: Grundvandsvariationen i sommeren 1981 i en
Pseudogleytypilessive udviklet i leret till i
Korselitze Skov pa Jstfalster.

Variations in groundwater table (summer 1981) in
a Pseudogleytypilessive developed in clayey till
in the forest Korselitze Skov, eastern Falster.
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Dette er illustreret pa fig. 48, hvor grundvandsvariationen i sommeren 1981
er vist for en Pseudogleytypilessive udviklet i en leret till i Korselitze
Skov ved Hesnaes pa Jstfalster. Profilen ligger pa en hgijtliggende moreene-
flade naer en skraning ned mod en dal. Fig. 48 viser, at i nedbersrige ar
kan grovporesystemet i en lessivejord fyldes op i Igbet af veekstsaesonen, sa
Bt horisonten bliver vandmeettet, og grundvandsspejlet star oppe omkring A2
horisonten. Det ses endvidere, at der igennem vaekstsaesonen kan forekomme
store fluktuationer i rundvands%pejlets beliggenhed, hvilket bl.a. skyldes
det lave grovporeindhold i B og C horisonterne, der medfarer, at fa mm ned-
tﬁ@é kan danne grundlag for en stor stigning i grundvandsspejlets beliggen-
ed.

Diskussion af rodudviklingen hos graes, byg og hvede i lerholdige jorde

For at fa et samlet indtryk af rodudviklingen hos de forskellige afgrader
pa de lerholdige jorde er Z(1.0), Z(0.1) og Z(0.01) angivet for de 11 un-
dersggte profiler, tabel 42.

Tabel 42: Den samlede tykkelse af lag med mange redder Z(1.0), med
mange eller fa redder Z(0.1) og med mange, fa eller meget
fa redder Z(0.01) for afgrederne graes, byg og hvede pa
lerholdige sedimenter. Dybderne er angivet i cm.

The thickness of layers (in cm) with more than 1.0 cm
root/cm3 soil, Z(1.0), more than 0.1 cm root/cm? soil,
Z(0.1), and more than 0.01 cm root/cm3 soil, Z(0.01),
for 11 root profiles developed in soils with more than
8% clay in the parent material.

grees freg. byg hvede
MLg MLb MLh
1 2 3 4 5 1 2 3 4 5 1
Z (1.0) 40 20 40 30 70 30 40 (10) 25 25 50
Z(0.1) 60 60 70 90 135 60 90 80 110 115 145
Z(0.01) >120 80 110 120 150 90 >130 110 >195 140 190

Rodudviklingen hos graes er som fgr neevnt undersggt pa 5 lokaliteter. De 4
lokaliteter var pa almindelige greesmarker, medens den sidste lokalitet var
en frggraesmark med rajgraes. Betragtes de 4 profiler pa sldede graesmarker
ses, at Z(1.0) gennemsnitligt ligger pa 30 cm, Z(0.1) ligger gennemsnitligt
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pa 70 cm, og Z(0.0lI) ligger gennemsnitligt pa noget over 1 meter. Sammen-
lignes disse dybder med de dybder, der blev fundet for grees pa de fine ler-
fattige jorde, ses, at de lerholdige jorde har en ringere rodintensitet i

de gverste lag bedgmt ud fra Z(1.0), medens radderne til gengeeld néar dybere
ned i de lerholdige jorde bedemt ud fra Z(0.01). Z(0.1) for graes er derimod
den samme for de fine lerfattige jorde og de lerholdige jorde, nemlig om-

kring 70 cm. Rodudviklingen hos graes synes ikke at veere naevnevaerdigt pavir-
ket af pH i underjorden, i hvert fald sa lsenge pHéCaClz) ikke kommer un-

der 4, og rgdderne kan, som fundet under de lerfattige jorde, traenge dybt

ned i jordlag med volumenveegte pa over 1,7 g/cm3 . Det sidste er fx til-
feeldet i MLg4.

Rodudviklingen hos fr@graes synes ud fra MLg5, at veere veesentlig dybere og
kraftigere end pa de slaede greesmarker, idet Z(1.0) og Z(0.1) i det aktuel-

le tilfeelde er neesten dobbelt sa dyb pa fragreesmarken som pa de sldede graes-
marker. Dette er delvis forventeligt ud fra betragtninger om, at rod/top-

forholdet hos grees vil veere tilnaermelsesvis konstant. Den store og kraftige
rodprofil hos fragreesset kan muligvis ogsa forklares ud fra den ringe vo-
lumenvaegt og steerke struktur i Bt horisonterne, der sammenholdt med den
finkornede tekstur vil medfare, at jorden kun vil yde ringe modstand mod
rodnedtraengningen. Det vil dog vaere ngdvendigt med yderligere undersggelser
for at fa klarlagt, hvorvidt rodudviklingen hos fregrees normalt vil veere sa

dyb, som den der er fundet i MLg5.

Tabel 42 viser angadende rodudviklingen hos byg, at Z(1.0) gennemsnitlig
ligger pa omkring 25 cm, Z(0.1) ligger gennemsnitligt pa omkring 90 cm, og
Z(0.01) ligger gennemsnitligt pa omkring 140 cm. Der er store variationer i
roddybderne fra profil il profil, fx er dybden under terraen for meget fa

redder over dobbelt sa stor i MLb4 som i MLbl, og dybden under terraen for
fa rgdder er naesten dobbelt sa stor i MLb5 som i MLbl. MLbl har i sammen-
ligning med de gvrige fire profiler en yderst ringe rodudvikling. Den ringe
rodudvikling kan hverken tilskrives unormale hgje volumenvaegte eller meget
lave pH-veerdier i profilen, men den kan enten tilskrives bygsorten eller

mere sandsynligt vandstuvning i profilen, jeevnfer fig. 48. Sammenholdes rod-
udviklingen hos graes, byg og hvede med de laveste pH-vaerdier i underjor-
den, ses af fig. 49, at der ikke i dette materiale er nogen tydelig sammen-
R?eng mellem rodudviklingen udtrykt ved Z(0.1) og den laveste pH-vaerdi under

Der er heller ikke nogen tydelig sammenhaeng mellem roddybden og volumenvaeg-
ten i jorden, fx er Z(0.1) vaesentlig dybere i MLb5, hvor volumenvaegtene ge-

nerelt er over 1.7 g/cms3 fra 30 cms dybde, end i MLb2, hvor hovedparten

af profilen har volumenveegte under 1.7 g/cm3. Som fgr omtalt er grovpore-
indholdet i B og C horisonterne szerdeles lavt i de lerholdige profiler, og

der kan jeevnfar fig. 48 opsta temporeaere grundvandsspejl hajt oppe i profi-

len. Dette forhold kan veere en medvirkende arsag til, at rodudviklingen er

sa forskellig i de undersggte profiler. Det vil derfor veere rimeligt at an-

tage, at rodudviklingen gennemsnitligt i vade ar vil vaere ringere i de pseu-
dogleypraegede lessivejorde end i lessivejorde uden pseudogleypraeg.



XVI Himmerlands Jordbundsforhold 239

Fig. 49: Den samlede tykkelse af lag i cm med mange eller fa
rgdder i relation til den laveste pH-veerdi under Al
horisonten.

The total thickness of layers (in cm) with many or
few roots in relation to lowest pH-value below the
Al horizon.

Sammenlignes bygs rodudvikling pa de lerholdige jorde med rodudviklingen pa
de fine lerfattige jorde ses, at Z(1.0) er dybere hos de fine lerfattige

jorde end hos de lerholdige, medens det modsatte ger sig geeldende for
Z(0.1) og Z(0.01).

Rodudviklingen hos vinterhvede pa lerholdige jorde er unders@agt pa en en-
kelt lokalitet, og resultatet viser en vaesentlig dybere rodudvikling end

hos byg. Dette er ikke umiddelbart overraskende, idet vinterafgraderne har
en dybere og kraftigere rodudvikling end sommerafgrgderne, hvor der ikke er
jordbundsmeessige hindringer derfor. Den dybe og kraftige rodudvikling er i
denne forbindelse bemeerkelsesvaerdig, idet rodintensiteten er over 0.1 cm
rod/cm3 jord ned gennem 1 meter B og C horisont, hvor volumenvaegten er
over 1.7 g/cm3, og hvor pH i visse dele er under 4.0.

Samlede betragtninger over rodudviklingen i lerholdige sedimenter i det
glaciale landskab

Der er ialt undersggt 11 rodprofiler i lerholdige jorde i det glaciale

landskab, fem hos graes, fem hos byg og en hos hvede. Ni af profilerne var
pedologisk set lessivejorde, en var en brunjord, og den sidste var en dree-
net gleyjord. Rodudviklingen hos graes viste, at Z(1.0) var ca. 30 cm,

Z(0.1) var ca. 70 cm og Z(0.01) noget over 1 meter. Sammenholdes disse re-
sultater med resultaterne for de fine lerfattige profiler, fas, at Z(0.1)

er tilnaermelsesvis den samme pa de fine lerfattige jorde som pa de egentli-
ge lerholdige jorde. Rodudviklingen hos byg viste, at de lerfattige jorde
havde en stagrre Z(1.0) end de lerholdige jorde, medens det omvendte var
tilfeeldet for Z(0.1) og Z(0.01), idet fx Z(0.1) pa de lerholdige jorde er

bestemt til at vaere 90 cm mod 70 cm péa de fine lerfattige jorde. Rodprofi-

len hos frggrees og hvede synes at veere dybere og kraftigere end hos respek-
tivt graes og byg, hvilket bl.a. skyldes, at fragreesset er en flerarig af-

grade, og at hveden er en vinterafgrade.
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Volumenvaegten og pH-forholdene synes ikke umiddelbart at virke som en bar-
riere for rodedtraengningen i nogen af profilerne, selv om volumenvaegten er
over 1.7 g/cm3, og pH(CaCl,) i visse lag faldt til 3.9. Man kan dog ik-

ke se bort fra, at de hgje volumenvaegte kan have virket hindrende for en
teet rodudvikling i de dybereliggende lag, idet rodudviklingen i disse lag
sandsynligvis falger spreekkesystemerne, og at rgdderne kun i ringe grad
treenger ind i aggregaterne. Grovporeindholdet er i de lerholdige jordes B

og C horisonter meget lavt, hvilket dog ikke synes at nedsaette luftskiftet

sa steerkt, at rodudviklingen i de fleste profiler haammes veesentligt. Man
kan dog ikke se bort fra, at kraftige byger i veekstsaesonen kan fylde grov-
poresystemet op, saledes at periodiske heemninger af luftskiftet kan indtrae-
de med deraf felgende skadevirkninger pa planten.

Rodudviklingen i kalkholdigt udgangsmateriale

Der eri alt undersggt otte rodprofiler i staerkt kalkholdige jorde, nemlig

to hos graes, tre hos byg og tre hos hvede. Resultaterne ses af tabel 43.
Fire af de undersggte profiler er Typirendzinaer, og to er kolluviale Ty-
pirendzinaer, og i disse seks profiler hviler Al horisonten direkte pa
kalkklippen. De to sidste profiler er en kolluvial Blandingsrendzina udvik-
let pa steerkt kalkholdige lerfattige aflejringer og en Rendzintypilessive,
hvor der i et 55 cm tykt sedimentdaekke ovenpa kalkklippen er udviklet en
tydelig lessivejord med den staerkest udviklede Bt horisont lige ovenpa
kalkklippen. Der er i ingen af profilerne tegn pa hgjtstdende grundvand, og
der er heller ingen tegn pa darlig indre draening i profilerne. Kalkbjergar-
ten, der i tabel 43 beskrives med R, er i de fleste profiler underinddelt

i Rlc og R2c, hvor Rlc angiver en temmelig opspraekket kalkbjergart med en-
kelte tunger af minerogent materiale eller tynde ler-humusbelaegninger pa
brudfladerne, medens R2c angiver den mere massive kalkbjergart.

Betragtes de malte jordbundskemiske og -fysiske forhold i profilerne, be-
maerkes, at volumenvagtene i mange af jordene, som fx MKh2, er seerdeles lave
set i forhold til dem, der blev fundet i de gvrige jorde i det glaciale

landskab. Det hgje kalkindhold i jordene, der fx blev bestemt til 96% i

MKbl, medfgrer, at pH i alle profilerne er seerdeles hgi;.

For at fa et samlet overblik over rodnedtreengningen i de kalkholdige jorde,

er der i tabel 44 angivet Z(1.0), Z(0.1) og Z(0.01) for profilerne, ligesom
sedimentdeekkets tykkelse er angivet. Der er endvidere udregnet rodnedtreeng-
ningsdybden for fa radder og meget fa redder i kalkbjergarten, d.v.s. ned-
treengningsdybden i Rc horisonten. Tabel 44 viser, at Z(1.0) gennemsnitlig
ligger pa omkring 30 cm, nar alle profiler tages under et. Der findes ikke

altid kun mange rgdder i sedimentdaekket ovenpa kalken, idet der fx i MKb3

er fundet mange rgdder 15 cm ned i Ric.
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Tabel 43: Roddata og jordbundsdata fra de staerkt kalkholdige pro-
filer i det glaciale landskab.

Root densities and soil data for 8 rendzinas or rendzina-
like profiles in the glacial landscape.

241
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Tabel 44: Den samlede tykkelse af lag med mange rgdder Z(1.0),
med mange eller fa rgdder Z(0.1) og med mange, fa eller
meget fa redder Z(0.01) samt nedtraangningsdybden i kalk-
bjergarten for 0.1 cm rod/cm3 jord og for 0.01 cm rod/cm3
jord. Dybderne eri cm.

The thickness of layers (in cm) with more than 1.0 cm
root/cm3 soil, Z(1.0), more than 0.1 cm root/cm3 soil,
Z(0.1), and more than 0.01 cm root/cm? soil, Z(0.01),
for 8 root profiles developed in rendzinas or rendzina-
like soils. Furthermore the depth of root penetration
into the limestone is shown.

grees byg hvede
MKg MKb MKh
1 2 1 2 3 1 2 3
Z(1.0) 20 30 30 20 40 30 50 50
Z(0.1) 60 70 50 90 110 40 80 80
Z(0.01) >100 80 90 115 >120 >120 80 120
Sedimentdaekkets
tykkelse 22 55 23 55 25 26 46 -

nedtraengningsdybden

i Rc for 40 15 25 35 85 15 35 -
0.1 cm rod/cm3 jord

nedtraengningsdybden

i Rc for >80 25 65 65 >95 >95 35 -
0.01 cm rod/cm3 jord

Z(0.1) ligger i disse jordtyper gennemsnitlig pa omkring 70 cm, medens den
gennemsnitlige Z(0.01) er lidt over 1 meter. Der er store variationer i
roddybderne fra profil til profil, fx er dybden under terreen for 0.1 cm

rod/cm jord naesten tre gange sa stor i MKb3 som i MKhl og over dobbelt

sa stor som i MKbl. De store forskelle i roddybden som fx for Z(0.1) skyl-

des uden tvivl et samspil mellem sedimentdaekkets tykkelse, og hvor opspraek-
ket den underliggende kalk er. Er kalken gennemsat af et taet veludviklet
spraekkesystem til stor dybde, kan der opsta et dybtgaende taet rodsystem i
profilen, hvorimod en hgjtliggende kompakt R2c horisont kan bremse rodudvik-
lingen teet ved overfladen. Rodprofilen i MKhh2 er et tydeligt eksempel pa,
hvor effektivt en kompakt R2c horisont kan stoppe rodudviklingen, men nor-
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malt vil der vaere enkelte spreekker ogsa everst i R2c, der kan lede rgdder
lzengere ned i jorden.

Ser man bort fra MKb3, der er staerkt opspraekket og har tunger af minerogent
kalkfattigt materiale dybt ned i Rlc, viser tabel 44, at rodnedtraengningen

for 0.1 cm rod/cm3 jord gennemshnitlig vil na 30 cm ned i kalken, uanset

om jorden er en kolluvial Typirendzina eller en Typirendzina. Man kan deraf
slutte, at sedimentdaekkets tykkelse har stor betydning for roddybden hos
rendzinaerne og dermed for planternes vandhusholdning. Rodnedtreengningsdyb-

den for meget fa redder i kalken vil ud fra det foreliggende materiale veere
omkring 60 cm.

Det er ikke muligt pa basis af det foreliggende materiale at vurdere for-
skelle i rodudviklingen mellem graes, byg og hvede, idet de jordbundsgivende
faktorer praeger rodudviklingen sa steerkt. Det vil ud fra de undersggte pro-
filer derfor veere rimeligt at antage, at rodudviklingen og dermed den ef-
fektive roddybde er den samme for grees, byg og hvede i rendzinaer.

Rodudviklingen i blandede sedimenter i det glaciale landskab

Der var inden for undersggelsesmaterialet enkelte jordbundsprofiler i det
glaciale landskab, der ned gennem profilen havde markante teksturelle
skift, der ikke kan tilskrives jordens pedologiske udvikling, men i stedet

den geologiske opbygning af jordbunden. Der vil i denne afhandling blive
praesenteret to profiler af denne type nemlig en, hvorpa der groede byg, og
en, hvorpa der groede hvede. Resultaterne ses af tabel 45. Den farste pro-
fil er udviklet i en iss@aflejring med tydelige op til 1 cm tykke sommer-

og vinterband. Denne lagdeling, der var uforstyrret fra 43 cms dybde og ned
til 160 cm, hvor gravningen stoppede, var tydelig i profilen, idet vinter-
bandene var mgrkebrune lerholdige lag, medens sommerbandene var lyse ler-
fattige lag. Bade sommer- og vinterbandene er afsat under relativt rolige
streamningsforhold, idet grovsandsindholdet i alle lagene var tilnsermelses-
vis nul. Den udpraegede lagdeling af profilen har medfert dannelsen af en
veludviklet pladestruktur, der altsa naermere er af geogenetisk end af pedo-
genetisk oprindelse. Volumenveaegten ned gennem profilen er forholdsvis lav
og nar ingen steder over 1.6 g/cm3 , og pH-variationen viser en tydelig
opkalkningsprofil, hvor pH i C horisonten falder til omkring 4.0. Der er

ingen tegn pa grundvandsgley i profilen, og der er heller ingen tegn pa
pseudogley, d.v.s. at der er en god indre dreening i profilen pa trods af

den veludviklede pladestruktur i hele C horisonten. Profilen klassificeres
som Blandingbbrunjord, idet der ikke er tegn pa lernedslemning, og den ene-
ste B horisont, der er udviklet i profilen, er en strukturel B horisont.

Den anden profil, MBhI, bestar gverst af en lerholdig Ap horisont, hvorun-
der der findes lerfattige lag til 75 cms dybde, hvorefter der kommer en
kompakt leret till. Den vaesentligste pedologiske udvikling i denne profil

er dannelsen af pseudogley, der skyldes IlICg horisontens vandstandsende
egenskaber.



246 H. Breuning Madsen XVI

Tabel 45: Roddata og jordbundsdata fra to blandingsjorde.

Root densities and soil data for two profiles
with textural heterogeneous parent material.

Dette medfgrer ikke alene en vandstuvning i IlICg horisonten, men ogsa i

den sandede |ICg horisont, der pa preveudtagningstidspunktet var naermest
vandmeettet i de nedre dele. Profilen har bedgmt ud fra volumenvaegten en
plagjesal under Ap med en volumenvaegt pa over 1,80 g/cm3. | de dyberelig-
gende lag optraeder der ogséa hgje volumenveaegte, fx stiger volumenvaegten brat
fra 1,60 g/cm3 til 1,90 g/cm3 pa overgangen mellem IICg og IlICg. Vari-

ationen i pH ned gennem profilen viser som ved MBbl en tydelig opkalknings-
profil med laveste pH-vaerdier i C horisonterne pa omkring 4.5. Den teette
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lerholdige underjord med fa grovporer medfgrer givetvis, som det ogsa blev
observeret, at der gennem veekstsaesonen kan opsta vandstuvninger i profilen
med luftskifteproblemer til f:alie. Profilen klassificeres som Pseudogley-
blandingsbrunjord, idet der ikke er observeret lernedslemning i profilen.

Rodudviklingen hos byggen pa MBbI er relativ svag i betragtning af tekstu-
ren. Z(1.0) er omkring 35 cm, Z(0.1) er kun 50 cm, medens Z(0.01) er pa 90
cm. Disse dybder ville vaere forventelige i grove lerfattige jorde og ikke i

en jord med over 35% 1er + silt, hvor Tx Z(0.1) skulle vaere omkring 70 cm.
Den ud fra teksturen svage rodudvikling i MBbl ma formodentlig tilskrives
pladestrukturen, der normalt ikke virker befordrende for nedadgaende rad-
der. Den hgitliggende C horisont med intakt lagdeling vidner om, at det ik-

ke kun er byg, men ogsa andre planter, der har problemer med at traenge ned
gennem jorden, idet en kraftig rodudvikling gverst i C horisonten formo-
dentlig vil medfgre en gdelaeggelse af den tydelige lagdeling. Rodudviklingen
hos hveden i MBhl er ogsa relativ ringe sammenlignet med rodudviklingen i
MLhI, isaer nar man betragter Z(0.1) og Z(0.01). Der er flere faktorer ved
denne profil, der kan forklare den haemmede rodudvikling i C horisonterne.
For det fgrste er 1er- + siltindholdet i IIC seerdeles lavt, hvilket efter

fig. 46 synes at have en haammende indvirkning pa rodnedtraengningen, og for
det andet kan den vandstuvning, der blev fundet nederst i IICg og IlICg,

have bevirket, at fx luftskiftet har veeret for ringe til en kraftig rodud-

vikling i disse lag. Man bgr endvidere bemaerke, at der er en kraftig rodud-
vikling i plgjesalen under Ap, hvilket sandsynligvis skyldes, at der er en
forholdsvis steerk struktur i dette lag.

Rodudviklingen i jorde pa det marine forland

Der er undersggt ni profiler pa det marine forland nemlig tre ved Als, tre
omkring Storvorde og tre i Narrekeer. | tabel 46 er resultaterne gengivet
for otte af profilerne; to under graes, fire under byg, en under kartofler

og en under raps. Pedologisk set er alle jordene gleyjorde. De sandede jor-
de vil som oftest vaere Blegbrungley, Brungley eller Typigley, medens de
lerholdige jorde som oftest vil vaere vadgley, fordi den lerede tekstur med-
fgrer, at Cro horisonten ligger hgijt i profilen. Alle de undersggte jorde

er i dag dreenede, sa grundvandsspejlet ligger i 90 cm eller dybere. Profi-
lerne kan teksturelt set inddeles i lerfattige og lerholdige profiler, hvor

de fem fgrste er lerfattige profiler og de tre sidste lerholdige profiler.

De lerfattige profiler bestar i overvejende grad af finsand, der i ekstreme
tilfeelde kan udggre over 90% af det minerogene materiale. | to af profiler-
ne, MMg2 og MMbl, findes der i de dybere horisonter indslag af meget silt-
holdigt materiale, og i et lag i MMg2 udggr silten over 70% af det minero-
gene materiale. De tre lerholdige profiler bestar overvejende af bassin-
klaeg, der i Ap horisonten har et vist indhold af grovsand i modseetning til
de dybereliggende horisonter, der praktisk taget er uden grovsand. Dette
vidner om et mere uroligt sedimentationsmiljg i den sidste del af aflej-
ringsfasen .
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Tabel 46: Roddata og jordbundsdata fra profiler udviklet pa det
marine forland.

Root densities and soil data for different soils deve-
loped in the marine foreland.

XVI
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Sammenlignes den tekstureile sammensaetning af klaegaflejringerne med dem fra
Tendermarsken (Rasmussen 1956 og Jacobsen 1964) ses, at den himmerlandske
bassil?klaeg er noget mere lerfattig end den typiske bassinkleeg fra Tgnder-
marsken .

Betragtes variationen i volumenvaegten ned gennem profilerne, ses, at i de
sandede profiler uden indslag af lerholdige lag stiger volumenveaegten nor-
malt med dybden, som det var tilfaeldet for langt de fleste jorde i det
glaciale landskab. | profilerne med lerholdige lag i de dybereliggende dele
af jorden falder volumenvaegten ofte med dybden, hvilket skyldes aftagende
modningsgrad af sedimentet med dybden.

Der er en generel tendens til, at pH stiger med dybden, og i flere af pro-

filerne findes kalkholdige lag med en del skaller. Bedemt ud fra de nuvee-
rende pH-forhold ma det antages, at jordene kun har vaeret svagt udvasket til
ringe dybde, inden opdyrkningen pabegyndtes. Udvaskningen har dog normailt
veeret s§ steerk, at det marine raedg i sammensaetningen af de ombyttelige ba-
ser er forsvundet, og kun i MMKI, der ligger teet ved diget i Narrekeer, ind-
tager Na endnu en markant plads blandt de ombyttelige baser, men det er dog
kun i Cro horisonten.

Det hgjtstdende grundvand i flere af profilerne medfarer, at meengden af
luftfyldte porer er ringe, hvilket isaer er gaeldende for de lerholdige jor-

de. Store dele af disse jordes Cro horisonter har derfor endnu i dag et re-
lativt darligt luftskifte, og aerobe partier i disse jordes C horisonter

vil ofte kun vaere knyttet til en snaever zone omkring rodgangene. Dette kan
erkendes i jorden ved en kraftig ophobning af ferri(hydr)oxider omkring
grovporerne, hvor jernet i visse partier kan danne cementerede rgr omkring
grovporen. | sandjordene, der har et relativt stort indhold af grovporer
bedemt ud fra tabel 52, vil den anaerobe zone ligge dybt nede i profilen om
sommeren. Det vil derfor veere rimeligt at antage, at luftskiftet ikke hin-

drer rodudviklingen inden for den gverste halve meter i disse draenede sand-
jordsprofiler .

For at fa et samlet overblik over rodudviklingen i jordene pa det marine
forland er der i tabel 47 angivet Z(1.0) og Z(0.1) for de undersagte profi-

ler. Z(0.01) er derimod ikke medtaget, da de relativt vade forhold i isaer

de lerholdige profilers dybere lag medfaerer, at en del gamle rgdder fra
tidligere plantedaekker endnu findes temmelig uomsatte der. Der blev fx i
MMkI fundet en del redder fra formodentlig tagrer i omkring 1 meters dybde.

Tabel 47 viser, at Z(1.0) for grees og byg ligger pa 30 cm i de sandede jor-

de, medens Z(0.1) er 40 cm. Afstanden mellem dybden under terraen for fa
rgdder og grundvandsspejlet sammenholdt med vandretentionsdata for sandede
marine jorde, tabel 52, tyder ikke pa, at anaerobe forhold skulle veere ar-

sagen til, at Z(0.1) ligger sa hgjt oppe i profilerne. Forklaringen pa den

ringe rodudvikling skyldes nok naermere den ugunstige tekstureile sammensaet-
ning i de gverste 50 cm af profilen med under 10% 1er + silt. | lignende

1er- og siltfattige jorde i det glaciale landskab er der ogsa fundet en

yderst ringe rodudvikling, saledes var Z(0.1) mellem 40 og 50 cm. Resulta-
terne fra de sandede jorde pa det marine forland statter herved teorien om,

at maengden af finkornet materiale har stor indflydelse pa rodudviklingen i
sandjorde. Rodudviklingen pa de lerholdige jorde viser, at Z(0.1) ikke er

stgrre i disse jorde end i de lerfattige jorde. For bygprofilen, MMb4, er
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Z (0.1) endog kun 30 cm, hvilket star i skarp kontrast til rodudviklingen
hos byg pa lerholdige aflejringer i det glaciale landskab. Den ringe rodud-
vikling i denne profil skyldes sandsynligvis, at der hersker anaerobe for-
hold i store dele af Cro horisonten. Z(0.1) for kartofler og raps kan ikke
sammenlignes med lignende resultater fra lerholdige profiler i det glaciale
landskab, idet der ikke er undersgagt rodprofiler hos disse to afgreder i
denne jordtype.

Tabel 47: Den samlede tykkelse af lag med mange redder Z(1.0) og med
mange eller fa redder Z(0.1) i jorde fra det marine forland
samt grundvandsdybden i de forskellige jorde.
Dybderne er angivet i cm.

The thickness of layers (in cm) with more than 1.0 cm root/cm
soil, Z(1.0), and more than 0.1 cm root/cm3 soil, Z(0.1).
Furthermore the depth to the groundwater table is shown.

graes byg kart. raps
MMg MMb MMk  MMp
1 2 1 2 3 4 1 1
Z(1.0) 30 30 30 30 30 20 (10) 20
Z(0.1) 50 40 40 40 40 30 50 60
grundvandsdybde >140 90 120 135 >130 100 130 90

Man kan vedrgrende rodudviklingen pa det marine forland konkludere, at pa

de sandede jorde, der overvejende bestar af finsand, vil der vaere en ringe
rodudvikling formodentlig pa grund af den tekstureile sammensaetning med me-
get lidt 1er og silt. Pa de lerholdige jorde vil rodudviklingen veere til-
naermelsesvis den samme som for sandjordene, men den ringe roddybde i disse
jorde skyldes formodentligt det hajtstaende grundvand, der giver anaerobe
forhold i C horisonten naesten op til Ap.

Vurdering af gennemsnitlige roddybder for forskellige afgrader

Det er pa basis af de undersggte profiler suppleret med resultater fra tid-
ligere danske undersggelser muligt at angive de gennemsnitlige roddybder
for forskellige afgr@der i et samlet skema. Ved at inddrage tidligere un-
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dersagelser i beregningerne fas et rimeligt talmateriale for graes og byg pa
de fleste jordtyper, medens talmaterialet for de gvrige afgrader er spin-
kelt, og det er derfor kun muligt pa enkelte af de opstillede jordtyper at
angive roddybder for disse afgrgder. | tabel 48 er de gennemsnitlige
Z(1.0)-, Z (0.1)- og Z(0.01)-veerdier opstillet for de forskellige afgrgder,
hvor talmaterialet giver mulighed derfor.

Tabel 48: Den gennemsnitlige Z(1.0)-, Z(0.1)- og Z (0.01)-veerdi
for forskellige afgreder pa de jordtyper, der er de-
fineret i dette kapitel. Dybderne eri cm.

The average thickness of layers (in cm) with more than
1.0 cm root/cm3 soil, more than 0.1 cm root/cm3 soil,
and more than 0.01 cm root/cm3 soil for different

soil types in Himmerland.

roddybder i cm
gras byg hvede rug havre
grove lerfattige jorde B 30 35 25
i det glaciale landskab 45 45 45 - 45
- 60 75 - 70
fine lerfattige jorde i 50 50 - 55
det glaciale landskab 70 75 - 75
90 100 - 100
lerholdige jorde i det 30 40
glaciale landskab 70 90
110 130
rendzinaer og rendzinag- 30 30 30
tige jorde i det glaciale 70 70 70
landskab 100 100 100
lerholdige og lerfattige 30 30
jorde pa det marine for- 40 40
land

Tabel 48 viser, at rodudviklingen i de grove lerfattige jorde er tilneermel-
sesvis identisk for de forskellige afgrader med mange redder til omkring 30
Cms dybde, fa radder til omkring 45 Cms dybde og meget fa rgdder ned til
omkring 60 til 70 cms dybde. Den gennemsnitlige roddybde er godt bestemt
for byg, hvor der indgar 10 profiler i undersggelsen, medens den gennem-
snitlige roddybde for grees bygger pa 3 profiler og for hvede og havre pa 2
profiler. Der er ikke seerlig stor variation i roddybderne inden for de 17
rodprofiler hos grees, byg, havre og hvede udviklet pa grove lerfattige jor-
de, hvilket ses af fig. 50, hvor Z(0.1) er udtegnet i et histogram.
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Fig. 50: Z (0.1) i cm for 17 rodprofiler hos graes, byg, havre og
hvede udviklet i steerkt sandet lerfattigt materiale.

Z(0.1) for 17 root profiles of grass, barley, oat, and
wheat developed in sandy material with less than 10%
clay and silt at about 60 cm depth. Z(0.1) = thickness
of layers (in cm) with more than 0.1 cm root/cm3 soil.

Grunden til, at roddybden pa disse jorde er ringe og uden de store variati-
oner er sandsynligvis, at sandskornene under Ap Iaser hinanden fast, sale-
des at rgdderne ikke kan skubbe dem fra hinanden.

Pa de fine lerfattige jorde er den gennemsnitlige roddybde for grees og byg
bestemt pa basis af 8 profiler hos hver afgrede, medens den kun er bestemt
pa basis af 2 profiler hos rug. Roddybderne for graes og byg og sandsynlig-
vis for rug er noget starre end i de grove lerfattige jorde, og dybderne

under terraen for Z(1.0) og Z(0.1) er muligvis en anelse stgrre for kornaf-
greder end for graes. Variationen i roddybden i disse jorde er vist pa fig.

51, hvor Z(0.1) er udtegnet for grees og byg i et histogram. Det bemeerkes,
at der er stgrre spredning i dette materiale end det tilsvarende pa de

staerkt sandede jorde. Dette skyldes, at andre faktorer end teksturen spil-
ler en vaesentlig rolle for rodudviklingen i de fine lerholdige jorde.

Fig. 51: Z(0.1) i cm for 16 graes- eller bygrodprofiler
udviklet i fine lerfattige jorde.

Z(0.1) for 16 grass- or barley root profiles in
sandy material with less than 8% clay and more
than 10% clay + silt at about 60 cm depth.
Z(0.1) = thickness of layer (in cm) with more
than 0.1 cm root/cm3 soil.
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Pa de lerholdige jorde er den gennemsnitlige rodudvikling kun udregnet for
grees og byg. Pa graes, hvor der ses bort fra resultaterne fra frggraes, er

den gennemsnitlige rodudvikling beregnet ud fra 4 profiler, medens der ind-
gar 14 profiler i beregningerne hos byg. Sammenholdes resultaterne med dem
fra de fine lerfattige jorde ses for grees, at Z(1.0) er starre for de fine

lerfattige jorde, Z(0.1) er tilnaermelsesvis den samme, medens Z(0.01) er
starre for de lerholdige jorde. For byg er Z(1.0) ogsa stgrre pa de fine
lerfattige jorde, medens det omvendte er tilfaeldet for Z(0.1) og Z(0.01).
Sammenlignes rodudviklingen hos grees og byg, er der hos de lerholdige jorde
tydelig forskel i Z(0.1), hvilket ikke var tilfeeldet pa de lerfattige jor-

de. Der er i de lerholdige jorde store variationer i roddybderne fra profil

til profil, hvilket skyldes, at mange faktorer som fx pH i underjorden og
overfladevandsbetingede vandstuvninger i profilerne spiller en vaesentlig

rolle for rodudviklingen. Pa fig. 52 ses variationen i Z(0.1) for de 14 byg-
rodprofiler udtegnet i et histogram.

Fig. 52: Z(0.1) i cm for 14 bygrodprofiler udviklet i ler-
holdigt udgangsmateriale.

Z(0.1) for 14 barley root profiles developed in
soils with more than 8% clay in the parent mate-
rial. Z(0.1) = thickness of layers (in cm) with
more than 0.1 cm root/cm soil.

Pa de steerkt kalkholdige jorde, der overvejende er rendzinaer, er den gen-
nemsnitlige rodudvikling udregnet pa basis af 8 profiler, 2 hos grees, 3 hos
byg og 3 hos hvede. Grunden til, at den gennemsnitlige rodudvikling er
udregnet samlet for de 3 afgrader er, at det er sedimentlagets tykkelse
ovenpa kalken, samt hvor opspraekket kalken er, der styrer rodudviklingen
mere end selve plantearten. Dybden under terraen for mange radder seettes til
30 cm, for fa radder til 70 cm og for meget fa rg@dder til 100 cm. Der er en
meget stor spredning i materialet pa grund af variationer i sedimentdaekkets
tykkelse og i opspraekningen af kalken. Pa fig. 53 ses Z(0.1) for de 8 pro-

filer udtegnet i et histogram.

| jordene pa det marine forland er den gennemsnitlige rodudvikling for graes
beregnet ud fra 2 profiler og for byg ud fra 4 profiler. Der skelnes ikke
mellem lerholdige og lerfattige profiler, idet der ikke blev fundet nogen
tydelig forskel mellem rodudviklingen hos byg i 3 sandjordsprofiler og i en
enkelt lerholdig profil. Yderligere undersggelser vil muligvis kunne vise

en forskel i rodudviklingen mellem jordtyperne. For graes og byg er Z(1.0)
sat til 30 cm og Z(0.1) il 40 cm. Der er ikke angivet nogen veerdi for
Z(0.01), idet rgdder fra tidligere plantedaekker slgrer rodbilledet i de dy-
bere lag, hvor der overvejende hersker anaerobe forhold. Grunden til den
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ringe rodudvikling pa de sandede jorde er sandsynligvis det manglende ler-
og siltindhold, medens de anaerobe forhold hgjt oppe i den lerholdige pro-
fil med byg er den sandsynlige forklaring pa den ringe rodudvikling der.

Fig. 53: Z(0.1) i cm for 8 rodprofiler udviklet i steerkt
kalkholdigt materiale.

Z(0.1) for 8 root profiles developed in very
calcareous material (Rendzinas).

Z (0.1) = thickness of layers (in cm) with more
than 0.1 cm root/cm3 soll.

De opstillede gennemsnitlige roddybder pa de forskellige jorde bygger i nog-
le tilfaelde pa et spinkelt talmateriale; og man ma derfor forvente, at
yderligere undersggelser vil kunne forrykke en del af de beregnede gennem-
snitlige roddybder. Her taenkes iseer pa roddybderne for hvede, rug og havre,
men ogsa rodudviklingen hos graes og byg er for visse jorde beregnet ud fra
et spinkelt talmateriale.
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KAPITEL 11
DE DYRKEDE JORDES VANDRETENTION OG PLANTETILGANGELIGE
VANDINDHOLD

Der blev i november 1981 udtaget prgver til undersggelse af de himmerland-
ske jordes vandretention, og der blev bade udtaget praver fra profiler gra-
vet pa dyrket jord og i skove. Retentionskurverne fra skovjordsprofilerne
er diskuteret i kapitel 5, 6 og 7, og i denne diskussion blev der iszer lagt
vaegt pa en vurdering af jordbundsudviklingens indflydelse pa retentionskur-
vens forlgb. Undersggelsen af de dyrkede jordes porestarrelsesfordeling,
der skal diskuteres i dette kapitel, tager derfor ikke sa steerkt sigte pa
en vurdering af samspillet mellem jordbundsudviklingen og retentionskurvens
forlab, men naermere et sigte mod en vurdering af de forskellige jordtypers
plantetilgaengelige vandmaengde. Det er endvidere formalet med denne under-
sggelse, at den skal statte tolkningen af rodudviklingen pa de forskellige
jordtyper, se kapitel 10, ved fx at belyse mulighederne for et rimeligt
luftskifte i de forskellige jordtyper. Vurderingen af jordtypernes plante-
tilgeengelige vandmaengde vil blive foretaget ved at sammenholde de forskelli-
ge horisonters vandretentionsdata med rodprofilerne beskrevet i kapitel 10.
Til sammenkeedning af rod- og vandretentionsdata defineres senere i dette
kapitel en effektiv roddybde beregnet ud fra simuleret planteproduktion.
Den farste del af dette kapitel vil indeholde nogle generelle betragtninger
over jordens vandindhold med definition af blandt andet markkapacitet, vis-
negraense og plantetilgaengeligt vand. Derefter vil den effektive roddybde
Bli\ée dcijslkuteret, inden den aktuelle undersggelses metodik og resultater
ehandles.

Generelle betragtninger over jordens vandindhold

Jorden kan naturligt opdeles i fast stof, vand og luft, hvor summen af de

to sidstnaevnte giver jordens porgsitet. Porgsiteten angiver den samlede po-
remaengde i volumenprocent af hele prgven, men angiver intet om stgrrelsen
af porerne eller om deres kontinuitet. Da der er en sammenhaeng mellem pore-
stagrrelsen og den kapilleere stighgjde, forarsaget af vandets adhaesionskraef-
ter og overfladespaending, er det muligt at bestemme jordens porestgrrelses-
fordeling ved fx i et trykmembranapparat at paleegge vandmeettede praver
forskellige pneumatiske tryk og lade dem afdraene til ligeveegt.

Sammenholdes de bestemte vandindhold med de palagte tryk, fas jordens re-
tentionskurve, hvis forlgb vil afheenge af faktorer som tekstur, struktur,
volumenvaegt og pedologisk udvikling. Porerne kan naturligt inddeles i for-
skellige starrelsesklasser, alt efter om de ved markkapacitet er luftfyldte
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eller indeholder det plantetilgeengelige eller planteutilgeengelige vand. Ved
denne inddeling af porerne samt ved bere%ning af den plantetilgaengelige
vandmeengde anvendes begreberne markkapacitet og visnegraense, og de vil i
det efterfalgende kort blive diskuteret, og poreklasserne naermere define-

ret.

Markkapacitet :

Vandindholdet ved markkapacitet (MK) kan defineres som vandindholdet i jor-
den, nar vandbevaegelsen efter forudgaende vandmaetning af jorden praktisk
taget er ophert, og hvor man kan se bort fra evapotranspirationen fra prg-
veudtagningsstedet. Den nedadgéende vandbeveaegelse vil normalt naesten vaere
ophert 2 til 5 dage efter opvaedning af jorden. £ndringen af jordens vand-
indhold efter opvaedning er af Baver (1972) beskrevet ved ligning 11.1,

hvor w er vandindholdet til tiden t, og a og b er konstanter.

w=a.tb (11.1)

Man kan af ligning 11.1 se, at vandindholdet ved markkapacitet ikke er en
ligeveegtssituation, og markkapaciteten er derfor naermest at opfatte som et
praktisk mal for jordens vandindhold, nar afdraeningen til grundvandet til-
naermelsesvis er ophgrt. Har jordene et hgjere vandindhold end ved MK, vil
der forekomme en relativ hurtig vandtransport ned gennem profilerne, hvil-

ket man i grove treek kan se bort fra i jorde med vandindhold lavere end det
ved markkapacitet. Vandindholdet ved markkapacitet afhaenger isaer af jordens
tekstur, struktur og volumenvaegt samt disses ofte pedologisk betingede va-
riationer ned gennem profilen. Steerkt sandede jorde vil fx indeholde vee-
sentligt mindre vand ved MK end lerrige jorde, og hvad fx volumenvaegtens
indflydelse angar, viste Hill & Sumner (1967) samt Archer (1972), at vand-
indholdet ved en tension svarende til MK generelt voksede med gget volu-
menveegt , indtil vandmaetning indtradte. Profilernes lagfelger kan medfgre, at
den nedadgéende vandbeveegelse haemmes, sa de gvre jordlag indeholder mere
vand, end tekstur og struktur egentlig berettiger til. Dette kan eksempel-

vis veere tilfeeldet, hvor sand overlejres af 1er (Aslyng 1976).

Vandindholdet ved markkapacitet bestemmes i felten ved at vandmeette jorden
og udtage prgver 2 til 5 dage efter. Man kan ved overdaekning af jorden hin--
dre fordampning fra prevestedet samt tilskud af regnvand i afdraeningsperio-
den. Opveaedningen af jorden skal helst ske pa et tidspunkt, hvor jorden ikke

er helt udtgrret, da vandindholdet ellers kan blive underestimeret formo-
dentligt pa grund af indespaerret luft i profilen (Salter & Williams 1965).
Heinonen (1954) fandt efter opvaedning af jorden et lavere vandindhold ved
MK om sommeren end om foraret. Feltmetoden giver de mest realistiske veerdi-
er for MK, men i praksis anvendes oftest laboratoriemetoder, hvor MK er de-
fineret ved en bestemt tension. De mest almindeligt anvendte metoder til
bestemmelse af MK i laboratoriet er afdreening fra sandbade eller trykmem-
branapparater, hvor det overskydende vand fra vandmeettede praver enten su-
ges eller trykkes ud, indtil ligeveaegt er indstillet ved den valgte tension.

Som antydet ovenfor er vandindholdet ved MK ofte forsagt korreleret med en
bestemt pF-veerdi. Den anvendte pF-veerdi vil athaenge af faktorer som jordens
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tekstur, struktur samt omradets klimaforhold. | England, der har et humidt
klima, anvendte fx Reeve et al (1973) pF1.7 (retained water capacity) som

mal for MK, idet de fandt, at vandindholdet ved MK for engelske jorde nor-
malt 14 pad mellem 30 og 70 cm tension. | tgrre omrader anvendes ofte vand-
indholdet ved 1/3 bar som mal for MK. Teksturens indflydelse pa den tensi-
on, der svarer til vandindholdet ved MK, er fx beskrevet af Rivers og Shipp
(1977). Rivers og Shipp fandt, at i grovsandede jorde med omkring 2% 1er
svarede vandindholdet ved MK til en tension pa lidt under 1/20 bar, medens
finsandede jorde med lidt over 5% 1er havde et vandindhold ved MK svarende
til en tension pa omkring 1/10 bar. Madsen (1979) undersggte pa en del jy-
ske jorde sammenhaengen mellem forskellli:ge jordpragvers vandindhold ved MK i
felten og vandindholdene ved forskellige pF-vaerdier og fandt, at MK for
sandede B og C horisonter med undtagelse af allag blev bedst beskrevet ved
vandindholdet ved pFl.7. MK i alle gvrige praver blev bedst beskrevet ved
vandindholdet ved pF2.0. Der var dog glidende overgange, saledes fandtes
der grovsandede prgver, hvor markkapaciteten blev bedst beskrevet ved vand-
indholdet ved 30-40 cm tension, og praver, hvor MK blev bedst beskrevet

ved vandindholdet ved en tension pa 150 cm. Man ma derfor ggre sig klart,

at angivelsen af MK ved en bestemt pF-veerdi kan medfare store fejl, fx kan
op til 50% af en sandet pragves plantetilgasngelige vandmaengde findes mellem
pFl.7 og 2.0. Da vandindholdet mellem pFl.5 og 2.5 s&endres mest radikalt hos
en sandjord, vil de stgrste ungjagtigheder pa vandindholdet ved MK ogsa fo-
rekomme pa disse jordtyper, safremt dette fastleegges ved en bestemt tensi-
on. Skal man angive en samlet pF-veerdi for alle jordtyper i Danmark ved MK,
vil det veere rimeligt at anvende pF2.0, selv om vandindholdet i en del
grovsandede horisonter vil blive staerkt underestimeret. Der vil dog ofte

ikke veaere nogen steerk rodudvikling i disse lag.

Da en del af prgveudtagningen til belysning af de himinerlandske jordes vand-
retention blev foretaget i november 1981, hvor jordene méa antages at have

et aktuelt vandindhold noget naer markkapacitet, er det muligt ved en sam-
menligning af det aktuelle vandindhold med vandindholdet ved pF2.0 at fa
belyst, om vandindholdet ved pF2.0 i det aktuelle tilfeelde er et rimeligt

mal for markkapaciteten. Eftersom de undersggte profiler ikke har vaeret
afskaermet mod nedbgr eller fordampning i dagene op til prgveudtagningen, ma
den nedenstaende sammenligning tages med visse forbehold, som fx at afdrae-
ningstiden siden sidste nedber ikke har vaeret den samme for alle profiler,
ligesom den i visse tilfaelde givetvis har vaeret for kort. Pa fig. 54 ses

relationen mellem vandindholdet ved prgveudtagning og vandindholdet ved
pF2.0. En del B og C horisonter er udeladt i de tilfeelde, hvor grundvands-
spejlet stod hgijt.

Fig. 54 bekraefter resultaterne fra Madsen (1979a), nemlig at vandindholdet
ved pF2.0 vil vaere et rimeligt mal for vandindholdet ved markkapacitet for
de ikke steerkt sandede horisonter, d.v.s. horisonter med over 10-15 vol%
vand ved MK. Der er derimod en klar tendens til en underestimering af vand-
indholdet ved markkapacitet for de steerkt sandede humusfattige prgver ved
at anvende vandindholdet ved pF2.0, der i ekstreme tilfeelde kun svarer til
halvdelen af det aktuelle vandindhold.
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Fig. 54: Relationen mellem vandindholdet ved prgveudtagning
og vandindholdet ved pF2.0 for prgver fra de un-
dersagte markprofiler, november 1981.

The relationship between water content at pF2.0 and
field capacity determined as the water content at
sampling time in Nov. 1981. There has only been
used results from well drained soils.

Da det aktuelle vandindhold ikke er bestemt i profiler, der har veeret af-
skeermet mod eventuel nedbgr og fordampning nogle dage inden prgveudtagnin-
gen, og da hgjtstdende grundvand pavirker det aktuelle vandindhold i en del
profiler, vil vandindholdet ved pF2.0 blive anvendt som vandindholdet ved
MK i de senere beregninger af de undersagte profilers plantetilgaengelige
vandindhold i stedet for det aktuelle vandindhold. Der vil derved fremkomme
en underestimering af de grovsandede underjordes plantetilgaengelige vand-
indhold, men da der sjaeldent forekommer en dyb og teet rodudvikling i disse
lag, vil der ikke opsta store fejl ved beregningen af mm plantetilgeengeligt
vand i profilen. Det vil pa basis af ovennaevnte betragtninger vaere rimeligt
at udskille grovporer fra mellem- og finporer ved hjeelp af vandindholdet

ved pF2.0, d.v.s., at grovporevolumenet i jorden er lig porgsiteten minus
vol% vand ved pF2.0. Jordens grovporeindhold bliver dermed et mal for pro-
cent luftfyldte porer i jorden ved markkapacitet under forudsaetning af, at
grundvandsspejlet ligger dybt. Grovporer bliver efter ovennaevnte definition
porer med en aekvivalensdiameter stagrre end ca. 30y.

Visnegreense:

Jordens vandindhold kan inddeles i plantetilgaengeligt og planteutilgeenge-
ligt vand, alt efter om planterne kan udnytte det eller ej. Graenseveerdien
benavnes visnegraensen (VG). For de fleste planter vil jordvandspotentialet
vaere mellem -10 og -20 bar, nar visning indtraeder (Slatyer 1967) ; enkelte
planter kan dog tale endnu kraftigere udtarring af jorden (Marshall 1959).
For almindelige kulturplanter seettes visnegraensen normailt til vandindholdet
ved pF4.2, d.v.s., at vandet er bundet i porer mindre end 0,2y eller adhae-
reret til partiklernes overflader. Det vil derfor veere rimeligt at udskille
finporer fra mellemporer ved hjeelp af vol% vand ved pF4.2, saledes at vol%
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finporer er et mal for indholdet af planteutilgeengeligt vand, medens vol%
mellemporer er et mal for den plantetilgeengelige vandmaengde ved MK. En ud-
sugning af jordens vandindhold til VG kraever under markforhold en relativ

stor rodintensitet, og en udtarring af jorden til visnegraensen vil derfor

normalt kun forekomme i de gvre dele af jordprofilen.

Der findes flere forskellige biologiske og fysiske metoder til bestemmelse

af vandindholdet ved VG. En af de fgrst udviklede metoder var dyrkningsme-
toden , hvor man benytter sig af planter, der har en visuel bestemmelig
visning. Jordens permanente visnegraense defineres i denne forbindelse som
vandindholdet i jorden, nar planternes turgortryk er nul og vedbliver med

at veere det efter 24 timer i vanddampmaeettet luft. Wiklert (1964) har ved

denne metode pavist teksturens, strukturens og rodudviklingens indflydelse

pa vandindholdet ved VG, og han fandt endvidere en god overensstemmelse
mellem vandindholdet ved VG bestemt ved dyrkningsmetoden og ved 15 bar i
trykmembranapparatet. En anden biologisk betinget metode til bestemmelse af
vandindholdet ved VG er tomatplantemetoden (Breazeale & McGeorge 1949). Af
fysiske metoder kan naesvnes damptryksmalinger, hvor man udnytter samspillet
mellem damptryk og jordvandspotentiale. Denne metode er bedst anvendelig
ved hgje tensioner. A. Jensen (1974) har ved at skabe osmotiske gradienter
over en dialysemembran ved forskellige koncentrationer af polyethylenglycol
6000, bestemt vandindholdet i jordprgver ned til 100 cm tension. Der er dog
ikke seerlig god overensstemmelse mellem denne analysemetode og trykmembran-
apparatmetoden, idet fx farstneevnte underestimerer vandindholdet ved VG
med 30% set i forhold til den anden metode. Schofield (1938) anvendte rela-
tionen mellem vandets tension og frysepunktsdepressionen til bestemmelse af
vandindholdene i jorden ved hgje tensioner. Trykmembranmetoden (Richards
1947) er i Danmark den mest anvendte metode til bestemmelse af vandindhol-
det ved VG, idet denne bestemmes som jordens vandindhold efter afdraening
til ligeveegt ved pF4.2. Da korrelationen mellem trykmembranmetoden og de
biolo?iske metoder er gode (Wiklert 1964), er den fgrstnaevnte metode veleg-
net til rutineundersggelser pa grund af apparatets store prgvekapacitet og
resultaternes reproducerbarhed.

Plantetilgaengeligt vand:

Jordens plantetilgaengelige vandmaengde (PTV) er vandindholdet mellem markka-
pacitet og visnegreense. Den plantetilgeengelige vandmaengde i jordlagene er
den vandmaengde, som maksimalt er til radighed for planterne. Hvor stor en
del af den plantetilgaengelige vandmaengde, der i virkeligheden er til radig-
hed, vil iseer afhaenge af den potentielle fordampning, jordens hydrauliske
ledningsevne samt rodintensiteten i jordlagene. Man har ofte delt det plan-
tetilgaengelige vandindhold i to klasser, alt efter om planterne pa grund af
vandstress ma nedsaette fordampningen eller €j. De to klasser, der benaevnes
let- og sveerttilgeengeligt vand, adskilles ofte ved vandindholdet ved en be-
stemt tension. Der findes intet entydigt svar pa, hvilken tension, der

bedst angiver graensen mellem let- og sveerttilgaengeligt vand, idet dette po-
tentiale som fer angivet vil athaenge af fx rodintensiteten, fordampningsin-
tensiteten og jordens hydrauliske ledningsevne, men fx Denmead & Shaw
(1962) har ved dyrkning af majs i cylindere opstillet den i fig. 55 viste

relation mellem jordvandspotentialet og forholdet mellem den aktuelle og
potentielle transpiration ved forskellige potentielle transpirationer.
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Fig. 55: Relationen mellem jordvandspotentialet og Ea/Ep
ved forskellige potentielle transpirationer.

Relationship between soil water potential and Ea/Ep
at different potential transpiration rates.
After Denmead and Shaw (1962).

| Danmark er den gennemsnitlige potentielle evapotranspiration om sommeren
3 til 4 mm pr. dag, hvilket ved interpolation giver et jordvandspotentiale
omkring -1 bar, nar Ea bliver mindre end Ep. G.K. Hansen (1974) har ved
klimakammerforsgg med italiensk rajgraes opstillet lignende relationer mel-
lem jordvandspotentialet og den maksimale fordampning midt pa dagen. Disse
forsag viste et kraftigt fald | transpirationen ved jordvandspotentialer

under -2 bar. Det vil pa grundlag af disse to arbejder veere rimeligt at an-
vende vandindholdet ved pF3.0 som greensen mellem grove og fine mellemporer,
en greense der ogsa blev anvendt af Pidgeon (1972) pa ferralitiske jorde fra
Uganda til udskillelse af let- og sveerttilgeengeligt vand. Vandindholdet ved

pF3 svarer til en porestarrelse med aekvivalensdiameter pa 10y.

Pa basis af det foranstdende kan falgende poreklasser defineres, tabel 49.

Tabel 49: Jordens porestarrelsesklasser.

Definition of pore sizes in soils.

Indeholder ved
Type markkapacitet pF-veerdier
grovporer luft <2.0
grove mellemporer let tilg. vand 2.0-3.0
fine mellemporer sveert tilg. vand 3.0-4.2

finporer utilgeengeligt vand >4.2
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Beregning af den effektive roddybde ud fra simuleret planteproduktion

Da jordens udtarring gennem planternes vandoptagelse er afhaengig af rodin-
tensiteten i de forskellige horisonter, kan man ikke umiddelbart anvende

den maksimale roddybde som beregningsgrundlag for den plantetilgaengelige
vandmaengde i jorden. Det er derfor ngdvendigt at definere en effektiv rod-
dybde, der ligger et stykke hgjere oppe i profilen end den maksimale rod-
dybde. Ved den effektive roddybde forstas i denne afthandling dybden under
terreen i veldraenede jorde, ovenfor hvilken den plantetilgeengelige vandmaeng-
de i jorden, udregnet som differencen mellem markkapacitet og visnegreense,
er lig den vandmeengde, planterne kan optage fra jorden inden visning ind-
traeder, og hvor der er kompenseret for nedbgren.

Den plantetilgeengelige vandmeengde i profilen og dermed den effektive rod-
dybde kan beregnes ved hjeelp af simuleret planteproduktion pa basis af ho-
risonternes retentionskurver og rodfordelingen malt i cm rod/cm3 jord.

Dette er udfart pa 18#'ordprofiler udviklet pa forskellige udgangsmateria-

ler (Madsen 1979). Afgreden var pa naer en i alle tilfeelde byg. Der blev i
felten udtaget praver til retentionsbestemmelse fra alle markante horison-
ter i profilerne, og der blev udtaget praver til rodbestemmelse for hver ti

cm ned gennem profilerne. Prgverne blev udtaget pa et tidspunkt, hvor der
kunne forventes maksimal rodudvikling. Profilernes plantetilgaengelige vand-
indhold blev derpa testet ved hjeelp af simuleringsmodellen "Heimdal", der
er en dynamisk deterministisk model (G.K. Hansen 1975).

Modellen bygger pa matematiske ligninger, der beskriver de forskellige pro-
cesser og deres sammenhaenge ved transport af vand fra jord gennem plante
til atmosfeeren. Modellen kan naturligt inddeles i falgende afsnit:

Vertikal vandbeveegelse i jordprofilen.

Vandpotentiale ved rodoverfladen og vandbevaegelsen til denne.
Fordeling af redder og rodveekst i jordprofilen.

Jordvandets tilstand.

Beregninger og definitioner inden for de enkelte jordlag.
Beregning af relationen mellem vand og plante.

Totalvaekst af top og rod.

Evaporation og transpiration.

Beregning af afgrademodstand som funktion af transpirationen.
Interception.

Klimadata.

Jordprofilerne er i modellen opdelt i 10 cm intervaller, inden for hvilke
retentionskurven, vandindholdet og rodintensiteten anses for at vaere kon-
stant. Alle variable ajourfgres for hvert tredie minut degnet igennem. Mo-
dellen er testet i marken under varierende klimatiske forhold, hvor plan-

terne (rajgrees), der voksede pa leret till, blandt andet blev udsat for

kraftigt vandstress. Der fandtes en rimelig overensstemmelse mellem de mal-
te og beregnede veaerdier (G.K.Hansen et al 1976).

| Madsen (1979) blev modellen anvendt til at simulere en tgrkeperiode i
slutningen af maj og ind i juni, hvor byggen endnu ikke er skredet. Der
indlagdes i modellen en begyndelsesrodprofil, hvorefter denne fik lov til
at udvikle sig til den i felten bestemte maksimale rodprofil. Ved simule-
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ringens begyndelse blev det antaget, at jordens vandindhold svarede til
markkapacitet, og de i modellen anvendte klimadata var typiske data for
solrige perioder i maj og juni.

Som eksempel pa resultaterne fra simuleringen viser fig. 56 bladvandspoten-
tialet om dagen og om natten, den maksimale transpirationsrate midt pa da-

gen, den summerede fordampning og tarstofproduktionen for en Typipodzol ud-
viklet i flyvesand og for en Typilessive med steerkt forsuret underjord ud-

viklet i leret till. Antages planten for vissen, nar bladvandspotentialet

om natten ikke nar over -20 bar, vil den plantetilgaengelige vandmaengde i
Typipodzolen vaere 54 mm, medens den for Typilessiveen er 105 mm. De "gode"
lerjorde med en dyb rodudvikling havde i fglge simuleringsmodellen en plan-
tetilgeengelig vandmasngde pa omkring 180 mm.

Fig. 56: Variationen i den maksimale transpirationsrate bereg-
net for et 3 minutters interval midt pa dagen (Tm),
bladvandspotentialet (L), den summerede fordampning
(SUME), den summerede tarstofproduktion (DM) og for-
holdet mellem den aktuelle og potentielle fordampning
(Ea/Ep) igennem en tgrkeperiode (Madsen 1979).

Variations in the maximum transpiration rate (Tm), the
leaf-water potential (L), the summed-up evaporation
(SUME), the summed-up production of dry matter (DM),
and the ratio between actual and potential evapora-

tion (Ea/Ep) throughout a drought period up to 40 days.
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Sammenholdes det plantetilgeengelige vandindhold i de lag, hvor rodintensi-
teten er stgrre eller lig 0.1 cm rod/cm3 jord, d.v.s. Z(0.1), med den
fordampede vandmaengde fra planterne indtil bladvandspotentialet bliver min-
dre end -20 bar om natten bestemt ved simuleringen, fas for de undersggte
jorde fig. 57.

Fig. 57: Sammenhangen mellem den plantetilgeengelige vandmaengde
i de lag, hvor rodintensiteten er starre eller lig
0.1 cm rod/cm3 jord, PTV 0,1, og den transpirerede
vandmeengde indtil bladvandspotentialet om natten
bestemt ved simulering ikke overstiger -20 bar, L(-20).
Efter Madsen (1981).

The relationship between the summed-up available
water content in the soil layers with more than 0.1 cm
root/cms3 soil, PTV 0.1, and the summed-up transpi-
rated water until leaf water potential at night does

not exceed -20 bar, L(-20), determined by simulation.

Fig. 57 viser, at der er en rimelig sammenhang mellem summen af jordens
plantetilgaengelige vandmaengde i lagene med over eller lig 0.1 cm rod/cm3
jord, og den ved simuleringen bestemte summerede transpirerede vandmaengde,
indtil bladvandspotentialet om natten ikke overstiger -20 bar. Pa basis af

dette materiale vil det vaere rimeligt at anvende Z(0.1), se kapitel 10, som

mal for den effektive roddybde. Man ma dog gere sig klart, at materialet er
spinkelt, og at senere undersggelser muligvis kan aendre rodintensitetsgraen-
sen en kende. Der vil dog naeppe blive tale om radikale eendringer. Et pro-
blem ved at anvende en fast rodintensitet som graense for den effektive rod-
dybde er, at denne greenses holdbarhed er afhaengig af rodprofilens form. Den
plantetilgaengelige vandmaengde vil fx blive overestimeret i en profil sa-

fremt de fleste lag har en rodintensitet lige over 0.1 cm rod/cm jord,

hvorimod der ikke findes noget lag med rodintensiteter under 0.1 cm

rod/cm3 jord. Modsat kan en profil f& underestimeret sin plantetilgeenge-

lige vandmeengde, safremt der i profilen er mange lag med rodintensiteter

lige under 0.1 cm rod/cm? jord og naesten ingen lag med rodintensiteter
mellem 1 cm og 0.1 cm rod/cm jord.



266 H. Breuning Madsen XVI

| resten af dette kapitel vil Z(O.l) blive betragtet som den effektive rod-
dybde, og beregningerne af den plantetilgaengelige vandmeengde i profilerne
vil blive beregnet ud fra denne.

Beskrivelse af den aktuelle undersggelse

Som tidligere naevnt blev prgveudtagningen til vandretentionsbestemmelserne
foretaget i november 1981. Der blev udtaget prover fra 21 markprofiler og 8
skovprofiler, og pa fig. 58 ses den geografiske placering af profilerne

gravet pa dyrket jord. De 21 markprofiler blev lagt i umiddelbar naerhed af

de steder, hvor rodundersggelserne tidligere var foretaget, og i enkelte
tilfeelde blev preveudtagningen endog foretaget i samme profil, i hvilken
preveudtagningen til rodbestemmelserne tidligere var foretaget.

Fig. 58: Den geografiske placering af de markprofiler der blev
undersggt med hensyn til jordens vandretention.

Map showing the location of the profiles which have
been investigated with regard to soil water retention.

Efter profilen var gravet, blev der udfert en grov profilbeskrivelse med
hensyn til horisontfglge, og profilen blev klassificeret efter det opstil-

lede system i kapitel 4. Derefter blev der udtaget 3 jordprever i ringe fra
hver horisont til vandretentionsbestemmelse, ligesom der blev udtaget pro-
ver til bestemmelse af tekstur, maengden af organisk stof og kalkindhold.
Prgverne blev analyseret efter retningslinierne i kapitel 3.

Det vil ved diskussionen af analyseresultaterne vaere rimeligt at anvende
naesten den samme inddeling af jordene som i kapitel 10, idet de fundne vand-
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retentionsdata blandt andet skal relateres til de gennemsnitlige roddybder
defineret i dette kapitel. Profilerne i det glaciale landskab vil derfor

blive delt efter tekstur i to klasser, nemlig lerfattige og lerholdige jor-

de. De lerfattige jorde defineres som jorde med under 8% 1er inden for de
gverste 70 cm af profilen, og disse jorde vil som i kapitel 10 blive ind-

delt i grove og fine lerfattige jorde ved diskussionen af resultaterne. Ved
?rove lerfattige jorde forstas jorde med under 10% 1er + silt, medens fine
erfattige jorde er jorde med over 10% 1er + silt. De lerholdige profiler

er profiler, der formodes at have haft 8% 1er eller derover i udgangsmate-
rialet. Da de lerholdige jorde normalt har veeret udsat for lernedslemning,
kan der i visse af profilerne findes A horisonter, der teksturelt set har
under 8% 1er. Begynder Bt horisonten inden 70 cms dybde, vil sddanne profi-
ler blive henregnet til de lerholdige jorde. Er dette ikke tilfeeldet, hen-
regnes profilerne til de lerfattige jorde. Det bemaerkes i forhold til kapi-

tel 10, at kalkjordene og blandingsjordene er udeladt, ligesom der heller
ikke er sket en sondring mellem kolluviale og ikke kolluviale lerfattige
jorde. Dette skyldes, at der naesten ikke er udtaget prgver fra disse jorde

i denne undersggelse.

Profilerne navngives farst med et M, der angiver, at det er en opdyrket
profil i modseetning til skovprofilerne, der beskrives med S. Efter M angi-
ves med et stort bogstav pa hvilket udgangsmateriale, profilen er udviklet.
Der anvendes fglgende bogstaver.

S: lerfattige profiler i det glaciale landskab
L: lerholdige profiler i det glaciale landskab
M: jorde pa det marine forland.

Derefter angives med et v, at det er en profil, der hovedsagelig er under-

segt for vandretention, og endelig underinddeles de forskellige bogstavs-
kombinationer med et Isbenummer. En fuldstaendig lokalitetsbetegnelse vil da
fx blive MSv3 eller MLv2.

Der vil i det efterfalgende ferst blive en diskussion af jordtypernes pore-
sterrelsesfordeling og plantetilgaengelige vandmaengde uden relation til den
effektive roddybde, hvorefter der til sidst vil blive en sammenstilling af

den plantetilgaengelige vandmaengde og de effektive roddybder fundet i kapi-
tel 10. Der vil ved gennemgangen af de forskellige jordes porestgarrelses-
fordeling ikke blive skelnet mellem fine og grove mellemporer, d.v.s. mel-
lem let- og sveerttilgeengeligt vand. Dette skyldes, at der ud fra retenti-
onskurvens form var tegn pa manglende afdraening i visse prgver ved pF2.5 og
pF3.0 pa naturligt lejrede praver. Dette skyldes sandsynligvis, at afdrae-
ningen fra visse partier af prgven naesten gar i sta, nar grovporesystemet
mellem aggregaterne er temt for vand, hvilket sker omkring markkapacitet.
Den ovennaevnte hypotese bygger pa sammenligninger af vandindholdet ved
pF2.0, pF2.5 og pF3.0 for naturligt lejrede praever og sigtede prgver, hvor
sidstnaevnte var pakket til den volumenvaegt, den naturligt lejrede prave
havde. Resultaterne viste, at ved pF2.0 var vandindholdet generelt stgrre i
de sigtede prgver end i de naturligt lejrede, medens det omvendte var til-
faeldet ved pF2.5 og pF3.0. | visse tilfeelde var vandindholdet ved pF3.0 i

den sigtede prgve kun omkring halvdelen af vandindholdet i den naturligt
lejrede prove.
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Porestorrelsesfordeling og plantetilgaengeligt vand pa lerfattige jorde i
det glaciale landskab

Der er i alt undersggt 14 profiler inden for denne gruppe, og i tabel 50

ses disse jordes tekstureile sammenseetning og porestgrrelsesfordeling, li-
gesom profilernes horisontfglge med dybdeangivelse er vist. Med dybden me-
nes niveauet under terreen for horisonternes over- og undergraenser, pa naer
hvor der er udtaget praver fra den dybest beskrevne horisont. Der angiver
dybden prgveudtagningsdybden. Til sidst i tabel 50 er profilerne navngivet
efter klassifikationssystemet i kapitel 4.

Pedologisk set speender de lerfattige jorde fra Typi- og Sesquipodzoler over
Brunpodzoler og brunsoler til egentlige lessivejorde. Typipodzolen MSvl og
Sesquipodzolen MSv2, der er udviklet pa overvejende 1er- og siltfattigt
finsandet materiale, er ikke naer s steerkt udviklede, som dem man kan finde
andre steder i Danmark, fx er B horisonterne i de to jorde ikke haerdnede.
Brunpodzolerne, MSv3 til MSv5, er som de fgrstnaevnte podzoler udviklet pa
finsandet materiale. Den ene af de tre profiler er udviklet pa 1er- og

siltfattigt flyvesand, der senere er blevet daekket af et nyt lag flyvesand,

i hvilket der er udviklet en brunsol. De to gvrige Brunpodzoler er udviklet

pa mere 1er- og siltholdige finsandede aflejringer af formodentlig glacial
oprindelse. | C horisonten i MSv5 er der udviklet en fragipan. Brunsolerne,
MSv6 til MSvll, indeholder bade profiler udviklet pa 1er- og siltholdige
finsandede aflejringer, og profiler udviklet pa overvejende grovsandede

1er- og siltfattige aflejringer. De sidstnaevnte er de teksturelt set grove-

ste jorde i dette kapitel. Pedologisk set er der bade Typibrunsoler, Struk-
turbrunsoler og Blandingsbrunsoler blandt de undersagte profiler. Typibrun-
solerne har svage tegn pé lessivering, ofte som band i C horisonten, og der
er i to af disse jorde konstateret fragipans. Lessivejordene, MSvl2 og

MSvI3, er udviklet pa siltholdigt finsandet udgangsmateriale med formodent-
ligt omkring 5% 1er i udgangsmaterialet. | MSvI2 er Bt horisonten bandet,

og der blev i B2td fundet 9% 1er i lerakkumulationsbandene i modseetning til
4% i de ikke lerberigede dele. Pa basis af tykkelsen og lerindholdet i B2t

og B3t klassificeres jorden som en Bandlessive. MSvI3, der har en noget me-
re markant Bt horisont end MSvl2, har en tydelig dobbeltprofiludvikling med
dannelsen af en brunsol i lessive A2 horisonten. Der er endvidere tydeligt
pseudogleypraeg i A2 og Bt. Profilen klassificeres derfor som en Brunsolpseu-
dogIeytyRiIessive. Endelig skal neevnes MSvl4, der er en Typikolluvialjord
med en Al horisont pa 120 cm. Den tykke Al horisont skyldes profilens pla-
cering i bunden af en lille lavning, der pa grund af erosion pa skraninger-

ne er beriget med humusholdigt Al materiale.

Tabel 50 (se neeste side):

Horisontfglge, tekstur, organisk stof, volumenvaegt, porgsitet og pore-
starrelsesfordeling for de lerfattige jorde i det glaciale landskab.

Horizon sequence, texture, organic matter, bulk density, porosity and
percentages of coarse, medium and fine pores in different soils in
the glacial landscape with less than 8% clay in the parent material.
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Tekstur u OH  volv. pora porer (vol%)

<2 220 3% 8 2000 s gem’ vo% grov mellem fin

MSvi Aﬁ ((o - 30 )) 1 2 1 51 42 26 150 426 257 13.0 13.09
B21 30 - 36 2 2 1 43 50 22 142 458 33.8 8.6 3.34
B22s 36-43 1 2 0 39 57 1.1 153 419 319 8.3 1.7
B3so 43 - 8o 1 1 0 57 41 03 161 392 313 65 122
Clo 80-130) 1 1 1 58 39 04 166 372 270 9.0 122
MSv2 Ap 0-26 1 2 7 68 19 27 149 43.0 227 153 5.5.0
A12 26 - 38 2 3 6 65 22 2.0 148 436 237 162 3.7
B2s 38-49 3 2 6 71 16 1.8 139 4714 293 143 3.5
B3s 49 - 69 2 1 7 71 18 0.9 148 439 298 11.6 2.5
Cl 69 - 97 1 0 9 71 19 03 162 388 258 115 155
MSv3 Ap 0-20 2 2 1 53 40 2.1 145 447 257 151 3.3.9
Bj 20-5 1 1 1 57 39 06 158 398 31.3 73 122
A2 58 - 68 1 1 0 60 37 0.9 159 397 277 102 188
B2svb 68 - 83 1 1 1 65 31 0.9 158 401 29.1 95 155
B3svb 83 -lo4 1 1 0 55 43 0.4 1.67 36.9 28.1 74 1414
Cb 110-115) 1 0 1 63 35 02 165 377 298 6.7 122
MSv4 Ap 0-255 3 7 13 48 26 30 155 406 117 23.0 5.5.9
B2sv 25-37 3 6 12 47 29 2.5 138 473 182 244 477
B3sv 37 -53 6 9 19 53 11 1.9 129 508 224 227 5,7
Cl 53-75 5 6 18 55 15 0.3 148 440 218 19.0 322
C2 75-95 1 1 8 72 18 0.2 161 392 231 149 1.21.2
C3no lo5-llo) 1 1 21 43 34 0.2 163 384 185 189 1.0.0
HSv5 Ap 0-32) 3 6 1 72 15 3.1 140 463 213 198 5,,2
A2 32-40 3 6 lo 38 41 2.0 141 462 228 195 3.3.9
Bvs 40 - 65 4 3 8 53 31 14 145 449 256 162 3.13.1
Cl 65 - 90 2 2 6 43 46 05 157 406 28.1 111 144
C2ox 95 -100) 2 1 12 64 21 0.2 165 377 186 178 1.33
HSv6 Ap 0-18 5 7 6 38 39 4.6 139 463 172 219 722
B2v 18 - 38 5 6 8 32 47 2.1 132 497 240 211 4,4.6
B3vx 38-75 5 5 9 36 45 04 1.67 369 19.1 13.1 4,7
Cd 80 -loo 2 1 4 32 61 0.2 154 418 34.0 5.9 1,.9
Cd 80 -loo 5 1 2 32 60 0.2 - - - -
MSv7 Ap 0—2923 4 7 9 38 37 4.6 136 474 187 228 5959
B3vx 33- 22 6 4 9 28 53 03 171 354 20l 0.6 447
Cl 83 -11 8 8 5 lo 34 43 0.1 184 305 127 139 3,9
c2 125-130) 2 0 3 25 70 0.1 161 39.2 335 4.9 0,.8
MSv8 Ap 0-26% 4 6 8 43 37 1.9 133 493 312 143 3,8
B2v 26 - 37 2 4 8 36 49 0.7 151 428 3o0.1 lo.4 2,3
C 60 - 65 1 2 8 44 45 0.2 157 407 292 lo.l 1,4
MSv9 Ap 0-25% 3 4 3 43 46 1.3 151 426 284 lo.5 377
Bj 25 - 50 1 1 3 28 67 0.1 1.64 381 34.1 3.0 1.0
C 65 - 70 1 1 0 25 73 0.1 160 396 357 3.1 038
MSvlo Ap 0-25) 2 4 lo 50 31 2.6 143 453 203 199 511
Bj 25-42 3 5 22 53 17 0.4 162 387 127 230 3.0.0
Co 42 - 90 2 2 19 45 32 0.2 165 377 156 203 1.8.8
MSuvll Ap 0—23; 3 7 8 30 50 1.7 157 402 195 165 4.2
Bj 23 - 1‘3 2 1 2 50 45 0.2 154 418 351 52 155
Ic 71-115) 15 26 5 48 6 0.2 161 392 6.8 222 l0.2.2
MSviI2 Ap 0-25% 3 6 lo 38 41 2.3 143 454 223 18.0 5.1
A12 25 - 50 3 5 53 28 1.5 145 449 251 16.5 3.3
A2 50 - 65 4 6 26 38 25 1.2 146 446 205 204 3.7
B2td 65 - 77 7 6 21 44 21 0.7 154 417 182 19.0 4.5
B2td 65-77 9 9 28 45 9 0.4 - - - -
B2td 65-77 4 9 35 46 6 0.2 - - - -
B3td 77 - 85 7 8 20 48 17 0.4 159 399 144 224 3.1
C 85 - 90 3 5 55 22 0.2 165 377 169 190 18.8
MSvI3 Apo 0-26 4 5 12 47 26 5.5 140 456 121 228 lo.7
Bvo 26 - 33 3 6 17 47 25 2.0 145 447 186 209 5.2
A2g 33-59 3 7 12 4o 37 0.6 154 417 213 170 3.4
B2tg 59 - 92 8 7 12 38 35 0.2 170 358 142 143 7.3
B3tg 92-98 lo 7 1 38 34 0.1 1.79 324 90 154 8.0
MSvi4 All 0-380) 4 8 8 40 37 3.3 130 50 26.1 18.5 5.5
A12 Bo -120) 5 7 lo 33 44 1.4 136 483 284 165 3.4
B2v 120-138 3 3 5 34 54 0.6 153 421 315 8.1 2.5
C 140-150 2 1 5 24 68 0.2 160 39.6 31.3 71 122
MSvl Gleytypipodzol MSv6 lessiveagtig fragi Typibrunsol MSvll Blandingsbrunsol
MSv2 gleyet Sesquipodzol MSv7 lessiveagtig fragi Typibrunsol MSvI2 kolluvial Bandlessive =~
MSv3 op%runsol runpodzol MSVC lessiveagtig Typibrunsol MSvI3 Brunsolpseudogleytypilessive
MSv4 ?Ieyet Brunpodzol MSv9 Strukturbrunsol MSvl4 Typikolluvialjord
MSv3 fragi Gleybrunpodzol MSvlo Gleystrukturbrunsol
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Fig. 59: Sammenhangen mellem den plantetilgeengelige
vandmangde og dybden under terraen for de
lerfattige jorde i det glaciale landskab.

The relationship between available water and
depth for sandy soils in the glacial landscape.

Tabel 50 viser, at de fleste profiler har over 10 vol% grovporer i alle ho-
risonter, d.v.s., at der normalt ikke vil vaere problemer med luftskiftet i

disse jorde. De eneste profiler, der indeholder lag med under 10 vol% grov-
porer, er MSvll og MSvi3, der har lerrige lag i ca. 1 meters dybde. Tabel

50 viser altsa, at en svag rodudvikling i de lerfattige jorde normalt ikke

kan tilskrives manglende luftskifte i jorden, medmindre profilen har hgjt-
stdende grundvand. Volumenet af finporer i profilerne er ringe, hvilket ma
tilskrives jordenes ringe lerindhold. Maengden af mellemporer og dermed
maengden af plantetilgaengeligt vand varierer steerkt, saledes har visse grov-

XVI
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sandede B og C horisonter kun 3 vol% mellemporer, medens mange finsandede
siltholdige horisonter har over 20 vol% mellemporer. Pa fig. 59 vises den
summerede plantetilgaengelige vandmaengde i jorden defineret som vandindhol-
det mellem pF2.0 og pF4.2 som funktion af dybden under terreen. Af fig. 59
ses, at podzolen MSvl har ca. 90 mm plantetilgaengeligt vand i den gverste
meter af jorden, medens podzolen MSv2 har over 130 mm. Denne forskel skyl-
des uden tvivl det sterre grovsandsindhold i MSvl. Blandt Brunpodzolerne er
der ogsa store forskelle i den samlede plantetilgaengelige vandmaengde inden
for den gverste meter af profilen, idet MSv3 knapt indeholder 100 mm plan-
tetilgeengeligt vand, MSv4 indeholder over 160 mm og MSv5 omkring 200 mm
plantetilgaengeligt vand inden for denne dybde. Det er som ved MSvl og MSv2
helt klart tekstureile forskelle, der betinger de store forskelle i profi-

lernes vandindhold. Blandt brunsolerne findes de stgrste forskelle i den
samlede plantetilgeengelige vandmaengde inden for den gverste meter af jor-
den, fx indeholder MSv9 kun 50 mm plantetilgaengeligt vand inden for denne
dybde, medens MSvIO indeholder over 200 mm plantetilgaengeligt vand inden
for samme dybde. Ogsa hos brunsolerne ma de store forskelle i det plantet-
ilgeengelige vandindhold tilskrives teksturvariationer. Medens der for en

stor del af podzolerne og brunsolerne er en tendens til et aftagende plan-
tetilgaengeligt vandindhold (vol%) med dybden bl.a. pa grund af aftagende
humusindhold, synes dette ikke at veere sa fremherskende for de to lessive-
jorde, MSvI2 og MSvI3, hvilket muligvis kan tilskrives, at den lidt finere

tekstur med dybden kompenserer for det aftagende humusindhold. Disse to
jorde har som kolluvialjorden omkring 180 mm plantetilgeengeligt vand inden
for den gverste meter af jorden.

Porestarrelsesfordeling og plantetilgeengeligt vand i lerholdige jorde i
det glaciale landskab

De lerholdige jordes tekstureile sammensaetning og porestgrrelsesfordeling
ses af tabel 51, hvor profilernes horisontfelge med dybdeangivelse endvide-
re er vist. Med dybden menes niveauet under terreen for horisonternes over-
og undergraenser, pa neer hvor der er udtaget praver fra den dybest beskrevne
horisont. Der angiver dybden praveudtagningsdybden. Til sidst i tabel 51 er
profilerne navngivet efter klassifikationssystemet i kapitel 4.

Pedologisk set er de fem undersggte profiler lessivejorde udviklet pa over-
vejende leret till, dog baerer fx profil MLv5 helt klare tegn pa, at de dy-
bereliggende lag bestar af vandaflejret 1er. Medens de tre farste profiler

har et lerindhold som de fleste jorde udviklet i det lerholdige moreene-
landskab, har de to sidste jorde meget hgje lerindhold i de dybereliggende
lag. Iseer IlIC i MLv5 er i denne henseende helt ekstrem med 70% 1er og 20%
finsilt. En sadan teksturel sammensaetning er yderst sjaelden i det glaciale
Ia_mdskaE, hvorimod den vil vaere mere udbredt i omrader bestaende af fx bas-
sinmarsk .

Betragtes de undersggte profilers poresterrelsesfordeling, ses af tabel 51,
at grovporeindholdet aftager med dybden, sa det i B og C horisonterne er
vaesentligt lavere, end hvad man finder i de mere sandede jorde. | A hori-
sonterne ligger grovporeindholdet pa mellem 10 og 20 vol%, d.v.s., at
luftskiftet i disse horisonter som oftest vil vaere rimeligt.
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Tabel 51: Horisontfalge, tekstur, organisk stof, volumenvaegt, porg-
sitet og porestgrrelsesfordeling for de lerholdige jorde
i det glaciale landskab.

Horizon sequence, texture, organic matter, bulk density,
porosity and percentages of coarse, medium and fine po-
res in different soils in the glacial landscape with

more than 8% clay in the parent material.

I B og C horisonterne ligger grovporeindholdet ofte vaesentligt under 10
vol%, og fx i Cg horisonten i MLvl er grovporeindholdet 1 vol%. Det turde
derfor veere indlysende, at der i sddanne profiler kan opsta luftskiftepro-
blemer, og at et eventuelt nedbgrsoverskud hurtigt kan fa fyldt grovporesy-
stemet op, hvilket fx fig. 37 og 48 ogsa illustrerer. Maengden af finporer i

de lerholdige jorde er vaesentligt starre end for de lerfattige, hvilket

skyldes, at maengden af finporer er teet knyttet til jordens 1er- og humus-
indhold (Wiklert 1964, Kivisaari 1971 og L. Hansen 1976). De sterste maeng-
der finporer findes derfor i de meget lerrige B og C horisonter.

Meengden af mellemporer og dermed den plantetilgaengelige vandmaengde er klart
starst i Al horisonterne, der har over 20 vol% mellemporer, hvorimod de i
forhold til Al mere lerrige B og C horisonter kun indeholder omkring 15
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vol% mellemporer. Visse af de meget lerrige horisonter kan endog komme ned
pé 10 vol% plantetilgaengeligt vand, d.v.s. p4 samme niveau som de "halvdar-
lige" sandede underjorde. Dette viser, at lerindholdet ikke altid har en

stor positiv indflydelse pa den plantetilgaengelige vandmaengde i de enkelte
horisonter, hvilket fx er vist af Kivisaari (1971), der ud fra regressions-
analyser fandt, at den plantetilgeengelige vandmaengde korrelerede bedst med
siltfraktionen, og af Marshall (1959), der angiver, at et stort lerindhold

kan have en negativ indflydelse pa meengden af plantetilgaengeligt vand. Pid-
geon (1972) fandt ligeledes ud fra regressionsanalyser, at lerindholdet

havde en negativ indflydelse pa den plantetilgeengelige vandmaengde. Pa fig.
60 er den summerede plantetilgaengelige vandmaengde i profilerne udregnet som
vandindholdet mellem pF2.0 og pF4.2 vist som funktion af dybden.

Pa de 5 kurver ses et knaek fra Al horisonterne til de underliggende hori-
sonter, hvilket viser, at der er noget mindre plantetilgeengeligt vand i

disse dybereliggende lag. Den samlede plantetilgeengelige vandmaengde inden
for den gverste meter af jorden bliver derfor starst i de kolluviale lessi-

vejorde som MLvl og MLv2. Disse to profiler indeholder omkring 200 mm plan-
tetilgaengeligt vand inden for de gverste 100 cm af profilen i modsaetning

til de ikke kolluviale lerholdige jorde, der kun indeholder omkring 160 mm,

og saledes at den lerrigeste profil indeholder mindst. Det bemaerkes, at de
"bedste" lerfattige jorde indeholder det samme eller lidt mere plantetil-
gaengeligt vand inden for den gverste meter af profilen end de "darlige"
lerholdige lessivejorde.

Fig. 60: Sammenhangen mellem den plantetilgeengelige vandmaengde
og dybden under terraen for de lerholdige jorde i det
glaciale landskab.

The relationship between available water and depth for
clayey soils in the glacial landscape.
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Porestorrelsesfordeling og plantetilgeengeligt vand i profiler pa det ma-
rine forland

Der er pa det marine forland kun foretaget to profilgravninger for at fa

belyst jordens plantetilgaengelige vandmaengde. | tabel 52 ses de to jordes
tekstureile sammensaetning og porestarrelsesfordeling, ligesom horisontfal-
gen med dybdeangivelse er vist. Med dybden menes niveauet under terraen for
horisonternes over- og undergraenser, pa naer hvor der er udtaget prover fra
den dybest beskrevne horisont. Der angiver dybden prgveudtagningsdybden.

Tabel 52: Horisontfelge, tekstur, organisk stof, volumenvaegt, porg-
sitet og porestgrrelsesfordeling for to profiler udviklet
pa det marine forland.

Horizon sequence, texture, organic matter, bulk density,
porosity and percentages of coarse, medium and fine po-
res in two sandy soils developed in the marine foreland.

Tekstur u OM vol.v.  porg porer (vol%)

<2 220 ggb %886 % glcm®  vol% grov  mellem fin

MMvI Ap o- 273 48 8 61 15 45 140 45.9 l0.3 26.9 8.7
Cno 60 - 65) 22 3 92 1 01 154 419 279 13.0 1.0

MMv2 A 0-23; 67 11 50 21 54 38 46.5 13.2 26.0 7.3
Clno 23 -78) 10 2 90 7 041 1.56 411 313 9.3 0.5

C2no loo-105) 10 1 92 6 <0.1 415 323 8.6 0.6

MMvl: Blegbrungley MMv2: Blegbrungley

Tabel 52 viser, at de to profiler er udpraeget finsandede jorde med Co hori-
sonter, der bestar af saerdeles velsorteret materiale. Pedologisk set er
begge profiler Blegbrungleyer, d.v.s., at de er helt afblegede sandjorde

med et naturligt hgjtstdende ?rundvand. Grundvandsstanden ligger dog i dag
dybt blandt andet pa grund af udretningen af Haslevgard A.

Meengden af grovporer i de to profilers Co horisonter ligger pa omkring 30
vol%, medens de noget mere 1er- og siltholdige Ap horisonter kun indeholder
10-15 vol% grovporer. Der skulle derfor ikke umiddelbart forventes proble-
mer med luftskiftet i disse jorde undtagen ved meget hgjtstaende grundvand.
Den ringe rodudvikling i disse jorde, jeevnfer kapitel 10, ma derfor neermere
tilskrives det lave 1er- og siltindhold i Cno horisonterne end et darligt
luftskifte. Maengden af finporer er som ved de steerkt sandede jorde i det

laciale landskab lavt, og kun i Ap horisonterne er der p4 grund af det re-
ativt hgje organiske indhold en vis maengde finporer.

Maengden af mellemporer og dermed den plantetilgaengelige vandmaengde er meget
stor i Ap horisonterne sandsynligvis pa grund af en gunstig tekstur og et

hgjt indhold af organisk stof. Det sidste er sandsynligvis betinget af drae-
ningsforholdene fra far hovedafvandingen. Co horisonterne indeholder i mod-
saetning til Ap horisonterne kun fa mellemporer pa trods af det hgje fin-
sandsindhold. Det lave indhold af mellemporer skyldes sandsynligvis, at ho-
vedparten af finsandet ligger i den grove ende af klassen.
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Fig. 61: Sammenhaengen mellem den plantetilgeengelige vandmaengde
og dybden under terraen for to jorde udviklet pa det
marine forland.

The relationship between available water and depth for
two soils developed in the marine foreland.

Pa fig. 61 ses den plantetilgeengelige vandmaengde i de to profiler sat i re-
lation til profildybden. Kurverne viser tydeligt den ringe plantetilgaenge-

lige vandmeengde i Co horisonterne, men pa trods af dette indeholder de to
profiler henholdsvis 120 mm og 160 mm plantetilgaengeligt vand inden for den
f[averste meter af jorden. Dette skyldes de mange mellemporer i Ap horison-
en .

Den plantetilgaengelige vandmangde udregnet pa basis af jordens vandreten-
tion og den effektive roddybde

Sammenholdes de plantetilgeengelige vandmaengder i tabel 50, 51 og 52 med de
gennemsnitlige roddybder i tabel 48, kan man foretage en vurdering af den
plantetilgaengelige vandmaengde i de undersggte profiler for grees og byg. Der
medtages ikke andre afgrgder i disse beregninger, idet talmaterialet i ta-

bel 48 for andre afgr@der end graes og byg er meget spinkelt. | tabel 53 er

den gennemsnitlige effektive roddybde for grees og byg og de tilsvarende
plantetilgaengelige vandmeengder angivet for de undersagte profiler. De ef-
fektive roddybder er vurderet ud fra profilernes tekstureile sammensaetning

i ca. 60 cms dybde. Da profilerne til vandretentionsbestemmelse ofte blev
gravet i umiddelbar neerhed af tidligere profiler, i hvilke der var foreta-

get rodundersggelser, er der i tabel 53 endvidere angivet, hvilken afgrade

der blev undersagt i denne profil samt afgradens effektive roddybde.



276 H. Breuning Madsen XVI

Tabel 53: Den plantetilgaengelige vandmaesngde i de undersggte profi-
ler udregnet pa grundlag af den gennemsnitlige effektive
roddybde.

The available water content (PTV) in different soils for
grass and barley production.

Z(q1)em| PTVimm Z(o. 1)

gres| byg| gres| byg| Af grede | cm
MSv 1 45 45 51 51
MSv2 45 45 69 69 -
MSv3 45 45 49 49 | havre 30
MSv4 70 75 | 155 | 165 | grees 70
MSv5 70 75 | 125 | 131 -
MSv6 70 75 124 | 130 | grees 8o
MSv7 70 75 | 1lo | 115 -
MSv8 45 45 57 57 | hvede 50
MSv9 45 45 32 32 | hvede Ao
MSv 10 70 75 146 | 156 | grees 60
MSv 11 45 45 49 49 -
MSv 12 70 75 | 126 | 136 byg 8o
MSv 13 70 75 | 134 | 141 byg 90
MSv 14 70 75 130 | 139 | grees 140
MLv 1 70 90 147 | 176 | grees 60
MLv2 70 90 155 | 182 | grees 90
MLv3 70 90 | 130 | 159 byg 80
MLv4 70 90 | 129 | 150 byg 110
MLv5 70 90 | 108 | 134 | fregrees | 130
MMv 1 Ao Ao 90 90 byg Ao
MMv2 Ao Ao 76 76 byg Ao

Tabel 53 viser, at for graes og byg pa de grove lerfattige jorde i det gla-

ciale landskab er den effektive roddybde sat til 45 cm. Dette medfarer, at
den gennemsnitlige plantetilgeengelige vandmaengde i disse jorde bedemt ud
fra seks profiler bliver 51 mm.

Pa de fine lerfattige jorde i det glaciale landskab antages grees at have en
effektiv roddybde pa 70 cm. Dette giver beregnet ud fra de otte undersggte
profiler en gennemsnitlig plantetilgaengelig vandmaengde pa 131 mm. Byg anta-
ges at have en effektiv roddybde pa 75 cm, hvilket for de samme otte profi-

ler giver en gennemsnitlig plantetilgaengelig vandmaengde pa 139 mm. Sammen-
holdes disse vandmaengder med vandmaengderne fundet for de grove lerfattige
typer ses, at der er 88 mm mere plantetilgeengeligt vand til bygproduktion i

de fine lerfattige typer end i de grove lerfattige typer.

Pa de lerholdige jorde antages den effektive roddybde for graes at veere 70
cm, medens den for byg antages at veere 90 cm. Dette giver pa basis af de 5
undersagte profiler en plantetilgeengelig vandmaengde for graes pa 134 mm og



XVI Himmerlands Jordbundsforhold 277

for byg pa 160 mm. Det bemeerkes, at den plantetilgaengelige vandmaesngde for
grees er tilnaermelsesvis den samme pa de lerholdige jorde og i de fine ler-
fattige jorde, medens de lerholdige jorde indeholder en del mere plantetil-
geengeligt vand end de andre jorde til bygproduktion. Det bgr endvidere be-
meerkes, at den plantetilgeengelige vandmaengde er mindst i de jorde, der har
de starste lerprocenter i B og C horisonterne. Denne mindre plantetilgeenge-
lige vandmeengde i jordlagene synes i den aktuelle rodundersggelse at blive
modsvaret af en starre effektiv roddybde. Saledes er fx den effektive rod-
dybde hos fregraesset i MLv5 50 cm dybere end den effektive roddybde hos
byggen i MLv3, og inden for de to profiler med byg og de to profiler med
graes haves, at den dybeste rodudvikling findes | den profil, der har den
mindste plantetilgeengelige vandmaengde inden for de gverste 70 til 90 cm af
profilen. For at vurdere om de beregnede gennemsnitlige plantetilgaengelige
vandmeengder er realistiske, er der i tabel 54 vist udbyttetallene for 403
markforsgg med byg udfert i Nordjyllands Amt (Mathiesen 1975). Forsggene er
hovedsageligt udfgrt i perioden 1970-1975. | tabel 54 er jordene inddelt |
fire grupper efter lerprocenten i plgjelaget, og der er i materialet ikke
skelnet mellem jorde i det glaciale landskab og pa det marine forland.
Gruppe 1 i tabel 54 vil efter den i kapitel 10 og 11 anvendte inddeling af
jordene bade indeholde grove og fine lerfattige jorde, medens gruppe 2 nee-
sten udelukkende vil indeholde fine lerfattige jorde. Gruppe 3 og 4 vil nae-
sten kun indeholde de lerholdige jorde. Sammenholdes udbyttetallet for
ruppe 2 med det gennemsnitlige udb5tte for klasse 3 og 4, fas en udbytte-
orskel pa mellem 4 og 5 hkg byg/ha. Dette stemmer godt overens med, at der
kun er 20 mm plantetilgeengeligt vand til forskel mellem de lerholdige jorde
og de fine lerfattige jorde. Det er ikke muligt ud fra tabel 54 at bedgmme
det gennemsnitlige hestudbytte for byg pa de grove lerfattige jorde, idet
klasse 1 bade indeholder grove og fine lerfattige jorde, men det vil efter
Lund & Dorph-Petersen (1971) sandsynligvis ligge pa omkring 30 hkg/ha,
d.v.s. omkring 12 hkg/ha lavere end for de fine lerfattige jorde. Denne
store forskel | hgstudbyttet viser, at den beregnede forskel mellem de gro-
ve og fine lerfattige jordes plantetilgeengelige vandmaengde er realistisk.

Tabel 54: Udbyttedata fra markforsgg i Nordjyllands Amt i relation
til plgjelagets tekstur. De anvendte data er hovedsagelig
fra perioden 1970-1975. Efter Mathiesen (1975).

Comparison between yield of barley and clay content in
the plowlayer for experimental sites in Northern Jutland

1970-1975.
gruppe lerprocenten antal udbytte standard-
i plojelaget analyser hkg/ha,byg afvigelse
1 under 4 63 o ® 9.2
2 4-7 244 42.4 9.0
3 7-10 53 45.4 8.2
4 over 10 43 49.1 8.0
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Samlede betragtninger over de himmerlandske jordes porestorrelsesforde-
ling og plantetilgaengelige vandmangde

Der er i alt unders@gt 21 markprofiler med henblik pa en beskrivelse af de
himmerlandske jordes porestgrrelsesfordeling. Undersagelsen viste, at der

var en rimelig overensstemmelse mellem vandindholdet ved prgveudtagning
(markkapacitet) og vandindholdet ved pF2.0 for veldraenede jorde med over
10-15 vol% vand ved markkapacitet, medens der for jorde med under 10-15
vol% vand ved markkapacitet var klart mere vand ved prgveudtagning end ved
pF2.0. Da der formodentligt kun sjeeldent forekommer en dyb rodudvikling i
sandlag med under 10-15 vol% vand ved MK, vil det veere rimeligt ved udreg-
ning af den samlede plantetilgeengelige vandmaengde i jorden at anvende vand-
indholdet ved pF2.0 som mal for vandindholdet ved MK.

Maengden af grovporer i de forskellige jordtyper viste, at kun i de lerhol-

dige jorde var grovporeindholdet sa lavt, at der kunne teenkes at opsta pro-
blemer med luftskiftet uden tilstedevaerelse af grundvand. Maengden af finpo-
rer var starst i de lerholdige jorde og mindst i sandede underjorde uden

1er og humus. Maengden af mellemporer og dermed den plantetilgeengelige vand-
maengde er meget lav i de grove lerfattige jorde og isaer B og C horisonter.

Da den effektive roddybde | de grove lerfattige jorde for normale afgrgder
endvidere er ringe, vil den plantetilgeengelige vandmaengde kun vaere omkring
50 mm. De fine lerfattige jorde, der har en noget starre effektiv roddybde,
indeholder ofte store plantetilgeengelige vandmeengder, saledes at de inden
for den gverste meter af jorden indeholder lige sa meget plantetilgaen%eligt
vand som lerjordene. Det er derfor kun forskellen i den effektive roddybde,
der betinger, at lerjordene har stgrre plantetilgeengelige vandmeaengder til
radighed for bygproduktion. Til graesproduktion ma de fine lerfattige jorde
sidestilles med de lerholdige jorde, hvad angar den plantetilgaengelige
vandmeengde.

Man kan pa grundlag af de opnaede resultater konkludere, at den traditio-
nelle opfattelse, at lerholdige jorde indeholder veesentligt mere plantetil-
geengeligt vand end sandede jorde, ikke altid passer i Himmerland, idet man-
ge sandede jorde indeholder lige sa store plantetilgaengelige vandmasngder
som de lerholdige. De store forskelle i den plantetilgaengelige vandmaengde
synes at findes mellem jorde bestaende af velsorteret sand og jorde besta-
ende af darligt sorteret sand med en del 1er og silt. De sidstnaevnte jorde
indeholder normalt mere plantetilgaengeligt vand pr. cm jord end de farst-
naevnte , og afgradernes rodudvikling er normalt ogsa dybere pa de 1er- og
siltholdige sandede jorde.
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SUMMARY

Chapter 1

A general description of Himmerland.

Himmerland is located in the northeastern part of Jutland, just south of
Denmark's largest fiord, Limfjorden, fig. 1. During the last glaciation,

which ended 15000 years ago, the ice masses covered the whole region. Him-
merland is thus dominated by glacial landforms surrounded by younger, low-
lying marine forelands towards the east, north, and west, fig. 2.

In brief, the glacial landscape can be described as gently undulating mo-

raines traversed by marked tunnel valley systems. In some places there are
distinct push moraines, dead-ice landscapes and outwash plains. Moreover,
extensive areas are today affected by wind, so wind-blown sand dominates
some parts of western Himmerland. In eastern Himmerland and around Legster
in the west, limestone is found near the ground surface. The glacial land-

scape is mainly sandy materials, and only eastern Himmerland has some major
occurrences of clayey till.

During the Stone Age the lower-lying parts of Himmerland were transgraded
by the sea, the Littorina transgression, and a number of islands emerged in
the northern- and easternmost part of the glacial landscape. The sea also
inundated the tunnel- and meltwater valleys and made them narrow fiords. In
the northeastern part of Himmerland the highest marine limit lies between 7
and 8m. It decreases towards south and west. Topographically, the formerly
sea-transgraded areas appear to-day as level plains, in a few places with
distinct dune topography or beach ridges. The marine forelands consist main-
ly of sand, although some places have clayey deposits such as seen E of
Alborg. Where the drainage conditions are poor thick peat layers may deve-
lop upon the mineral deposits, for example in Lille Vildmose. In the former
sea-transgraded tunnel- and meltwater valleys deposits of peat and gytje
dominate due to calmer sedimentation conditions than those prevailing on
the proper marine forelands.

The average temperature in the area is between 7 and 8°C with July as the
warmest month, about 16°C, and February as the coldest month with tempe-
ratures about zero. Precipitation occurs throughout the year, but mainly in
autumn and early winter, least in spring, table 1. As most of the precipi-
tation is due to cyclones passing from the west, the eastern marine fore-
land lies sheltered against rain behind the N-S going ridge from Hobro to
Nibe, fig. 3. For most months the amount of precipitation surpasses the po-
tential evaporation, table 1. During the summertime it is common that the
upper part of the soil dryes up followed by rewetting and leaching in win-
tertime. According to Soil Survey Staff (1975) the well-drained profiles

will have a udic soil moisture regime and, on the basis of temperature da-
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ta, the area has a mesic temperature regime.

For an interpretation of the pedological development of the soils in Him-
merland a knowledge of their cultivation history is of great value. There
are evidences of a cultivation about 5000 years ago which probably used
different shifting cultivation systems, leaving the soil profile almost un-
disturbed. During the Iron Age, however, special cultivation techniques im-
plied the building of banks between fields. Traces of these can still be
recognized in many places. The more stationary farming has no doubt exhaust-
ed especially the sandy soils, and this together with mull drift caused
many farmers to give up cultivating, and the former fields were soon inva-
ded by heather. Much of this land remained uncultivated until a few centu-
ries ago; thus about half of the area of Himmerland was not included in the
normal rotation system at the beginning of the 19th century, fig. 4.

Chapter 2

Some general considerations about the pedological development.

This chapter starts with a brief description of the soil-forming factors in
Jenny's equation with special emphasis on those which are of importance for
Danish soils. Then follows a description of the pedological stages which a
well-drained clayey and sandy soil can be expected to reach under Danish
conditions, figs 5 and 6.

In a well drained, calcareous, clayey till the first to develop will be an

Al horizon and a structural B horizon, which may become a coloured B hori-
zon (Bv) due to liberation of iron(hydr)oxides by weathering. The leaching

of the profile will remove the Calciumcarbonate from the upper part of the
soil and may thereafter lead to a migration of clay from the upper part of

the profile and consequently a formation of an argillic horizon (Bt). This

soil type is presumably the most common in clayey sediments in Denmark. A
few examples of a further development of this soil type have been seen; the
]I?t horéz_onEi’? degradated and tongues of albic material poor in clay are

ormed in Bt.

In principle, the pedological development in sandy deposits starts in the
same way as in the clayey ones, i.e. with the formation of an Al horizon

and a structural or a coloured B horizon. From one of these soil types dif-
ferent kinds of podzolized sandy soils may develop; in Denmark these gene-
rally end up in podzols with both a Bh and a Bs horizon. In a few strongly
developed podzols a degradation, or removal, of parts of the B horizon can
be distinguished. The B horizon is then intersected by light-coloured ton-
gues of A2 material.

Chapter 3

Sampling and analysis.

In the summer of 1980 one hundred profiles were investigated in order to
study the pedological development in different landforms as well as the re-
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lationship between different soil types and the root.development of crops.

As it is most advantageous to study the pedological development where the
soils have been least disturbed by man, 40 of the profiles were dug in fo-
rests. These are discussed in chapter 5, 6, 7, and 8. In November 1981 sam-
ples were taken from 29 profiles for determination of soil water retention.

Fig. 7 shows the location of the forest areas investigated, and fig. 45

shows the location of the investigated profiles in cultivated areas.

The profiles investigated were normally 1.5 - 2 m deep. They were described
according to FAO's guideline for soil profile description which has, how-

ever, in many respects been adapted to Danish conditions and quantified so
that the descriptions can be stored in computers. Thus fairIK great devia-
tions were made from FAQ's guideline concerning e.g. the horizon nomencla-
ture. This is more according to the American system, although the number of
suffixes has been increased. Also nomenclature of texture (fig. 8) geology
and gleys has been adapted to some extent.

After the profile descriptions, samples were taken for analysis. To deter-
mine the soil water retention, undisturbed samples of 100 cm?3 were taken
in rings, normally three from each horizon. For all the other analyses,
including the determination of water content at pF4.2, disturbed samples
were taken and stored in boxes.

The samples were analysed for texture, amount of organic matter, content of
calcium carbonate, pH(H,0), pH(CaCl,), distribution of grain sizes with-

in the clay fraction, dithionitecitrate-soluble iron and aluminium, pyro-
phosphate-soluble iron and aluminium, exchangeable bases, CEC-values, total
content of nitrogene, and finally soil water content at pFIl.O, pF1.5,

pF2.0, pF2.5, pF3, and pF4.2 as well as porosity and bulk density.

Chapter 4

Classification of the soils in Himmerland.

This chapter starts with a description of the most well-known foreign pedo-
logical classification systems and the principles on which they have been
constructed. As none of these systems are optimal for describing and clas-
sifying the soils in Himmerland, it was found useful to build up a soil
classification system based on former Danish investigations and on the re-
sults obtained by the 100 profile studies in Himmerland. In soil surveys
carried out in connection with the establishment of the main gas pipe-line
system in Denmark the classification system has been tested and re-adjusted
on the basis of several thousand soil profiles in the main trench.

The classification system (table 3) is a hierarchical system of four le-

vels: order, group, series and phase. The soils have been named partly in
accordance with other systems and partly been given new Danish designa-
tions. The soil classification system is based on easily detectable, rela-

tively permanent characteristics of the profile, and the system can be used
directly in the field by a trained surveyor. As all classifications are

stored in a computer the names can be transformed into numerical form. The
infrastructure of the system makes it possible to search for single charac-
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teristics within the profile e.g. placic horizons, peaty top layers and
gley features within certain depths.

The soils are classified according to parent material, pedological develop-
ment, and soil properties in relation to cultivation. In this connection it

was found of importance to group together soils with almost identical tex-
ture and content of organic matter, soils with very similar horizon sequen-
ce e.g. those having root- and water-impermeable layers, and soils with the
same drainage conditions. The system describes mainly the horizon sequence
in the upper 120 cm of the soil and includes all diagnostic horizons or
profile characteristics within this depth. Certain diagnostic horizons may

lie deeper, for example in soils with thick Al horizons. As the pedological
and edaphological importance of certain characteristics depends on depth,
the upper 120 cm of the profile are subdivided into 3 sections of 40 cm, so
it is possible to weight characteristics according to which of the 3 inter-
vals they start in or reach down to. Thus the following combination of na-
mes may occur in a podzolized soil with ground-water gley at different
depths.

Groundwater gley beginning:

at 0-40 cm depth = Podzoltypigley
between 40-80 cm depth = Gleytypipodzol
between 80-120 cm depth = gleyey Typipodzol

In order to make the classification valid for a longer period, it is essen-

tial that the used parameters are relatively permanent such as gley charac-
teristics, texture, and horizon sequence. Thus base saturation and pH in
the topsoil was not included in the classification because liming is widely
used in Danish agriculture. At 1 m depth pH is however included at the low-
est level in the classification, as it has proved that at this depth low
pH-values in clayey soils can be fairly stable in spite of liming. Low pH

in the subsoil may be a great obstacle to root development.

The profiles are grouped in 12 orders based on the presence, or absence, of
diagnostic horizons. A total of 15 diagnostic horizons have been defined.
The definition of the soil orders is based on the thickness of the Al hori-

zon, thickness of the soil layer above solid rock or highly calcareous ma-
terial, the presence of certain B horizons, very bleached or sandy hori-

zons, gleyey horizons within certain depths, or thick peat layers. The 12
orders can be divided into 3 large groups: deep, non-hydromorphic soils,
deep hydromorphic soils, and shallow soils. Below, the 12 orders are listed
with a brief, but not complete definition. Furthermore the dominant soil

type according to FAO is listed.

1) rajorde: soils without diagnostic B horizons except a
structural B horizon (Bj) and an Al horizon
less than 2 cm thick.

FAO:Regosol
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2) blegsols: soils with bleached colours and without diagnos-
tic B horizons except a structural B horizon
(Bj). The Al horizon is more than 2 cm thick.
FAO:Arenosol

3) brunsols: sandy soils, not dominated by bleached colours
and with a diagnostic structural or coloured
B horizon (Bj,Bv).
FAQO:Arenosol

4) brunjorde:  clayey soils not dominated by bleached colours
and without a lessive B horizon (Bt), but with
a structural, or colored B horizon (Bj,Bv) .
FAO:Cambisol

5) lessivejorde : soils with a diagnostic lessive B horizon (Bt).
FAO:Luvisol, Acrisol

6) podzols: soils with a diagnostic podzol B horizon (Bh,
Bs, Bsv or Bvs).
FAO:Podzol

7) kolluvialjorde : soils with an Al horizon more than 80 cm thick.

Deep hydromorphic soils:

8) stuvningsgleyjorde : soils with strongly reduced surface-water
gley within the upper 40 cm of the profile.
FAO:Gleysol

9) gleyjorde: soils with ground-water gley within the upper 40
cm of the profile.
FAOQO:Gleysol

10) histosols:  soils with peat layers more than 40 cm thick.
FAO:Histosol

Shallow soils:

11) rendzinas: soils with high-lying limestone or layers
with more than 30% Calciumcarbonate.
FAO:Rendzina

12) rankers: soils with high-lying, non-calcareous rock.
FAO:Lithosol

The 12 orders are subdivided at group level on the basis of: horizon sequ-
ence, thickness of the Al horizon, depth to solid rock or calcareous mate-
rial, colour, texture, decomposition state of organic matter, depth to hori-
zon with ground-water gley, pseudogley, or stagnogley. At group level the
naming is made by writing up to 3 prefixes to the left of the order name,
starting with the first group name nearest the order name. The names are
written together and always start with a capital letter e.g. Gleytypipod-
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zol. Typi is the first group name and gley the second group name.

Most deep, non-hydromorphic soils may be given up to three characteristics
at group level, namely:

a) horizon sequence (1st group designation)

b) ground-water gley, stagnogley or pseudogley
(2nd group designation)

c) double profile development in the same soil
(3rd group designation).

At first group level it is described whether the horizon sequence is typi-

cal for the order or not. The latter is e.g. due to variation in texture or
presence of solid rock in the uppermost 80 cm of the soil. In case of ground-
water gley, or stagnogley beginning between 40-80 cm depth, or if pseu-
dogley is found within the upper 80 cm of the profile, this is described

at second group level to the left of the horizon sequence characteristic.

If the upper limit of a gley characteristic lies above or below the limits
mentioned, this will characterize the profile at order and series level re-
spectively, and no description of drainage conditions at group level will
therefore be required. The third characteristic at group level is used to
describe double profile development in the same parent material, i.e. two
pedological processes with formation of diagnostic B horizons within the
same profile. An example is a podzol developed in an A2 horizon of a lessi-
ve soil. As soils with this kind of double profile development are rare,

three characteristics at group level are seldom. A Podzolpseudogleytypiles-
sive can be mentioned as an example of such a profile; it means a profile
with clay illuviation, developed in a texturally homogeneous parent materi-
al. The profile has pseudogley within the upper 80 cm of the profile and a
podzol developed in the A2 horizon.

For the deep hydromorphic soils up to three designations are also used at
group level with the exception of stagnogley soils due to lack of field ob-
servations. For gley soils the first group name describes depth to a strong-
ly reduced horizon, thickness and humus content of the Al horizon, presen-
ce of rock or highly calcareous material, whereas the second group name is
used to describe of other distinct pedological developments in the profile,
e.g. podzolization or clay migration. The third group name is used to sepa-
rate calcareous, not rendzina-like gley soils. For the histosols, the first
group name is used to describe the decomposition state of organic matter,
the second to describe the pedological development in the profile below the
peat layer and the presence of high-lying rock, or highly calcareous mate-
rial, whereas the third group name is used to identify calcareous, not rend-
zina-like histosols.

In shallow soils the rendzinas have three group names, whereas rankers ha-

ve, so far, only two group names. For rendzinas the first group name desig-
nates the calcareous horizon, whereas the second group name describes hy-
dromorphic characteristics within the upper 80 cm of the soil. The third

group name describes the soil layers above the calcareous horizon. For ran-
kers the first group name describes thickness of sediment cover and the pe-
dological development above the rock, whereas the second group name describ-
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es distinct hydromorphic characteristics within the profile.

When sub-dividing the soils at series level, profile characteristics are

used which either describe the presence of certain horizons within given
depths, or the soil-chemical and -physical state of different horizons. If
these characteristics are absent, the naming terminates at group level. In
case of several profile characteristics, these are added after each other
to the left of the group name. All names at series level start with a small
letter; a soil classified at series level may for example be placic gleyey
Typipodzol, where placic and gleyey are the terming at series level. Theo-
retically, there are no limitations of the number of terms at series level.
Until now, 21 profile characteristics have been defined, but presumably mo-
re will be added.

The profile characteristics defined so far are divided into 4 groups accor-
ding to:

a) Al or 0 horizon

b) drainage conditions

¢) mainly the horizons below the Al horizon
d) buried soils.

When classifying at phase level, the pH-value measured at about 1-m depth
and the prevalent texture at 0-40 and 80-120 cm depths are diagnostic cha-
racteristics. Unlike the 3 levels discussed above, there is no proper naming
of profiles at phase level, texture and pH being stated to the right of the
profile name. The prevalent texture at 0-40 and 80-120 cm depths is to be
indicated according to the diagram, fig. 8. The texture at 0-40 cm is indi-
cated first and, if continuing until 80-120 cm depth, the texture is only
described with one name. For histosols, the texture is described at only
80-120 cm depth, because the terming of histosols at group level also de-
signates the peat type in the upper layers. For rendzinas, only the texture
of the mineral soil within the upper 40 cm of the soil is indicated. After
texture, pH is indicated, table 4.

A complete designation of a soil profile can then be e.g. fragi Pseudogley-
typilessive; clayey silty sand/clay, acid. In this naming, the term lessive

is the order name, pseudogley and typi designate the group names; fragi is
the series name, while clayey silty sand/clay and acid are phase level de-
signations .

Chapter 5

The pedological development in blown sand areas in the glacial landscape.

The pedological development in blown sand areas has been investigated in the
Strandby-Farsg Kommuneplantage, fig. 7. Samples were taken from 5 profiles.
The location appears from fig. 13, a schematic presentation is given in

fig. 14, and the results of the analysis in table 5.
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The investigation area has relatively thin covers of wind blown sand over
lying sandy glacial drifts. Only one of the profiles (SFl) seems to have

been cultivated. The theoretical development of SFI from before the culti-
vation period and until the present time appears from fig. 15. The profile

has presumably started as a Brunpodzol with both Al, A2, and B2vs horizons,
which have been mixed and now form the plough layer. Covers of wind-blown
sand have repeatedly been added so the Al horizon today is very thick. When
cultivation was abandoned, a thin podzol developed in the Al horizon.

The four uncultivated profiles represent soils at different stages of de-
velopment toward the Typipodzol (Al, A2, Bh, Bs, C), which must be regarded
as the mature profile in these areas.
The weakest developed profile is SF3, a Typiblegsol (bleg = pale), poor in
humus, and with a discontinuous, weakly developed structural B horizon. The
C horizon is very pale, nearly whitish, maybe due to the young age of the
rofile.
%F4, a Brunpodzol, represents the intermediate type between SF3 and the
strongly developed podzols SF2 and SF5. The Brunpodzol is characterized by
a thick mor layer, a well developed A2 horizon, and a brown, uncemented Bvs
horizon. There is no Bh horizon.
The two strongly developed podzols have thick whitish A2 horizons, black
clearly developed Bh horizons and cemented Bs horizons. The latter have
prominent mottles; in the more reddish-brown matrix there is a number of
lighter, ball-shaped parts with less dithionitecitrate-soluble iron and
aluminium, table 6. Their genesis has not yet been fully explained. Both
profiles are overlain by thin, younger covers of wind-blown sand; in SF2
this is weakly podzolized.

Concerning the well drained profiles developed in wind-blown sand, it can
generally be concluded that the pedological development is toward formation
of Typipodzols (soils with both a Bh and a Bs horizon) or, in special ca-

ses, humuspodzols. Far from all profiles in a wind-blown sand area, how-
ever, have reached this stage; due to a temporary redepositing of sand. This
may create new soil types, e.g. raw soils which will start a new develop-
ment toward the Typipodzol.

Because of the low buffer capacity of the soils, these will normally be
strongly leached with a resulting very low base saturation. The prevalent
exchangeable base is Ca, although it is less dominating than in the more
base-rich soils. In particular K and Na have a higher percentage share of
the exchangeable bases in the strongly leached soils than in the more base-
rich soils, cf. fig. 17. An explanation may be that the strongly leached

soils have lost their content of Calciumcarbonate, and the composition of
bases in these soils is largely determined by the chemical composition of
the precipitation and bases liberated in the soil by weathering.

The strong leaching favours the development of mor layers, and because of
the slow and incomplete decomposition of the organic matter this has a C/N
ratio above 20. Many pedologists consider the formation of mor as necessary
for podzolization. Another factor involved in the formation of podzols may

be the content of iron in the parent material. Duchafour and Souchier

(1978) found e.g. that a high content of iron seems to impede podzolizati-
on. When comparing the average content of dithionitecitrate-soluble iron

and aluminium within the upper metre of forest profiles in Himmerland, it
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appears from fig. 18 that the profiles of wind-blown sand contain somewhat
less dithionitecitrate-soluble iron than the other sandy soils in the gla-

cial landscape and much less than the clayey soils. This is in good agree-
ment with the fact that the most strongly developed podzols are found in
the areas of wind-blown sand. The low content of dithionitecitrate-soluble
iron need not to be the only cause, but might be a contributing factor.

Fig. 19 and 20 show the soil water retention curves for soils developed in
wind-blown sand. The pedological development which has led to formation of
markedly different horizons in the soil causes a characteristic variation

of the soil water retention curves for the Typipodzols. It appears that the

well developed B horizons have less coarse pores, but more intermediate-
and fine pores than the A2 and the C horizon. In the weakly developed pod-
zols (Brunpodzols) the distribution of pore sizes in the B and C horizons

are very similar. Generally, soils developed in wind-blown sand can be
characterized by having many coarse pores and few intermediate- and fine
pores. This gives a good internal drainage and aeration, but little avail-

able water content for plant production. Only where the Bs horizon is cemen-
ted or a placic horizon is developed, problems may arise concerning soil
aeration and the drainage of precipitation surplus.

Chapter 6

The pedological development in the sandy glacial landscape.

The pedological development in the sandy glacial landscape has been inve-

stigated in three forest areas: Rgnhgj Plantage SE of Oudrup, Rold Skov S

of Rebild, and Lundgard Skov at Overlade, fig. 7. In the sandy glacial

!jandscape fine sandy soils with less than 10% clay in the parent material
ominate.

Renhgj Plantage is located on a well defined hill, in some places intersec-
ted by water erosion, in others characterized by eolian deposits. The topo-
graphic map fig. 21 shows the location of the profiles, and fig. 22 gives a
schematic diagram of the 4 profiles, forming a toposequence. The results of
the analysis are given in table 8. The two high-lying soils SRI and SR2 are
developed in an area which was covered by heather well into this century,
but which was later afforested with coniferous trees. The two low-lying
profiles SR3 and SR4 are developed in an area, which presumably has been
covered by wetland vegetation for a very long time.

Rold Skov is located in the high-lying part of Himmerland, extending from
Mariager Fjord in the south and almost to Nibe Bredning in the north. Large
parts of this forest are in a hilly terrain with many steep slopes, deep
erosion valleys and with a number of hills formed by erosion facing the
Lindenborg river valley. Four profiles from this forest area have been in-
vestigated, and two are described in this paper. Topography and profile
sites appear from fig. 24. During the last 200 years, at least, the area

has been afforested and presumably much longer. Profile SRol is relatively
well drained and is situated on a northern slope with a gentle gradient,
whereas SRo2 is moderately well drained and lies in the bottom of a small
erosion valley. A schematic diagram of the two profiles is shown in fig. 25,
and the analytical results appear in table 9.
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Lundgéard Skov is located in a gently undulating moraine landscape at Over-
lade. Most of the forest is situated on a 3/4 km long northern slope toward
the former sea-transgraded Bjarnsholm river valley. Glacial sand prevails,
but clayey till occurs also. For a few hundred years, at least, the area

has been woodland. Four profiles have been investigated, and three of them
are described in this paper. A topographic map with the location of the

three profiles is shown in fig. 27, a schematic diagram in fig. 28, and
analysis results in table 12.

In the well drained, sandy glacial landscape in Himmerland the pedological
development seems to have two trends, either podzolization or clay migrati-
on depending on the clay content in the parent material.

The pedological development in sandy parent material

The sandy soils contain normally 3-5% clay, 10-20% silt, and generally more
fine sand than coarse sand. In these deposits there is a clear trend to-
wards development of podzols where the profile is well drained. Due to dif-
ferences in e.g. physical and chemical properties of the parent material,
location and vegetation, the profiles differ to some extent. This appears

both visually and from analytical results. On the basis of drainage condi-
tions and the dominating vegetation cover throughout the last 2-300 years,
the investigated profiles can be subdivided into three groups:

a) well drained soils mainly developed under heath vegetation,
b) well drained soils mainly developed beneath deciduous forest,
c) imperfectly drained soils developed beneath wetland vegetation.

As representative of the first group SRI and SR2 from Rgnhgj Plantage can

be mentioned. These two profiles are well developed podzols (Sesquipodzols)
with reddish-brown, weakly cemented Bs horizons, distinct dark-brown bands
in B3s and round yellow-brownish dots in Bs. There is a clear maximum of

iron and aluminium in the Bs horizons. The uppermost part of this horizon

has a weakly marked maximum of organic matter without being proper Bh hori-
zr?ns, hovlvever. There are only very weak traces of clay migration if any in
these soils.

Because the parent material is relatively poor in clay and the vegetation
cover ideal for formation of podzols, these two profiles are the most

strongly developed podzols found in the glacial landscape of Himmerland.
The heavy leaching and the vegetation have caused a slow and imperfect de-
composition of organic matter and, accordingly, a C/N ratio of about 30.

This resembles the Typipodzols developed in wind-blown sand.

SRo2 and SL2, and to some degree the podzol developed in SRol, are repre-
sentatives of podzols developed beneath forest. These profiles are charac-
terized by lacking a Bh horizon and by the presence of a brownish, not ce-
mented podzol B horizon. Only one of the three profiles has a higher humus
content in B2 than in A2, and the B horizon lacks the dark-brown bands in

B3 as well as the yellowish-brown, round dots which characterize the pod-
zols described above. The variations in dithionitecitrate-soluble iron and
aluminium show a clear accumulation in the B horizons, and in some profiles
the maximum of aluminium is found deeper in the B horizon than the maximum
of iron, table 11. The C/N ratios for these podzols are somewhat lower than
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for the podzols developed under heath or coniferous forest. This is presum-
ably due to the different vegetation cover. In the two profiles in Rold

Skov there are clear evidences of clay migration from the podzol Al and A2
horizon with subsequent deposition in the podzol B2 horizon.

The imperfectly drained soils in the sandy glacial landscape are represen-
ted by SR3 and SR4 situated in Ranhgj Kaer beneath wetland vegetation. In
these profiles thin peat layers are found. SR3, located close to the bor-
derline of Renhgj Keer, has ground-water gley in the whole profile. The soil
seems to be weakly podzolized, but it differs in several ways from the
above-mentioned podzols, e.g. the C/N ratio is only 11, the base saturation
is not below 30% anywhere in the profile, and at 80 cm depth it even reach-
es 70%. The high base saturation, with Ca as the dominating exchangeable
base can be explained by supply of bases by percolating ground-water from
the presumably calcareous hills nearby. Under the prevailing chemical con-
ditions it is difficult to explain the podzolization. As the profile lies

rather close to the bank of the pond, an explanation might be that podzoli-
zation has taken place during a drier period with a lower ground-water ta-
ble than that existing at present.

SR4, which is situated almost in the middle of R@nhgj Kaer, shows no sign of
podzolization, but has a very distinct Bv horizon. This profile is to be
considered an intermediate soil between the podzolized, more well drained
soils and the proper histosols, which dominate on the most poorly drained
sites.

Besides ground-water gley some of the profiles poor in clay have pseudogley,
but the fairly high content of coarse pores in these soils ensures nor-

mally an unimpeded drainage. Fig. 30 shows that in weakly developed podzols
(Brunpodzols) there are no big differences in the soil water retention cur-

ves between the A2, B, and C horizons, whereas there is a trend towards a
difference for the B and C horizons of the Sesquipodzol. This is in good
accordance with the pattern described for soils developed in wind-blown

sand, fig. 19 and 20. A comparison of the amount of coarse pores, interme-
diate pores and fine pores in the profiles fig. 30, shows that two profiles

from Himmerland tend to have less coarse pores and more intermediate pores
than the soils developed in wind-blown sand. This is without doubt due to

the higher content of silt and fine sand which is often present in sandy

glacial drifts as compared with wind-blown sand deposits.

A comparison between soils in the sandy glacial landscape and in the blown
sand areas (fig. 18) shows, that the first ones contain more dithioniteci-
trate-soluble iron and aluminium than the second ones. The most strongly
developed profiles in the blown sand areas had more distinct horizons than
found in correspondingly developed podzols in the sandg glacial landscape;
this may be due to the somewhat coarser texture in the blown sand areas, or
to the lower content of iron.

Fig. 31 shows the average amount of dithionitecitrate-soluble iron and alu-
minium calculated for the uppermost metre of different soil types. It is

seen that the iron content is very low in the Typipodzols and high in the
lessive soils, while it has intermediate values in the Sesquipodzols, Brun-
podzols and brunsols. The latter soil types cannot be separated from each
other on the basis of the iron content. It is apparently impossible to de-
stinguish among soil types on the basis of the dithionitecitrate-soluble
aluminium content.
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The pedological development in weakly clayey parent material

The pedological development in weakly clayey parent material within the
glacial landscape is exemplified by the profiles SLI and 3 plus SRol. These
profiles, which are beneath deciduous forest, have developed in homogeneous
parent material with an estimated clay per cent of about 10. In spite of

great differences in drainage conditions, the dominant pedological process

is clay migration with development of a rather deep eluvial horizon. The
underlying Bt horizons contain normally no or only few clay skins. The di-
stribution of coarse- and fine clay in the profiles (table 14) shows that

mainly fine clay has been illuviated from the A horizons although there are

also evidences of a certain illuviation of coarse clay. Most of the illuvi-

ated fine clay seems to be deposited in B3t, whereas most of the illuviated
coarse clay is deposited in B2t, fig. 30. The reason why the coarse clay
already precipitates in B2t is probably the grain size which impedes illu-

viation further down through the more and more narrow pore system.

Formation of Bt horizons may cause great differences in the soil permeabi-
lity. Hence, ground-water resulting from excess of surface-water, may peri-
odically occur in the Bt horizon and even in the A2 horizon as seen in fig.
48. Formation of this type of ground-water in the profiles is probably due
to the fact that the content of coarse pores in B2t, and especially in B3t
and C, is very low as compared with the content in the A horizons, fig. 32.
Thus the excess of water will be transported relatively fast down through
the A horizons, whereas the percolation is taking place very slowly in the

B and C horizons.

Fig. 32 shows that there is a distinct difference in the soil water reten-

tion curves between the A and Bt horizons. This can be ascribed to the pro-
cess of clay illuviation and the downward decrease in biological activity.

In the eluvial layers, which have relatively low bulk densities and accor-
dingly high porosities, the content of coarse pores is high, generally above
20 vol%. The content of intermediate pores fluctuates around 20 vol%, but
it is always higher in Al than in A2. The content of fine pores is gene-

rally low. This is due to the low bulk densities but also to the lower

content of clay as compared with the Bt horizon. In the B horizons, which
have higher bulk densities and accordingly lower porosities, the content of
coarse pores is small, often below 10 vol%. Values even below 5 vol% are
found in certain dense B and C horizons. Here the hydraulic conductivity
will often be very low. The content of intermediate pores is mostly between
15 and 20 vol% in B and C, i.e. generally somewhat lower than in Al, and
usually also lower than in A2. The content of fine pores is normally higher
in B and C than in A, because of a higher content of clay and higher bulk
densities. The content of coarse and intermediate pores decreases normally
with depth within the B and C horizon in contrast to the content of fine
pores.

The profile development may progress beyond the stage of formation of a
clay accumulation horizon, as evidenced in SRol. This profile shows a be-
ginning degradation of the Bt horizon whose upper parts form a fragipan to-
gether with A2. In the eluvial layer a distinct Lessivebrunpodzol has deve-
loped. The presence of a fragipan in a profile may cause the occurence of
periodical, secondary ground-water and thereby the pseudogley process. As
the aggregates in a fragipan are usually very stable, and almost imperine-
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able, a strong leaching will mainly take place through the cracks or through
the coarse-grained parts of the horizon. Thereby the Bt horizon may be de-
gradated, which means that the clay and maybe also the fine silt are remo-
ved from the cracks and hereby give rise to the formation of tongues poor

in clay, and partly in silt, penetrating down through the Bt horizon. The

strong leaching combined with the vegetation cover, favours the development
of a podzol in the lessive A horizon. In SRol a podzol has developed with
distinct maximum of humus, iron and aluminimum in Bvsg. Moreover, Bvsg has
clear evidences of clay illuviation from Alg + A2g; i.e. in this profile

two clay illuviations have occurred, the first one forming the deep-lying

Bt, and then a second one in connection with formation of B2svg.

Concerning the pedological development in the slightly clayey parts of the
sandy, glacial landscape, it can be concluded that, at first, a clay illu-

viation will take place in the profile with a lessive soil as the result.

This may become strongly pseudogleyey. Then a degradation of the Bt horizon
may be initiated and a podzolization of the lessive A horizons may occur.

Chapter 7

The pedological development in the clayey glacial landscape and in lime-
stone .

Soils developed in clayey sediments or high-lying limestone are rare in the
glacial landscape in Himmerland. One of the major clayey occurrences is found
in the eastern part of the moraine shield, at the boundary to the mari-

ne foreland, fig. 2. The pedological development in clayey sediments has

been investigated in two forests, Senderskov and Dragsgard Skov, fig. 7.

Soails in limestone have only been investigated in arable land, and the re-

sults of two profiles are described in this chapter. Below, a brief de-

scription of the areas will be given, followed by a summary of the specific
characteristics of the soils.

The forest Dragsgard Skov, is situated E of Baelum on a slope facing north,
towards the watercourse Pilebaek. Geologically the area consists mainly of
clayey till with many occurrences of meltwater deposits. In Dragsgard Skov
five profiles, SD1-SD5, have been investigated. The area has been affore-
sted for more than 200 years. On the topographical map (fig. 33) the loca-
tion of the profiles is indicated, a schematic presentation of the profiles
appears from fig. 34, and the analytical results from table 16.

Sanderskov is located in East Himmerland between Solbjerg and Veddum in an
undulating, clayey moraine landscape with some steep slopes, dry valleys

and patches of wetland in the low-lying areas. Sgnderskov is mainly a de-
ciduous forest, but parts of it have been afforested with conifers. Judged

from older maps the area has been woodland at least 200 years. Fig. 35

shows a topographic map of Sgnderskov with the 5 investigated profiles, SSI

to SS5, and fig. 36 gives a schematic presentation of these.

The pedological development in soils in high-lying limestone is discussed

on the basis of the two cultivated profiles Mkh2 and Mkg2; their location
appears from fig. 45 and the analytical results from table 26.
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The investigated profiles in the clayey glacial landscape consist mainly of

till with some occurrences of water-deposited clay or sand. One of the pro-
files, SD5, is atypical in this respect, as it consists of colluvial mate-

rial on top of a peat layer. In three of the profiles, SD2, SS4, and SS5
lithological discontinuities occur, so that the upper profile part consists

of clayey deposits which, at a certain depth, change to water-deposited
sandy material. Even within the clayey sediments, there are great textural
changes in the profiles, which are partly due to occurrences of water-
deposited clayey material in the till. These deposits may be very fine-
grained; in SS2 a horizon consists of 45% clay, 51% silt and 3% sand. In
general the clayey deposits in Dragsgard Skov and Sgnderskov have a high
content of silt, mostly above 40%, which is atypical for the clayey glacial
landscape in Denmark. The ten investigated profiles can be subdivided into
three groups according to drainage conditions: profiles characterized by
ground-water gley (SD3, SD4, SD5 and SSI), profiles charaterized by pseudo-
gley (SD1, SS2, and SS3) and profiles almost without gley formation (SD2,
SS4, and SS5).

All four soils in group one are located near, or at the foot of slopes. The
most marked, pedological process in these soils is the formation of ground-
water gley where, under partly reduced conditions, red mottles tend to ap-
pear around the coarse pores. If the horizons are totally reduced, they

will often have a bluish shade where the iron is not removed by ground-
water from the profile. Besides ground-water gley, an enrichment with humus
or even peat formation will often occur, because the decay of organic mat-
ter will be impeded by the anaerobic conditions due to the high ground-
water level. Generally, there are no signs of clay illuviation, or podzoli-
zation, in these profiles except in the transition zone between the relati-

vely well drained soils and those strongly influenced by the ground-water.
Most of the profiles have a high base saturation, because of enrichment
with bases by ground-water from the hills nearby; only where the profiles
are found somewhat uphill, they are strongly leached. The above-mentioned
types of profiles will be classified as histosols, if they have a thick lay-

er of peat, or as gley soils.

The three profiles with distinct pseudogley within the uppermost metre of
the soil are clayey throughout the whole profile. These soils are strongly
leached in the upper horizons, but with base saturation increasing with
depth, so that it exceeds 70% in the deepest layers. In one of the profiles
there is even free Calciumcarbonate in the lower part. All profiles are
characterized by clay illuvation and consequently formation of a Bt hori-
zons. The differences in texture combined with decreasing biological acti-
vity with depth are reflected in the shape of the soil water retention cur-
ves. Fig. 38 shows the soil water retention curves for three lessive soils
and for a gley soil developed in the clayey glacial landscape. Fig. 38
shows that the Al horizon has many coarse pores and few fine pores. The
content of coarse pores is so high that the aeration should not be impeded
by a water content at field capacity. The horizons contain about 15-25 vol%
available water for plant production. In the deeper-lying horizons the amo-
unt of coarse pores decreases markedly, while the amount of fine pores in-
creases, due to a higher content of clay and an increasing bulk density. In
general the amount of medium pores shows a moderate decrease with depth.
The low content of coarse pores in the B and C horizons, in some places
even absent, can temporarily give rise to imperfect aeration, especially
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after a period with high excess of precipitation. This may result in forma-

tion of pseudogley.

The appearance of the pseudogley varies down through the profile depending
on for example texture, length of period with water-saturation, fluctuati-

ons in the amount of air-filled pores, and the rate of diffusion of oxygen

into the aggregates. In the A2 horizon the pseudogley processes might cause
formation of iron- and manganese-containing concretions such as seen in
SS3; in the Bt horizon, rusty colouring around the bleached coarse pores is
common, while in the C horizon rusty spots in the middle of the aggregates
are most common.

All of the three well-drained profiles are developed in a clayey parent ma-
terial, mainly till, overlying a water-deposited sediment poor in clay. Two
profiles from Senderskov are strongly leached, contrary to the two pseudo-
%Ieyey lessive soils from this forest, whereas the profile from Dragsgard

kov is more moderately leached. The weak or missing pseudogley characteri-
stics in the profiles are probably due to the high-lying, clay-poor subsoil
which rapidly drains excess water out of the overlying horizons. The profi-
les show distinct evidences of clay illuviation; e.g. as banded Bt horizons
developed in the clay-poor sediment beneath the clayey till.
The illuviated clay in the sandy and silty sediment does not develop clay
skins as in the above-lying Bt horizons, but rather "bridges" between the
sand grains, or coatings around them. The location of the clay bands in the
water-deposited sediment is probably determined by differences in texture
and stratification. It cannot be assumed in general that the clay will de-
posit in either the coarser or in the finer parts of the sediment, table
18. The percentage of clay in the bands may increase substantially compared
with the intermediate, non-clayey parts. Thus, a band in SD2 contains 13%
clay and the intermediate material only 3%. Samples have only been taken
from one clay band in each profile, so the variation in clay percentage
from band to band is unknown.

Among the soils with Bt horizons, profile SS5 is destinguished by a Bt ho-
rizon which is strongly degradated. Thus about half of the B2ty horizon
consists presently of A2 material, whereas the B31txy horizon is intersec-
ted by thin tongues, poor in clay. Simultaneously with the degradation of
the Bt horizons, the upper part of the A2 horizon has developed into a pod-
zol with a distinct layer of bleached sand. In connection with the podzoli-
zation another clay illuviation has probably taken place within the origi-

nal A2 horizon, so that the Bsvg horizons have been enriched with clay at
the expense of A2g, table 25.

As far as the pedological development in the clayey glacial drifts is con-
cerned the general conclusion must be that, in well drained areas, most

soils have clay illuviation and formation of Bt horizons. A few profiles

might even have developed further and are characterized by a degradation of
the Bt horizon and/or podzolization in the eluvial layer. In most imper-

fectly drained soils with high ground-water table there will normally be no
clay illuvation, but these soils will have marked gley features, or even

peat formation.

The pedological development in soils with high-lying limestone has only
been studied in cultivated areas. Where the limestone is very high-lying
the profiles will consist of a mull-like Al horizon resting directly on the
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limestone. The latter will often be strongly weathered with many cracks in
the upper half metre where limestone lumps may have thin coatings of clay
and humus. In a few places, a more clayey layer can be found resting di-
rectly on the limestone. It may be assumed that this layer originates from
impurities in the limestone left as a residue after dissolution and leach-

ing of the limestone. In the profiles with deep-lying limestone, pedologi-

cal processes such as clay migration etc. may characterize the upper mine-
ral soil.

Chapter 8

The pedological development of soils on the marine foreland.

On the eastern marine foreland nine profiles have been investigated; two
profiles in Dyrehave, four at Lovnkeer, and three at Helberskov, figs 7 and
40. The investigated profiles can be naturally divided into a clay-rich and

a clay-poor group. The latter may again be subdivided into eolian and non-
eolian profiles. No profiles have been investigated in the thick peat- and
gytje deposits, which in some places dominate in these formerly sea-trans-
graded areas.

The five, non-eolian profiles (table 27) consist of well-sorted, medium

sand, poor in clay and silt. The soils have normally a well-developed Al
horizon which might be rich in organic matter, and in certain profiles even

a proper peat cover has developed upon the mineral soil. The profiles all
show evidences of a former high ground-water table and are classified as
gley soils. Due to the many drainage ditches in the area the present ground-
water table is probably lower than reflected in the profiles by mottlings.

Pedologically, the five profiles are very different. The two profiles from
Dyrehave, SM2 and SM3, have distinct peat formation upon the mineral soil;
the high content of exchangeable sodium characterizing young, undrained ma-
rine deposits, has been leached out and, finally, the profiles (especially

SM2) are podzolized. Moreover they are developed in light-coloured sand,

and the strongly reduced Cr horizon is found at about 1-m depth. Unlike the
profiles from Dyrehave, the two sandy soils in Lovnkaer, SM4 and SM5, have
no peat layer upon the mineral soil and they are not podzolized. They re-
semble the profiles from Dyrehave in having a well developed Cr horizon and
a low exchangeable sodium content. Judged from the exchangeable sodium con-
tent which might originate from temporary intrusions of sea water the last
profile, SM1, is clearly influenced by the marine environment.

The two wind-blown sand profiles at Helberskov (table 29) are pedologically
weakly developed, and besides a weak Al horizon they have only structural B
horizons. The profile nearest to the coast, SHI, consists of about 60 cm
wind-blown sand superimposing marine sand, whereas SH2 is developed in pure
wind-blown sand. In SHI, the marine sand has already lost its characteri-
stic high, exchangeable sodium content, and the low pH value indicates a
;‘)ormer,I fairly high content of pyrites. The two profiles are classified as

runsols.
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The two clayey profiles, SM6 and SM7, consist of a thin sand cover superim-
posing more clayey deposits, table 30. The grain size distribution of the

clayey layers is similar to the clayey, water-deposited sediments in the

glacial landscape, but a high content of marine shells, a.o. oysters, shows
their marine origin. Uppermost, the profiles have a well developed Al hori-

zon superimposing a thin, white sand cover with underlying clayey horizons.
These are highly influenced by ground-water and a Cro horizon has developed
at a fairly low depth. One of the profiles shows weak signs of clay illu-

viation, whereas the other has distinct, black coatings of humus on the ag-
gregate surfaces. Possibly these contain some illuvial clay. The profiles

are only weakly acid in the upper sand layers, maybe due to free calcium-
carbonate in the underlying clayey horizons. A leaching has taken place,
however, of the exchangeable sodium which presumably has been the domina-
ting exchangeable base. The profiles are pedologically weakly developed
compared with the clayey soils in the glacial landscape, mainly because of

the high-lying ground-water table which impedes the leaching process. This,

in combination with the fine-grained texture, implies also that the Cro-,

or the Bro horizons are found at rather shallow depth in these profiles.

Relating pH to base saturation indicates the presence of pyrites in some of

the profiles e.g. SM3 and SM4. As pyrites is only stable under anaerobic
conditions, it is found only in the Cr horizon.

Chapter 9

The regional distribution of soil types and the occurrence of potentially
acid sulphuric soils in Himmerland.

This chapter deals with a description of a pedological map of Himmerland in
1:750,000 and of a map showing the occurrence of potentially acid sulphuric
soils.

The pedological map (fig. 41) has been drawn on the basis of 100 detailed
profile studies, supplemented by some drillings in the glacial landscape
and on the marine foreland. The results have been compared with already
existing maps of the area in order to establish the regional distribution

of the soil types. In the glacial landscape brunsols and podzols dominate,
except in the eastern part which has mainly lessive soils. Less common are
the gley soils and histosols, and in the few places with high-lying lime-
stone, rendzinas occur.

On the marine foreland gley soils and histosols are common, and only in the
high-lying beach ridges, and in the dune landscapes, well-drained soils
such as blegsols or brunsols are found.

As mentioned, a map has been drawn showing the distribution of potentially
acid sulphuric soils. These soils contains iron sulphides, mainly pyrites,

to such an extent that artificial drainage will give rise to free sulphuric

acid in the soil water. Being stable only under anaerobic conditions, lar-

ger amount of pyrites will be restricted to gley soils and histosols. The
mapping of potentially acid sulphuric soils was therefore concentrated to
bogs and river valleys in the glacial landscape and to the marine foreland.
The field investigations comprised augering at 275 sites, profile descrip-
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tions, and sampling. The profiles were described with respect to texture,
colour, content of Calciumcarbonate, depth to the ground-water table, pre-
sence of jarosite, and smell of H,S. Most of the samples were taken below
the ground-water table, normally from 120-160 cm depth. On the day of sam-
pling, the pH values were determined by direct injection with a glass elec-
trode. Samples without Calciumcarbonate were wrapped air-tight in order to
keep them moist until they were analyzed by oxidation. The samples contai-
ning Calciumcarbonate were dried at 105°C and stored for later X-ray ana-
lysis .

In the laboratory the calciumcarbonate-free samples were kept under aerobic
conditions and the pH values were determined after 1, 4, and 7 weeks. If pH
had dropped below 3 during 7 weeks, the samples were considered as potenti-
ally acid sulphuric. In the samples containing Calciumcarbonate, the pyrite
content was determined semi-quantatively by X-ray analyses. The results we-
re compared with the content of Calciumcarbonate in order to decide whether
the sample was potentially acid sulphuric or not. A calcareous sample is
considered as potentially acid sulphuric if %calciumcarbonate is less than
1.7 X (%pyrite-0.5). Some analytical results from non-calcareous and cal-
careous samples are shown in table 30 and 31.

On the basis of presence, or absence, of potentially acid sulphuric locali-

ties and their fraction of the sampling material, the lowland areas in Him-
merland have been divided into 4 classes, cf. fig. 43. As shown, some parts

of Himmerland have pyrite-containing areas, which may become acid sulphuric
after drainage. The areas are relatively small, however, and are most com-
mon along a few watercourses, or in narrow patches of land between the mo-
raine landscape and the marine foreland.

Chapter 10

The root development of crops in relation to the soil type.

In July 1980, about 60 soil profiles were investigated on arable land for
studying the root development in different soil types. The results are dis-
cussed in this chapter. Fig. 45 shows the location of the profiles. Samples
were taken from profiles covered with grass, barley, wheat, rye, oats, po-
tatoes, and rape (table 34).

The profiles were dug to a depth below the expected root depth, and about
10 soil samples of 606 cm each were taken at different depths. The sam-
ples were dried immediately to prevent decaying of roots. In the laboratory
bulk density and pH(CaCl,) were determined. The length of roots was found
by separating the roots from the soil by washing and measuring the length
of the roots on a grid. In addition, samples were taken from different ho-
rizons for determination of humus, texture, content of Calciumcarbonate,
dithionitecitrate-soluble iron and aluminium, CEC and exchangeable bases.

On the basis of parent material and thickness of the Al horizon, the profi-
les were divided into the following classes:
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a) Non-colluvial, sandy soils in the glacial landscape,
i.e. soils with less than 8% clay within the upper 70 cm
of the profile and with an Al horizon less than 40 cm thick.

b) Colluvial, sandy soils in the glacial landscape,
i.e. soils with less than 8% clay in the uppermost 70 cm
of the profile and with an Al horizon thicker than 40 cm.

c) Clayey soils in the glacial landscape, i.e. soils with
8% clay or more in the parent material, and where
the Bt horizon is found within the uppermost 70 cm of
the profile, if the A horizons contain less than 8% clay.

d) Calcareous soils in the glacial landscape, i.e.
soils with high-lying limestone, or highly calcareous material.

e) Mixed soils in the glacial landscape, i.e. soils with
great variations in texture due to the geological origin of
the sediments within the uppermost 70 cm of the profile.

f) Soils developed on the marine foreland.

The results of the analyses are shown in tables 35, 39, 41, 43, 45 and 46.
Root densities are subdivided into three classes :

Many roots (more than 1 cm root/cm3),
Few roots (1-0.1 cm root/cm3),
Very few roots, (0.1-0.01 cm root/cm3).

In the discussion of root depths for different crops in relation to soil
type, the following designations were used:

Z(1.0) indicates total thickness of layers with many roots,
Z(0.1) indicates the total thickness of layers with many or few roots,

Z(0.01) indicates the total thickness of layers with many, few, or very few
roots.

Evaluated on the basis of a simulation model (Madsen 1981), Z(0.1) seems to
be a reasonable, although rough, measure of the effective root depth, see
fig. 57 in chapter 11.

Pedologically, the sandy non-colluvial soils are mainly Typibrunsols and
Brunpodzols, but they also include a few strongly podzolized soils, some
soils with clay illuviation, and a single artificially drained gley soil.

The pedological development and the resulting horizontation seems to have
only a small influence on the shape of the root profile, probably due to

the fact that the majority of the podzolized soils have not developed a

proper Bh horizon, or a cemented B2s horizon. On the other hand, the forma-
tion of structure in the soils enables roots to penetrate into horizons

with very high bulk densities such as seen in MSb3. In this soil roots are
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found in a layer with a bulk density of 1.95 g/cm3.
When comparing the bulk densities with root densities, it cannot be stated
that a certain bulk density will impede development of roots; this does not
allow the conclusion, however, that bulk density has no bearing on root de-
velopment. In soils with very high bulk densities roots are for example of-
ten seen as mats between the aggregates, whereas there are almost no roots
within the aggregates. Moreover, it is probable (Nielsen 1980, Madsen
1980b) that soils with very low bulk densities may have a very deep and vi-
gorous root development, clearly surpassing that found in soils with higher
bulk densities. This can be explained by the fact that soil particles are
more easily pushed aside in a loose than in a more compact soil. The deep
and vigorous root development in MTg2 has probably been favoured by the low
bulk density and the thickness of the Al horizon.
Due to liming, pH is normally high in the Ap horizon. In the subsoil pH is
normally lower than in Ap because of leaching. In some subsoils, pH is even
so low that aluminium may occur in toxic amounts. The soils are normally
well aerated due to a high content of coarse pores, which also causes a
g\ood internal drainage.

comparison of root development in sandy soils in Himmerland with former
root studies indicates a certain relationship between the root development
of barley and grass and the content of clay or of clay+silt in the soil.
Thus sandy soils with less than 10-15% clay+silt have a shallower root de-
velopment than soils with more than 10-15% clay+silt, fig. 46. The studies
of colluvial soils poor in clay seem to show that also the content of orga-
nic matter and a low bulk density may favour the development of roots in
sandy soils.
On the basis of the available material it can be concluded that in the san-
dy soils poor in clay and silt there are only slight differences in root
development between grass and grains, and the mean Z(0.1) is about 45 cm
for both grass and grain. In the sandy soils rich in clay and silt, Z(0.1)
is about 70 cm for grass and about 75 cm for barley.

Pedologically, the clayey soils in the glacial landscape are mainly lessive
soils having in general a stronger and more well defined structure than
those poor in clay. Thus also in these soils roots are penetrating into soil
layers with high bulk densities, e.g. above 1.7 g/cm3. The low hydrau-
lic conductivity in the Bt and C horizons may result in the formation of
round-water in the profiles. This can be recognized as pseudogley. Imper-
ect drainage may impede soil aeration considerably and consequently the
root development. This may probably be one of the reasons for the great
differences found in root development in clayey soils.
Another factor of importance is the pH in the subsoil. A pH below 4 may
hamper the root development. In fig. 49 the lowest pH-value measured be-
neath the plough layer has been compared with Z(0.1), and it can be concluded
that an unambiguous relationship between pH in the subsoil and the root
depths has not been found in the present investigation. Maybe the reason is
that none of the profiles have pH-values much lower than 4. In contrast to
the sandy soils, the clayey soils have different root depths for grass and
barley. The mean Z(0.1) is about 70 cm for grass and 90 cm for barley.

The root development in strongly calcareous soils has been investigated in
8 profiles, seven of which had limestone within the upper 60 cm of the pro-
file. In these soils the development of roots is especially dependent on

the thickness of the sediment layer and the degree of weathering of the un-



XVI Himmerlands Jordbundsforhold 299

derlying limestone. Where the A horizon is thick and the underlying lime-
stone strongly weathered, the root development will be deep in contrast to
soils with thin covers of sediment and unweathered limestone.

From table 44 it appears that the roots have not penetrated deeply into the
limestone, in an average about 30 cm, with exception of MKb3. Here the deep
root development is probably due to the presence of deep tongues of materi-
al poor in limestone. Being strongly dependent on the weathering state of
the limestone and the thickness of the Al horizon, the root development of
the investigated crops does not show systematic differences. On the basis
of tdhe 8 profiles, the mean Z(0.1) has been estimated to be 70 cm for grain
and grass.

In two profiles with strongly varying texture within the uppermost 70 cm of
the profile (table 45) it is demonstrated that the roots penetrate a plough
pan with bulk densities of about 1.8 g/cms3. On the other hand, a very
stratified sediment, such as ice-lake deposits, might have an impeding ef-
fect on root growth. The dense root development through the plough pan in
MBhl is probably due to cracks in the horizon.

The root development has been investigated in nine profiles from the marine
foreland, and the results for 8 of these are given in table 46. The profi-

les consist of either fine sand, poor in clay and silt, or of clayey mate-

rial almost without coarse sand. The sandy soils are bleached gley soils
with the Cr horizon generally below 80-cm depth. The clayey soils are gley
soils with Cr horizons at shallow depths, because the clayey texture implies
anaerobic conditions even up to the Ap horizon in spite of the fact that

all profiles are artificially drained, and the ground-water table is below
90-cm depth. The general rise of land, artificial drainage, and building of
dikes to shelter against the sea have all resulted in depletion of Na ex-

cept for the C horizon in a single profile.

In the uppermost horizons the profiles are weakly leached, and shells are
often found in the lower part of the profiles. The pH should therefore not
restrict root development. The bulk density does not exceed 1.6 g/cm3 in
the sandy soils and is very low in the C horizons of the clayey soils be-
cause they consist of unripe sediments.

On the other hand, the soil aeration is probably of great importance for
developing roots in clayey soils as there are almost no air-filled pores in
the C horizons. The root development in these soils is therefore not as
deep as in soils with corresponding textures in the glacial landscape. In

the sandy soils there is probably a good soil aeration in the uppermost 50
cm of the profile according to the soil water retention data on sandy mari-
ne deposits, table 52. The insignificant root development in these soils
should therefore be ascribed to the unfavourable texture with its very low
content of clay and silt. For the marine soils, the mean Z(0.1) is set to

40 cm for grass and barley irrespective of the texture.

Finally, it should be mentioned that in the marine soils the root develop-
ment was much more difficult to investigate than in the glacial landscape,
because the moist conditions in the deeper-lying layers have caused preser-
vation of the roots from former vegetation covers.
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Chapter 11

Soil water retention and available water content in cultivated soils.

The pore size distribution have been investigated in 21 profiles. All inve-
stigations were carried out in arable land in November 1981. In all freely
drained soils the water content was at field capacity. Fig. 58 shows the

location of the investigated profiles. The soil pores are classified as

coarse pores, medium pores, and fine pores; the amount of coarse pores repre-
sent a measure of the air volume in the soil at field capacity, the amount

of medium pores represent a measure of the available water content, and the
fine pores represent a measure of the non-available water content.

Except for very sandy subsoils, the water content at field capacity can be
described as the water content at pF2.0, cf. fig.54. This implies that the

boundary between coarse pores and medium pores corresponds to an equivalent
diameter of 30 y. At wilting point, the water content corresponds to pF4.2,

i.e. that the boundary between medium pores and the fine pores corresponds

to an equivalent diameter of 0.2 y. Thus the available water content in the
di;ffrzent soil layers is defined as the water content between pF2.0 and

pF4.2.

For calculation of the total available water content for plant production,
designated the root zone capacity, the effective root depth has been de-
fined (fig. 57) on the basis of results made by the simulation model "Heim-
dal" (G.K.Hansen, 1975). Fig. 57 shows that Z(0.1) was a rough, but reason-
able measure of the effective root depth. Z(0.1) is defined in chapter 10.

The investigated profiles are subdivided into three groups:

- Soils poor in clay in the glacial landscape,
- Clayey soils in the glacial landscape,
- Soils developed on the marine foreland.

Tables 50, 51, and 52 show the horizon sequences, textures, and the pore
size distribution; figs 59, 60, and 61 show the available water content in
relation to depth. The pore size distributions show that only in clayey

soils the amount of coarse pores may be so sparse that areation problems may
arise in freely drained soils. It is evident that the amount of fine pores

is highest in the clayey soils and lowest in the sandy subsoils. Medium po-
res and the resulting available water content are sparse in the coarse san-
dy soils, and especially in the B and C horizons. On the other hand, the
fine sandy or silty soils contain many medium pores so that, within the up-
permost metre of the profile, these soils contain as much available water
as the clayey soils.

A comparison between available water content and the effective root depths
for barley and grass is shown in table 53. It is indicated that the root

zone capacity in the coarse sandy soils is only about 50 mm for grass and
barley, whereas the root zone capacity in fine sandy soils is about 130 mm
for grass and 140 mm for barley. In the clayey soils the root zone capacity
is about 130 mm for grass and 160 mm for barley.
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On the basis of these calculations it can be concluded that the great dif-
ferences in the root zone capacity are not found between soils poor or rich

in clay, but between coarse sandy soils on the one hand and fine sandy soils
silty soils, and clayey soils on the other hand.
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Billed 1: SF3, Strandby-Farsg Kommuneplantage

entic Typiblegsol; sand, sur
USDA: Typic Udipsamment

Profilen er udviklet i flyvesand
Analysedata: Tabel 5

The profile is developed in dune sand
Analytical data: Table 5.

Billed 2: SH2, Helberskov

entic bleget Strukturbrunsol; sand, sur
USDA: Typic Udipsamment

Profilen er udviklet i flyvesand pa det gstlige marine forland
Analysedata: Tabel 29

The profile is developed in dune sand
Analytical data: Table 29.

Billed 3: MSg3, Gundersted

Gleyblandingsbrunsol; siltet sand/lerholdig siltet sand, sur
USDA: Haplumbrept

Profilen er udviklet i glaciogent sand
Analysedata: Tabel 35

The profile is developed in sandy glacial drift
Analytical data: Table 35.

Billed 4: MBblI, Arden

Blandingsbrunjord ; siltet sand/leret sandet silt, steerk sur
USDA: Haplumbrept

Profilen er udviklet i issgaflejringer
Analysedata: Tabel 45

The profile is developed in ice-lake deposits
Analytical data: Table 45.
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Billed 5: MLb5, St. Brandum

Pseudogleytypilessive; leret sandet silt/ler, sur
USDA: Hapludalf

Profilen er udviklet i leret till
Analysedata: Tabel 41 og 14

The profile is developed in clayey till
Analytical data: Table 41 and 14.

Billed 6: SRol, Rold Skov

entic degraderet fragi pseudogleyet Podzoltypilessive; siltet sand/
leret siltet sand, sur
USDA: Ultic Fragiorthod

Profilen er udviklet i glaciogent sand
Analysedata: Tabel 9

The profile is developed in sandy glacial drift
Analytical data: Table 9.

Billed 7: SS5, Sanderskov

entic fragi Podzoldegralessive; leret sandet silt/ sandet silt, sur
USDA: Ultic Fragiorthod eller Glossic Fragiudult

Profilen er udviklet i leret glaciogent materiale, der overlejrer
sandet glaciogent materiale
Analysedata: Tabel 19 og 25

The profile is developed in clayey glacial drift superimposing sandy

lacial drift
nalytical data: Table 19 and 25.

Billed 8: SRo03, Rold Skov

entic fragi Brunpodzol; siltet sand, sur
USDA: Fragiorthod

Profilen er udviklet i glaciogent sand
Analysedata: ingen

The profile is developed in sandy glacial drift
Analytical data: none.
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Billed 9: SF5, Strandby-Farsg Kommuneplantage

entic haerdnet Typipodzol; sand, sur
USDA: Typic Haplohumod

Profilen er udviklet i flyvesand
Analysedata: Tabel 5

The profile is developed in dune sand
Analytical data: Table 5.

Billed 10: SF2, Strandby-Farsg Kommuneplantage

toppodzol entic haerdnet gleytypipodzol; sand/siltet sand, sur
USDA: Typic Haplohumod

Profilen er udviklet i flyvesand
Analysedata: Tabel 5

The profile is developed in dune sand
Analytical data: Table 5.

Billed 11: SM2, Dyrehave

histisk Podzolvadgley; sand, neutral
USDA: Haplaquod

Profilen er udviklet i marint sand
Analysedata: Tabel 27

The profile is developed in marine sand
Analytical data: Table 27.

Billed 12: MMb3, Als

Blegbrungley; siltet sand/sand, svagt sur
USDA: Psammaquent

Profilen er udviklet i marint sand
Analysedata: Tabel 46

The profile is developed in marine sand
Analytical data: Table 46.
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Billed 13: SM1 Helberskov
histisk natrisk Vadgley; sand, svagt sur

Profilen er udviklet i marint sand
Analysedata: Tabel 27

The profile is developed in marine sand
Analytical data: Table 27.

Billed 14: MMb4, Storvorde

Vadgley; leret sandet silt, svagt sur
USDA: Haplaquoll

Profilen er udviklet i marine siltede aflejringer
Analysedata: Tabel 46

The profile is developed in silty marine deposits
Analytical data: Table 46.

Billed 15: MMKI, Ngrrekaer

humgs kalkholdig Typigley; leret siltet sand/leret sandet silt, neutral

USDA: Haplaquoll

Profilen er udviklet i marine aflejringer
Analysedata: Tabel 46

The profile is developed in marine deposits
Analytical data: Table 46.

Billed 16: MKbl, Smidie

Typirendzina
USDA: Lithic Rendoll

Profilen er udviklet i kalkklippe
Analysedata: Tabel 43

The profile is developed in limestone
Analytical data: Table 43.
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