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ABSTRACT 

CliruGtic, eclnphic 0.11d biotic variables uere meaGu.red , o-.rer a 

hrelvc r;1onth period , at each of four a Hpects of a hill in the Southern 

Huub.ine :r'm,ses . Thc2c vm·iablc::; ucre: Doil filoisture statu::; , soi l 

tenpern.turc 1 o.ir teu:r;crat ure , wi1:d-::;pccd., n..!.info.11, soil nutrient 

statua, B:1.ccp- dUJ.10 a,~position, c::.nd pastu.Te bot i:mical composition 11ncl 

productiviJ.:y . Inro:r.r!.:ition on sunshine hou..rs , maxi18wn ,:.nd minimum 

screen terpcra tures , rcla tive hur.:idi ty, awl w ~nd direction were 

ob to.inod from the records of an a d jacent meteorologica l station. 

Net radiation und potential evo.potr:rnspiration were co.lculated fron 

moteorolocic al data , and actue.l evapotr:mspiration fro;:;i soil moisture 

dut l:l . 

Large diffe ren~es ~ere r ecorded bot~een aspects for most of the 

above mentioned vari.ab1eG. The ,·rind during the observatior..£Ll period 

uas a preva:di11g ';/es t /North·.resterly . Differences i n net radiation 

bet11ecn t he: north ::md south aspects were l1:1rce~ t cluri:!1G the 1./inter and 

smallest. durinG the s urrne r months. In all cases the cvnpotr[L."l.Spiration 

values culcul c.tcd were lurcer for the nort h thml for the south as pect. 

Soil moisture tension diffe~ences ~ere not detected during the winter 

months , b·.1t du.2'.'ing the remainder of the ye~~ t he north aspect was drie3t , 

fo llmrnd by the east and ,;est aGpects , nnd. t hci south a!..!pect r ospective:ly . 

Differences botueen aspects, in terms of o.vero.::;e month l y 4 en . air 

t emperature, were not apparent. However , l arge differences i n t he 

average monthly 4 cm. soil teL1perature of the various aspects were 

detected: during the January to Aueust period the north aspect was 

warmes t o.nd the south coolc at; during t he October to December period 

the east aspect was warmest and the north and south aspects , which had 

similar average soil t emperatures ,were coolest. 

The south and west aspect soils had greater nutritional limitations 

to plant growth than did the soils of the east and north aspects . This 

was probably due, at least in part, to nutrient transfer by grazing 

animals , and the differential a ction of soil-forming f actors. Nitrogen 

mineralisa tion was closely associated wi th soil total nitrogen status, 

and was one of the main factors limiting pasture productivity. Soil 

moisture status was t he other major limitation to pas_tt..re productivity. 

PcLSture production during the observational period (346 days ) , for the 

east, south,wes t and north aspects respectively, was 9683, 3637, 2959 
and 2771 kg./DH./ha. Some of the pasture species present were found 
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to be distri1mtE:d in a clcfin:i.te pattern according to aspect, -while for 

othc)r specie:.1 t h e pattern was indistinct. F'or a numbe r of specie=:; no 

distribution pe.ttern wa 8 detected. 1'hc patterns observed a 1)peared 

to follow coil nut ritional ( e s pecially Ltineral nitroi:;-cn) and. 80il 

moisture gra dl c~ts. 

Possible 1·e nsons for the aboV(]-mention0.d differences, and some 

practica l implic& tions o.f these diffen~nce.:-i, arc dis cussed. 



AC!:'..I';O .! .L:~DG s; :s:rTS ---

Grcteful a.ckno~,ledgement is made to l-1r E . Eoberts for his 

supervision th.rou.::;hout this :., tutl.;v, and to hr D.A. Grc:>.nt for 

sugGesti.11£ this tor,ico 

Thanks a.re also due to: Dr J. P. Kerr , Er D. A. Grunt , 

l-1r J . S. Talbot, Dr R.H. Jaci:I!lan , Er P~R. Ball and Dr G. A. Uicl<.ham , 

for advice f r eely {s·iven , and the H. Z. Hctcorologicr:11 Service 

and the late I1~ · D.B. Edmond, for the loan of equipment. 

This study ,rns carried out while the author wns holder of a 

State Services Commission 3tudy Award . 

i v 



Acknowledcemcnts 

Contents 

LiGt of fi'ic;-ures 

List of 'l.'ables 

Introduction 

Chapter I Literature Review 

1. In troduction 

Chapter 

(A) 
(B) 

2 ~ i,icroclir;:atic Differ0nr:cs be"b.;eE::n ltSl}Ccts 

3. Vegctational Diffe1.'cnces bot°l:een A:;;pects 

4 . i:Jlaphic Difference:, beti;ccn As }_>8cts 

5 . Diff8rences between Aq>ects due to Anir.:10.ls 

II 

1 • 

Lethods nnd Eateria1s 

Introduction 

Experinc.11 tal Hethods 

Micro climatic li'actors 

1 .1 Sunshine Hours , 'tlind Direction , Relative 

Humidity, Screen Hinir.mm and lfaximum 

Tempe ratures , and Rainfall. 

1 .2 \'find-speed 

1.3 Rainfall 

1.4 Soil Moisture Tension 

1 . 5 Soil and Air Temperatuxes 

1.6 Net Radiation 

1. 7 E'vapotranspirahon 

2. Soil Factors 

2.1 Exchaneeable Cations , Available Phosphorus , 

Total Nitrogen , Organic Carbon, Organic Hat ter 

Content , Cation Exchange Capacity , pH and Base 

Saturation 

6 

7 

13 

16 

17 

18 

20 

22 

26 

31 

32 

34 



2.2 Bull( Density 

2 . 3 Ava.i.lable !'!i tro.:~en 

3 . Animal 1''[1ctor 

3 . 1 .:~;:;:ounis of Du~ Deposition 

4. Pasture rectors 

4. 1 J3ota..'1ical Composition and Percent age B3.re Ground 

4.2 rn~Lure fToduction 

(c) Statistical I.C!thods 

Chapter 

1. l·iicroclimi.tic and ll.ni.Jaul Fnc torn 

2 . Soil Factors 

2 . 1 Exchn."lgeable Cat i on::,, i1vcJj_l.:1blc !'hospllo1·us , 

'i'o tal lh trot;en , Oreanic Carbon , Catlon 

.t:~xciw .. nge Cnpnc:L ty , p~ u:1d Base Saturation 

2.2 Li ncru l ritrogcn 

3. Pasture Fac t ors 

III 

1 • 

2. 

3. 1 Bot:mical Composition and Perccni.-,{;e Bo.re Ground 

3.2 Prod.uct i on 

RcsuJ t:; 

i,;icrocl inatic }'actors 

1 • 1 '1/ i nd- Spccd 

1. 2 ',lind Direction 

1. 3 Rainfall 

1. 4 net Radiat ion Estimates 

1.5 Evapotranspiration 

1. 6 Soil 1;oist,1.re 'l'ension 

1.7 Temperatura 

Soil Factors 

2.1 Exchangeable Cations , Available Phosphorus, 

Total Nitr ogen , Organic Carbon, Organic 

Fatter Content, Cation Exchange Capacity, 

pH and Base Saturation 

2.2 Available Nitrogen 

3. Animal Factor 

4. Pasture Factors 

4.1 Comparison of Point Analysis and Dry Weight 

Anal ysi s 

35 

37 

40 

41 

43 

44 

45 

46 

51 

57 

62 



Cho.pter IV 

1. 

4. 2 Compah.son of Botnnical Composition and 

Pcrccntaeo Di.:lro Ground between lcspc:cts 

4 . 3 Production Diff ercnce:s 

Discuss ion 

Licroclir:.o.tic Faetors 

1 .1 1lind. - S1;eed <1 .. nd ':lind Direction 

1 • 2 R.:iinfo.11 

1 .3 Hot H.2.dio.tion and j,;vapotro.n.npiration 

1 .4 Soil Eoistur·e ~tatus 

1 • 5 Tc!.1per3. 'cure 

2 . Soi l Factors and the J,ninal Factor 

3. Pasture Factors 

3.1 Bot anical Composi t ion and Percentage Bc..rc Groand 

66 

71 

72 

73 

74 

75 

78 

3.2 Production Differences 80 

4. General Discussion and I~actical l @plicetionc 82 

85 

Bibliography 110 

• 



I.1 

II . 1 

II.2 

II.3 

II.4-

Aerial Vieu of Experii,,cnt.e. l i,re.:1 and Surrounds 

Aerial Vim1 of f~x?erirrconta J Arca 

South Aspect ' microclinate site ' 

East ,',spect 

\fos t As pcct 

II.5 ' }' . :B' . F ' Gyprrnm Blocks 

II.6 

II.7 

II. 8 

III.1 

III.2 

III.3 

III.4 

III.5 

III.6 

III. 7 

III. 8 

III.9 

III.10 

III. 11 

III.12 

Sensor Un.:i.i. for /~ c,;1 . . ~.i.r '.i.'e::-~pero.ture Eeasurecen ts 

Sensor Unit for 120 cm . Air ':'c:.i1pe1·ature Leasurer,1ents 

Device used fo1· heasurir:t; Sl ope 

Jwerc..ge dim] Speed : Jc.nuary to June 

Average '.i ind Speed : .iuly to Deced)er 

Rain.fall 

Soil I·1oisture 11e'1sion : Jnnuary to j,;e.rch 

Soi l i:oicture Tension : 1~pril t o Septembe:e 

Soil .. . + ,.;oJ.s ,;ure Tension : October to Decei;iber 

Annual Course of 4 Cl!! • Air Ter.ipcratu.re 

Annual Course of 4 cm. Soil Ter:iperature 

Herbage Production on Eas t Aspect, 4.4 to 28 . 8 .72 

Herbage Production on North Aspect , 4.4 to 28.8. 72 

Herbage Producti on on South Aspec t , 4.4 to 28.8.72 

Herbage Production on ·,·lest Aspect, 4.4 to 28.8.72 

5 

1 9 

21 

23 

28 

42 

47 

48 

50 

52 

53 

54 

55 

56 

68 

69 



-.. 
~ 

I.1 

LIST OF TABLES 

Botanical Composition on Sunny and Sl1ady Faces 

(Sucl;:linc, 1959 ) 

15 

I.2 Avera[;e Annual D.H. Production for the Period 1952 - 56 

III.1 

III.2 

III.3 

III.4 

III.5 

III.6 

III.7 

III . 8 

IIL9 

III .1 0 

III. 11 

III.12 

III.13 

III.14 

III.15 

III.16 

III.17 

III.18 

III.19 

(Suckling, 1959 ) 

Uiml Direction Summary for 1972 

Rainfall Totals for Each Aspect 

Net Radiation and Evapotranspiration Es timates for ~Torth 

and South ' microclimate sites ' 

49 

Results of Chemical Analyses of Soil Saraples taken 30.3.72(58 

~\.rr.bient L.ineral lf i trocen Levels 60 

Net Nitrogen ~ine~alisation during Incubation 

Analys is of Variance of Het Eineralisa tion reans for 

Spring Incubation 

l·Je t l:i trogen Lineralisation for Som~ce Aspects during 

Spring Incubation 

Coefficients for Tiegrcss i on of Final Li neral Nitro5en 61 

Content on Final J.;oisture Content 

lloisturo Contents of Soil Cores used fo r l·lineral 

NitroGen De terminaticns 

k.1alysis of Variance of Final Hoisture Contents of Soil 

Samples Incubated du.rinG Spring 

Total Ni troeon Values for Soil Cores us i ng in Spring 63 

Ambient Level De t erminations 

Centigrade Hours above 5°c at 4 cm. in Soil, for Hinter 

and Spring Incubations 

Dung Deposition At North, South, East and Wect Aspects 

Comparison of Botani~a l Composition as determined by 64 

Point Analysis and Dry Weight Analysis 

Botanical Composition and Percentage Bare Ground as 

measured by Point Analysis 

Productivity on Slopes of 5° to 30° 

Comparison of Production Estimates uaing 25 cm2 Herbage 

Samples and 1m2 Herbage camples 

65 

67 

Comparison of Production Estimates made f or Two Slope 70 

Classes 



This section ic i ntended as a.'1 introduction to the study v;hich i s 

to be described, und us a r~eun:~ of i ntroducing certain general i<leas 

concernine uspec t diffe1·encci:;. 

11 Ec:olocy is the science concerned ui th livi ng orGnnisrns , both plc>..nt 

and anima l , in relation to their envir or.t1cnt or habitut 11 (Levy, 1970). 

Such a dcf'ini tion ri:lght not find favotu· ,.·i th the more pedai,tic 1r.euLern of 

i hc ecoJocicn.l discipline , but does manaee to convey the basic meC;.ning of 

t he tc:rr: 'ecoloc:y ' ie . the study of organi:::;r.r; ' at home' (Odum, 1959) . 

Odrnrr ( 1959) state::; i.hat many tcrrcstial ococystcmn 11 havc o. pnl'ticulurly 

corr,plcx structure ilwolvi.ng nm,cirous sr,ecies , ~nrkcd st.raU.fico.tion and 

va r iable pl!ycieal cnvir·onnc:nt, ••.• In local si tudion:::; there is much t o 

be cnined fro~ sir~linc out~ restricted cowronent (for study) . .•. . •. At 

the same time it ic iuportant th~t Kholc syctoffis bo studied sioultaneously, 

since ce1't.:1in funda1.ent:::l i n Lerrelationohips can not be readily d ct.eri:,i11ed 

by piecci:ieal study, 11 Jmy si.udy of vnriution i n a sirglc cnvirom1cntnl 

fac t oT is purely dc.;cripL.i.vc j f only thnt fc:.ctor is roasurod ce . a record 

of pasture bota11icc:.l coL1posi tion differences bet\:ee!'l t..spects, or be twoen 

nny contras tine; arc.'.lc , docs not provide any exr,lnnab on for the diffcr-cnccG 

A coDplcte unnly~is of edaphic , c l imatic und biotic djffercnccs 

bet\·t~,m o.s1Jects 1·1ou]d be an cxb.·e,:ely lnr{;e and co1,:i)J.icotcd undertal:ing . 

It i s , however , pos~i.ble to elucidute some of the inierrelationohipc 

ex istinc beh:ce:1 tl1c variouo enYironr.iental fac tors , through t he study of 

se l ected variables . 'l'hc selection of the vari ables whicl,. ,:er e exanined 

in this study was b.::ined on t wo cri tcria: f i rs tly , fensib:i.li ty of 

measurcir,cnt , and secondly, t he l ikelihood of d iffer ences occu1Tinr; between 

aspects , ns j udced by· J.is cussion and by perusal of r e l evant literat ure . 

The lite rat ure r eviewed i n this s tudy i s of two br ond c a t egories : 

firstly, liter a ture dealing wit h general concepts of aspect differences , 

and secondly , specific literature , in most cases desci:-ibing or reviewing 

experimental studies and the r esults obtained . The l a t ter cat egor y is 

dealt with in Chapter I and the former i s r ev i ewed bri efly below. 

Hicroclimatic(1 ) differences are knmm to exist be tween l and sur faces 

which are incl ined in different directions , ie. be twe en surfa ces of 

different aspect (Harming, 1909 ; Braun- Blanquet , 1932; Geiger, 1965; 

Chang, 1968) . Variation in the a mount of direct sola r radiation 

(1) see discussion of the terms 'climate ' and ' microclimate ' in Introduction 

to Chapter I. 



r eceived by slopine surf.:J.ces i s one of the main reasons for the existence 

of these microclimatic differences (G<c:leer, 1 965 ). 'l'he n::;:-.;ociuted 

differine cmercy input has a l arce i nfluence on the ener{sy b.:i.lunces which 

exi ot at the surfaces of the various nspects encountered :in the hill 

country 8ituc.tion. 

he ,1ri ttcn as: 

where: 

J,. simple energy bal ance for a bare soil surface may 

RN + B + L + V = 0 (Goicer, 1965) 

Ru= net radiation. 

B = ;'3cn::;ib1e heat lose t o the Ground. 

L - l atent heat loss due to cvaporc.tion . 

V = sensible llee.t lo,js to the air . 

The interrelationships of the el.01,,ents of this balance o.r0 

discussed in many texts, cc;. Geicei·, 1965; Slai:ycr and Ecllroy , 1961; 

J:unn, 1966 . The ma01i tuue of RN is deter:::iincd l1y the lac]: of bale.nee 

bchrccn net incominc short-·.-rn.ve ar,d net outcoin~ lone-,·rave radiation • • 
lfoar the Ground , i ncominc short-H.:we radiation consiuts of a di -rect solnr 

benm, nna diffuse sky r ad in tion, t he latter COI!ti.nc f r om the H!'o l e hemisphere , 

althouch more intense in directions c}osc to th:::i.t of the sun itself 

( Sl a tyer and J .c Ilroy , 1 961 ) • The proportion of incor.iine s)10r-t- .. rnve 

r adj ntion \·rhic:h is diffu::;c varies fl'<m about 101; under clc~:r- sky condi times , 

to 100) under overcast conditions . Thus , differences in chort- ,~ave 

radiation in:;_)ut b0hreen asrcctc will be e;reatest unu.cr clear-sky condi ticns . 

'.Lhe proportion of the inco!:li!1£; shor t - wave r adiotion v:hich is reflected 

from the surface it stril;_cs is knoim as the a lbedo. 'l'he fract i on not 

reflected is the net incominc short- ,·1ave radiation. The net outgoing 

l ong -Have r adiation , r.ientioned above, r epr esen+.s the difference between 

t errcs tial and sky lonc-- wave radiation. 

The Rn component of the :i.hove balance is expended by sensible hea t 

transfers which directly affect the temperature of the soil and air , and 

as latent heat during the evaporation of water. Sl atyer and Jk ilroy ( 1 961 ) 

point out that of all the variables involved in the energy balance only 

solar radiation can be r ecarded as at a ll independent of t he others . Under 

2 

steady conditions the f a ctors of the balance adjust to come to an equilibrium. 

Geiger (1965 ) notes that the situation descri bed above i s often c omplicated 

by t he horizontal transfer, or advection, of hea t from surroundi ng ar eas , 

thus introducing an additional factor to the ener gy balance. Although the 

ba lance written abo·.e is for a bare soil surface, the addition of a 

vege·~ative cover to the surface would l i ttle a l ter the c oncepts developed 

in the above discussion . 

It was previously noted that variation i n the amount of direct solar 

radiat ion received by sloping surfaces is one of the main r easons for 

the existence of microclimatic differences in hill c ountry. \'find a l so 



plays a role, in that air movement is involved in the determination of 

the magnitude of the cor.iponents of the enercy 1n1lance. Local winds may 

arise in mountainous hill country due to regions of different ter.iporature 

(Cciger, 1965). However , in the Neu Zealand situation of preva.:Lling 

winds and overall proximity to the coastline, and e:::ipecially in the 

smallcr-scetle liill country of the North I sland, it is probable that uind 

i.s only modified , _rather th2.n ('au.sod, by local topographic variation. 

Slatyor and I.cHroy ( 1961 ) st.::i.te tbn.t ".-rind is of cons:i.cicrable importance 

:i.n microclino.te, both as an element in its o\m richt and because it is of 

such influence on the atmospheric structure of temperature and humic.ity" . 

They conclude that the main effect of winc.l is te, reduce extremes of 

variation in tempsrature and hUJ:1idity, both in tin:e nnd in spr.J.ce . 

Local variation in rainfall llluY a l so occur in hill country . Geiger 

( 1965) notes that the cli1::atc of slopes facing jn different directions 

is affected to a larco extent by moisture conditions, as well as 

r adiation .:1nd uind, and tlrnt the senller the topo&raphic scale the L10:re 

the local precipitation is determined by the wind f i eld . In d:i.scussiTIG 

small-scale precipitation differences , Geiger pojnts out that more 

precipitation is found on the l eeuard than on the wj_ndward sicle of h ills , 

especially 1·1hcre wind speeds are hieh. "Dy gener a l ai;ree::·ment 11 (GciGcr, 

1 965) precipitation is measured using horiz:onto.lly diS}iOsed collecting 

surfaces, yet considerable controversy no,·; exists as to the relative 

merits of usinc horizontal as opposed to tilted collecting surfaces 

(GeiGer , 1S65; Yates , 1970 ). Doubt also exists as t o the propo~tions 

of r ecorded differences between aspects which are attributable to ac tual 

precipi t ation differences and those which are due to wind effects on 

r aingauee catch (Rodda , 1966 ; Jackson and Alcl riclee , 1972 ). 

3 

Edaphic differences ( 1 ) l>etueen aspe cts mi0ht arise for any of a 

number of r easons . Ross (1 97 1), in hi s review of aspect as a soil 

forming factor, notes that aspect, acting through mic r oclimate and its 

effects on organisms , plays an i mportant role in the ecology and thus 

soils of hillsides . Sears et a l (1 948 ) give fi gures for t he annual 

nutrient turnover , via sheep excreta, for grazed pasture, and remark tha t 

fertilizer progra.mmes shoulu be constructed with reference to the transfer 

of dung and urine from or..e part of a paddock to another. Hilder ( 1 966) 

discusses nutrient accumulation on stock camps under a sheep grazing 

ree i me , and also equates this accumulation with a loss from other parts 

(1) Soil moisture status and temperature will be considered as climatic 
rather than edaphic factors ; see Introduction to Chapter I. 
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of the paddock. The potential for nutrien t transfer between aspe cts 

appears to exist, and coupled with the probable influence of microclimatic 

and pasture differences between aspects on animal grazing bok1viour, such 

a trans f er mie;ht be expected to lead to differences in soil and. pas tur e 

characteristics between aspects . Grazi ne animals have a numbe:r of 

i mportant effects on plant communities , these effects being due to 

physical da11age , d,efolia tion and the deposi iion of excreta (Sped ding , 

1971 ) . Rurnball &.nd Grant (1 9'72 ) go so f ar o.s to state that 11 t he trampling , 

grazine;, voiding animal is one of the maj or determinants of pasture 

composi tion. 11 

From bas ic ecological concepts, va:r'iation in pasture struc tuxe , 

composit ion and productivi t y would be expected to be ass ociated with the 

differing environments exi s tinc at different aspects. 

The detection of vari a tion in edap!1ic, biotic and climatic f actors 

due to aspect , formed t he basic of t he study described here in. A hill 

' in the Sout l1c rn lluahine r anees of the Horth Island mw selected as an 

expcri me:ital site . 1,:easurer-1en ts of selected climat ic , ed aphic and 

biotic factors were made at each of the north , south, cast and wes t aspects , 

over a twelve month period. A description of each of the s el 0. cted 

factors uas the princ aim of t he stuciy and the collec,.,ion of da t a was 

cond ~ted with t his in mind . However , a secondary aim did exis t , namely 

t o elucidate , where poss j_ble, the intcrr 0lationships existint:; bch1een 

the environment.::il aYJ.u. pasture variables ncasu.:red . 

Tilrouchout t his thesis cor.:imcm names hnvc be e:i u:.:;cd , whenever 

possibl e , in referrine to pl ant species . The corresponding botanical 

nar:ies have been noted the first time each common name is used in the 

t ext . A compl ete list of the common and botanical names of species 

encountered in this study is given i n Appendix 10. 



5 

metres 

FIGURE I . 1 Aerial View of Experimental area and Surrounds 
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CIIAI"l'EH l LITBHATURE RI~VJl:M --------------- -----
1 • IlT'l'lWDUCI'IOU 

:F'or ease of consiclerationf the ·be loH revicu will be split into four 

sections, c-:.enling specifically 11i th differences in pa~1 Lux-e , soil, ,inimal 

and climc:tic f,: .. cto1·s boh-r0en clGpccta . For purposes of cl::i.ssificotion, 

soil r11oistm·e 1-:tc.tu~; and soil tcmpe:ratm·e 1·ril1 be con:.:;j_dcred. to be clinatic 

f nctors. Th,-' tcr;.13 ' c limo.to ' c..nd ' microclimatc ' have been used as 

synonym:3 ·b:rou,:)1out. Slatycr ,111d l·1cI11·oy ( 1 961) state thd 11 j .11 the bro~d 

s ense microclil::.atolo6y involves the ctudy of the c1iwatc near the cround •.• 11 

GeiGer ( 1 96:5) uses a hei.6ht of h;o metros as the boundary of tho air l ayer 

near the c:;~o'J.nd. If ' microc lirn2.te ' is used in t his sense the clinatic 

o.ensuremcmts vhic!1 uc:i.·e L1ade at ench ns:pect were , in fact, microclimatic 

measure8cmts. The suns:i1ine hours , r cln ti vo humidity , air t e1!1pora l;ure , 
• 

r ainfall o.nd \rind direction data which were recorded at the Balluntrac 

meteorolo~ical station (see Chapter II) 1nicht also be defined as micro

climat ic measurements , with the possible exc0ption of ,1iLd direction. 

However , the data recor<.led lie:..·c applied to the individual aspects , 

(see Chap ·ccr II) each Hi th a 1inique r::icroclii;;r:te , and on this basin the 

Deasu::-er!: ... ,nts 1-1ado at the meteoroloc;ical station mif;ht be cons.LJ.ercd to 

be climatic rather th an microcli 21o tic mensur£:1!1cnts . In order too.void 

the restrictions i nposed by rigid defjnition , and as noted above , the 

h;o ,·rord.s have been used as synonyns . 

In revieuing l i tern tu.re pertinent to t :1 is study , data from f orest 

situations has l arce l y been i enored . Direct compari sions of species 

distribution can obviously not be made between pasture ancl fores t 

vegetation. Hany of the herbivors prese11t i n e ither syst em are not 

common to both , and microcl im.'.ltic compari sions are difficult to make in 

many instances . Geiger (1 965 ) notes that t he forest-floor climate, 

which is lmder the sheltering influence of the trunk area , is basically 

different from the climate of an area of bare ground. It is appreciated 

tha t the microclima te of a pasture is also different from that of an area 

of bare ground , but much of the published above-ground microclimatic 

data concerned wi th pasture has been collected above the vegetative layer , 

as opposed to the situa tion in fores t studies. This view is supported 

by Cooper (1961 ) , who notes that "it is impossible to compare the climate 

of an open area with that of the forest-trunk space" . 
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2 . NICROCLHi.\'ric DIFF21?.1~HCES BETWEEN ;\SPEC'l'S 

Some of t he earliest reported data on climatic differences between 

aspects is noted by \farmine ( 1 909), Nho cites Giltay ( 1 C86 ) as making 

ob:o:ervations sh01.Ting differences i n te;.:pernture and humidity between 

Iforth and Souih-facine slopes of s and dunes in Ho1land . Braun- Bl anquet 

(1 932 ) quoten Rube l (1908) n.s sayi.nt; that the 1 total liGht' on a south 

aspe c t (in the IJoi·tnern He:..1isphere) is greater than that on a north aspGct . 

It should. be noted at this point i.h.:i. t althou;;h di:r.ect comparisons betwe,.m 

en.st and west aspects may safely be m~1de for different hemispheres , a 

north aspec t in the S0uU1ern llemisvherP is conparable to a south aspect 

in the Northern Hemisphere and vice versa . In most of t he ::,tudies 

r eviewed corr,pnrisons hnve been mu.de only beb·1een north and s outh aspects . 

Weaver (1914 ) r ecorded atrnometer evaporation over prairie vecetation , 

fro m r.;ay to Septen;ber, ir• \fashincton .::i.nd Idaho (approx. lat. 46°H ). iforth 

s l oi)e cvaporo.tion wo.s 6/i',~ of th.'.l.t on the south slope . \-leavor 1::.ttributes • 
t he differences recorded to t he prevo.iling S:S \·r i nd ; t he average wi nd 

velocity at 0. 5m . , during J.lay , was 2 . 4 kph . on the nor t h and 7. 5 kph on 

t he south aspect . 

Shr eve (1915), working i n the Santa Catalino. mountains, South Arizona. 

(ap;,rox . l at . 33°H ), found that the i nfluenc e of asp8ct on various 

environmenta l factors j_ncreo.sed ui th a. l ti tucle . During T:arch to Septeri.be r , 

Horth and So:Jth-facinG sites at 915 to 1525 m. altitude had sh1ilar 

atr'.iome t er evapor a tion r a tes . Grcwirne t ic soi l moisture content was also 

s imilar, al thoui;h only a l imi t ed amount of data was pr esc,mted (r.;ar ch and 

J une 1911, J.;ay 1914). At higher al ti tudes soi l moisture 1,ras l ess and 

evapor ation GTeat er on south than 0 11 north s l opes . In a l ate r study , 

Shr eve (1 924 ) reported that on 10° t o 12° slopes t he averae;e weekly m.::i.ximum 

soi l t emper ature a t 7. 5 cm. was great er on t he nort h t han on t h e south 

slope during t he s pring. As before , t his oc cur red only a t 915 to 1525 m. 

altitude, and a t higher a ltitudes t he difference was reversed. Shreve 

suggests tha t the lower altitude comparisons may have been conducted on 

slopes too s mall to show aspect differences. The soil temperature at 

noon was similar on the two aspects, but that of the north face continued 

to rise in the afternoon 11hile tha t of the south face did not. Shreve 

comments tha t t he sun was settincr North of West, as the s ummer solstice 

was approaching , and this may have explained t he differences in temperature. 

He coes not consider either the f act t hat the sun would have been rising 

North of Eas t, or the poss ibility of difference3 in wind velocity 

influencing soil temperatures on the two opposing faces. 



Cottle ( 1 932) , ,rnrl:ing on npproximutoly '30° slopes in S'.l Texas 

(approx. lat . 30°I!), r.c::Gw:cd various unvironr..eutc:.l fo.ctors on north and 

south n~~ ;ice ts d11r L:·;," three t,r·c..Tinc; sca;,onn . Aver< :;cs of fortn:i.:·;htly 

mca:1urc1:cnts OY8l' the t:nrec yc~:rs 8h0;·;cd BO:i.l r.ioii:;ti:.1.'e content to be l er.m 

( " by 5,• J, 

slii:;htl..r lm·:er, oi;i t}w souL!l ;.h··n on i.he north as,·ect. 

ovcr::i.gc::; oi' coj J. t( i:,v,!ratun•, ( ~~·ken at t;ro to fou-:: v:ock i11t01··1.-.ls ) uere 

s0 c hir;}1,..:r a.t 5 c.:. , and 5ol, llic;hcr at ..50 cm., 011 the south tl1.::;n on the 

prev,dlin:::; South to Southe"d,;t, rly. 

Aiki:,n11 ( 1941) , uorkin:: 01 a1;proxiL:a:l•Jl::r 1 G0 slo;JCS i n Sou thorn Io,:a 

( approx. lat . 41 ° .~), consid01 otl the 1:en t l.::;pect to be tiic raoe t ' xeric', 

foll m1ccl by the south, east ,'.n.cl north C:lq,ects r cr.;lJC!C'Lively. Tor;pcrature 

data is presented for July, 1l):;'. 1, only. 'i.'he av(:l'O.CG air tcr;:;lern. lures 

(from tuo-:1ourly thcrrr:ocrc~p:r1 ro,;.C:ln~s) for north t cuot , south mid west 

aapects \·;ere 25 . 5, 24 . 9 , 24 .1 :ind 25.8°8 rocr,cctivcJ.y. '.i?he avera50 5 cr'.I. 

soil tc::peratUTes i,erc 26 . 0, 2'/.7, 26 . 8 urd 29. 9°c respectively. 'l'ho 

greatc~,t d~ffercnccs iu atr.101~e:tc1· evaporc.t:i on. \;ere b 3t~re2n the ,wct ancl 

east a:c;pocts , and only data for t})l•se h·;o a.re: prosc,.tcd. by ,'.ikJ,an . The 

west aspect had a hichor at,~o,-:.ctoi· evc.porai.ion rate d1.u·ine- July and i~u,:;i.tst , 

ond a hi[J,cr averocc wind vc:l cc ity for tl1c period ::oy to 3eiJteLber . 

Ho.yes (1S!;1) Hor:::ed on cJcared forest u.ren.c nt ctltitudcs of G~O to 

171 0 Ji. i n liorthcrH Idu..ho (nr,prox . l at . 1,7°1;) , durinc the summer months , 

for three years . 'l'he ai'lOlL':tG of prccipi ta tion recorded on the north and 

south 3lopes were si~ilar. 'l'hc Hind vcloci ty was slightly greater and 

the average maximw:a duff surface t enperature 25 . 5°c hit;her on the south 

than on the north aspect. Daubenmire uncl Slipp ( 1 943) , ,rnrkins on bare 

talus slopes in the same urea , f0 und tha t a t mometer evaporation tended to 

be greater on south t.han on north s lopes during Jm1e and July, 1941. 

Unfortuna t e l y , much of t he European literature on climatic differences 

between aspects has not been translated from its language of publication. 

Geiger (1 965 ) r eviews s0me of the German literature en this topic , and 

Shul'gin (1 965 ) ~ome of the Russian literature, the l a tter being especially 

concerned with soil t empera t ure . Geiger (1 965) pr esents a table by 

Schedler (1950, 1951) for Vienna (lat . 48°N ), showing the amounts of direct 

solar r adiation arriving on various s lopes at diffe1·ent times of the year. 

In July a 2Cf/, north s lope would r eceive 83% of the r a diation r eceived by. 

a south slope, and no direct radiation a t all in December. The equivalent 

figures for wes t and eas t slopes would be 92% and 46%. These differences 

are r educed when diffuse r adiation i s also considered , eg . Geieer (1 965 ) 
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cites Grunow ( 1952) , who derj_vcd actual figures for ro.diation on 

approxirnotely 30° north and south sJ.opes . Values for the ratio of direc t 

radiation r ~ceived by the ~orth ~nd south slopes ran~ed fro~ 2% in 

Dece1..bcr , to 73i!i in Ju:rw . \'!hen diffnse rnchn tion \n1.s :i.ncluded, values 

of 32;~ :i.n Dece:..1ber :.-md 94;:C in July Here derived . 

Bryo.I:1 and Jcr.1ir.;on ( 1 S43 ) fomLd that nenr the 2mm;1e r solstice, in 

the S0utl1cr11 A;ip.:.l(cl1iavi. r:iount .. i .. : n:.; ( a1)p:l.'0Y. , lat. 36°n ), nor-th facC;s of 

18° slope rcceivccl r•.1::-iof.l l; as ri;:i~h radiati.on us south faces of si1:,ilar 

slope. Gate:; (19G5), ,rnrking f1·0~1 first 1)ril1dples, states that north

facing sJ.crcs at r.1j_d.l:.1c lati·cuC::.oo (in the northern licrnisp}~e re) 

receive muc:h less sol11r rc:dio:t:i on in the Uintcr tl1an South--focinc 

slopes . Houcver, in the Sumr.:cr, TJorth-facj_n~ slopes may receive an much 

or more rodi n tion than South-fo.c:i.n(; :3lOiK)S. 

Geir:;or ( 1 965) cites evidence to sui-1rort ld.s the:ory that in the 

Northern Hem:i.nphe:!.'8 the Hnrmost Glories aro a.s a rule those f.:ici11c S0c1.th-
• 

1-10::it r athe:.: than ,'301-1.th. 'J.'his tL.0017 propo.3C8 that al though 1·adiation 

i s distributed evenly eithe r sitls of the noon line (providing cloud cover 

does not differ bet-.-:ecn r1ornin{; and aftcr1100P- ), radiative heat recc:i.vecl 

in t he :::orning is n2.inly used to dry the su:.·f.:i.ccs on Hhich it falls , ,1hile 

in the Dfternoon r:.o::; t of it i.s u::.;uc: for hcatj_y1c t he soil. 

J ackson (1 957) , 1:o;~kinc et 'l'o.i.ta , l:c,: Zealand (aViirox . lat . L'(l 0 3) , 

deteri!iined t ile effects of slo1,c , aspect an1l albedo , on net r adi2.tion and 

po t ential evapotransr, irCJ.tion ( PLT.). Jackso.'1. co1:!pu cod vo.lues for soln.r 

and net radiation clurinc 1966 on north and south slopes of 20°. 

Radia tion measur ements for a horizontal surf.::.ce were usecl as a basis for 

computation . PBT . uas calcuJ.ated , usinG Pcrn:ian ' s me t hod. , for north , sou.tr1, 

cast and wes t aspects . net raJi.:i.t:Lon values ranged from +25 and -25 ly./ 

day for north and south slopes in June, to 305 a nd 280 ly ./day in January. 

During November and December the soutn value::i were 88)6 and 941i of the 

north values. PET. values for 10° and 20° slopes were highest on north 

faces, next hibhest on east and ,-,est faces, and lowest on south faces. 

A differential wind spe ed function was not incorporated in the Penman 

calculation and had one been used the relative values obtained may have 

been significantly different. 

Shul'gin (1 965) reviews Russian literature on the influence of relief 

upon soil temperature. In general the review suggests that south slope 

soil temperatures are usually greater than those of north slopes. However , 

Shul'gin cites Saprozhnikova (1950) as postulating that differential 

evaporation rates, as well as different solar radiation inputs, are 

important in determining soil temperature differences . Saprozhnikova 

noted that when the soils and vegetative cover on north and south faces 
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uere similur, when the :::lopes were not steep , n.nd when .:i southerly wind 

was blOiling, soil teI'.lpcr.'.lture differences botm:en opp.:>ninF, aspects could 

be very ~r.:.nll. Shul ' cin ( 1 965) ci tc:; Drozdov ( 1 952 ) as rccordin.:; 80 C'1. 

soil tcr..rerntures on four nspE:cts . 'fhc tc:Ji')Ol'Oh.J'CS for couth, iient, east 

and nort:1 faces durinc tlto Su::-::1er ucrc 19 . 3 , 18.5, 18 . 6 , rnd 15 . 3°c 

r espec t ively, and · dur~nc the ':.'inLc·r 5 . 3 , 5.5, 4.0 ond 4,2°c 1ct:r,C;ctivcly. 

'.·.cIIn.ttie n.nd i cCorr.:.c;,:: ( 19$1 ) con<luctccl :~ study on cleared and 

unclcared. forest stri}i!-' in On Lario (np,>ro;~. lrit . 51 °n). '.i.'he cleared 

strips had 15° and 30° slopes on the north ond a 5° sJopc on the south 

anpcct. During Fny t o Scpte:.i:ber , 1 J55, a nur.-.bcr of environmental 

v0 riables were recorded on these cleared strips. Piche evaporation 

fi[;Ures \rcrc about 20;:, t,rciater and l.!10.;-:it1u:n uir temperatures were 1 °c 

c ooler on the south than on the nox-th aspect. 'i'Le south face ,ms n1'·ays 

warmer in tcr;r.c of 10 er.. soil tcn.:pc:raturcs recorded at nVi.roxir.:ate l y 7 . 30 
• 

am., t he difference beh.ccm ..:.opcctc increasinc fro.:1 l.ny to Septc:nber . 

Ecilu ttie and .. cCorm::id: con..,ider thu t as the un~u] ur altitude of the sun 

bec3.r.1e sr..nller , i.e . w., the uinter solsLico a p_.ronched , a l,irc-or pro.::,ortion 

of the rudi.'.ltion reacltin:s the north u.spec:t wu:::: :Lntcrccptcd by vcce t ation , 

and tLus cont:ci1uted to hc i..i ti:1t,; o.f ihe air . It is postulated thnt t a i~ 

increased inte1·ccption, cou:biaed Hith hic)wr evaporative heat loss on the 

south uspcct , uould fit in ;;i th the pattern of hiiher air te.::pcratures , 

but lower soil ter.1peratu1·e:::: , on Lhc north fnce . J,:cHattic and I-.cCorr.i.Ck 

suceest that in the encrcy budcet of a surface the evapor ... tive proce:::;c 

may be t hoUGh t of as "having priority over the radiative o.ncl conductive 

processes in t he spendine- of the heat income" of the surface . This 

r casonin~ is supported by the contention tha t a noist sw.'face r.my suffe r 

subs t antial heat loss due to evaporation when it is cooler than its 

surroundings . Work by Halstead (1954) is cited. Halstead found that 

directly following rain as much as 85~-~ of ne'.; r adiation was lost as l a t ent 

energy. This figure , which is for a grassed area , dropped to less than 

20% after a dry period. 

Ayaad and Dix (1964) made measurements of various climatic factors 

on 13° to 18° prairie slopes in Saskatche,rnn (approx . l at . 52°N) . 

Unfortunate ly, the average situation is not represented by the data given, 

as measurements wer'3 made only on clear days , and on only four dates during 

one season . Ayaad and Dix found that the "seasonal average air tcmpe.rature" 

(derived from measurements made at different locations a t 2 . 00pm and 

5 . 00pm . ) was 0.9°c higher on South than on Uorth-facin~ s lopes . 
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Averace soil ~oistu1·c contents were sliahtly Jower on the south face , and 

the avor.:ice soil surface tcrr.1Je:raiure for the four days w.23 2 . 9°c hicher 

on t.he south slOJ?C- than on the north slopes. 

numhnll (1 966) , et Palmcr.,ton Horth , He-..r Zealand (a;iprox. lo.t. 40°::i) , 

found t;1;lf; over i.!10 Sprmor and early Autumn , 1 nhacly ' face soils had 

hic;hcr r10:i~;turc cqr tents than ' sunny ' face soils , to a depth of at l east 

30cm . J,a<lcliffo ( 1 :,GD) , invcsti[;.:ii in:; soU conditions on tracked slopes 

of north :.nd south .'.1.,,pccts on B:ml.a Pc11insu}a (aJJ(;rox . lat . 4,1°s), 

clcte:mincd :::oil ,:ioi:Jturc contenb from mid-April to late-l;ovember . 'l'he 

o..verar.;c r,oisture contcmt uac ahmys hir:;her on the south aopect, mean values 

for the entire period boine 26 .1 and. 42.4 e ./cc . for t he north nnd south 

faces ~esrectively. 

Tcr.,1,(':ratures were recorded on apr,roxii:,,ttcly 1. 5° to 20° sunny and 

~~ha:ly ::;lo/:c at Te l.:r~,_ hill cou.,,.try re:::;n[lrch ntn.t:i.on (ar: 1:rox . lut . ~-0°S ) 

over a nu"t8r of yc.:n.'G. ' lka<lings were tru:en at 9.30~,.daily . J-:ean 

mollthly 1 Oc::i . soil tcr:irc:::atu:::cs , calculated :froru data recorded durini; the 

period 1 S:::iO to 1 %0 , ,.-ere i:-i all cnirns hig-lrnr on the sunny than on the 

Ilo;-rnvor , uhcn cx::mjncd on u yearly basis, tiw rwnthly figures 

for tl,e ::::1acly face ircrc occar;j onal.l .{ the s:...:·.Jc, or higher, than the fic;ur cs 

for the sunn::,' far,c . 'l'his occurred during Decenber for four of the 

nineteen ycnrs durin::; uhicl1 records were kept, and durinG Januc.ry for t;10 

of the ni~eteen years . Durin;; the renainder of the yenr the average 

r:ionthly soll te12pc:r:~ture on ti1e :::un,iy face ;-;as , without fail , hi~hcr than 

t hat on the shady face , the diffcror,ce beint; ~en.test during the winter 

months . Durinc the yearc 1954 to 1968 , '.:linimum grass terr,peraturos and 

rr.axir:um 1 C!'.'J . soil t er::_per.:i.tu:ces were alno recorded . As for the 1 Ocr!1 . 

soil te!:,rer2.turcs , t he 1:!can monthly minirm.:.m c;rass and 1,1ean maximum soil 

temperatures for the entire (fifiecn year) period were hiaher on the sunny 

than on the shady face . When the values for the individual years we r e 

examined , the averaee conthly grass m:i.nimu.m temperature was frequently 

highest, and the averaee maxi mum soil t emperature occas ionally highest, 

on the shady face . ( Suckling , unpublished data). These results demonstr ate 

the limited value of average temperatUJ:'e data , collected over a long period , 

when c onsiderine a specific shorter period . The data also indicate the 

dangers involved in a ttempt i ng to extropol ate to the average situation 

from information recorded over a short period o 

Taylor (1 967), ,·rorking on approximately 22° s lopes on north , south, 

east and west aspects of a hill near Aberystwyth (approx . lat. 520N) , 

in Wal es , calculated growth deerees above 5.5°c for 31 selected weeks 
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throughout 1954 m1d 1955 . No data were ava.i.labJ.c for Jul y to September 

each year. Using the minimum temperature readin0s of cround level exposed 

therDJ.omvters as a h3.sis for calculntion, the follo'.line values for c;routh 

dcarecs vrore obtuinccl: 64 .• 7, 54 . 2 , 47.7 and 44.3 for south , west , east 

ancl r..orth ~s_pectG rtisr,ect:i.vely . 

\/hitc et !'ll (·1972) , workin:s Qt Hunun, !forth Cr>.r~tcrbury (o.pprox. lat . 

43°S), on north and south aspects at an aJtiLude of 500 m., state that 

there ua:.: niorc i,iJtd and rrrcater cvaporc!.t:i.on on the north n.spcct , and t hat 

for long periods tl'c Goil wa::, clrier on the north t han on thP. south aspect . 

Yates (1970), at J,;alrnra (a:!'l r rox. Jat. 41°s) , found that rainfall, as 

measured by gauges i·1i th horizontal collecting su:rfaces , varied on north 

and nouth aspects according to v,ind direction . Tables presented show thut; 

differences as great .:.s 6?i~ c:.-:ioted beb,ccn aspects. These differences 

were greater with incr~~asine- \/ind velocity. ,fackcon and Aldridcc ( 1 972) 

found a sir.iilar po.t tern of 
1
hi.;lter rni::ifa1.l on leeuc.rd tho...'1. on winduard 

aspects, at Tait.:1 in the Hutt Valley (nppro:,: . lnt. 41°s) . The 

interpretation of these diffcrenc~s, in terns of actual differences in 

rainfall, is difficult , as discussed in the introductory section to this 

stud.yo 

Summary of Eicroclir::n.tic Differences bet1..een Aspects. 

A picture of r:1icroclir.u1.tic d.ifi'el'Cmccs be twecn aspects energes from 

the preceeding r evicH , althou{;h contrndicU.ons do occur between studios , 

and at tin:es the picture is some1.-1nat indistinct. The follOi-iint; reswrn~ 

uill concider the studies reviewed, as they might r elate to the widdle 

latitudes of the Southern Hemisphere . 

Solar and net radiation appear to be simil ar on north and south faces 

during the summer months . However, durine the major part of the year 

North-facing slopes receive more radiation than South-facing slopes (i.e . 

s l opes of similar inclination), the differences between the two being 

greatest during the winter months . The t emperature data considered is 

hs.rd to i nterpret , due in many instances to inadequate descriptions of 

the areas invest~_gated and of the sampling techniques used . Soil and air 

temperatures on south aspects appear to be similar to , or lower than , 

temperatures on north aspects during the summer months of the year . In 
general , soil and air temperatures of south faces are lower than those 

of north faces during the r emainder of the year , with differences being 

greatest during the Winter. Probably the larger differences during the 

Winter are due to the pattern of radiation differences between aspects . 

The reason for this pattern is the seasonal variation in the angular altitude 



and declination of the sun. \'find-speed nnd wincl direction data are 

non-cxictcnt in most of the s tudics revie,-1Cd . The relationship between 

wind speed , cvc.po:ration and air ;i.>1c1 soil 1..C!.'lrcro.turo~3 appears to be an 

ir.iportant de Lerminan t o.f the diffcre::i.ce:J in aspect r1icroclimat o , houever , 

the r.1ost ir:iporta:1t doterr:iinant in the mnjori iy of c.'.'?.scs iG the vo.riation 

in ~olc.r re.diation input . 'ri11: rainfall cor:ipc.risorn:: ,.-hich \/ere revi oHed 

are difficult to i nterpret . Data on relative hur.idi ty dif fcl'encos arc 

scant a'1d. J.ittle can be concluded re:;nrd:i.nc the variation of thio 

envirun.icnb.l va.riable uith clw.ncinG l!.Gpecl . Frcr1 the li;:ni tcd iru 0rT1::1 tion 

avo.ilable , it .:;.pponi·s th,:. t ovoraee soil tecpera'.,uros on iies t a::::;_)cc ts are 

likely to be hichcr than thone on east aspects , .'."llthouch rad:i.aiion~l inputs 

would be i clcntic;1l assur.iing no oiu.cnal vc:riation in cloud cover. 

3. V1'.-'GETATI0::1J, DII'i:'E'::.:.1CES n::r:TDE:T ASE·/;'rS 

Such difforenc8s have• long been rcco.::,niscd o.r; . Theophrastus (c . 

300 B. c . ), 1:11:i lc ' tnlk:i~e of trees ', co1i1r:icni s th.:it • •.••• 11 s o;.~e love 

exposed nnd sunny posi tio:is ; sor:ie pref or a slw.dy place . 11 

Cottle ( 1932) staLes that in S0ut.h::o:,tcrn ~'ex.::s .trees and t a ll 

er asses p::.·edorninute on north slopes of the r::oun tains, ,rhile on the 

southern slor,es short e-rasscs ancl ot!J.Or · ~:cric ' pJants ::trc the dor:iinant 

species. Cottle found that Houtcloua ~ · ,wre the dot1inant specioo 

on the oouth aspects , 1·1hile on the nort h asµocts ] . curti no!"1d uJ.n , 

Andropo:;011 sDp . nnd S'"'orobolu::, 1:rir;htii for~,cd n dense r.:l!.t , 

there 1·1cre ap:proxi r:c1 te l y the same number of' pl ant s per unit m·ca on both 

aspects , those on the sout h slopes v:ere s::1aller . 13.:i.sal cover ucai:nrrements 

sho;-;ed vcge t a ti0n on the north aspec ts to have a cover v a lue of 1t1r . 51_; , as 

compared to 7,; for the south aspects . Dry l!Catter production on the south 

aspects Has only 51~ of that or1 the north aspects . These produc tion 

measurements were r::ade on areas which were not prote c ted from herbivors , 

and t his makes interpretation of the results difficult . 

Humball (1 966 ) measured pasture composition on s e t s of opposing 

aspects at various s ites throuehout the lower North Island . In most cases 

sweet v ernal ( Anthoxant hum odoratum ), brmmtop ( Agrostis tenuis) , hawkbit 

(Leont odon taraxo.coides) , annua l clovers , danthonia (notodanthonia sp:g. ) , 

and rats tail ( Sporobolus capensis) were most abundant on sunny faces , 

and ryegrass ( Loliurn perenne) was most abundant on shady faces . 

Hadden ( 1940 ) , in discuss ing his pasture class ifica'tion i nto which 

t he study nr ea of this project falls , notes that although browntop is the 

dominant species , it may large l y be r epl aced by danthonia on ,-mrmer and 

13 



drier s lo pes . Suckling (1964 ) makes a similar observat ion fo r Te Awa . 

Ayaad and Dix ( 1 96'1- ), vrorking on 1 30 to 1 s o prairie s lopes in 

Saskatchewan , found that sooe species had uarrow ranges of distributi on i n 

r el ation t o aspect e . g . Boutcloua cracillis w::i.s identified with eas t and 

south aspects , and fjtip .::i con:ma ta v!itli sout h aspects . I:os t s pecies hm·wver , 

had wide ra.nGeS of distr ibution i11 relation to aspe ct , showing o. gr adual 

i ncrease in iopor tance value (calculated as t he sum of r el ative density and 

r e l.:1tive frequency) tow,:J.rds a maximum on one or t uo aspects e . c; . Koeleria 

cristata i ncreased in impor tance value towards the south aspect, and l?_t i 'Q§_ 

snf3.rtca t o1·1ards the east aspect . Onl y one specie:::; (Carcx eleocharis ) 

f a i led to show a r eco6nisable dist riuution pat tern . Ayaad and Di x concluded 

that the primary axis nlong which t he vari ous specie::; examined were arr anged 

was one of heat budget and moisture r egime , and t hat the secondo.ry axis was 

one of ~o i sture regime . 

Perring (1 95S), working.on chal k s l opes i n North Dorse t, En.el and , 

found that car.y of t he species invcs t icated were distri buted. i n c. manner 

similar to that des cribed by Ayaad and Dix ( 1 964 ). Subj ective cover 

estimates were used as a basis f or compari son . Some s pec i e;:; which had 

high c over val ues on certain nspects ,rere al so abundant on other aspects . 

Othe r species having maximum values on specific aspects were f o;__md t o have 

low cover values on a l l ot her aspects . Lotus corniculatus ,·ras a:::i example 

of t he former pat tern of di stribut ion , being r1ost ab;__mdo.n t on v:cs t and 

southues t aspe cts , and suee t ve r nal uas an exampl e of t he lat te r, be i ng 

mainly distribu t ed on t he nor t h1vest and eas t aspects , with low cover values 

on all other aspects. Perrine concluded t hat the main axis of plant 

distribution was Southwest-Ifortheas t . Xerophy tlc spe cies t ended to be 

four.d on southwes t as pe cts, gr ad i ng thr ough . to mesophytic s pecie s on the 

northeastern a s pe cts. 

Suckling ( 1 959) , working on hill countriJ at Te Awa, recorded the 

botanical composition of various broad pasture classes. Point analysis 

data (' all hits ' technique) yielded interesting contrasts between aspects . 

Some of the data presented have been reworked to give figures which are 

percentage values. Table I.1 presents values, for ' sunny ' and ' shady ' faces, 

recorded in 1949 and 1957 . The figures for 1949 are for 'unimproved ' areas, 

those for 1957 for 'improved' areas which had been oversown with legumes, 

topdressed and stocked at relatively high rates. 

14 



TABLE I. 1. Botanical Composition (;~ ) on Sunny and Shady Faces . 

( suckling , 1 959 ) 

·-,--- .. 

~;j 0 0 0 cl lJj {/l >-< . - { () ( ;) 0 
<.q f-j 0 ;:,· l.•l f-j ~ 0 s-J i.: r.:: µJ 
Q c,i () (D (~ 8 (1) ::t t~ - 0 u' <+ 

(Jq CD ,,- :; r.· ({) c+ :,>," . w , , 
~ Ll f-j c+ er, ~J. ::-,- c-1· (D 1--' GJ 

p (1) 1-1, ~.:s 0 c-1· ~3· I-'· () p 
• (Jl p, ( _; C•'J :..s 0 < I-'· () :..:; f--' Ii 

CJ) 0 {,~ I-'· ' (1 (l) •-! f--' Oq 0 
p_, c+ Ill f-j (0 0 < 
0 ·-~ :.:s < 0 (\) 

o:i Q p ·-~ (D f--' l·j 

{,~ Cll f--' 0 1-i 0 
c-~ 0 C\J < 
µ) s:::: Q 
f-'· CD 1-i 
f--' 

1 S49 Suimy I~ 3 5 8 2 11l 2G 11 1 1 0 10 

Shc.Qy 1 2 0 20 0 22 7 1 G 11 2 0 15 

-- ·--·-
1957 S1umy 13 8 1 7 9 1 9 3 7 1 2 1 5 5 

Shady 6 12 1 7 2 24 2 17 12 1 1 3 

l~j 
re, 
>-j 
(U 

o:i ,, 
0 

s ,_, 
p. 

1 5 

0 

0 

3 

These fiBures indicate that differences in botanical c o~position 

behwen aspect::, Lay vary accoru.ing to ir.o.nagerr:ent practice . It is a lso 

probabl 0 that differences ooserved on a specific area could not easily be 

extra1, _ated to other areas , due to variation in cliD.atic , odciphic and 

management f actors . Trends do appear for the botanical coi 1posi tio!l of 

t he surmy and Ghady aspects in •rablo I. 1 • Danthoni2. and ryc i:;ra::;s ap::_::car to 

be more iibundant on the sum,.y than on the shady faces , ui U: Yorkshire foe 

15 

(Holctu~. l ai1atu.c":.. ), and brm·mtop mor e abundant on the shndy faces. Suckling 

( 1959 ) also g iv es production data for various pasture classes on s,mny and 

shady faces . 'rable I. 2 . presents figures for un i mproved a:1c. in proved 

stockcamps and hi llsides . 

'r ABLE I. 2 . 

I 

.~ 
0 p 

,-..'O 
Q) 

> 
0 
1-l 
P. 

~ 

Average Annua l D.H. Pr oduct ion (kg ./ha .) for the Period 

1952 - 56 ( Suckling , 1959) 

Sunny Shady 
'U 
Q) 

> Stockcamp 12, 200 15,900 0 
1-l 
p.. Hillside 5,200 5,900 

Stockcamp 17,700 18 ,500 

Hillside 8 ,700 8 ,100 

The unimproved sunny f a ce figures are averages for two paddocks, the 

i mproved sunny face figures for three paddocks . All shady face figures 

are for one paddock only. Suckling (1 959 ) appears to place little 



significance on the only clear cut difference .(between aspects) in thi.s 

table, i.e . behrecn the unimproved sunny o.nd shady face stockco.mps , and 

stntes that thi s difference ,rn::, probably due to hith stock concentrations 

on the sunny hilltop of this paddock. Suckling (pcm .comm.) explains tlic.t 

the o.rca fron uhicli the unir.iprovccl s~wdy s tockcamp d~tta 11c1s collected had 

fo rnf:rly been pal't .of n holc.lin~-; p11ddocl: 1 and a::; such 1·1as atypical. lfo 

other outstand.inc differences in [1nnual dry r:utter prod.uction occur between 

surmy arnl sh3.dy fucos. 

;fhite et .0.l · (1972) , worlci.nc on opposi:lf; aspects at 500m . in Horth 

Canterbury, found. that danthonia species we1·e d omino.nt on the sunny slope, 

1,hile on the shnciy slope tLe clc..nthonia 112-3 replaced by chewings fescue , 

(Festnc:,l rubra vor. co_!:-!'lutaht), sweet vcrn~ll and Yorkshire fog . In the 

unim proved state, pc:Jt nrc production was sirr,ilar on the tl-10 aspects ( 1390 

and 1 ]GO vdlrn .. /y(:ar) . Eo-.rnver , four ye~rs after the introJ.uc ~ion of 

clover , production had incrt1i2sed 50)~ on the sunny aspect to 2100 kc ,/ha ,, 

and t hreefold on the shady a.sp8ct to 4190 kg./ha . 

Soil l.JlO:i.s-cm·e status and soil te rrrperature h.:we previously been 

discussed as 1,licroclit:ci tic variables. 

Perring (1 959) , on cha lk soils in Horth Dorset , found that for 0 

to 10 cm , soil sc.::::})les , pH was not r elated. to aspect , nor ,-rn.s t. e 

exchariGeable pho:.-;p1intc level. However , aspect 1·ms fou:id t o affect the 

orc;anic carbon content , exchangeable potassiurr; l evel , and exchanccable 

calcium level of the soil. Additional si tcw at Cambridge and East Riding 

in E~1,'.,;land, and Houen in Fr ance, were n.lso investiented , and a t these 

sites exchan geable phosphate levels were also found to vary uith aspect. 

Exchangeable phosphate , potassium and orcanic ca r bon levels were a ll found 

to be affected by grazing as opposed to non- gr azing treatment. The type s 

of grazing animals i nvolve d is not s pecified , but appear like ly to be 

sheep and rabbits. 

Rumball (1 966 ), at Palmerston North, found little difference in Oto 

60 c m. s oil compac tion on s unny and shady faces, Bulk densities also 

appeared to be siruilar on the two aspects. Radcliffe ( 1 968), working on 

two soil types at Banks Penisula, on north and south aspects of mean slope 

24° t o 32°, found t he bulk densities of Oto 76 cm, samples to be 

significantly higher on north than on south slopes. Porosity was also 

higher on the north slopes. Calcium, pH and total nitrogen levels were 

not s i gnificantly different be t ween aspects, but phosphorus and potassium 

levels were higher on north t han on south faces . 

were higher on sou th than on north faces. 

Organic carbon levels 
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White et al. (1 972), working a t Hunua in North Canterbury, found that 

the soil pH on the north o.r:pect under examination Has G.1, whil e that on 

t he south aspect was 5. 6. 
Grcenlmi d and O.·rcn:..: ( 1 967), ,101-Jdr![; i11 the ChiJ.ton Valley in the 

Southern Alps , fonnd that t11c cla y content of the soil varied wi.th aspect. 

noss ( 1 971), workins 011 north :u:d 1::,ou th uspbcts at an al ti tudc of 

11 80 111 . in t he }:;.:1st c;,rn Ben o:,nu HD.11.ic , foun.d that t he south slope soils 

Here 1,1ore acid xicl. :w.d hic;hcr c a tion Gxchancc capa c:i t ies tlw.n the n orth 

s l o p:: soils. Eoirnver, t ile sunny slo:p2 soils had hi5her orc::mic Hatter 

c onten ts aud gr0nte r ba s e sa'cnration vnlues tha n t:be shady slo;Je soil s . 

Ross revieirn sone of the li tcruture r e Garding aspect as a soil formi ng 

f actor ::ind notes that al thm1gh chnnc:os in soil properties 110.y occur bet reen 

d ifferent aspects , the nature an.d extent of these differences is h ie;hly 

v ariable and depends on loca l conditions. 

5. D IFFE~~EECJ~S B~'j'';!F,Ei·T ;,s Vi~CTS DUl~ 'l' 0 A1JH1A1S 
• 

As far af3 is knmm , no detaileci_ clnta lws been published on differences 

between aspects due t o anir: a ls. 

i n c ludes b oth micro - nnd r.rc.cro 

Strictly speaking , the term ' ani::ial s ' 

f:HlY'_a , however no considor[:tion was ff ad e 

of the former in the study describecl herein , other tha n indii'Cctly by 

nitro~en mineralisation studios . 

Suckling ( 1 954) noted, during an attempt to bare pasture Simrds a s 

much as possible prior to oversowin:; , that \-rhe n la.1·ie mobs of sheep and 

c a t tle i-rere rotationally cr<1zed the u.:,.ir::als tended to c onc;regat e on war.n 

s unny faces , whi l e the s lw.dy fo. c es were neGlected l:1niost c or.ip l etely . 

Su c ldfog ( 1 964 ) found tllu.t Hhere sunny and. sh.:1dy faces He r e n o t sepa rate l y 

f enced , ,,reeds established ancl pasture bec 2JJe long an.d r ank on t he shad y 

s l o pes I t hus for c ing stock r.:.ore and iwre onto t he sunny slopes . The possibl e 

effects of different i a l excre t 2.l r eturn on s0i l nut rit i onal st a tus a re 

illustr a ted by t he two studies ment ioned below. Sear s and Eva ns (1 953), 
compari ng s mall g r a zed a r eas under diff e r e n t levels of animal e x cretal 

return , found tha t the full ex cretal r eturn areas, as oppose d to the non

return a reas, had high e r s oil organic matter, tota l nitrogen , available 

phosphorus and e x changeable pota ssium levels. Hilder (1964), working 

on sheep-grazed a reas, found very h igh ex changeable potasnium, magnesium, 

calcium and availa ble phos phorus leve ls, and high total nitrogen levels, 

in soil samples taken from stock camps , as compared with samples from areas 

other than stock camps. 
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CIIAITER II r:ETHOD.'' 1um i:AT:SRil\.LS 

( A) rnTlWDUC'rron 

The expcr:Lrr:entCtl [,rea wan a small hil1 approximately 170 m. lon& and 

60 m. Hide. 'T.'he hill is located on Ballantrn.c , the hill country research 

station of Crassl2.r~ds Division , D.S.I.R ., situo.ted in the :foothills of 

the Southern Huahine; rOJ1ccs. 'I'hc areo. Hhich H3.S used is adjncent to the 

3addle Hou.d, Hhich traverses tne rane':es lieh~een Ashhurs t and :foodville . 

The number one JJallnntrne metcorolocical 3tation is situated apj)roximately 

70 m. fr~1 the iiE encl of the hill , and is at longitude 175° 50'E, latitude 

40° 18 'S. Further r:1cntion of the Ballantrac me teorological station may 

be taken ai, refe rrinc specific ally to this station. The hill concerned 

is elon5ated r ather tlwn conical in shape, runs in a NE-S'il direction (see 

},i gures I.1 and II .1) and is at an altitude of approxir!iately 360 m. above 

sea level. 

The soil of the area is 1:go.moka hill soil, a silt loam derived from 

sandy si1t::itone. The profil e comprises 20 cm. of dark brown silt loam , 

overlyinc., !i.j cm. of yellm·rish broi.m silt l onrn, on mottled pale brown and 

strong brown fine sandy loam. l:im~oka hill soil is strongly l eached and 

the to r-soils are moderately ac~d , very lo':i in citric acid soluble phosphate 

and high in exchangeable potassiurr, ( Couie, unnublished data). The area 

was not to pdresseu in the thirty ye,:,.rs pnrcecdine- thE: experiLiental period , 

as far as can be deternined (Suc~ding , pers . comoo ). 

Four sites , each approxir..atE:ly 1. 5 m. sc1uare , were selected, one on 

each of t he north , south , east and uest aspects of the hill . 'rhese sites 

were chosen acccording to t wo criteria : firstly , approximation to the 

desired aspect, and secondl y, similarity of slope behreen the four sites . 
1i'he c m1pass bearings of the sites selected , taking true tTorth as o0 , were 

' East ' 90°, ' South ' 170°, ' \lest ' 300° and ' Horth' 355° (see Fi gure II.1). 
1.rhe slopes of the r espective sites were 14°, 15°, 1 o0 and 13°. Slope was 

measured using a device described in Section 4.2 of t his chapter, and the 

above bearings were determined with the aid of a compass . 

'rhroughout 1972 a number of microclimatic variables were measure d at, 

or adjacent to, these 'microclimate sites' ( s ee Figure II.2)o These 

variables were air and soil temperature, soil moisture tension, rainfall 

and wind run. Data on relative humidity, sunshine hours, screen minimum 

and maximum teI:1perature, rainfall, and wind direction, whi ch were recorded 

at the Ballantrae meteorological station, were also utilised in the 

description of the microclimate of the experimental area. 



I 

metres 

FIGURE II.1 Aerial View of Experimental Area . 

( • indicates position of Ballantrae meteorological 
station; W, N, E , S i nd i cate location of 
'microclimate sites ' ; O indicates location at 
which hut was sited) . 
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1·'.easurcrael.lts were also r:w.de , durinc 197?. and early 1 973 , of pasture 

production nnd botanical co1.~posi tion, of various soil chemical and phyr.iica l 

c haracter istics, c.nd of the amounts of sheep dung depos ited at north , nouth , 

en::;t and. we::;t faces of ti1e hill. It choulcl be not ed that ::;oil moisture 

stat:1.s .:mu soil tc!.ipc1·:i'l:U1'c have, for c~1.se of co::rnidcration, been treated 

an 1nicroclj ma tic ratter than soil fc.ctor::; . 

'l'he avcr.:.c;c GlOJ.'(:S of the four .:i.spcct:::; ,,;ere 1 so , 13o , 24°. mid 1 o0 for 

the north , ::rnuth, east and uest a::::pccts respectivel y . 'l'hc north and cast 

vc.lucs arc e,rc:..Ltcr tlwn t;1osc of t1ic south and ~;est aspects , due to the 

!Jresence of a nur.1bcr of steep bnnb::; on the f o riicr (see Ficures II . 2 , Il . 3 

a nd II.4) . 'l'hose values were deriv0d by uo.:1.::niri:nc the ::::101,e of en.Lh anrcct 

at .'.1.Pt'r oxii;:.::te]y 40 c rn . intcrvul:::; alonr; tv,o tr:in.:;ccts laid do,m each f.:i.cc . 

'fhcsc transcc ts ,·:ere ranc.otly so lee ted , l!ild uc1·c oricntate:d in an up and 

downhill direc tion . 'l'he slope riJonsuroL,ent:J for each pair of tr.::mDects 

He r e avcrneccl to give the above fi{,"'urec. 

TI1e expcriuental area was fenced t o exclude cattle , but to allow ready 

access to cheep. :;o attempt ua::; racle to induce diffe:;:enti:11 sheep .:;r :.iziil[': 

intcnci tier; bct· ,cen the f enced arc.:i. of a;,.l:'·roxirn,.tel y 1 . 2 ha . and the rest 

of the paddock of apvro:·:ii .ately 5. 0 ha . 

1 • i:ICi.OC!.,I; ·:.i.'JC li'l.C'l'ORS 

1. 1 Sunshine IIours, ';.'ind Direction , i{elab.ve i!uni<li ty , Scr een ; i ni;:;ur:i and 

l·:axir:?Um 'i'ccr,cra tures and nainfall . 

These clinatic variables \·1ere r ecorded daily a t 9 . 00 am, at t he 

adjacent Ballnntrae meteoroloCTical station. The dai l y nur~bcr of sunshine 

h ours was recorcled by a Campbell- Stokes sunshine recorder; rele.tive humidity 

was estimated u::,ing wet and dry - bulb thermoneters L1ounted in a Stevens on 

screen at 1. 21;i . Screen minimum and maximum t emperatur es were measured 

using standar d minimum and maxinum thermometers , and rainfall using a 

s t andard r a i n.gauge i nstalled t o N. Z . !:.Ct eoroloeical Service spec i.ficat i ons . 

Wind direction was estimat e d by t he per son r eading t he met e orolog i cal 

i nstruments. 

1 . 2 Wi nd- speed . 

Wind-run ,-u1s measured us i ng one Cassell o. three- cup \'11 204 / 1 anemometer 

at each aspect . The anemometers were loca t ed within 10m. of the r especti ve 

microclima t e sites, and on t he d ownhill s i de . Each anemomet er ,ms mounte d 

on 1 . 25 c m. (0. 5 inch) wa t e r pi pe , which was b:::-aced wi t h wire stays , a t a 

h e i rrht of 1 . 2 metres above the g r ound ; the cups were on approximately the 
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}'I 3T RE II . 2 ':outh Aspec t ' , icroclimate 'Jit9 ' 

FIGURE II .3 East Aspect 
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same l evel as the adjc1ccni 11;1icroclimate sites ~. 'rhe heir;ht at which t he 

ancmome tcrs ue:!.'e mounted un.s ::,elected as the nosi suitabl e for hro r e.'.l.sons : 

firntly, nny interference ui th the im,truraents by nhecp uas avoided , and 

secondly, 1 . 2 r.ictrcs is a hcicht at \Illich clil:le.toloGical LJcD.sureucnts arc 

ofte:1 i;:ade . 

'l'ho anc:-•or-,c1.or:..; , vrli.i.ch recorded cuuuJut i ve miles of u .incl run, were 

r0nd at np ... ro>::i:.utc l y 9 . 00 a-n. c.:i.ch ::onday and 'l'!mrsday. Avcr [!c;c wind-

::::!_le ctl::: , i.n unitr.: of !rilo:::uL( . .1':J per hour, v1ere dcrive:d for each three or 

f ou2· cl:!y period fl'om these readinas . 

1 • 3. J'.uinfalJ.. 

fin.infall \TD.s collected at each aspect by a perspex ' I:ars_uis 1 COO ' 

r ainr;uuce. lit al)proxi:-:ately :: . 00 -:..n . • each l-.ond::i.y and 'l'hur:Jd:iy the :.1r.1ount 

of ruin:dl for the prccecdjn;:-, pe!'iod ,~a::; noted , und the eD.u.3cs er:ipticd . 

The gaucos ,rcre r:iountcd on wood stal~e>s driven into the ground ui thin 
• 4 1·,. c1nd on t he, 00::c.1.hilJ ,;:i_ll.e of t!1e respective ' Dicrocli::iatc sites '. 

'1'hn c[.;.uces wc1·e not locc.: t ,::?d i1:11;;ed iate:lJ :.il onc;sidc the si tcs , in 01-der to 

r educe effl'.:cts on the site nicroc l ir:.at as . The collectjon surfaces were 

hori~ontal and 0. 3~. veriic~lly abovo Ground level . It 1;ns uo t felt t}i:i.t 

suffisient dab. ,·,ere avo.ilnble on ilhJ ucc of til tod as o:'1po3cd to hori:::o,,tal 

raincaube::; to ,,arrant a dcp.::irture fror:i standard cli1:1utolocical prncticc . 

1 . 4. Soil J:oisturc 'i'en::,ion 

Gypsu!.l blocl~s ;1ere sE:lccted as the r.:eans of :Jc us urine coil moio ture 

status . 'l'he 1:.vc.1.ilo.bl e r..cb10d s of L.ensu::.·e,.;ent 11ere limited . 'i'he poscinle 

nl te1·no. ti ves were cravioetric oois ture sampline , te:isio:neter or cypsur:i 

block installdio:1 , or a co:nbination of these . Gr avin:etric sa::npline would 

have necessitated a lar~e n ill'iber of samples being t ake~ at r egul a r i ntervals , 

and t he da!!lc.ge caused by r epeated sa!Jpling on the licli ted area of each 

a s pe ct n:ay have been excessive . The method is time consuming , and the 

measurement obtained is not a direct measure of the amount of moisture 

available to the plant . Tensiometers oper~te over a limited r a~ffe of soil 

mois ture tension and thus would not have been operational for a large 

portion of the experimental period . Gypsum blocks , although unreliabl e 

below approximately 0.7 atmospheres soil moisture tension , do operate 

throughout the t ension r ange in which water i s available to plants ; this 

was considered to be the t ension range of most interest . Gypsum blocks 

measure soil moisture status in t e r ms of moisture tension , and t his i s 

direc tly related to moisture availability. When s e l ecting e-ypsum blocks 

for measuri ne moisture status it was r ealised that two major problems , 

name ly hys teres is and calibration drift , would be associat ed with the ir us e . 
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Gypsum Blocks. (Left and 

- a....::..-.----sed during study , right 
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The blocks used were rectaneuJ.ur in shape and. consisted of ·hro tinned 

len~ths of bared flex set parallel in a r..atrix of plaster of paris . 'l'he 

units 1-1ere 1 .1 cm. x G.9 cm. x 3.5 cm. in sjze , and W8re the 'F.F.Jt'. 1 units 

described by Ai tchisou et c1l ( 1 ()5 1) (see Ji'ic;ure II. 5) . 'l'wo replicate 

blocks were buried at 4 , 10 and. 30 cm. depths (measured perpe-1dict,J.ar to 

tho crouncl. frnrf~ce ) in t!lo ' microcliiw.te site ' of co.eh asr,oct . 'rhese t hree 

depths ,vere selected. as c;i.vine rea:.;0110.b ly full covGrage of the rooti11g zone . 

l~lthou.2:h it would have beon desi:r.'.lble, it \TO.s not practical to bury the 4 cm. 

units nearer tlrn soi l surfa.ce , as damo.gc by sheeJ) hooves nay have resulted . 

The units bm·ied o.t th e 4 era. depth were orientated paral le l to the s lope , 

in depressions excavated i n the ground , and the turfs 1·1hich had been r emoved 

were r epl aced over the blocl:s. The 1 0 and 30 cm. uni. ts uere lotrered 

dmm holes n:ade by a soil S[:@pJ.cr, and the s oiJ. co:ces t o.ken from the holes 

Here carefully rcplo..ced. 

t he slope of tlle cround.. 

These blocks ,vere orientated })Crpendicular to 

'J'he leads from tlic six blocks in each ' micro-

cJ.ir:1ate site ' 11ere buried i!1 the soil , and tlle free ends connected to a 

socko t board J.oco.ted at the ed.i;e of the site . The eJ.ectric.2.l resistance 

of each unit iias r.:easured , using a portable oeter , at approximately 9.00 am . 

each Konday :cn<l. Thursday . The meter was a bettery-powered , A. C. operated 

;;hec,ts tone brid:s~ , 1·ri th a cnpaci tancc bo.la.nce and a nicroai.,me ter for visual 

null-point deteri:1inat ion. The instruoent 1-ras constructed froi:i the circuit 

diagram for the ' ·cype B' 1::;eter described by Ai tchison tl al ( 1 951 ) ; the 

valves in the circuj_ t uere rep l aced by trGnsistors ('.iebstcr, pe r s . cor.un . ). 

THo l eads with t erminal banana pl ugs were attached to the rr,e ter , and these 

were plugged into the socket boards 1.enti oncd above , Hhen reading the 

resistance of the gypswn blocks • 

.A nomogram fro r.1 Aitc~is on .£i al (1951) was used to correct the 

r esis t ance readings to equival€nt r eadings a t 20°c , using val ues fro~ the 

soil temper a ture sensors a t 4, 10 and 30 cm. as a basis for correction. 

It was felt t hat t emperature correction of the resistance va lues was 

necessary as larg e seasonal temperature differences existed , and had 

uncorrected data been analysed a les s realistic picture of moisture t ension 

trends would have been obtained. 

Aitchis on et al (1 951) give a curve for the 'F.F.F' blocY..s for 

deriving soil pF (i. e . the log of moisture t ension in cm. of water ) from 

t he log of block resistance readings. However, atmospheres moisture 

t ension was used in preference to pF as the log scale of the latter places 

greater emphas is on differences at the wet than at the dry end of the curve. 

This emphasis is particularly evident ,·1hen data is presented graphically, 

and the wet end of the curve is the region in which gypsum blocks are 
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relatively in~ccurate . The c uli brution curve present ed \'fD.S chec ked , using 

blocks embeddecl in soil o.t field cnpacity and in soil in a pressure rJembrane. 

It was found that the curve c;avc soi l r.coistu:rc tension values "\'ih.i.ch wcre 

l o .. :er at field copaci t :t (a:pproxi;.:o.tc l y O. 33 atmos1Jheres) and above 6 . O 

atrnosphercD, than values 1,hich ..rere experimentally deter.c1incd . Between 

tensions of 1 and 6 atJ;1ospheres the values oxpcrinentally determined uere 

similar to those c;ivcn by the curve. On the basic of these results the 

top P ... nd bottou ends of the curve uere r edrm·m. The pressure apparatus 

available did not enable soil t ensions of c;rcater than 8 . 3 atmospheres "co 

be obtained. To loc ate the top end of t he c~libr a tion curve plnnts Here 

used to indicate 1·1hen soil in which gyp3wn blocks were embedded was at 

1-Ti lting point. The soi l moisture tension at t?1is point wo.s assumed t o be 

15 ntmosphcro:J. 'l'h i s vro..s an arbitrary dech:ion as controversy surrounds 

t he probl ci:1 of dc,finine n specific pcrrnn..."lcmt Hilting point ( e . g . Hode , 

1965 ). A sweet c orn }"Jlc.nt , m:w c;rmm in each of' three small soil-fillod 

pots , a gypsrnn block bcin::; buried in each pot . The pots ,..ere set out in 

a glasshoui::c n>1d \I hen the yo1.mg corn plants Hilted during t.1e day t hey were 

placed in darl-: , hic;h-humidity conditions overni ght. ;Then the plants f a iled 

to recover ovcr·night fro:u this moj Gture strec-,s , per manent Hilting was jud:<;ed 

to h&Ye occurred and the resistc!.llcc of each block was r ecorded . 

PJ'.'io r to buryine the blocks in the field a trial rtm 1-ms c onduct ed , 

using boxes fil l ed 1·1i th top and subsoil f 1·om t he expe:rimcntal area . The 

bJ.ocks wore buried i n these bo::-:c,J and the moisture status of both soils 

\·:as t aken fror.:i field c npac ity to a point tha t was well past Nil ting point, 

t hen back to field capac ity, over a period of ten weeks . Periodic 

measurements were made of gravimetric soil r:ioist ure contents and gypswn 

block resistanc es . A hysteresis curve was derived from this data . This 

curve (see Appendix 1 .1) serves to illustrate t he size of errors 1·1hich may 

arise when using a calibra tion curve derived in the l aboratory during the 

crying phase of a soil, to interpret measurements made in the field during 

both wetting nnd drying phases. 

Aitchison and Butler (1951) report that where blocks of the same type 

are considered , differences in block resistance persist in the same order 

throughout the sensitive range of the units . In order to determine 

individual block differences, all of the units that were to be used in the 

field were soaked in irnter for twenty hours, removed, and following a five 

minute drip-period, block resistance~ were measured. The same procedure 

was followed at the conclusion of the experimental period, to determine 

whether any calibration drift had occurred$ The range of block resistances 

recorded was 0.64 to 405 kil-ohms and in view of the time involved in 
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correcti11G all resist 2,nce values these corrections were only applied to 

resista.11.cc values of below 1 • 5 kil-ohms . It was judced that beyond this 

value use of the corrections 1-roul<l make only a mj.nor contribution to increased 

accuracy~ The calitration check made at the conclusion of the experi menta l 

period shuuc,cl that t ensj_on v alues i::e:1sured by the blocks had drifted by an 

nvcro.ec of + 0.4 atmospheres , the ro...11.c;o for the individua l blocks being + 0.2 

to + 0.6 i,tr.1.ospheres. Uo c.ttc;;::pt Ka::; 1N1de to correct for t his drjft . 

'11he block resist once <lata were analysed as fo lloi-rs : 

( i ) All reaclin6s · were temperatax·e-corrected. 

(i i) Corrections fo:?:· individual block differences wore n;ade . 

( iii ) Log vnlues of the corrected reD.clines were tal::en. 

( iv) The log v alues 11e.re converted. to· atrr.o::.,phores moisture tension, using 

the calibration curve previ ously deSCI'.ibed. 

( v) 'l'he pnirs of tension valuet; for replicate blocl-'.:s uere averaged . 

1 • 5 Soil nnd Air 'rer;, r)eraturcs 

Air terc·peratures 1·rere rr.ensurecl a t 4 cr.1 . and 120 crn . above ground level , 

and soil t m1perature::; at 4 , 10 nnd 30 cm . depths , at each aspect . During 

J .:muary and. Februr1ry, 1 972 , measure1cents were mad.e continuously ( once every 

hre lve minutes for c.ny specific sern::or) for four conzecutive days each ueek . 

T11roughout this period. ter!lperatui·cs uere not recorded durinc- the r emaining 

three dnys of the 1-1ceko In early J.;c_rch n time clock was obtained and. this 

enabl ed all ser!sors to be sampled during a four minute period every hour , for 

each day of the week . 

( n ) 'l'er:iperatuxe senso:cs o 

Diodes were ::,elected as the means of measuring t emperature , for a number 

of rea suns : 

( i ) Diodes are par ticul arl y amendable t o the automatic r ecording sys tem 

which was envisaged. 

(ii) They are r elatively che ap and robust and have a linear and rela tively 

l arge response to changes in t emperature (approximately 2.3 mA/0 c with 

a 1 mA current flowing). 

(iii) Diodes have been successfully used by the Plant Physiology Division 

(D.S.I .R.) for temperature measureme nt, a nd expert advice on their use 

was available. 

Each sensor unit consisted of three diodes; t his allowed spatially 

integrated soil temperature measurements to be made. Following 

determination of the temperatuxe coefficients of a tota l of 150 diodes, 

twenty triplets were selected , t he three diodes comprising each group being 

matched for similar coefficients. Each diode was sealed in a watertight 



casinc to prcven t e lectricc~l shorts occurrine. . The individual diodes of 

each soil t cnpe1 :,.ture unit ,-rerc inter connected ~.i th one metre lengths of 

i nsulated tvire; about 7 co. of uire ,r.'.lo used to interconnect th e diodes 

of the air units. The a:::;::,ct . .:.blcd units we -:-c calibrated ai five points 

bc ti;ccn o0 and 30°c , us i n~ i~1e recor<lc:r uhich uns to be installed in the 

f i eld i.o 1,.0asurc r;;ill .:ivo l t v·.J1wc . A flaf3k of ice served as a o0 c 
r eference point nnd a Eiercur:·-i1~- i:;l n:::s t hernorneter and U:e1'r-os ta tic a lly 

conirolJ.c<l 11ator 1::a.th '.1erc used to dotcrr.line the oiher four points . 

~adiation s:1iclcl:' :rere devisC'd for t i1e ::;ensors L1eanurini; air t emperature , 

in order to rcdvce errors duo to ro.di:?tive exchanc;e between t he sensors 

and the sun , earLi1 £.md sl'.y (s ec l<'igures II.6 and II. ?). 

The diodes of the sojl units .~ere separ ate l y buried within the 
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' microclinato sites '. '.Che individual diodes 1ver c loi·:cred dO\'m soil sampler 

holes i::no. the so:~l cores uDich had pr eviously been extracted i:ere carefully 

r ep] accd . 1i':1c i(ltcrcor.rn;C bn.: Hires 2.ncl the wires uhich ,.-ere connected 

to the r.:ul ticorc c:uble (see later ) uerc bur ied. The 120 c n . air 

tcurera ture units 1~ere r.-,ou:d;ed over the ' microclirnato si tcs ' o.nd the 4- cm. 

air tc~ pcrat ur e units a!Jproxit:ately one 1 .• ctr e to one: side. 'l'he vegetation 

under the I, cm. units was 1~ept clip;icd to a heicht of approxit~c.tc ly Oo 5 

to 1 .O cm . throu~1out the experimental pe riod, to facilitate ventilation of 

the diodes . l\1;:pe ndix 2 . 'i Lrivcs further details of the prepc.ra t ion and 

use of the t c:-:.p8rc.ture se,1nors . 

(b) Rccordir.£; e'luipment 

A h 1elve ch:mnel mul tiroint r ecorde r was used t o :c:.easure automuticnlly 

the voltace drop across the sensor units . This r eco'l'.'der 1ras 1t.odified 

by the Electronics sec tion of the Physics and EnGineer ing Dep2.rtr.1ent , 

l·las::::ey University , so tha t a rr:aximum of b1Emty four channels could be 

sampled . A c ons t ant-current source ( Talbot , 1972) was incorpor ated in 

the r ecorder-sensor circuits to enable a 1 mA current to be passed t hrough 

each sensor as it was sampled by the r ecorder. An adjustment was also 

incorporated into the r e corder to allow offsetting of the usable millivolt 

r ange. Appendix 2 . 2 provides further details of the recorder modifications . 

l1iul ticore cabl e was used to connect the sensor units to the recorder, 

which was housed in a small hut sited between the south and west ' micr o

climate sites ' so as to be shielded by the crest of the hill from the 

prevailing North,·res t erly. The multicore cable uas buried approximately 

10 cm . below the ground surface to reduce any 'noise ' which may have been 

set up in the c able due to the proximity of high voltage power lines which 

run parall el to the hill, and 11 , OOO volt lines which crossed the hill 



FIGURE II .6 Sensor lnit for 4 cm . Ai r 
Temperature !easurernents . (The three diodes 
are suspended beneath the radiation shield , . 

FIGURE II.7 Sensor nit for 120 cm. Air Temperature 
Measurements . 
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be tween t he west nnd south 'microcl imat e sites ' . Cor r ections wer e derived 

for e ach nope0t t o al low for the effect of the res i s t ance of the multicore 

cable on the mil livolt values recorded. Theore tical considerat ions and 

actual measurements i n t he f i el d formed t he basis of t he clerivati on of 

t he se correct i ons . Appendix 2 .1 provides fur ther de t ailo of t h8 sensor

r ecorder l ink up . 

'I'he t emper ature recor dinc system proved satisfactory al t hough a 

number of minor problems arose . 1r:hese probl er.:;.s were due in most ins t ances 

to poor electr~_cal con.'1.ections i n the r ecorder- di ode circuits, and in one 

instance to an e l ectrical s hort in t he r ecorder i t sclf. Dat a r ecorded 

durinc periods of' malfunct i on were not i ncluded i n the final analys i s of 

temperature differences between aspects. 

(c) Recorder chart interpretation 

Al t hou::;11 t werity :four channe l s Here available fo r use , only hrcnty 

were r equired for t emperattfre measurement. 'l'he f our remaining channe l s 

were connected t hr ough an arnr:;ctcr nnd stnndo.rd r e sistance in series, and 

a baseline was s t amped on t he r ecorder chart due to the voltage dro? acros s 

each of t hese four channel s . 'l'he amn,eter enabl ed a check to be mai ntained 

on the macni tude of the current passing th r ou6h t he sensors . As t he 

voltage drop r ecorded across t he sensors was di r ectly proportional to 

t empera t w:·,:, , it '.ms possible to us e a linear scale to describe t he 

relationshi p be t ween chart r ead i n~s and t he equival ent t emperatures for 

each sen3or unit. 

each s ensor uni t. 

The linear s ca l e was dravm on per spex strips , one for 

To convert the chart readi n[;s to tempera tures , the 

strips wer e l a id on tr•e reco r der cl1art, ini tially us i ng the baseline 

nentioncd above as a r eference point to locat e the strips laterally on 

the chart. However, it was di scovered that t he baseline tended to wnnder, 

possibly due to ambient temperatu~e fluctuations, and to overcome this 

problem a line on the recorder chart was used to locate the perspex strips 

when converting readings to t emperatures. Prior to reading the charts 

a time scale was marked on each. After installation of the time clock , 

in Jliarch, it was possible to pick where each hourly sampling had started 

as the recorder carriage did not move until four channels had been sampled . 

This resulted in four superimpos ed points being marked on the chart . As 

a check on the accuracy of this method the appropriate time was marked on 

the recorder chart twice a week, coincident with the read:Lng of the other 

microclimate instruments . Prior to March, and the installation of the 

time clock, the time at which the recorder was started was noted and a 

time scale was obtained using the knowledge that the chart was moving at 

300 mm./hour. This was one of the standard chart speeds available on the 

.. 
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recorder , and was used throuehout the experimental period . 

Dat a from the 4 cm. ai:c and 4 cm. soil sensors ,rns trans l ated from 

the r ecorder cha:r ts at t hree-hourly intervals for every day the r ecorder 

operated, apart fror:1 periods of malfunction of t he system . The 120 cm. 

air t emper.::i.ture sensors uere inh,nded to act as an alte1·nat ive source of 

air tcn1peratu.re dat<;t to the 4 cr:1 . measuren~ents . It was thought that 

l arce radiation errors , clue to poor vcmtilation of the r adiation shields , 

riieht LC.G.kc interp!'etation of the ,j. cm. air temperature data difficult . 

T:1e possibility of dc.r.:o.ie to the Ii cm. units by sheep als o existecl , but 

t his problcn did not eventuate . To determine t he maenitude of the 

r adiation erl'ors involved, a 4 err, . air t emperature sensor and i ts 

associated radiation shie ld were shaded from the sun for sever al fiv e 

minute periods on a clear day. 'j'he averae;e wind velocity a t the time 

,me 20 k1)h . 'l' he air tc:mpcrature:::; r ecorded we:re on the average O. 7°c 
higher ,-rhcn the u..Y1i t tias e::rJosed to the sun than ,'ll'wa shaded fron it . 

Althouch the wind speed noted above is quite high , and venti l ation of t he 

shield would have been cood , it was decided that the radiat i on errors 

involved :i.n the 4 cm. air t espcr ature r:1easure1Jents rou1d no t i n r.r,os t 

i nstancc3 be excessivel y l1igh , and would no t obscure teDper ature 

difference:, betwcr-m the fo ur aspects . In vie,; of t his de c is i on , and 

becau~;e tlw 4 CQ . air t eopcr.::i.tures Here thou[;iit to have far more relevance 

to plant i:l'OHth t hun t he 120 cri . air tempero.tures , the l atter i n.formation 

was not extracted from the char ts . An additi onal r eason was also 

impJ.icated in the decision not t o extrac t the 10 and 30 cm. soil 

tem1)erature dat a . This Has t he l~.mi t ed tiE1e available for temperature 

anal ys i s. It was jud5ed that the time expended i n extracting the air 

120 c~., and soil 10 cm. and 30 cm. data ~ould not be jus t ified by the 

end r esults . Preliminary dat a analysis indicated that the 10 cm. and 

30 cm. da t a woul d provide little information not given by the 4 cm. soil 

temperatures . A reasonably full analysis of the l~ cm. soil and 4 cm. 

air data appeared to be the most sensible use of the time avai:!.able for 

this part of the study. The 10 cm. and 30 cm. soil t emper ature 

recordings were used only for temperature-correcting the gypsum block 

resistances recorded , and thus were only utilised for two temperature 

readings per week. 

An accuracy of± 0.5°C i s tentatively placed upon all temperatures 

recorded. This figure was derived following considerat ion of a number 

of possible sources of error. The initia l calibration of the individual 

diode units would have involved an experimental error, and the corrections 

determined to allow for the resistance of the multicore cable may have 
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introduced a systematic error for each aspect. The actual trans lation 

of the temperature readings would also have had assoc:i.ated err·ors , however 

these errors Hould have beE.:n randoin in occurrence and would probably have 

cancell ed themselves Hh ere average Vf.t lues of a nuwber of r eadinGS were taken. 

1 .6 liet Radiation 

Net radiation was cclculatod on a per d,:.1.y bosia for the north and 

sol~th ' I'lj_croclirw.te sites 1 , for four periods durin~ 1972. 'l'hese periods 

encorr:pasoed the autumn ccr,;.inox (1 3 . 3 to 5.4.72), the winter so l s tice 

(1 4.G to 27 . 6;72 ), the spring equinox (1 6.9 to 29 . 9. 72 ) and the summer 

solstice (7.12 to 23 .1 2.72) . 

The first step in the calculation of net radiation was to derive 

the daily incident radiab.on on a. horizontal surface using: 

~ = (a+ bn/H) nA (Slatyer and Lcilroy, 1961) 

where: 
Hr 

RA 
1a ' an:l 1b 1 

= 
= 

incident r c.:.d:hation (ly./clay ) 

cxtraterrcstial radiation (ly. / day ) 

con3tants. 

n = sunshine hours . 

1J = possible sunshine hours . 
1 a ' and ' b 1 are given for the four seasons by de Lisle (1 966) and. the 

values used v:ore t hose quoted for \lc llington; n was from t he Bal l a,ntrae 

r.ietcorologj_cnl ntation records and RA and H from the Smithsonian 

Meteoroloeical Tables (1 958). 

The daily Rr thus derived was separated into direct and diffuse 

components using a curve from Liu and Jordan (1 960), which describes 

the rzlationship be tween the daily total and daily diffuse r adiat ion on 

a horizontal surface. Rr and RA were required in order to derive this 

r e l ationship . 

The daily di::::-ect incident r ad i ation ( R (direct) ) on a horizontal 

surface, was modified using tables by Fons et al. ( 1960), to give an R 

(direct) figure for North and South-facing sur:aces of approximately 25fs 

slope, i.e. the approximate slope of the north (23.0%) and south (26. S;b ) 

'microclimate sites '. It is probable that t.he figures derived were not 
I for exactly 25~ slopes as the modification factors used were an average 

of those used for 2a~ and 3Cf/o slopes, and for latitudes 3so and 42° South. 

The relationship between slope and the magnitude of the necessary 

modification factors, and between latitude and the necessary factors, is 

unlikely to be linear, and thus the average values used would differ 

slightly from the actual modification f actors for a 25% slope. 
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A figure for daily net radiation wo.s calculated using the radiation 

balance : 

where: 

where: 

RN = nr ( 1 - r) - RB (Slatyer and Ncllroy, 1 961 ) 

RN== dai ly net radiation on a 257b north or south slope (ly ./day ) 

Rr = the r.:um of R (direct) and the amount of diffuse radi a tion 
JJ:'eviously derived (ly . /day) 

== t he da i ly incident radia.t:i.on on a 251; north or south slope 

r = the albedo of the surfo.ces under consideration . 

RB= the daily net back r adiation from t he surfaces under 
cons ideration. 

== d Ta4 (0 .56 - 0 .092 ed ) (0 .1 + 0. 9n/N) 

6 '.r 4 a = radiant emittance. of a black body at t emperature Ta° Kel vin 
( ly ./day). 

ed == air vapour pressure (mb. ) . 

n == sunshine hours. 

N = poss ible sunshine hours. 

Rr had already been calculated ; r was arbitrarily est imated 

at 0.25; ed was ca l culated from the product of t he relative humidity 

and the dry-bulb saturation vapour pressu:re,and as such was a 9 . 00 am. 

value rather than a mean daily value . The dry-bulb terc:fB rature and 

relative humidity were from t he Ballantrae meteorological st~tion records ; 

t he dry-bulb s a tura tion vapour pressure, Hand d 'ra4 were all tnken from 

t he Smithsonian Ifo teorological Tables (1 958 ). Ta was calculated fro m: 

Ta == 273 + (T max. + T mi n .) /2 (°K) where T rnax . and T min . 

rre re maximum and minimillil screen t emperatures ( 0 c) f r om the Ballantrae 

meteorological station records . 

A programmab l e calculator was used .extensively throughout the 

derivation of the daily net r adiation values. 

1 • 7 Evapotranspire.tion 

(A) Potential evapotranspiration (PET.). 

PET. was calculated on a daily basis, substituting the calculated 

net radiation (RN) values from the previous section into a Pen.man equation. 

The equation us-Jd was:: 

PE"r. = (b/( · H + Ea ) / (b./"'(+ 1) (Penman, 1963) 

where: 
H 

~ 

= the amount of water (mm.) which could be evaporated by RN• 

= the slope of the saturation vapour pressure curve at mean 

air temperature. 

= the wet and dry bulb psychrometer equation constant . 



Ea= 0.35 (0.5 + u/ 100) (ea-ed), 

u = .-rind run (miles/day) 

where : 

ea = saturation vapour pres:mre at mean air tempe rature (mm. Hg .) 

ed mean vapour pressure of t he ai r (mm . Hg.) 

ll was taken as H1,r/59, 6 was from the Smithsonian I-ieteorological Tables 

(1 958) and the mcw.n air temperature uas taken as the average of the 

maximum and mi11imum screen t emperatures f or that day . I'.'. was taken 

as 0.63 ; u was measured at 1 . 2 m. at each aspect and t he values used 

for the daily fZT . calculat ions Here average values for either a t hree 

or four day period ; ea was from the Smithsonian Vieteorological Tables 

(1 958 ), and t he ter:1perature used to determine this was the 9 , 00 am . 

screen temperature r ather than the mean ai r te11;perature , This was 

because ed Has a 9.00 am . value and not a mean daily value ; ed was t he 

same as that used in the RN estimate , although it Has necessary to 

c onvert t he unit of measurement from millibars to mm . of me rcury. 

A prograrmne was Hritten for PET . calculation , and the above data 

was run through a procrammable ca lculator . 

( B) Actual evapotranspiration (AET .) 

Tw o periods (1 3.3 to 5. 4.72 and 7,1 2 to 23.12.72 ) were selected, 

over whi ch AET. \ms calculated for the north and south ' microclir:1ate sites 1 • 

Soil mois ture tension and rainfall data were used as the basis f or a 

water balance: 

AET = p - AU - RO - UD where : 

~w = change in water content of soil. 

RO = runoff. 

UD = underground drainage. 
p = precipitation. 

The periods over which AET. was calculated were selected from 

initial examinat ion of the soil moisture status and r ainfall da ta, in 

anticipation of RO and UD being small or non-existent. In both the 

periods selected soil moisture content commenced at approximately field 

capacity and changed to some lower value during the measurement period. 

The changes in soil moisture tension recorded by the gypsum blocks at 

4, 10 and 30 cm. depths were used as a means of estimating A W. Using 

data for the wate1· characteristics of Judg.eford silt loam, which has 

similar moisture characteristics to the Ngamoka siit loam of the 

ex?erimental area (Gradwell, pers. comm.), it was possible to estimate 

from the block data the change in gravimetric water content of the soils 

at the north and south 'microclimate sites', at depths of 4, 10 and 30 cm. 
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No differentiation was made be'b..-.'een the moisture tension characteri stic s 

of the r..orth o.nd south aspect soilo , o..nd it is pozsible that these were 

dif f erento 'rhe bulk don::~ity of the LJoil was determined a t the t wo 

' microclimate sites ' and three depths (see section 2 . 2 of t his chapter) 

and the followi:i,:; rt:1la.tioi12.!'l ip was used to detcruine the change in the 

volumetric water . content of the soil at OQch depth : 

Ve = (Bd X Ge) I \"/d (Hill cl, 1 971 ) 

,,1hcre : Ve = volu1ietric water content ( c:· 
1·> ) 

l3d = dry bulk d'3nsi ty ( f, /cc .) 

Wd = density of v,atcr ( 1 g/cc.) 

Ge eravir1etric water content ( ., ) = i" 

'l'he ac tual Hate r l oss fror:J each site Wc?.S obtained by adding the 

r ainfall over the period ( Le , P ) and the charl£'e in soil uatcr c ontent 

( f:, ~l ). 'rl:,.e rainfall v.::.l ucs used ,1e1·e taken fror:, the Ballantrae 

met eorological staLion rebords in preference to using the data from the 

gauges a t t he north and south ' rnicroclin;ate sites '. Thi s was in v iew 

of doubt exishnt:; as to the rela tionship of the rninfall diffe rence s 

( be t uecn aspects) \·Thich ,·1erc recorded , to ac tual precipitation differ0.:'lces 

which micht have occurred (see Chapter I) . The chan!Se in s oil wat er 

c ontent Has calcu]uted u:Jing Ve and co11sicle r ing the bl ocks at 4 cm . to 

r epr esent the soil prof i le from Oto 7 cm. , the 10 cm. blocks from 7 to 

20 cm., and the 30 c~ . b l ocks from 20 to 40 e re . The sum of b '.1 and P 

(i. c . ·AET .) was expressed in terms of mm. of water 1ier day. 

2. SOIL FAC'.i'ORS 

Soil tempe r a t ure and s oil mois ture s tatus have been dis cussed 

under the heading of microclimatic factors . 

2.1 Exchangeable Cations , Available T'hosphorus , Total Nitrocen, Organic 

Carbon, Organic r.'.a tter Content, Cat i on Exchange Capacity , pll and Base 

Saturation. 

(a) Sampling . 

All sampling was along randoml y s elected trans ects (three on the eas t, 

south and west aspects and t wo on the nor th aspect) which were orienta ted 

in an up and downhill direction. Nine ty six cores 2.5 cm. in diame t er 

we:,:-e t aken at each aspect on 30.3.72. The cores were taken to a depth 

of 7.6 cm. and at approximately 45 cm. intervals along the transects, 

as indicated by knots on a string. The ninety six cores from each aspect 

were r andomly divided into t welve groups of eight cores each , giving 

twelve samples per aspect . 



(b) Sample Preparation 

The samples were air- dried and the vegetative layer was removed 

(approxir.1a tel.y O. 5 cm. depth ). The forty eiGht samples were then g-round 

in a roller grinde r to :puss through a 2 mm . sieve and a sample of each 

was fine ground in a mill. 'l'hese fine ground samples were used for the 

total nitrogen and organic carbon annlyaes . 

( c) Sa:;,ple An.:.i.lysiG 

'rhe prep•1red samples were analysed by the Soils Laboratory, 

Grasslands Division , D.S . I . R. The methods of cmalysin , which W8re 

conventional, D.re outlined in Appendix 13. Base saturation ,ms taken 

to be the sum of the exchangeable cations divided by the cation exchance 

capacity and expressed as a percentaee . The organ:.c matte r content was 

taken to be equal to the oreanic carbon figure multiplied by 10724 

(Taylor and Pohl.en, 1962 ). The pH of soil-,-rater and soil-calcium 

chloride (0.1 Vi) solutions was rneasm·eclo 

2.2 Bulk Density 

Bulk density samples uere taken from the north and south ' Iilicro-

climate sites ' on 20 . 3.73 . Four samples were t aken a t each of t hree 
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depth r · 0.5 to 8.0 cm., 14 .0 to 21. 5 cm., and 26.0 to 33.5 c1..1 . The 

sarnpl - .:3 .-1ere t aken wi t h a bulk density sampler , which a llowed the extrac tion 

of relatively undisturbed c;ylindc1 r s of soil from the profile. These 

cylindrical samples 1•1cre e:'.lcased in an a.l lo~, s l eeve and the ends of each 

5ample "\·:ere tr immed flush with the sleeves to give a sarnp:!.e 7 . 62 cm. 

long and 7.62 cn. in diameter. The sampl es were pushed out of t he ir 

sleeves , dried at 1050c, and weighed . The volume of the cylinders was 

calcula ted and the dry bulk density of the samples obtained, using: 

Bd = w/v (Hil.lel , 1 971 ) 

uhere: Bd = dry bulk density of sample (g ./cc.) 

w = dry weight of sample (g .) 

V = volume of sample (cc.) 

2.3 Available Nitrogen 

(a) Sampling and incubation 

(i) Ambient level of mineral nitrogen 

Two soil samplings were made , one on 7.6.72 and the other on 

8.10.12. The earlier sampling was timed to fit in with other experimental 

work, but the latter was carried ou-: when it was judged that the 'spring 

flush' was imminent. In both cases fifteen co1·es were t aken on each 

aspect. These were 2.5 cm. in diameter and to a depth of 7.6 cmo Only 

areas belonging to the microtopographical unit known as slope (Rumball, 

1966), and of slope between 5° and 30° were sampled. i.e. paths and banks 
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were not sampled . This sa111pling l imitot:i.on ,ms i mposed in an effort to 

obt ain r e3ults whi ch allm·1ed direct compari s on of the nitro0en status 

of the differ ent aspects . 

°J~hc f i ft een cores were in both i ns t nncen randomly divided into 

five sar:r:,1 les of t lu·ce cores o.'.lch ; t he::;e v1cre placed in a cool 

insula t ed cont a :Lrl.c :.:- &id t c1.lrnn to the l nbor:.tory . 

(i i ) Ra te of mi nerali sat i on of nitrocen 

On 8.6. 72 an addi tiona J. f if t een cores were ro.nclomly t .<Ll{en fro!l1 eo.ch 

aspect nnd f r om within the sam8 areas as dc~cribed above . These cores 

were divided i nto five gr oups , as before . 'l'he veget.'.l tive layer oYJ. each 

core was r ernoved and ea cfl. group of three cor es was pl a ced i n a 30 err. . 

l eng th of 3 .2 cm. di D.1:1e ter PVC tubing . A r ubber stopper u ns us ed t o 

pl ug one end of cw.eh t ube to prevent t hrotic-hflmr of wat er , and t he leachi ng 

which Hould ot heru ise have occurred 1-rhi l c the tubes were being incubated 

i n t he soil. 'rhe tubes were buri ed on t lte r espective aspects a t a dep t h 

of 4 cm. , being or i ent at ed up nnd down the slope with the stopper a t the 

upper end . Four cm. was s e lec ted as t he depth for i ncubat i on as it was 

t he approxi mate mi d- point of t he O to 7 .6 co . sampl es . The turf lay0r 

uas r eplaced over t he tubes \·lhon t hey ,,wro buried • On 6.7. 72 the tubes 

..rer r 8trieved and t he sanpl cs r emoved , pl aced i n a coo l insulated 

cont aine r and trans porte c. to t he l aborator y . 

~-'he r cnson for i ncub.'.ltinc the cor es in the fie l d , r at he r t ho...11 

carryinc out a more conventiona l l aboratory i ncubation , was th2.t it would 

have been ext r eme l y dif f icul t to r epresen t t he field conditi on8 of var yi:ng 

temperature i n the l abor a tory . 

On 8.1 0.72 the s ame procedure as had been used in t he wi nter i ncubation 

was r epeated . IIouever , in an attempt to elucida t e t he factors i nvolved in 

the different mineral isation r a t es observed , the tot al number of tubes was 

increased to eighty, t wenty of thes e being incubated on each aspect. These 

twenty were comprised of four groups of five tubes, each group cont aining 

soil from a different aspect. i.e. west, north, east and south aspect 

soils were incuba ted on each of the aspects. On 20.11 .72 the tubes were 

retrieved and the samples were taken to the laboratory in a cool insulated 

container. 

(b) Laboratory prepar ation 

All s amples wer e stored. under refriger ation when not being handled. 

Each s ample was fo r ced by hand through a 3 mm. sieve, and the remaining 

organic matter and s mall stones were discarded. 10g. samples were taken 

from the sieved, wet soil for nitrogen analysis. Aliquots of the wet soil 

were wei ghed, dried at 105°c, and reweiehed, in order to determine the 

moisture contents of the samples. 



( c) I·iincral ni tro.:;en analysis 

'l'he 10 e. sar:iplcc \,ere an.:;.lyccd for miner~l nitroccn content by tr..c 

Soils Laboratory , Gr:.!ssla:1ds Di v l:::ion ( sec Apiicr..db:: 13 ). 

3 . AIJII-:AL FACTOR 

3 . 1 Ai~ountn of Dune D01)osition 
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'.enc ar:ount of sheep dun~ dcroci ted on unit area of the diffo~·ent 

a.spc ~ts wo..s estir.mtccl by r:reons of dung coJ.J cction from previously clcr\rcd 

r e ctnn[;ulnr pl ots of kno,m aroa. 

Initial me~surer,cnts , 1~aclc usinc n li11c t ransect r.ethod and cstir.w.tinc 

t he a1:Jount of dune cover on CD.eh aspect , were judi;ccl to be unreliabl e due 

to difforcnt~al dec0~ro3ition rates on the <liffercnt aspects . The clenrint; 

of al J. duri.g off the plot a..reac prJ.or to co.eh 1.1c&sure~ent period \·ia::; dcsiGned 

t o reduce this effect . 

'l'he plots ,rero initially 0 . 3 r.: . 1·1ide , bnt thi~; was incrca3cd to 1 m. 

f or t he sec c1:d uncl thircl rrec.surer.cn t l)Criocls . The length of the pl ots 

va ried fron 16 t o 27 r., ., the l one axis bcfoG orientL.tc d. up and do·.rn the 

t~lope . 'l'uo plots ,:ere locD.tcd. on co.eh of the east , nouth o.nd wcct as~Joct::; 

and one plot on the norLh nsr,ect . Foll owinc selection of the plob:, , by 

r andc·m necr.s , these were perm.:cnently l ocated ;;i th corner 11ecs . Dung 

deposited on the plots durine the periods 21 . 9 to 2:5 . 10. 72 , 23 .1 0 t o 27 . 11. 72 

and 27 .1 1 to 21 .1 2 . 72 ua2 collected , dried at 65°c and ,·rciched . A ficure 

for grQ..!:lr; of dune cleposi t ed per unit aren ,ms derived for each asrect during 

each of the r:1caaurcnent periods . It \·1ould have been desirabl e t o have 

collected at l eo.st one full yenr' s data on dung deposition differences, but 

this aspect of t he :-;tud.y was not part of the original experirJent a l proposal . 

The idea. of cxal!li nine du..rJ.gin& distribution ,-ras concei ved on r ec eipt of the 

resul ts of the ana lyses conducted on the s oil s amples taken on 30. 3 . 72 . 

It was decided tha t , a ltho"...lgh only a limited analys is could be conducted, 

some effort should be made to explain the diff erences in soil fertility 

which were evi dent . 

4 . PASTURE FACTORS 

4 .1 Botanical Composition and Percentage Bare Ground 

(A) Point ana l ysis 

Point analysis \'Tas selected as the most suitable method of c omparing 

t he botanical compos ition of the pasture on the four aspects . The 

following reasons ,rnre thought i mportant in s e lecting this method : 



(a ) 'rhc sward under examination is little damaged by point analy:::;is. 

Methods which involve the coJ.J.oction of herb.2ee sa, ples e . g. tillc~r 3.nd 

node counts on tiller plucs , and har1d separation of herbage so.mples, dacaGe 

the :::nrnrd to a far greater extent thn.n does point analysis . 'rhis point 
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was c onsidered rclev°'nt for the limited areas of the aspects in this study . 

(b) 'l'he method alJ.ows ra.pid composition analysis and , if adequa te points 

are tul'.:en, is accurate . 

(c) The type o_f measurement wliic h 1·1ould be made usins point o.no.lysis wns 

considered adequate for the comparative purposes of this study. 

A ' first-hit I t eclmique uas used , as opposed to an I all-hits ' t echnique 

( Brown, 1954 ). This decision uas governed by the results of preliminary 

point annlyses conducted usinc both t echniques . The r esult s obtained 

usinc the ' a ll hits ' meti1:)d obviously yielded m0re informuti.on on the 

struc.;tur8 of tbe vcgctatio:Q being cxaL'tined than d:Ld the ' f irst-hit ' r.ieb10cl. 

Ho\';evcr , t h is had t0 be balanced ago.inst the decreased accuracy involved 

due to the r earrance!:wnt of the vertical and horizontal struc ture of the 

sward ns the pins were lm·rered and the specie3 hit wore i dentified. . The 

1 all-hits ' method also proved far r:ore tine-consuming t han the ' first-}1i t ' 

method. 

· 'l'he apparatus used was that described by Hum ball ( 1966 ). This 

consisted of a rigid fr ame uith adjus table l ees and t hree sprine-loaded 

roa.s '7,6 cm. apart . A terminal needle 5 cm. l ong was fit t ed to each rod . 

'l'he rods were orie:-itated at right anr;l eo to the g r ound surface when sar:l!) ling . 

It was c onsidered. that , duo to the small-scale pat t ern of the pasture 

being sampled , each point taken was biolor; ically indcpendant of the ot her 

two points in the frallie . This , howev er , . may not have been t he case in 

sorne instances , e. g . where mats of Yorkshire Fog had established in da!:!p 

hollows on the east aspect the pattern of the pasture was such tho.t each 

point was probably not ind.ependant. 

(c) 3.1 of this chapter. 

This is further discussed in section 

Tl-10 measures of pasture structure were derived from the data : 

( i ) Botanical composition, which was expressed as ' percentage sward 

composition'. For any particular species this was the number of times 

t hat species was hit , expressed as a percentage of the total number of 

points at which ·some component of the sward was hit. 

(ii) Percentage bare ground , which was calculated as the number of points at 

which bare ground was hit, expressed as a percentage of the total number of 

points. 



Goodo.11 (1 952) reports that cover estimates are inflated by j_ncreasing 

the diameter of t he needles used in point analysis . This would in turn 

result in a decreane in the percentage bare cround values r ecorded . In an 

attempt to avoid this phenomenon , \·;hich is due to the needle diameters 

bei:ne lo.rger than a the oretical point , an attempt wo..s made to r ecord only 

those species hit .by the very point of the needle . The finite size of 

the needle::; \'lould have had little or no effect on the rercent age sward 

composition v aluea derived (Goodall, 1952 ). 

Approximately 500 points \•;ere t aken at eo.ch sampling of an aspect . 

'£his nurr:ber was decided upon by drawine; curves which related t he number 

of times a spec i es uas hit t o t he number of points t aken , for two species 

(b ro1mtop and hm·1kbi t ) on two diffe r ent aspects . The sample sizes at 

which the fluctuations in t he curves drmm had decreased to a r easone.ble 

l evel Here noted (Y.:ersha.1·1 , 1 964 ) &nd were considered i n conjunction with 

data from Rumball (1 966 ), ,rho decided tl:2.t 300 t o 500 points per comr:mnity 

t y;_)e were adeq_uatc ( using an I a ll hits ' r.iethod. ), and Brown 's ( ~ 954 ) 

dis cussion of point an:J.lysis in her r eviei·l of pasture mer::.surcment 

t e clmiqt,es . The cur,:os described above were constru.cted durin0 the 

autw.'1n point analysis . 

Point analysis ~easurernents \'lere r.1ade on al l four aspec ts durinc the 

pe:riods 2.5 to 8 . 5. 72 (Autur::..!1), 3 . 8 to 7. 8 . 72 (\/ i nter ), 15 .11 to 27.11.72 

(Spring) and. 31.1 to 13. 2 .73 (Su.1:n:1e r ). A stratified r an:iom sampling 

techniq_ue \-TaS used , the transects a l ong uhich soil cores had previously 

been taken (s ee section 2 .1) having bee.!1 permanently per;0ed , n..'1d the 500 

points per aspec t were s ampl ed along these transects. 

(B) Dry weicht analysis 

Dry Heieht an:1l yses of bo tnnical co!liposition were carried out 

following each pastuie production harvest. The herbaee fro~ e ach of the 

twelve l o.rge cages on areas of 5° to 30° slope (three per as,ect; see 

section 4.2) was subsamplE.d and these subsamples were hand-separated into 

the component s pecies . The separated species were dried at 65°C, weighed, 

and the botanical composition of each sample was calculated on the basis 

of the contribution of the component species to the total dry weight of 

the sample. The three bota.'1ical composition estimates for each aspect 

were averaged. The dry weight compositions so derived were used as a 

standard measure of botanical conposition with which the 'first-hit' point 

analysis results could be compared. 



40 

4 . 2 Pasture Production 

Pasture production r:1easurements m~re made over four periods in 1972 . 

'l'hcse periods ,;ere 16 .1 to 4.4 .72 ( SUI:'.Jmer/Autumn ) , 4.4. to 28 . IJ .72 

(Autumn/iiintc:d , 28.8 to 9 .11.72 (Spring ), and 13. 11 to 30.12 .72 (Sprfrg/ 

Surnn1 cr). Production Has measured by a 'trim ' method (Hadcliffc et o.l , 

19GB ). The nrcas on uhich production m.1s to be !'leasurea ,·,ere trimmed to 

a 3 tandard hf.' icht at the s tur·t of er,ch mcasure1;:ent period and cnges ,·rere 

placed over t he,3e areas to protect t he regrowth from sheep . At the end 

of the period the c ages '.Jere r emoved o.ncl. a 1:nown n.rea ,ms harvested to the 

oric i nal trirr:mcd :1eie;h t. The caGes were resi+ed a t t he end of each 

ine8.::rn.r·c!I!en t I1eriod and in no instance uas the same area used j_n two 

different produc t i on peri ods . The hcrbaee from each harvested area was 

wei ihcd and Dub~anpl ed for dry matter percenta0e deternination . The 

ap:;_1licDtion o.:.. t hes e dry catter y;ercentaces to the £,Teen \leights of e ~0.ch 

sa:npl e yielded fit;m·es for dry r!w.tter production per unit o.rca. Division 

by the nurr.bc r of days in each production period gave productivity values . 

'l'ricminG and hurves t i1 g Here acconplished '\'Ii t h the aid of an electric ho.nd

picce , pouored initially by a portable cenerator and 1ater by a h,clvc-volt 

car bo.ttcry opcr a tin[:; throuih a DC./AC . invertor . 'l'hc tr ir..;ning and 

harvestinc cuts for the fi .cst production period uere to a heir;ht of 

approxi oately 0 .5 cm.; t his is a simi l ar heicht to that used by Radcliffe 

(1 971). 'i'he ·~ri r.,mine and harvestini cuts to this height a ppeared t o be 

v cr-J severe and in so~e c ases , especially where a ma t existed be l01·1 t he 

green veec t ative layer, a lr:ios t a ll photosynthe tic plant parts we re r e;r.oved . 

It was juclc;ed that t his t reatment did not reser,ble the somewhat laxer 

grazinc r ecio.e being practised at the time , c.nd for the foll01·1ing t hree 

mea.3urement periods the trimmin[s and harvesting cuts were r aised to 

approximate l y 1.5 cm. above ground level . An even cutting heit5ht was 

achieved by attac hi ng a skid benea th the handpiece . Where the conditions 

at harvest ing were conducive to herbage loss by wind , blm·T, a port able 

tripod weiGhing tent was erected to shield t he area being cut. 

The nur:iber of measurements Dade at each aspect varied. On the west 

and south aspec ts three large (120 cm. x 150 cm. x 45 cm. high ) and four 

sma ll (30 cm. x 30 cm. x 30 cm.) cages were located. The same number of 

small cages were used on the north and east aspects, but the number of 

large cages was increased to four for the second, third and fourth 

measurement periods. The three l arge cages on the west and south aspects , 

anJ three of the four on the north and east aspects , were randomly sited 

on areas excluding ' stock paths ' and having slopes of between 5° and 30°. 
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'.i'hese were the same areas from which the mineral nitrogen core samples 

discussed cn.rlier in this chapter (section 2.3) were taken. At the start 

of the observational perjod doubt cxisteG as to the number of cages 

necessary to derive prociuction data uhich uould sh01-r statistically 

significant diffe1·ences behrnen aspects . Ideally, the number of cages 

used uould hE.ve been greater, however the total area of euch aspect on 

uhich cai:;cs could be placed uus limited in si?.e and the number decided upon 

r epresented a co::ipromise between ctatistical and practical consider.:1tions. 

These three caces were placed on areas of a sr,ecific slope cl.:isn as a r.ieons 

of reducine the variab:i.li ty of the dda obtained and of obtaining data which 

could be relatively eo.sily interpreted. 

The topographical variation of the north and east aspects was more 

pronounced than that of the west and south aspects , and the fourth large 

cage on the fo~er was placed on areas which also excluded ' stock paths ' 

but which exceeded 30° in glope . It was intended that the data from 

these steeper areas be used to indicate the 1wr.;ni tude of production 

differences between slope classes , althouch it \ms r ealised that thes0 

differences uould not prove statistically sicnificant .due to the l ack of 

replica tion on the steeper s l ope class . 

The four small :::ag2s uere ranclo1J1ly sited on euch aspect . 'l'hcse 

cages \·rere intended to provide an additional source of production data 

should the information from th0 lo.rGe ca,'.;es be insufficient to show 

production differences between aspects . 

The large cages had angle-iron frames antl were covered in lightweight 

chicken nettine of approxir:1ately G cm . raesh . 'l'he small cages were 

constructed of wire netting of approximately 5 cm . square mesh and were , 

in e:!.fect, 30 cm. cubes with one open face (see Fi cures II.2, II.4) . One 

metre square areas were harvested from undE::r the large cages , and 25 cm. 

square areas from under the small cages . 

The length of each production period was governed by the amount of 

herbage which accumul ated in the cages , and the necessity for fitting the 

growth periods into the twelve month measurement period o 

Slope was measured using a simple device designed and constructed for 

the purpose. (see Figu:re II . 8) . The device was also used for all other 

s lope measurements made throughout the study. The slope reading obtained 

was influenced by wind but shielding of t he face of the device allowed 

satisfactory measurements to he made . 

(C) STATISTICAL tISTHODS 

The results of all statistical analyses are summarised in Chapter III , 

or in the appropriate appendices . 
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FIGURE II . 8 Device used for Yeasuring Slope . 



1. Hicroclimatic and Animal Factors 

The mic roclimat e and dung de position data recor ded were not 

statistically analys ed. 'rhis was for hm reasons: 
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(i) r.iuch of the dab r ecorded di d not involve sufficient replication 

t o enable satisf::ictory statistical analysis . This is to be 

expected ~n a descriptive study of the type described here in. 

(ii) I t was judged that graphi cal or t abular presentation adequately 

expressed the dj_fferences noted . 

2 . Soil Factors 

2.1 Exchangeable Cations , Available Phosphorus , Tot al Uitroe-en, Organic 

Carbon , Cation Exchange Cc,paci ty, pH and Base Saturation. 

Singl e factor anal yses of variance Here c onducted on the da t a obta i ned 

fr om the above soi l analyses . The base_ s aturation da t a , which were 

expressed as percontace values , were arcsin tra~1sformed prior to statistical 

anal ysis. D1mcan 's multi1)i e ranee te,:;t (Steel and 'l'orrie , 1960 ) was used 

to detect si0nif icant differences bch;cen the individual aspects. 

2. 2 . I-1ineral Hi trogen 

(A) '.!inter i.ncucation 

Sincl e factor analyses of variG.nce were conducted on the ambient and 

final mineral nitrogen level data . The miner a l nitrogen contents of cores 

Hhich had obviou.sJy been tn.ke n fro rr, r ec en t urine pa tches were not i nc luded 

in the statistical analyses . This applied to t he r esults of both the uinter 

and spr ir.c incubations , but only involved 3 samples of a total of 140. 

Duncan 's multiple range test was used to test for differences between 

individual aspects. In an attempt to determin9 the effect of differential 

s ampl e moisture content on nitrogen mineralisation, regression coefficients 

describing the relationshj_p between fina l moisture content (i.e. at the end 

of the incubation) and final nitrogen content were calculated. This was 

accomplished with the aid of a procr runmable calculator, and the program.me 

used also provided F values denoting the significance of each coeff icient. 

Final moisture content was used as a matter of necessity rather than choice. 

Due to the nature of the data recorded it was not possible to relate both 

initial and final mois ture contents to the mineral nitrogen contents of the 

samples. It would also have been preferable to use net mineralised 

nitrogen rather than final nitrogen values, hut again this was precluded by 

the nature of the data available. 

(B) cpring incubation 

A sincle factor analysis of variance w~ used to test for the existence 

of significru1t differences in ambient mineral nitrogen level between aspects. 



Duncan 1 8 multiple ran~e test was applied to deterrv.ino the significance of 

differences beh,ecn the individual aspects. 

An analysis of covaria11ce (AilCOVA ) 'lms attempted, using the final 
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moisture and mineral nitrogen contents of the incubated cores as the indep0ndant 

and depernl011t variables respectively, in an attempt to statistically correct 

for any effects of differential moisture content on nitroccn mineralisation. 

The application of a test for ho~ogeneity of treatment regressions (Steel 

and Torrie, 1960) showed the re_:;ressions , in fact , to be non-homo0eneous, 

thus precluding the possibility of correcting for differenti:11 moisture content 

effects by this l!.!efaod . Parts of the AXCOVA are presented as hro factor 

analyses of v.'.lria11ce of final moisture and rineral nitrogen co:!'l.tent o 

Rccression coefficients for final moisture and mineral nitrogen content 

were calculnted as for the ,·rintcr inc:uba tion data. A t wo- way analysi s of 

variance of the r,et mineralisdion (final minus ambient l evel) means co:if irned 
' t he results of the analysis of variance of fin.::i.J. mi neral nitrogen content 

ment:i.oned above , i. c. incubation as11ect effects irere non-significant , and 

on the basis of these results De.:in values for ne t nitrogen ~ineralisation 

tlurinc the incubation were calculated for each of the source as1)ects , 

incuoa tion aspect effects being ignored . Sicnificant differences beb,,een 

these r,ea;1. values were determined using Duncnn ' s multiple r ang-e test . 

An analysis of variance was used to test for differences in the total 

nitrocon status of the samples used for ambient mineral nitroGen level 

determi nation in the Spri~ . Individual aspect di fferences i1ere determined 

using Duncan ' s multipl e range test . 

3 . Pasture Fe.c tors 

3.1 Bot anical Composition and Percentage Bare Gound. 

Binomial confidence limits (Snede cor and Cochrane , 1967) were used to t est 

for differences i n botanical composition and percentage bare ground behreen 

aspects . Greig- Smith (1 964 ) notes that where frames of points are used, as 

was the cast:: in this study, it is not possible to use binomial theory as a 

basis f or the prediction of variances and these mus t be calculated f rom t he 

data recorded. The r eason given is that the variances obtained using frames 

of points are greater than those obtained using the same number of random points. 

This was tested for some of the data recor ded at Ballantrae. One hundred 

concurrent points were taken from each of the three transects sampled on the 

east and south aspects . The fractional occurrence of browntop and catsear 

in each of these transects, and the mean fraction tl occurrence for each as;1ect, 

were calculated . The appropriate variances were deri ved by two alternative 

methods : 



(i) Based on binomial t heory : 

npq_ - var. 

where: n - no. of observations (300). 

p = recorded meQn fractional occurrence for each aspect. 

q_ ·-· 1 - p 

(i i ) Based on norJllo.l thc::ory : 

(x x) 2/ n-1 = var. 

where: 11 = no. of transects (3). 
x :::o re corded fractional occurrence for each trnnscct . 

x = recorded mean fractional occurrence f or each aspect. 

In all cases the second method gave similar , or lower , variance values 

th c.n those predi.cted by binomial theory (see Appendix 11). This is the oppositE 

result to that noted by Grcig-S::.:i th ( 1964 ) and may be du~ to t he system.::i.tic 

arran{;ernent of the points i:!.lonc eu.ch h·ansect. Grcig-Sr:.ith (1964 ) sta.tes 

that there is no way of e::itimatint:; the variance of a single set of syste~at ic 

sa"llples . For this reason binomial confidence lirr:i ts were used as a basis 

for dctect,in0 differences between aspects , a l though it 11ns realised that 

due t o th,3 r elatively low vari ance of each set of data t his 1rnuld t cncl to 

Give conservative es timates of the s::.gnificance of the differences tested.. 

3. 2 · Production 

Initial inspection of the raw production Jata (for 1 metre square 

scii11ple? on 5° to 30° slopes ) suzcested. the existence of non- hoooceneous 

treatment variances. The production dat a were converted to equivalent 

productivity values in. order to eliminate differential e;rowth period l engths , 

and t he non-homogeneity of variance Has confi rmed using a chi-square t est 

(Ste el and Torrie, 1 960 ). A log ( x + 1 . ) transforrna tion was applied. and 

the data rete s ted for non-homogeneity, a negative r esult being obtained . 

A chi-square t es t for uormality of data (Steel and Torrie, 1960 ) indica ted 

that the trans formed data were normally distributed. A two-way fixed-factor 

(aspect and growth period) analysis of variance (il.emington and Schork, 1970) 

was used to detect the existence of significant treatment effects. 

multiple range test was used to indicate significant differences in 

productivity between aspects. 

Duncan's 

The significance of production differences between slope classes, and 

between sets of measurements using different sized herbage samples, was 

determined using t-tests. 
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CIIAP'rER III 

1. NIC;10CLII:J,TIC FAC'ECTIS 

1 • 1. 1'lind-Specd 

The results of the wind-speed r.ieasuremcnts , made for three and four 

day periods duririg 1972, are given in Figures III.1 and III.2. During 

most of the yem: the average wind-speed on the north asp8ct Has greatest, 

folloued by th2..t on the ,rest , east c.nd south aspects respectively. The 

difference betueen the bro latter w;_is , in most instances, small . 

1 . 2 . Wind Direction 

Table III. 1 sho1·1s the number of days each month for 1'lhich spec ific 

Hind directioni:; were r ecorded. The daily 9 . 00 a,t , estimates from which 

the swwary uas compiled are given i.n Appendix 3. The 1dnd directions 

r ecorded most often Here , ;-,,r and Jest , 65i~ of the observations made being 

fo r uinds fro~ t11is quarter. The other quarter from which wind was often 

r e corded was Eo.s t - SE (23;'~ of all observations), while 1'linds from the 

north - NE and South - SIT \vere only infrequently experienced, 

1 • 3 • H.ainf all 

FiQn'e III.3 presents the distribution of rainfall throughout 1972 . 

Each group of four bars r epresents the rainfall record for a three or 

four day measurement period . Table I I I.2 gives the total rainfall 

r ecorded on e ach of t he four aspects over t he experimental period . llhere 

a record for one or more gauges was not obtained, as occurred at four of 

the mcasurer.:ient periods , the t1easured rainfalls from the other gauges 

have not be en included in the respective tota ls. 

1 .4. Ne t Radiation Es t imates 

Average daily net radiation estimates, for the north and south 

' microclimate sites ' during four s e l ected periods , are given in Table 

III.3. The daily estimates used to de rive thase average figures are 

presented in Appendi x 4 . 'rhe net radiat ion values for the periods 

encompassing the autumn and spring equinoxes and the winter s olstice are 

greater for the north than for the south site . However, the value for 

the period ovP.r the s ummer solstice is less for the north than for t he 

south site. The estimate for the south ' microclimate site ' during the 

Winter is negative . 

1.5. Evapotranspir ation 

(A) Potential 1vapotranspiration (PET .) 

Average PET. values for the same four periods as mentioned 
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TABLE III. 1 '.find Direction Summary for 1972 . 
direction recorded ) 

~~=·-~=----... ~ 

(number of da,ts wind 

unm DPl. r~CTIOH 

l 

---
H NS E SE s ~H,T ';[ U':T CALl-1 ...,., 

- ~--
JAIL 1 . 1 4 2 0 0 7 16 0 

FBB . 1 1 5 4 3 0 5 8 1 

ELil.. 0 3 6 0 0 0 G 15 1 

APR . 0 1 2 5 0 1 6 13 2 

HAY 0 1 3 3 0 0 3 1 9 2 

JUN. 0 1 3 5 0 0 9 7 4 

JUL. 1 1 7 4 0 0 7 8 2 

1\.UG . 1 2 6 6 0 1 4 11 0 

SEP. 2 0 1 2 1 2 2 20 0 

' OCT . 1 0 4 0 2 1 7 16 0 

J:OV . 2 0 5 2 1 0 11 9 0 

DEC . 2 0 2 2 2 0 6 17 0 
~---J 

~ABLE III.2 Huinfall Tota l for ::ach Aspect (mm .) 

Aspect 

Rainfal 1 
·-· 

°\lest -, 
-

862.6 I 
Horth Eas t South~ 
807.9 964.7 1008 .6 
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TABLE III.3 Net Radiation ( ly./day ) and Evapotranspira tion (mm./ 
day) Es timates for North and South ' J,:icrocli:raa te Si tcs' 

Pe riod: 13.3 to 14.6 to 16. 9 to 7 .12. to 

s:1 
5.4.72 27.6.72 29.9.72 23.12.72 

-o 
·rl 

North (N) +> +> 158. 7 27.9 149.5 254.2 
Q) l1l 
z·,-1 

South (s) 109.0 -27.9 109.6 279.2 ,-g 
0:: Ratio N/S (<:1 ' 146 136 91 /0 , 

.§ 
PET. 3.22 1.03 3.07 3.52 I •rl Nor th O+> 

P.C\1 AET . 1.69 3.84 C\1 f.! > •rl 
rx:l ~ PET. 1.57 0.30 1.55 2.60 tll South ra 

f..l AET . 0.66 2.45 
+> 
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above (section 1 . 4 ) are g iven in Table III.3 .. 'rhe dai ly I'ET . value s 

used to derive thcso avera,:;-es are presented j.n Appendi x 4 . Du~cinc al l 

four periods con:.1idcrecl, PET ., D.3 calculatf-;d , was Great er a t the north 

than a t the south ' microclimate site 1 • 

(B) Ac tual Evapotrnn,;i_Jiration ( AE,"l'.) 

Table III. 3 co;-::r(,rcs the p,;T . vulues r:-.cntioned above and the 1\ET. 

v a lues derived for t he :iut urm :.n d 8pring periods . The summer v a lues for 

AET . are sir,,il2.r to those for P.::'r ., hm1evor t~1e autun~1. values are 

c.pproxirno. tely 60.,; s ":laller than those for l1:;;T. For b oth periods the AET . 

va lue for the north f>itc is su:.~stantially creater than tha t for the south 

site . The bull: clcnci ty value::, ttsud in the de rivettio;1 of Af:T . arc g iven 

in Appendix 12 . 

1 .6 Soil ~o isture 1cn~ion 

Fi8ures III.4r III.5 aud n.I.6 presen".; curves for s oil r,1oiature 
' t ens ion at 4 and. 10 CD,. depths on th'3 va rious aspects .. Tension va lues 

of O atrJosphcres have been plotted as 0.1 atr::osphe r·es t o facilitate 

presentation of the data . the aoisture tension valuos obtained f0r the 

30 cm. depth arc civcn in Appendix 1 .2 . 

51 

Durine the period mid-1-:ay to enrly Scpter",ber I Doisture tension appears 

to have boen a t, or near , fi eld capacity at 2.11 de pths , on all aspects . 

Durinc most of the re:1:aining t\lo portions of tne year pronow1ced contr as ts. 

existed bebrnen aspects . Tim north aspoct was aloos t invariably the 

driest aspect, and during dry periods follOi·ring r ain , soil moisture tension 

increased far more r apidly on the north than on the other aspects . 

Throughout much of the year the eo.st and ,·1es t aspects Here simi l ar in terms 

of soil moisture ten.., ion, although l arge differences existed between the 

t wo at times. In general the tensions r ecorded for the east and west 

aspects were intermediate between those recorded for the ' dry ' north and 

the damper south aspect. 

1.7. Temperature 

Figures III.7 and III.8 present the annual course of the 4 cm. air 

and soil temperatures measured at the respective ' microclimate sites '. 

These curves were derived from data , presented in Appendix 5, which give 

the average monthly temperature at each of eight three-hourly points 

throug~out t he day, for each month of the year. An error of± 0.5°c. is 

placed on each of the curves in Figures III. 7 and III.8 (see Chapter II, 

section 1 .5)~ 
The average air temperature curves for the four aspects are similar , 

the only notable exception being the curve for the north aspect , which 

dips sharply during February. 
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Durin.1 t he months January to lcugus t t he north aspect soil temperature 

was t he w .. •.nnest , und tha t of the south aspec t the cooJ e:::: t. This effec t 

;;as most l)ronounced in February ai,d duri~ t:n.e Hinter. 'l'he soil 

t crnperatur0s on t he e~.is t and t: f..:st as pects ,,ere simila .... , and. intcr,i:cdiate 

be tween those on the north n.nd i30 L> th aspects , during t:1e a bove pe:riod . 

Hov1cver , darin,:; th9 ~3prin0 · and early Sur.:r:cr (Sept ember t o Decetriber) the 

soil tcmpc1'atu r e of t ho north aspect ' dropped I to that of the south aspect , 

and the cc..s t aspect soll temperature ' rose ', to make it t l-ie warmes t face 

during this period . 

2. SOIL FACTORS 

2.1 . Exchanceable Cations , Available Phosrhoru.s , Total lJitroGen , Or6anic 

Cll:cbon , Orr;anic Eattcr Content, Cai:i.on F.xc!ia ... '1..:;a Capac ity, pH and Base 

Saturation. 

'l'he rosuH:s of t lrn ch~mical ana lyses of the soil sarnpl es t aken on 

30. 3.72 are aivcn i n Table III . 4. All values arc means for twelve snmpl es ; 

t hose r.ieans encoopassed by a bar are not stntir.;t ically different at t he 

5,:; level , as detcr:iined by Duncan ' s multiple ranee test . Taylor and 

I'ohlen ( 1 962) give n table of r atinc-s , fro r.1 lm-r to very high , for the results 

of cl,12mical analyses of soil. Cn this basis the exchunceable calcium and 

macnesiuu levels are rr.edi1.Lt1 , the potasaium l evels u:cdium to high , 2.nd the 

sodium l evc J s lmi . T'iie ea tion cxcllanc;e C.:!pac i ty values a r e r ated as medium 

and the. buse saturation values as l mr . 'l'hc available phosphorus fi[,rures 

(if converted to m0 . ~ ) arc ~edium for the cas t and north , and low for the 

south and irns t aspects . The total nitroeen , or ganic carbo~ and organic 

mat t er contc::it values are rated as medium , a nd the pH v a lues as low. 

Table III. 4 ranks the aspects accordinc to the resultn of the chemical 

anal yses. The pH values for the four aspects are sioilar , although the 

west aspect appears to have a s l ightly l ower pH than the other aspec t s . 

The remai nde r of the results rank the east aspect higi.1est , follovied by the 

north, ancl south and wes t aspects respectively, with the exception of the 

base satura tion and exchangeable sodium results . 

2.2 Available Nitrogen 

(a) Ambient level of mineral nitrogen. 

Table III.5 gives the ave rage ambient level of mineral nitrogen in 

soil sampl es ta.lcen from areas of 5° to 30° slope on 7. 6 . '72 and 8 . 10. 72. 

Each value is the mean f or five s ampl es , and t hose va lues encornpasse<l by a 

bar are not significantly different at the 57o l evel, as determined by 

Duncan' s multiple range test. The ambient mineral nitrogen level for the 

east f ace was gr eat er , at both s amplings, than the l evels for the south, 

north and w-es t faces . 
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(b ) Mineralisation during incubation 

Table III.6 presents values for the net aruount of nitrogen mineralised 

during the winter and spring incubations . 'rl10se values were obtained by 

subtracting the ambient levels of '1.'ahle III. 5 from the means of the final 

l evels given in Appendix 6.3. 
During the uint~r incubation the net amount of mineral nitrogen forL'.l.ed 

was much greater on the east than on the other three aspects. A hrn-factor 

(source and incuba tion aspects ) analysis of variance , conducted on the net 

nitrocen mineralisation meuri..s of Table III.6 , for the spring incubatio:..1 results , 

showed a significant source aspect effect . This analysis is summarised in 

'rable III. 7. A more sensitive analysis of variance , using the final mineral 

nitrogen contents of the samples in the s pring incubation, confirmed this 

r esult (see Appendix 6.1). On the basis of these results, mean values for 

ne t mineralisation durine the sprint; incubation vrere derived for each source 

aspect . These means , and di'fferences at the 5~0 level as determined using 

Du..11can 's multiple range t est , are given in Table III .8. The east aspect value 

was sicn:i.ficant ly greater than that for the south aspec t, t his in turn being 

Grea ter than t hose for the north and ives-!; aspects. 

The r elationship between final mois ture content (indepcndant variable ) 

a11d final ni troc;en cont ent ( dependant variable), during both winter and s pring 

i ncub~tic~s , i s expressed by the vQrious r egress ion coefficients given in 

Table II I. 9 . The individual coef ficients for each group of i ncubated cores, 

and the individual Hi thin source and ;·;i thin incuuat ion aspect coefficients , 

are Given in Appendix 6 . 2. The moisture content and mineral nitrof:en content 

data from which th8se regressions 1·rere calculated are presented in Appendix 

6.3. 
Values for the moisture contents of the samples used in the ambient and 

final raineral nitrogen determinations are 6 iven , for both incubation periods , 

in Table III.1 O. Each value is t he mean fo~ five samples. A two-way 

anal ys i s of variance of the final mois ture contents of the cores used in the 

spring incubation is s ummaris ed in Table III.11. Source aspect effects are 

highly significant and incubation aspect effects significant. 

Total nitrogen values for the soil samples used in the ambient mineral 

nitrogen analysis at the start of the spring incubation , are given in Table 

III.12. Each value is the mean for five samples, and values encompassed by 

a bar are not significantly different at the 5% level, as determined using 

Duncan's multiple range test. The eas t aspect soils contained significantly 

higher levels of total nitrogen than the other soils . 



60 

TABLE III.5 Amb i ent Miner al Nitrogen Levels ( ppm ., dry soil ) 

7. 6.72 E 16.8 s 13. 2 N 12 .o w 9.8 
- -

8. 1 o. 72 B 1 9. 1 s 11. 5 iI 11. 1 H 9.4 

' TABLE III.6 Net Hitrogcn Ihneralisation durinfs Incubation ( ppm., d~J "'Oi l ) 1 

' Source asp8ct 

1,linter Spring (8. i 0 to 20 . 11.12) 
Incubation (7 . 6 to \les t North East South 

aspect 6.7. 72 ) 
-- c--

'.lest 2. 8 50. 2 L1r[3 . 9 105. ::,; 47 . 4 
::rorth 2. 4 15. 5 33 . 4 88. 8 84 .0 
~!as t • 21.4 5. 2 9. 5 69.8 55 . 4 
South 0. 3 31 . 4 29 . 3 42. 2 2L"r • 1 

TABLE III.7 Analys i s of Vari ance of Ne t Mi neral isat i on E0ans f or 
Spr ing I ncubation 

Source of Variation n.s d.f. l!, and va l ue r equired 

Incubation aspect 878.08 . 3 2.29 n s 3.86 
Source a spect 2107.66 3 5. 51 * 3. 86 
Error 382.66 9 

TABLE I I I.8 Net Nitrogen Mineralisation for Source Aspects 
during Spring Incuba tion (ppm.,dry soil) 

Aspect East South North ~v es t 

Nitrogen 76.5 52.7 30.3 27 .1 



Tf\BLE III.9 Coefficients for Heeression of Final lf;ineral Ui troeen 
Content on l<'ina l 1:oisture Content 

--
Rccression \·I inter Sp!'in0 

Overall + 0 . 02·H· + 1.01 ns . 

Within 5roup 0 . 00 ns . - 1.74 ns. 
·-

'.Ii thin source -r.- n . a . o. 16 ns . -
aspect to 

- 2 . 54 ns. 
-

llithin incubation n . a . + 0.05 n::1 aspect to 
+ 3.23 ns . 

__.} 

* n.a. = not applica ble 

TABJ,i III.10 Loisturc Contents of Soil Cores usecl for E.incral 
Hitrogcn Deterwination::, (g ./1 00g . dry soil) 

----
;·I inter I Spring Incubation 

ru.1bient final ambient final i:1oisture content 
'--- Incubntion As pcc·-1;---- --

·:rest i!orth Ea~ - Sout~ 

\.Jest 45.7 44 . 8 38.3 36o5 37 . 4 36 .1 :59 . 0 

lforth 41.9 41. 7 26 . 0 32 . 0 30.7 28.0 30.5 

East 52 . ~ 61.6 44 . 6 44 . 7 42 . 1 43 . 8 44 . 0 

South 53. 1 51.6 49.5 50. 2 44 . 3 44 . 5 50 . 8 

TABLE III.11 Analysis of Vari ance of Final lfois ture Contents of 
Soil Samples Incubated during t he Spring 

Source of v ariation d.f . MS F 

Incubation aspect 3 53.43 2 . 92* 

Sourc e aspect 3 1175. 52 64. 24** 

Inter action 9 15.75 0 . 86 ns . 

Error 61 18. 30 

Total 79 

b1 
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Table III.13 expresses values, cnlculatcd from the 4 cm. soil 

temperature do.ta , for centigrade hours above 5oc . The north aspect value 

is ereatest durinc the winter incubation, the east aspect value during the 

sprinc incubation. 

3. /\J;Il1/1 L F ,\C'l'OR 

Table III.14 Gives vo.lues for the amount of dung collected from plots 

on each 2.npect . Values for the arnount of dune collected per 10m2 were 

hie;her on the .eas t and south than on the west and north aspects . 

applied :for each of the three measurements made . 

4 . PASTHJ1.C :E'ACTOR'J 

4.1 Comparison of Point .Analysis and Dry Weic-ht Anal ysis 

This 

'l'able III.15 compares results obtained using the point analysis and 

dry weight o.n~lysis me thod.'3 of botanical composition determination. The 

dry weieht fiiures are means for three sampl es. In all cases (i.e. at 

all soason0 anQ on al l aspects ) point analysis gave values for the grass 

co1:iponent of the sward which were l 0\·1er t han those given by dry weie;h t 

analysis . The comparison of flatw e1;d values indicates the converse, as 

doe~- the co:1parison of clover values , with one exception. A list of the 

values obtained for the individual species is given in Appendix 7.3. 

4 . 2 Comparison of Botanica l Composition and Percentage Bare Ground between 

Aspects . 

'J.'ablc III. 16 compares the botanical composition of t he swards at the 

various aspects, as dete:crnined by point ana lys i s . Only values for the 

more abundant species are e iven. A full list of all species encountered, 

and their r eco:::>ded abunda.n.ce, is given in· Appendi x 7.3. Those values 

encompassed by a bar are not significantly different at the 1% level, as 

determined us ing binomial confidence limits. 

Some species did not show any distribution pattern with respect to 

changing aspect e.g. sweet vernal, cocksfoot (Dactylis glomerata) , browntop 

and white clover ( Trifoliu.m re pens ). Other s:r;e cies showed a distinct 

pattern; Yorkshire fog and perennial ryegrass comprised a greater 

proportion of the sward on the east than on the other aspects, while 

danthonia was most abundant on the north aspect and nertera (Nertera 

set~losa) on the west and south aspects. A number of species showed 

-indistinct distribution patterns , and in some cases these patterns were 

evident only at certain times of the year. Ribgrass (Plantago lanceolata) 

tended to be most abundant on the north aspect for the autumn, winter and 



'l'ABLi:: III. 12 'l'otn.l lii t ro.:;cn Vnlucn for Soil Cores uzed in Spring 
Lnbient Leve l Dcte1ini11ations (1~ dry noil) 

-
..:..~D.3 t South i:orth .. ent 
----

0 . 461 0.391 0.383 0.375 - - - ·---

~'lcBJ,·.-:; III.13 Centiaradc Iiours above 5oe,: at 4 cr.i . in Soil , for 
Hinter and Spring Incubations 

~ 
.. 

/\$J)C Ct :'le3t iTorth ;:!ast South 

linter incubation 327. 6 1083 . 6 352. 8 25 . 2 
r, • ... pn r.g incuba tion 9133. 2 84-36 . 6 10203 . 9 8462 .4 

- · 

TJ.BI.3 III. 14 Dun{; Deposition at Horth , South , East a.'1d i'!es t Aspects 
Ceo. dry dung/10m2 ) 

Period West North Eas t South 

21 . 9 to 23 .1 0 .72 12.9 5.8 85 .9 99.1 

23.10 to 27.11.72 8.4 5.3 47.5 46.8 

27 .11 to 21 .1 2 .72 31.9 9.5 62.3 73.6 

63 

I 
I 

- I 
I 

I 
I 



T,',J3I E III . 1 5. Cocporiaon of Botanica l Composition us dete1mined by 
l'oiut Analysis ( P,"1 .) and Dry 1:leicht (m.' .) 

AnalyGic C~ v ulucc) 

- ---
Autumn 

' 
Winter Spri ng Sumner 

0 
N .p N N 0 

0 ON N t- t'- .p t:'\ t-
N +> t- t- . . . t- . .p N . . N t- . . ,- ..- ,-t- • co G) ,- ..- ..- ..- N ..-. . .. . . . . CJ . ' . . u·, m ''14 

0 \ ..- t<'I 0 . . . • O t-t \ mt-
[,'\ ..- [(\ 

"'- L -"\ ,.-~w -s::1- ..- N ..- N 

l r.:i. D',/ PI, v;'! P1~ n-r PA D·T 

85.21 
,, 

--
grasses 59. 0 68. 3 58.7 89.5 55 . 4 47. 7 6G . 6 

.!EST clovers 4 .7 6.0 4 . 6 1.6 11.8 4- . 7 7 .0 2.7 
flahreeds 29 .7 26 . 2 20. 2 2. 0 29 .0 9. 5 31. 7 29. 0 - ·-------
erasscs G6 . 1 75 .7 72 . 5 90. 6 66 . 9 92 . 8 61. 9 83.7 

::ormr clovers 2. 8 1. 11. 2. 6 0. 3 6. 3 1 .e 2. 9 1. 3 
flQtueeds 24 . 5 22.5 16.5 2. 7 24 .8 6 . 7 22. 4- 15.0 

'----· ·-
grasses 73 .8 83. 2 76 . 4 98.2 73. 4 93 . 1 64 . 2 97 . 5 

:~AS'i' c l overs 4. 7 2.8 1 . 6 0. 9 4. 4 0 .7 5.4 4.1 
fla h1e eds 1 9.6 1 3. 1 14. 6 0.6 18. 9 5.6 23.1 19. 9 

crns3es 62. 5 70. 0 52 . 3 86 . 8 57 . 2 74 .8 57. 0 79. 9 
SOUTH clover s 5. 5 5.0 1.9 1 .o 5. 5 4 .3 5. 1 3. 3 

f l a h,eeds I 25 . 0 22 .0 20 . 0 4 . 7 26 .8 13. 6 28. j 20.0 
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sprint; point ruw.J.yscs . Mosn tended to be most prevalent on the south nnd 

west aspects , c:..lthouc;h the only clcarcut result indicating this is thnt of 

t he winter point .:rno.lysi::, , and the results of the sumr.:icr ana lys i s clo not 

wholly hc~r this out . Chi clrneccl ( Ccrus tium clo"!crn turJ ) vms most s.lmndant 

on the ca[;t aspect :.n the Sprinr; mid Summer , and sucklinc clover ( 'l'rifolium 

dubiur1), u}iich in G.n nnnual , on the west aspect durinc the Spr ing. Catsear 

(Hypoch:·.c:r:; 3 _ratlicoi:~) ap1)eru.·s to huvc been i. ost c01r.monly encountered on the 

went QG_pcct , and crested docst;1il (Cyno::m1'U:J cristo tuG) on the east and south 

asp~c ts . 

no consis tent differences in percent n,ec bnre -'.;round Here evident , 

al thout;h the north aspect t ended to have hie-her bare cround values than the 

other 2.s })(JC ts . 

4 . 3 Production Diffc:r-cmces 

Rate::; of pasture production for the four aspects a:rc shown in Table 
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III .17. The figure::; present'e:d are derJ.ved from neasurei:ents nade on areas of 

5° t o 30° nlope , and protected by large cages . During the summer/autumn 

period t he suards at tl,c cast m:d south aspects r:;rew at significantly faster 

r ates (o..s dete rmined by Duncan ' s rnult i pk ranee test) t hon those on the north 

a:?1.d. west aspt:c t s . Durine all three reinaining period::, productivity values 

fo r t he cast aspect irerc sianifjcantly crcatcr than t hose for the other three 

aspec-l;s , the l atter havir.6 sir:il ar c rowth r ates (see Picures III . 9 , III .1 0 , 

III. 11, III. 12 for autum::/winter period) . '11he raH production d a t a , and the 

analysis of vari ance of the l og (x + 1) transformed productivity data,are 

gi ven in lippendic es 7 .1 ancl 7. 2 . 

'l'able III. 18 co;:1par es production estimates made using 25 cm . s quare a.rid 100 

cm. square herbage sample::; . The asterisks denote significant diffe rences 

at tne 51; l evel , as determined using t-tes t s . The values for the 25 ci;i . 

square sampl es are means for two to four quadrats , and for the larger 

samples for three quadrats in each case . Tl!e raw data , from wr.ich the 

means in Table III .1 8 uere de':'ived, is given in Appendix 7.4 . One 

s i gnificant difference was detected at eac h of the prod.uction cuts, with the 

exception of the first . 

Table III.19 co~pares production on two slope classes. The data 

presented is that for production estimates using the four l arge c ages on 

the east and north aspects . The value for the steeper slope class is 

derived from one sample only, as oppos~d to three samples for the more gentl e 

slopes; t-tests on the data failed to indicate any significant differences. 

In all cases, however, t he fieures presented show a lower production fron: 

the steeper slope class . 



'l';~m,B III . 17 I)roci.uctivi ty on Slop0s of 5° to 30° (kg . DI·,. /lrn../day) 

-- - ----- - -- ----]- :r.. . ..:s'l' ~it·rH i--~,,;:.S~ SOU'.rH Si0nificc.ncc a~Jl 
P~RIOD . 1 5:,~ le-v e 1 

------------- -- - - -- -~-------!__ -----i----

1 G • 1 to 4 . ~.72 8 . '.; ,' 5.3 19 7 

1

14 4 g S) \l N 
Su!:i.:.?01/ Autumn 

t, • 4 . to 23 . 8. 72 

Autumn/.:inter 

23 . 8 to 9 . 11.72 

2 . 2 2 . 7 

11.5 11. 4 

. 
-

13 .4 

') -~ 51 

----

. , , 

I 
2 .. 6 E>N , S ,':l 

15 . 6 E> S ,'.l , H 

13 . 11 to 30. 12 . 72 
22 . 6 22 . 9 46 . 8 1 9 . 7 

J. ~ ' ,\ ' E>' '~ 

1i\\BI,E III . 18 Cor.rcarison of i-roduction Estir::atcn usine 25 crn2 Herb2£c 
,,,.,. · l e" ("'1° 11 ca'"'"e") ,"Jld 1 ,.,,2 ·~erb-"u~"" c~_,.,,,._·11.J lc.,..., (lar;:e ,ju. ,Ip '~> v ,a:J._. b C, • ... .U. - v ~- • ~ 

car:cs) .(l:.::; . 11;, . /ha . ) 

I \·i i:R 1!0.1.'l'II ~AST SOUTH 

LI'\ l.(\ 0) Cl) 
(\J (\J Q) Q) 

Cl) en rl C? rl L) Cl) (I) (]) tl) (/) C/l Q) tl) P-, t'l ") C/l Pi Q) Q) 0 rl Q) Q) 0) rl 
Q) a Q) rl <l> Ll L.1 rl lJ) p, t..'.) rl t.) P, 1',.J r f..:> Pa t,,') co rJ P, ~ El ("j P. 2 § ("j t? m El c;J Cl) () r.: u Cj () C1 0 () ctl () 

(1j tl) CU C/l (\J (I) (\J 
rl C/l Q) rl Cl} Q) rl s Q) rl El rl 

lf"ls rl (.!X\J rl () f:.'.lC"\J rl u 
0(\J dN 1-t S m ~ s rJ I.cl s ctl s Ei ro El L..'"\ 13 l!\ GRO:iTII PERIOD Cl) () rl ..- C/l () rl .... tl) (\J rl ...... C/l (\J 

16 . 1 to 4. 4 .72 572 674 504 4?.1 1080 1 555 1205 

4.4 to 23 . 8 .72 996 * 315 485 374 1884 448 

23 . 8 to 9. 11 • 72 708 911 111 2 * 902 4046 1939 

1 3 . 11 to 30.1 2.72 862 1059 1073 1076 1403 * 2198 762 

TOTALS 3138 2959 3174 2771 9683 4354 

·JE- = significant differ ence at 5~ level 

(I) 

C/l 0 
Q) rl 
~ P.. 
c::I A 
u c::I 

Cl) 
Q) 

~a 
C\1 
rl .... 

11 38 

365 

1229 

925 

3637 

67 



F G RE III . 9 East Aspect: Herbage Pr oduction 
4 . 4 to 28 . 8 . 72 

FI GUF.E III . 10 North Aspect : Herbage Production 
4 . 4 to 28 . 8 . 72 
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',-·- -_ -:- _,.,,., -:out'"' ·.sncc 
:...~· .;!' _:~::_· _...;:_...;:__;;;- ~,-I _;_ I ~ 

4 . 4 to 28 .8 . '7? 
1.1e :::-b1rre I'roduction 

FIGURE III.'1 2 ·,1:est As pect: Herbage Production 
4.4 to 28 . 8 .72 
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TABLE III.19 Comparison of Production Estimates made for Two Slope Classes 
(kg. DM./ha.). 

Slope Class: >SO( 30° )30° 

4.4 to 23.8.72 374 294 
NORTH 23.8. to 9.11.72 902 855 

13.11 to 30. 12.72 1076 805 

4.4 to 23.8 .72 1884 58 1 
EAST 23.8 to 9.11.72 404!'., 1026 

13 .11 to30.12.72 2198 1010 
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CHAPTER TV DISCUS8I0fi 

1 • J.:icroclima tic Fr!.c tors 

1 .1 Hind-Speed and Direction 

Comparison of . the daily cstimat8s of u ind direction in Appendix 3 

and the average iv ind-speeds presented in FiGures III.1 and III.2, 

i1lustrates t he close relationship between wind direction :::md the \·:ind-

spce~ on the various aspects. 'rhe west and nor·~h aspects , especially 

t he latter , were the mos t exposed aspects du.ring 1972. 'rl-1is '\'ias due to 

the prevailing I.lest - H';/ uind . The anemo1:1eter on the north aspect 

consistently lobged more miles o: Hind-run than t he west as pect anemometer , 

even during pel'iods of westerly weather . This was probably due to the 

gully uhich runs D.lm.os t due \-Test toward t he north aspect and ,rhich t ends 

to f unnel ui nd onto this s l'opc . (see Ficures I .1 and II .1 ). The wes t 

D.spect was sheltered , to a deeree , by a l arce stand of n3crocorpa trees 

which was situated a pproximately 225 m. to the Hest ( s ee li'i[,ru.re I . 1 ) . 

I mplica tions of the hicher wind-::;feeds on the north n.nd ucs t aspec ts 

include effec ts on the energy bnlance existing at each aspect , hence on 

t emper 2.. ture n.nd soil moisture status , effec ts on ani1'lal behaviour, and 

physical b<1.tteri nc effects on pl arits , eq)ecially erect species . 

1 • 2. Rainfall 

A. comparison of Figure III.3 and the dai l y wind. direction d.::ita in 

Appendix 3 shows that in eeneral the wind1mrd gauge collected lc::; s rain 

than t he l eeward c;auGe . 

occu1·red betueen aspects . 

In some instances differences of' up to 1 OOi; 

The annual totQl s of Table III. '2 shOir t hat the 

tota l r .::iinfall recorded on the south aspect was greatest , follo11ed by the 

rainfall on the east , west and north aspects res pectively. From 

geometrical considerations, if the angle at which rain fell was the so.me 

for all aspe~ts, the l eeward aspects would receive l ess rainfall per unit 

surface area ( as opposed to map area) than the windward aspects. However, 

the gauges at Ballantrae were set up with hori zontally disposed colJ.ecting 

surfaces, and would thus record r ai nfal l on a map area basis. As noted 

by Geiger (1 965), the angle at which rain falls varies with aspect and this 

complicates inte~pret a tion. A further complicating factor is the 
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existence of wind-speed effects on the amount of r o.infall collected by 

raingauges , as noted by Rodda (1 966), Green (1970) and Jackson and Aldridge 

(1972). In view of uncertainty as to the existence and magnitude of actual 

rainfall differences between a spects , it can only be concluded that 



differences in r ain-gauge ca t ch occur r ed , and t hat actual r ainfall 

differences may or may no t hav e occurred. 

1.3 Ne t Radi ation and Evapot r,3.nspir ati on 

The net r adiation (~ ) values i n •rabl e III. 3 , although basea. on 

meteoro l ogi cal d3.~o.. , were ca l cul at ed using an empir ical equation , and 

are t hus subject to possibl e large er ror c . The seasonal radiation 
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pat ter n ari sine from the cal cul ated RN values i s simil ar to t hat described 

by Bryru:i and J emison (1943) , Gates (1 965) and J ~ckson (1967 ) . This 

pattern lnvol ves l arge differences i n HN be t ween North and South- facing 

slopes during t he Winter , and r elativel y small di f ferences during the 

Summer. The similarity of the RN va l ues f or t he north and south aspects, 

when near t he summer sol sti ce, i s r el ated to t wo phenomena : f i rstly , 

t he sun rises South of Eas t and sets S0ut h of West durincr t he Summer, 

and secondly the sun has~ l arge angular al t itude at t his t ime of t he year. 

Accordine to t he calculations made for t he t wo aspects at Ball antr ae , 

t he average daily RN on t he south ' mi croclimat e site ' actually exceeded 

t hat on the north ' mi croclimatc si te ' durillG the peri od encompassine t he 

summer solstice . Gat es (1 965 ) mentions that t his may occur, however, 

it 1s possibl e that t he r e l atively crude modi f ication fac tor s appl ied t o 

ne t ·r adiation f or a horizontal surf ace , t o derive values for north and 

sout h s l opes , were i n error. 

Both pot ential and actual evapotr annr,>iration (PET . and Am' . ) esti mates 

indicate that t he r ate of evapo transpir ation (E'l1 .) on the north face was 

greater t han t hat on the south f ace during t he f our perioda considered. 

The Pm . ·value for t he sout h s l ope in June i s positive , despite t he R.N 

value bei ng negat i ve . The ener rsy r equired f or t he evapor ation of water 

would, in t hi s cas e , be provided by adv~ctive transfer of sensibl e hea t 

from the air (Jackf::on , 1967). The PET. Yalues given by Jackson (1 967) 

for Taita, for the months of March , June, September and December, are 

similar in magnitude to those calculated fo~ the north and south slopes 

at Ba.llantrae. However, the relative magnitudes of the values for the 

opposing aspects differ. Jackson did not consider differential wind-

speed effects and although thes e might have been small at Taita , they were 

large at Ba.llantrae and had a considerable effect on the magnitude of the 

PET. values ca l culated . This is illustr ated by tho PE~. estimates for the 

_December period, where the average RN val ue used for the south slope was 

greater than that for the north slope , yet t~e PET. value derived was 

smaller. 
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The calculated P?.r . and AET . va]ues are approximately equal for 

December, ye t different by a factor of two in 1'Iarch-April. The concept 

of ET., as developed by Penman (1956), sugges ts that differences in AET . 

and PE'r . are due to the occurrence of soil moisture stress. The 

calculated ET. data would thus sugges t that soil moisture tensions 

during Narch-Apri). were considzrably greater than in December, and the 

latter would be near field capacity. This, however, was not the case, 

and the differences in PET . and AET. which are apparent can not be 

explained on this basis . Differences of the magnitude of those s~10'1m 

in Table I I I.3 could easily have arisen due to incorrect assumptions made 

in the RN, PET. and AET . calculations, all of which were partially or 

wholly based on empirical formulae (see Chapter II for details). 

1 .4. Soil Noisture Status 

The 'dry ' north face and the r e l a tively damp south face provided the 

greatest contrasts in soil moisture status. This pattern is one which, 

with correction to the appropriate hemisphere, is much r eported in the 

literature. As noted in section 1.2 of this chapter, it was not possible 

to determine the magnitude of rainfall differences which may have existed 

between as pects, and thus it is not possible to examine t he relationship 

between soil moisture t ensiou and rainfall differences. However, the 

evapotranspiration (ET .) values calculated give an indication as to the 

main reason for the diff erences in moisture status beh1een the various 

aspects. The r apid rate at which the north aspect dried out following 

rain appears to have been due to high ET. rates. Variation in soil 

moisture tension was extreme on the north aspect and relatively small on 

the south aspect. Variation in the depth to which the soil profile 

dried out was ,also noticeable, e.g. on tlie north f ace the moisture tension 

at 30 cm. reached 15 atmospheres, while on the south face the moisture 

tension at 30 cm. did not rise above 1.4 at~ospheres throughout the 

experimental period (see Appendix 1.2.). 
The moisture tensions recorded on the east and west aspects tended 

to be internrediate between those recorded for the north and south aspects. 

This would 'probably have been a function of the intermediate wind-speed. 

and radiation regimes experienced by these two aspects. Large differences 

in moisture tension between the east and west faces did arise, but these 

differences did not show any noticeable pattern, nor any correlat~on with 

· wind speed: despite the consistently higher wind-speed on the west aspect. 

The compass bearing of the west aspect 'microclimate site' was closer to 

true North than that of the east aspect site (see Introduction to Chapter 

II), and this would have resulted in higher radiation inputs to the west 

than to the east site. Again, soil moisture records do not reflect 



this di f fer enc es between the two aspect s. The pos sibility of a higher 

xainfull on the eas t aspec t fur t her c ol.:lplicates t he issue. Temper ature 

differences be t ween the wes t and eas t aspects may have t ended to counter act 

the possible d ifferent rat es of ET . due to the different wind speeds and 

r adiation inputs a t i he two aspects . However, even if t his was t he case 

in t he Sept ember to Deccnber period , it would no t have applied for the 

rest of the year, as s oil t emperatures on t he h ro aspects were s i milar. 

A detailed ener gy bal ance study woul d be ne cessar y to de t e r mi ne the reasons 

for t he observed differences i n soi l moisture t ens ion betwee n the east 

a nd wes t aspec t s . 

During t he winter months l i ttle di~fe: ence in s oil moisture 

t ension was r ecorded between aspects. This i s to be expec ted in view 

of t he low ET. r ates and r el a tively h i ch r a i nfall at this time of the 

year. 

As ment ioned in Chapter II, the GJ"pSum blocks were individually 

c a librated before and after use , a smal l calibrat ion drift in the 

inter vening period bei ng evident . This drift was particularly notice-

able fo r t he sou th aspect 30 cm. blocks dur i ng Sept er~ber and Octobe r 

(s ee Appendi x 1 . 2). 

1 .5 Temperature 

Air t enperatur e , soil t emperature a nd evapotransp ira tion are 

inte rrelated, and when considering re asons for t emper ature differences 

between as pects t hese f actors can not be consider ed independently. 

Variations i n one will inevitably result in variations in one, or both , 

of t he other s , the whole concept being one of an energy balance, as 

discus sed in the Introduction to t his thesis . The temperature curves 

in Appendix 8 illustrate this point. The relative positions and shapes 

of these diurnal curves demonstrate the effect of wind on the air and 

soil temperatures of the various aspects. The north and west as~ect 

air and soil temperatures were noticeably lower, in relation to the south 

and east temperatures, when a m-1 wind was blowing on 22 .1 2. 72, than on 

7.1 2.72 when a southerly wind was blowing. The number of sunshine hours 

were similar on these two days, being 10.8 and 10.2 hours respectively. 

Net Radiation (RN) is dissipated by transfers of sensible heat to the air 

and soil, and of latent heat during evaporation. The proportion of RN 

utilised for evaporation on the windward slopes was probably larger than 

that on the leeward slopes , thus leading to lower sensible heat transfers 

and lowered air and soil temperatures. 

I'+ 



The average a i r tempe:rature curves derived for the four aspects 

examined are similar (see Figure III.? ). The one exception is the low 

t emperature of the north aspect durinc February. This coincides with a 

parti cularly high soil temperature , and the two may be associated. 

· The partitioning of energ-J mentioned above, and its effect on 

t emperature , is e~mplicated by the fact that as soil moisture content 

decreases , the specific heat of the soil decreases . Thus a dry soil 

changes temperature more readily t han a wet soil. The soil temperature 

curves of Figure III.8 show t emperature differences similar to those 

described in reuch of the literature j_•cvi ewed. During the months of 

J anuary to August the north aspect ,lc:.G the warmest , the south coolest and 

the eas t and west intermediate . 'rhis is as might be expected in vieu 

of the RN regimes exp8rienced by the various aspects and the r esultant 

differences in ener(JY avai lable for sensible heat transfer to the soil. 

The pattern of soil temperature variation with aspect for t he ·period 

September to December is more compJ.ex. According t o t he RN estimates 

made , the amount of r adiation received by the south slope during D~cember 

was gr eater thun that r ec eived by the north slope ; the ' descent' of 

the north aspect temper ature to join that of the south aspect is probably 

r elated to these relative RN values. For the particular slopes involved, 

however , the south aspect soil te~perature could be exp0cted to have been 

higher than. that of t he north aspect , during December , due to the lmrnr 

wind- speed experie.c1ced by the fo1·mer . Possibly the specific heat of 

the south aspect soil was higher due to a higher soil moi1:;ture content , 

and this could have counteracted the effect of lower wind- speeds . 'l'he 

high soil temperature of the east aspect during the September to December 

period i s difficult t o expl ain. The soil moisture t ension data recor ded 

do not suggest a lower specific heat of the east aspect soil, at l east 

for the months of Se?tember to November , t hus the net heat flux to the 

soil must have been higher on the east than on any of the other aspects . 

This could have involved either a gr eater radiational input, or a lower 

r ate of heat loss from ~he soil. The former is unlikely to have occurred , 

according to va lues for incoming r adi ation from Geiger (1965), and 

examination of the air tempera ture, soil moisture and wind-speed data 

r ecorded does not suggest the occurrence of the latter. 

2 . Soil Factors ~d the Animal Factor 

According to the soil analyses conducted, the south and west aspects 

had greater nutritional limitations to pl ant growth than the north and 

/';.) 



east aspects. Possible reasons for this include: 

(i) Nutrient transfer by gr azing animals . 

(ii) Differential action of soil forming factors at the 

various aspects. 
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Both of these may have been involved in the formation of the 

differences in nutrient levels which were detected . The relative l y high 

s oil test r esults for the east aspect relate uell to the estimates of dung 

deposition for the four aspects, and suggest the existence of a nutrient 

transfer , via ·excreta, to the east aspect. However , the 'high ' test 

results for t he north aspect, and relatively low results f or the s outh 

aspect, do not agree .-1ith the dung deposition estimat es . According to 

Hilder (1966 ), uri ne is distributed ~n much the same way as dung, at least 

where sheep are concerned. Thus, according to the dunging data obtained, 

most of the urine and dung voided by sheep grazing the experimental area 

was deposited on the east 'and south aspects . This data was collected 

over the relatively short period of three months , but does indicate what 

might reasonably be assu.med ; for a J.arge proport i on of the year t he north 

and west aspe cts might have been described as inhospitable in comparison 

to the more sheltered east and south faces, (north , northwest or west winds 

were recorded on 243 days of the year ) and grazing animals might be 

expected to favour these l at ter areas . However , it i s possible t hat 

during periods of easterly or southerl y weather the grazing animals would 

intensively graze , and dung and urinate , on the west and north aspects ; 

such behaviour was not observed uuring the three month observational 

period (although there was a tendency for this to occur on the west aspect 

during t he third measurement period ), and even if it did occur, would not 

explain the differences in nutrient l evels between the west and north aspects. 

It is probably that some factor other than nutrient transfer is also 

involved. The relatively high t emperatures, large diurnal soil 

temperature range (see Appendix 5 ) and greater soil moisture variation of 

the north aspect soils, coupled with the possibility of lower rainfall, 

may have been implicated in the relatively high nutrient levels determined 

for this aspect. The mode of action involved would be one of higher 

weathering and lower leaching rates on the north than on the west and 

south aspects. Ambient mineral nitrogen levels were highest on the east 

face, at both winter and spring samplingso Although th&se levels give 

an indication of the mineral nitrogen status of the soil at each aspect, 

the figures represent an equilibrium between nitrogen mineralisation and 

mineral nitrogen 'losses' (e.g. due to plant uptake and leaching) from the 

soil. The net amount of nitrogen mineralised during incubation indicates 

the potential of the s oil as a mineral nitrogen source, and thus gives a 

clearer picture of nitrogen availability for plant uptake than does an 



ambient level measurement. In practice, the net mineralisation values 

we!'e found to follow a similar pattern to the ambient levels determined, 

i.e. values for the east aspect were much larger than those for the other 

three aspects. 

The enlarged incubation experiment during the Spring indicated that 

iucubation effects were statistically non-significant, and that source 

effects 1-rnre significant, with respect to rate of nitrogen mineralisation. 

The total nitrogen values of Table III.12 relate well to the respective 

amounts of mineral nitrogen formed during the spring incubation (Table 

III.8) and this i ndicates that during this period the amount of substrate 

available for microbial activity was a limiting f<J.ctor to nitrogen 

mineralisation. This also appears to have be E::n the case for the winter 

incubation data ('l'able III. 6), although the relationship for this period 

was not as good. 

The observed temperature differences bei;ween aspects do not relate 

well to the different nitrogen mineralisation rates observed during the 

winter and spring incubations. This statement is based on the results 
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of temperature measurements made at the ' microclimate sites ' of each asrect. 

The soil cores were actually incub~ted at numerous different sites on each 

aspect and, during the spring incubation in particular, the turf which was 

replaced over the incubation tubes cha.n&ed colour and was distinguishable 

from the 'surrounding pasture . The result may have been an effect on the 

temperature recime of the tubes and may have made the relationship between 

the t emperatures recorded and those experienced by the incubated cores a 

tenuous one. 

Attempts to remove the ponsible effects of differential moisture 

content during the spring incubation, on nitrogen mineralisation, were not 

successful. Statistical analysis showed that source aspect effects were 

significant at the 1% level, and incubation aspect effects at the 5% level, 

with respect to their influence on final moisture content. This suggests 

that any moisture content effects on mineralisation could be a function 

of both source and incubation aspect, with perhaps the former being most 

important. However, the regression coefficients of Table III.9 are non

significant in all cases except one. This would indicate that 

differ~ntial moisture content had little effect on nitrogen mineralisation 

and that moisture content was not a limiting factor during the incubation 

periods. The positive overall regression for the winter incubation, 

rather than indicating a causal relationship between soil moisture content 

and net mineralisation, is probably due to a treatment effect. The within-



group regress ion, which ignores treatment effec ts, is not significant. 

As an example, the east aspect soil cores , which yielded high 

mineralisation rates , may have had high field capacity moisture contents 
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due to high organic matter contents . This does not i mply that a causal 

r e lutionship exi sted between soil mois ture content and the high 

mineralisation rat es for the east aspect soils. 

3. Pas ture Factors 

3.1. Botanical Composition and Percentage Bare Ground. 

'r he ' firs t -hit' point analysis technique used underes tima tcd the 

proportions o:£' erect and narrow-leave.d species , and overestimated the 

con tribution of prostate and broad-leaved specie..; , when coripared with 

dry weight analysis. The ' first-ilit ' technique i s biased toward the 

recording of tall as opposed to prostrate species, however, a gener al bias 

appears to oper ate in favou.r of the latter. This would be due to the 

fact that cove r measu:ccments in general tend to overes timate the 

con tribution of broad-leaved s pecies. Rumball (1 966 ), in comparine an 

'all-hits ' technique and dry wei ght analysis, found a similar 

r e l ationship to that noted here . The con;parisons of dry-weig-ht and point 

analys is for the autumn and summer periods should be treated with caution, 

especially t he latter. This is because of the l ength of t ime which 

elapsed between the t wo t ypes of measurement, and the consequent 

possibility of botanical composition change bet ween the t wo. During t he 

four-week period between the summer dry-weight and point analyses , drought 

conditions established and these may have had a considerable effect on 

botanical composi tion. 

The differences i n botanical composition (as measured by point 

analysis) which are evident from the data collected, appear to be due to 

two main factors: soil nutritional status and soil moisture status . It 

is unlikely that the magnitude of the differences in soil temp:irature which 

were detected would directly account for th9 large differences ::.n botanical 

composition recorded. Some of the species which had distinct distribution 

patterns may be regarded as ' indicator species ' . Soil fertility 

'requirement' and soil moisture 'requirement' tables are given by Levy 

· (1970) for a number of grasses and clovers. According to these tables 

perennial ryegrass requires moderately low to extremely high fertility, 

and moderately dry to wet soils, to maintain dominance in a sward, i.e . 

under these conditions ryegrass competes strongly. Yorkshire Fog will 

compete strongly under conditions of low to high fertility and average to 

very high soil moisture. Notodanthonia bianularis (which probably has 
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similar tolerance limits to the other danthonias present at Ballantrae) 

requires moderately lo,·: to very low fertility, and dry to average soil 

moisture conditions , to compete strongly . If the above requirements are 

compared with t he relative soil fertility and moisture levels of the 

various aspects, as defined by the measurements made over the experimental 

period, a relationship between these two variables and pasture composition 

is apparent. It seems that the reasons for t he hieh proportior.s of rye

grass and Yorkshire fog on the east aspect were, rela tively speaking, the 

high l eve l of soil fertility (especially with respect to nitrogen status ) 

and adequate moisture status of the aspec t. The frequent moisture stress 

oc curring on the north aspect is probably the r1::ason for the high 

proportion of danthonia in the sward of that asped. Nertera appears to 

be most successful under t he low fertility conditions of the west and 

south aspects. Levy ( 1 97P) records suclding clover as 'requiring' 

condi tions of very low to moderately low fertility, and dry to average 

moisture conditions , for dominance to occur, These 'requirements' are 

best net by the wes t aspect, where suckling clover ,ms mos t abundant , 

Noss tended to be most abundant on the low ferti l ity west and south 

aspects , especially the l atter , during the Autumn , Hinte r and Spring , and 

on the west aspect during the Summer. The increase in the proportions 

of moss recorded between the autumn and winte r point analyses , decrease 

between the winter and spring analyses , and increase betueen the spring 

and summer analyses, are probably , i n part, a fu..'l'lction of the differing 

amounts of vege t ati onal cover prese~t at the successive analyses . An 

increase i n cover would result in a decrease in the recorded moss values, 

and a decrease in cover the converse. Thus the actual amount of moss 

present could remain static while the proportion recorded by 'first hit' 

point analysis varied according to ch3llge s in cover. The changes in the 

proportions of moss recorded vary directly with the changes in percentage 

bare ground recorded, with the exception of the value for the 3outh aspe~t 

during the Summer. The reason for this lack of change is uncertain in 

view of the pronounced change in percentage bare ground. The small amount 

of white clover present in the swards may be due to the overall low 

phosphate status of the soils and the resultant strong competition between 

clovers and grasses. 

implicated here. 

The low pH status of the soils may also be 

The species which were present in reasonably large amounts, yet did 

not show any differential distribution, i.e. browntopani sweet vernal, 

presumably have wide soil fertility and moisture tolerance limits. To try 
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and explain the i ndistinct distribution patterns of several of the species 

which were reasonably abundant , e . g . crested dogstail, catsear, ribgrass 

and hawkbit, woul d be mainly conjecture in the absence of more precise 

informati on on their distribution and ecol ogy . 

The differences in botanical composition r ec orded for the north and 

south faces at Ballantrac do not aercc very uell with the differences 

sh01-m by Suckling ( 1 959) for sunny and shady slo:pe3 n.t Te Awa. Suckling ' s 

data show an opposite distribution to that recorded at Ballantrae for moss 

and ryegrass and a simi] ar distribution fo r dnnthonia , Yorkshire fog and 

percentage bare ground . The differing overall botanical co~positions of 

t he pas t ures at Ballantrae and Te Awa probably expl ain in part the l ack of 

similarity between the tuo sets of r esults . The different point analysis 

t echniques used , ' first-hi t' i n one inst ance, and 'all hits ' i n t he other, 

may also have been ir:plicated. Ru1:1ball (1966 ) reports similar patterns 
• t o t hose found at Ballantrae , with rcnpe ct to the dis t r i bution of annual 

c lovers , danthonia and rye0rass on sunny and shady faces . 

3 . 2 Production DifZercncos . 

Production data from areas of 5° to 30° slope , excluding ' stock paths ' , 

was used as the basis for ccriparine pasture procluction on the f our o.spects . 

The dat a were converted to rate of production (productivity) val ues , to 

e l imi nat e differential grouth period lengths . The l arge variability of 

the data reduced the sensitivity of the multiple range te::;t used and this 

may have reduced the number of signifi cant differences detected . 

The dominant factors infl uencing pastur e productivity appear to have 

been t he r ate of soil nitrogen mineralisat ion, soil moi sture status , and 

poss::.bl y availabl e phosphorous status . Air temperature woul d have had no 

effect as li ttle difference in the aver age air teraper ature of the vari ous 

aspects was detected. Soil temperature may have been i mplicat ed, as 

differences were f ound to exi s t be t ween aspect s , but if an effect on 

pasture pr oductivity di d occur t his was not r eveal ed by t he data . 

Possibily t he effects due to soil fe rtility and moisture differ ences were 

so l arge as to mask any effects due to diffe r enti al soil t emperatures . 

During t he first growth-period (i.e . Summer/ Autumn), when the r a tes 

of pasture pr oduction on the south and eas t aspec t s were significantly 

great er t han t hose on the west and north aspects , soil moisture status was 

probably a l imiting f ac t or on at l eas t the north aspect . Ava i l able 

phosphorus l evels would not have been l imiting at this time , as evidenced 

by the relatively high productivity and l ow phosphorus sta tus of the s outh 

aspec t . No data on miner a~ nitrogen status are available for this period . 



Throughout the second growth-period (Autumn/ Winter) the rate of nitrogen 

mineralisation was probably the factor limiting pasture produc tion . The 

l arge differences in productivity between the east and t he other aspects , 

and the similarity of t he three latter, indicate that none of the other 

environ.mental differences measured could account for the differences in 

pasture productiort which were recorded. This is i llustrated by the 

situation existing on the north aspect : the l evels of available cations 

were probabl y non-limiting (Jackman, pers . comm.), nor was soi l moisture, 

1·1hich was near field capaci-';,y. The north aspect was warmer in terms of 

soil temperature than the east, wes t and south aspects and had a higher 

available phosphorus status than the west and south aspects , yet produced 

approximate l y the same amount of herbage as the two latter. During the 

third growth-period (Spring ) mineral nitrogen status may al so have been 

an important limiting factor, althouE;h the difference in net mineralisation 
• 

be tween the east and south aspects does not seem l arge enough to explain 

the differences in productivity which were recorded . Possibly low 

phosphorus levels l imited production on the west and s outh aspects but this 

does not explain the low productivity .of the north aspect over this period . 

Available nitrogen may have been a limiting factor during the fourth 

growth- period (Spri ng/ Summer), but data are not availabl e to confirm this . 

The similar rates of production on tj1e north, south and west aspec t s tend 

to discount the possibility of a phosphorus or soil moisture limitation. 

The total production figure for the east aspect during the experimental 

period (346 days ), was 9683 kg,DM./ha. (see Table III.1 8 ). The magnitude 

of this figure is surprising in view of the low available phosphorus level 

(Jackman , pers. comm.). It should be remembered that t he phosphorus 

figure quoted in Table III.4 is for the entire aspect, while the production 

figure is fo~ 5° to 30° slopes only • . The available phosphorus levels on 

these latter areas may have been higher than on the rest of the aspect. , 

due to higher stock concentration and excretal return. It should als o be 

noted that in New Zealand the results of soil chemical analyses are 

generally correlated with the growth of swards containing substantial 

proportions of clovers. In fact, what may be ranked as a low phospho1~s 

test on this basis, may be quite adequate for high levels of production 

by grass and weed swards. This is especially the case where browntop, 

which is reported to compete st~ongly for phosphorus (Jaclanan and Mouat , 

1970), comprises a large proportion of the 3ward under consideration. 

Large differences existed , in some instances, between production 

estimates made using two different sizes of herbage samples . For this 

01 



reas on, and also because satisfactory statistical analysis was possible 

using data from the 1 metre square sampl e~ alone , the data from the 25 cm. 

square samples r1ere not used in the final determination of production 

differences between aspects. The differences obtained using different 

sDmple sizes were probably due to t he fact that where small samples are 

t aken a small area - circumference r atio exis t s , thus making harvesting 

t echniques prone to large errors o 

The comparison of production on two slope classes, using large cages 

and 1 met r e square herbage samples, indicates that large differences in 

production can occur between areas of different s lope . The data obtained 

were not comprehensive enough to allow the detection of statistically 

significant differences, however, examination of the data shows that 

production was lower in a ll cases on the steeper s lope class. 

4. General Discussion and Practical Implica~ions of Study . 
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Dung (and probabl y urine ) distribution on the experimental area appeared 

to be influenced by t he direction of the prevailing wi?-d · This prevailing 

Wes t/Northwesterl y a l so modified the microcli~ate of each aspect . 

Differences in evapotr anspiration (ET .) rate 1-rere due , in varying degrees , 

to the relative radiational inputs and wind- speeds at the different aspects . 

ET . rate had a large effect on soil moisture t ens ion and on soil t emperature . 

Had a smaller time-scale been used (say one week ) for average temperature 

calculation, differences in average air t emperature might have been detected. 

Nitrogen mineralisation r ate , which was one of t he main factors 

limiting pasture produc tivity , appears to have been dependant upon the 

amount of substr ate available for microbial activity. For the area examined, 

soil tota l nitrogen status was a good indicator of mineral nitrogen status ; 

where clovers comprised a greater proportion of the sward this relationship 

might not hold. Soil moisture status was t he other factor which was a 

major limitation to pasture productivityo The measured differences in 

productivity between aspects did not appear to be directly attributable 

to temperature differences. Had steeper slopes been examined, the 

temperature differ ences recorded might have been greater, and might then 

have had a significant effect on differences in productivity between 

aspects, as is suggested by Suckling (1959, 1964, 1966). Species 

distribution patterns appear to have been closely related to soil nutrit

ional and moisture status gradients. 

To summarise, the measured differences (in pasture botanical 

composition and productivity) between aspects can be attributed to the 



different microclimates existing on the various aspects. I mportant 

consequences of these different microclimates appear to have been: 

(i) Different soil nutrient l evels on the various aspects, arising 

through (a ) nutrient transfer behreen aspects by grazing animals, 

and (b ) differential action of the climatic f actor during soil 

formati on. 

(i i ) Different soil moisture l eve ls on the various aspects, operating 

through differential ET. rates and leading to different degrees 

of mois ture stress, especiall y dur ing the summer/autumn period . 

The derivation of satisfactory sampling techniques remains one of the 

largest problems encountered in hill country research . 

As mentioned in Chapter I with regard to temperature records, caution 

should be used when extrapolating from the specific to the general 

situation , especially where the former is defined by measurements made 

over a relatively short period of time. However, a number of broad • 
practi ca l implications arise from t his study. As suggested by Suckling 

(1 966 ), hill country should , where practicable , be fenced with regard to 

aspect , to f acilitate grazing management. In some areas t his is not 

fe asible , as variation is of such small-scal0 as to preclude subdivision 

on t his basis . "\·There large- scnle variation due to aspect exis ts, 

fertiliser could be spread at varying rates as indicated by soil nutrient 

status determinations. However, this would necessitate intensive soil 

testing , and uould not be feasible in many instances due to the problems 

created by attempting differential topdres s i ng by air . Where hill 

country has been fenc ed with aspect differences in mind, and initial 

fertiliser appl ications have been made, nutrient transfer by stock will 

be xeduced, or halted, and fert i lity variation between aspects should 

decrease. 

As mentioned above, two major limitations to productivity were 

determined for the pasture under examination. Additional limitations 

would exist where i mprovements were contemplated ; these would include the 

low clover content of the pasture, which relates to the nitrogen limitation 

to productivity which was detected, and the low available phosphorus status, 

which is probably a ma jor limitation to clover growth. Liming would 

probably be necessary to allow clovers to express themselves under the 

more favourable conditions existing where phosphatic fertiliser was used. 

The traditional set-stocked sheep and cattle management used on much hill 

colrntry may also prove to be a major limitation to increasing sward 

clover contents, the effect being one of preferential defoliation of 

clover plantso 



Of the two major limitations to productivity which were detected, 

soil moisture limitations can not practically be remedied. However, 

subdivision according to magnitude of seasonal moisture stress would 

help avoid over-grazing of drier areas during the Summer and Autumn. 

As mentioned above, soil fertility differences between aspects may decline 

as overall fertility levels are increased. This may mean that 

temperature differences between aspects will become more important, 

especially during the Hinter , with respect to differences in productivity. 

The current trend for hill country seed mixtures appears to be 

toward a simpler mixture than has been used in the past, comprising 

ryegrass, white clover, and sometimes cocksfoot, red clover or 

subterranean clover. Variability exists in hill country pastures, on 

a wide range of scales, as evidenced by Rumball's (1 966 ) study, the 

present study , and l!,,2dden 's (1940) bulletin on the grasslands of the 
' North Island. This variability in pasture botanical composition and 

productivity would indicate that numerous and diverse habitats are present 

in most hill country situations; it is possible that, in recognition 

of the existence of these diverse habitats, other species, such as Lotus 

pedunculatus, browntop and Yorkshire fog, could profitably be included 

in mixtures, especially when, and if , i mproved ecotypes of these species 

are available at reasonable prices . It may be that the set-stocked 

grazing regime practised on much hill country Hill not allow full 

expression of the variety of species such a mixture would contain, but 

where different management systems were practised a botanically complex, 

but highly productive , pasture might eventuate. 
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APPENDIX 1 .2 Soil Hoisture Tension a t 30 cm •. (atmospheres ) 

Date w N E s 
,=-~,.,..-,- - --- - ~ 
6. 1 0.7 1.7 0. 2 0.1 

·--·--

ffite I W N E s 
~=a=.-=--~~=== ™--=-=-

. 5 0. 6 0.6 o . o 0.0 
·-

Date w N E s 
·-· 

I 
14.9 10. 1 0. 8 o.o 0.5 

9 0. 2 1. 1 o .o o. o 115 o.o 0. 3 o.o o.o 18 0.1 0. 8 o.o 0. 5 
12 0.3 1. 2 o. o 0 : 0 , H3 0,0 0. 5 o.o o. o 21 0,8 1. 1 0 . 8 0. 9 

I 16 0, 9 2. 2 o.o o. o 

120 1.1 5. 9 2.7 o.o 
' 24 2 .6 11.7 0;8 0.1 

27 8.2 12 . 9 1. 4 0. 4 

~ 

122 o. 1 0. 6 o. o o. o 
I 

0 . 3 i25 o. o o. o o. o 
i 
~ 29 0.3 1.0 o. o 0.0 

! 1.6 0.3 0. 6 o.o o. o 

25 l 0 .8 1.2 0 .8 0. 9 

28 I o. 9 1.2 0. 8 1 . o 

2 . 10 ! 0, 9 1. 2 0 . 8 1. 1 

5 0. 9 1 • 3 0. 9 1. 1 
31 1.1 1.5 0.7 0. 2 j5 0. 5 0. 6 o.o o. o 9 0. 8 1.3 0 .8 1.0 

3. 2 1.6 3. 5 1.3 0. 5 1 

7 5.7 11.6 3. 2 1.0 1 
- . ·I 

10 1 .4 1.6 0 .1 o . 6 I 

Is o.6 0.7 o .o o .o 

~ o.6 0.7 o. 1 o. 1 

o. 1 0.4 o .o o.o 5 

12 0. 8 1.3 0.9 1.0 

16 0. 3 0. 7 0 . 4 0. 5 
19 0.7 1.1 o . 1 0. 6 

14 3 . 5 1 . o 1 .8 1. 1 I 
17 7.8 12. 1 5. 3 1. 4 1 ,___ __ - · 1.0 0. 3 0 .. 3 1 21 1.0 

I 24 0.7 0.5 o. o o.o J 

19' o. 1 0.5 o .o 0. 0 1 
22 0,4 0.7 o. o 0.1 j 

,-

26 0.5 0.7 o.o o. 1 I 
29 0.5 0.7 o.o 0.1 

23 0.7 1. 2 0 . 6 0.8 

26 I o.8 1 • 2 o .6 0 . 8 

30 I o. 7 1 . 2 0 .6 0. 8 

2. 11 0.8 1 • 3 0 . 7 0. 9 

28 0 . 9 1 • 1 0 .0 0.0 1 

2.3 0.9 1 . 4 0.1 o. o 
6 0. 9 1 . 9 0. 3 o.o 

3.7 I 0. 5 0. 8 0.1 0. 1 I 
~ 

I 

I 

6 I 0. 3 0.8 o . 1 0.1 
I 0 .6 

i 
10 I o. 1 0.1 o.o ' 

6 0. 8 1 • 3 0 . 7 0 . 9 

9 I 0. 9 1 • 3 0.7 Oo9 
-----· 

13 0. 9 1 • 3 0.7 1.0 

9 0.4 0 . 9 o. o o. o 
- -----
13 o. 1 0. 7 o.o o.o 

13 o. o o.o o. o 0. 0 1 
0--· 

~ 17 o.o 0. 3 o . o o. o
1 

16 1.0 1.2 0. 7 1.0 

20 1 .o 1 • 4 0. 8 1.0 

16 0. 3 0.8 0. 1 0. 0 

20 0. 5 1.1 o.o o. o 

23 0. 6 1 . 3 0.1 o.o 

120 o. 1 0.7 o. o 
o.~ 24 o. o 0. 5 o. o 0.1 

27 o.o 0. 6 o . o 0. 2 

23 1.1 1 . 6 0 . 8 1 . o 

27 1 . o 2. 4 0. 9 1.0 
-

30 1.0 3. 6 0. 9 1.0 

27 0.7 1. 5 o. 1 o. o 31 o. 1 0.8 o. o 0. 3 4.1 2 1.1 3.7 0. 9 1.0 

30 0.8 1.5 0. 2 o. o 3. 8 o. 1 1.1 o . 1 0. 4 7 1.1 1.7 0. 9 1.1 

3.4 0 . 9 1.7 o.o o. o 7 o. 1 0.8 0.1 0.5 11 1.2 3. 3 0 . 9 1.1 

6 0.9 2. 2 0.3 o.o 10 0.1 0, 8 0.1 0.3 14 1.4 1.6 1.0 1.1 
- --

10 0.3 1.8 0.1 o.o 14 0.1 0. 6 o.o 0.2 18 1.6 1.6 1.1 1.1 

13 0.6 1 • 9 0.1 o.o 17 o.o 0.4 o.o o.o 21 2 .1 3.7 1.3 1.1 

17 0.6 1 .2 0.1 o.o 21 o.o 0.8 o.o 0.1 24 3.0 6. 8 1.6 1.1 
20 0.6 1 .o 0.1 o.o 24 o. o 0.8 o.o 0.2 28 1 ·.4 4.5 2. 8 1 • 1 

24 o.6 1.0 o.o 0.3 28 o. o 0.6 o.o o.o 1.1 3.3.15.5 6.5 1 • 1 

.27 0.3 0.5 o.o o.o 31 o. o 0.6 o.o o.o 

1 .5 0.9 0.5 o.o o.o 4.9 o.o 0.7 o.o 0.1 

4 0. 5 0.6 o.o o . o 7 0. 0 0.8 o .o 0.3 

8 0.9 0.7 OoO O.O 11 I 0.0 0.8 o.o 0.2 
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APPENDIZ 2. 1 Further details of preparation and use of temperature sensors. 

(a ) Diodes: RCA type 1N 2326 germanium temperature-compensating diodes 

were used . '.!.'he diodes of each triplet ucre interconnected and a lenc-th 

of plastic tube (about 2 .5 cm. ) was pushed over each diode. The open 

ends were sealed uith an epoxy-resin glue, thus giving waterproof units. 

(b ) Radiation shielas : These were constructed for each of the air 

temperature units. The shields t1ere basically 15 cm. squares of 0. 85 cm. 

plywood (see Figures II. 7 and II.8). The diodes were arranged in a 

parallel fashion, about 1 cm. apart , below the shield; aluminium wiring

clips were used to hold the diodes in place. The 120 cm. units had 

2 cm. strips of plywood projecting dmmwards on two parallel sides of the 

shield. The shields were orientated so that these strips shaded the 

diodes from the eo.rly rnor!ling and late afternoon sun. Each shield was 

covered in r eflective al1.lillj.nium-mylar sheeting ; the individual diodes 

of each unit were aJ.so coated with aluminium-mylar, to reduce radiative 

exchange between the ground and the sensors. The 120 cm. units were 

suspended in the air by means of 2 cm. square lengths of wood which were 

screwed to the back of the shie lds. These supports we r e in turn 

attach;d to standards driven into the grmmcl at the edge of the ' micro-

cli.n:'ate sites '. The 4 cm. units were constructed with a 10 cm. nail 

pr ojecting dm·rmmrds at each corner , and the shields sat on these legs ; 

the legs were pushed several centimeters into the soil to prevent the units 

being blo,m away. 

(c) l-lulticore ·coble: Two sizes of cable were used, containing 7 pairs 

and 15 pairs of cores respectively. 

15 pair : 1 Olb PEU'l' cabl e NZ PO SL. No. 0 364 

7 pair: 101b Pi!:UT cable NZ::?O SL . No. 0 345 

The 15 pair cable was used for the north and east ' microclimate sites', 

being connected to 7 pair cables from each site at the NE end of the hill. 

7 pair cable was used for the west and south 'rr.icroclimate sites'. The 

multicore cable was connected (7 pair to 15 pair, and cable to sensors) 

by plastic screw-type connector strips. Difficulty was encountered in 

obtaining satisfactory electrical contact at times. The corrections 

which were applied to the temperature readings for each aspect, to allow 

for the resistance of the multicore cable, were derived theoretically by 

_calculating the electrical resistance of the length of cable used for each 

aspect (using the manufac turer 's specifications) and also pract ically, 

using an ice flask and water bath in the field. 



APP1~1TIIX 2.2 Recorder modifications 

The recorder used was a Philips PR 3210 A/00 12 channel multipoint 

recorder. The accompanying circuit diat;ram describes the modifications 

made to this recorder. The offset adjust allowed the use of the full 

width of the r ecorder chart over the mV range of the sensors, and gave 

an absolute ranse of 250 mV. This offse t had a fine adjustment, in the 

form of a multi-turn rheostat, which allowed the range to be shifted 

either way • . The constant-current source required a constant voltage 

input and this was achieved by use of the voltage regulator shown in the 

circuit diagram. The recorder was converted to enable the use of 24 

rather than 12 channels, by way of a relay box which was set up 

externally to the recorder. Six relays (one for every two channels) 

were used to switch from one bank of 12 channels to the other bank, and 

back again. (A1 - 12 and B1 - 12 on the circuit diaeram). A cam on 

a shaft in the recorder, operating a microswitch, was used to activate 

the r e lays at the appropriate time. 



RECORDER MODIF !CATIONS 

r - - - - - - - - - - - - - - - - - - - - -- ,- - - - ·- - - - - - - - - - - - - - - - - , 
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APPE.'NDIX 3 Daily estimates of wind direction during 1972. 
9.00 am . estimates (B~llantrae meteorological 1~cords). 

JAN FEB HAR APR MAY JUN JDL AUG SSP OCT NOV DEC 
--

I 
1 NU H HW NU E u N NW \'[ NW lfd SE . 
2 NW s NY Nl'l CA NW IM w SE 1'Ti'7 N"'if 

I 
, I s 

3 Ni'l 
I 

s E IM NW E .NU NW NW J.\TI.·l Nll SE 

4 mv m·J E NW l'fll E E SE s w E NW 

5 N\'l w N1,·l NW SE NW E NE NW NW 

I 
E E 

61 NW s NE NW N\'l SE SE SE NW N NW E 

7 m-r E NE CA SE \'l SE E }I'd NW I w s 
8 w 

I 
N E SE lfvl 1,/ E E If:·l E I N'\'l NU 

9 N\l SE NE SF. CA \'l E E Nil E w NW 

10 NW SE CA E • NE \v NW N NU s SE NW 

11 :m1 NU w NE l'Hv CA }M' NW 
I 

m-r m·r 

I 
N i'l 

12 E E w SE N'i'l :rm Im NE Nil NW NW NW 

13 J:'[1.1 

I 
E w E w SE ' m-1 N\'l w 

I 
.nw 

I 
w NW 

14 NW 

I 
ITE N':l SE E SE w rn·1 N NW w IM 

1 5 w E N1;1 SE E 'rl u NH J:f:I w w NW 

16 N E HW CA nw N\<I CA nw J:f,;l s ml NW 

17 HW SE NW \-1 HW lifll Iv H'il SE NW w N 

18 NU \I IM SW N1;! NW SW N':l E E NW 

19 'rf NW w 1i] N':l w H N'i'l HH Iif;f NW w 

20 \·l NW N'\1 \'[ w NW SE N,{ E N w 
21 E CA NW w NW w NW NW mr NW w w 
22 NE w NW NW NW NW w SE S\·l w w NW 

23 SE NW NW NW N\•[ w w E Ni'/ NW N1.'1 NW 

24 E 1'.frl w w NW NE SE NW NW NW SE N 

25 w SE E NW w CA E w NW w w NW 

26 E NW 1T\'l NW NW E E w NW w w NW 

27 SE NW E NW NW SE E SE NW SW w NW 

28 Nlf NW E NW SE SE CA SE NW NW E NW' 

29 N'i'l w NW w l-IW CA SE E N NW s w 
30 w w w NW CA NE E E w E w 
31 w NW llW w w w NW 

CA= Calm 



APPENDIX 4 Daily 11f (ly./day ) n.nd PET. (rnm. / day ) estimates , derived 
for four periods during 1972 , for the north and south 
'microclimates sites' 

----· 
RH PET RN PET 

91 

Date N -I s . N I s 
-

Date --N-1 s N r--~ 
---

13.3 170.4 150.6 3. 29 1.79 25.6 33.0 21. 7 0.53 0.29 
14 193 .4 152. 9 4.48 2 .1 8 26 23 .6 - 5. 4 0.49 0.30 
15 183 .6 146 .6 3.59 1. 85 27 9.2 ~52.1 0.68 0.29 
16 117. 6 111 . 4 2.83 1. 55 .. 

17 1 51 • 6 136.0 3.39 1 .86 16. 9 170.3 11 6 .2 3.24 1.62 
18 183 .6 132 .1 5. 31 2.47 17 106. 9 98.4 1.74 1.03 
19 217.5 11 o. 7 5. 18 2.20 18 159.8 111 • 1 4.07 1 . 87 
20 174.6 107 .6 4 . 93 2.00 19 108. 7 97.8 2.56 1.34 
21 153.5 112 .8 3.80 1. 70 20 141 .4 109.6 2. 52 1 • 31 
22 186. 1 115 .4 4.19 1.79 21 122. 9 102.2 3.06 1.55 
23 222.8 11 4. 9 3.88 1. 93 22 223 .5 84.2 4 . 42 1.78 
24 180.5 122 . 7 3 .05 , 1. 72 23 99.9 91.8 2.57 1. 35 
25 100. 6 91.3 0.78 0.66 24 219.4 104. 5 4.59 1. 98 
26 11 5.9 102 .2 2 .15 1.37 25 168.5 128.8 2.17 1. 24 
27 231. 1 124. 9 1.72 0.92 26 149.0 11 4. 1 4.39 2.13 
28 174.3 11 5 .2 1 • 31 0.85 27 160.3 136. 3 4.08 2. 09 
29 172. 8 95.5 2.74 1.38 28 120.0 11 2 .2 2.34 1 • 51 
30 103.4 88.6 2. 95 1.55 29 142.8 127 .3 1 .23 0.95 
31 96 .5 84.5 2.24 1. 23 
1.4 94.8 82 .9 1 . 97 1.11 7.1 2 300 .8 346.6 3.79 3.11 
2 160.4 79.2 3. 05 1.35 8 194 .3 201 . s 1.89 1 . 63 
3 132 .6 82.4. 2.84 1 • 25 9 251.7 269.6 1. 82 L 85 
4 169 . 9 71. 3 4.43 1 .67 10 284 .3 317. 3 4.20 3.33 
5 121 • 9 85.0 3.15 1.41 11 269.0 294. 7 3.44 2.63 

12 196 .2 203,7 2. 86 1.99 
14 .6 :55.0 23.6 0. 31 0.23 13 231.9 247.3 3.37 2.39 
15 24.3 -J5.0 1.71 0.47 14 284 .5 327.0 5.33 3.44 
16 26.8 -86.0 1.35 G.06 15 302.5 345. 8 3. 86 2.98 
17 33.4 -2.2 0. 80 0. 25 16 222.0 233.0 3.82 2.48 
18 26.9 3. 1 o.64 0.22 17 249.6 266.4 2.25 2.08 
19 26. 8 -88.7 1.37 0.16 18 271.9 298.3 5.30 3.43 
20 23.4 -161.7 2.24 0.19 19 248.9 272.5 4.39 2.79 
21 32.7 13.9 1.29 0.63 20 216.2 227.5 2.76 1.96 
22 32.7 -61.8 1.07 0.09 21 180.2 185. 7 2.53 1.77 
23 31 .4 19. 8 1 • 21 0.62 22 313.3 364.0 4.20 3.22 
24 31.4 20.3 0.75 0.39 23 303.5 345.3 4.06 3 .19 
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APPENDIX 5 Monthly average diurnal tempera tures ( 0 c) 

(A) Air 4 cm. 

2400 (Hour of day ) 
Aspect Tfonth 0800 0300 0600 0900 1200 1500 1800 2100 Range Av. 

·-------

w 11.5 10.4 10.6 16.3 19.8 20.4 16.7 12 .o 10.0 14. 7 
N Jan. 11.4 1 o. 3 11 .o 16.5 21.0 21 .3 16. 1 1 2. 1 11.0 15 .o 
E 11 • 7 1 o. 7 12.3 17.6 20.3 20.0 15. 1 12.3 9.6 15.0 
s 11.5 10.5 11 • 9 16.7 18, 9 .19.5 15.5 12. 1 9. 0 14.6 

w 11.9 10.7 10.9 16.0 21. 7 22.6 18. 1 12.9 11 • 9 15 .6 
N Feb. 1 o. 9 9.9 10.2 15 . 8 21 .2 21.5 17.2 1 2 .1 11 .6 14.9 
E i12.2 11.4 11.9 17.8 22.2 22.2 16.3 1 3 .1 10.8 15 .9 
s 12.3 10.7 11 • 2 15 .9 20.6 21 .2 17.5 13.4 10.5 15.4 

-

w 12.4 12.2 12.0 14.7 17.7 17.7 14.9 12.8 5.7 14.3 
N 

Har. 12.3 12.1 11 • 9 14.9 17.6 17.7 14.3 12.8 5.8 14.2 
E 12.4 12. 2 1 2. 1 15 .5 17.9 17.4 14. 1 12.9 5.8 14 . 3 
s 12.2 12.0 1. 1 • 8 1 5. 1 17.7 17 .5 14.0 12.4 4.9 14 . 1 

-
i'l 9.5 9. 1 8. 7 11. 1 14.2 14.0 11 • 3 1 0. 1 5.5 11 .o 
N Apr. 9.2 8.9 8.5 11.3 14.5 14. 1 10.9 9.6 6.0 1 o. 9 
E 9.4 9.2 8.9 11 • 8 14.4 13.6 11 • 1 9.0 5.5 11 • 1 
s 9.2 9.0 8.6 10.4 13. 7 13.3 11.0 9.8 5. 1 10.6 

w 7. 0 7.0 6.7 8. 2 10. 8 10.4 7.7 7. 1 4. 1 8. 1 
H May 6. 9 6.7 6.7 8. 1 10.8 10.3 7.6 7.0 4. 1 8.0 
E 7.3 7. 1 1.0 8.7 11 • 0 9.8 7.7 7.4 4.0 8.3 
s 6 .6 . 6.5 6.6 7.9 1 o. 2 9.5 7. 0 6.8 3. 8 7.6 

w 3.7 . . 3. 2 2.9 4. 5 7.6 7.6 4.3 3. 8 4.7 4.7 
N Jun. 3.7 3. 1 3.0 4.6 7. 8 7.4 4.2 3. 9 4.8 4.7 
E 4. 1 3.7 3. 2 5.3 8. 1 6.8 4.7 4. 4 4. 9 5.0 
s 3.8 3. 2 3.0 4.6 7.0 5.2 4.6 3. 8 4.0 4.4 

---
w 5.5 5. 3 5.3 6.3 8.9 9.2 6.7 5.9 3.9 6.6 
N J ul. 5.2 4. 9 4 . 8 6.2 9.0 8.9 6.2 5.4 3. 2 6.3 
E 5.9 5.6 5.5 6.9 9.4 8.8 6.9 6. 1 3.9 6.9 
s 5.3 5. 1 5. 1 6 .1 5.4 8.4 6.4 5.7 3.3 6.3 

w 4.0 3.5 3.4 5.6 8.9 9.2 5.5 4.6 5.8 5.6 
N 

Aug . 3.7 3. 4 3.2 5.8 9.0 8.8 5 • .5 4.5 5.8 5.5 
E 4.2 3.7 3.7 6.7 9.3 8.8 5.7 4.9 5.6 5.9 
s 3.6 3.2 3 .1 5.5 8.2 8.2 5.3 4.4 5 .1 5., 2 

w 7.6 7. 'j 7.4 9.4 11.5 11 • 7 8.9 8.0 4.3 9.0 
N Sep. 7.0 6.9 6.8 8.8 1 o. 7 1 o.6 8.1 7.3 3.9 8.3 
E 7.5 7.4 7.3 9.8 11 .6 11 .o 8.7 7.8 4.3 8.9 
s 7 .1 7 .1 6.9 9.8 11 .5 10.9 8.4 7.5 4.6 8.7 

' w 9.7 9.1 9.0 11 .4 14.0 13.4 11 .3 iO.O 5.0 11 .o 
N Oct. 9.5 9.0 8.8 11 • CJ 13.4 12.7 11 • 1 9~7 4.6 1 o. 7 
E 9.7 9. 1 9.2 14.5 14.0 13.) 11 .1 9.9 4.9 11.4 
s 9.3 8.8 8.9 11 • 9 13.4 13.2 10.8 9.6 4.6 1 o. 7 



APPENDIX 5 (contd.) 

- -

2400 (Hour of day ) 
Aspect Month 0000 0300 0600 0900 1200 1500 1800 2100 Range Av. 

-- ·-

w 11.7 11.6 · 11 .4 14. 1 1 7. 1 17.8 15.9 12 . 4 6.4 14o0 
N Nov . 

11 .8 11 .8 11 .6 14 . 0 16.7 17.1 15.5 12 .3 5o5 13.9 
E 11,.7 11.4 11 • 5 14.4 17.3 17.1 14.8 12.4 5.9 13.8 
s 11.4 11.0 11 • 3 14.6 17.4 17 .4 14.9 1 2. 1 6.4 13.8 

-
w 10. 4 10.1 10.6 14.2 16 . 8 . 16.3 13.5 1 0.8 6.7 12.8 
N Dec • . 10.4 9.9 10.6 14. 2 16. 7 16.0 12. 7 10.6 6.8 12 .6 
E 10.5 10.0 11.2 14. 7 16 .9 15. 7 12.7 10.8 6.9 12.81 s 1 o.o 9.7 11.5 15 .4 18.0 16 .5 13.0 10.4 8 .3 1 3 . 1 

(B) Soi l 4 cm. 

w 15.5 14.7 14.3 15 .6 19.3 21.1 19.4 16.7 5.8 11 7. 1 
N J an . 15 .6 14. 9 14.4 16.2 20 .1 22.6 19. 9 17 .o 8.2 17. 7 
E 15. 2 14.7 , 14. 5 17 .6 19. 9 21.0 18. 6 16 .2 6.5 17. 2 
s 15.7 15.1 14. 8 16.4 18 . 9 1 9.4 18.3 16 .6 4. 6 16. 9 

w 16.2 15. 2 14. 6 15.9 20.6 22 . 9 20. 8 17.7 8. 3 18.0 
N Feb. 17.0 15.9 15.2 17 . 2 23 . 4 26 . 2 22. 7 18.8 I 11 o 0 19.6 
E 16.8 14.7 14-. 3 17. 9 22 .9 23 .0 19.3 17 . 4 8.7 18.2 
s 15. 8 15.0 14.5 16 .o 18 . 9 19.8 18.6 16. 8 5.3 16.9 -

w 13.9 13.4 13.0 13. 7 1 6 .1 17.4 16. 1 14.6 I 4.4 14.8 
N· 14.5 14.0 13.7 14 .8 18 .0 19.3 17.3 15 .3 I 5.6 15.9 JITnr . I 
E 14.3 13.8 13.4 15.0 18.0 18.3 16.4 14. 9 I 4.9 15.5 
s 14 .1 13.3 13.0 13.8 15. 7 16 .4. 15 .5 14. 3 I 3.4 14.5 

·--- !_ 
. . 

11. 3 11.1 
I 

3.6 w 1 o. 7 10. 9 1 3. 1 14.3 13. 1 11 • 9 I 12 .1 i 
N Apr. 11. 8 11.5 11. 1 11.7 14 . 7 1 5. 7 14.0 1206 i 4.6 12. 9 
E 11.711o4 11 • 2 11. 9 14.6 14.8 13.3 12.3 

I 
3.6 12.7 

s 11 .o 10. 8 10.6 1 o. s 12.3 12.8 12.2 11.5 2. 2 11 • 5 

w 7.9 7.9 7.5 7.7 9.3 10.2 9.0 8. 2 2.7 8.5 
N Hay 8.8 8.7 8.4 8.6 10.9 11.8 10.4 9.3 3.4 906 
E 8.0 8 ~0 7.7 8.2 10.3 10.3 9.2 8.4 206 8.8 
s 7.3 7.3 7.2 7o3 8.3 8.7 800 7.5 1 .5 7.7 

w 4.8 4.5 4.2 4.3 5.9 1.0 6.0 5 .1 2.8 5.2 
N 

Jun. 5.9 5.6 5.2 5.5 7.7 8~8 7.4 6.4 3.6 6.6 
E 4.6 4.3 4.0 4.4 6.6 7.0 5.7 5.0 3o0 5.2 
s 4.2 4.1 3.9 3.9 4.8 5.4 4.8 4.4 1.5 4.4 

w 6.4 6. 1 5.9 5.9 7.4 8.5 7.7 6.9 2.6 609 
N 

Jul. 7.2 6.9 6.7 6.9 9.0 1 o.o 8.8 7.8 3.3 7.9 
E 6.3 6.0 6.0 6 .1 8.2 8.7 7.6 6.9 2.4 7.0 
s ,5.4 5.4 5.2 5.3 6.5 7 .1 6.4 5.9 1.9 5.9 

w 5.7 5. 1 4.9 4.9 7.3 9.0 7.8 6.4 4.1 6.4 
N Aug . 6.3 5.7 5.3 5.8 8.9 10.4 8.6 7.2 5. i 7.3 
E 5.4 4.7 4.4 5.4 8.6 9.1 7.4 6.2 4.7 6.4 
s 4.6 4.1 3.8 4. 1 6.0 6.9 6.0 5.2 3.1 5 .1 



94 

APPE~mrx 5 (contd.) 

I I 2400 (Hour of day ) 

Aspect, fonthi 000.0 0300 0600 0900 1200 1500 1800 2100 Range lw . 

7 . 7 8 .1 10 . 0 11.0 10.0 9. 0 3 . 3 9.0 W 8. 4 8 . 0 
N Sep . 8. 1 7.9 7. 7 8 . 6 1 o. 7 11. 4 1 o. 1 9.0 3 .7 9. 2 
E 8 . 5 8 . 0 7. 8 9.2 11. 9 12. 1 10.4 9.3 4 . 3 9. 7 
s 7.7 7.3 7.2 8 .1 9 . 8 1 o. 1 9 . 2 8.4 2 . 9 8 . 5 

\'I 11.4 10.9 1 o. 5 11. 1 13.3 14 . 3 13. 3 12 .o 3. 8 ·- 12:fl 
N Oct . 10.6 10 . 0 9 .7 1 o. 9 13.5 14. 1 12 . 6 11 • 2 4 . 4 11 • 6 
E 12.0 11 .3 10.9 12.6 15 . 6 15 . 6 14 . 0 12.8 4. 7 13 . 1 
s 10.7 10.1 9.7 1 o. 9 12 . 9 13 . 4 12 .5 11.3 3 .7 11.4 

w 1 5. 2 14 . 3 13.8 14 . 2 17.2 18.2 17. 8 16 . 1 4 . 4 15.9 
N 

NoY. 
13.5 13.0 12. 7 13.6 16 . 1 17.7 16 . 5 14 . 4 5 . 0 14 . 1 I 

E 15. 6 14.7 14 . 3 15. 7 18 . 6 18.9 18 . 3 16 . 6 4.6 16.6 
s 14 . 1 13.4 13. 0 13.9 15.9 16 . 9 16 . 4 15.0 3.9 14 . 8 

--- -- - ·-·- - -- C---

w 13 .7 13.0 12.6 13.8 16 . 5 17.8 16.4 14. 7 5.2 14 . 8 
N Dec . 12.e 12 . 1 12 . 0 13 . 6 16 . 5 17 . 4 15 .5 13.6 5.4 14.2 
E 14 . 0 13. 2 13 . 0 16. 2 19.5 19.6 17 . 2 1 5.2 6 . 6 16 .0 
s 13 . 3 12.7 12.5 13.8 16 0 1 16 . 5 15.4 14 . 2 4 . 0 14.3 

- ---' 



APPEr.fD IX 6. 1 Analysis of VGriance of fina l mineral nitrogen content 
of soil samples incubated during the Spring 

.----·---- ··-----

Source of v 

Incubat ion 

Source aspe 

Interac tio1 1 

Error 

Total 

nriation 

aspect 

et 

d.f. 

3 

3 

9 
61 

78 

M.S. F. I 
-j 

3237.83 2.73 ns I 

10325.43 8. 71 ·X-* 

1788.69 1.51 ns ' 

11 85. 78 

APPEND L'{ 6 • 2 Hecression coeffici ents expressi ng r elationship between 
final mois tuTe content and. final mineral nitrogen content, 
for winter and spring incubations • 

• 

( 1 ) 1r!I1T'EER INCUBATION 

(2) SPRil!G I NCUB/\.TIOH 

·-

Source As pect 

West 

I 

North East South 
--··-

~ w - 1 .83 ns - 3.55 ns - 5.67 ns + 9.72 ns 0 
•ri 
+:> N + 7.99 ns - 2.64 ns + 0.95 ns - 0. 80 ns m +:> 
..a 0 

;:::$ (l) E - 4.73 ns - 1 .90 ns - 4.85 ns - 3.02 ns 0 p.. 

~ ~ s + 1.28 n.s - 0.76 ns + 0.39 ns + 0.33 ns 

West North East South 

Within source aspects - 0.16 ns - 1o67 ns - 1.55 ns - 2.54 ns 

Within incubation + 0. 40 ns + 3.23 ns 
I 

+ 1.56 ns + 0.05 ns 
aspects 



APPENDIX 6.3 :Mi neral nitrogen (N) and moisture contents (MC) of 
i ncubated cores a t end of spring incubation. 
(ppm. and g/1 00g dry soil) 

I 
J o ! r,, 
p., 

~ 

~ 
H 
8 
<r, 
~ 
:::> 
0 ,-, ,-..., 
H 

8 
U) 
rcc"l 
~:-: 

~ pc:; 
0 z 

8 
if) 

~ 
t:i1 

p:j 
8 p 
0 
U) 

~~ H=~~ MC1!0Il'mS:URCE4 
-----==-' ~"--··,~"=~~J. -~.---·--,~ 

ASPECT 

~;fdet~-
33.9 75.2 
40 . 5 30.5 
41.6 83.8 
3L9 98. 5 
34.6 18.6 

37.2 395.9* 
38.3 35.8 

1 37. 7_, 26.6 
13. 91'" 35.5 

. 36.4 19.6 

33 .3 39.6 
36.6 25.3 
37 . 2 14.8 
37.6 22.3 
35. 9 1 9. 5 

39. 3 11 3. 1 
36 . 2 32.5 
36 .1 29. 1 
33. 5 31.0 
45 .1 38 . 6 

27.9 100 . 6 
24.5 67.9 
34.2 42.4 
29.5 65.6 I 

I 
41.8 23 ,4 

29 .0 44 .2 I 
31 • 1 38.2 I 
29.9 82 .4 I 29.4- 18. 5 

I 34.1 30 .9 

41.0 153.9 51.8 125.5 
47.1 78.2 51. 1 33.6 
49.3 84 .0 46 . 8 --29.5 
47o7 73. 2 50.2 80 .4 
48. 2 192.7 51o1 24 .7 

41 .6 
47.3 
48.8 
35.7 
37.2 

41.6 
158. 8 
71.5 
46o 0 

173.3 

46 .9 
49.3 
41 .o 
43 . 9 
40.3 

118. 7 
84.5 
95.8 
55.6 

11 2. 3 
• 
26 . 6 
33.0 
26 .6 
28 . 2 
25 .6 

29. 7 
24 .5 
23 . 9 
16 . 4-
48.7 

139. 7 
37.6 
55 .8 
41. 6 
44.1 

69.7 50 .8 49.6 
180.2 41. 8 30. 7 

52. 4 42 .5 1 01 • 2 
11 0. 8 46 .6 80 .9 
31. 2 40 .9 11 o. 1 

---;--i 
28 .5 42 . 0 I 
29.5 50 .6 
35 .7 38 . 3 I 
30.0 21. 9 I 

I 

128.7 45.4 \ 

48.4 
48. 2 
41. 2 
38.1 
44 . 3 

60 . 5 
49.7 
77. 0 
39.0 
42.4 

50. 8 33 .5 
48. 8 25 .8 
60. 8 41.2 
45.4 32 .2 

I I 48. 4 55.2 

!'!iineral nitrogen (N) and mois ture contents (lIC) cf 
incubat ed cores at end of winter incubation 
(ppm. and g/1 00 g soil) 

WEST NORTH EAST SOUTH 

MC I N NC I N MC I N MC I N 

49.1 8.5 39.1 1 Oo5 72.8 39.7 51.2 21.9 
42.4 21.0 35.9 11.7 70.3 33.8 59o2 13.9 
45.0 11 • 1 42.9 22.8 58.7 29o5 46.1 9.6 
43.4 10.6 48.8 12. 7 49.7 33.2 48.9 6.8 
44.1 12.0 46.9* 62.3* 56.3 54.9 52.3 15.5 

*= omitted in analysis 
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APPmmrx 6 .4 Anc:.lyses of vari.'.lilce of winter and spring ambient level 
data, winter final l evel data, and total nitrogen data 
for spring i neubation. 

---··--·--··----- -----------:-·----------- ,. ·-·-· - --r- ~ 

• ! d . f. J 1-l.S. ! F I 
--·-··---------·· --·--···------·-'-· -- ------·- ------------·------t- ---~ 

( 1 ) Hinter ambient l evel I I 
betw~en aspects 

within aspects 

1 
_ total ___________ _ 

~ Spring ambient l eve l 

I 
I 
I 
i 
I 
I 

between aspects 

within aspects 

total 

3 

15 

18 

I 
. ----------

3 

16 

19 

37 . 53 
3.54 

92 . 68 

23 . 33 

I I ,- ---·- ------ -- --- - ---- ·---·--- ·---------- ----- ----- --- ·- , 

I (3 ) Hinter final level \ 
; I 

i I 
behreen aspects 

within aspects 

3 

15 

754. 56 
48 . 39 

~ 4)-~::::;--;ot;;~ -;-~~ve{ ~

1

---

1
-
8 
______ --------

be hrnen aspects 
1 

3 0.008367 
I 

10 . 6-x-* I 

I 

l 
4.o-l(· 

15. 6** 

wi thi1: aspects \ 16 00 00091 3 

total 19 
_________ _c_... _ _ ___ _ _L __ _ 
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APPEND IX 7 • 1 Production on 5° to 30° slopes , measured using 1 m2 
herbage samples (kg . DM./ha.) 

- -----------·- -··--,-·· ··-----··-··· ---·--------- -----------~ -- J 
West Horth East South 

---------- - -- -----· •------- -- ---------· -- ·· -

16. 1 to 4 . 4 .72 1040 456 1046 896 

(79 days) 546 515 2138 1716 
436 293 1480 803 

---------- -·---- --------·-. ---·-·---

4.4 to 23.8.72 318 455 1114 338 

( 141 days ) 284 

~~5 l 2645 309 
344 1893 448 

------------

23.8 to 9.11.72 722 640 3200 1964 

(79 days) 912 1069 3407 872 
1 ~ 00 997 5530 850 

------- --------·-- ------------ ------- ·- -
13. 11 to 30 .12. 721 1018 1 521 2784 760 

(47 days ) 1064 781 2101 622 
1097 928 1709 1393 ____ __l 

------ -----· -- -- -------·-·-·· 

APPENDIX 7. 2 Anal ysis of vari ance of log (x + 1 ) transformed 
productivity data. 
·----·- ·--· 

I Source of variation d.f. MS F 
---------1--------· - -- -------

I 
' 

Periods 3 59.0380 75.97** 1 
! 

Aspects 3 30.7186 39.53** 
I . I 

Interaction 9 1. 7342 2.23 ns 

Error 32 0.7771 

Total 47 

i 
i 
I 

I 
I 
I 
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APPENDIX 7.3 Results of point analyses (2. 5 to 8.5.72) and dry 
weight analyses (4.4.72) {5b botanical composition) 

· WEST _j NORTH c --i----------
- L PA I DW ~.L DW 

Sweet Vernal I 9.4 10.7 11.7 8.1 
Browntop 
Cocksfoot 
Crested dogstail 
Yorkshire fog 
Perennial ryegr ass 
Danthonia 
Poa spp. 
Bidibid 
Daisy 
Centella spp . 
J.Jar sh thistle 
Hawks beard 
Chickweed 
Dichondra r epens 
Cudweed 
Hydrocotile moschata 
Ca t sea r 
Purcing fl ax 
Hawkbit 
Nertera 
Ribgr ass 
Selfheal 
Sheep sorrel 
Hoss 
Dandelion 
Red clover 
White clover 
Striated clover 
Subterranean clover 
Bare ground 

j36.7 38.4 34.4 
I o. 7 1.1 0.8 
! 6.4 7 .1 2.8 
I 3.9 1.0 1 • 7 I 

0.7 4.2 0.8 
1.2 5.8 13.3 
o.o o.o o.6 
o.o o.o 0.3 
0.2 0.3 o.o 
0.5 0. 4 0.3 
o.o o.o o.o 
2.7 1. 6 0.8 
o.o 0.6 1 • 4 
0.2 o. o o.o 

i o.o o.o o.o I o.o 0. 1 o.o 
i 17.2 1 3. 1 11. 1 
I 0.0 o. 1 o.o 
I 3.2 7.0 6. 1 
I 4.2 0.8 0.3 

I 1.5 1.4 4.2 
o.o 0.8 0.3 

I o.o o.o o.o 
I 6.4 0.6 3.6 

o.o 0.2 o.o 
o.o 0.2 o.o 
4.7 5.7 2.8 
o.o o.o o.o 
o.o 0.1 o.o 

15.4 25.0 

---

t'J!RARY 
MASSEY UNIY.ERSll)'. 

43.0 
008 
1 • 5 
0.3 
0.1 

21.9 
o.o 
0.1 
0. 4 
o.o 
o.o 
0.2 
o. 1 
o.o 
o. 1 
o.o 
7.7 
o.o 
2.7 
0.1 

11.5 
0.0 
o.o 
0.5 
o.o 
o.o 
1 .4 
o.o 
o.o 

EAST 

so~~ PA I DW PA I DW 

6.0 6. 1 9.1 8.2 , 
, 30.1 45.7 33.2 48.6 I 

0.5 1 .8 0.8 0.6 I 
1 o.o 7o 3 8.5 6 .1 

I 13. 2 8.8 9.3 4.4 
9.5 10.3 1.3 2.0 I 
4.5 3.2 0.3 0.1 I 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
0.5 o. 1 1 • 6 0.3 
o.o o.o 1.3 0.6 
o.o o.o 0.3 o.o 
2.7 1.2 2.3 2. 1 
1.2 1. 1 o.o o.o 
o.o o.o 0.3 o.o 
o.o o.o o.o 0.3 
o.o o.o o.o o.o 
6.7 4.0 9.6 1 0. 1 
o.o o.o o.o 0.1 
7.5 4.3 5.4 4.7 
o.o o.o 1.6 0.3 
1 .o 2. 1 2.6 2.7 
o.o o. 1 o.o 0.7 
0.2 o. 1 o.o o.o 

I 1. 7 0.9 7.3 1.6 
o.o 0.3 0.3 0.5 
o.o o.o 0.3 0.2 
4.7 2.8 4.8 4.4 
o.o o.o 0.3 0.4 
o.o o.o o.o o.o 

16.2 19.6 



100 

APPENDIX 7.3 (contd.) Results of point analyses (3.8 to 7.8.72) and dry 
weight analyses (28. 8 . 72) ( ~~ botanical composition ) 

Sweet vernal 
Bro.mtop 
Cocksfoot 
Crested clogstail 
Yorkshire fog 
Perennial ryegrass 
Danthonia 
Poa spp. 
Bidibid 
Daisy 
Har sh this tle 
Hawks beard 
Chickweed 
Cud1-rned 

i \'JEST ··1---;~R TH EAST SOUTH 1 

· I PA-1 m1 ! PA -··-jD, .. .r--; - PA/ D -,-:l-...---F-A____,r----D-u---fl 
' I I ---i 

10 .9 12.8 I 9. 5 8.6 10.1 6.7 6.2 9.9 j 
30.5 50.5 : 35. 8 45 .6 28 .3 48.0 26 .1 56.2 I 

0.0 1. 2 ,. 0.9 0 .0 1.1 O~O 0.0 0.3 i 
6.9 10.7 5. 8 2.8 7.1 10.1 9.Llt 9.8 i 
6.6 1. 5 I 1.1 0.1 13.1 n.2 6.o 1.3 : 
o.o 2.4 J 2.6 0.6 7.1 16.0 1.4 4.2 1 

3. 0 8 . 2 114. 7 22. 3 6. 0 0. 8 2. 4 1 • 8 
0.5 0.1 · 0. 6 0.2 3.3 2.7 0.2 0.1 
0.0 0.0 i 0.0 2.4 I 0.0 0.0 0.0 0 0 0 
0.3 0.0 I Oo3 O.O 1 0.8 0.0 1 .2 OoO 
o.o o.o l o.o o.o o.o o.o 0.2 0.7 
2.8' 0.5 i 2.3 0.3 4. 6 0.1 4.8 1 . 4 

i o.o 0.1 I o.o 1.0 1.1 0.2 0.5 o.o 
0.Q 0.0 I 0.3 0. 7 0.0 0.0 0.0 0.1 

Hy drocotyle moscl:.c:tb1 
I Catsear . 

o.o o.o I o.3 o.o o.o o.o 0.2 o.o 
10. 2 0. 4 I 6. 4 0.1 4.6 0.2 1.4 2.3 

Hawkbit 
Nertera 
Ribgr, s 
Selfh, .. 1 
Nos s 
Dandelion 
Red cl0ver 
Uhitc c l over 
Chewings fescue 
Lotus ma jor 
\foodrush 
Bare ground 

2.5 0.4 4.3 0.1 2.7 0.1 2.2 0.7 
3.3 0.2 1· 0.3 o.o 0.3 o.o 2.4 0.1 
0.5 0. 4 2.3 0.6 0.5 o.o 0.5 o.o 
0.3 o.o I 0. 3 o.o o.o o.o o.s 0.2 

16. 8 2. 4 I 7.5 3.7 7.4 0.5 23.0 3.1 
o.3 o.o 

1

1 o. 3 o.o o.o o.o 0.5 o.o 
o.o o.o o. o o.o o.o o.o o.o o.o I 
6:; ;:~ I~:~ 1g:~ ~:~ g:~ 1:i 1:~j 
o.o o.o I o.o o.o I o.o o.o 0.2 o.o 
o.o o.o I o.o 0.3 o.o o.o o.o o.o 

: 19.9 __ _ 2:._ ·7 125.4 ______ 2_4._9 __ _ 



APPENDIX 7.3 (contd,) Results of point analyses (1 5. 11 to 27 .11.72) and dry 
weight analyses (9.1 1 .72) (% botanical composition) 

--- ------- ·---~ =_- WEST __ -_ ... · - ii;i~ri -i----;;~T - ~-~ -- -~oiiTH -~ 
- --------·· _________ ~~--T_ n_v'._ PA_l n·.-, _____ PA J D~-, PA j nw 

Sweet vernal 12.9 24.0 11. 0 27 . 1 
1

11. 1 16.9 11.4 15.5 
, Drowntop 27.3 40.9 29. 8 38. 2 25 . 9 29. 0 28 . 6 39. 8 

l· cocksfoot 0.9 0.2 1. 3 0 . 0 0. 9 1.5 0.2 0.7 
Crested dogstail 4.6 6 .1 3 . 0 0.9 7.9 9.1 5 . 5 5.9 

! Yorkshire fog 3.5 2.5 1. 5 0 . 4 13 . 7 12. 6 5 . 3 2 . 6 
jPerennial ryeerass 0 . 2 3.7 1.0 0 .1 8.1 16 . 9 1.3 2 . 4 
1 Danthonia 4 . 4 4 . 2 16 . 5 21 . 5 3 . 0 0 . 1 1 . 3 3 . 3 
i Poa spp . 0 . 9 1. 2 1.0 0.8 

1 

2. 6 6 .9 1.8 0 . 8 
IDuisy 0 . 5 0.7 0.0 0.0 0.2 0. 1 1. 3 2 .1 
I Cantella spp. 0 . 5 0 .1 0 . 8 0 . 2 I 0. 0 0 . 0 O. 7 0 . 0 
Narsh thistle 0 . 0 , 0.0 0 . 0 0 . 0 o.o 0 . 0 0 , 9 0 . 0 
Hawksbeard 1 . 9 0 . 5 0. 3 0 . 3 1.4 0.2 0 . 4 0 . 4 
Chiclcweed 0 . 0 0.0 0 . 0 1 . 3 1. 6 1.4 I 0 . 0 0 .0 

I 
Dichondra repens I 0.0 O.O 0.3 0.0 O~O 0 . 0 0.0 0.0 
Cudweed 0 . 0 0.0 0 . 0 0 . 0 0. 0 0.0 0 . 2 0 . 0 I 
Cats ear 18 .7 6 . 4 12.5 1.4 ,· 10 . 9 · 3 . 2 14.1 6.5 
Hawkbi t 3 . 5 0 . 8 3. 5 0 . 8 2 . 3 0 . 3 5 . 3 4.1 I 
Nertera 2 . 8 0.2 0 . 3 0 . 1 O. O O.O 2 .4 0 .1 
Ribgrass 0 .7 C.5 6.5 1 .o 2. 3 0 . 5 1. 5 0 . 8 
Selfheal 0 . 2 0.2 0 .8 0 . 0 0.0 0.0 0.4 1 . 6 
}:oss 4o3 o.6 1. 5 0 . 5 1 . 9 0 .1 8.4 2 . 6 
Dandelion 0.2 O.O O. O OoO 0.2 0.0 0 .7 0 .0 
Red clover 0 . 2 O.O 0. 0 0 . 0 o.o 0 . 0 0.0 0 . 0 
White clover 605 3 . 9 5.5 0.3 3 . 9 0.7 4 . 0 3 .6 
Striated clover O.O 0.0 0 . 0 0.0 O. O OoO 0 . 0 0 . 4 
Chewi ngs fescue 0.7 2 . 4 1 . 8 3.9 0.2 0.1 1.8 3 .7 
Lotus major 0 . 0 0.0 0 . 3 0. 0 0.0 0.0 0 . 2 1 . 6 
Ragwort 0.2 0.0 0. 0 0 . 0 0. 0 0 . 0 O.O 0 . 0 
Californinn t histle 0 . 0 0.0 0.2 0 . 0 0 . 0 0 . 0 0 . 9 0.0 
Scotch thistle 0 . 0 O.O 0. 3 0. 0 0 . 2 0 . 0 0 . 0 O. O 
Suckling clover 5.1 0.1 0.8 1 . 6 0.5 O.O 1.5 1.3 
Fern 0 .0 0 . 0 0.3 0.0 O.O 0 . 0 0 .0 0.0 
Bar e ground 17.5 18.9 12. 2 13.3 



APPEIIDIX 7.3 (contd.) Results of point analyses (31.1 to 13.2 .73 ) and d.ry 
weight analyses (30 .12.72) (~b botanical composition ) 

102 

~------ ----~·--,----------- -·----------,-------- ----~-------. 

I WEST ---~9~~----J_ EAST SOUTH 

1----------+-[E __ P_A __ l..__n_u_~_P_A_~J_D_'i'_l _.,-! _ lJ_A_~l __ D_w_·--;--_P __ A_~J _D_1·l~:-1 
10.1 4.B j 5.5 14 .5 j 7.7 4.3 9.0 5.8 Sweet vernal 

Browntop 
Cocksfoot 
Crested dogs t ail 
Yorkshire fog 
Peren..Dial ryegr ass 
Danthonia 
Poa spp . 
Bidibid 
Daisy 
Centella spp. 
Harsh thistle 
Hm·rksbearcl 
Chickl;eed 
Dichondra rcpens 
Yarrow 
Catse<r 
Hawkb~"l 
Hert er a 
Ribgrass 
Se l fhe a l 
1-:oss 
Dandelion 
Red clover 
White clover 
Striated clover 
Chewings fescue 
Suckli ng clover 
Californian thistle 
Fern 
Ragwort 
Bare ground 

22.0 37 .1 28.6 30.4 I 24.2 20.8 24 .4 39.0 
1 .2 o.o o. 7 o.o I o.o 0.1 o.6 3.4 
3.7 1.6 4.0 5.8 I 4.2 rn.o 8 .4 8.7 
4.9 1.6 1.5 1.7 14.2 11 .5 7. 8 1.6 
0.9 0.1 1.1 0.9 I 9. 2 19.1 2. 8 2.0 
4.3 13. 3 18. 3 27.3 I 2.1 0. 5 o.6 10.6 

, o.o 0.4 1.1 0.3 i 1.2 0.4 o.o 0.6 
o.o , 0.0 I 0.4. o.o j o.o o. o o.o o.o 
0.0 0.0 0.0 0.0 I 0.0 0.0 0.3 0.1 
1. 2 o.o 0. 4 o . o I o.o o.o 1.1 o.o 
0.0 0.0 0.0 0.0 I 0.0 0.0 0.3 0 . 0 
0. 9 o.o o.~- o.o 'j o.o 0.4 o.o o.o 
o.o 0.2 o.o o.o 3.1 0.1 o.o 0.1 
o.o o.o 0.4 o. o o.o o.o o.o o.o 
o.o 0.4 o. o o.o 0.0 o.o 0.0 o.o 

16. 8 21.1 11.7 5.8 I 13.1 4. 3 12.3 11. 8 
3.0 5.7 6.2 8 . 8 5.0 14 .4 5.4 4.6 
4.0 0.1 0. 4 o.o 0.4 o.o 4.2 0.3 
4.6 o.o 2. 2 0.5 1.5 1.1 3.4 1.9 
0 . 9 1.0 0.7 o.o o.o o.o 0.3 0. 8 

17.4 0.5 12.1 o.o 6.5 o.o 8.4 0.9 
0.3 1.0 o.o o.o o.o o.o o.o 0.7 
o.o 0.4 o.o 0.0 o.o o.o o.o o.o 
7.0 0. 8 2.9 1.3 5.4 4.1 4.8 1 .5 
o.o o.o o.o o.o o.o o.o 0.3 o.o 
0.6 1. 8 1 .1 2.7 0.8 1.1 3.4 8.2 
0.0 1o5 0.0 0.0 0.0 0.0 0.0 4.7 
o.o o.o o.o o.o 0.8 o.o 0.8 o.o 
o.o o.o Oo4 o.o o.o o.o OoO o.o 
0.3 0.0 OoO 0.0 O.O 0.0 0.0 0.0 

33.3 44.5 48.2 27.4 



APPENDIX 7.4 Production on 5° to 30° slopes , measured using 25 cm2 
herbage samples (kg . DM./ha.) 
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APPENDIX 8 
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APPE~IDIX 9 Analyses of variance of soil t es t results for samples 
taken 30. 3.72 

In all analyses d.f . for mean squares between aspects= 3 
within aspects= 44, total= 47 . 
The base saturation data was nrcsin transfor med prior t o analysis . 

-------------r-- ----- I H. S. bcbreen H. S. wi t hin F value and I 

aspects aspects I significance 
I 

I 
* pH (H2o) 0. 0184 0. 0027 I 6 .82 I 

I 

( o. 1 CaC12) 
I * pH f.j 0. 0592 0 . 0087 I 6. 80 I -IC·* Organic carbon • 11. 2517 0.1 575 I 71. 44 

** Total nitrogen 0 . 0958 0.000734 136 . 86 
Availaule phosphorus 395 . 905 7. 731 ** 51 • 21 
Exchant;eablo K 1 . 4696 0. 0146 100 .66 ** 
Exchangeable Ca 17 . 5533 0.1 807 97 . 14 *·* 

** Exchangeable Eg 4 . 2645 0 . 0325 131 . 22 
Exchaneeable Na 0 . 0113 0 . 000207 54 . 59 ** 

** Cation exchange cap. 85.44 0 .64 129 . 50 
Base saturation 143 .48 2. 22 64 .63 ** 

-
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APPENDIX 10 Species encountered during point analyses and herbage 
dissections. 

Common name 

Sweet vernal 
Browntop 
Cocksfoot 
Crested dogstail 
Yorkshire fog 
Perennial ryegrass 
Danthonia 
Poa spp. 
Chewings fescue 
White clover 
Red clover 
Subterranean clover 
Striated clover 
Suckling clover 
Lotus major 
Bi dibid 
Daisy 
Centella spp. 
Hawks beard 
Chickweed (mouse-eared) 
Dichondra repens 
Cudweed 
Hydrocotyle moschata 
Catsear 
Purging flax 
Hawkbit 
Nertera 
Ribgrass 
Selfheal 
Sheep's sorrel 
Dandelion 
Marsh thistle 
Californian thistle 
Scotch thistle 
Ragwort 
Woodrush 
Fern 
Yarrow 
:Moss 

Botanical name 

Anthoxanthum odoratum 
Agrostis tenuis 
Dactylis glomerata 
Cynosurus cristatus 
Holcus lanatus 
Lolium perenne 
Notodanthonia spp. 
Poa trivialis, P. pratense, P. annua. 
Festuca rubra var. commutata 
Trifolium repens 
T. pratense 
T. subterraneum 
T. striatum 
T. dubium 
Lotus pedunculatus 
Acaena anserinifolia 
Bellis perennis 
Centella spp. 
Crepis capillaris 
Cerastium glomeratum 
Dichondra repens 
Gnaphalium luteo-album 
Hydrocotyle moschata 
Hypochaeris radiata 
Linum catharticum 
Leontodon taraxacoides 
Nertera setulosa 
Plantago lanceolata 
Prunella vulgaris 
Rumex acetosella 
Taraxacum officinale 
Circium palustre 
C. arvense 
C. vulgare 
Senecio jacobaea 
Luzula sp. 
Pteridium esculentum 
Achillea millefolium 
Thuidium sp., Dicranum sp., 
Campylopus introflexus, Hypnum or 
Drepanocladus spp., Bryum sp. 



APPENDIX 11 Comparison of variances calculated using binomial and 
normal theory. 

--·--· --···---- ---·----·--· 

Variance calculated 

South as }) 

br 
ea 

ect: 

owntop 
tsear 

et: East aspe 

br 
e a 

m·mtop 
tsear 

. 

by: var = npq var -- ~ (x -)2 - X In -1 

59.6 16.3 
35.4 17 . 3 

60 . 9 58.3 
26.2 0.7 

APPEITDIX 12 Bulk dcnsi ty values determined from samples taken on 
20.3.73 (g./cc.) 

depth: 0.5 to 8 .0 cm. 14 .0 to 21o5 cm. 26.0 to 33 .5 cm. 

South 
as pee: : 0.89 L09 1 • 16 

0.90 1.1 2 1. 16 
o. 91 1.07 1.14 
0. 86 1.11 1 • 1 9 
-- -- --

average 0. 89 1.10 1.16 

North 
aspect: 0.77 1.01 1.10 

0.84 1.08 1.18 
0.82 1 .05 1.10 
0. 81 1 .08 1 .14 
-- - --

average 0.81 1.06 1 • 13 



APPENDIX 13 Methods of soil ana lysis 

Cation Exchap.ge Capnc i t y ( CEC) 

Subs ampl es of the 2 mm. soil oamplcs were leached with NH4Ac , and 

the CEC of e c1ch det er mi ned following steam di s tillation. 

Exchant:cablc K, Na, Cn and Mg. 

The extract . s olutions fro m t he CEC column were tested on the auto

analyser (AA ). for I( , J'Ta , Ca and Mg . 

Organi c C 

Subsampl es of t he fine-~round f:Oil were treated with Cr03 and 

H2so4 ; s ediment w2.s r emoved by centrifugation and reduced chromium uas 

me.:isured colormetrically on the A.A. 

Tota l IJ 

Subsanples of t he fihe e;round soil were diges ted (Kjeldahl 

procedure ), diluted in 1rnter and cle aned by centrifugation . The N 

contents of the solutions thus obt ained were de termined colorimetrically 

on the AA . 

10 gm . soil subsampl 0s (2 mm .) 1rnre mixed with 25 ral. of H2o, and 

with 25 ml. 0 .1 N CaCl2 . These sus pensions were allowed to stand for 

2 hours , t hen were t ested 1·1i th a pll me t er. 

Available P ( Truog ~~thod ) 

Subsamples of 2 mra . soil were extracted with dilute H2S04 ; the 

extr act solutions were cleaned by centrifugation and .tested 

colorme trically on the AA. 

Exchangea'ole NH4 -N and NO·.rN 

109 

Samples of 3 mm . wet soil were extracted with 2N KC1 and the N!¾-N 

and N03-N content of the extract solutions were determined colormetrically 

on the AA. To obtain values in t erms of dry soil, the following 

formula was applied. 
ppm.N = (100 +x(z - x) ) Y 

where Z =gm.wet soil used 

Y =ppm.Nin extract 

X = gm. dr-J soil in wet soil sample (obtained using the moisture 

factor derived for each sample) 

The NH4-N and N0
3

- N values thus obta ined were added to eive the mineral 

N content of dry soil samples. 
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