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.Abstra ct . 

Topodemes of Yorkshire fog were sampled froo within a 50 km 

r9dius of Massey University, from e cologically diverse sites, 

and grown under uniform environmental conditi ons in order to 

study the variation in various plant characters between them. 

In the first of the two experiments undertaken, topodemes were 

compared as spaced pl an ts in an experimental field. Several 

characters related to the sexual phase of the life cy cle of this 

perennial grass sp ecies ( panicle production, seed weight and 

survival-vigour of plants subsequent to flowering) were not 

observed to vary between t o pod emes . For the other such ch2racter 

measured ( date of panicle emergence ) the differences beh1een 

topod emes observed were considered to reflect differences in 

time of pollen r el ease • .  Thus, where source habitats of differ-

entiated topodemes were in such clos e  proximity that gene flow 

between them was l ikely , they were probably effec t i vely isolated. 

In the second of the two experiments, topodcmes were grown 

under three water treatments (waterlogged, plent ifully watered 

and periodically dried) in 5-inch pots, one plant per pot, so 

that difference s between topodemes and the effects of the differ-

ent water treatments on the topodemes could be studied simultan-

e ously. For different vegetative char acter s studied, topodemes 

were found to display stable and plastic response to the diverse 
.-

water treatments, and to be differentiated both in mean response 

over all, and in pattern of response to, the water trea tment s • 

.An attempt was made to determine the relationships bet\veen the 

responses of different characters, and between this hierarchy 

of plant response and environmental variability within and 

between source habitats. Differential topodeme responses could 

in some instances be considered to reflect adaptati on to the 



source environmental conditions. Topodemes T10 and T02, from 

excessively drained sand dune habitats, possessed more densely 

hairy leaves, Rnd produced lonGer laminae under the dry treat­

ment, than topodemes rrom wetter source habitats. T10 under the 

dry treatment was able to withsta11d a greater degree of internal 

moisture stress than other topodernos before showing sicns of 

wilting. T02 under the dry treat�ont posseGsed fewer stomata 

than topodemes T01 and 102 fro� marsh and S\larnp habitats re­

spectively, end in mean response over all water treatments 

possessed broader laminae than topodemes P02, P04 and LOO, also 

from habitats in which water table level was high throuehout the 

year. P04 and 102 from continuouoly waterlogged source habitats 

produced lancer laminae under waterlogginc than other topode�es, 

and the latter topodemo, again ur1der waterlogging, possessed a 

significantly creater mean compressed diameter than otl,er topo­

dernes. However, the evid�nce for this adaptation did not involve 

direct experimentation, and therefore the possibility thot the 

genetic divergence demonstrated between topodemes was due to 

various chance effects, rather than disruptive selectio11, was 

not considered irrelevant. 



Acknowledgements 

The author w ishes t o  acknowl e d�e t he guidan c e  and 

a ssis t a nce o f  the fo l l ov1ine; p e r s ons, v:i thcu t 'irhose hel p thi s  

thesi s c ould not have b e en compl e t ed : 

Drs. Margot Forde
1 ( Botany Dep a r tment ) and R.J. Clemen ts2 

(Agronomy Department ) f o� the ir s t imu l a ting joint supervision 

of this the sis , a nd Dr. J.P. Skipworth ( Botany Department ) 
for wi l l ine;ly ta king o v e r  a s  o ff i c i a l  supervisor. 

i v  

These t hr e e  p ersons f o r  assi s t ance in the h a rve s t  of t h e  

gla sshouse exper imen t, f i e l d  p l an t ins o f  sp a c ed plants (R.J.C.), 
harves t ing o f  fie ld p l ants during my a b s e nce overseas (M.F. and 

J.P.S.), and guidance in p r e par a t i on of material for micro scopic 

examina t i o n  (J.P.S.). 

rir• R. Fle tcher ( App l i e d  Ma ths Division, D. S. I.R., Palmer::ton North) 
for s t a t is t i c a l gu ida n c e  and u s e  o f  computer programmes. 

Dr. E.L. Br e e s e ( Welsh Plant Breeding Station, Aberystwyth ) for 

r e ading the draft . 

Numerous other staff members of Mass8;y Uni versi ty , P hm t  Physiology 

and Grasslands Div i s ions of D.S.I.R., PalmerstoniTorth, and Seed 

T est ing Sta tion, D ep a r t ment o f  Agriculture and Fisheries, Palmerston 
Nor t h  f o r  helpful discussions, com .. m ents and techni c a J .. assistance 
during the cour s e  o f  th i s  thesis . 

Harga r e t  Aldr ich, f:Ia rgare t  Brogden and Nar i e-France .Ne rd incer for 

the t;yping of the sc r ipt . 

My w i fe Linda, fami ly and f r i ends for t h e i r  eenerous a ssi stance . 

1 Now o f  Grasslands Di v is i o n , D.S.I.R., Palmers ton North. 

2 Now of c . h L b t D
. . . 

f T 
. 

l D t unnlng _am a ora ory, lVlSlOn o roplca �as ures, 

C.S.I.R.O., Australia. 



V 

Ta ble of c ontents 

Acknowledgements . .. .... .. . ... . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  iv 

Table of c ontentn . . . .. .  . . . . . . . . . . • . . . . . . . . • . . . . . . . . • . . . . . . . • . • . . v 

List of  figt1.res . . • • • • • • • • • • . • • . • • . • • . • • . • • . • • . • • . • • . • • . • • . • • . • • . 

List of tables • • • • • • • • • • • • • • • • • • • • . • • . • • . • • • • • . • • . • • . • • . • • . • • • • • 

Chapter 1 

2 

3 

4 

Introduction • • • • • • • • • . • • . • •  . . . . . . . . . . . . . . . . . . . . . . . .. . 

Yorks hire fog topodemes • • • •  . . . . . . . . . . . . . . . . . . . . . . . 

Field experiment Comparati ve cultiva tion  • • • • • • • . • • •  

Response o f  t opodemes to d ifferentia l  wa ter regimes • •  

.Append ix I Experimenta l control o f  wa ter . • • • . . . . . . . . . . . .  

II Percentage seed germinati on • • • • • • • • . • • •  

III Prepara t io n  and examina t i o n  o f  fixed 
leaf ma terial • • • • • • • . . . • . • • • •  

IV Plant chara c ters mea sured • • • • •  

V Stat i s t i c a l  analys i s  and resul t s  

VI The significance of the correl a tio n c oeffi cient s 

vi 

Yii 

A 

.A 

A 

A 

1 

25 

36 

47 

1 

3 

6 

8 

A 12  

calculated . . . . . . . . . . . . . . .. . . . ... . ... . .. ... .. .. .. A 38 

l3i bl iogra phy • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A 42 

•' 



vi 

Liat of  figures 

Figure 1 

2 

3 

4 

5 

6 

7 

8 

Page 

Variation wi thin a Yorkshire fog topodeme............ 2 

Variation between Yorkshire fog t opodemes............ 3 

· The collect i on sites................................. 25a 

Layout of experimenta l  area : planting plan.......... 37 

Seed weight-viability rela tionship  (wild ma terial )... 45 

Survival -vigour of spa c ed plants at the termi�a tion 
of  the field experiment 

. • • • • • • • • • • • • • . • • • • • • • • • • • • • • 46a 

Layout of  glasshouse experiment • • . • • • • • • • • • • • • • • • • • •  

Abaxial leaf laminal surface • • • • • • • • • • • • • • • • • • • • • • • • • 

49e 

9 Typical  response of  Yorkshire fog to the experimenta l 

1 0  

A1 

wa ter trea tments . . . . . . . • . . . . . .  " • • • • • • • • • • c. • • • • • · • • • • • 63a 

Aerial roo ts produced by plants under waterlogging • • •  73a 

Determina t i on offloa ting period • • • • • • • • • • • • • • • • • . • • • •  A11a 

.-



vii 

List of t11bles Page 

16 

34 

35 

Table I 

II 

III 

IV 

V 

VI 

VII 

EffActive pollen range • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Seed weight ( wild material ) • • • • • • • • • • • • • • • • • • • • • • • • • 

Percentage germination ( wild material ) • • • • • . • • • • • • • •  

Panicle production, block means..................... 40 

Panicle e�ergence, topodeme means................... 41 

Correlation coefficient matrix I • • • • • • • • • . • • • • • • • . •  41 

Leaf lamina; water treatment meens.................. 55 

VIII Leaf lamina; to:podeme means • • • • . • • • • • •  · • • • • • • • • . • . • • •  56 

57 

58 

IX Leaf emergence ; water treatment means • • • • • • • • • • • • • •  

X 

XI 

Dry weight of foliage ; water treatment means • • • • • • •  

Basal diameter means • • . • • • • • • • • • • • • • . • • • • • • • • • • . . . • •  59 
XII Plant height and diameter; watQr tre�tme�t me�D�..... 60 

XIII Compressed leaf length means......................... 60 

XIV Compressed diameter meanR............................ 61 

XV Plant forn ; water treatment means................... 61 

XVI Epidermal hair density means......................... 62 

XVII Stomate density means................................ 63 

XVIII Epidermal cell dimensions ; "Ymter tre a tment means.. 64 
XIX Relative water content means......................... 65 
XX Correlation co�fficient matrix II • . • • • • • • • • • • • • • • • • •  

XXI Coefficient of determjnation matrix.................. 68 
XXII Hierarchy of plant response.......................... 70 

.� 



List of tables 

Table a I 

aii 

aiii 
AI 

Ail 
Alii 
AIV 

AV 

AVI 

AVII 

AVID 

AIX 

.AX 
AXI 

AXII 
AXIII 

J]av 
AXV 

AX.VI 
AX.VII 

AXIX 

.AXX 
AX..XI 

AX:X.Il 
.P..XXIII 

AX:..GV 

J.J.J..V 

con b.rmed 

Soil >-;a ter corltents ........ e • • • •  e • • • • • •  0 • •  

Percentage germination ( Hila material). ...... 
RVlC - Duration of Phase I uptake • • •  

100 Seed vreig-ht I ( 11ild material ). ...... 
Sur?iv21-vigour • • • •  

Panicle: emergence • • •  

Panie;lc number. 
Seed '�:e i.g-h t II ( field experiment ) • •.• 

Tiller production.� • •  • 0 • 0 

Lan1ina length ••• . . 
Lar'1ina l)read th • •  

Leaf shape index • • • • •  

Leaf energence • • • • • • • •  

Dry l·!cie-ht of folisge. 
Basal diO!Eeter • •  

Plnnt heieht • • • •  .... 
.Plant diameter. 

Plant form index • •  

Compressed leaf lenGth • •  

Compre::;ser1 dismeter • • • •  

Veins per unit 1 . _aml.nA width. 

Hair density • • • • • •  

Stoma to density • • •  

Epidermal cell length • 

Epidermal cell 1·rid th • •  

Epidermal cell number • • •  

Relative Hater content • •  ....... 

• • 0 • • •  

viii 

page 

A 2 

A 5 

A 11 

A 1 3  

A 1 4  

A 15 

A 16 

A 17 

A 18 

A 1 9  

A 20 

A 21 
A 22 

A 23 
A 24 

.t.. 25 
A 2 6  

A 27 
A 28 

A 2 9  

A 31 

A 32 

A 33 
A 34 

A 35 

A 36 
A 37 



Topodei'le�; 1 of Yo2.·i{:s�1ire fog (Hnlcus lanatus L.) were 
sampled fro� verious sites within a limited geographical recion, 

and a study made of the v.riation in plant chara c t ers associated 
with the environ�ental va ria ti o n of the source hPbitats. Yorkshire 

fog is a nerenninl, cross-pollinated �rass, displaying a wide 
ecolosic8l tolar2nce, growin� in such diverse habitats as co asta l 

sand dunos, peat swa�ps, 3nd sub-a l pine grgsslands. This wide 

geographic and ecolo�icsl diGtribution has been reported to be 

accomplished by ccotypic differentiation ( Easnyat , 1957; Bocher and 

Larsen, 1958) . DJ.fferentiation ovex short time-spans has been 

observed \li thin numerous [;Tr:iSS species \/here selection differentia ls 

are hich (e.g. in t:2?osti_2 tcn1i.s, Brad sha1,, 1959; j_n 

Anthoxanih:_�.=. odo:rotur., Davies and Sn2;ydon, 1973; in !:":!!:.!2§.. fatt:a, 
Allard, 1965; and in Eolcns }arw tus, Antonovics, 1971). However, 
for one such species (P!u:JP.rj s tuberosa) in Australia, Hc'tliJ.liam et al. 

(1971) were not able to demonstra t e  eco typic differentiation. These 

authors concluded that the apparent evolutionary conservatism of 
this species in this situation was brought about by broad 

adaptability of i nd ivid u al genotype s and inability to regenerate 

from seed, rather than lack of genetic variability or insufficient 

�election differentials. 

The aim of the present investigation was to determine how 

adaptation of Yorkshire fog topodemes to the various water regimes 

of the source habitats was achieved. The approach was genecological. 

1 
The term "topodeme" is used to denote plants of the given species 

derived from a given topographical area. vfuere it is used in these 

chapters nothing more is implied by its use. 



2. 

The collection sites were chosen withi'l a 50 km radius of M:lssey 

University to incluje the range in habitat water from excessively 

drained to continuously waterlogged . Collection o f  pasture 

topodemes was avoided since these were not expected to reflect 

variation in the natural environment as l osely as wild, self-s own 

t opodemes . The sampling procedures and description o� the sites 

are ou:lined in chapter 2. The study of plant varia ion in relati on 

to water involved characters ass ociated with the sexual (chapter 3) 

and vegetative ( chapter 4) phases of the growth cycle of th�s 

perennial species. 

Figure 1. Variation within a Yorks�ire fog topojeme. 
(see Chapter 2 and Figure 9 for meaning of symbols) 

1.2 Genecology 

1.2.1 Intraspecific variatio� and its relati on t o  habitat . 

The use of p __ ant popul3.tions _in the experimental study o f  

evolution can be dated from the investi gati ons of  the Swedish plant 

ecologist Turess on. Beginning in 1916 Turess on (1922a, 1922b, 



192:;, 1930a) '3mployed extensive observations of widespread plfmt 

species, collected in the wild an� tran�planted into a uniform 

garden. He w&-S attempting to discover the effects o f  factors of  

the s ource habitats in the dif ferentia ion between samples. These 

3. 

observations led Turesson to conclude that wide-rangin g heterogeneous 

species are broken up in�o cl usters of hereditary variants -

ecotypes - corresponding to the l ocal habitats occupied. The 

phenor�enon was due to the controllin g  effects of environmental 

factors. For his hitherto ignored ecological study o f  hereditary 

variation in relation to the habitat, he coined the term genecology 

( Turess on, 1923). 

Figure 2. Variation between Yorkshire fog topo�emes. 

(see Chapter 2 and Figure 9 for meanine of symbols) 

Subsequent authors accepted Turess on's hierarchy of 

hereditary types ( Turess on, 1922), and used his metho�s to 

describe ecotypes at the regional ( e . g. climatic ecotypes of 

Clausen, Keck and Hiesey, 1939, 1940, 1941, 1948; C lausen and 

Hiesey, 1958) and l ocal ( e . g. edaphic ecotypes of 



4 .  

Kruckeberg, 1 951; Wooten, 1 973; biotic ecotypes of Stapledon, 1 928; 

Sinskaia, 1931 ) levels. However, climate, which is one of the most 

important habitat factors, va.::.'ies continuously, and thus one should 

expect continuous variation in a widespread species (Langlet, 1934 ) . 

This led to an often heated debate on the patterns of genecolo gical 

differentation, providing material for numerous reviews of varying 

scope (e.g. Faegri, 1 937; Gregor, 1 944 , 1 946; Clausen, 1 951 ; Gregor 

and vVatson, 1 961 ; Heslop-Harrison, 1 96 4 ) . Much of
. 

the debate may be 

attributed to the definition of ecotypes, which perhaps confers a false 

sense of homogeneity within, and discontinuity between, products of the 

species and habitat (Langlet, 1 963 ) .  

Currently, there is a picture o f  th e plant species in a very 

fine balance with the environment (Bradshawl 1 959 ) ;  the patterns of 

the environmental factors determining the pattenn of ecological 

variability (Langlet, 1 963 ) . Genecological differentiation is, then, 

a weil documented and established phenomenon. The patterns of this 

differentiation are still of interest in that they provide a constant 

stimulus to the study of natural selection and adaptation. 

1 .2 . 2  Some problems in the study of intrasuecific variation. 

The essential problem of genecology is to devise techniques 

by which genetic divergence between topodemes arising from selection, 

may be distinguished and studied (Heslop-Harrison 1 964) . Thus, 

genecology has been called the experimental s�udy of adaptation a nd 

evolution (Jones and Wilkins, 1 971 ) .  

1 �2.2 . 1  Genecological trials. 

The basic technique, as used by Turesson, involves sampling 

from the wild, followed by comparative cultivation in a uniform garden, 

in order to separate genetic from non-genetic components of phenotypic 

variation. This is followed by the application of statistical methods 



5. 

design e d  to distinguish potentially-adaptive from random g enetic 

dive rgenc e. However, the methods of the orthodox genecological trial 

have not alway� been adequate in distinguishing random from non-random 

genetic divergenc e ( Harberd , 1957 , 1958 , 1961 ; Wilkins, 1959 ) . 

The statis tical meth ods have involve d  the partitioning o f  

genetic variance int o b etwe e n-t o podeme a nd within-topodeme c omponents. 

This is followed by th e comparis on of these c omponents to expose as 

significant those dif ferenc es that may be a da ptive. Such an analysis 

is suitable 01liy in the ideal situation where a genetically variable 

s pecies has expanded it s range uniformly over an area of diverse habitats, 

s o  that the s elec tive forces in each habitat act on the same pool of 

genetic variabilit y  (Heslop-Harris on, 1964 ) . Since most cases in 

nature do n ot mirror this ideal situation, there arises the proble m  o f  

"general uncertainty" o f  varianc e  found within a t opode!lle (Wilkins , 1959 ). 

( 1 )  Wilkins ( 1959 ) considered the situa tion in which an area has 

been col onized by an unrepresentative invasion from ano ther, so that 

�adaptive" differences arisi�g s ec ondarily as a cons equenc e of s ele c ti on, 

are c onfus e d  with, and cannot be s epara t e d  from, the original chance 

differen c e s  between c olonis ts and the original gene pool. This aspe c t  

o f  th e general unc ertainty o f  within-t opodeme varianc e  may be overcome 

by choosing habitat s  within the same ge ographical area, s o  that non� 

a daptive differenc es may be expected to vary at random b etween the m  

(Wilkins, 1959 ) . 

( 2 )  Harberd ( 1957 , 1958, 1961 ) considere d the cons e quenc es o f  

genotype r eduplicatio n  i n  topodeme sa!llples that have come about due t o  

clonal s pread of a s ingle genotype throughout a large area . He 

suggeste d that by extensive rath er than intensive sampling , s o  that the 

numerous t opodemes sampled may be grouped a c c ording to habitat, the 

emphas is o f  the study may b e  shifted t o  demonstration of differen c e s  



b e tween e�ologically-ass o c ia t ed groups of t opodemes ( Harberd, 1961 ; 

Lewis 1969) . For this, t h e  error t erm in the s tatistical analys is 

will be betwe en-topodeme withi:r:-habitat, rather than within-t o podeme 

varianc e. 

In a genecological trial , one must assume that the plants 

have s ettled down to the environmental c onditi ons o f  the trial be fore 

character rea ding can commenc e .  The charact ers r e c orded, then, are 

6 .  

products of the genotype and t es t  environment; they c ontai n no component 

relating dire c tly to s ourc e  environment ( Harberd, 1961 ) .  Where mature 

plants are sampled an indefinite time may be require d to nullify th e 

e ff e c ts of the s ourc e environment ( Gregor, 1 930).  Thus, cultures fro m 

s e e d  are at an advantage i n  that they will have grown and developed under 

the t es t  envir onment from the time o f  s owing ( Gregor 1 930) . But by 

taking seeds , one is sampling pot ent ial rather than r ealised variati on 

,C Briggs and Wal ters, 19fl9), since whole plants are a sample of the s tatus 

quo. The implications of this are most important when one is sampling 

from diverse habitats in such clos e proximity that gene exchange between 

them may o c cur ( McNeilly and Bradshaw , 1 968) . A s e e d  sample, then, may 

c onta in indivi duals poorly a dapted to the environmental c onditi ons under 

c ons i derat ion ( Bradshaw , 1 959; J ones an d Wilki..ns, 1 971 ) . In ·such a 

situa tion both s e e d  and mature plant samples are valuable in that a . 

c omparison between culture s  from b oth would reveal magnitudes of s elec tion 

uifferentials and gene flow ( McNeilly and Bradshaw, 1 968 ). Barb er ( 1 965 ) 

has also sugges t e d  estimation of s elec t ion dif ferent ials, in his s tudies 

of n atural variation in Eu calyptus , by c omparisons b e tween trees in the 

wild with their open-pollinat ed s e e dlings . Since environmental fac t ors 

fluc t uate from y ear t o  y ea r  in an otherwise st able environment , a s e e d  

sample will be a better sample o f  the "effec t ive bre e ding unit" than a 

s imilarly s ize d whole-plant s ample taken in only one y ear ( Claus en , 1 960 ).  

However, i f  the sample is t o  b e  o f  t he s ta tus quo, a s e e d  sample may not 



7-

be adequate (Heslop-Harrison, 1964 ).  

The ability of plant populations to respond adaptively to. a 

variety of habitats ( e.g. Fis�er, 1960) will be obscured i f  the plants 

are tested under only one set of environmental conditio�s. Clausen1 

Keck and Hiesey (1940) , being aware of this situation, made clonal 

transplants of their experimental material into varied environments. 

The test environment may also invoke characteristics not expressed in 

natural environments ( Sinskaia, 1 958; Clausen and Hiesey, 1 958 ) and 

where this occurs, reciprocal transplaQts ( see section 1 . 2 . 2 . 3 )  are a 

means of overcoming this limitation of the transplant garden technique. 

1 . 2 . 2.2 Habitat factors. 

One of the most intractable problems of genecology is the 

identification of individual habitat factors responsible for selection 

of a given genetic difference between topodemes. There is always the 

'possibility that some unsuspected factor is more important than any 

previously defined or measured ( Wilkins and Lewis, 1 969 ) . A considerable 

part of this problem may be solved by accurate definition, control and 

knowledge of the history of the environmental conditions at the sampling 

sites ( Snaydon, 1 970 ). Such a situation exists at the Park Grass 

Experiment, Rothamstead (Warren and Johnston, 1 964 ) , where known fertilizer 

( since 1856 ) and lime ( since 1 903 ) treatments between plots have allowed 

the development of a mosaic of contrasting environments, with sharply-

defined borders. 

Yet, plants respond to the habitat as a whole ( Turesson, 1 922a; 

Wilkins, 1 960) . They do not respond to abstractions from it that are 

conveniently measured ( Wilkins and Lewis, 1969 ) .  Thus, the identification 

of single habitat factors, for correlation with single plant characters 

(commonly used as evidence for adaptation ) , is a convenient simplification 

that could lead to fallacious reasoning about natural selection ( Wilkins 

and Lewis, 1969 ) .  To circumvent this problem, one may regard the plants 



8 .  

themselves growing at a particular s it e  as indicators o f  the environ-

mental conditio�s there. The use of floristic analysis t o  extrapolate 

to the habitat conditions , as done by Wilkins and Lewis ( 1969 ) , is 

preferable to instrumentation of s ingle habitat factors made over short 

t ime periods , considering the length of time and consequently the 

diversity and complexity of the environmental conditions that the plants 

�ust have encountered during their history. The methods used by these 

authors involve selecting associated species, known·to have a restricted 

ecological range , to be  used as an indicator of the particular conditions . 

The occurrence of these species may t hen be correlated with genecological 

data ( see Jones and Wilkins, 1 971 ) . However, if ecotypic differentiation 

is a logical explanation for the wide adaptation within a s pecies , then 

the worth o f  a species as an indicator of particular environmental 

conditions is  considerably reduced ( Gates, Stoddart and Cook, 1 956 ) . 

Thus , tte ecotype or local population, now considered to  be  more fund­

amental ecological un�ts than the s pecies (Ehrlich and Raven , 1969 ) , 

should be use d  for this pu�pose ( C lausen et al . , 1 941 ; C onstance , 1 953 ) . 

1 .2.2 . 3  Plant characters . 

The problem of which plant character ( s )  to study in genecological 

investigations has provided material for considerable c ontroversy since 

Turesson . Morphological characters (Gregor, Davey aiJ.d Lang, 1 936; 

Gregor , 193�, 1 939; Davey and Lang, 1 939 ) are most easily measured 

(Morley, 1959 ),  and thus were utilized almost exclusively in early 

genecological �tudy. For this reason , and because of the classificatory 

value for both taxonomy and synecology placed on the genecological units 

by Turesson ( 1930b ) , classificatpry (Constance , 1953 ) and taxonomic (Gregor, 

1944 ,  1946b; Gregor and Watson, 1954) aspects of genecological differ­

entiation have received most attenti on (Heslop-Harrison, 1964 ) . 

However, with the realisation that morphological characteristics 

of plants c ould not. be used as a guide to their physiology and genetic 
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behaviour (Sal is bury, 1 940) , and with the reawakening of workers to 

the ecological aspects of genecology (Barber, 1 956 ) , it became obvious 

that it was important to discover those characters chosen by natural 

selection (Morley 1 959 ) . Physiological (C.lausen, 1 951 ; Hiesey and 

Milrier, 1 965 ) and ·�iochemical (Mcl'laughton, 1 965; Bjorkman, 1 968 ) 

characters were considered fundamental to this adaptation (Morley, 1 959 ; 

Wilkins, 1 960; Cooper, 1 963 ; Briggs and Walters, 1 969 ) . The visible 

structural feahrres were considered significant only
. 

in that they represent, 

or are concomitants of, the physiological equipment (Salisbury, 1 940) . 
\ 

With the development of gel electrophoresis it is now possible to deter-

mine protein characters in organisms (e.g. isoenzyme patterns in leaf 

material, McWilliam, .et al., 1 971 ) .  Such characters are considered 

basic to adaptation (Gould and Johnston, 1 972 ) in that they are directly 

determined by the genetic material. This technique has especial signif-

icance fer the study of geographic variation in animals where previously 

the distinction between genetically based, and environmentally i...'"lduced, 

variation was almost impcsaible (Gould and Johnston 1 972 ) .  

It has often been assumed that phenotypic characters are 

adaptive without experimental evidence to support this view. However, 

where differences in plants and habitats are correlated this may be taken 

to indicate adaptive divergence, since the only reasonable explanation of 

their existence is the differential effect of selection in the various 

habitats (Heslop-Harrison, 1 964) . While such correlations suggest 
.-

adaptive significance, the character involved may merely be a by-product 

of a more basic, biologically-significant, structure or process (Snaydon 

and Davies, 1 972 ) • Thus, attempts to show that a single character 

difference reflects adaptation to a single habitat usually reveals 

unexpected complexities in both plants and habitats (Jones and Wilkins 

1 971 ). Other aspects of the uncertainty involved in assumptions of 

adaptation have been discussed above (see section 1 . 2 . 2 . 1  general 

UBRARY 
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uncertainty o f  within-t opodeme varianc e ) .  

This extreme e mphasis on physiological variation, due partly 

to the advancement of techniques allowing its s tudy, and partly to the 

fact that often the mor e  conspicuous differences in morphology may not 

be related to physiological variation (Jones and �!ilkins , 1 971 ), pr-obably 

explains the neglect of structural features and the ir important physiological 

c onsequences . There have been , however, some notable exceptions, for 

example by Holmgren, 1 968, and Lewis, 1 969. Als o, the ecological-

physiologi cal sign ificanc e  of shape and structure was c onsidered by 

Bocher (1 963 ) who, in his comparison of floras from different climatic 

and edaphic zones, not ed  similar environmentally-orientated morphological 

trends both at the genecological and intergeneric levels ( c . f . Clausen , 

Keck and Hiesey ,  1941 ) .  S imilar trends rray also be observed between 

plastic response and hereditary variations (Turesson , 1 922b; Clausen , 

Keck and H iesey, 1 940; Bjorkman and Holmgren, 1 963 ) and between species 

at the genecological l ev el (Turesson , 1 925, 1 930; Clausen , Keck and 

E.iesey, 1 941 ;  McMillan , 1 964 , 1 965) . Such evolutionary parallelism 

at these different levels has been taken as evidenc e that structural 

differentiat io� is causally adaptive ( Turesson 1 922 , 1 925; Harberd ,  1 96 4 ;  

Bradshaw, 1 965) . 

Since Raschke ( 1 960) it has been realised that the size  and 

.shape of l eaves , leaf a nat o:ny and plant habit, have a profound influenc e 

on the physiological b ehaviour of plants, especially with respect t o  

gaseous and heat exchange between plant and e nv iro.:unent . It is now 

possible to calculat e the physiological effects of structural features 

from empirical formulae ( Gates , 1 962 ) ,  and these have been applied t o  

physiol ogical studies ( e . g. Beardsell, 1 970) . The importance of this to 

genec ology is that it i s  now possible to investigat e experimentally the 

physiological significance of structural differentiation in plant 

populations ( Lewis, J 969) . 
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Just as plants respond t o  the habitat as a whole ( section 

1 . 2 . 2 . 2 ) , so  plant response is a holistic ur multidimensional process . 

This process involves a variety of interdependent plant factors ( S okal 

and Rinkel , 1 963 ) . Thus, as many characters as possible should be 

c onsidered similtaneously ( Harberd , 1 964;  Gould and Johns ton , 1 972 ) 

followed by use of one or more of the many methods of analysis of 

charac ter variati on availabl e  ( Crovello , 1 970) . However , any experiment 

whic h  ignores competition cannot be us ed  to predict what will be found 

in the wild ( J ones and Wilkins , 1 971 ) • Thus� an alternative approach 

is t o  measure response of the whole plant to the whole environment , by 

testing survival of the plant in a given habitat. It is this respons e 

that is of adaptive signi ficance ; all other evidence is circumstant2.al 

( Wilkins , 1 960) . The reciprocal transplant me thod as us ed  by Snaydon 

and Davies ( 1 972 , for re ference ) measures this respons e ,  by measuring 

survival half-life of topodemes in their source and other habitats . 

Competit ion methods have been used extensively in the past , but t hey 

usually involved measurement o f  individual plant characters ( e . g. Charles , 

1 964 and McWilliam et al . , 1 97 1 ) .  

1 . 2 . 3  Adaptation to heterogeneous environments. 

The techniques of genecology discussed above are designed to 

show t hat habitat-correlated plant variation is genetically bas ed and so  

subjec t  to selec tion (Heslop-Harrison , 1 96 4 ) . However , in any given 
. 

investigation the variation observed may b e  explicable in terms o� ( 1 ) 

Hybridization between taxa whereby the parent taxa are completely swamped 

by hybrids , presenting a situation having the characteristics of selection 

( Harber d ,  1 961 ) ,  ( 2 )  GenecQlogical differentiation (Heslop-Harrison , 1 964) ,  

( 3) Direct effect of the sourc e  environment upon plant phenotype ( Bradshaw , 

1 965 ) or (4) Action of natural sel ection upon environmentally-induced 

transmissable variation ( see s ection 1 . 2 . 4 . 4). Thus , where intraspecific 

s;atia l  variation is observed ,  one must distinguish between these four 
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possibilities . 

( 1 ) If within one geographicc.l regi on most ta.xa could be  shown to 

display parallel differentiation or if  it could be shown th2.t different 

characters r espond differently to different environmental influences , 

then it is unlikely that the situati on could have arisen by hybridiz­

ation (Harberd , 1 961 ) .  

( 2 )  Differentiation is most likely to occur where environmental factors 

vary in space , but are relatively stable with time ( Levins , 1 962 , 1 963 ; 

�aynard-Smith , 1 966 ) . Soil factors have this type of variability , and 

differentiation in response to this factor has been demonstrated frequently , 

even in situations where gene flow is considerable ( for examples , see 

previous sections ) . Genetic adaptation t o  heterogeneous environments 

nay also occur under conditions where the environment fluctuates in a 

regular way . Such periodicity is a.n ess ential feature of the environment 

of all living organisms .  Organis ms have often been demonstrat ed t o  

exhibit s imilar rhythms in their physiological and chemical activities 

( Sweeney , 1 963 ; Wilkins 1 969 ) , and consequently have the ability to 

perform given activities at given environmental times; that  is , times 

of day , phases of tide and seasons ( Enright , 1 970) . The structural , 

physiological and behavioural charac teristics allowing organisms to  do 

this are almost certainly not directly attributable to the environment , 

since it may be shown that in the absence of  entraining environmental 

· rhythms , biological periodicity c ontinues ( see  Wilkins , 1 969 , for examples ) .  

(3 ) Irregular , unpredictable fluctuations are also a featur e of the 

-environment and plants are seen to respond to these by possession of 

broad adaptability of individual genotypes ( Bradshaw , 1 965 ; Cook and 

Johnson , 1 968 ; McWilliam et al . ,  1 971 ) ,  allowing direct modification of 

the phenotype . Plasticity displayed by higher plants is made possible 

by their mode of growth by apical meristems (Heslop-Harrison, 1 964) . 

As in the genetic situat ions above , plasticity must not be  c onsidered_ 
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unconditionally as being adaptive , but direc t  supporting evidence is 

:required ( e . g . Whitehead and Lut i , 1 962 ; 'Nhitehead ,  1 962 , 1 963 ; who 

show that ap(;l.tomical and morphological changes induced by wind were 

advantageous to the overall water economy of their experimental plants ) .  

And now that the physiological consequences of structural features of 

plants can be calculated from empirical formula (Gates , 1 962 ) , many more 

such definitive s tudies on the adaptive s ignificance of plasticity may 

be carried out ( e . g. Cook and Johnson , 1 968 ) . The remarkable property 

of s ome plant charac ters to remain relatively invariable in the face  of 

environmental change ( e . g . s eed  siz e ,  Puckeridge and Donal d ,  1 96? ) , while 

other charact ers show high plasticity , is considered a homeostasis 

affecting the characters mos t important for maintaining a c ontinuity 

between generations ( Allard and Bradshaw , 1 964) . The adaptive signif­

icance of this homeostasis can be seen in the repercussions of change in 

these  "constant" charact ers ( Harper , Lo'rell and Moore , 1 970) . The 

�bility to respond phenotypi cally t o  various habitats must itself be 

genetically controlled and so subject  t o  s election ( Bradsh�w , 1 96 4 ) . 

Such genecological divergence in plasticity has been demonstrated in 

morphol ogical ( Mooney and Billings , 1 961 ; Cook and Johnson , 1 968 ) and 

physi ological ( Bj orkman and. !-Iolmgren , 1 963 ) characters . 

1 . 2 . 4  � eenetic system ar..d i r.traspe c i fic vad ati on . 

The powerful all-pervading effec t of the environment in deter­

mir:ing the ext ent and pattern of genecol ogical _ differentiati on ( Bradshaw , 

1 959 ) was first stressed by Turesson ( 1 925 ) : "Ecotypes do not origir:a t e  

through sporadic variation preserved by chance  isolation ; they are on 

the contrary to be cor..side:r:ed as products arising thr ough tte s orting and 

controJ lir..g effects of the habitat factors upon the heterogeneous spe c ies  

population" . Since then our understanding of genetic variation , its 

generation , r� eombination , expos�re ,  conservation , concealment and l oss 

( D�rlington , 1 9!9 ; }ather , 1 943 ) , and its interact ion with the habitat 



· fac tors in producing intraspe c ific variability has incr eas ed and 

expanded ( Bradshaw , 1 959 ; Snaydon , 1 962 ; S naydor. and Davi es , 
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1 972) .  Thus , the genetic sys t e m , an d t he :,.'actors impingin g upon i t , 

govern the flow of genetic variability in a populat ion , s o  affecting the 

pot entialities for r e s po�se to sel e c t i on ( H e s l o p-Harris on , 1 964) . 

Numerous review arti c l e s  ( Eeslop-Harris on , 1 964;  G ou l d  and J ohns t on , 

1 972 ) and chapt ers ir. books on bi osystematics ( Davis and Heywood , 1 963 ; 

Solbrig , 1 970; J on es and Wilkins , 1 971 ) dis cuss this as pec t of natural 

variation . Thus , only the more int erest in g  or rec ent studies wi l l  b e  

dis cus s e d  here as they impinge u pon adequa t e  design and execution o f  a 

genecological inv est igation . 

1 � 2 . 4 . 1  Availabi l i ty of a da�tive varia t i on .  

Without gen e s  o f  adapt ive value , a populat ion cannot evolve 

under the in fluence of natural s e l e c t ion ( Bradshaw , 1 959 ) . Populat i  ons 

of Fes tuca ovina ( 1hi lkin s , 1 957 ) and Ag:rost is tenuis ( Bradshaw, 1 953 ) 

dis play t o l erance of h eavy metal c ontaminat ion . Other species grov1ing 

irr�e diately adjacent to c ontamina t e d  s oi l s  d o  not show this t o l eran c e ;  

an obs e rvation expli cable in t e rms of the abs enc e of adaptive varia t i o n  

all owi n g  these plants t o  tolerate these c onditions ( Bradshaw , 1959 ) . 

1 . 2 . 4 . 2  Disc ontinuous or c on t i n uous va d a ti on ? 

Most vari a t ion observed in nature is so sub tle that quantifi­

cation is required to dis c over its patt erns of distribut i on ( Goul d and 

Johnston , 1 972 ) . Fur th er , chara c t er s  con s i d e red t o  be c omponents of 

fitness bre quantitative ( S okal , 1 962 ) in that they vary c ont inuou s ly , 

and are thus c onside r e d  to be under polygenic c ontrol ( �e th er , 1 943 ) . 

As such , these chara c t e rs tend t o  be respons ive to even minor environ­

mental changes , respondin g rapidly and vi gorou sly ( Benne t t , 1 964)  � 

Direct assessment o f  t h e  genetic basis of intraspec ific varia t i on , tha t 

in the past involv ed c o mplex bree ding r outines ( Clausen and Hies ey , 1 958 ) , 

or in s pe c ial ci rcumstances gross c hro mosoma l  differenc e s  of maj or 



1 5 . 

Mendelian genes ( Dobzhansky, 1 970 ) , is now possible using t he t e chniques 

of gel electrophoresis ( for examples , s e e  c� ec tion 1 . 2 . 2 . 3 ) . 

1 . 2 . 4 . 3  The reproduc tive sys t em. 

A pro pe r  analysis of the s elec tive forc e s  within any habitat 

r e quires a kn owledge of the "free p3. th of a gene per generation" ( Barber, 

1 965 ) ,  which requires a kr_owledge of the siz e  of the bre e ding units. In 

obligate s elf- pol linating plants ,  each plant f orms the entire breeding 

unit . - Thus , by preventing rec oobi'nation, such a s ituation mus t  b e  

c on sidered a n  "evolutionary cul- de-sac" ( Darlingt on, 1 939 ) . However, 

there are pr obably few or no species , or species compl exes , that do not 

retain the ability of recomtination, even in apooic tic s pe c ies ( de Wet 

and Harlan , 1 970 ) . In cross- pollinating species , the s i z e  of the bre e ding 

un it ( free p3.th of a gene per generation ) is determine d  by the spa tial 

pa t t ern of plant dis tribution , which is in flu enc e d  by rr.any fa c t ors (Heslop-

Harris or .. , 1 964 ) . For example , dis c ontinuities within the ge ographical 

range of a specie s , what ever its cause, will allow e volution of dis tinct 

populations by pre ven ting gene flow ( Bradshaw , 1 959 ) . .S patial dis c on-

t inuity observ ed in Pot entil la glandul osa in South ern California ( Claus en 

e t  a l . , 1 939 ) probably a c c ou nts for dis c ontinuity b e tween c oastal sub­

s p e c ies t:y pica and inland subspecies re flexa ( Briggs and Wal t ers , 1 969) . 

Another fac t or in fluencing tte s pa tial pa t t ern of plant 

dis t ribution is the m ode of pollen and propagule dis persal. For example, 

th e fre e  path of seed in Eucalyptus is about equal to half the siz e  o f  

the t r e e  ( Barber , 1 965) . Where dispersal vectors involve animals , birds 

or win d ,  these distances will be much great er , so r e ducing the is olati ng 

e f f e c t  of local e daphic dis; c on tinui ties , even v1here the distribution 

pa t t ern is fragmented, as in c oas tal Plantago rraritima ( Gregor, 1 946 ) . 

Whe r e  insect a nd bird pollination oc curs, the ec ological limitations a nd 

b ehavioural patt erns of the vect ors ( L evin, 1 970; �acior, 1 973) might 

· e f f ectively exclude gene exchange between conc entrations o f  plants within 
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close proximity ( Free , 1 966 , o n  pollination ecology ) . In wind 

pollinat ed species , the effect ive pollen ran ge rray be  quite  small 

( table I ) ,  since  the cbance of fusion betwe en gametes of re;:note origin 

is det er mined by proportions of local and forei gn poll e n  ir. the atmos-

phere (Heslop-Harris on , 1 964) . Despite these often small effect ive 

Tabl e I :  Effect ive �ollen range . 

S pecies Distance Gene flow Source 

Zea mays 1 8  metres 1 % Bateman ( 1 947 ) 

Lolium perenne 2 metres 1 5% Griffiths ( 1 950 ) 

A�rostis tenuis 1 6  metres 4% JvlcNeilly a!ld Bradshaw ( 1 968 ) 

pollen ranges , pathways do exis t for gene flow in c ontinuously-dispersed 

wind-pollinated species , and thus discontinuities are unlikely to ad se 

( l-'fayr , 1 963 ) , or where they do arise i n  c lose proximity ( McNeilly and 

Bradshaw , 1 968 ; Snaydon , 1 970) , gene flow can be expect ed. t o  s1ow the 

process of di fferentiation ( HcNei11y and Antonovics , 1 968 ) . 

Ehrlj ch and :2aven ( 1 969 ) cit e  examples of both pl a n t s  and 

animals wr ere s1--a t ia l  differen t iation has occurred in the absetlce of  

extrinsic  "!:larriers to gene -flow ( see also Thoday ' s  experiments on 

reproduc tive isolati on induced by selecti on i."l Drosophila melanogaster 

and Ant onovics , 1 971 ) . They c onclude tha t  gene flow is c onsiderably 

· more l ocalised than previ ously tho� ght . The debate on the relative 

importan ce of gene flow and selec tion in differentiation ( and consequently 

on speciation )  continues ( e . g. Endler , 1 973 ) . 

1 . 2 . 4. 4  Environmentally- induced heritable varia ti on . 

Heritable varia tion in some instances has been recently shown 

to be induced by t he environment . Such environmental effects may be 

transmitted vegetatively ( Breese ,  Ha��ard ��d Thomas , 1 965 ) or via tLe 

seed , either cytoplasmically ( Hayward and Brees e ,  1 96 6 )  or perhaps in · . 
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the nucleus ( Durran t , 1 962 ; Evans , 1 968a , 1 968b ; Hill and Perkins , 

1 969 ) .  These environmentally-induc ed differences , being t ransmissible , 

and so sub j e c t  to selection , may increase adaptation of populations 

t o  particular environments . However , nuclear effects have only been 

induced in a few characters in inbr e d  lines of Linum and Nicotiana 

( Hill , 1 967 ) ; and vegetatively and seed-transmitted  "plasmon" differenc es 

in Loli u.m ( Hayward and Breese , 1 96 6 ;  Hayward , 1 967 ) have been recorded 

only for a few characters in long lived perennials w'i tt little sexual 

r eprocuction . The mode of inheritance may , then , be seen t o  affect the 

patterns of genecological di fferentiation especially where s elec tion 

differentials are low .  Snaydon and Davies ( 1 972 ) c onsider an example 

where a large maternal c omfonent of inh eritance ,  being less subj ect to  

recombina t ion and gene flow , may increase the rat e  c f  differentiatior, ,  

since the seed would be shed int o  an environmen t to which i t  was well 

adapted.  

1 . 3 Previous i nvestigation of Yorkshire fog. 

1 . 3 . 1  General description . 

This species is a perennial , fibrous--rooted , tuft e d ,  diploi d  

( 2n=1 4 )  grass ,  c ompletely cover ed with hairs , although a wide range of 

pubescence within the species has been observed ( e . g . Basnyat , 1 957 ) . 

Sheaths are s plit , slightly keeled ,  green with distinct pur ple  veins , 

although anthocyanin-free plants are common . The leaf blade widens 

slightly beyond the ligule , is flat or rolle d ?  5-1 0mm wide , pubesc ent 

on both surfaces , and keeled until n ear the t ip.  Stomata occur on 

both adaxial and abaxial surfaces , arranged in parallel row s , two to 

three files wide , immediat ely adjacent to the primary veins , and usually 

only one file wide adjac ent to the s econdary veins . Spikelets are 

usually two- flowered ,  both flowers possessing anthers , but usually only 

the lower one hermaphrodite.  A number of  variants have been described ,  

including dark green rosette dwarfs and c hl orophyll-deficients , both 
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probably due t o  mutation .  For a more full  description o f  this species , 

the r eader is referred to Beddows ( 1 961 a ) , Metcalfe ( 1 960) and Hubbard 

( 1 958) . 

1 . 3 . 2  Geographic distribution . 

Yorkshire fog is found in temperate pastoral grasslands 

throughout the world .  Its centre o f  origin is probably the Iberian 

peninsula , but it has spread throughout Europe and North West Africa 

( Beddows 1 961 a )  and has been introduce d  into Asia , Australasia , the 

Americas and So�th Afr ica . In New Zealand ,  probably because o f  its 

proli fic  and efficient means of seed dispersal , and its t ol eranc e  of 

a wide range of habitats , it has spread throughout both main islands 

and t he more remote Chatham and Auckland I slands . Its col onization 

l imit s  probably exc eed thos e observed in t he British Isles ( �m��o , 

1 961 ) where the spe c ies is ubiquitous over a wide altitudinal range 

(Beddows , 1 961 a ) . 

1 . 3 . 3  Ecologi caJ distri bution . 

Intraspecific varia tion in a number of characters of Yorkshir e  

fog in Western Europe ( Bocher and Larsen , 1 958 ) , is seen to  re flect  

recurrence of  certain climatic , edaphic and biotic sequenc es . Each 

plant character is clo�:: ely associated with length of the active growing 

period,  which is r elat ed to temperature regime and incidenc e of seasonal 

moisture stress ( Mcl"d.llan� 1 959) , exposure to wi.11d , and influence of the 

grazing animal ( Stapledon , 1 928 ) .  Differentiation within this grass 

spe cies tas also b een observed in many characters in New Zealand ( Basnyat , 

1 957 ) .  The differentiation has been attributed to  natural selection 

( �runro ,  1 961 ) acting over the relatively shor t  period since the initial 

introductions of Yorksr�re fog into thi s  c ountry 1 00-1 50 years ago . 

These  introductions wer e  thou ght to be  from a limit ed supply of  English 

seed ( Kunro , 1 961 ) although no evidence for this c ould be found in the 

literature . Whether the differentiati on has come about by the release 
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variation with the local habitats ( as sugges ted  by Munro , 1 961 ) ,  or 
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by fixation o�  chanc e  genetic divergence ( the " founder e ffect" , M3.yr , 

1 942 ) , or by some c ombination of the two , New Zealand is now a c entre 

of diversity for Yorkshire fog ( see  1 970-1 971 Yorksr�re fog collection 

of Clements , Agronomy Department , ¥assey University ) .  

1 . 3 . 3 . 1  Climatic  fac t ors . 

The length of the growing period is c onsidered t o  be under 

climatic c on trol and may be equat ed with the period of time for which 

evapotranspiration is greater than 25 . 4mm (I-.t;unro ,  1 961 , fig 4a ) .  Thus , 

during the wet months , t emperature is probably the limiting factor , 

whereas in the warmer summer months , moisture probably determines the 

length of this period ( �Jnro , 1 961 , fig 4b , c ) . Numerous regions of 

diverse growth per iods ll1Cl.y , the n ,  be described in New Zealand . I rl this 

c ountry , Yorkshire fog exr1ibits a wi de range of tolerance of temperai.:'.rr e 

regimes , as do most other western European pasture grasses ( Hitchell , 

1 956 ; Mit chell and Lucanus , 1 960 ) . This adaptation is consi dered  to  

result from genetic divergence b etween plants of these regions , although 

much of the variatiou observed is found within regions ( �unro , 1 961 , s e e  

fig 4d) . Terr.perature t olerance of this grass is considered by �atchell 

( 1 959 ) to  be between that of Lolium perenne and :Cactylis gl omerata . In 

controlled enviror:uLent s tudies , this wcrker showed that the growth rat e 

· of foliage on an individual tiller ( coP�idered an estimate of producti on 

under sward condi tio11� )  remained high between . -1 3-30 degrees C with an 

optimum at 1 6. 7 degrees C .  The study o f  s easonal growth rhythms in this 

and other species , shows Yorkshire fog to be relatively constant in 

productio� (Lynch , 1 949 ; Suckling , 1 960 ) . Pro�uction is c onsiderably 

reduced by a lowering in temperature , and , to a lesser extent , by a 

lowering in light , yet growth an d  new tiller production continue during 

the wint er .  



20.  

1 . 3 . 3 . 2  Edaphic factors . 

Yorkshire fog is exc eptional for its almost c c mplete lack of 

edaphic specialisation ( Levy , 1 955 ; Beddows , 1 961 a ) , growing on areas 

of varying soil moisture , waterlogged to average , and varying fertility , 

high t o  low ( Levy , 1 955 ) , with li ttle apparent effect or. growth ( �bnro , 

1 961 ) .  Although its optimum pH range is 5 . 0-7 . 5 ,  it is a col onist or. 

soils o f  much higher acidity , for example , on wet , poorly-drained peat 

and rush-dominant flats ( Davies , 1 944) . It  has also been reported to  

form a "first class meadow grass" on soils of  almost pure sand  ( S pillman , 

1 920 ) ; that is, soils charac t erised by low fertility and rapid water 

drainage .  

Another example of the edaphic t olerance of this species was 

provide d by Antonovics ( 1 971 , see table 1 ) .  He indicat ed the relative 

sele c t ive advantage of contrasting types of Yorkshire fog found in 

natural populations growing on and around a lead/zinc mine . The 

selection pressure for heavy-metal tolerance on this mine soil was found 

t o  be intense ( estimate of c o efficient of selection , by c omparison of 

seed and adult plants , was 0 . 46 ) . Thus , in this situation , populations 

of Yorkshire fog were seen t o  differentiate , in spite  of gene flow between 

them. 

The basis for these wide tolerances are not known , although 

several factors have been suggest ed that might be of importance in the 

supply of nutrient requirements under seemingly adverse conditions . 
,' 

( 1 ) Anatomy of the root inc orporates a radial cortex with many small , 

irregular air spaces ; struc tures which may increase e fficiency of  

nutrient uptake when soil wat er l evel is high and aeration restricted 

(Soper , 1 959) . 

( 2 )  Th e  root system appears a dapted for absorption of  nutrients fro� 

the surface layers of the s oil ( Boggie , Hunter and Knight
·
, 1 958 ) . The 

fine network of roots and hairs may appear above the surface under 
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water logged conditions . 

( 3 )  Cati on-exchange capacity of root syst ems ( V:ouatt , 1 959 ; Jackman , 

1 959 ) , suggest that Yorkshire fog has high c ompetitive ability for 

phosphat e ,  nitrogen and potash where their deficiency may limit growth . 

Even when s oils are est imated to  b e  extremely low in calcium and 

phosphorus , it shows normal amounts of these nutrients ( Davies , 1 952 ) . 

( 4 )  In s ome soils , the roots of this species may become extensively 

infected with endotrophic mycorrhiza ( N ic ol s.on , 1 960) . This symbiosis 

nay be of e c ological significan c e  in allowing fixation of small critical 

amounts of atmospheric nitrogen ( Stevenson , 1 959 ) .  

1 . 3 . 3 . 3  Biotic factors . 

Yorkshire fog per sis ts under a wide range of pasture r�nagement 

regimes , although its growth-habit and vegetative repr oduction are most 

suited to a defoliation system maintaining some herbage c over ( Le\7 ,  1 955 ; 

Beddows , 1 961 a ) . I n  assoc iation with other species , the results of 

severe defoliation may depend upon the chie f companion spec ies ; with 

Dactylis glorr.erata such grazir1g will eliminat e Dactylis allowing Yorkshire 

fog to increase ; with Agrostis tenuis , fo g will be eliminated ( Beddows � 

1 961 a ) . An explanation of this obs ervation may be found in the c ontrolled 

environment study of Mitchell ( 1 956 ) .  Under sward conditions·, growth of 

Yorkshire fog involves leaf expansion on a moderate number of large t iller s , 

whereas in A . tenuis it is on a large number of sw�ll tillers . 

1 . 3 . 4 Reproduction and longevity . 

1 . 3 . 4 . 1  Vegetative reproduc t ion . 

Yorkshire fog , which is generally accepted  as a perennial , may 

under some conditions behave otherwise ( Bocher and Larsen , 1 958 ) . In 

dense natural vegetation and under grazin g ,  competition will check growth 

and formation of flowering tiller s ;  thus , the species remains perennial . 

Under more l enient competitive c onditions ( spaced plants in an experimental 
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garden) plants wtll die after a few years , particularly after luxuriant 

flowering ( Bocher and Larsen , 1 958 ) . Under c onditions that prevent 

flowering, re generation occurs by producti on of near-prostra t e  rosette 

shoots ( Tansley , 1 934)  or , more generally , by development of new shoots 

and roots from the nodes of runners . The blanketing effe c t  o f  such 

development accounts for the species ' a ggressive smother habit ( Beddows , 

1 961 a ) . 

1 . 3 . � . 2  Sexual
_ 

reproduc tion . 

Flowering behaviour and c ompatibility in Yorkshire fog has 

been studied by Beddows ( 1 961 b ) . The self compatibility of  this species 

follows that in other wind-pollinate d  grasses , with the exc eption that 

plants of high self-fertility have not been observed . From h is obser-

vations , Beddows concluded. that this grass is highly self -sterile and 

that selec tion against self-fertility mus t have been stron g .  

The geographic distribution o f  some flowering characteristics 

in this species have been studied by Bocher and Larsen ( 1 958 ) in Europe ; 

a�d Jacques , Schwass and Basnyat ( se e  Munro , 1 961 ) in New Z ealand . 

Cultures from seeds of southern European and northern New Z ealand origin 

may flower in the year the seeds are sown . This tendency decreases 

norttwards in Europe and southwards in New Zealand,  so t hat cultures from 

British seed ( Beddows , 1 961 b ) , and s outhern South Island , New Zealand 

seed ( Schwass , 1 954 ) , will not develop inflorescences until their second 

year . In b oth instances , the proportion of �irst year flowering plants 

is highly correlated with mean t emperature of the c oldest month , sug­

gestive of the photoper iodic and temperature requirements in flowering 

in the species . Plants of southern European origin , possessing this 

tez:dency to flower without espec ial t emperature or photoperiodic 

requirements , were found by Bocher and Larsen ( 1 958 ) to be short-lived 

llpauciennials" ,  Q:r .;;J.nn_uals . Such types have been observed in New Zealand , 



and appear to be t h ose having a high proportion of flowering t o  

vegetative tillers . They tend to be  frorr. tile arable areas of the 

South Island ( Munr o , 1 961 ) ;  that is at lat itudes where the species 

is likely to possess low temperature and p:totoperiodic requirements 

in flowering . 

2 3 .  

Seed production i s  generally limited t o  the lower of the two 

florets in each spikelet , but even so , the species is a nortoriously 

prolific seed-producer . The seeds are extremely light , and wit h  the 

relatively large sur face area provided by t he spik�lets , seeds are 

easily distribute d  by the wind , although there appears to be no evide�ce 

as to how far they liB.Y be carried ( Beddows , 1 961 a ) . 

For not es on viability o f  seeds , germination and seedling 

morphology, the reader is referred t o  Beddows ( 1 961 a ) . 

1 . 3 . 5  Che mical :: omposition .  

Yorkshire fog has the capac ity t o  rn�intain average mineral 

content similar t o  t hat of other species , even under a wide range of  

soil moisture and  fert ility conditions ( see section 1 . 3 . 3 . 2 ) . A 

similar lack of discrepancy between this and other species i::> shown in 

relation to the p:::- oportion of nitrogenous c ompo:mds , sugars , ash , 

fruct osans and organic acids ( Bathurs t and Mitchell , 1 958 ) . 

In their s tudies of the chemical c o�position of swards , Fagan 

• and Milton ( 1 931 ) observed tha t growth-stage was more impor tant than 

species in  determining nutritive value . Floral emergence was found in 

all species to be  associated with a decline in crude protein and a rise 

in fibre content of dry matter . Low rela t ive palatability ass o c iated 

with onset of heading ( Davies , 1 925 ) , may b e  accounted for by the l ow 

� t. �j 
nutritive value , characteristic of mos t grasses at this time , although 

in this species t his is probably more pronounced because of the velvet-

like pubescence c overing the foliage ( Cowlishaw and Alder , 1 960 ) . 



However , if  grazed alone , and not al lowed to bec ome rank , there is 

little difficulty in herbage being consumed throughout most of  the 

year ( Watkin , 1 960) . The relationship between palatabilitf and 

prolific heading during the flowering perio d ,  infection by Pucc inia 

c oronata , and growth habit in spaced plan ts ,  has been examined by 

Basnyat ( 1 957 ) . 

24. 

An anatomical examination of indigestible herbage fractions 

of  Yorkshire fog and other species , shows a relatively low proportion 

of e ither sclerenchymat ous or collateral vascular bundles ( Regal , 1 960 ) . 

1 . 3 . 6  Pathogens and parasit es . 

An extensive l is t of the p3.thogens and parasites that are 

associat ed wit h ,  and infect Yorkshire fog , is included in Beddows ( 1 961 a ) . 

Of particular interes t is the rust Puccinis. coronata ,  which may cause 

extreme reduc tion in palatability in th�s grass species ( Basnyat , 1 957 ) ; 

and Pythomyces chartarum , the causal organism of fa cial eczema , which may 

grow in the medium of dead basal tissue associated with this grass 

( Barclay and Wong , 1 961 ) .  
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Chapter 2 

YORKSHIRE FOG TOPODEMES 

2 . 1  Sampling procedures . 

During February and �.arch , 1 972 , Yorkshire fog topodemes , 

frorr. a wide rar.ge of habitats ,  w ere sampled within a limited geo­

graphical region . All collection areas were within a 50km radius of 

Massey University ( see figure 3) .  The areas were selected t o  enc ompass 

a range of environmental water regimes , and included excessively drained 

sand dunes and continuously waterlogged swamps and marshes . Each area 

was large ( 1 00-200m across ) ,  and so probably include d  a diverse range of 

micro-environments for growth of  Yorkshire fog. The presence of t his 

species , the accessibility of the area and the possibility of gene flow , 

in the form of both pollen and s eeds , from a djac ent , c ontrast ing 

habitats ,  determined the exac t  local e sampled within each area . 

A seed sample of the t opodeme of each area was c ollected ; one 

panicle per plant . Two metres was the minimum dis tance between suc ces-

sive plants sampled ,  and within each area , at  least 20 plants were 

sampled.  The seed for all plants of  each t opcdeme was bulked ,  and 

stored in paper envelopes , over silica-gel , to prevent b oth germination 

and deterioration . 

2 . 2  S ource h�bitats . 

The location,  elevation and description o f  the natural 

environment of each collection area is given below. The number in 

parentheses following each topodeme name re fers t o  the gri d reference 

on the New Zealand t opographica l  nap series N . Z . H. S . 1 , sheets N1 48 

Tangimoana , N1 49 Palmerston North , or N1 52 Levin . The date  on which 

each of the samples was collec te d  is also given in pare ntheses , 

following the elevation data f or each t opodeme . 
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TOO Lake Kaikokopu, Himatangi . ( N1 48 785 327 ) , elevation less 

than 30m ( 25 . 2 . 72 ) . 

26 .  

The sample area was found t o  l eeward of a row of willow trees 

which line the east ern shores of the lake , on a raise d ,  narrow , walkway 

bounded by the lake on one side and a drain on the othe r .  The drain 

was filled with wat er in the summer when the collection was made . The 

soil is Hokio sand , which is raw sand with a thin alkaline A1 horizon . 

The soil water table level is high in both winter and spring and the 

soil dries out only marginally in summer . Rank Yorkshire fog was 

found , with Lupinus arboreus , along the walkway . S ma ller plants were 

also found on much wetter ground on the s i des of the walkway in associa­

tion with Ranunculus parviflorus , Cerastium vulgatum , Geranium molle ,  

Nasturtium officinale ,  Rumex crispus and Juncus bufonius . 

T01 Himatangi Beach . ( N1 48 755 325 ) , sea level ( 5 . 3 . 72 ) . 

The sample area was found about 400 metres inland from the 

foredunes , where a "sand hollow" had formed . An upwelling of  seaward 

seeping water had resulted in the formati on of a marsh , in which t he 

soi l  remained moist throughout the year , with standing water  in the 

winter . The maj or species present were Leptocarpus sirr.plex , Scirpus 

nodosus and Juncus pauciflorus . Trifolium glomeratum, Melilotus alca 

and M. officinalis c ould also be found . 

T02 Himatangi Beach . ( N1 4� 755 325 ) , elevation less than 30m ( 5 . 3 . 72 ) . 

Yorkshire fog was also collected  from high sand dunes 

(Waitarere sand with an A1 horizon ) immediat ely adjacent to T01 . Her e , 

the s and dries out excessively , especially in summer when surface tempera-

tures can become very high . S trong westerly winds are an important 

characteristic of this situation . In this relatively extreme environment , 

plants , for _ example , Amrr.ophila arenaria , Tiesrnoschoenus spiralis , Cassinia 

leptophylla , Pirnelea arenaria and Luninus arboreus , possess striking . 
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ada ptations t o  facilitate their life  here . Such adaptations include 

r o ll e d ,  hairy , reduced,  s mall and thick leaves . In the c omparat ive 

shelter of the three latter species , Sonchus oleraceus , Melilotus alba 

and Hypochaeris radicata can be folli�d in association with Yorkshire fog.  

T03 H::mawatu River, Foxton .  (N1 48 765 202 ) , sea level ( 3 . 3 .  72 ) .  

The c ollection s ite  was alor.g the tidal river edge , upriver 

from the Foxton boathouse .  This very exposed site included a Meanee-

soil saline flat which remains moist throughout the year , due t o  the 

high water table level . This area is occasi onally flooded by brackish 

wat er . Plant species found here include Spinifex hirsutus , Coprosna 

a c erosa , Plantago coronopus , Salicornia australis , Mesembryantheum edule , 

Leptocarpus simplex , Phormium tenax , Lupinus arboreus and Juncus maritimus . 

Y orkshire fog was also c ollected from the windward side of a man-made 

stop-ban� which lines the river further inland from the saline flat . 

T04 Ashlea Road, Tokomaru . ( N1 48 967 225 ) , elevation l ess than 

30m ( 1 .  3 .  72 ) .  

Yorkshire fog was collected from a drain which ran across an 

open field of Lolium perenne and Trifolium repens . The field wac 

situated immediately adjacent to  As�lea Road , 1 . 2km frorr. the intersection 

of Ashlea Road and Makerua Rangitane Roa d .  The s oil , ma de up from 

alluvium and peat , does not dry out in the sumrrer ; in the winter the 

· water table is high . Other species found in the drain included the rush 

Jun cus pauciflorus and Ranunculus parviflorus . A line of poplar trees 

on the opposit e road-side provided s ome shelter from the prevailing 

westerly winds . 

T05 Ashlea Road, Tokomaru . ( N1 48 967 225 ) , elevation l ess than 

30m ( 1 . 3 . 72 )  

Yorkshire fog was also sampled from the roads ide immediately 
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adjacent to T04. The soil c haracteristics of this area were probably 

similar to that of T04. The luxuriant growth of Calyst egia , Ranunculus 

parviflorus and Cy� ustulatus provided a well shelt ered , high humidity 

micro-environment for growth of Yorkshire fog and othe r pasture grasses . 

T06 Lake Pukepuke .  ( N1 48 785 367 ) , elevation less than 30m ( 5 . 3 . 72 ) .  

The area sampled,  on the eastern shore of  Lake ��epuke , had 

a similar soil t o  that at Lake Kaikokopu , wtere the �at er table level 

remained high throughout most of the year . Unlike that sit e ,  however , 

Yorkshire fog was found growing amongst the raupo (Typha oriental i s )  

right up to the lake edge . 

TO? Taikorea-Pyke Road Intersect ion . ( N1 48 91 9 336 ) , elevat ion less 

t han 30m ( 5 . 3 . 72 ) . 

The grazed pasture from which Yorkshire fog was collected , 

extended over the small hill a t  th e intersection of Taikorea and Pyke 

Roads . The soil was Fox ton black san d  which dries out for three t o  

four months over the summer . The few species found growing on t he 

bill-side were Daucus carota , Hypoc�ris radicata and the grasses , 

Dactylis glomerata and Yorkshire fog. In depressions on the hill-top , 

in association with cow dung , lush growth of these grasses , suckling 

clover and Geranium molle was found . 

T09 The Flat , Taikorea-�;ke Road Intersection . ( N1 48 920 336 ) , 

elevation less than 30m ( 5 . 3 - 72 ) . 

This area lay immediately below and t o  the east of TO? . The 

s oil is  an Omanaku peaty silt l oam with a high water table that does not 

dry out in summer . The area sampled was that most dis tant from TO? , s o  

that the  probabil ity o f  gene flow from TO? into T09 was low .  Yorkshire 

fog , Poa trivialis and Anthoxanthum odoratum were the dominant pasture 

grasses . Other species were Juncus effusus , Ranunculus acris , Rumex 
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obtusifolius , Hypochaeris radicata , Bellis perennis , Cirsium arvense , 

Taraxacum o fficinale and Polygonum hydropiper .  

T1 0 Taikorea Roa d .  (N1 48 860 355 ) , elevation 50m ( 5 . 3 - 72 ) . 

The sample area was found on stable sand dunes on the south 

s ide of Taikorea Roa d ,  4 . 7  km west o f  Taikorea School . The soil here 

was a Waitarere sand which dries out exc essively in the summer ( c . f . 

habitat of T02 ) . 

s pecies present . 

Pinus radiata and Lupinus arboreus . were the dominant 

Lycium ferocissimum , Ammophila arenaria , Urtica 

urens and Muehlenbeckia australis were als o present over much of the area . 

POO Saddle Road , Ashhurst . ( N1 49 275 433 ) , elevation 300m ( 28 . 2 . 72 ) . 

The exact site was a 45 - 60° north- facing slope on the roadside , 

1 . 9 km towards Ashhurs t frow. the Saddle-Cook Road intersect ion . The area. 

is sheltered from the prevailing westerly wind , but not from the east 

winds . The soil , Tokeawa steep land soil , is relat ively shallow . It 

dries out in the sum�er but remai ns moist during the rest o f  the year . 

Animal tracks followed the contours of the slope , providing flat areas 

which remained moist well into the summer . Yorkshire fog , Dactylis 

�lomerata , various c l overs and Hypochaeris radicata cover most of the 

slope . Yorkshire fog was also found amongst bracken fern ( Pteridium 

escul entum ) on near-vert ical face at the top of the slope . 

P01 Wharite Roa d .  ( N1 49 31 5 456 ) , elevation 490m ( 28 . 2 . 72 ) . 

The area sampled was a narrow strip �f roadside , about 400m 

past the Wharite Peak road turnoff . The area was b ounde d  on the north 

s ide by a bush-covered valley , and on the other by the road-v:ay . The 

bush clos e  to the road , mainly Rangiora ( Brachyglott is repanda ) , provided 

shel ter from the wind and rain . The soil was of very l ow fertility and 

remained moist throughout most of the year . Other s pecies included 

Dactylis glomerata , Agrostis tenuis and a s pecies of Ranunculus . 
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P02 Wharite Peak Road . ( N1 49 325 462 ) , elevation 760m ( 28 . 2 . 72 ) . 

A c:lip , probably due to water seepage , had occurre d  i n  a mn­

made cutting j ust  above this newly- formed roadway , 3km from Wharite Roa d .  

The bush and the road completely surrounded the area , which face d  south , 

and s o  was shelterE d from the sun and from most winds . The very low 

fert ility Ruahine steep land soil was almost entirely compose d  of large 

greywacke chips . This soil remains very wet throughout the year . 

Yorkshire fog and Anthoxanthum odoratum were the only pasture grasses 

present . Mosses and l ichens c overed most  of the area which was scat-

tered with seedlings from the woody species of the surrounding bush ( e . g. 

Griselinea littoralis , Carpodetus serratus , Aristotelia serrata , 

Brachyglotti.s rep?.n da and Rubus cissoides ) . Other plants found were a 

species of Car ex ,  Blechnum fluviatile , Blechnum procerum,  Unc inia uncinata , 

Acaena novezealandiae , Lotus pedunculatus and Digitalis purpurea . 

P03 V.lharite Peak . ( N1 49 332 473 ) , elevation 900m ( 28 . 2 . 72 ) .  

The sample area �as situated on the roadside j ust  below the 

T . V .  transmitter station at Wharite Peak . This was P.n open area , with 

no trees growing except as seedlin gs ( e . g . Pseudowintera colorata ) .  

Consequently , the area was very expos e d .  The soil , Rinata s i � t  loam , 

is of extremely l ow fertility and remains moist throughout the year . 

Two s pecies with a spreading growth habit , Agrostis stolonifera and 

Acaena anserini folia , covered most of  the area . Other species found 

were Juncus pallidus , Juncus lampocarpus , Blechnum filiforme , Hydrocotyle 

moschata , Polystichum vestitum, Olearia c olensoi and Astelia solandri . 

Mosses , Hypochaeris radicata and Cirsium palustre were found with Yorkshire 

fog i n  moist depressions where the sprea ding habit plants tended to be 

absent . 



P04 Browns Flat, Tiritea Cat chment . ( N1 49 1 25 230) , e levation 

44om ( 5 . 2 .  72 ) .  
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Brown ' s  Flat i s  an extensive flat area at the hea d  of t he 

Tiritea Stream in the northern Tararua ranges , to the east of Palmerston 

North . The area has been cleared of bush and extensively drained ;  

however , much of it was swamp when the Yorkshire fog c ollection was . made . 

The soil , Ramiha mot tled  silt loam, is of l ow f ertility and high wat er 

table level . Standing water remai ns throughout the year on the lower , 

swampy areas . Species found included Cyperus ustulatus , Juncus bufonius 

and J .  :eallidus , Glyc eria flui tans ,· a species of  Epilo-oiu m ,  mosses , 

Cirsium palustre and Hypochaeris radicata . Yorkshire fog was the dominant 

species on the drained ground , and was also found growing in the swamp . 

P05 Cloverlea Roa d, Kairanga . ( N1 49 060 3 48 ) , elevation 30m ( 6 . 3 . 72 ) . 

The sample area was on the ra:;.Jway embankment on the south s ide 

of the crossing at Cloverlea Road,  The "soil "  of  the embankment possibly 

did not reflect the characteristics of the surrounding T€ Arakura sandy 

loam which has a moderately high water table in winter and dries ou t in 

summer . It  is likely that the embankment soil was more  extens ively-

drained t han this . The plant species growing here included Lupinus 

arboreus , Helminthia e chioides , Sonchus asper , Achillea rr�llefolium , Senecio 

vulgaris , Conium �ac ulatum , Galium apar ine , H ordeum vulgare ,  Dactylis 

glomerata and BrowJs mollis . 

LOO Makerua-Ra�gi tane Road.  ( N1 52 955 1 62 ) , elevati on 30m ( 1 . 3 . 72 ) . 

The collection site was along a fen c e  line on the sheltered side 

of the main drain stop bank where the �akerua-Rangitane Road crosse d  t he 

n:ain drain . A small drain from which Yorkshire fog was c ollected  ran 

parallel to the fenc e .  The s oil  was a Kairanga type , a heavy clay with 

poor drainage , in whic h  the water table level remains high , es�ecially in 
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w;i.nter . Cattle have contributed to pugging of the soil near the fence . 

Other species present included mosses , Lotus w.ajor , Hypochaeris radicata , 

Ranunculus repens , Rumex conglomeratus and Juncus pallidus . 

L02 Buckley Road, Shannon . ( N1 52 895 1 02 ) , elevation 40m ( 1 . 3 . 72 ) . 

Yorkshire fog was c ollec ted from a peat swamp s ituated adjacent 

t o  the roadside 1 . 1 km from the Buckley Road-State Highway 57 intersection . 

The e oil , Makerua peaty loam , remains wet throughout the year . A grass 

sp�cies provided a mat-like c overing over the whole area , across which 

it;lola t ed clumps of Sciq�us lacustris , Juncus effusus and J . lampocarpus 

were growing . Other species found were Lotus major , Rumex ��lomeratus 

and Ranunculus repens . 

L03 Webbs Swamp , Koputaroa . ( N1 52 854 087 ) , elevation 40m ( 1 . 3 . 72 ) . 

This swampy area , s ituated to the west of the railway line about 

200m north of the Kiputaroa store , was surrounded by rolling farm land .  

Tbe e oil was a n  Opiki complex of mixed peat and alluvium whic h remains 

wet throughout the year . Yorkshire fog was found throughout the area 

wlrL ch was covered by luxuriant growth of � orientalis , Phormium tenax , 

Ulex europaeus and Pteridium escu le n t um . Mosses , a species of Ranunculus , 

�p��haeris radicata , Bellis perennis and Blechnum mir-us were also found . 

Yorkshire fog was even seen growing from the bole o f  Carex secta . 

L04 MuaoEuku Park, Lake Horowhenua . ( N1 52 781 043 ) , elevation 30m 

( 1 . 3 .  72 ) .  
,-

Yorkshire fog was collected from the shore zone wher e rough 

pastures to  the west of the boathouse came to the e dge of the lake . A 

s��.sonal fluctuating lake level is a characteristic of this shore zone 

in which the s oil  remains wet throughout the year . The rush , · Juncus 

�lid�s and a species of Mentha were dominant in t he shore zone . Other 

spec ies , Cy�rus ustulatis , a species of Ranunculus and Glyceria fluitans , 
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along with Yorkshire fog, were also present . 

L05 Grazed field, Lake Horowhenua . ( N1 52 785 046 ) , elevation 30m 

( 1 . 3 .  72 ) .  

Yorkshire fog was also collected from a grazed field adjacent 

to the lake , immediately north of  .fv'!uaopuku Park . The actual site was 

similar t o  L04 , but a l ittle further from the shore . C o�sequently , the 

soil was not as saturated as that at L04 , especially in the summer . 

Mosses and Juncus pallidus , the do"minant species near the lake , gave way 

t o  clovers ( e . g . Trifolium repens ) and other legumes ( e . g . Lotus major ) ,  

flatweeds ( e . g. Hypochaeris radicat a ) , the occasional dock ( Rumex 

conglomeratus ) ,  a species of Ranunculus and pasture grasses ( e . g . Dactylis 

glomerata ) further from the shore . 

whole area . 

2 . 3  Seed characters . 

Yorkshire fog was ubiquitous over the 

The chara c t eristics of a given plant , growing in a given 

environment , are the resultant of  the interaction b etween the plant ' s  

genotype and the particular environmental conditions . Thus , where 

phenotypic differences between plants are observed , ther e mus t exist  

some doubt as  t o  whether these differences are mainly due to genetic 

divergenc e ,  or to the direct result of environmental differenc es , or to 

some combination of the two . For example , measurements  made on material 

collected from the wild must be s een to reflect this doubt . Such was 

the case for measurements of weight and viability of  the seeds o f  each 

of the t opodeme samples . 

Seed was removed from the panicles collected , bulked for each 

topodeme , then cleaned .  Care was taken t o  keep the s ee d  dry , by storing 

it over s ilica gel i n  a desiccato r .  

measured o n  each topodeme : -

The following s eed characters were 

( 1 ) Seed weight . Four 1 00 seed lots were weighed in grams . 



34. 

(2 ) Perc entage germination . C ounts of germinating s e e ds on mois t  

fil t er paper , after 6 and 1 4  days , were made so tha t  percentage 

germination could be determined .  Two hundred seeds were used 

for t he determination of percentage germination . 

From these dat a ,  the significance of  differenc es between t opodemes was 

calculated by means of an analysis of  varianc e for o�e criterion of 

c lassification (seed weight ) ,  and a Chi-square test ( percentage germination ) . 

Seed weight . Table I I , mean seed weight for topodemes , indicates those 

t opodemes for which mean seed weight differed significantly , a t  the 1% 

l evel.  Thos e topodeme means that can be c onsidered equal have been 

bracketed by a line . Thus , differenc es between those  t opodemes which 

Table I I : S e e d  weight ( wild material ) 

Topodeme Topodeme mean 
1 00 seed wei ght 
( x  1 0-3 P"rams ) 

L04 35- 50 

TO? 34. 50 

P01 34. 50 

L02 34. 25 

LOO 34. 00 

T1 0  33. 75 

TOO 32 . 75 

T05 32 . 50 

T04 30. 50 

P04 30. 25 

T09 30. 00 

L05 28 . 50 

P02 28 . 00 

T06 27 . 50 

T02 26 . 50 

P05 26 . 25 

L03 24. 25 

T03 22 . 75 

T01 20. 25 

P03 1 4. 75 

d . 01 = 5 . 05 
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are not br�cket e d  are considered highly s i gnificant . For example ,  

the mean seed weight for t opodeme L04 is g�e�ter than that for P04 ,  

T09, L05 , P02 , T06 , T02 , P05 , L03 , T03 , T01 and ?03 ; and P03 has a 

lower mean seed w eight than that for all other topodemes . 

Perc entage germination . Table II I ,  mean percentage seed germina tion 

for topodemes , summarises the data for seed  germination . Those 

t opodemes found to differ significantly from the overall mean percentage 

germination (all t opodemes , see  appendix II ) , were ?05 , P03 and L05 . 

Table II I :  Percentage germination ( wild mat erial ) 

Topodeme Percentage Topodeme 
germinat ion 

T01 66 T04 

T02 82 T05 

T09 65 T06 

T1 0 82 T07 

P01 90 L03 

P02 83 L04 

P04 91 L05 

LOO 74 POO 

L02 92 P03 

TOO 83 P05 

T03 58 

Perc entage 
germination 

78 

75 

72 

77 

62 

90 

57 

63 

41 

54 

For those topodemes in which the percentage germinat i on was 

low , the seedlings sel ected might not have  been a representative or 

rando� sample of the surviving t opodeme . Therefore , results obtained 

with mature plants from t opodemes in  whi ch percentage germinat i on was 

low ( chapter 3 ) , might have been meaningless . For this reason, 

topodemes P05 , P03 , L05 , POO , L03 and T03 were not c onsidered for the 

glasshouse experiment ( chapt er 4) . 



CHAPTER 3 .  

THE FI�LD EXPERIMENT : COMPARATIVE CULTIVATIO� 

3 . 1  Introduction . 
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Yorkshire fog presents an extensive array of differentiated 

c limatic types , from those winter-growing , of low latitudes , to those 

almost winter-dormant , of higher lat itudes ( Basnyat , 1 957 ; Bocher and 

Larsen , 1 958 ) . In the temperate pasture grasses , the requirement by 

high latitude types , unlike thos e of low latitudes , for an inductive 

cold period and , or , shor t days for flowering ( Larsen 1 947 ; Ketellaper , 

1 960 ; Cooper , 1960 ; Parker , 1 972 ) , forms the basis of the perennial 

habit ( Breese , 1 966 ) . I t  ensures that the tillers formed in one season 

will not flower until the next , so providing for a vegetative overlap 

from one season to the n ext . As a consequence ,  low latitude plants are 

often short-lived , an i ,  in extreme cases , functi on as annuals or 

• pauciennials' ( Bocher and Laraen , 1 958 ) , so escaping summer drought in 

the form of seeds . In such plants , t he rat io of  flowering tillers t o  

vegetative tillers tends t o  b e  large . Also , the ability of these low 

latitude types to grow in winter , can be highly correlated with frost 

suscept ibility (as found in Lolium perenne , Cooper , 1 963 ) . 

Yorkshire fog , like other t emperate pasture grasses , also 

displays a notable range of differentiation to pasture management and 

soil type ( Beddows , 1 961 a ;  Munro , 1 961 ) .  Fo� example ,  the influence 

o f  various grazing intensities results in profound modifications t o  

growth habit and flowering time ( e . g . Breese , 1 966 ) . Flowering t ime 

( date of floral emergence )  in any year also depends upon the response 

o f  each genotype to its l ocal clima t e  ( Beddows , 1 961 b ) . The e ffects 

of flowering on the root system of grasses have been discussed  

numerously ( e . g . Soper , 1 958 , for ryegrass ) .  H eavily flowering plants 
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show c onsiderable sloughing o f  the root cortex , and a subsequent 

decline in efficienty of water and nutrient uptake . This is of 

ma j or ecological importance in the survival of the plant over 

subsequent dry periods . These  aspects o f  the biology of Yorkshire 

fog provide the basis for this field study . 

The aim of this experiment was t o  discover whether variati on 

existed  among samples of Yorkshire fog topodemes in response t o  a 

uniform environment , and t o  relate this pattern of response to  the 

environments of the source  habitats . 

3 . 2  Experimental procedures . 

3 . 2 . 1  Experimental design and statistical procedures . 

The experiment was designed to  distinguish genetic 

differences between topodeme samples from the effects of soil differences 

within the experimental area . To allow for these differences , 

l 
� � � � I � 

I 
0 0 0 ' \.0 t'-'\ (j\ (\j � ' t'\ ('._ t'\ � (\j 0 (\j BLOCK IV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 

E-l p.., ...:I E-l E-l ...:I E-l E-l p.., ...:I p.., p.., E-l E-l p., ...:I E-l E-l p., 8 ...:I 

0 � 0 � � \.0 (\j � t'\ (J'\ � � (\j ' t'\ ('._ 0 t'\ (\j 0 ' 
BLOCK III ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E-l ...:I ...:I p., E-l E-l ...:I E-l E-l E-l p.., ...:I E-l p.., p., E-l E-l ...:I p., p., E-l 

I 
0 0 � � 0 (\j � � (J'\ !'(\ (\j t'\ ('._ ' (\j t'\ � � \.0 ' 0 

BLOCK II 0 � 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

p., E-l E-l E-l E-l p., p., ...:I E-l ...:I ...:I E-l E-l p.., E-l p., ...:I p.., E-l E-l ...:I 

(\j 0 � 0 � � ' � ('._ � 0 t'\ 0 ' t'\ \.0 !'(\ (J'\ (\j � (\j BLOCK I 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 0 0 0 0 

E-l ...:I p., p., E-l ...:I E-l p., E-l E-l E-l E-l E-l p.., p., E-l ...:I E-l p.., ...:I ...:I 

Figure 4 .  Layout of experimental area . Planting plan . 



the 21  topodemes were c ompared in four blocks , in a randomised 

compl et e-bloGk design . The t opodemes wer e , then , allocate d  at 

random to the 21 plots with in each block ( figure 4 ) . Each plot 
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was represented by 1 0  plants , and therefore an interaction , topodemes 

with blocks , cou�d be defined . The 1 0  plants per plot were planted 

in two rows of five plants per r ow ;  with all plants at 0 . ?7m ( 2 . 5  ft ) 

spacing. 

An analysis of varianc e  f or a randomised compl ete-block 

design , with interacti on, was employed for the demonstration of 

topodeme differences . Where the interactior. term was s i gnificant , 

it  was used in determining the significanc e of topodeme dif ferences . 

In every plct i� the exreriment , there were five plants for which the 

characters survi val-vigour , dat e  o f  panicl e  emergence and panicle 

production ( see section 3 . 2 . 3 ) , wer e measured . A correlation c oe f-

ficient for each pair of these thr e e  characters was det ermined. The 

problems of drawing precise c onc lusions from these c orrelation 

coefficients are discussed in appendix VI . 

3 . 2 . 2  Maintenance of the experimental area . 

The test plants were grown from seed ,  which was germinated  

on  filter pa per , then  transferr e d  to  30 x 42 cm flats , in  a sand-peat 

mixture with adequate fertil izer ( see  appendix I ) . The plants were 

kept in an unheated glasshouse for four weeks , until June 5 ,  1 972 , 

when they were moved outside . After a period judged suitable for 

.acclimatization to outdoor conditions , individual seedl ings were removed 

from the flats , and planted int o  the field according to the experimental 

design , on June 1 4  - 1 5 ,  1 972 . Periodic bandweeding immediately around 

the plants , and rotary-hoeing between the plants , were n e cessary t o  

keep the area free o f  weeds . Plants were thus maintained until the 

c or.clusion of the field experiment , in May 1 973. 
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3 . 2 . 3  Characters measured. 

( 1 ) Dat 0  o f  panicle emergenc e .  During December , 1 972 , and 

January , 1 973 , all plants were observed every two days for flowering. 

When four panicles had elongated so that the peduncles were visible 

opposite the ligule of the flag leaf , the dat e  was recorde d .  In the 

sub9equent analysis , the number of days to flowering after November 

30 , 1 972 , was used.  

On  February 2 - 9 ,  1 973 , all panicles on  five plants per 

plot were harvest ed ,  placed into appropriately labelled paper bags 

and set aside for subsequent study . 

( 2 ) Panicl e  number per plant . 

plant ( in each bag)  was count e d .  

The num�er of panicles for each 

(3)  Seed weight . Seed was collected in the bottom of  each paper 

b<;ig ,  bulked for each plot , cleaned , then wei ghed in four 1 00 seed  lots . 

( 4) Survival-vigour . On May 7 ,  1 973 , all plants were scored 

0, 1 ,  2 or 3 f or vigour : 0 :: dead ; 1 = weakly growing with one 

or few t illers ; 2 = healthy but small so might not be expe c t e d  t o  

survtve competition i n  the wild ;  3 = large , healthy and vigorous . 

3 . 3  Results . 

Analysis of variance tables and a surrillary of  results 

ean be  found in appendix V .  Where the analysis o f  variance  

has indi cat ed  differences between various means , a table o f  

thes e means has been included in this section .  Differences 

observed between topodeme means for seed  weight , for panicle 
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number , and for survival-vigour , were not significant . Table V 

indicates those t opodemes for which the mean date of panicle e�ergence 

was significantly different from those for other t opodemes ; any two 

t opodemes not bracketed by a line ( on the right-hand side of the table ) 

can be considered di fferent . 

Table IV : Panicle production, block means 

Number of panicles 
per plant . 

Block I 1 25 . 24 

II 1 1 7 . 1 1  

III 1 � . �  

IV 1 47 . 23 

d . 05 = 1 5 . 60 

Table IV shows that the mean panicle number for bloc ks I 

and I I  can be considered significantly different from the means for 

blocks III and IV . The differenc es between the four block means for 

�eh of the remaining three plant characters measured were not 

signi ficant . 

Table VI , the correlation matrix , indicates no signi ficant 

·c orrelation ( for definition of s ignificant c orrelation , see a ppendix VI ) 

between survival-vigour , and either the number of panicles , or the date  

of  panicle emergen c e . There was a si gnificant correlation between 

the date  of panicle emergenc e and the number of  panicles . However , 

the percentage variation in panicle emergence due to the linear relatio�-

ship between this character and the number of panicles ( i . e .  coefficient 

of determination x 1 00 ) , was only 1 . 1 5% .  
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Table V :  Panicle emergenc e ,  t opodeme means 

Topodeme Days t o  par.icle emergence 

after November 30 , 1 972 . 

T09 21 . 36 

P01 20. 89 

T05 20. 64 

TOO 20. 39 

LOO 20. 39 

P05 1 9 . 83 

T02 1 8 . 89 

POO 1 8 . 67 

T01 1 8 . 61 

T04 1 8 . 58 

P04 1 8 . 33 

L04 1 7 . 83 

P02 1 7 . 33 

P03 1 7 . 03 

TOG 1 6 . 94 

T03 1 6 . 78 

L03 1 6 . 08 

L05 1 6 . 00 

T1 0 1 5 . 86 

T07 1 5. 25 

L02 1 5 . 1 7 

d . 05 = 2 . 01 days 

Table VI : Correlati on coefficient matrix . I .  

pp PE sv 

Panicle production pp 1 . 000 

Panicle emergence PE -0. 1 07* 1 . 000 

Survival-vigour sv 0 . 000 NS o . o86 NS 1 . 000 

Degrees of  freedom = 41 7 ;  * = significant at  5% l evel ; 

NS = not significant . 
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3. 4 Discussion . 

The aim of  the experiment outlined in this chapter was to  

expose genetic divergence between topoderes , where such divergence  

existed . The technique involved growing al l plants under ��form 

environmental conditions ; thus , differences that remained between 

topodemes c ould te said t o  have a genetic basis .  S o  that such 

c onclusions drawn were valid, the t echnique employed had to allow 

for inevitable soil differences within the experimental area . The 

signi fi cant t opc deme x block int eraction ( for all chara.cters ) , 

evidenc e  of these soil differer. c es ,  c culd 'ce indicative of real 

-

biological interact ion , whereby topode�es were responding differ-

entially to soil differer2ces b etween blocks . It c oul d also be 

indicative of direct  effects of soil differences within blocks . I t  

is unlikely that the distinction between these would have been achi eved 

by an alterna tive experimental des::..gn , such as a la tin-square , since  it 

is unlikely that the soil di fferences resulted frorr. orderly gradients 

along and between blocks. Topodeme di ffer ences not que to these 

block ( s oil ) effects were of int erest in this study . Such differences 

were found for date of panicle emergence ( table V ) , but not for any of 

the other three characters measured. 

Panicle emergence in Yorkshire fog has been shown , to  be 

direc t ly modified by the environment , differences in one population 

between years , and t o  be differentiated,  differences in one year between 
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popula t ions (Be ddows , 1 961 b )  • The differentiation in this character 

can, in s ome instances , be related to  rracro-cli!JJCI.tic diffe:::-enc"'s 

( e . g. Bocher and Larsen , 1 958 , regional different iation of Yorkshire 

fog in Europe ) ,  alth ough not in others ( e . g . Knight , 1 973 , altitudinal 

variation in cocksfoot grass in sov thern Franc e ) . Since all source 

habitats in this investigation were from a lirnit ed geographical region , 

su ch _ c limatic differentiation was not expected . The only instances in 

which this c�uld have occurred ( i . e .  between high altitude t opodemes , 

POO , P01 , P02 , P03 and :F·04 , and thos e from near sea level ) ,  the 

differentiation could not be relat ed to the altitudinal differences . 

The differentiation DI dat e  of pani cle emergenc e  po�sibly 

reflects a rr:ore basic differentiation, that in time of pollen release . 

In cross-pollinating species this c ould allow the effective iso:::.ation 

of popula tions in close proximity . T'r.is would be important where  

neighbouring habitats were ecologi cally diverse . Such an explanation 

c ould account for di :'ferences in date  of panicle emergenc e  between 

T07 and T09, and between T04 and T05 . The only other topoder;1es for 

wr�ch pollen flow between them could have oc curred in the wild were T01 
,• 

and T02 . No differentiation b etween these t opodemes was f ound . The 

pattern of genetic variation in this chara.cter could not be  related 

to the pattern of variation iL habitat-water for whi c h  the s ource 

habitats were selected, but must have been due t o  other microclimatic 

or biotic fac tors . 
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The possibility remains that the genetic divergence was 

random with respect  to  the eLvironment . Random genetic divergence  

can come about by an area being colonized by a non-representative 

invasion from another . Thus , differences that mig.l::.t subsequently 

arise by selection would be confused v1ith , and coul d not be separa ted 

from the original chance differences between the derived and the 

parent po:pula.tions (Heslop-Harrison , 1 964 ) . The chcic e of a limited 

geographical regi on from which to  sample the experimental material 

was airr.ed at  overcoming this uncertainty of  genetic divergeLce . 

Differences between topoderr.es , for seed weight , were observed 

for seed collected from the wild ( table II , section 2 . 3 ) . Yet , no 

such differences were otserveC. for seed weight in the field experinv::nt . 

Yorkshire fog has b een reported to b e  highly self-sterile ( Be ddows ,  

1 961 b ) , and so seed produced in the field expe�iment was likely t o  have 

arisen by cross fertilization. Thus , seed produced by on e topodeme 

could have arisen fro� poll en from another . However , seed weight for 

various grasses and cereals has been reported to be almost exclusively 

a maternal characteristic , little influeLced by the pollen parent 

( e . g. Latter , 1 965 for Phalaris tuberosa in Australia ) . I f  this v1as 

true for Yorlr...shire fog in this i nvestigation ,  then the seed weight of 

topodemes observed in the field experiment was directly compa.re.bl e  

with those values for seed weight o f  wild material . Therefore , it 

can be concluded that topodeme differences in seed wei&ht , observed 

for seed collected in the wild, were due to direct effects of the 
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sourc e  environment s ,  and were not due t o  ge ne t i c  variat ion for this 

c harac t e r .  I t  i s  evident from figure 5 �c..-:::; t plastic ity in s eed 

weight is accompanied  b y  plas t ic ity in viability of s e eds ( perc entage 

germina t i on ) .  Such plasticity c ould have mor t al c onsequences for 

the spe c i e s  i n  unfav ourable growth c onditi ons . Hovveve r , where 

plant s are perennia l  as in Yorkshire fog , survival fro:n year t o  year 

probably does not r ely solely upon suc c essful germination and 

seedling growth . 
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�9ccer and Larsen ( 1 958 ) in Europe , and Basnyat ( 1 957 ) in 

New Zealand, have descrj_bed differentiati on in perenniality in 

'Yorkshire fog. Short-live d  types were  c onsidered , by these authors , 

to te adapta tions to summer drought . These types were found t o  die 

�ub9eque�t to abundant flowering and seed production, probatly as a 

�esult 9f the inability of  the reduced roots to obtain water or 

nutrient . It was considered that adaptation of Yorkshire fog to the 

��c esstvely drained (summer drought ) sand dunes (habitats T1 0 ,  T02 

�pd t 9  a 1e9ser extent , T07 ) might have been accompanied by a 

reduct j_on ;i,.n perenniality . However , no t opodeme was seen to behave 

differently from any of the others , for e ither panicle production , or 

1?1)rvtv9-t �?ubsequent t o  flowering ; the only charact ers relating to 

p�renn;i,.�l;i,.ty measured . These data indicated the absence of stable 

@election differences between habitats . The considerabl e genet ic 

v�riat ;i,.on displayed ty these characters reflected the unstable ,  widely 

fluctuating environmental c onditions associat ed with this temperate 

regi on ,  and so indicated how adaptation was achieved ; that is , by 

the pos.se.;;s�Qn o f  a genetic system allowing extensive rccorr.bination , 

foll owed by a more or less intense s election · for adapted types . 

Sl,l.Gh adapteq p�ants may possess broad adaptability , as exhibited  by 

:pla..st ic respor!se in various environments .  Evidenc e  for this is 

pre s ented in chapter 4.  



Figure 6 .  

4 6 a  

Surviva l -vigour o f  spa c e d  p l a n t s  a t  t h e  t e rmina t i on 
o f  the f i e l d  e xpe rim e n t . 

Above : Surviva l -vigour s c o re 0 ;  p l a n t  d e a d . 

Be l o w : Surviva l -vigour s c o r e  1 ;  p l a n t  we a k ly growing , with few t i l l e r s . 



4 6 b  

Figur e  6 . Surviva l - vigour o f  sp a c e d  p l a n t s  a t  the termina t i o n  
o f  t h e  f i e l d  expe r im e n t .  

Ab ove : Survi va l -v igour s c o re 2 ;  p l a n t h e a l thy bu t sma l l . 
( no t e  e r e c tne s s  o f  growth h a b i t ) . 

Be l o w : Sur v i va l - vigour s c o re 3 ; p l a n t  l a rge , he a l t hy , v igo r o u s . 



CHAPTER 4 

RESPOh'S:S 01<, TOP ODF.HFS TO JliFFSHEUTI.P..L \lli.TER REG EJSS 

4 . 1 Introduc t i on 
The & im of the presen t  inve s t ig a t i o n  wa s to  d e t ermine 

wh e th e r  o r  not a d ap t a t i o n of the col l e cte d York s h i r e  fog 
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t op o d erne s t o  the ir s our c e  h a bi t a t s i�vo lved Bene c o l ogi c a J  

d i fferent i a t i o n . The m o s t no t a b l e v a r i a bl e i n  th e na tura l 

e nvir onment o f  the s ource ha b i t a t s  wa s s o il w a t er . It wa s therefore 
c on s i d e r e d  tha t gene c o l o gi c a l  d i f f e r e nt i a t i o n  mig�t have o c curred 

i n  r e sp on s e to such h a b i t a t va ria tion . The exp er i m e n t d e s c r i b e d  in 

t h i s  chap ter wa s d e s iGned to te st  thi s hypo th e s i s . 
G e ne c o l ogi c a l  d i fferent i a t i o n  in r e s p o n s e  to m o istur e i n  

t h e  environm e n t  ha s been rep o rte d numerou s ly i n  gr a s s  :::p e c i e s .  

S e ver a l  e x amp l e s o f  such d i f f e r e n t i a t i on h a ve be e n g i v e n  p r e v i ou s ly 

( s ee s e c t i ons 1 . 2 . 2  and 3 . 1 ) . Howe ver , i n  none o f  the s e  examp l e s 

Ha s the d i fferen t i a t i o n shovn by d i rec t e xp e r ime n t  t o  be re l a t e d  
t o  wa t e r . Experiment a l  s tud i e s  of  intra sp e c i fic va r i a t i o n r e l a ted 
to  wa ter h s ve be en c a rri e d  out on s eve r a l N o r t h  American range 

grasses  ( e . g . Da ctyl i s  �l ome r a t a , Ke l l er , 1 9 5 3 ;  blue p a n i c gra s s , 

D o br e nz e t  a l . , 1 969a , 1 9 69b ; a n d  Doer l ov e �r a s s , Wrich t a nd 

Dobrenz s 1 97 0 ) .  In t he s e s �ud i e s , d i ff e r e n c e s  i n  wa t e r u s e  e f f i c i ency 

( d e fi n e d  as a�ount of  wa t e r  t r a n s p ire d to d ry we ight p r o d u c e d ) were 

demons t ra t e d  be t we e n  s amp l e s , a nd the r e l a t i o n s h i p s  b e twe e n  this 

and nume rous o ther c ha r a c t e r s  d e t e rmine d . F o r  examp l e , i n  Bo e r  

l ove[;ra s s , t h e  highe s t wa t e r  u s e r s  vrere t h e  mo s t  seed l ing d rought 

t o l e r a n t  ( Wrigh t  a nd Dobrenz , 1 97 0 ) , and in blue panicgra ss  the 

mo s t  e ffi c i e nt water users had more va scular bund l e s  than the lea s t  

effic ient clone s (Dobrenz e t  a l . , 1 969a ) . However , Dobrenz e t  a l . 

( � 969b ) found in blue panicgra s s  tha t whe n  the wa ter use effic iency 

and s t oma t e d en s i ty w e r e  correla ted , a non-s ignificant a ssocia tion 

was obtaine d .  In  this s tudy ,  they also  found tha t clones with the 

least  s tomate  d ensity were the most  drought tolerant . However , in 

a ll these  inve stiga tions on North American range gra sses , selected  

genotyp e s  were utili s e d  ra ther than samples  of na tural  popula t ions . 

The emphEJ sis  of the se  studies  vra s  no t therefore on the e s tablishment 

of  genecological d ifferentiation . 



4 . 2  Experimental procedures . 

4. 2 . 1  Experimental design and statisti�al analysis . 
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In this experiment , nine Yorkshire fog t opodemes were t ested 

under three different wat er treatments , s o  that not  only differences 

between topodemes , but also the effects of the different water 

treatments on the topodemes , could be analyse d .  In order to study 

these two questions simultaneously , each of the 1 80 plots ,  formed 

from the nine t opodemes replicated 20 t imes , arranged in a randomis ed  

c o mplete block design , was sub-divided into three subplots . To each · 

subplot , repr.esented by a s ingle plant established individually in a 

5-inch plast ic pot , one of  the three different water trea t ments was 

randomly applied .  Such an  arrangement i s  called a split-plot design 

( se e  figure 6 ) .  An analysis o f  variance for this design was applied 

to the data ,  so that differentiai t opc.n eme response t o  the water 

treatments c ould be recognise d .  

From the experimental material , 84 plants were selected on 

which all the plant characters studied were measured . For each pair 

of these characters a c orrelation coeffic ient , r ,  was deter mined ( see 

table XX) . The square of  r ,  the coe ffic ient of det ermination , was 

also determined and expressed as a percentage ( see table XXI) . 

Various methods for testing the significance of  the calculated c orrela­

tion coefficients were c onsidered ( see  appendix VI ) .  Of these , that 

which tested the assumption that each c orrelation coefficient was 

derived from a sample of a population in which no relationship existed 

between that pair of  chara cters , was applied to the data . 

4. 2 . 2  The glasshouse environment . 

No attempt was made to regulate the physical environment of 

the glasshouse ,  which showed wide fluctuations ( diurnal , seasonal , and 

random) in such factors as temperature , humidity , light intensity and 
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day length throughout the duration of the experiment . As well as 

these variations , uniformity of the environr:1ent within the glasshouse 

c ould not be assume d .  Thus , the  experimental design had t u  account 

for this largely uncontrollable ,  suspected variation . This was 

achieved by incorporating int o  the  design a large �umbe� of blocks ( 20 )  

and b y  a randomisation procedure whereby the position o f  each block 

within the glasshouse , plot within each block and subplot within each 

plot was altered weekly . 

The effectiveness of t hese proce dures in randomizing the 

effects of the differential environment within the glasshouse can be 

determined by the significan c e  of the ' block'  and ' topodeme x block 

interac tion '  terms in the analyses of varianc e ( appendix V ) . 

4. 2 . 3  Pre-experiment treatment of se edlings . 

The ability of a plant to re�pond t o  various environm�ntal 

conditio:J.s may be affected by t he c onditions under which the pl:mt is 

grown ( Rook , 1 969 ) . In the present study , the plants were grown under 

condit ions as close as possibl� to those under which measuremsnts were 

ultirtB.t ely made . This , therefo� e ,  reduced the doubt that plants were 

not well acclimat is ed to the experimental co:J.diti ons . 

The test plants wer e  grown from s e e d ,  which was germinated 

on filter paper , th en transferred  t o  5-inch plastic pots , one seedling 

. per pot , in a 1 : 1 sand : peat mixture with adequate fertiliser ( see 

appendix I ) .  All p·:>ts were kept well wat ere d·, maintaining so�l wat er 

around field capacity , to ensure extens ive distribution of the roots 

throughout the soil medium . Plants were grown for six weeks prior t o  

imposition o f  the di fferential water treatments , and one week before 

this plants were clipped to within 3 cm  of the soil surfa ce . Thus , 

direct  effects of the source e nvironment mediated by the seed,  and 

manifest in seedling characters , were nullified,  or at least diminishe d .  
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Figure 7 :  Layou t o f  gl � s shous e experiment . 
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4 . 2 . 4  The wat er treatments 

The thre e  water treatments to test the topodemes were chosen tc 

simulate various e nvironmental water conditions found within the limited 

geographical region sampled .  They involve d  a waterlogge d ,  a frequently 

watered ,  and an infrequently watered treatment . Thus , three levels of 

soil · water were rrade . available to the plants , being maintained in the 

following ways : -

( 1 ) Wet . The 5- inch pots cor..taining the experimental plants 

were placed into wat er- fill e d  watertight 6 -inch plastic pots . The wat er-

level was maintained at the soil-air interface by daily replenishment . 

A layer of gravel c overed the bottom of the 6 inch pot s o  ensuring 

distribution of wat er complet ely throughout the soil . 

( 2 )  Medium. Water ( 250 nu ) was added to the soil every three 

days t o  replace that los:t through evaporation from the soil surfac e and 

transpiration by the plant , thereby ma intaining soil water around field 

capacity . 

( 3 )  Dry. Each day at around 0800 hours , when the evapcrative 

demand of the atmosphere was expected to  be low due to  high humidity , 

individual plants were observed for wilting . When the wilted condition 

was observed on two consecutive mornings , s oil water was assumed to  be 

at around permar1ent wil ting percentage , and so wat er ( 350 ml ) was added 

to rewet  the soil to field capacity ( s ee appendix I for estimati on of 

amounts of water required in the water treatments to bring soi l  water 

back to field capacity ) . 

The water treatments were initiated  on July 1 2 ,  1 972 , and 

terminated on September 1 1 , 1 972 . 

4. 2 . 5  Characters measured.  

The charac ters measured on all experimental plants during the 

course of the exper iment were : -

( 1 ) Number of tille rs . The number of til lers per plant were count ed 



on days 01 , 1 2  and 22 . Subsequently numbers te·came uncountably lar ge .  

One value , tilJ.er production , given by. number of tillers on day 22 less 

number of  t illers on day 01 , ·t1as defined and us ed in subsequent analyse s . 

( 2 )  Gross leaf dimeP-si ons . The length and breadth of the lami�a of  

the youngest , fully-expanded leaf on a standard tiller was measured , 

t o  the nearest mm and 0 . 5  w� respectively , on days 08 , 22 , 36 , 50 . 

Leaves measured could have been present as primordia before the experiment 

s tarted . However , environmental reversal experiments ( �atchell and 

Soper , 1 958 ) indicated that dimensions of mature leaves were typical of  

the c onditi ons during their growth .  Leaves measured on day 08 would 

probably have expanded t o  some extent before the experiment began and s o  

these values were ignored ,  since they probably di d not re flect plant 

r esponse to  the experimental conditions . From the data one value , the 

mean for days 22 , 36 and 50 for lamina length, and for breadth, was obtained . 

( 3 )  Leaf emergence . Leaf emergenc e was defined as the t ime at which a 

leaf tip jus t  emerged above the level of  the ligule of tl: e youngest 

fully-expanded leaf .  Whenever this was observed between 0800 and 0930 

hours on .; , a standard t iller,  subsequent to d.ay 28 , the date was recorde d ,  

and the youngest mature leaf was marke d with paint t o  facilitate rapid 

appraisal . When two such dates were recorded for a plant , the period 

between emergence of succ essive leaves was determined . 

two dates were recorded , mean values were calculated . 

Where mor e  than 

· ( 4 )  Dry weight . On day 61 , the aerial parts of each plant were removed , 

placed into a paper bag , s ealed with a staple , oven-dried at 80°C for 

24 hours , and weighed . 

( 5 )  Basal diameter . The diameter of the plant base at ground level was 

measured after the removal o f  the aerial plant parts . ( Maximum diamet er ) .  

Four parameters associated with growth form of  individual plants 

(Hickey , 1 961 ) were measured on a random selection of nine plants from 

each topodeme · x wat er treatment combination . Two measurements were taken 
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o n  undisturbed plants in the natural position : -

( 6 )  Plant diameter . This measure of the aerial spr ead of the crown 

of the plant was ta..l{en as the maximum horizontal distance from leaf 

collar to leaf colla:.: . 

( 7 )  Plant height . This was perpendicular distanc e from the soil t o  

the tallest leaf collar . 

From these , an index of growth form given by 

Natural height 
1 /2 ( natural diameter-basal diamete r )  

was also deter mined .  This growth form index is a n  estimate o f  the 

tangent of the angle at which tillers protruded fro m  the base of the 

plant . 

Two further measurements were made a fter the  foliage wa s 

raised  to its maximum vertical pos ition ( ! !compressed" position ) : -

( 8 )  Compressed diameter. The diamet er of the compr essed aerial 

parts at average height of the c ollars . 

( 9 )  Compressed leaf l ength . Length from the soil t o  the tallest 

leaf c ollar in the compr esse d  position . 

On day 61 the secon d  youngest fully expanded leaf was removed 

below the level of the ligule and fixed in a formalin : acetic acid : 

ethanol ( 5 : 5 : 90 FAA ) solution . Several techniques were consider ed for 

the preparation of  this mater ial for microscopic examination ( see  

appendix Ill ) • Finally , a 1 cm segment was sample d  from each leaf 2 c m  

above the ligule and placed in a clearing soluti on ( phenolic acid : 

saturated choral hydrat e :  lactic acid 1 : 1 : 1 )  at 70°C ,  for 24 hours . 

Cleare d  leaf material was then mounted i n  the clearin g  soluti on on a 

microscope slide and examined under a dissecting microscope ( 40X ) . 

Two measurements were made : -
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( 1 0) Leaf width. 

( 1 1 ) Number of prirrary and sec ondary vascu l�r bundles across the l ea f .  

Next , the abaxial lea f  sur face was examined under a Zeiss 

Ergaval research microsc ope ( 1 00X ) with microphotographic a c c essories . 

One standard-sized microphotogra ph per lea f  segment was taken of an 

area immediately adjacent t o  the s ec ond primary vascular bundle from 

the lea f  margin . From these phot ographs five observatio ns were made , 

the latter t hree from a s tandard intercos tal region between adjacent 

stomatal files . 

( 1 2 )  The 

( 1 3 ) The 

( 1 4) The 

( 1 5 ) The 

( 1 6 )  The 

( i )  

( ii )  

( iii)  

number of hair c ells . 

number of storr.ata . 

number of cross-walls ( hair cells c oc;.nted as one cross-wall ) .  

number of epidermal cell files . 

width of this region, between adjacent stomatal files . 

From these data the following indices were calcula t ed : -

1 
No . of fil es X length of phot ograph 

Cell Length = 

Cell Width = 

Cell Number = 

Cell No . 

Width of interc ostal region 
No . of Files 

No . of cross-walls 
Width of intercostal 
region X length of 

photo . 1 

( 1 7 ) Plant water status . Plant water status wa.s measur e d  on a random 

selection of 1 0  plants per t opodeme x water treatment c o mbination , by 

the relative water con tent ( RWC ) method of Barrs and Weatherley ( 1 962 ) . 

Wet and medium treatment plants , whose respective drying cycles wer e  all 

1 Mult ipli cation by this constant may be disregarded s ince it will make 

no difference to either comparative values of cell l ength and c ell number , 

or the analysis of variance .  
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Ficur e  8 . Abaxi a l  l e a f  l am ina surfa ce . 

S = s t o m a t a l  fi l e  ( gu a rd c e l l s  d u�bbe l l  s h a p e d ) 

VB = va s cu l a r  bund l e  ( o u t  o f  fo cu s b e l o w the surfa c e )  

I = interc o s t a l  r e p i o n  b e t w e e �  a d j a c ent  s t om a t a l  f i l e s  

�p i d erma l h a ir s  a re t h o s e  c e l l s  no t e l o nga t e d  i n  l o ngi tud ina l 

d i r e c t i o n . Two typ e s  a re obvious from the ph o to gra ph ; o ne 

w i t h  s h o r t  barb-l ike h a i r s , t h e  o t h e r  w i t h  l o nF fl axen ha i rs . 

( Obj e c t i ve l en s  = 1 0X ;  pro j e c t i ve l e ns = 6 . 3X ;  film 3 5mm ) . 

s 

VB 

I 

s 
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in phase due t o  watering of plants in each o f  t hese treatments at the 

same time , were sample d  on day 61 . So conparative values of RWC that 

were meaningful could be det ermined for dry treatment plants whose 

drying cycles were not necessarily in phase ,  sampling was spread over 

a period , days 50 - 61 , so that each sample was obtained at the same 

relative position of the drying cycle . The nlants were sampled at 

the driest part of cycle , immediately before rewatering ( see criterion 

for rewat ering, section 4. 2 . 4) .  Thus , the RWC values determined for 

these plants represent the most extre me ( low) values that existed during 

the dry treatment . 

At each sampling three l eaf  lamina segments , each 1 cm long , 

were cut from the base , middle and tip of the lamina of the youngest 

fully-expanded leaf on a standard tiller using sharp- razor blades . 

These segments were placed  in a stoppered weighing-bottle and weighed .  

The segments were then floated on distille d  water in a covered petri 

dish for 40 minutes , r e mov e d ,  blotted  dry with filter paper , and reweighed 

in the same bottle .  Dry weight was determined after drying the segments 

0 for 1 hour  at 90 C .  

Relative water content , RWC , was given by 

FW DW 
TW DW 

X 1 00 

where FW = weight of segments at sampling 

TW = weight of segments after floating 

DW = dry weight of segments . 
.-

Relative water ccntent is syno�ymous with relative turgidity but was 

preferred to the latter  term because the technique measured water c o�tent , 

not turgidity . Details o f  the preliminary evaluation of the technique 

are given in appendix IV . 

4. 3 Results . 

The experimental data were analyse d  to reveal significant 
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dif ferences1 between topodemes in their response t o  water treatments . 

A eu�n�ry o :  the results of  this experiment (analysis of variance 

tables , tables of  means , standard errors and significant differences ) 

can b e  foll3d in appendix V .  Where the analysis o f  variance proc edure 

has indicated significant differences between various means , these 

means have been included in this secti on .  

Tiller productio n .  I n  the three midwinter weeks i��ediately after the 

imposition of the water treatments on July 1 2 ,  1 972 plants produced 

tillers at a rate  of almost one per day .  The mean rate o f  t iller produc-

tion for dry treatment pl:mts ( 1 9  ± 0. 432 ) was significantly less than 

that for either medium ( 20 . 8  ± 0. 432 ) or wet treatment ( 20. 7 : 0 . 432 ) 

plants .  However , the difference between no one pa ir of overall topodeme 

means was fo·Jlld to be significant , nor could differences between any :p'".:tir 

of individual topodeme x water treatment means be c onsider ed signifi .::ant . 

Of note was the highly significant t opodeme x block interaction 

(analysis of variance , appendix V)  indicating that  there was at least 

one t opodeme for which tiller production was not c onstant in all blocks . 

Such an effect was indicated for only two other plant characters 

( dry weight o� foliage and lamina breadth) . 

Table VII : Lea f lamina; water treatment means . 

Length ( mm) Breadth ( mm )  Shape 

Medium 1 52 . 44 1 
,'
8 . 62 ' Dry 1 8 . 66 j 

Dry 1 38 . 94 1 7 . 51

1 
Medium 1 7 . 93 

Wet 1 32 . 07 1 7 . 67 Wet 1 7 . 35 

d . 05 d . 01 d . 05 

1 Si gnificant differences have been based  on the 1 %  and 5% levels . 

Where they have been based on the 1 %  level the term "highly s igni ficant" 

has been used . 



56 .  

Leaf lamina . Mean length and breadth of leaf laminae produced by 

medium trea t Jlect plants ( table VII ) '.vas greater than that produced by 

either wet or dry treatment plants ( p  = 0 . 01 ) .  Thus , the siz e  

(length x breadth ) o�  leaf laminae produc ed by medium treatment plants 

was significantly larger than that produced by either wet or dry treat-

ment plants . The difference between mean lamina length of wet and dry 

treatment plants was also significant . 

Table VIII : Leaf lamina ; topodeme means . 

Length ( mm) Breadth 

T02 1 49 . 1 33 T09 8 . 345 

L02 1 47 - 550 T01 8 . 1 23 

P04 1 47 . 300 T02 8 . 1 1 8 

T1 0 1 46 . 1 1 6  T1 0 8 . 003 

P01 1 40 . 1 50 P01 8 . 001 

LOO 1 36 . 566 102 7 . 985 

P02 1 36 . 1 1 6 P02 7 . 638 

T01 1 33 . 866 P04 7 . 633 

T09 1 33 . 583 LOO 7 . 578 

d . 05 

( mm) Shape 

P04 1 9 . 466 

L02 1 8 . 735 

T02 1 8 . 541 

T1 0 1 8 . 353 

LOO 1 8 . 298 

P02 1 8 . 01 3  

P01 1 7 . 678 

T01 1 6 . 601 

T09 1 6 . 1 1 1  

d . 05 d . 05 

Table VIII shows for lamina length and breadth those pairs of 

t opodemes whose means can be considered significantly different at the 

5% l eve l . Vfuere two topodeme means are not bracketed by a l ine , 
•' 

they can be considered different at the given level of significance . 

From the data for gross leaf lamina dimensions , an index of lamina shape 

( lamina length/lamina breadth ) ,  was obtained. The pairs o f  topodeme 

means for lamina shape that differ significantly can als o  be seen in 

table vm . The shape of laminae for wet and medium treatment plants 

( table VII ) were no different from each other . However , laminae for 

wet treatment plants were wider in c omparison with length than thos e of 
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dry treatment plants ( p  = 0 . 01 ) .  And at the 5% level , laminae o f  

medium treatment plants were also relatively broader than those of dry 

treatment plants . 

No differe1c e between any pair of individual ( topodeme x water 

treatment ) means c ould be c onsidered s ignificant for any of these lamina 

characters , since  at the 5% level , the topodeme x water treatment interac-

tion term did not reach significance . At least one topodeme was indicated 

( si gnificance of topodeme x block interaction term , analysis of variance ,  

appendix V )  for which lamina breadth was not constant in all blocks . 

Rat e of lea f emergen c e .  The rate a t  which leaves appeared on a 

standard tiller varied little between t opodemes ( range , 9 . 65 t o  1 0 . 1 1  

days between emergence of successive leaves ) ,  with an overall mean of 

one leaf per 9 . 85 days . The mean rate of  leaf emergence for wet ( one 

per 9 . 22 days ) and medium ( one per 9 . 1 2  days ) water treatment plants 

Table IX : Leaf emergence ,  water treatment means . 

Dry 

Wet 

Medium 

Days between successive 
leaf emergence  

1 1 _ ?nR I - - - ! 

9 . 21 6  

9 . 1 1 6  

d . 01 

was almost identical . However , the rat e  for _ dry treatment plants ( one 

per 1 1 .21 days ) was significantly less than the two former wat er treat-

ment mean rates , at the 1 %  level ( table IX ) .  Differences between all 

pairs of individual ( topodeme x water treatment ) means were attributed 

to chance ( non-significance of TDMS X WATER interaction term in the 

analysis of varianc e ,  appendix V ) . 

Dry weight of foliage .  The overall mean dry weight o f  foliage for 

plants harvested at the conclusion of the experiment was 5 . 1 31 ± 0 . 07 gm. 



Table X :  Dry weight o f  foliage , water treatment means . 

Dry weight ( grams ) 

Medium 6 . 769 

Wet 5 . 003 

Dry 3 . 621 

d . 01 
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The differences observed between overall topodeme means can be attributed 

to chanc e .  Similarly , no difference between any two individual ( topodeme 

x water treatment ) means can be c onsidered s i gnificant . However , the 

difference between each pair of overall water treatment means for dry 

weight of foliage was highly signi ficant ( table X ) . 

As mentioned previously in this section under Tiller pro duction , 

the error within whole-plots term for dry weight ( that is , topodemes x 

blocks interaction ) was highly significant ( analysis of varianc e tabl e , 

appendix V) . This indicated that there was a t  least one topodeme for 

which dry weight was not constant in all blocks . This analysis of 

variance  table also had a significant ' Blocks ' term. This indicat ed 

that there were at least two blocks that could be c onsidered significantly 

different with regard to this plant character . 

Basal diameter . The mean basal diameter over all topodemes , Q�der each 

of the three water treatments was di fferent from that under the other two 

water tr eatments . Also ,  when mean topodeme !'esponse over all the water 

treatments was considered , topodeme L02 had a greater mean basal diameter 

than topodemes T01 , P01 , P02 , LOO and T1 0 ;  t opodeme T09 had a greater 

basal diameter than did LOO and T1 0 ;  and P04 also had a greater basal 

diameter than T1 0. Differential response ( in terms of basal diameter ) 

of  individual topodemes to the three water treatments was indicate d  by 

the significance of the topodemes x water trea tment interaction t erm in 

the analysis of variance for this plant character ( appendix. V ) . Under 
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the dry treatment , the mean basal diameter for all t opodemes , except 

P01 , P02 and LOO , was smaller than that unC.er either the wet or medium 

treatment s .  The medium and dry treatments did not induce cifferent 

basal diamet ers in either P01 or P02 , but for these two topodemes the 

basal diameter under these treatments were  both smaller than under the 

wet treatment . Topodemes L02 , P04 and LOO were also able t o  respond 

Table XI : Basal diameter means . 

Wet Medium Dry 

L02 36 . 736 33 . 052 23 . 368 31 . 052 

T09 32 . 842 34 . 1 05 22. 8 42 29 . 929 

P04 36 . 1 05 29 . 684 23 . 473 29 . 754 

T02 31 . 736 29 . 368 25. 631 28 . 91 2  

T01 32 . 052 31 .052 21 . 684 28 . 263 

P01 32 . 000 25 . 1 05 27 . 31 5  28 . 1 40 

P02 33 . 368 25 . 578 2 4. 631 27 . 859 

LOO 32 .263 21 . 842 27 . 368 27 . 1 57 

T1 0 29 . 631 28 . 947 22 . 526 27 . 035 

32 . 970 28 . 7 48 24 . 31 5 

to the wet treatment by producing larger basal diameters than under the 

medium treatment . 

this ( table XI ) .  

Topodemes T1 0 ,  T02 , T01 and T09 were not able to do 

Plant height and diameter . The analysis of varianc e tabl es for these 

two c haracters indicated that no two overall topodeme means ,  or water 

treatment means for individual topodemes , can be considered to differ 

significantly . However , ·ea ch of the three overall water treatment means , 

for both plant height and diameter , were found to be different from the 

other two overall water treatment means , at the 5% level ( table XII ) .  



Table XII : Plant height and diameter, water treatment means . 

Diameter (mm) Height ( mm ) 

Medium 230 . 0750 47 . 4583 

Dry 1 55. 1 625 42 . 0972 

Wet 1 72 . 1 625 31 . 8333 

d . 05 d . 05 
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Compressed leaf length . Each of the water treatment means , over a ll 

the topodemes , differ ed from the other two water treatment means 

( p  = . 05 ) . The mean topodeme res ponse over all the water treatments , 

could not be considered to differ for any pair of topodemes . However , 

differences were indicated between topodemes in the way they responded 

to individual water treatments . Such differences are indicated in 

table XIII . 

Table XIII : Co�pressed leaf length means . 

Wet Dry 

P04 41 . 8888 44 . 0000 

102 48 . 3333 51 . 3333 

T09 37 . 3333 48 . 7777 

T01 46 . 1 1 1 1  49 . 4444 

P02 37 . 7777 56 . 0000 

• LOO 45 . 1 1 1 1  47 . 4444 

T02 49 . 0000 54 . 2222 

T1 0 52 . 6666 43 . 5555 

44 . 7777 49 . 3472 

Medium 

58 . 6666 

53 . 2222 

56 . 8888 

62 . 5555 

51 . 3333 

47 . 6666 

58 . 6666 

65. 1 1 1 1 

56 . 7638 

Compressed  diameter . Those c ompressed diameter means that can be 

considered to differ are indicat ed  in table XIV . Each o f  the water 

treatment means ( over all topodemes ) differed from each of  the other 



Table XIV : C ompressed diameter; means . 

Wet Medium Dry 

P04 48 . 6666 45 . 5555 36 . 8888 

L02 59 . 8888 47 . 3333 36 . 0000 

T09 52 . 4444 47 . 0000 39 . 2222 

T01 52 . 7777 48 . 3333 39 . 1 1 1 1  

P02 51 . 1 1 1 1  45. 3333 34. 4444 

LOO 53 - 5555 53. 2222 37 . 6666 

T02 49 . 6666 44 . 5555 39 . 2222 

T1 0 43 . 2222 45 . 8888 38 . 3333 
---- - - - - - -

51 . 41 66 47 . 1 527 37 . 61 1 1  

two ( p = . 01 ) .  No differenc es in mean topodeme response over all the 

water treatments were indicated , al though differenc es did exist between 

topodemes in the pattern of response to the individual water treat ments 

( table XIV ) . For T1 0 ,  wet and dry treatment means were no different . 

Plant form. No significant differences between any two t opodeme means 

were found ( in mean response over all water treatments or t o  individual 

water treatment s ) . The mean for dry t reatment plants ( over all topodemes ) 

was larger than the means for either medium or wet treatment plants , at 

the 1% level ( table XV ) .  These two latter means wer e no di fferent from 

each other (at  the 5% level ) .  

Table XV :  Plant form - water treatment means � 

Dry 

Medium 

Wet 

Index ( tan Et) 

0 . 6480 

0. 4863 

0 . 4665 

d . 01 

Angle , fr ( degrees ) 

33 

26 

25 
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Number of  va scular bund le s per unit leaf wid th .  Both the number o f  

pri@ary and second a ry va scular  bundles  a cross  the wid th of the leaf  

were counted . Since the  number of  primary bund les  wa s constant fo r 

all leave s counted , only one va lue - total  number of bund les  - wa s 

analysed . The overall  mean number of va scular bund le s per unit leaf 

wid th wa s 3 · 7 98 ± 0 . 027 . None of  the d ifferences  observed between 

any means fo r  either wa ter trea tments or t opodeme s were significant . 

Epiderma l hair d ensi ty. Plant s under the d ry trea tment produced  a 

significantly grea ter  d ensity of  epid ermal hairs than tho se  und er  

the we t treatment ( tabl e  XVI ) . This wa s the  only difference be tween 

wa ter trea tment means for this charac ter that wa s significant . In 

addi tion , significant d ifference s  were found be tween overall 

topodeme mean epidermal hair d ensi tie s .  Topodeme s T02 and T 1 0 

d iffered  from P04 , T09 and P0 1 , and 102 and T0 1 also  d iffered fro� 

P 0 1  ( table XVI ) . 

Table XVI : Epid erma l ha ir dens ity - (number per unit lamina area}. 

'l'opodeme me ans 

T02 

T 1 0  

L02 

T0 1 

P02 

LOO 

P04 

T09 

P01  

5 1 . 5 23 

5 0 . 523 

4 8 . 904 

48 . 1 90 

46 . )80 

45 . 6 66  

4 1 . 666 

4 1 . 428 

3 9 . 809 

d . 05 

Wa ter trea tment means 

vle t 

Med ium 

Dr"l 

43 . 857 

45 . 0 1 5  

49 . 1 5 8  

d . 05 



S t omate density.  In general plants under the wet treatment produced 

more stomata per unit leaf area than they dic"l ;mder the medium treatment 

( means over all topodemes ) ,  whereas plants under the dry tr�atment produce d  

a n  intermediate number o f  st omata per unit leaf area ( which c ould not b e  

said t o  b e  statistically different from that under either o f  the other 

t reatments ) .  The t opodemes for which the pattern of response t o  the 

three water treatments differed ( in t erms of stomate density ) are indicated 

in table XVII . Stomat e density for t opodemes T09 , P04 , P02 , P01 and T02 

was stable ( non-plastic ) over the water treatment s ;  whereas for t opodemes 

Table XVII : Stomata; means . 

Density ( number per unit lamina area ) 

Wet Dry Medium 

P04 1 5 . 428 1 8 . 1 42 1 5 . 428 

L02 20. 71 4 20 . 428 1 4 . 1 42 

T09 1 9 . 000 1 6 . 285 1 5 . 571 

T01 1 8 . 000 20 . 285 1 2 . 28� 

P02 1 5 . 285 1 5 . 71 4  1 7 . 428 

LOO 1 9 . 571 1 5 . 000 1 4 . 428 

P01 1 4 . 71 4  1 3 . 857 1 6 . 857 

T02 1 6 . 71 4  1 3 . 857 1 6 . 71 4  

T1 0 1 7 . 857 1 5 . 428 1 1 . 571 

1 7 . 476 1 6 . 555 1 4. 936 

L02 , T01 , LOO and T1 0 the density of stomata under the medium treatment 

was l ower than that under the wet treatment . For L02 and T01 the densi ty 

o f  s t omata under the medium treatment was also lower than that under the 

dry treatment . 

Epidermal cell dimensions . The mean epidermal cell �eadth for all leaves 

measured was 1 2 . 1 74 ± 0. 0857 units . No significant differences between 



Fi gur e  9 · Typ i c a l  r e sp o n s e  o f  a Yo rksh i r e  fog t o p o d eme t o  
t h e  e xpe r i Me n t a l wa t e r  t r e a tme n t s . 

W = we t t r e a tment ; M = m e d i um t r e a tme nt ; D = d ry t r e a tme nt ; 

10 2 = t o p o d em P  name ( s e e  t ex t ) . 



any of the t opodemes or wat er treatments were indi cat e d .  The size 

( inversely related �o number per uni t . l ea f  area) and l ength o f  epidermal 

c ells produc e d  by medium treatment plants ( mean over all topo de me s )  was 

generally larger than those produc ed by either wet or dry treatment plants 

( table XVII I ) . The difference between n o  two topodeme means C over all 

the water trea t ments or for individual wat er treatments) was seen t o  be 

Table XVIII : Epidermal cell dimensi ons - wat er treatment means . 

W i dth Length Number/unit lamina area 
( 1 /size) 

Me dium 1 2 . 290 1 1 1 . 655 26 . 276 

Wet 1 2 . 053 1 01 . 879 28 . 689 

Dry 1 2 . 1 79 1 00 . 949 29 . 380 

d . 05 d . 01 d . 05 

significant , f or either size or l ength o f  these epidermal c e ll s . However , 

epideriTal cell l ength was r-ot c onstant f or all blocks in the experiment 

( signi ficant ' Blocks ' term , at  5% l evel , see analys is of  varianc e  table 

for this c hara c ter , appendix V ) . 

Relat ive water c ontent . The data obtained for relative water c ontent 

of l ea f  lamina t issue have been summari s e d  in table XIX . From this table 

it can be seen that plants in each of the three water treatment s  ( means 

over all topodeme s )  had a different RWC than plants in each o f  t h e  other 

two treatments ( p  = . 01 ) .  The mean RWC for t opodemes ( means over all 

wat er treatments )  was lower for t opodemes 102 , T1 0 and P02 than they were 

for all other topodemes ( p  = . 05) . S imilarly , mean RWC for T09 was 

greater than that for T02 and LOO . When a comparison o f  indivi dual 

t opodeme x wat er t reatment means was carried out ,  it was found t ha t  the 

patt ern of t opodeme response to the wat er treatments was not the same for 

all t opodemes . I n  all t opodemes the mean for dry treatment plant s  was 

c ons iderably l ower than for either medium or wet treatment plant s . 
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However , for topodemes T02 , L02 , T1 0 and P02 , the mean RWC in the wet 

treatment was no different from that in the medium treatment ; whereas , 

for topodemes T09 , P04 and LOO , mean RWC in the  wet treatment was 

significantly lower than that in the medium treatment . 

Table XIX : Relative water content ; means . 

T09 

P04 

T02 

LOO 

L02 

T1 0 

P02 

Wet 

88 . 46 

86 . 32 

90 . 1 7  

85. 60 

86 . 95 

86 . 36 

8 4 . 26 

86 . 88 

Hedium 

95 - 43 

95 . 99 

91 . 98 

92 . 1 6  

85 . 77 

88 . 69 

Dry 

69 . 1 4  

66 . 66 

6 4 . 1 3  

65. 98 

63 . 97 

59 - 36 

6 4 . 1 0  

8 4 . 3 4  

82 . 99 

82 . 09 

81 . 25 

78 . 90 

78 . 1 3  

77 - 33 

d . 05 

Correlation coefficients .  The c orrelation c oefficients det ermined for 

pairs of characters in this experiment can b e  seen in table XX . The 

most practicable test for the significanc e o f  these c oe ffic ients was that 

in which the population coe fficient , r , for each pair of charact ers was 

assumed to be zero : -

Given that sample size n 83 , 

then r )> 0 . 1 99 ( or r <: - 0 . 1 99 )  would be obtained 

less than or equal to 5% of th� time . 

Similarly / r I ) 0 . 282 would be obtained less than 

or equal to 1% of the t ime ( appendix VI ) .  

These r-values were , then , taken as the correlation coefficient threshold 

values for significance at the 5% and 1% levels , respectively . For those 

pairs of characters for which a s ignificant c orrelat ion was found , the 

coefficient of determination , r2 , was determined, and expressed as a 

percentage ( table XXI ) .  However , since the correlation coefficient s 
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were based upon a rel�tively large number of plants ( and s o  the 

number of degrees of freedom was high ) , a value as small as 0 . 20 indicates 

a significant correlation. 

Key for Correlation coefficient matrix ( table XX ) 

and Coefficient of determinati on matrix ( table  XXI ) 

BD = basal diameter DW = dry weight of foliage 

CD = c ompressed plant diameter SD = stomate density 

CH = compressed pla.'1t height ED = epidermal cell density 

PD = natural plant diameter EW = epidermal cell width 

PH = natural plant height EL = epiderrral cell length 

TP = t iller production ED = epider!l".al hair density 

LL = lamina length 

LB = lamina breadth "' significant at 5% level 

LE = l ea f  emergence "' *  significant at •J % level 

•' 



Table XX : Correlation coefficient matrix II  

BD LL LB TP LE 'DW IJ?D PH CH 'CD .S'D ED HD EW 

;B[j) � . 000 

iL!L . 01 2  1 . 000 

iL'B .1 69 . 487 1 . 000 

''['P • � 54 - . 222 - . 1 89 1 . 000 

LE - . 257 . 287 . - . 041 - . 080 1 . 000 

DW . 502 . 351+ . 530 . 237 - . 259 1 . 000 

PD . 249 . 368 . 39 1 . 1 55 - . 269 - 758 1 .000 

PH . 1 70 • 4o1 . 274 . 1 54 . 075 - 536 . 591 1 . 000 

CH . 096 . 51 6  . 4o7 . 073 - . 005 . 626 . 759 - 596 1 . 000 
. 

CD - 552 - . 1 29 . 34S . 239 - . 605 . 524 . 288 o . ooo . 065 1 . 000 

SD . 1 36 - . 345 - . 236 . 039 . 01 6 - . 251 - . 236 - . 31 8  - . 31 7 - . 002 1 . 000 

ED - . 078 - . 220 - . 247 . 024 . 1 88 - . 21 4  - . 302 - . 286 - . 220 . - . 1 68 . 525 1 . 000 

HD - . 1 70 - . 1 35 - . 1 68 0. 000 . 222 - . 1 92 - . 1 98 - . 1 91 - . 1 21 - . 21 7  . 31 8  . 81 0 1 . 000 

EW . 021  . 1 31 . 095 - . 030 - . 083 . 087 . 042 . 1 25 - . 036 - . 005 - . 289 - . 544 - . 39.5 1 . 000 

EL .029 . 208 . 231 - . 030 - . 21 0  . 2 44 . 378 . 323 . 339 . 1 43 - . 501 - . 908 - - 757 . 251 

0'\ -J . 



. 
Table XXI : Coefficient of  determination matrix 

BD LL LB TP LE 

BD 1 00 

LL NS 1 00 

LB NS 23 . 7* *  1 00 

TP NS 4. 9* NS 1 00 

LE 6 . 6* 8 . 2 * *  NS NS 1 00 

DW 25 . 2 * *  1 2 . 5* *  28 . 1  * *  5. 6* 6 . 7* 

PD 6 . 2* 1 3 . 5* *  1 5 . 3* *  NS 7 . 1  * 

PH NS 1 6 . 1 * *  7 . 5* NS NS 

CH NS 26 . 6 * * 1 6 . 6* *  NS NS 

CD 30 . 5* *  NS · 1 2 . 1 * *  5. 7* 36 . 6* *  

SD NS 1 1 . 9* *  5 . 6* NS NS 

ED NS 4 . 8* 6 . 1  * NS NS 

HD NS NS NS NS 4. 9* 

EW NS NS NS NS NS 

EL NS 4. 3* 5. 3* NS 4. 4* 

DW Pb PH 

1 00 

57 · 5* *  1 00 

28 . 7* * 34. 9* * 1 00 

39 . 2 * *  57 . 6* *  35 . 5* *  

27 . 5* *  8 . 3*"' NS 

6. 3* 5. 6* 1 0 . 1 * *  

4. 6* 9 . 1 * *  8 . 2 * *  

NS NS NS 

NS NS NS 

6 . o ·� 1 4. 3* *  1 0 .  4* *  

CH CD SD 

1 00 

NS 1 00 

1o. ou NS 1 00 

4 . 8* NS 27 . 6* * . 

NS 4 . 7* 1 0 . 1  * *  

NS NS 8 . 4* *  

1 1 . 5* *  NS 25 . 1  * *  

ED HD 

1 00 

65. 6* *  1 00 

29 . 6* *  1 5 . 6* *  

82 . 4* * 57 . 3* * 

EW 

1 00 

6 . 3* 

"" ()) . 
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4·4· Di scussion 

The types  of response to  wa t e r  treatment s d i splaye d  by 

the plant cha�a cters  s tud i ed in thi s  experiment ranged from s t � bl e  

to  d ifferentially p l a s tic ( t a b l e  XXII ) . This  informa tion m a y  help 

to  exp l a in the vid e  e c o l ogi c a l  d i s tribu t i on o f  thi s species  in the 

l im i t e d  ge og� aph i c a l  a r e a  s amp l e d . For e xamp l e , the abi l i ty o f  a 

topod eme to re spond pre ferent i a l ly to the we t tre a tment may be o f  

a d a p t ive s igni fi c an c e  in a vra t e r logged e nvironme nt . The pr o b l em then 

is  t o  relate the typ e s  of r e s p on s e s  d i s p l aye d by the topod eme s to  

t h e  s our c e  enviro�ent a l  c o nd i t i ons . 

P l a s t i c r e sponse t o  the w a t e r  tre a tment s wa s d i sp la ye d  by 

all  ch a r a c t ers m e a sured , excep t for d ens i ty of va scular bund l e s  and 

epidel·mal cell  "Y.'id th ( t a b l e  XXII ) . �he r e  fore i t can be surmi s e d  

tha t e a ch o f  the three wa t er t r e a tment s wa s emp i ri c a l ly d i ffer e nt 

from the o ther two . Th e d i ffe r e nc e s  be twe e n  the wa t e r  tre a tment s 

pr oba bly invo lve d numerou s s o i l  fa c t o r s . Ex amp l e s  of  the re s p o n s e  t o  
three o f  the se  fa c t o r s  a r e  give n . ( 1 )  The p l a s t i c i ty i n  p l a n t  w a t e r  

s t a tus ( a s  me a sur e d  by r e l a t ive wa ter c on t e n t  of l e ave s ,  see 

table XIX ) probabl y m fl e e t s  d i fferenc e s  beh·een t r e a tme n t s  in s o il 

wa ter s t a tu s . How e ve r , p l ant wa ter s t a tu s  d epend s upon numerous 

soil , plant and a tmo sphe r i c  f a c t o r s  ( e . g . s o il c onductivi ty , r o o t  

d i s tr i bu t i o n , ro o t p e rme a bi l i ty , r e s i s t a n c e  to  flow i n  ro o t s , 

Eva n s , 1 97 3 ;  s t ag e  o f  p l a nt d e ve l opr:�ent , L a ne;er and Amp ong , 1 97 0 ;  

phys i o l o gi c a l  c ond i t i o n  o f  the p l a n t , Rook , 1 97 3 ;  evapor a t ive 

d emand of th e a tmos phere , Mi l l e r  et a l . , 1 968 ) . Thu s , a given 

plant wa ter s tre s s  d oe s  no t nece ssari ly relect  an e q u iva l ent s o il 

water  s tress . ( 2 )  Und er wa t e r l o gging the Yorkshire fog plant s  were 

found to pro duc e a ma s s  of fine aerial  roo t s  ( s e e  figure 1 0 ) 

indicative of  reduce d  amount s of oxygen in the s o i l  und er this 
trea tment . ( 3 )  Wa t erlogging a l s o  pos s ibly increa sed  the amount of 
variou s  soluble ions  in the soil and thus s ome o f  the effe c t s  o f  
thi s trea tment , for example , reduced l e ngth o f  leave s  and plant 
height , could be a resul t of high leve l s  of  particular  ions in 

the soil . ( For example , Jone s , 1 97 3 ,  showed tha t und er wa terlogging , 

the mineral content of plants  wa s significantly higher t h a n  u 2der 

drier wa ter regime s ) . 
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Ta ble  XXII  : Hierarchy of plant response 

N on -p la s t i c  ( s t a b l e ) re sponse to water t�satments 

No d i f f e r e nt i a t i o n  

be twe en topod emes • • • • • • • • • • • • • • • • •  va s cu l a r  bund l e  d ensity 

ep i d e�ma l c e l l  wid th 

Pl a s t i� re sponse to water tre a tment s 

No d i f f e r e nt i a t i on 

between t op od emes • • • • • • • • • • • • • . • •  t il ler p ro d u c t i o n  

Differe n t i a t i on 

In m e a n  top o d eme respo n s e  • • •  

In p a t t e rn of re sponse 

to water treatments • • • • • • • •  

ra te lea f emergence 

p l a n t  height 

p l a n t  d i ame t e r  

p l ant s ha p e  ( f o rm ) 
d ry we i gh t  fo l i a g e  

epid ermal c e l l  l eng th 

e p i d e rm a l  c e l l  s i z e  

ep i d e rma l  h a i r  d e n s i ty 

lea f l a mina br e a d th 

le a f  lamina l e ngth 

lea f lamina shap e 

basal d iameter 

relative wa ter c o n t e n t  

compressed d iameter 

compressed lea f length 

basa l d iameter 

relative wa ter content 

stomate d ensity 

1 • The term p lasti city is used i n  these pages to d enote the 

d egree a nd d ir e c t i o n  of c hange in topod eme response to a change 

in wa ter trea tments . 
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The s tabil i ty in densi ty of  va scular bund l e s  in response 

to  the wa ter tr ea tment s wa s surpri sing in view o f  the variabil ity 

previou s ly observed in thi s  character in re sponse  t o water ( e . g .  in 

whe a t , Rid ley and Tod d , 1 9 66 ; in �e largonium , �e twa lly e t  al . , 1 97 0 ;  
and in blue panicgra s s , Dobrenz e t  a l . ,  1 969a ) . The s tabil ity in 

thi s chara c t e r  and  in epid erma l cell wid th may be exp l a ined by a 

physiologi c a l  home o s ta sis  whereby constant chara cter  v a lues  were 

ma inta ined d e spite  d i fference s  between trea tments  in , for examp l e , 

plant wa t er stre s s  ( table XIX , re l a tive wa ter c on�ent means ) .  Such 

home o s ta t ic mechanisms , which may confer surviva l va lue in changing 

and/or stress  environment s ( s e e , for examp l e , Parke r ,  1 968 ) have 

been numerously  d e s cribed in p l ant speci e s  ( e . c .  Boyer , 1 97 3 ) . Thi s  

stabili ty i n  response t o  1vn ter c ould a l so b e  re l a t e d  to  the gene t i c  

invariabil ity found f o r  the se  two characters  ( e rror v a r i a n c e  for 

va scular  bund l e s  a nd c e l l  wid th = 0 . 1 3  a nd 1 . 43 , re spe c t ive l y ,  s ee 

t a bl e s  A XIX a n d  A XXIII ) .  The l a ck of gene tic d ivers i ty cou ld have 

come about a s  a re sul t o f  a s trong s t A b i l i z ing se le c tion for e i theJ' 

of  these  two chara c ters  or a d evelopment a l ly-rel a ted chara c ter . 

Expansi o n  o f  the epid ermj s and va scular a nd me sophyll t is sue s  are 

closely r e l a ted during the la t ter stage s of  leaf d e ve l opment 
(Mitche l l  and Soper , 1 956 ; Tbml in s o n , 1 97 0 ) . Thu s , s tabil i z ing 

selection for , for example , rne sophyl l c e l l  size , vrh i ch i s  re la t e d to 

rate s o f  l ight-sa tura ted  pno t o synthe s i s  ( Wil son and Cooper , 1 967 ,  

1 969 , for Lol iu� ) , could exp l a in the constancy in c e l l  wid th and 

va scula r  d ensity . 

I t  i s  notable tha t bo th  non-pla stic  characters  d i scovered 

were mea sured on l e a f  ma teria l collected  a t  the termina tion of the 

experiment  ( d ay 61 ) .  At tha t s tage not a l l  drying cyc les fer a l l  
dry trea tment pl ants were i n  pha se . For example ,  the fina l wa tering 

that sane of thes e  pl ant s received was 1 4  d ays before d ay 6 1 , o thers 

3 d ays . Thus , within the dry tre a tment , leaves on which ep iderma l 

mea surements  were mad e  d id no t repre sent a similar s tage of water 

s tre s s . The effect  of this on a charac ter  sens i t ive to wa ter would 

be to increa se the within-tre a tment variance  and so reduce the 

chance  of  find ing s ignificant d ifferenc e s  between trea tment s .  In 

retro sp e c t , it would have been more prud ent to have harve s ted leave s  

for micros copic examina tion when  plants within the d ry tre a tment 
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were a t  a similar stage in  their d rying cycle . 

Pla s t ic re sponse to the wa t er tre atments wa s d isplayed 

for a l l  o ther  p lant chara c ters stud ied  ( table XXII ) . The s ignific an c e 

o f  t h e  p l a s t i c i ty can in many ca ses  be in ferred from the d ire c t i on 

and amount o f the r e s p o nse t o the tre a tment d i ff e r e n c e s  ; e x a mp l e s 

are given be lo w . ( 1 ) Sp i d e rmal hair d e n s i ty wa s found t o  b e  er e a t e s t  

und er the dry , a nd lea st  und er the  we t tre a tment ( ta b l e XVI ) . In 

t e rm s  of r e d uc ing w ind sp e e d immed ia te ly a d j a c ent to the s urf a c e  o f  

the l e a f ,  a n d  s o  in c rea s i ng the d ep th a nd re s i s t � n c e o f  t h e  bound a ry 

l ayer re s i s t a n c e  to ca s e ou s  ex change be twe en the l e a f  and t h e  

surround ing a tmosphere ( S l a tyer , 1 967 ) , d ense ly h a i ry l e a v e s  woul d 

be a d va n t a c e ou s und e r  c o n d i t i o n s  o f  limited wa ter supply . ( 2 )  P l a n t  
s i z e wa s found t o  b e  reduc ed  und er  the d ry tre a tme n t , in c omp a r i s o n  

wi th the me d ium treatment. Th i s  o b s e rv a t i o n  ma d e  o n  va r i ou s  e s t ima t e s  

of p l a n t  s i z e  ( i . e .  l a m i n a , l e ngth a nd br e a d th , t a b l e VII ; ra t e  o f  

l e a f  e�e rgen c e , table IX ; ra t e  o f  t i l l er pro d uc t i o n ,  p a ge 5 5 ;  p l a � t  

he igh t  a nd d i ame t e r , t a b l e  XII ; c ompre s s e d d i ame t 8 r , table XIV ;  
c ompre S G 0 d  l e a f  l e ng t h , t a bl e  XI I I ; b a s a l  d i a m e t e r , t a bl e XI ; a nd 

d ry we igh t o f  fo l i a ge ,  table  X) c an a l s o  be exp l a ine d in t e rm s  o f  

wa t e r  u s e . B y  red u c ing wa t e r  r e qu i re m ent a nd s0 wa t er l o s s , a sma l l e r  

pl ant roul d  b e  m ore a b l e  t �  wi t h s t a n d  l im i t e d  wa t e r  c ond i t i ons than 
a larGer p l a n t . The r e d u c t i o n  i n  p l a n t s i z e  und e r  t h e  d ry t r e a tment 

wa s a lmo s t  c e rt a inly a r e sul t of r e d uc e d  c e l l  e xp a n s i o n  gr o w t h  

( epid erma l c e l l s i z e  wa s sma ller und er the d ry than e i th e r  of th e 

o th e r  tr e a tment s ,  s e e  t abl e XVI I I ; . rrhi s  wa s probD bly re l a t e d to  the 

reduced turgid ity o f  t i s su e s  und e r  the d ry tre a tme nt as i n d i c a t e d  

by the  c orr p a ra t ively l owe r r e l a t i ve water content o f  the l eave s 

( table  XIX ) . ( 3 )  Pl ant s grown und er  the we t trea tment p o ss e s s ed 

·smaller l e ave s ( table VII ) and tiller s ,  and so sma ller plant 

d iameters , heights  ( t a bl e XII ) a nd c ompre s sed l eaf l engths ( tableXIII ) , 

sma ller interc ostal epid ermal cells  ( table XVII I ) , and more 

frequent stoma t a  per unit lamina area ( table XVII ) than those  und er 

the medium trea tment . These  observa tions  can be explained by a 

compara tive d ec rease in cell  expansi on growth und er the we t 

trea tment , a s  a re sult  of  a water d e ficit  in the tissues o f  these  

plants  ( table XIX ) . '·later d efic i t s  i n  plants grmving in excess  \la ter 
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cond itions have previously been d e scribed ( Rook , 1 97 3 ) .  However , 

s ome o ther fac tors  mus t  a l s o  be important here , s ince the length 

of l e a ve s , p l a u t  he igh t and co8pre ssed  l e a f  length were shorter 

und er the we t ,  tha n un d e r t h e  d ry t r e a tm e n t . The reve r se  woul d  

have been pre d icted u s i ng the rela tive wa ter content value s a s  a n  

ind ic a t ion o f  turgor 2 nd so  cell  expans i on crowth . S o i l  fa ctors  in 

the supr a - o p t ima l wa t e r t r e a tm e n t  t h a t  c ou l d  be invo l v e d  in the 

l imita t ion of leaf  e xpansion growth i nclud e l imi t e d  oxyge n 

(ficure 1 0 )  a nd exc e s s  mineral s .  A more c omplete pic ture of  the 

comparative contribu tions of cell  e xpans i o n  a nd div i s i o n t o  l e a f  a nd 

p la nt gr o H th v10uld h a ve been ga ined from a count of  t h e  number of  

c e l l s w i t h i n  a n  ep i d e rma l fil e , a l o ng th e l e ngth of the lamina . Th i s  

wou l d  h a v e  provid e d  info rmation o n  c e l l  d ivision .  

However , the  b i o l ogi c a l  s icnificance of the p la stic  

re sponse to  wa ter trea tment s could no t a lways be  inferred from t h e  

d i r e c t i o n  o f  t h e  r e sp on s e . F o r  examp l e , growth form wa s f 8und t o  be 

more e r e c t  und er t h e  d ry tre a tment , t h a n  und er e i th e r the med ium or 
we t tr e a tment s . The s e  re su l t s  are contrary to tho se of H i ck e y  ( 1 9 6 1 ) 

Hho , in h i s  s tud y  o f  the effe c t s  of site  a nd gra z ing on growt h f o rm 

of cre s t ed whe a t - gra s s , found tha t plant s fron we t s i t e s t e nd e d  t o  

b e  mor e e r e c t  tha n p l a n t s  from d r ier site s .  E i �key e xp l a i n e d  hi s 
ob 3 e rva t i ons in term s  o f  � e d uc e d water l o s s  by the �ore p r o s t r a t e  

( d ry s i te ) tYIJe S • .Ano ther examp l e  ,.,h e r e  bi o l ogi c a l s i cn i fi c a n c e  c ou l d  

n o t  be in fe rre d from t h e  d i r e c t i o n o f  t h e  r e sp on s e  invo lve d b a s a l  

a nd c ompr e s s ed d i a m e t e r s . Und e r  the w e t  t r e a tment the se m e a sureme n t s 

were found to be gre a ter than und er the m e d ium trea tme nt . ·De spite  

t h e ir r e l a t i onship wi th number o f  l e a ve s  per til l er and tillers  p e r  

p l a nt ( t a ble XXI) , the increa se in these  d iame ters und er the we t 

tre a tmen t cannot  be ful ly e xp l a ine d by the mea sured r a t e s  o f  l e a f  

�mergence a nd t i l l e r  p r o d u c t i on , ne i ther o f  whi ch showed a d ifference 

between med ium and wet trea tment s . I t  i s  p-o s sible tha t if  counts  of 

the number of tillers  per p l a nt had been c ontinued throughout the 

dura tion of the experiment , a d ifference be tvreen the vre t and med ium 

tre a tments  may have d eveloped . 

The evid ence presented above fo r a d aptation to  the 

environmenta l  condi t ions tha t induced  the d ifferenc e s  observed 
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between plants und er the d ifferent water  treatments i s  merely 

c ircums tantial .  Direc t  evid ence for such a d aptation was not 

o b t a ine d in t h i s  exp eriment . In re tro sp e c t ,  i t  could have been 

a c h i eved through r e c ip r o c a l  reversals  of the w a t e r  t re a tment s ,  

f o l l owe d by some mea surement of " a d ap t a bi l i ty " t o  t h e  new 

c o n d i t i o n s  ( e . g ; Surviva l or wa ter use effi c ien cy) . H owev e r , i t  

mu s t  no t inva r i a b l y  b e  c o n s i d e r e d  tha t p l a s t i c i ty i s  a d ap t i ve . 

In s om e  c ircum s t a nc e s  p l u s t i o i ty may b Q ve mort a l  c ons e s 1 1 enc e s f o r  

the Gp e c i e s . S u c h  an  examp l e  wa s pre s e n te d  in Cha p t e r  3 i n  r e l a t i o n  

to the p l a s t i c i t y  o b s erved in s e e d  we ight ( s e e  f i gu r e  5 ) . 

The p l a s t i c i ty d i s cu s s e d  a bo v e  wa s ind i c a t e d  by the 

signi f i cance o f  t h e  w a t e r  t r e a tment s t e rm in t h e  ana lys i s  o f  

vuriance for e a c h  p lant cha r a c t e r  ( a p p e nd ix V) . · Th i s  p l a s t i c i ty i s  
a c ha r a c t e r i s .t i c  o f  the s p e c i e s  a s  a \·Tho l e in the t empera t e  reg i on 
from whi c h  the samples  were collected , and �. s re l a te d t o  environme n t a l 
vcr i a b i l i  ty chara c t e r i s t i c  o f  th i s  r e g i o n  a s  a v1ho l e .  Su ch 

e nvironme n t a l  va r i a b i l i ty , to whi c h  pla n t s  re spond b;',r pheno typ i c  

pl a s t i c i ty ,  i s  r a nd om with r e s p e c t  t o  t ime . The cl ima t e , for 

examp l e , of th i s �mp e r a t e  r e ei o n  v a � i e s  b e t we e n  ye a r s  a nd wi t h in 

s e a s o n s  in such e n  unpre d i c t a b le fa b h i o n .  For the p l a s t i c i t y 

di.s ou s s e d  a b ove , t he n ,  n o  t o p o d e m e  d i ff e r e nce s vTe r e  c o n s i d e r e d . Such 

d i ffe r e n t i a l  t o p o d eme p l a s t i c i t y ,  ind i c a t e d f o r  only five p l a n t  

ch a r a c t e r s  by t h e  s ignifi c a n c e  o f  the t o p o d eme s x � a t e r  t r e a tment 

i n t e r a c t ion t e rm ( s e e  ana ly s i s  o f  var i a n c e  t a b l e s  app end ix V ) , 

will be d i s cu s s e d  l a ter . 

GenP. t i c d i ff e r e nt i a t i o n , i nvo lv i ng quan t i t a t ive d i fferences  

between overall  t opod eme means wa s d is c overed for epiderma l ha ir 

d en s i ty , lamina d imensions , ba sal d iame ters , and rela tive wa ter  

.
content ( table LXI I ) . Such d ifferentia t ion sugges t s  specific , s table 

environmental  d i fferences be tween the sou�ce habita t s  of thOs e  

t opod eme s  that were  found t o  be different .  Tha t is  the gm e t i c  

d ivergence exposed probably came about a s  a result o f  d isruptive 

select ion . Several examples  of such d ifferentiation are given • 

. Topod emes T02 and T 1 0 ,  f�om exposed habitats  in which water d rained 

r apid ly from the s oil  after rain, pos s e s sed more densely hairy leaves 

than plants of  topod emes P04 , T09 and P0 1 , from more mois t  habita t s .  



7 5 · 

The effec t  of incre a sed hair density i s  to reduce water loss  from 

the l e a f  ( see d iscussion above ) . The observa tion of greater hair 

d ensity on leave s of T01 pl ants ( from a marshy yet very exp osed 

coa s t a l  s and dune habi t a t  where rate o f  water h igh ) th im 
on leaves of P 0 1  pl a nts can a lso be exp l a ined in terms of reducen 

water l oss . Ha bitat P01  was moi st throughout t h e  y e a r , s h e l t e r e d  

and o f  hiGher a l t i tu d e  and so coo ler tha n  the coasta l T01  h a b i t a t . 

Under such cond itions the rate of water l oss would be l c w , a nd 

epid erm a l  hair densi ty selectively neutra l .  This w� one occasion 

where a sta tistic a l a na lysis for exp osing d ifference s between s a mp l e  

varianc es ,  ra ther tha n  sample means ( as in the ana l ysis o f  v a r i a nce 

used ) , would h a ve been profitable. 

Me a n  topod eme l amina bread th was found to be greater for 

topod emes T09 ,  T01  a nd T02 , th a n  for topod emes P 02 ,  P04 a nd LOO . 

The effect of incre ased l amina wid th is to d e crea se water l oss from 

the lea f  surface. One effect O f  increased leaf wid th is to increase  

the d egre e of l e a f  rol l .  Different i a t i o n  i n  th i s  c h a r a c t e r , a ·  

typic a l  xerophyt i c  ed a�ta tion , ,.;a s foun d bet;1een regiona l samp l e s  

of Yorkshire fog i n  New Ze a l a n d  ( Basnya t ,  1 9 57 ) .  Ho wever , no d irect 

est ima te of t h i s  cha ra cter was a ttempted in thi s  exp e r ime n t . Another 

effect of increased lea f vTid th is to reduce the " ed ge effect " 

(see for example Lewis , 1 969 ) on lea f w a t er loss . The broad ness of 

l a mina e  of topod em es T09 , T0 1 and T02 is probably re l a ted to th e 

exposed situ ations of the ir s ource  habi t a t s , and s o  can be considered 

an a d apta t ion against water l oss , Such a n  a d apta tion would h a ve 
esp eci a l significance for T02 pl ants from a rapid ly -d r a ining s a nd 

dune habitat . Topo d emes P02 , P04 , and LOO were from more shel tered 

habita t s  in '"hich the water table level wa s continuously high , and in 

such s i tuations selection for ad apta tion s preventing excess  water 

l o s s  would be unl ikely . 

The mean topod eme lamina leng�h for topod emesT0 2 , L02 , 

P04 and T 1 0 ,  topodemes  from the two extremes in the range of  habitat  

water r egime s ,  was gre ater than tha t for  topod eme s T0 1 and T09 . 

The t opod eme X water treatment interaction term ( see  ana lysi s  of 

varianc � , table AVI I )  wa s not significant and so  it  was a ssumed 

tha t the above topodeme d ifferentiation was the re sult of an 



increa sed re sponse o f  the four former topod emes to each of  the 

water trea tments .  Inspection of the table of ind ividua l lamina 

length means ( table AVII ) showe d  that thi s  was not so . The 
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e xp l a na t i on o f  th e appa rent d i fferentia tion lies  in the re spo n s e 

of the t o p o d em e s from the e x treme s our c e  h a b i t a t s  t o  the e x treme 

wa t e r  t r e a tm e nt s .  Und e r  the dry tre a tment , top o d eme s T 1 0 and T02 ,  
from r a p i d l y  d r a ining s a nd d une h a b i t a t s ,  p r o du c e d  d i s p r o p or t i ona t e l y  

l onger l a m ina e ; a nd und er the wet t re a tm e n t , t o p o d eme s  P 0 4  and L02 , 
fr o m  c o n t inuou s ly wate rl ogged h a b i t a t s , r e s po nd e d  in th e  s a m e  m a nne r . 

Howe v e r , the a b i l i ty of the se topodeme s to  re spo�d d i fferent i a l l y  

to the extreme w a t e r  t r e a tment s w a s  no t so grea t  as to  be ind i c a ted 

b y  t h e  ana ly s i s  o f  va r i a nc e �  a t  the 5 %  l e vel of  s ignifi c anc e . Thus , 

i t  c anno t be c o n c lu d e d  wi th th e c o nve n t i o n a l  c onfid enc e ( 95 % l e v e l ) 
t h a t the above o b s e rva t i on of d ifferenti a l  top o d em e  re s p o n s e  to  

wa t e r  tre a tment s wa s rea l . 

T!1e t o p o d eme d i fferent i a t i on d i s cu s s e d  a bo v e  invo lve d 

q u a n t i t a t ive d i fferenc e s  be twe en s ome t o p o d eme s in t h e i r  m ean 

re sponse o ver a l l the w ater tr e a tment s . F o r  t h i s  d i fferent i a t i o n no 

d i fferenc e s  b e t we e n  t op o d eme s in the i r  r e spons e t o  ind ividua l wa t e r  
t r e a tm en t s  were involved . Such d i ffere n t i a t i o n  wa s s e e n  to be  

r e l a t e d t o  s p e c i fi c ,  s t e b l e  environm e n t a l  d ifferenc e s  b e twe e n  s ource 
habi ta t s .  A further type o f  t o p o d eme d i fferentia tion , tha t in pattern 

o f  r e s p onse t o  t h e  w a t e r  t r e a tment s ,  wa s also  d i splaye d  by s om e  

t o p o d e me s , for s ome p l a n t  character s .  Such d i fferen t i a t i o n i nvo lved 

both d e gre e  a nd d i r e c t i o n  o f  r e spons e of the t o p o d eme s t o _ t h e  w a t e r  

trea tments ; tha t is , d i fferntia l pla s t icity. Pla sticity i s  

considered to be a characteristic  response o f  plants to rand omly 

fluctua ting environmental  variability ( Er a d sh a w , 1 965 ) . The d ifferential  

_pla sticity observed between particular t opodeme s mus t  then r e flect  

d ifferences between their source habit a t s Jn rand omly fluc tua ting 

environmenta l  fac t ors . However , the se environmental d ifference s  

betwe en habit a t s  must  have been relatively s table with time , otherwi se  

i t  would have been  impossible for topod emes to have d iverged 

genetically , a s  d emonstra ted . The plant charac ters for which d iffer­

en�l pla s ticity was observed were compressed d iameter and l eaf  

length , s toma te  d ens ity, ba sal  d iameter and relative water c ontent 
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( table XXII ) . For the two l a t ter character s ,  topod eme d ifferentiation 

in mean t opod eme re sponse was also  d emons tra ted . However , for these 

cha r a c t er s  such d i fferentiation will no t be d is cu s s e d  due t o  the 

uncerta inty of its  interpre ta tion . 

For relative water c ontent , the d irection of  the re sponse 

to  the wa ter tre � trnents to all  topod eme s wa s similar ( table XIX ) . 
\'la t e r  d e ficits  in l e a f  lamina e ,  a s  me a ::m.red by RWG ; vrere in genera l 

induced  by the wet  tre a tment a nd to an even gre a ter extent by the 

d ry tre a tment . However , the d egre e  of pla s tic re sponse to s ome wa ter  

tre a tment d i fferenc e s  was seen to d iffer quant i t a t ive ly be twe e n  some 

topodemes . For examp l e , the incre a se in p lant wa ter d e fic i t  induced  

by the d ry treatment was re l a t ive ly gre a �er for T 1 0 than for the 

o ther t opodeme s . The explana tion of th i s  observa tion probably l i e s  

i n  the a bility o f  T 1 0  plant s , from a n  exc e ssive ly dra ine d  h a bi ta t ,  

prone t o  drought , t o  wi ths tand a rela t ive ly gre a t er d e gre e o f  

inte rna l mo i s ture s tre s s  before showing s igns o f  this s tr e s s . Thi s  

view wa s support ed by the observa tions o f  p lant s i z e  m e a surements  

for which compari s on o f  ind ividua l means v1a s  val id ( i . e .  c ompre s sed  

and ba s a �  d iame t er s , and compr e s s e d  leaf length ) . Plant size  for 

topod eme T 1 0 und e r  the  dry treatment wa s no t as sma l l in c omp a ri son 

wit h  o ther topod emes a s  wuuld have been predicted  u sing the R\oTC 
va lue s . Thi s rel a t ively gre a ter water d e ficit induced in T 1 0  p lant s 

by the dry trea tment wa s probably a cons e quenc e o f  the criteron for 

wa tering pl ant s  und er this treatment . Pl ant s were watered whe n  they 
ind i c a ted  soil wat er t o  be a t  permanent wi lting perc entage ( s e e  

s e c t i on 4 . 2 . 4 ) . Thus , i f  T 1 0 plant s und e r  the d ry trea tment were 

able to  withs tand greater levels of  internal moisture s tr e s s  before 

s howing signs of  wilt ing , then they would have been rewa tered  when 

s o il moisture s ta tus wa s relatively lower than tha t for o ther 

t opod eme s •  Critical  evid ence for this would have been a chieved by a 

d irect  measuremen t  of soil wa ter s t a tus  immedia tely before rewatering . 

Such a mea surement would  have provid e d  a quantitative means for 

c omparison of the ability of  topod emes to extrac t  water from the soil , 

and s o  have provid e d  supporting evidence for the d ifferential  ability 

o f  t opodeme T 1 0  t o  withstand interna l wa ter s tre s s .  A further 

example  for the character rela tive wa t er content , in whi ch the d egre e  

of  pla s tic response to  a wa ter treatment difference w a s  s e en t o  

d iffer quantitat ively between s ome topod emes , involved re sponse to 



t he w e t  a nd med ium t r e a tment s .  No s ign i f i c ant d ifference wa s 

f ound b e tween the s e  tr e a tmen t s for t o p o d emes T02 ,  T 1 0 ,  102  a nd 

P02 , unl ike t o pod e m e s T09 , P04 and L O O . i'he s our c e  h a b i t a t s  o f  
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the four forGer top o d eme s repre sent t h e  range i n  source environ­

ment a l  wa t e r  regime s .  Therefore , the t o p o d eme d i fferenc e s  canno t 

be c on s i d e r e d  t o  be re l a t e d  t o  d i fferenc e s in a b s o l u t e  amoun t s  

o f  environment a l  wa t e r  , but r a ther t o  d iff erenc e s in t h e  d e gr e e  

o f  rand om fluc tua t i o n  in s ome a sp e ct o f  t h i s  environmenta l fa c tor . 

Low stoma t e  frequency wa s a s s o c i a t e d "li th hi gh l eve l s  o f  

d rough t re s i s t anc e in blue panicgra s s  ( Dobrenz e t  a l . , 1 969b ) . 

Thi s wa s probably re l a ted t o  the h igh s to m a t a l  r e s i s t a nc e s  and l o w  

transpira tion ra t e s  a s so c i a t e d  with l o w s t omate frequenci e s  ( s e e  

Miskin e t  a l . , 1 97 2 ) . I n  the pre sent inve s t iga t ion , n o  Yorkshire 

fog t opo d eme wa s found t o  p o s s e s s  a cons i s tently l 6wer s t oma t e  

d en s i ty over a l l  the  water tre a tments tha n  any o f  t h e  o ther t o p o cJ em e s .  

However , in re spons e t o  the d ry tre a tment , the trea tment s i mul a t i n g  
per io d ic a l ly drough ty cond i tions , t op od eme d i fferenc e s  '"ere found . 

Top od em e s  T 0 2 , POj and LOO produce d  a lower stoma te  density than 

top od eme s  T0 1 and 102.  T'ne l a t t er t o�od eme s 1ver e  fr om habita t s  in 

which wa t er wa s in e x c e s s  of p l ant re quirement s  thr oughout the ye a r  

\·rhere a s  the sourc e  habi t a t s  o f  the fo rmer ,  l owe r s t om8 t e d ens i ty ,  

topod eme s were characterised  by p erio d s  o f  water d e fi c i t .  In t h e  

s ource h a b i t a t  o f  t op o d eme T02 , in p ar t icul � r , i t  i s  pr oba b l e  tha t 
water wa s c ontinu a l ly in sho rt supply due t o  the s and dune s o i l  o f  

t h i s  habi t a t  be ing una b l e  t o  maintain wa t e r  for l ong p e r i o d s a f t e r  

rain.  Thu s , the reduced s toma te d ens i ty f o r  topodeme T02 , and 

perha p s  for topo d emes  P0 1 a nd LOO , und e r  the d ry tr e a tment , can be 

c o ns i d ered a �  a d a p t ive re s p o n s e  t o  th e s e  cond i t i o ns . 

Fur ther t op o d eme d ifferent i a t i o n ,  invo lving quant i t a t ive 

d iffe r e nc e s  in d e gre e  of p l a s t i c  r e s p o n s e to the d iver s e  w a t e r  

trea tment s ,  wa s f o und f o r  s t oma t e  d ens i ty ;  For t op o d em e s P04 ,  T09 , 

P02 , P01  and T02 , th i s  c ha r a c t er w a s  s t a bl e  in r e sp ons e t o  t h e  wa t e r  

tre a tm e nt s , wher e a s  for t o'p o d eme sLO O , T 1  0 ,  102 a n d  T0 1 fewe r s t oma t e s  

p e r  uni t l e a f  a r e a were o b s e rved und e r  tee m e d ium than und e r  the 

we t t r e a tment . For the l a t t e r  two t o p o d eme s the me a n  d ens i ty und e r  

the m e d ium tre a tment wa s a l s o  s igni f i c a nt ly l e s s  t h a n  tha t und e r  the 
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d ry t r e a tment ( t a b l e  XVII ) . The re l a t iv e l y  101-1er s t oma t e  d e ns i ty 

und er t h e  med ium t r e a tment wa s e xp e c t e d  s ince epid e rma l c e l l  

e xp a n s i o n  grovTth ( t o whi c h  t h i s  chara c t e r  w a s  inve r s e .� re l a t e d , t a b l e:  

t h e  d i ff e r e nc e s  i n  p l a s t i c i ty d i s p l a y e d  b e t ween t h e  a bove group s o f  

t op o d eme s c anno t  be expla ined b y  t o p o d eme d i fferenc e s  i n  e xp a n s i o n  

growth o f  t h e  e p i d e rm i s  ; n o  t o p o d eme d i fferent i a t i on w a s  d i s p l a ye d  

for any o f  the e p i d e rm a l  c e l l  d ime ns ions th a t  were re l a t e d  t o  

e xp a n s i o n  growth . N o r  c a n  t h i s  d i ffe r e n t i a l pla s t i c i ty be exp l a ined 

by the o b s erve d d i fferent i a l  p l a s t i c i ty in leaf wa ter s t re s s , a s  

m e a sure d by RWC o f  l e a f  lamina e , a l though i t  i s  c e r t a i n  tha t l e a f  

wa ter s t r e s s  c anno t b e  ful ly ep l a ined by r e l a t ive wa t e r  c o n tent 

( Earr s ,  1 9 6 8 ) . The ina b i l i ty o f  t op o d eme s P04, T0 9 ,  P02 , P0 1 a nd 

T02 t o  re s p o nd by p l a s t i c i ty t o  d iver s e  wa t e r  tr e a tment s i s  

probably r e l a t e d  t o  the re l a t ive s t a b i l i ty w i thin the i r  s ourc e 

habi t a t s  o f  the envi r o nme n t a l  fa c t o r s  d e t e rmining s t oma t a  d e n s i t y .  

Me twa l l y  e t  a l .  ( 1 97 0 )  showe d tha t s o i l  wa t e r  l e ve l wa s o ne such 

d e t erm i n i ng fa c t or . The s e  worke r s  showe d  t h a t  in young l e ave s o f  

P e l R r�onium d e cr e a s e d  w� ter l e ve l s  d e cr e a s e d d e ns i ty of s t oma t a  hy 

inh i b i t ing c e l l  d iv i s i ons for s t oma t e  forma t i on . However , the 

a b s o lu t e  l e ve l of ·Ha t e r  in the e nvir o nment c anno t be the s o le 

d e t ermining fa c t or s in c e  the s ource h a b i t a t s  of the t o p o d eme s f o r  

lihich s t a b i l ity in s t oma t e  d e ns i ty wa s d i s p l a yed repre s e n t e d  t h e  

who l e  range in environment a l  wa t e r re gime s .  

As sugge s t e d  a bove , s t oma t e  d en s i ty wa s d i re c t ly r e l a t e d  

t o  c e l l  d iv i s i on i n  young l e ave s .  When i t  a nd th e one e s t im a t e  

o b t a ined i n  thi s exp e r iment o f  the amount o f  ce l l  d iv i s i o n  i n  the 
e p i d erm a l  surfa c e  ( I . e .  number o f  c e l l s  p e r  uni t l e a f  a r e a ) were 

c orre l a t e d , a hich ly s ignifi c a n t  p o s i t ive a s s oc i a t i on wa s o b t a ine d 

(t a b l e  XXI ) . In o l d er l e a ve s ,  in which c e l l  .divi s i ons for s toma t e  

forma t i o n  woul d h a ve b e e n  c o mp l e t e d , and c e l l exp a n s i o n  gro wth 

cont inuing, s t oma t e  .d e n s i ty c a n  be exp e c t e d  t o  be i nve r s e ly re l a t e d  

t o  chara c t e r s  d ir e c t ly r e l a t e d  t o  exp a ns i on growth . Suc h  nega t ive 

a s s o c i a t i on s  were f ound when th i s  chara c t e r  wa s c orre l a t e d  with l e a f  

l engt h  a nd bre a d th , d ry we igh t  o f  f o l i a ge , plant he igh t a nd d i a m e ter , 

a nd c omp r e s s e d  l e a f  l ength ( t a b l e  XXI) . 
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The h1o c ompr e s s e d :p l a nt d imens ions . were m e a sur e d  lvhe n  

f o l i a ge o f  t h e  p l an� wa s r a i s e d  t o  i t s  maximum ver t i c a l  p o s i t i o n  

by gr a sp ing i t  t oge th e r a t  a ve r a ge l e a f  l engt h . Compre s s ion 

f a c i l i t a t e s  c omp a r i s o n  o f  � 8 a surement s o f  he igh t s  and d i ame t e r s  

by mini�iz ing d i fferen c e s  i n  gr ow th form (Hicke y , 1 96 1 ) . The 

o b t a in inG o f  th e s e  m e a surement s ,  as e s t ima t e s  of p l a nt s i z e  wa s 

p a r t i cu l a r ly fe l i c i  4; o u s  s in c e  p l ant s ·vrere gro-vm und e r  w a t e r  

tha t im} u c.; e d  d i ff e r e nc e s  in p l a nt form ( t a b l e  XV) .  
vlhen t h e s e  t wo c ompre s s e d d ime n s i o ns \·l e r e  c o rre l a t e d  a non- s igni f i c ant 

a s s o c i a t i o n  wa s found . Compr e s s e d  l e a f  l ength wa � found t o  be 

a s s o c i a t e d  with tho s e  cha r a c t e r s  mo s t  c l o s e ly re l a t e d  to c e l l  

e xp a ns i on gr o rrth ( i . e .  e p id e rma l c e l l  l e ng th , l e a f  l eng th , p l a n t  

h e igh t a n d  d i a m e t e r ) wh ere a s ,  c ompre s s e d d i ame t e r  wa s a s s o c i a t e d  

wi th th o s e  c h a ra c te r s  f o r  wh i c h  c e l l  d ivi s i o n  wa s m o r e  imp o r t a n t  

( i . e .  t i l l e r produc t i o n , r a t e  o f  l e a f  emergenc e ,  l e a f  bre a d th a nd 

b a s a l  d i a m e t e r , s e e  t a b l e  XX� T o p o d eme d i fferent i a t i on in p l a s t i c i ty 

f o r  b o t h  o f  the s e  c o mp r e s s e d  d imensions wa s d i s c over e d . 

The d iffere nt i a l  p l a s t i c i ty for c ompr e s s e d  l e a f  l eng t h  

m e re ly i nv o lved quant i t a t ive d i ff e renc e s  in t h e  d egre e  o f  p l a s t i c  

r e spons e .  In gene r a l  t op c d eme s � a s s e s s e d  gr e a t er c omp re s s e d  l e a f  

l eng t h s  und e r  the med ium t r e a tment and l e a s t  und e r  the w e t  t r e a tment 

( c . f . p a t t e rn of p l a n t  =esponse to the r7a t e r  t r e a tme n t s  for l e a f  

l e ngth ( t a b l e VII )  whi ch when c o rr e l � t e d  wi th c ompr e s s e d  l e a f  J ength 

( t ab l e  XXI ) s ho\ve d a h igh p o s i t ive a s s o cia t i on ) . HOive ver , for some 

t o po d eme s , the d i ffere n c e  in c ompr e s s e d  l e a f l e ng th be tween s ome 

wa t e r  t r e a tment s wa s no t s o  gre a t  a s  t o  be c on s i d e re d si gni fi c a n t . 

F o r  examp l e , the d i fference between t h e  we t and the d ry trea tment 

for t opo d eme s  P04 , L 0 2 , T 0 1 , LO O , T 0 2 ,  and T 1 0  wa s no t s ignifi c a n t  

n o r  wa s t h e  d i ffe re nc e b e tween t h e  d ry and t h e  m e d ium tre a tmen t s  

� o r  t op o d eme s L0 2 ,  T09 , P 0 2 , L O O  a nd T0 2 .  The d i fferenc e s  be t we e n  

t opod eme s  i n  the d e gre e  o f  p l a s t i c i ty ( s t � bi l i ty ) f o r  c ompre s s e d 

l e a f  l en�t h  proba bly r � � t  s ta b l e  environment a l  d i fferenc e s  be t we e n  

t h e ir s ourc e habi t a t s  i n  rand omly fluc tua t ing fa c t or s  tha t wer e  

r e l a t e d t o  t h i s  p l a n t  c haTa c te r . Like l y  fa c t ors inc lud e tho s e  tha t 

d e t ermine c e l l  exp a ns i o n  growth . 

The d i�ferent i a l  p l a s ti c i ty o b s e rv e d  forc ompre s s e d d i ame t e r  

i nvo l ve d  no t  only d i fferences in t h e  d egree o f  p l a s ti c  re sp ons e t o  
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w a t er , but a l s o  a d i ff e r enc e in t h e  d ire c t i on o f  �he p l a s t i c i ty .  

F o r  a l l  t o p o d eme s , bu t 1 0 2  a nd T 1 0 ,  t h e  p a t t ern o f  the r e spons e t o  

t h e  wa ter t r e a tment s wa s t h e  s ame ; we t t r e a tment m e a n s  were 

s l i gh t ly l a rger tha n  m e d ium t r e a tment m e a n s , a l though :Q.ever 

s i gni fi c a n t ly s o , and the d ry tre a tment m e a n s  wer e  s i gni f i c a n t ly 

l e s s  than e i ther of t h e  former m e an s . However , und e r  t h e  we t 

t r e a tment , t op o d eme T1 0 p o s s e s s e d  a sma l l e r  c ompre s s e d  d i ame t e r  

t h a n  und er t h e  med ium t r e a tment ; a nd , t h e r e fore , t h e  me a n s  for 

t h i s d im e n s i o n  und e r  the w e t  and d ry tre a tment s w e r e  no d i ff e r e n t .  

F o r  no o ther t opod eme wa s t h i s  o b s e r ve d . The r e du c t i o n  i n  c ompr e s s e d  

d i a m e t e r  for th i s  t op o d eme und er wa t e r l o gging pro b a b ly r e fl e c t s  

i t s  l a ck of a d ap t a t i o n  t o  the s e  envir onme n t a l  c o nd.i t i o n s . Such 

c o n d i t i o n s  c ould no t h a ve exi s t e d  i n  the s our c e  h a b i t a t  of T 1 0 ,  

d u e  t o  the inB bi l i ty o f  the s a nd dune s o i l  o f  t h i s  h a bi t a t  t o  h o l d 

wa t e r a f t er r a in .  The d i fferent i a l  p l a s t i c i ty o b s e rve d fo r t o p o d eme 

102 a l s o inv o l ve d  d i ffere n t i a l  r e s p o n s e  t o  the we t t r e a tment ; 

Howeve r , in t h i s  in s t a n c e  the d i fferent i a l  r e s p o n s e  w a s  m e r e l y  one 

o f  d egr e e , not d i re c t i o n , to t h e  t r e a tment d i fferenc e .  Und er ti1 e 

we t tre a tment , t h i s  t o p o d eme p o s s e s s e c  a s i Gni f i c a nt ly l a rger 

c omp re s s e d  d i a m e t e r  than und er the m e d ium t r e a tme n t . The a bi l i ty of 

t h e s e  p l ant s t o  r e sp o nd d i fferen t i a l l y t o  the we t t r e a tment ( i n  

c omp ari s o n  '1-Ti th the o th e r  t r e a tment s ) p r o b a bl y  r Efl e c t s t h e ir 

a d a p t a t i on t o  such wa t e r l ogged c o nd i t i o n s  ; the sour c e  h a b i t a t  o f  

t op o d eme 1 0 2  wa s wa t e rl ogged t hr ough out mo s t  o f  t h e  y e a r .  

Ba s a l  a nd c om�re s s e d  d i ame t e r s  were proba bly c l o s e ly 

r e l a t e d  gene t i c a l ly a nd p hy s i o l ogi c a l l y .  Th i s  w a s sugge s t e d  by the 

h i gh p o s i t ive a s s o c i a t i o n  found be twe en the s e  chara c t e r s  wh en they 

'1-Te r e  c o rre l a t e d  at the ind ivid u a l  p l a n t  l e ve l ( t a b l e  XX) .  Thu s , i t  

w a s no t  unexp e c t e d  t h a t  p a t t e rns o f  re s p o ns e  t o  the wa t er t r e a tme n t s 

fo r  t h e s e  two chara c t e r s  w e r e  s imi l a r  ( t a bl e s  XI a nd XIV) . For 

e x a m p l e , the r e sponse of t op o d eme s T0 1 , T02 and T09 for b a s a l  d i am e t e r  

r dl e c t e d  tho s e  p a t t erns found for c ompre s s ed d i ame t e r .  In a d d i t i o n , 

t h e  a bi l i t y  o f  t opod eme 102 t o  be m o r e  re sponsive t o  the we t than te 
m e d ium trea tme n t  in t erm s o f  c ompre s s e d  d i ame ter wa s a l s o  o b s erved 

for b a s a l  d i am e t e r .  Ho weve r , the s e  two chara c t e r s  we re no t so c l o s e ly 

r e l a t e d  t h a t  d i fferenc e s  b e twe en t h em in p a t t erns o f  t op o d eme r e sp o n s e  
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were not found . For example , topodemes P04 , P0 1 , P02 a�d LOO 

were able to respond to the wet trea tment by producing larger 

ba s a l  d iameters than they d id under the �sd ium tre a tment 

( c . f . pattern of re sponse for 102 ) . Such abilities  we�e not 

observed for these topodeme s in terms of compre ssed  d iameter , 

a l though the d ifferences  were merely of d egree of  plastic  

re sponse . A further example  in  which topodeme re sponse in 

terms of ba sal  d iame ter wa s different from that for compre ssed  

d i am eter involved topod eme s P0 1 and P02 .  Mean basal  d iame ters 

und e r  med ium and dry trea tments were no t significantly d ifferent 

for the se two topodemes .  For no o ther topod eme wa s this found . 

The s tability in response to the d ifference in the s e  wa ter 

trea tments for P0 1 and P02 appeared to be due to their inability 

to respond t0 the med ium trea tment . Such an inabili ty could 

be related to the low soil fertility ,  high altitud e conditions 

of their source habit a t s . The fina l example of a d ifference 

in t opod e�e response be tween the se  two d iameters  involved topod eme 

LOO . For thi s topod eme , mean ba sal  d iame ter und er the med ium 

trea tment wa s signifi cantly lower t�an tha t  und er  the d ry trea t­

ment . Such a pa ttern of response , involving a change in  d irec t­

ion of re sponse to the med ium tre a tment , wa s d i fferent from 

tha t for all  other topod eme s for ei ther basal  or com�re n sed 

d iameters . Nor wa s this p a ttern of re sponse for L O O  observed 

for dry weight of foliage for which no different ie tion wa s 

d i s c overed . Thus , th� significance of thi s d ifferential  ad just­

ment to  this particulnr wa ter trea tment wa s d ifficult to explain .  

I t  i s  possible , however , tha t LOO und er the med ium trea tment 

a llocated proportiona lly more of  i t s  energy than o ther topod eme s 

to s inks o ther than tho s e  tha t contribute to ba s a l  d ia�e ter , and 

. d ry weight of foliage . The roo t s  were one such possible sink.  

The types  of  responses d i splayed in  thi s  experiment by 

the Yorkshire fog topod eme s have provided  informa tion on the 

means by which this spec i e s  became ad apted to the ecologically 

d iverse situa tions from_ which i t  wa s sampled . Differentia tion 

between some topodeme s wa s observed in their ability to respond 

to the experimental wa ter trea tment s ,  in terms of  some p lant 

characters . Where such p lant variation was related  to known 

environmental  variation , genecological  d ifferentia tion can be 
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sugges t ed . For some characters  mea sured , however ,  no topodeme 

differentiation was observe d . These characters ( �iller produc t ­

ion , ra te o f  leaf  emergence ,  plant height and d iame ter , va scular 

bundle  d ensity , d ry weight  of foliage , and epid e rmal cell length , 

wid th and number per unit l amina area ) were , therefore , consid­

ered t o  be  of  l ea st importance in  the adaptati on of  the se 

topod eme s specifically to their source habita t s . However ,  they 

could have been of importance in the ad aptation o f  the se topod eme s 

under the environmental cond itions chara cteris t i c  of this region 

a s  a whole .  

For tho se chara c ters  in which d ifferentia tion wa s revea led , 

the d ifferences  d id no t a lways involve the same groupings of  top­

odeme s ,  even where the chara cter was seen to be related  d evelop­

mentally ( table XXI ) .  Nor d id the d ifferences  invariably involve 

thos e  groupings of topod eme s for which difference s  in environ-

�enta l  wa ter regimes were d e s cribed . Therefore the d ifferent ­

ia tion could not always be expla ined in terms of habi t a t  wa ter 

regim es .  However , topodeme s T02 and T 1 0  consistently appeared 

where d ifferentiation wa s d isplayed : s toma te d ensity und er the 

dry tre a tment ( T02 ) ; epid ermal hair d ensity over a ll  treatments 

( T02 , T 1 0 ) ; l eaf  lamina l ength und er d ry trea tment ( T02 , T 1 0 ) ; 

lamina breadth over all  wa t er treatment s ( T02 ) ; relative wa ter 

content und er the dry trea tment ( T1 0 ) ; and compre ssed and ba sal  

d iame ters in  p a ttern of re sponse to  the  three wa ter trea tments 

( T02 , T 1 0 ) . The d irection of  the re sponses d i sp l ayed by the se  

topod eme s ,  from rapidly dra ined sand dune habi t a t s  in which 

s oil water deficits  were p robably continually high , wa s usual ly 

interpretable in terms o f  a d apta tion to period ica lly dry cond itions 

or lack of adaptation to wa terlogging . The d ifferentia tion 

invol ving thes e  topodeme s can then be considered to have arisen 

�s a re sul t of selection,  by fac tors  inv?lving environmental 

water . 

In the present investigation topod eme s o f  Yorkshire 

fog were sampled  from e co lo gically d iverse habi t a t s  and grown 

und er uniform environmental cond itions in order to  d i scover 

whe ther or no t gene tic d ivergence exis ted between  them . For 



84 . 

some pairs  of topodemes , no such d ivergence wa s observed . In 

the se  c a s e s ,  broad  ad aptability of ind ividual geno types  wa s 

sueges ted to account for thi s  l a ck of differentia t ion . Gene tic  

d ivergence observed between p a irs  of topod eme s for various 

characters stud ied in the gla s shouse and field experiment s 

could not in many c a ses  be rela ted to environmenta l  variation . 

Therefore , although it could no t be concluded tha t such 

d ivergence wa s the resul t of genecological  d ifferentia tion , 

this possibility could no t be d i sregard ed . The evid ence wa s 

insufficient . Thi s  gene tic d ivergence could also  have come 

a bout a s  a resul t of several chance sampl ing effect s .  
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APPENDIX I : Experim ental  control of  wa ter 

NumeT�us publ ica tions have d e s cribed a ttemp t s  to c ontrol 

mo isture supply t o  the soil  and to regul a te its  d i stribution 

throughout the soil . However , it is impra t ic able to a ttempt to 

ma int a in the wa ter c ontent of the soil  c ontinuously at any value 

other than satura t ion , field cepacity ,  or permanent wilting 

percent age ( Kramer ,  1 9 69 ) .  

In a ttemp t s  to circumvent this problem , numerous i'I'Orkers 

( e . g .  S l a tyer , 1 9 6 1 ) have used osmotic  s o lutions of  known 

concentra tions in place  of s o i l , on the a ssumpt ion tha t  ( 1 )  plant 

re sponse to osmotic  stre ss  is the same a s  to an equiva lent  soil  

moisture tens ion a nd ( 2 )  plant roo t s  d o  not  take up  the s olute of 

the o smo tic  solution.  There are , however , obj ections to  both these 

a s sump tions . Firstly ,  Gingrich and Rus s e l l  ( 1 9 57 ) ,  c omparine the 

effe c t s  of soil moi s ture tension and o smo tic stre s s  on growth of  

corn roo t s ,  c l a imed tha t the  e ffe c t s  were not  the s eme . Second ly , 

some substances  used  a s  o smotic  agent s h a ve been shown to  be 

absorbed by plant roots  ( e . g .  mannitol , S l a tyer , 1 9 6 1 ) ,  and m a y  

produce toxic effe c t s  within the plant ( e . g .  p o lye thy l ene glyc ol 1 5 00 , 

Ma cklon and Weatherley , 1 9 6 5 ) . Finally , wa t er s tre s s  in plant s 

may origina te through soil  wa ter conduc t ivity be ing too low t o  

allow rapid rewe tt ing of the s o i l  around the roo t s  d uring p eriod s 

o f  rapid transpir a t ion (Ma cklon and Wea therley, 1 9 6 5 ) . Such 

rewet t ing will occur when transpira tion fall s ,  subj ect  to wa ter 

availability in the soil  out s ide  this root  zone , Thus , o smot i c  

solutions  cannot be regarded  a s  a reliable  subst i tute for d rying 

soil s .  

. The water tre atments of the gla sshouse experiment invo lved 

the supply of different amounts of water to the experimenta l  

material .  In one trea tment the soil wa s maintained in a wa terlogged 

cond ition . In the o ther two treatments t he plant s were allowed to  

d eplete  the soil  of  water t o  d ifferent moisture contents below 

field  capacity before rewa tering ( i . e .  two drying cycles  of d ifferent 

p erio d s  were imposed � . Hundred s of papers have been published  on 

p lant re sponse to such wa ter treatments (recently , for example �  

by Vough and Harten , 1 97 1 ; and Jone s ,  1 97 3) and 
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these have provi d e d  the subj e c t  ma terial for numerous reYiews 

( e . g . Richard s and Wadleigh , 1 952 ; Stanhill , 1 957 ; Kramer , 1 96 3 ) , 

and several books ( e . g . Kramer , 1 949 : 1 9 69 ; S l a tyer , 1 967 ; 

Kozlowski , 1 968 ) and symposia  proceed ings ( e . g. Soil  and p lant 

water ,  N . Z . D . S . I . R . S��posium , 1 97 3 ) . 

The experimenta l  water trea tment s  chosen required ( 1 )  

that the soil hel d  effectively d ifferent amounts  of w a t e r  a t  field 

capacity and at s atura tion and ( 2 )  tha t  the plant s d epleted  the 

available mois ture rapid ly , s o  tha t several drying cycles  could be 

completed  before termination of the experiment . 

A 1 : 1  plasterer ' s  sand : pe a t  potting med ium , the water re tention 

charac teristics of which 'I>Tere known ( V.ii lson , 1 97 3) , '"a s  therefore 

employed . To thi s  soil  a fert ilizer mixture of o smocote  : super­

phosphate  : d olomit e  lime : uramite  ( 20 : 1 4 : 8 : 3 )  wa s a d ded . The 

rate  of fertilizer  applica tion ( 225 grams per bushel of so il ) wa s 

considered grea t  enough to  supply the p lant with a d e qua t e  nutrient 

for the dura tion of the experiment . 

The amount o f  water held  by thi s soil between permanent wil­

ting p ercentage and field capa city wa s e st ima ted . This  informa tion 

was required for d e termina tion of the watering schedule for e ach 

of the drying cyc l e s .  Sample s of dry s o i l  were sutura ted wi th wa ter 

and left to drain for 24 hours , weighed , oven-dried a t  80 ° C  for 24 

hours and reweighed .  The weight difference wa s ane s timate of  the 

water available for plant growth ( i . e .  that  held be tween p ermanent 

wil ting p ercentage and field capacity) . It wa s proba bly an over­

e s t ima te , since oven-drying dried the soil  to moisture content s 

well below these moisture contents a t  which plant roots  could absorb 

· water . 

TABLE a I Soil wa ter content 

Med ium Weight (grams} 
Soil , plus water a t  
field capacity, S ample • • • • • • • •  1 1 379 

. . . . . . . . 2 1 334 
Oven-dried soil . . . . . . . . . . . . .  1 1 0 1 5  

. . . . . . . . . . . . . 2 984 
Differ ence . . . . . . . . . . . . . . . . . . . 1 364 

. . . . . . . . . . . . . . . . . . . 2 350 
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APPENDIX II : Percenta�e seed germination . The deterrrination 
of S i@1ifi cant topodeme differen c e s .  

The signifi cance of differences in pe r cent age germina tion 

be hreen topodemes (S ection 2-3 ) Has de termined by t he Chi-s quare 

te s t .  An analys i s  o f  varian c e  proce dure c ould not be applied 

owing to the form o f  the dat a ( one value , percentage germinatio n ,  

taken from coun t s  o n  200 seeds f o r  each to po deme ) �  �be pro bl em 

in a Chi-square t e s t  is to t e s t  the (null ) hypothe s i s  that no 

re lationship exi s t s  behreen two c lass ifi cations ; in this case , 

various topodeme s and percentage germina t i o n . This i s  done by 

c omparing the observed values wi th tho s e  expected on the bas i s  

of the null hypo thes i s .  I n  this case the data was tested on 

the ba s i s  of equal percentage germination betvreen topodemes ;  

that is , deviation from the ove ra ll mean fo r percentage germ inat i on 

( Table aii ) .  
Chi-square , -x._ 2 = .Z:,(O-E )2/E , (Alder and Ro essler,  Ch . 5 )  

where 0 is the observed percentage germination for each to podem e ,  

E i s  the expec te d perc entage ge rmination f o r  each t opodeme 

on the bas i s  of t!1e null hypothe s i s , i . e .  L. 0/n, and 
n i s  the numbe r  of t opodeme s .  

In each o f  the four cases below , E takes on a new value since in 

each case a differe n t  set of to podeme s ,  n was considered . 
In ( 1 ) , hTenty-one to podemes 'tiere cons idered for which l. 0 = 1 535  

and thus E = 73 . 1 0 ;  in ( 2 ) ,  n = 20, 2:,0 = 1 535-41 and thus 

E = 75 . 1 5 ; in ( 3 )  n = 1 9 , 2. 0  = 1 494-54 and thu s  E = 75 .79 ;  and 

in (4) , n = 1 8 ,  LO = 1 440-57 and thus E = 76.83 .  

( 1 ) All topodemes .  

germination, 73 . 1 0 ) .  

(20 degrees  of freedom; expected percentage 
2 Chi-square calculated, )L = 52 . 98 . This 

value was much higher than that expected by chance from a set of 

topodemes in which percentage germination vras equal . 

deviant topodeme was P03 , 41% seed germination. 

The most 



( 2 )  P03 removed. ( 1 9 d . f. ; expected percentage germination, 

75 . 1 5 ) .  Chi-square calculated ,)L2 
= 37 . 1 9 . This value was 

also  in excess of that expected by chance from a set of  topodemes 

in vrhich percentage germination was equal . 

topodeme was P05, \<Ti th 54% seed germination. 

The most deviant 

(3 ) P03 and P05 removed.  ( 1 8 d . f. ; expected percentage germ-
2 

ination, E = 75 .79 ) . -x_  calculated �·,ras found to be 30 .86 ,  a 

value exrected by chance about 37� o:( the time from a set of 

topodemes in which percentage g�rmina tion �,'as equal . Thus , at 

the 5% level the percentage seed germinatioh for all remaj ning 

topodemed cannot be considered equal . The most deviant topodeme 

was ,  in this case , 105 �-li th 575� germination. 

( 4 )  P03, P05 and 105 renoved . ( 1 7  d . f. ;  expected percentage 

germination = 76 .83 ) · /- 2 -calculated = 25 .  6 .  Such a -j: ··value 

might well be expected by chance from a set of topodemes in vThich 

th 
-y 2 ,. . 1-, e percentage germina.tion was equal . In fact ,  /'-- = 25 . o Wl. t.1 

1 7  d .f .  can be expected almost 1 �; of the time from such a set of 

topodemes .  Thus,  the differences between the remaining topodemes 

can be attributed to chance ; 

different . 

they were not signifi cantly 
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T,M3LE all : Perc entage germinati on (wild Y.at erial) 

Perc entage 

(0-?_;)2/E germina tion Chi-souare 

Topodeme T01 66 0 .. 69 

T02 82 1 . 08 

T09 65 0 .90 

T1 0 82 1 . 08 

P01 90 3 . 9 1  

P02 83 1 . 34 

P04 91  4. 38 

LOO 74 0 .01 

102 92 4 .89 

TOO 83 1 . 34 

T03 58 3 . 1 2  

T04 78 0 . 32 

T05 75 0 .05 

T06 72 0 . 02 

T07 77 0 . 2 1  

103 62 1 . 69 

104 90 3 . 9 1  

105 57 3 . 55 

POO 63 1 . 40 

P03 41 1 4. 1 0  

P05 54 4 . 99 

zo = 1 535 2 � = 52 .98 

S ee text for meaning of symbo l s .  



APPENDIX III Prepa r a t i o n  and e xamina t i on of fixed 
leaf ma t e r i a l .  

A6 .. 

On d a y 61  o f  the gl a s shouse exper iment , the s e c o nd younge s t  

fu l ly - e xpand e d  l e a f  o n  e a c h  p l a n t  wa s re moved be l o w  the l evel of 

the ligule and fixed in a forma l in : a c et ic a cid : e thanol 

( 5 : 5 : 90 FAA) s o lu t i on .  

Of the nume r o u s  t e chni que s d ev i s � d  for prep a r a t i o n  of leaf  

ma t e r i a l  for an a t omi c a l  a n d  morpho log i c a l  s tudy . ( s e e  J o hans en , 

1 940 ) , s eve r a l  we r e  c o n s i d er e d . Fir s t l y ,  c e l lu l o s e - a c e t a t e  

rep l i c a s  from si l i c one -rubber impre s s i o n s  o f  b i o l o gi c a l  surfaces  

( S amp s o n ,  1 96 1 ) h a ve r e c e nt l y  been extens ive ly u s e d , a l though the 

use o f  this t e chnique for e s t ima t i on o f  s t oma t a l  d imens ions h a s  

b e e n  que s t ioned ( Le s ham a n d  Thaine , 1 969 , see a pp e nd ix IV) . The 

t e c hnique wa s j u d ged unsui t a bl e  for the o :f ten d en s e ly pute.scent 

epid e rm a l  sur fa c e s  o f  Yo rkshire fog . S e c ond l y ,  var i ou s  t e c hnique s 

for e xp o s ing the sur fa c e  by s cr ap ing away th� r e m a i�d e r  o f  the 

l e a f  o f  d i s s o lving the l e a f  i n  a m a c er a t ing flu i d  tha t wou ld l e ave 

only the cut i cul a r  la yer of the epid ermi s , a 11 s ur f a c e  impr e s s i o n "  

( Skipwo r th , 1 97 3 ) , w e r e  found t o  be e i ther t o o  t im e - c on suming or 

im pra t i c a b l e  due t o  the fra g i l i ty of t h e  cut i cul a r  l a ye r .  

Fin a l ly ,  a t � chnique b a s e d  o n  that of  Arney ( 1 954 ) , who k i l l e d  

his l e a f  m a t e r i a l in bo i l ing rra t er , d e c o l ouri s e d  i t  in warm a l c o ho l , 

then c l e ared i t  i n  ho t l a c t i c  acid , wa s found t o  b e  sui t a b l e . Thi s 

t e chnique ( ou t l i n e d  in s e c t i o n  4 . 2 . 5 . ) cl eared t h e  l e a f  ti s sue 

sufficiently to a l l o w  the epid ermal surface of an intact  leaf 

segment t o  b e  examined micros copically . 

A number of epidermal characters ( e . g . s toma te  and hair d ens­

· ity, a nd cell size ) were to  be studied ,  and therefore micropho to­

graphs of the leaf  surface were t aken since this would be an 

. a ccura t e  means of  recording this information. The l eaf ma terial  � 

mo�ted in the clearing fluid on a glas s  side and placed onto the 

platform of a Ze i s s  Ergaval micro scope ( 1 6 X obj ective lens , 1 0  X 
eyepiece  lens ) . The microscope was s et  up for microphotography with 

a 35mm Zeiss camera with automa tic expo sure control (proj ective 

lens = 6 . 3X) . 
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Prel iminary examina tion of the two leaf surfa c e s  revealed  

that the  abaxial surface wa s relatively flat  in contr a s t  with 

the deeply furrowed adaxial surface . The abaxial surface also  

d i splayed intercostal  cells  of  much grea ter uniformity than the 

adaxial surface , where large bulliform cells  were a ssociated  wi th 

the furrows . The s e  observa tions were confirmed by examina tion o f  

transvers e  sections through thi s  s ame leaf material . Also , i t  h a s  

been claimed tha t  the c e l l s  of the abaxial  surface i n  some gra s s  

species  show greater varia tion i n  response t o  various  trea tment s  

than tho s e  o f  the ad axial surface  (Mitchell and Soper , 1 9 58) . 
Therefore , the abaxial  surfac e  alone was examined and photographed 

The camera  was positioned so tha t the second primary vein from 

the leaf  margin lay just out s i d e  the camera ' s  field  of  view and 

parallel to the length of the photograph.  Thi s  s t andard posit i.on 

for each photograph therefore included  a t  leas t  two a d j a cent 

stoma tal  band s .  Preliminary t r i als  for correct  ezposure oo t tings 

were required . Labelled  sli d e s  we r e  photographed in a pre de termin­

ed order so that recogni tion of a particular l e af  s egment wa s 

pos s ible by position in the s equence of  frame s on the film . The 

films were each l abelled by t aking a photograph of a nunber 

( 1 0 , 20 , 30 • • •  1 00 )  on a micrometer eyepiece . 
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APPENDIX IV : �he gla sshouse expe� iment - plant chara c ters me a sured . 

Differential  plant response  to  the water trea tments o f  the 

glas shouse experiment was me a sure d  in terms of  s tructural fea ture s 

o f  the leave s .  Such fea ture s play an important part in the re s i s t ­

a nce to  ga seous and h e a t  exchange be tween the l e a f  and the surround ­

ing air , a nd consequently impinge upon all  plant pro c e s se s .  For 

e xample , s t omate d ensi ty wa s mea sured . The d imensions  and d is tribution 

of stoma t a l  pore s d e t ermine s the effi c iency of  c ontrol of  ga seous 

exchange (Metwally et a l . , 1 97 1 ) .  Certa in a spec t s  of s toma ta l  d imens­

i ons , pore wid th and d epth , �re both very d ifficult to measure , and 

in the c a s e  o f  pore wid th subj e c t  t o  rapid change s .  There fore , this 

d imens ion mea sured on excised leaves probably bears  little rela tion  

t o  the wid th prior t o  excision.  Also , the valid ity of surface  

impre s sion methods  ( Sampson ,  1 96 1 ) ha s recently been ques tioned by 

Le  sham and Tha ine ( 1 969 ) , '\vho shovr tha t  in some gra s s  species  with  

su��en stoma ta  ( and Yorkshire fog  is  one such species ) , the  pore s 

o bserved in surface impre s sions probably d o  not repre sent stoma t a l  

aperture s which pene tra te to  sub-storra t a l  c avit ie s . :Because of the se 

d ifficulties  of making meaningful mea surements o f  s t oma tal  d imensions , 

thi s component of  ga s e ous exchange control wa s no t mea sured . 

Leaf size and epid erma l cell size  were a l s o  mea sured . The 

s ize  and shape of leave s ,  a s  wel l  as the ir orienta tion a�d wind 

speed , d etermine s the resistance to ga seous  and hea t exchange of the 

l ayer of non-turbulent air immedia tely adj a cent t o  the leaf  surfac e , 

i . e .  the boundary layer re sistance  ( Slatyer , 1 967 ) .  Fina l leaf s i z e  

and shape is said to be  d etermined by exp ansion of  the epidermis 

through the latter ' s  c ontrol of the expans ion of  the mesophyll and 

va scular tissues ( Soper and Mitchell , 1 956 ) . Therefore , variation 

in lamina length in gra s s  species  might be . expected  to  be primarily 

related  to change s in epid ermal cell length ( Cooper , 1 964) . However , 

Ford e ( 1 966 ) pointed  out tha t this generaliza tion tend s to  obscure 

the importance of epid ermal cell  number .  The d epth a nd c onsequently 

the resistance of the bound ary layer might be expected  to be increased  

by leaf  hairs ( Slatye r ,  1 967 ) ,  which significantly d ecrease  wind 



speed near the surfa ce  of the leaf .  But if  the hairs are fi lled  

with water , they may contribute to  the non-stomatal  component 

of wa ter movement (Wooley , 1 964 ) . Thus , the pre sence of ha irs may 

not contribute to the reduction in wa ter movement from the leave s .  

Differential plant re sponse to wa ter trea tments  wa s al so  

measured in  terms of  relative wa ter content of  leaf  t i s sue by the 

rela tive turgid ity me thod of  Barrs and Wea therley' ( 1 962 ) . Relative 

water conten t , R\fC , ha s become a s tandard expres sion of plant water 

status . Recently , Barrs ( 1 96e ) reviewed the me thod s used  in d e ter­

mina tion of  water status in plant tissue s showing it  to be d e s cribed 

variously by wa ter content , t o tal  wa ter potential ,  and s truc tura l 

characteris tics  of  the plant . However , the full d e s cription o f  the 

water s tatus  of plant s is complicated  since plant wa ter  s t a tus is  a 

highly dynamic parame ter . Is  i s  s trongly influenced  by a tmo spheric 

and soil  cond itions and also regu l a ted to d ifferent d ec;ree s ·, in 

d ifferent s i tuations , and with d i fferent species , by phys iological  

factors ( Sla tyer , 1 970 ) . Thus , any one d e scription using only one 

of the metho d s in common use canno t be s aid to d e scribe the wa ter 

) sta tus of the plant c omplete;ly.  
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The d et ermina t ion o f  Rel a t ive water content 

Segment s of leaf t i s sue floated  on distilled water 

take up wa ter.  The pa ttern of  uptake with t ime i s  clearly d ivid ed 

into two pha ses .  The initial  rapid uptake (Pha se I )  sa tisfie s the 

vra ter d eficit of the tissue ; the second pha se (Pha s e  I I ) , whi ch i s  

slo\ver , and prolonged , wa s shown by Barrs and 'Vie a therley to b e  

a ssociated  wi th growth of  the tissue segment s .  Pha se  II  d oe s  not 

begin until Pha se  I is comp l e te . For a c cura te d e termina tion of 

R\{C 1 the tissue should be removed from the wa ter a t  the conclusion 

of Pha se  I .  If thi s  i s  no t d one , and Pha se II is  a l lo'l-red to c ommence ,  

the a d d itional uptake of wa ter result s  in an und er-e stima t ion of 

RWC . 

The duration of Pha s e  I d i ffers amone spe cie s ( e . g . in 

whe a t , 4 hours , Yane and d e  Jong , 1 968 ) and may a l so vary wi th the 

mc gnitude  of the water d efic i t  of the t i s sue (El-Sharkawy and 

He ske th , 1 964) . It is therefo re neces sary to  d e termine the dura�n 

of Pha se  I to uptake for any specie s for which the me thod is  used , 

arid a l so to  a scertain the c ons tancy of this dura t i on a t  various 

l eve l s  of wa ter stre s s .  

RWC may a l s o  be und er-e stima ted  i f  there is  a bulk entry 

o f  water through the cut edges  of the tissue segments ;  an e ffec t  

known a s  inj ection . The importance of  inj ection was minim�sed  by 

using the whole wid th of the lamina and by cutting the segment 

from the lamina using very sharp razor blad e s .  

Thu s ,  before the t echnique was judged sui table for use 

. wi th Yorkshire fog leaf l amina tissue , i t  was nec e ssary to  d e termine 

the duration of Pha se I uptake , a t  various leve l s  of water s�re s s .  

Dura ti on of  Pha se I untake 

Razor bla d e s  were used to cut segments ( 1 cm long)  from 

the l amina of Yorkshire fog p lant s .  The complete  l amina wid th 

was include d .  In each c a se the segments '\'Tere bulked .  Three s amples  

were obtained , one for  �on-wilted  leaf  material ,  the  other two for 

wilted  leaf material ;  tha t i s ,  low water  stre s s  and high water s tre s s , 
resp e c tively . Each sampl e  wa s placed in a stoppered  gla s s  bo ttle  
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TABLE aii i :  RnC - Duration o f  Phase I uptake 

Non-wi l t e d  mate rial 1 .  1-lil ted T�ater ial 2 .  

Time T:!eigh t T1leight Time Weight Hei ght 
(minute s) (grams) (% ?:!) (minutes) (grams) (/� F�v) 

0 0 .0906 1 00 . 0  0 0 .0494 0 1 00 . 0  

1 0  0 . 1 047 1 1 5 . 6  1 2  0. 0628 1 27 . 1 

1 7  0 . 1 047 1 1 5 . 6  22 0 .0684 1 38 . 5  

24 o . 1 057 1 1 6 . 7  33 0 . 0733 1 48 . 4  

3 1  0 . 1 057 1 1 6 . 7 40 0 . 0765 1 54 . 9  

38 0. 1 060 1 1 7 . o 50 0 . 0806 1 63 . 2 

1 01 0 .7068 1 1 7 . 9  98 0 .091 6 1 85 . 5  

1 66 0 . 1 1 04 1 2 1 . 9  1 5 1  0 . 095l'lr 1 93 . 2  

1 97 0 .0973 1 97 . o 

'\'Ji l t e d  t·1a terial 3. 

Time �·[eight Ttleight 
(minutes) (grams) ( 

, ./ ) >�, F .1 
0 0.0700 1 00 .0  

20 0 . 1 1 20 1 60.0 

40 b . 1 239 1 77 . 5  

6 5  0 . 1 3 1 4  1 88 .0  

95 0 . 1 364 1 95 .0  

1 25 0. 1 342 1 92 . 0  

1 55 0 . 1 350 1 93 . 0  

·•' 
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a nd we ighed . The segment s wer e  then floa te d  on d i s t i l l e d  wa t e r  

i n  a coverea p e t r i  d is h  ( one Shmp l e  p e r  p etri d i s h ) a n d  a t  

interva l s  were remove d , blo t t e d  d ry on filter paper , we ighed in 

the origina l bottle s ,  and rep l a c e d  in the d i sh . The we igh t  of the 

s ampl e s  a t  e ach we ighing wa s expr e s s e d  as a percentage of  the 

origina l fre sh w e igh t , and the s e  p ercentage wej_gh t s  p lo tt e d aga ins t  

t ime ( fi5ure. A1). 

It i s  apparent from figure A1 th at Pha:ei ( ini t i a l  rapid 

upt a ke of w a t er ) wa s c omple ted  in all s amples  -vri:thin a bout 40 

minute s .  For s ample 1 (med ium-l ow -vra ter s tre s s ) thi s  ini t i a l  

uptake o f  wa ter \·ra s probably comp le te d  i n  a consi d er a bly shorter 

t ime than 40 minu t e s . Howeve r , the  Pha s e  II wa ter up t a ke wi thin 

the fir s t  40 minu te:s for thi s  s amp l e  \v8 s negligible . 

Thus , in a l l  subse quent rout ine d e te rmina t ions of R\1C , 40 minu t e s  

wa s a d op t e d  a s  the t ime for whi ch t h e  segment s \vere  floated. 

Therefore , with 4 0  minute s fl o a t i ng period , the RWC technique 

appeared sui t able for u se with Yorkshire fog , in this  i nve s t igat ion . 

Comparis ons of  RWC value s for d ry tre a tment p l a nt s  would 

have been m e aningle s s  i f  the t i s sue had no t been s amp l e d  a t  

c omparative s t aee s o f  the dry i ng cycle . Samples  were o b t a ine d 

immed i a t e ly prior t o  re ·V!1.1 t ering ( i . e .  a t  the gre a t e s t  s o i l  mo i s ture 

tensions d eve loped ) . R\tlC va lue s  a t  this s t age 1wuld refl e c t  the 

mo s t  extreme wa ter d e ficits  experie nced by the s e  p l ant s • 

. ,-
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APPENDIX V: S ta t istical analysis and re sul t s  

Two type s o f  analysi s 1-rere available for th e recognition 

of differential response of topodemes to the various "Vrater 

treatment s .  They were analysis of variance ( for spli tplo t  

d e sign ) and form o r  regre s s i on analysi s .  Regress ion analysi s ,  

which has been r evived recently, ( e . g. Findlay and �lilkinson 

1 963 ; Breese , 1 969 ) ,  involves quant ifi c ation of the t e st 

environments (wat er t reatments ) by thei r  bi ol ogical potentia l . 

Thus, each environment can be measured and graded by the mean 

of any plant re sponse for all plants gro�m in that environment . 

The performanc e of individual topodeme s may then be expre ssed 

as the regre s s i on of their indivi dual values on this mean. 

However, three t e s t  environments ( ,.;at e r  t reatment s ) 1vere 

c onsidered too few to obtain a re l iable regression line . 

Al so , much deba t e  has centred around the use and int erpre tat i on s  

o f  thi s technique ( see , f o r  exaople , Easton , 1 97 1 ) .  Therefore , 

regression analysis w�s avo ided in favour of the less conten­

t ious analysi s o f  varianc e .  
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TABLE AI : 1 00  Seed Weight I ( Wild material ) 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION 

TOTAL 

TOPODEMES 

REPLICATES 

ERROR ( TD.MS X REPS ) 

TOPODEME MEANS 

L04 35. 50 

TO? 34. 50 

P01 34. 50 

L02 34. 25 

LOO 34. 00 

T1 0 33 - 75 

TOO 32 . 75 

T05 32 . 50 

T04 30. 50 

P04 30. 25 

T09 30. 00 

L05 28 . 50 

P02 28 . 00 

To6 27 . 25 

T02 26. 50 

P05 26 . 25 

L03 24. 25 

T03 22 . 75 

T01 20. 25 

P03 1 4. 75 

29 . 05 

D . F .  

79 

1 9  

3 

57 

M . S .  

1 1 9 . 647 

1 8 . 533 

7 . 21 

F( CALC) F(REQ I D ) . 05 . 01 

1 6 . 595 * *  1 . 78 2 . 26 

2 . 570 NS 2 . 79 4 . 20 

STANDARD ERROR SE = 1 • 343 

SIGNIFICANT DIFFERENCES d . 05 = 3 . 3973 

d . 01 = 5 - 0500 
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TABLE AII : Survival-vigour . 

ANALYSIS OF VARIANCE 

30URCE OF VARIATION D . F .  M. S .  F ( CALC ) F ( REQ ' D )  . 05 . 01 

TOPODEMES 20 3 . 41 7E-OO 1 . 31 2 NS 1 . 75 2 . 20 

BLOCKS 3 2 . 6?6E-OO 1 . 027 NS 2 . 77 4 . 1 4  

TDMS X BLOCKS 60 2 . 605E-OO 2 . 0803 * *  1 . 35 1 . 52 

ERROR 588 1 . 252E-OO 

TOTAL 671 

MEANS 

BLOCK I BLOCK II  BLOCK III BLOCK IV 

TOO 3 . 0000 . 2 . 2500 1 . 3750 2 . 5000 2 . 281 2 

T01 1 . 0000 2 . 8750 2 . 2500 2 . 5000 2 . 1 562 

T02 2 . 6250 1 . 0000 2 . 3750 2 . 0000 2 . 000 

T03 3 . 0000 1 . 0000 1 . 3750 2 . 2500 1 .  9062 

T04 2 . 8750 2 . 2500 2 . 7500 2 . 6250 2 . 6250 

T05 1 . 7500 3 . 0000 3 . 0000 3 . 0000 2 . 6875 

T06 2 . 0000 2 . 0000 3 . 0000 1 . 5000 2 . 1 250 

TO? 1 . 3750 2 . 5000 2 . 5000 2 . 6250 2 . 2500 

T09 2 . 1 250 2 . 7500 1 . 5000 3 . 0000 2 . 3437 

T1 0 2 . 5000 2 . 7500 2 . 8750 2 . 7500 2 . 71 87 

POO 1 . 5000 2 . 6250 1 .  7500 1 . 8750 1 . 9 375 

P01 1 . 6250 2 . 0000 2 . 2500 2 . 2500 2 . 031 2 

P02 2 . 3750 1 . 5000 1 .  7500 1 . 6250 1 . 81 25 

P03 1 . 2500 1 . 0000 1 . 7500 1 .  7500 1 .  4375 

P04 1 . 3750 1 . 5000 3 . 0000 2 . 3750 2 . 0625 

P05 2 . 5000 2 . 5000 1 . 3750 3 . 0000 2 . 3437 

LOO 3 . 0000 . 2 . 0000 1 . 5000 2 . 3750 2 . 21 87 

L02 2 . 2500 2 . 0000 3 . 0000 2 . 2500 2 . 3750 

L03 2 . 1 250 2 . 1 250 1 . 7500 3 . 0000 2 . 2500 

L04 3 . 0000 2 . 2500 3 . 0000 3 . 0000 2 . 81 25 

L05 2 . 1 250 2 . 6250 2 . 3750 2 . 2500 2 . 3437 

2 . 1 607 2 . 1 1 90 2 . 21 42 2 .  4o47 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES 0 . 1 98 0 . 5483 0 � 72o6 

BLOCKS 0. 086 0 . 2393 0 . 31 45 

TDMS X BLOCKS 0. 396 1 . 0966 1 . 441 3 
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TABLE AIII : Panicle emergence . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F . M . S .  F ( CALC )  F(REQ ' D ) . 05 . 01 

TOPODEHES 20 1 . 348E+02 3 . 271 * *  1 . 75 2 . 20 

BLOCKS 3 2 . 332E+01 0. 566 NS 

TDHS X BLOCKS 60 4. 1 21 E+01 2 . 1 828 * *  1 . 30 1 . 45 

ERROR 672 1 . 887E+01 

TOTAL 755 

MEANS 

BLOCK I BLOCK I I  BLOCK III BLOCK IV 

TOO 24. 4444 20. 0000 1 7 . 7777 1 9 . 3333 20. 3888 

T01 1 7 . 4444 1 7 . 7777 1 9 . 2222 20. 0000 1 8 . 61 1 1  

T02 20. 0000 1 8 . 0000 1 9 . 3.333 1 8 . 2222 1 8 . 8888 

T03 1 4 . 8888 1 7 . 6666 1 6 . 8888 1 7 . 6666 1 6 . 7777 

T04 1 4. 4444 1 9 . 3333 21 . 2222 1 9 . 3333 1 8 . 5833 

T05 1 5 . 6666 21 . 1 1 1 1  22 . 4444 23. 3333 20. 6388 

T06 1 4. 3333 1 7 . 4444 1 7 . 1 1 1 1  1 8 . 8888 1 6 . 9�44 

TO? 1 5 . 3333 1 3 . 7777 1 4 . 8888 1 7 . 0000 1 5 . 2500 

T09 1 8 . 7777 23. 8888 1 8 . 2222 24. 5555 21 . 361 1 

T1 0 1 8 . 8888 1 4 . 7777 1 4 . 1 1 1 1  1 5 . 6666 1 5 . 861 1 

POO 1 9 . 1 1 1 1  1 9 . 7777 1 7 . 2222 1 8 . 5555 1 8 . 6666 

P01 20. 1 1 1 1  20. 1 1 1 1  23. 7777 1 9 . 5555 20. 8888 

P02 1 3 . 6666 1 7 . 8888 1 9 . 5555 1 8 . 2222 1 ? . 3333 

P03 1 8 . 6666 1 6 . 1 1 1 1  1 5 . 7777 1 7 . 5555 1 7 . 0277 

P04 1 9 . 2222 1 9 . 1 1 1 1  1 7 . 0000 1 8 . 0000 1 8 . 3333 

P05 20. 7777 1 6 . 8888 20. 1 1 1 1 21 . 5555 1 9 . 8333 

LOO 22 . 7777 21 . 8888 1 9 . 5555 1 7 . 3333 20. 3888 

L02 1 9 . 0000 1 4. 6666 1 2 . 3333 1 4 . 6666 1 5 . 1 666 

L03 1 8 . 8888 1 5 . 1 1 1 1  1 5 . 3333" 1 5 . 0000 1 6 . 0833 

L04 1 7 . 3333 1 9 . 1 1 1 1  1 6 . 7777 1 8 . 1 1 1 1  1 ? . 8333 

L05 1 3 . 8888 1 6 . 0000 1 5. 4444 1 8 . 6666 1 6 . 0000 

1 7 . 9841 1 8 . 1 1 64 1 7 . 81 48 1 8 . 6296 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES 0 . 72 4  2 . 0073 2 . 6382 

BLOCKS 0 . 31 6  0 . 8760 1 . 1 51 4  

TDMS X BLOCKS 1 . 37 4  4 . 01 46 5 . 2764 





A1 7 

TABLE AV : Seed weight II . ( Field experiment ) 

ANALYSIS OF V!' .. RIANCE 

SOURCE OF VARIATION D .  F . M . S . F ( CALC ) F ( REQ ' D )  . 05 . 01 

TOTAL 335 34. 88 

TOPODEMES 20 88 . 95 NS 

BLOCKS 3 22 . 00 NS 

TDMS X BLOCKS 60 1 41 • 1 8  26 . 00 * * *  1 . 35 1 . 52 

ERROR 1 51 5 . 43 

· MEANS 
--

BLOCK I BLOCK II  BLOCK III BLOCK IV 

T01 33. 2 5  37 . 25 28 . 75 40. 50 34. 94 

T02 43. 50 32. 00 26 . 50 34. 25 34. 06 

T09 29 . 25 30. 50 30. 00 32 . 00 30. 44 

T1 0 37 . 00 30. 75 39 . 00 33 . 50 35 . 06 

P01 31 . 75 34. 75 37 . 00 36 . 75 35 . 06 

P02 33 . 25 32 . 00 29 . 75 33. 75 32 . 1 9 

P04 27 . 75 37 - 50 29 . 00 30. 50 31 . 1 9  

LOO 36 . 50 32 . 50 28 . 75 29 . 00 31 . 69 

L02 35 . 00 34. 25 32 . 00 39 . 00 35. 06 

TOO 31 . 75 30 . 50 37 . 00 27 . 00 31 . 56 

T03 31 . 00 35 . 75 27 . 00 33 . 50 31 . 81 

T04 40. 00 28 . 75 36 . 75 30 . 00 33 . 88 

T05 27 . 00 45. 00 4o . 50 27 . 75 35. 06 

T06 38 . 50 30. 50 38 . 25 50. 75 39 . 50 

T07 32 . 00 35 . 75 47 . 25 32 . 25 36 . 8 1  

L03 29 . 50 26 . 50 42 . 00 35. 50 33 . 38 

L04 44.25 25. 25 32 . 25 26 . 25 32 . 00 

L05 33 . 25 39 - 75 30. 00 38 . 25 35- 31 

P03 28 . 50 44 . 75 38 . 25 33 . 50 36 . 25 

P05 41 . 25 25 . 25 29 . 50 31 . 75 31 . 9 4  

POO 31 . 00 34. 75 49 . 75 34. 50 37 - 50 

34. 06 33. 52 34. 73 . 33 . 82 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES 0 . 58 

BLOCKS 0 . 25 

TDMS X BLOCKS 1 . 04 7 - 53 1 0 . 00 
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TABLE AVI : Tiller production . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S .  F ( CALC ) F ( REQ ' D ) . 05 . 01 

BLOCKS 1 9  53 - 77 . 94 NS 1 � 68 (2 . 06 )  

TOPODEMES 8 95 . 03 1 . 66 NS 2 . 01 ( 2 . 65 )  

ERROR I 1 52 57 . 1 0  1 . 70 * *  1 . 22 ( 1 .  32 ) 

WATER 2 1 1 6 . 32 3 . 45 * 3 . 03 ( 4 . 68 )  

TDMS X WATER 1 6  1 4 . 37 • 42 NS 1 . 68 ( 2 . o6 )  

ERROR I I  342 33. 63 

TOTAL 539 

MEANS 

WET MED DRY 

P04 21 . 550 22 . 850 21 . 050 21 • 81 6 

L02 21 . 800 22 . 600 1 9 . 500 21 . 300 

T09 22 . 300 23 . 050 1 9 . 450 21 . 600 

T01 20 . 1 50 1 9 . 500 1 9 . 1 50 1 9 . 600 

P02 20. 1 00 1 9 . 300 1 9 . 1 00 1 9 . 500 

LOO 21 . 750 20. 850 20. 000 20. 866 

P01 21 . 300 20. 1 00 1 9 . 950 20. 450 

. T02 1 9 . 500 20. 800 1 7 . 600 1 9 . 300 

T1 0 1 7 . 950 1 7 . 800 1 8-. 300 1 8 . 01 6  

20. 71 1 20. 761 1 9 . 344 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d. 01 

TOPODEMES . 975 2 . 704 3 - 553 

WATER . 432 1 . 1 98 1 . 574 

TDMS X WATER 1 . 296 3 - 594 4. 72 4  
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TABLE AVI I : Lamina length . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S .  F( CALC ) F ( REQ ' D ) . 05 . 01 

BLOCKS 1 9  1 232 . 05 1 . 49 NS 1 . 68 ( 2 . 06 )  

TOPODEHES 8 2 436 . 1 2  2 . 95 * *  2 . 01 ( 2 . 65 )  

ERROR I 1 52 824. 71 NS 

WATER 2 1 9335 . 00 27. 86 * * *  3 . 03 ( 4 . 68 )  

TDMS X WATER 1 6  404. 25 . 58 NS 1 . 68 ( 2 . 06 )  

ERROR I I  342 693 . 89 

TOTAL 539 

MEANS 

WET MED DRY 

P04 1 42 . 800 1 53 . 300 1 45. �00 1 47. 300 

L02 1 42 . 400 1 59 . 800 1 40. 450 1 47 - 550 

T09 1 26 . 1 50 1 47 . 650 1 26. 950 1 33 - 583 

T01 1 24. 050 1 47 . 500 1 30 .050 1 33 . 866 

P02 1 27 . 850 1 46 . 950 1 33- 550 1 36 . 1 1 6  

LOO 1 26 . 850 1 51 . 250 1 31 . 600 1 36 � 566 

P01 1 31 . 200 1 51 . 300 1 37- 950 1 4o . 1 50 

T02 1 37 - 950 1 55 . 750 1 53. 700 1 49 . 1 33 

"T1 0 1 29 . 400 1 58 . 500 1 50. 450 1 46 . 1 1 6  
,-

1 32 . 072 1 52 . 444 1 38 . 944 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E. d . 05 d . 01 

TOPODEMES 3 . 707 1 0 . 276 1 3 . 506 

WATER 1 . 963 5 . 442 7 - 1 52 

TDMS X WATER 5 . 890 1 6 . 326 21 . 458 
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TABLE AVIII : Lamina breadth . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D .  F .  M. S .  F( CALC ) F ( REQ ' D ) . 05 • 01 

BLOCKS 1 9  1 . o6 . 72 NS 1 . 68 ( 2 . 06 )  

TOPODEMES 8 4. 1 6  2 . 84 * *  2 . 01 ( 2 . 65 )  

ERROR I 1 52 1 . 46 1 . 31 5 * 1 . 22 ( 1  . 32 )  

WATER 2 6 4 . 66 58 . 01 * * *  3 . 03 ( 4. 68 )  

TD.MS X WATER 1 6  . 36 . 33 NS 1 . 68 ( 2 . 06 )  

ERROR I I  342 1 . 1 1  

TOTAL 539 

MEANS 

WET MED DRY 

P04 7 . 430 8 . 21 0  7 . 260 7 . 633 

L02 7 - 795 8 . 51 0  7 . 650 7 . 985 

T09 8 . 1 65 9 . 01 5  7 . 855 8 . 345 

T01 7 .830 8 . 965 7 - 575 8 . 1 23 

P02 7 - 275 8 . 41 5  7 . 225 7 . 638 

LOO 7 . 1 75 8 . 470 7 . 090 7 - 578 

P01 7 - 720 8 . 790 7 . 495 8 . 001 

T02 7 - 920 8 . 580 7 . 855 8 . 1 1 8  

T1 0 7 - 750 8 . 645 7 . 61 5  8 . 003 
' 

7 - 673 8 . 622 7 . 51 3  

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES . 1 56 . 433 . 569 

WATER . Q78 . 21 8  . 286 

TDMS X WATER . 236 . 654 . 860 
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TABLE AIX : Leaf shape index . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M. S .  F( CALC ) F ( REQ ' D ) . 05 . 01 

BLOCKS 1 9  24. 87 1 . 53 NS 1 . 68 ( 2 . 06 )  

TOPODEMES 8 66 . 1 4  4 . 06 * *  2 . 01 ( 2 . 65 )  

ERROR I 1 52 1 6 . 25 1 . 524 * *  1 . 22 ( 1 . 32 )  

WATER 2 77 . 66 7 . 27 * *  3 . 03 ( 4. 68 )  

TDMS X WATER 1 6  5 . 33 . 50 NS 1 . 68 ( 2 . 06 )  

ERROR I I  342 1 0 . 66 

TOTAL 539 

MEANS 

WET MED DRY 

P04 1 9 . 355 1 8 . 870 20. 1 75 1 9 . 466 

L02 1 8 . 560 1 9. 065 1 8 . 580 1 8 . 735 

T09 1 5 . 580 1 6 . 475 1 6.280 1 6 . 1 1 1  

T01 1 5. 935 1 6 . 595 1 7 .275 1 6 . 601 

P02 1 7 . 625 1 7 . 870 1 8 . 545 1 8 . 01 3  

LOO 1 7 . 780 1 8 . 280 1 8 . 835 1 8 . 298 

P01 1 6 . 975 1 7 . 350 1 8 . 71 0  1 7 . 678 

T02 1 7 . 480 1 8 . 320 1 9 . 825 1 8 . 541 

. 
T1 0 1 6 . 825 1 8 . 545 1 9 . 690 1 8 . 353 

' 

1 7 . 346 1 7 . 930 1 8 . 657 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES . 520 1 . 442 1 . 896 

WATER . 243 . 674 . 8 86 

TDMS X WATER - 730 2 . 024 2 . 660 
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TABLE AX :  Leaf emergence 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S .  F ( CALC ) F ( REQ ' D )  . 05 . 01 

BLOCKS 1 9  3 . 99 1 . 62 NS 1 . 68 ( 2 . 06 )  

TOPODEMES 8 1 . 35 - 55 NS 2 . 01 ( 2 . 65 )  

ERROR I 1 52 2 . 45 NS 

WATER 2 250 . 55 1 04 . 06 * * *  3 . 03 ( 4. 68 )  

TDMS X WATER 1 6  1 . 22 . 50 NS 1 . 68 ( 2 . o6 )  

ERROR II 342 2 . 40 

TOTAL 539 

MEANS 

WET MED DRY 

P04 9 . 073 9. 04o 1 0 . 849 9 . 654 

L02 9 . 1 65 9 . 21 5 1 1 . 1 49 9 . 843 

T09 8 . 890 8 . 902 1 1 . 499 9 . 763 

T01 8 . 790 9 . 1 27 1 1 . 533 9 . 81 6  

P02 9 . 240 9 . 027 1 0 . 800 9 . 689 

LOO 9 . 498 9 . 51 5  1 1 . 1 00 1 0 . 038 

P01 9 . 365 8 . 948 1 1 . 083 9 - 798 

T02 9 . 257 9 . 01 1  1 1 . 458 9 . 908 

T1 0 9 . 665 9 . 262 1 1 r400 1 0. 1 09 

9.2 1 6  9 . 1 1 6  1 1 .2o8 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E.  d . 05 d . 01 

TOPODEMES . 202 . 560 . 737 

WATER . 1 1 5  . 320 . 421 

TDMS X WATER . 346 . 961 1 . 264 
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TABLE AXI : Dry weight o f  foliage . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S .  F( CALC ) F ( REQ' D ) . 05 . 01 

BLOCKS 1 8  7 . 38 1 . 99 * 1 . 68 ( 2 . 06 )  

TOPODEMES 8 5 - 53 1 . 49 NS 2 . 01 ( 2 . 65 )  

ERROR I 1 44 3 . 70 1 . 4o * *  1 .22 ( 1 . 32 )  

WATER 2 425. 81 1 60 . 67 * * *  3 . 03 ( 4 . 68 )  

TDMS X WATER 1 6  2 . 06 � 77 NS 1 . 68 ( 2 . 06 )  

ERROR I I  324 2 . 65 

TOTAL 51 2 

MEANS 
--

WET MED DRY 

P04 4. 770 5 - 975 3 . 657 4 . 801 

L02 5 . 266 7 . 322 3 . 828 5. 472 

T09 5 . 243 7 . 568 3 . 588 5 . 467 

T01 4 . 737 6 . 41 7  3 . 51 9  4. 891 

P02 4 . 389 6 . 003 3 . 437 4. 61 0  

LOO 4. 782 7 - 1 38 3 . 51 8  5. 1 46  

P01 5. 361 7 . 330 3 . 51 1  5 . 401 

T02 5. 422 6 . 823 3 . 697 5 . 31 4 

T1 0 5 . 054 6 . 346 3 . 831 5 . 077 

5 . 003 6 . 769 3 .621 

STANDARD ERRORS M�D SIGNIFICANT DIFFERENCES 

S .E .  d. 05 d . 01 

TOPODEMES . 254 . 7o6 . 928 

WATER . 1 24 . 345 . 453 

TDMS X WATER . 373 1 . 035 1 .360 
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TABLE AXII : Basal diameter . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S .  F ( CALC ) F ( REQ' D) . 05 . 01 

BLOCKS 1 8  32 . 77 1 .  08 NS 1 . 68 ( 2 . 06 )  

TOPODEMES 8 1 03 . 74 3 . 42 * *  2 . 01 ( 2 . 65)  

ERROR I 1 44 30 . 25 NS 

WATER 2 3202 . 97 1 1 1 . 88 * *  3 . 03 ( 4. 68 )  

TDMS X WATER 1 6  1 83 . 30 6 . 40 * *  1 . 68 ( 2 . 06 )  

ERROR II  324 28 . 62 

TOTAL 51 2 

MEANS 

WET MED DRY 

P04 36 . 1 05 29 . 684 23 . 473 29 . 754 

L02 26 ·236 33 . 0,22 23. 368 31 . 052 

T09 32 . 842 3 4 . 1 05 22 . 842 29 . 929 

T01 32 . 052 31 . 052 21 . 684 28 . 263 

P02 33 - 368 22-228 24. 631 27. 859 

LOO 32 . 263 2:1  . 842 22.368 27 . 1 57 

P01 32 . 000 22. 1 02 27 . 31,2 28 . 1 40 

T02 31 ·236 22-268 25. 631 28 . 91 2  

T1 0 29. 631 28 . 242 22 . 526 27 . 035 

32 . 970 28 . 748 24.31 5 

STANDARD ERROES AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES . 728 2 . 01 9  2 . 653 

WATER . 4o9 1 . 1 34 1 . 490 

TDMS X WATER 1 . 227 3 . 4o2 4 . 471 
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TABLE AXIII : Plant height . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M. S .  F ( CALC ) F ( REQ ' D ) . 05 . 01 

TOPODEMES 7 4. 01 8E-t02 1 . 6378 NS 2 . 01 2 . 64 

WATER 2 4 . 538E-t03 1 8 . 4971 * * *  2 . 99 4 . 60 

TDMS X WATER 1 4  2 . 4oOE-t02 . 9783 NS · 1 . 69 2 . 07 

ERROR 1 92 2 .  453E-t02 . 

TOTAL 21 5 

MEANS 

WET MED DRY 

P04 35. 0000 48 . 8888 46. 8888 43 . 5925 

L02 36 . 7777 55. 0000 42 . 1 1 1 1  44. 6296 

T09 31 . 4444 45. 0000 43 . 1 1 1 1  39 . 851 8 

T01 37 . 0000 44. 3333 45 . 3333 42 . 2222 

P02 26 . 2222 30.8888 40. 0000 32 . 3703 

LOO 30 . 4444 51 . 8888 36 . 7777 39 . 7037 

T02 35- 7777 50. 5555 41 . 4444 42 . 5925 

T1 0 22 . 0000 53. 1 1 1 1  41 • 1 1 1 1  38 . 7407 . 

31 . 8333 47. 4583 42 . 0972 

' 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES 3 . 01 5  8 . 3561 1 o .  9439 

WATER 1 . 85 5 . 1 1 70 6 . 701 7 

TDMS X WATER 5 . 221 1 4. 4732 1 8 . 9555 
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TABLE AXIV : Plant diameter . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S .  F ( CALC) F (REQ' D ) . 05 . 01 

TOPODEMES 7 2 . 535E+03 1 . 3747 NS 2 . 01 2 . 64 

WATER 2 1 . 231 E+05 66 . 7767 * * *  2 . 99 4 . 60 

TDMS X WATER 1 4  1 . 220E+03 . 661 7 NS 1 . 69 2 . 07 

ERROR 21 6 1 . 844E+03 

TOTAL 239 

MEANS 

WET MED DRY 

P04 1 80. 4000 238 . 8000 1 58 . 2000 1 92 . 4666 

L02 1 73 . 4000 238 . 2000 1 43 . 6000 1 85 . 0666 

T09 1 58 . 1 000 209 . 5000 1 63 . 5000 1 77 . 0333 

T01 1 71 . 4000 230. 5000 1 50. 5000 1 84 . 1 333 

P02 1 57 . 9000 21 7 . 7000 1 52 . 0000 1 75. 8666 

LOO 1 73 . 4000 21 4. 9000 1 60. 7000 1 83 . 0000 

T02 1 75. 2000 222 . 5000 1 55. 3000 1 84. 3333 

T1 0 1 87 . 5000 268 . 5000 1 58 . 2000 204. 7333 

1 72 . 1 625 230. 0750 1 55 . 2500 

c 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES 7 . 84o 21 . 7356 28. 5667 

WATER 4. 800 1 3. 31 02 1 7 . 4935 

TDMS X WATER 1 3 . 579 . 37 . 6471 49 . 4791 
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TABLE AXV :  Plant form index . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M. S .  F (CALC ) F ( R� ' D )  . 05 . 01 

TOPODEMES 7 7 . 004E-02 1 . 5947 NS 2 . 01 2 . 64 

WATER 2 7 . 1 37E-01 1 6 . 251 7 * * *  2 . 99 4 . 60 

TDMS X WATER 1 4  4. 275E-02 - 9735 NS 1 . 69 2 . 07 

ERROR 1 92 4. 392E-02 

TOTAL 21 5 

MEANS 

WET MED DRY 

P04 . 4855 . 521 1 . 7077 0 . 571 4 

L02 . 5255 . 5488 . 71 00 0 . 5948 

T09 . 4955 . 521 1 . 6055 0 . 5407 

T01 . 5644 . 4844 . 7055 0 . 5848 

P02 . 4588 . 2777 . 6300 0 . 4555 

LOO . 4466 . 51 1 1  - 5388 0 . 4988 

T02 . 4544 . 5433 . 6322 0 . 5433 

T1 0 . 301 1 . 4833 . 6544 0 . 4796 

0 . 4665 0. 4863 0. 6480 

-' 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEHES 0 . 0403 0. 1 1 1 7  0 . 1 469 

WATER 0. 0247 0 . 0684 0 . 0899 

TDMS X WATER 0. 0698 0 . 1 936 0. 2544 



TABLE AXVI : Compressed leaf length . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S . F ( CALC ) 

TOPODEMES 7 2 . 296E+02 1 .  71 62 NS 

WATER 2 2 . 634E+03 1 9 . 6925 * *  

TDHS X WATER 1 4  2 . 584E+02 1 .  9320 * 

ERROR 1 92 1 . 337E+02 

TOTAL 21 5 

MEANS 

WET MED DRY 

P04 41 . 8888 58 . 6666 44. 0000 

L02 48 . 3333 53. 2222 51 . 3333 

T09 37 . 3333 56 . 8888 48 . 7777 

T01 46 . 1 1 1 1  62 . 5555 49. 4444 

P02 37 . 7777 51 . 3333 56. 0000 

LOO 45 . 1 1 1 1  47. 6666 47 . 4444 

T02 49 . 0000 58. 6666 54. 2222 

T1 0 52 . 6666 65. 1 1 1 1  43. 5555 

44. 7777 56 . 7638 49 . 3472 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E . d � 9.5 

TOPODEMES 2 . 226 6 . 1 702 

WATER 1 . 360 3 . 7784 

TDMS X WATER 3 . 854 1 0 . 6871 

A28 

F ( REQ ' D ) . 05 . 01 

2 . 71 4. 1 4  

3 . 29 5 . 42 

1 . 69 2 . 07 

48 . 1 851 

50 . 9629 

47 . 6666 

52 . 7037 

48 . 3703 

46 . 7407 

53 . •  9629 

53 - 7777 

d . 01 

8 . 1 094 

4. 9659 

1 4. 0459 



TABLE AXVII : Compr essed diameter . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F . M . S .  F (CALC ) 

TOPODEMES 7 1 . 1 91 E+02 1 . 342 NS 

WATER 2 3 . 597E+03 73 . 6961 * *  

TDMS X WATER 1 4  8 . 877E+01 1 . 81 85 * 

ERROR 1 92 4 .881 E+01 

TOTAL 21 5 

MEANS 

WET MED DRY 

P04 48 . 6666 45 . 5555 36 . 8888 

L02 59 . 8888 47 . 3333 36 . 0000 

T09 52 . 4444 47 . 0000 39 . 2222 

T01 52 . 7777 48 . 3333 39 . 1 1 1 1  

P02 51 . 1 1 1 1  45 . 3333 34. 4444 

LOO 53- 5555 53 . 2222 37. 6666 

T02 49 . 6666 44. 5555 39. 2222 

T1 0 43. 2222 45. 8888 38 . 3333 

51 . 41 66 47 . 1 527 37 . 61 1 1  

l 

STAND��D ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 

TOPODEMES 1 . 345 3 . 7272 

WATER 0 . 82 4  2 . 2824 

TDMS X WATER 2 . 329 . 6 . 4557 
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F ( REQ ' D ) . 05 . 01 

2 . 71 4 . 1 4  

3 . 29 5 . 42 

1 . 69 2 . 07 

43. 7037 

47 . 7407 

46 . 2222 

46 . 7407 

43 . 6296 

48 . 1 481 

44. 48 1 4 

d . 01 

4 . 8986 

2 . 9997 

8 . 4846 



A31  

TABLE AXIX : Veins per unit lamina width.  

���ALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M. S .  F ( CALC ) F ( REQ ' D )  . 05 . 01 

BLOC"".KS 6 . 1 8  1 . 75 NS 2 . 30 ( 3 . 20 )  

TOPODEHES 8 . 1 2  1 . 1 6  NS 2 . 1 5 ( 2 . 90)  

ERROR I 48 . 1 0  NS 

WATER 2 . 1 5  1 . 08 NS 3 . 1 0  ( 4 . 81 ) 

TDMS X WATER 1 6  ·. 1 2  . 93 NS 1 . 74 ( 2 . 20)  

ERROR II  1 o8 . 1 3  

TOTAL 1 88 

MEANS 
--

WET MED DRY 

P04 4 . 034 3 . 71 8  3 . 892 3 . 881 

102 3 . 71 5  3 . 965 3 . 675 3 . 785 

T09 3 . 61 8 3 . 652 3 . 938 3 . 736 

T01 3 . 791 3 . 820 3 . 968 3 . 860 

P02 3 . 805 3 - 755 3 . 842 3 . 801 

LOO 3 . 731 3 . 702 3 . 675 3 . 703 

P01 3 . 841 3 . 62 4  3 . 635 3 . 700 

T02 3 . 920 3 . 837 3 . 928 3 . 895 

T1 0 3 . 561 3 . 627 4. 01 5 3 . 734 
,-

3 . 780 3 . 744 3 . 841 

STANDARD ERRORS AND S IGNIFICANT DIFFERENCES 

S . E . d . 05 d . 01 

TOPODEMES . 070 . 1 96 . 259 

WATER . 046 . 1 31 . 1 73 

TDMS X WATER . 1 4o - 39 4  . 521 
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TABLE AXX : Hair density .  

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S .  F (  C.t\LC ) F ( REQ ' D ) . 05 . 01 

BLOCKS 6 251 . 53 1 . 45 NS 2 . 29 ( 3 . 1 8 )  

TOPODEMES 8 373 - 97 2 . 1 5  * 2 . 1 3  ( 2 . 88 )  

ERROR I .  48 1 73. 1 7  NS 

WATER 2 489 . 43 2 . 67 NS 3 . 07 ( 4. 79 )  

TDMS X WATER 1 6  241 . 54 1 •. 31 NS 1 . 73 ( 2 . 1 6 )  

ERROR II  1 08 1 83 . 26 

TOTAL 1 88 

MEANS 
--

WET MED DRY 

P04 43 . 285 37 . 571 44 . 1 42 41 . 666 

L02 50. 285 36 . 571 59. 857 48 . 904 

T09 38 . 285 38 . 000 48 . 000 41 . 428 

T01 45. 1 42 43 . 000 56 . 428 48 . 1 90 

P02 40. 71 4  46 . 857 51 . 571 46 . 380 

LOO 39 . 428 48 . 285 49 . 285 45. 666 

P01 39 . 857 44. 428 35. 1 42 39 . 809 

T02 49 . 571 57 . 1 42 47 . 857 51 . 523 

T1 0 48 . 1 42 53. 285 50. 1 42 50. 523 
,-

43 . 857 45. 01 5  49 . 1 58 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES 2 . 871 8 . 041 1 0 . 627 

WATER 1 . 705 4. 775 6 . 31 2  

TDMS X WATER . 5 . 1 1 6  1 4. 327 1 8 . 937 



TABLE AXXI : Storrate density.  

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F. rv: . s .  F ( Cll.LC ) 

BLOCKS 6 61 . 87 2 . 09 NS 

TOPODEMES 8 22 . 92 - 77 NS 

ERROR I 48 29 . 51 NS 

WATER 2 1 04 . 1 4  4 . 55 * 

TDHS X WATER 1 6  40 . 26 1 .  76 * 

ERROR II 1 08 22 . 86 

TOTAL 1 88 

MEANS 
--

WET MED DRY 

P04 1 5 . 428 1 5 . 428 1 8 . 1 42 

L02 20. 71 4 1 4 . 1 42 20. 428 

T09 1 9 . 000 1 5 . 571 1 6 . 285 

T01 1 8 . 000 1 2 . 285 20. 285 

P02 1 5 . 285 1 7 . 428 1 5 . 71 4  

LOO 1 9 . 571 1 4. 428 1 5. 000 

P01 1 4 . 71 4  1 6 . 857 1 3 . 857 

To2 1 6 . 71 4  1 6 . 71 4  1 3 . 857 

T1 0 1 7 . 857 1 1 . 571 1 ?·  428 

1 7 . 476 1 4. 936 1 6 . 555 

STANDARD ERRORS AND S IGNIFICANT DIFFERENCES 

TOPODEMES 

WATER 

TDMS X WATER 

S . E .  

1 . 1 85 

. 602 

1 . 807 

d . 05 

3 . 31 9  

1 . 686 

5 . 060 
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F ( REQ ' D ) . 05 

2 . 29 

2 . 1 3  

3 . 07 

1 . 73 

1 6 . 333 

1 8 . 428 

1 6 . 952 

1 6 . 857 

1 6 . 1 42 

1 6 . 333 

1 5 . 1 42 

1 5 . 761 

1 4. 952 

d . 01 

2 . 229 

6 . 689 

. 01 

( 3 . 1 8 )  

( 2 . 88 )  

( 4. 79 )  

( 2 . 1 6 )  



TABLE AXXI I : Epidermal cell length . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F . M. S .  

BLOCKS 6 1 038 . 20 

TOPODEMES 8 733 . 1 7  

ERROR I lf8 404. 59 

WATER 2 221 6 . 20 

TDMS X WATER 1 6  524. 46 

ERROR II 1 o8 376 . 07 

TOTAL 1 88 

HEANS 
--

WET MED 

P04 1 08 . 342 1 31 . 542 

L02 91 . 1 00 1 22 . 928 

T09 1 05 . 657 1 1 5 . 41 4  

T01 1 01 . 700 1 1 0 . 857 

P02 99 . 1 00 1 06 . 01 4  

LOO 1 00. 51 4 1 08 . 000 

P01 1 1 4. 000 1 09 . 800 

T02 93 . 71 4 1 05 . 385 

T1 0 1 02 . 785 94. 957 

1 01 . 879 1 1 1 . 655 

F (CALC) 

2 . 56 * 

1 . 81 NS 

NS 

5. 89 * *  

1 . 39 NS 

DRY 

99. 585 

8 9 . 81 4 

1 03 . 957 

96 . 61 4 

92 . 500 

96 . 300 

1 21 . 31 4  

99 . 057 

1 09 . 400 
' 

1 00. 949 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 

TOPODEMES 4 . 389 1 2 . 2 90 

WATER 2 . 443 6 . 8 41 

TDMS X WATER 7 . 329 20. 52 4  
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F ( REQ ' D ) . 05 . 01 

2 . 29 ( 3 . 1 8 )  

2 . 1 3  ( 2 . 88 )  

3 . 07 ( 4 . 79 )  

1 .  73 ( 2 . 1 6 ) 

1 1 3 . 1 57 

1 01 . 280 

1 08 . 342 

1 03 . 057 

99. 204 

1 01 . 604 

1 1 5 . 038 

99 - 385 

1 02 . 380 

d . 01 

1 6 . 244 

9 � 042 

27. 1 27 
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TABLE AXXIII :  Epidermal cell  width . 

ANALYSIS OF VARIANCE 

SOURCE OF VARIATION D . F .  M . S .  F ( CALC ) F ( REQ ' D ) . 05 . 01 

BLOCKS 6 2 . 1 5  1 . 27 NS 2 . 29 ( 3 . 1 8 )  

TOPODEMES 8 . 86 . 50 NS 2 . 1 3  ( 2 . 88 )  

ERROR I lf8 1 . 69 NS 

WATER 2 . 88 . 61 NS 3 . 07 ( 4. 79 )  

TDMS X WATER 1 6  2 . 32 1 . 62 NS 1 .  73 ( 2 . 1 6 ) 

ERROR II 1 08 1 . 43 

TOTAL 1 88 

MEANS 

WET MED DRY 

P04 1 2 . 31 4  1 2 . 271 1 2 . 442 1 2 . 342 

L02 1 2 . 01 4  1 2 . 600 1 1 . 371 1 1 . 995 

T09 1 1 . 600 1 3 . 071 1 1 . 685 1 2 . 1 1 9  

T01 1 2 . 328 1 2 . 928 1 1 . 857 1 2 . 371 

P02 1 2 . 41 4  1 1 . 71 4  1 2 . 1 85 1 2 . 1 04 

LOO 1 1 . 700 1 2 . 51 4  1 2 . 31 4  1 2 . 1 76 

P01 1 2 . 200 1 1 . 91 4  1 3 . 485 1 2 . 533 

T02 1 2 . 1 1 4 1 1 . 371 1 2 . 542 1 2 . 009 

T1 0 1 1 . 800 1 2 . 228 1 1 . 728 1 1 . 91 9  
' 

1 2 . 053 1 2 . 290 1 2 . 1 79 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S .E .  d . 05 d . 01 

TOPODEMES . 283 - 794 1 . 050 

WATER . 1 51 . 422 - 558 

TDMS X WATER . 453 1 . 268 1 . 676 
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TABLE AXXIV :  Epidermal cell number . 

ru�ALYSIS OF VARIANCE 

SOURCE OF ��IATION D . F .  M . S .  F ( CALC ) F ( REQ ' D) . 05 . 01 

BLOCKS 6 63 . 72 1 . 67 NS 2 . 29 ( 3 . 1 8 )  

TOPODEMES 8 67 . 49 1 .  77 NS 2 . 1 3  ( 2 . 88 )  

ERROR I 48 38 . 1 3  NS 

WATER 2 1 67 . 29 3 . 93 * 3 . 07 ( 4� 79 ) 

TDMS X WATER 1 6  54 . 09 1 . 27 NS 1 .  73 ( 2 . 1 6 )  

ERROR II 1 08 42 . 51 

TOTAL 1 88 

MEANS 

WET MED DRY 

P04 26 . 61 1  23. 895 28 . 572 26 . 360 

L02 32 . 327 23 . 085 35 .21 4 30. 209 

T09 28 . 51 2  23 . 1 30 30. 321 27 . 321 

T01 28 . 448 25 . 1 54 31 . 421 28 . 341 

P02 28 . 405 29 . 230 30 . 770 29. 468 

LOO 29. 847 26 . 1 37 30. 1 50 28 . 71 1  

P01 25. 001 27 . 047 21 . 372 24. 473 

T02 30. 4o5 29 . 1 68 28 . 758 29. 444 

T1 0 28 . 648 29. 6 41 27. 8 41 
l 

28 . 71 0  

28 . 689 26 . 276 29 . 380 

STANDARD ERRORS AND SIGNIFICANT DIFFERENCES 

S . E .  d . 05 d . 01 

TOPODEMES 1 . 347 . 3 - 773 4. 987 

WATER . 821 2 . 300 3 . 040 

TDMS X WATER 2 . 464 6 . 900 9 . 1 20 



TABLE AXrv : Relat ive wat er cont ent . 

ANALYSIS OF VARIANCE 

S OURCE OF VARIATION D .  F .  M. S .  

TOPODEMES 6 1 . 887E+02 

WATER 2 1 . 223E+04 

F ( CALC ) 

3 . 01 * 

1 94. 99 * *  

TDMS X WATER 1 2  6 . 272E+01 6 . 0764 * *  

ERROR 1 68 

TOTAL 1 88 

MEANS 

WET 

P04 . 86. 3233 

L02 86 . 9522 

T09 88 . 4644 

P02 84. 2622 

LOO 85. 601 1 

T02 90. 1 688 

T1 0  86 . 3566 

86 . 88 

1 . 032E+01 

MED DRY 

95. 9866 66. 6600 

85. 7655 63 . 9666 

95. 4266 69 . 1 377 

83. 6344 6 4. 1 022 

92 . 1 566 6 5 . 981 1 

91 . 9788 64. 1 344 

88. 6877 59 . 3566 

90 . 52 6 4 . 76 

· STANDARD ERRORS AND S IGNIFICANT DIFFERENCES 

,-
S .E . d . 05 

TOPODEMES 0.61 8 1 .  71 38 

WATER o. 4o5 1 . 1 220 

TDMS X WATER 1 . 071 2 . 9685 
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F (REQ ' D ) . 05 . 01 

3 . 00 4. 82 

3 . 49 5 - 95 

1 .  75 2 . 24 

82 . 9900 

78 . 8948 

84. 3429 

77- 3329 

81 . 2462 

82 . 094o 

78 . 1 337 

d . 01 

2. 2525 

1 .  4746 

3 . 901 5 



APP:sNDIX VI : The signifi cance of the co rrelation 
coeffic ient s cal culated . 

The correlation coefficient , r, i s  an estimate of the t o tal 

variation in a charac ter Y whi ch is due to the linear relati onship 

exi s ting between i t  and a se c ond character X. For values of r 

c l o s e  t o  zero , no l inear relationship i s  pre sent ; fo r values o f  

r close t o  � =  ±·�1 ,  a very strong linear relationship . exis t s .  There 

i s  then, a probl em of drawing precise c onclusions for int ermediate 

values of r. 

The di stribut ion of r assumes widely di fferent fo rms for 

various sized samples and populati on correlati on coefficient s . 

Two situati ons wi l l  be considered here ; that in which the population 

c orrelation coefficient , ;O , is assumed to equal zero , and tha t in 

whi ch� is assumed t o  ��ve s ome o ther value between -0 . 60 and +0 . 60,  
+ 

for example � . 50 .  

( 1 )  vlhere i t  i s  as sumed that ;> = 0 .  The hypo thesis that no 

l inear relationship existed bet1veen any pairs of variabl es in the 

mult ivariat e  popu lation was tested . That is the probabil ity that 

from such a population a sample was t aken for wh ich the corre lati on 

coefficient equaTied or exc e eded the value of r �alculated for the 

sample wa s det ermined. Given a c orre l a t ion coe ffic i ent r, and 

sample size n ,  from a populati on in which� = 0, then 

r 
t = 

1 - l  • •  . .  • •  • •  ( 1 ) 

n - 2 

· sat isfies the S tudent ' s  t-distributi on w i th n - 2 degre e s  of fre edom 

(Alder and Ro e s s l er, Chapt er 1 8) . , 



Example : Determine whether a correlation coefficient of -0. 1 07 
( see Table VI)  estimated from a sample of 420 plants ,  indicates 

a significant correlation, on the basis of both the 1% and 5% 
levels of significance . 

Solution : Given r = -0. 1 07 ,  n = 420 and;O = 0 

then, from equation ( 1 ) ,  t = -0. 1 07 

= 2 .20 

- (-0 . 1 07)
2 

420 - 2 

From Student ' s  t - distribution table ,  for 41 8 degrees of freedom, 

t . 05 = 1 . 96 and t .01 = 2 . 576 ;  thus, t .01 ) t ) t . 05 .  

The correlation coefficient , r = 0 . 1 07 ,  is,  then, obtained 
less than 5% of the time , but greater than 1% of the time , from a 
population in which� = 0.  Such a correlation coefficient is  
significant at  the 5% level ,  but not at  the 1%  level . 

Example : Determine whether or not r equal to 0 . 086 ( see Table VI )  
�stimated from a sample n = 420, indicates a signifi cant correlation 
on the basis of the 1%  and 5%  levels of  signifi cance . 

Solution: Given r = 0 .086 , 

then, from equation ( 1 ) ,  

n = 420 and � = 0 

t = 1 . 764 . 

From Student ' s  t-distribution table with 4 18  d. f . , t ( t .05 < t. 01 . 

Thus, the value 0.086 for r is obtained rather frequently ( about 8% 
of the time ) from a population in which � = o .  Such a correlation 

coefficient is,  then, not signifi cant at either the 1% or 5% levels.  

Example :  Determine whether r = 0 . 1 99 ( correlation coefficient 

estimated for epidermal cell size--the inverse of cell number--and 
lamina width, LW, see Table XXI ) ,  indicates a significant correlation 

on the basis of the 5% level of significance . 

Solution: Given r = 0. 1 99,  

then, from equation ( 1 ) ,  

n = 83 

t = 1 . 99 . 

and /' = 0 

From the Student ' s  t-distribution tables with 8 1  d . f. , t . 05 is equal 

to 1 .99, so that t = t . 05 .  Thus, the probability that from a 

population in which� = 0 a sample n = 83 was taken for which 
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r = 0. 1 99 is  5%. This corr�lation coeffici ent is ,  then , the 

threshold value for r in such a population at the 5% level of 

significance. 

Similarly r = 0 .282 is the threshold correlation coeffici ent at 

the 1% level of signifi cance. 

This procedure may be used only where it  is assumed that  

;0 = 0, and so  it is merely used to decide whether; in a 

particular sample ,  r is signifi cantly different from� = 0. 

( 2 )  In those cases in which/-' cannot b e  assumed to b e  zero, 

or \'There the confidence limits of� are required, a quantity Z 

has been defined in terms of r. The distribution of Z is approx-

imately normal.  The equation 

z = . . • •  

satisfies approximately a normal dis tribution, with 

m = 1 /2 ln z 1 + /-' 
1 -� 

and Dz = _..:...1 __ 

1 n - 3 

• •  . . ( 2 )  

. . • •  (3 )  

The values for Z for given values of r may be  found in statistical 
tables ( e . g. Alder and Roessler, Table V) . The value Z may be 
used to test the hypothesis that� is equal to a given value,  for 

example +0 . 50, at a given level of significance >ihen the correlation 
coefficient for a given sample size is known. 

Example :  In a sample n = 83 , the correlation coefficient r = 0.287 

( see Table XXI ,  for l eaf length and leaf emergence ) . Test the 
hypothesis that ;0 = 0 . 50 at both the 1%  an4 5% levels  of significance . 

Solution: From the tables ( transformation of r to Z) for r = 0. 287 , 
z = 0.299 . 

From (3 ) ,  

Similarly for 

and so from (2 ) ,  

= 0.50, mz = 0. 549 . 

z = 1 

Z = (0.299 - 0 . 549) X 80 

= -2 . 44  
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From the area under the normal curve tables ( e . g. Table I ,  Alder 

and Roessler, 1 958 ) the area to the left of z = -2 .24 is equal 

to 0 . 5  - 0. 4875 , and this the des ired probability P = 2 (0 . 5 - 0.4875 ) 

= 0.025,  which is less than 5% and greater than 1%.  Thus w e  can 

rej ect the hypothesis at the 5% level of significanc e ,  but must 

accept at the 1% level ,  that the sample wi th correlation c oeffici ent 

r = 0.287 was taken from a population with /:l = 0 . 50. 

As suggested above , equation ( 2 )  may be used to establish 

c onfidence limits for� when a sample ' s  correlation coeffic ient 

is known. 

Example :  In the above example the correlati on c oe fficient r = 0.287 . 

Determine the 99% confidence limit s for the population correlation 

coefficient , � . As above r = 0 .287, thus Z = 0.299 and62 = 1 

'{SO 
From the area under the normal probability curve table,  for 99% 

confidence limits,  z = + 2 . 57 .  Thus we have 

< ) 

Z - m · z 

6z 

= .±. 2 . 57 

0 .299-mz = .±. 2 . 57 

V so 

= 0 . 299 .±. 0. 288 

= 0.01 1 and 0. 587 

Thus,  mz lies between 0 . 01 1 and 0 . 587 and correspondingly� is 

betrreen 0 .01 1 and 0 . 53 .  (The two latter values were obtained 

from the r to Z transformation tables ) . 
.-

The mos t  practicable test for the significance of the correlation 

coeffic i en t s  determined (Tables VI and XXI) was that in which the 

populati on c orrelation co efficient , � , was assumed to equal zero . 

This test was applied t o  the data . 
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