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A study was made of the significance of waler status and the recommences
ment of growth “n Pepulus following winter dormeney, using the following

cloies:

(1) Populuz vurarcrics»a (Dede) Cuiniercr. 178"

T,
1i) P. viomunensis Dode,
~ 4 -m‘-‘,«ova—--u-ﬂ- e e e
(iii} Populus deltoides esp., ansulats Aite cv. 'Carolinensis!
ol b — . .

£

A limited examination vas made of two other factors = the effect of
light, and the icfluence of exogenous auxin on growth initiation. -

Al11 growth experiments were carried out using a water culture techuigue.

Soasonal clienges in water content and water potential were measured over
the period of guizscence. VWater content was at a minimum at leaf Tall
and rose slewly until growth initiavion. Water potential rose slowly t{o

a naximur: in mid-winter, and then slowly fell. Although water content

wag significantly higher at the top of wends than at the botiom at Jcuf-Iall,

this was reduced cor cventually eliminated with the general rise in water

content, but there were no corresponding differences in water potential,
Water loss was clesrly related to relative himidity, and cut ends of

a cutting vwere a najor site of evaporalion. The presence of buds had a
small effect, which was related io rel~tive humidity both in direction
and magnitude.

in investigation of the effect ~f exogencus auxin suggeste? that in
P. anculata root initiation may be limited by low endogenous levels of
auxin, but this was not confirmed since auxin assays were not done.

Light was shown not to be a factor in the numbere of shcots and roots
produczd, although root initiation was delayed by the light treatments.
However, there was a significant failure rate in the dark in a subsiitute
elone (a hybrid clone tred in Ausiralia from Ponulus delto*dnn,.

A &

Y.e effect of water stress on growth initiation and early growth was

studied using an osmoticum in water culture of cuttings. The induced
stress severely limited both shoot and root growth which was very low;
below - 4 bar. However, budbreak occurred and root primordia developed in
higher osmotic potentials, but below - 11 bar there was little development.
Internal water potential and water conteut were highly correlated with
osmotic potential of the growth nediun.
Shocts and rcots were found to have water contentis which were inversely

related to the osmctic potential of the growth medium.



Table
Table
Table

Tist of Tables

Change of Water Content at 100 R.H.

Failure Rate of 'Aust. 135' in Different Light Treatiments.
Final Dry Weights of Roots.

Final Dry Veights of Shoots,

Relation between VWater Content and Water Potential.
Incidence of Shoot and Root Growth.

Relation between Internal Water Stz ius and Growth.

ii



Fig.
Fig.
Fig.
Fig-
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Pig.

-
-

o

-] Oy W

10:

1%

13:

14:

Tist of Fipures

Measurement of Seasonal Water Statng: Plan of Subdivision of
each Region of each Vand.

Seasonal Water Status.

offect of Relative Pumidify on Water Content.

The Influence of Bud Presence on the Size of Water Loecs at
particuler Relative Humidities.

Effect of Light on Shoot Growth.

Effect of Light on Root Growth.

Effect of Ixogenous Auxin ‘on Shoot Growth.

Effect of Exogenous Auxin on Root Growth.

Water Potential of Cuttings ia Growth Media of various Osmotic
Potentials.

Vater Content of Cuttings in Crowth Media of variocus Csmotic
Potentials.

Shoot Growth of Cuttings in Growth lledia of various Osmotic
Potentials.

Root Growth of Cuttings in Growth Media of various Osmotic

Potentials.,

70

.76

Measurement at the Termination of the experiment relating CGrowth

to Vater Stress.
Water Content of Shoots and Roots grown in media of various

Osmotic Potentials.



List of Plates

The Effect of Light on Crowth

The Effect of Exogenouvs Auxin on Growth

Thc Effect on Budbreak and Root Initiation of warious
Csmotic Potentials associzted with the Growth Medium
Stoolbeds used in the Experimental Series as a source of
Plant Material

iv

Page
43

51



v

oo
ACHIIOVTIEDGENDNTS

The benefit of this study to myself was immeasuradbly increased by the
guidance and careful instruction of my superviser, Mr, A.G. Robertscn
(Agronomy Department, Massey University); his very considerable effort on
my behalf is groatefully acknowledgad.

I also have pleuasure in acknowledging sssistance from the following:

Prof. B.R. Watkin for initial discussions on the study, and for his

encouragement.

Mr. C.W.S. van Krzayenoord for helpful initial discussions on the study,
and for the svpply of the plant material through the Plant lMaterial

Centre, Water and Soil Division, lMinistry of Works.
Prof, B.I. Haynan, for early discussions cn experimental design.

Dr. R.J.S. Clements, for many wvaluable discussions eon statistieral analysi
’ s J

.

and interpretation, and for initial assistance with computer oneration.

Prof. R.B. Funford, for permission to vse his general statistical progran

ané for assistance in it's application.

Dr. J.7. Kerr, for discussions concerning the neasurement ¢f water

potential.

Mr. A.C.P. Chu and Mr, G.E. Edreades, for interesting and wide-ranging

diccussions on many aspects of the study.
Mrs. J. Humphries, for her cxcellent and accurate typing of this thesis.

The Commissioner of Yorks, Ministry of Works, for supporting my
application to the State Services Commission through the staff of the
WVater and Soil Division, Ministry of Works at Palmerston North and
Wellington.

The State Services Comnmission, for financial support, without which this

stud; would notl have been possible.

Finally, I wish to thank my wife Catherine, for assistance with the

considerable stutistical analysis involved, and for unfailing support and
encouragement; her paticnce far exceeded Iy OWTi.



1 Lt '-.- r-" 1t La
B
[ 1S P Lt
TAST CF MAZLES
TEOMm AP TN ]
Loy gt e Lo
FTTods My =T LM
R 2 \...'. Gt PR el T |
O NG IR oy
ACHENGULZBOEL EHTS
e
B e i 0 P
T4 TMATTD S an - =y -1 oMY
OMAPYOER (330 -~ REVIEY OF LITERATGRE
my Tesp o o PPN & 0 > IT avman oy [N
1.1 The Use of Fopulus Species in Wew Zealsnd
Sh et
- ; Y A . b L0
1.2 Pactorg influencing Vegotative Fropagation of

Populug ‘g, ua.‘ir_a.:; C
1.2.

1.2+.2 Physiologicsal

1

Sire of Cutling

1.2.3 Teurerature

1+2.4 Dormency

1.2.5 Horponzl Wediatic

1.2,
1.3,
1.3,
1.3,

CHAPTER

The Measurement of Water Deficits
The Use of Cesmotica in Vater Culture

/0 - METICDS

2,1 Experimental Objectives

2.2 General Techniques

2. 2.

2.2,2
2.2.3
2.2.4
20245

1

Growth Conditions

easurement of Water Content
IMeasurement of Walter Totential
Measurement ol

Centrol of Cther Factors

Growth Responses
influencing

Propagation

2.3 BExperimentzl Procedures
2.3.1

2.3.2

2.3.

3

Study of Seasonal Changes in Water Status

The Effect of light on Budbreak and Roct
Initiation |
The Effect of Relative Humidity on

Water Loss

™

e B
e LA

T=ie
= o < |

\n

Sy M

19
19
19
20
20

21

22

25

27



2eJe4 The Effect of ifuvzin addeld Cxogenously on
Growth
2.3.5 The Effect of Yater Strese on Budbrouk and
Roow laitiatic J.l
Sadh Hig bl Desigr Inalysic
SIAPTHY TORED - BRSULDS
3.1 Geasoncl Changes in VWater Status
Je2 The Dffect of Relalive Hunidilty on Yater Loss

AN
.
A

L5
-
i

AR FOTR
4.1
4.2
4.3
4.4
4.5

CHAPT

CHAPTER

LIST OF REFEREYN

L o S T L L,
SEAL ST O I.T_{s:; M

The on frowth

" i 22 SRR, PETI —
Jo_’f‘c‘l ,;LJ.I.].I. ._-:.’ 1,0 JJ.‘C‘-.}LH e noDLes A

FaD0s2 Ghoot Growth

% 33 Root Greowth

Fe5.4 Basal Roois

3+5.9 Relation betreern Shoot Growth and Root JOrowtl
The Effect of Exogenous Auvxin on Crouth

Fefds1 Bhoot CGrowth
%.4.2 Root Growth

Fe4e I Fingl Dry Veightis

s

(o] 1'

The Effect of Water Strass on Bud-~Lrecck and Root

Vater Potenticls Vithia Cuttings

Wilhin Cuttings

et

i
o
«2 VWater Content '’
3R

ation betweer Yater Content and Water
Poiential

The Incidence of Shnot and Root Growtih
Shoot Growth

%+5.6 Roct Growth

3.5.7 Relation between Internal "ater Status and

Growth

- DISCUSSICH

Seasonal Changes in VWater Status

The Effect of Relatave Mumidity or Water Loss
The Effect of Endogenous Auxin on Growth

The Effect of iight on Growth

The Effect of Water Siress oan Bud-break and Rcot

Initiation = 4 General Discussion

- FIVZ ~ CCNCLUSIONS

CES

P age

L%
)

N
"

J‘J

1\
Lo

{0}

a6
a7
92
94



APPIITICHES:

-

Appendix

Anpendix

A-perdix

Apperdix

Appendix 7

Appendix

Appendix

Anpendix

Appendix

Apperdix 12

Appendix

AN

=

T
- e -y e

Claexification and Characir

genus Nopu

Deseription of Olones

wa o LVve Plent Hat
hoi el ki e Ox - 5 {J..Ln_
Tilat Tzyeriment

ristics of the

used in the Study

Teicht of Polyethylenc

Seasonal Changes in Growih Polential

Statistical Analysis of Seus

Statistical Anzalyais of the

Statistical Anolyeis of the

Statistical Analysis of the

on Growth,

£ 1T

Statistical Analysis of Vate
experiment on the ecffects ol
Statistical Analysis of Shoot

experinent on the effects of Yater S

nal Water Status

ffect of RBelative
Cuttingsa
e¢ffect of Light on Crouth

efTeet of Lxcgenous Avxin

cr Status
Vater
Creowth during the

during lhe

Stress on Crouwih

£

tress on Growth

Statisticel Analysis of Root CGrowth during the

experiment on the cffect of Vater Stress on Growth



Intreduction

Within the last century, the vegetation of Hew Zealand has undergone
a massive change. A high proportion of the steenlands, and virtually all
of the flat and rolling couatlry has been coaverted fiom temporute rain—
forest to grassland which has resulted in considerably incressed runoff.
The inherently unstable nature of much of the sedinentary parent material
has not resisted this change well, and erocion his become a significant
problem in some areas.

Techniques of so0il conservation and runoff control have been based
mainly on plantings of the genus Porulus in the form of '"poles" some 10 to
12 feet long which can be established in the presence of stocl, under
Farm Plans organised by local catchment authorities. The total number of
poles planted in 1967 was 400,000 - double the number of 1962 -~ and this
is expected to at least double again. lowever, in spite of advantages in
propagation, adaptability, growth rate and root system characteristics,
problems in the establishment of poplar and willow have arisen. The most
obvious of these is animal damage, chiefly cattle (+through rubbing and bori:
biting) and opossun (browsing of foliage). A swrvey commissioned by the
Soil Conservation and Rivers Control Council in 1962 investigated the level
of pole loss and found a mortality of 24.77 and 41.8% over the first and
second years respectively (Ddwards; 1968, 1969 a). Altheoush the major

-

factors could not be positively identified, it was apparznt {that site

factors, and water stress in particular, were major causes of loss.

This study investigated the importance of water relations in the
vegetative propasation of Porulus species. In marticular, it was designed
to establish the levels of water stress which would limit the initiation

of growth in both root initials and buds.



CHAPITR QI ~ REVITY OF LITERATURE

1.1. The Use of Topulus Snecies in New Zealand.

Poplars and willews can be propacatled in several ways which are of
overriding importance in soil conservation and river control works (ven
Kraayvenoord, 1968 a). The most important of these is the ability to
establish from poles of sufficient size so as to withstand cattle attack
and to develop foliasge above the browse line of domestic stock. TFurther,
Populus species have other characteristics which are important; for example,
hardiness, adaptability to a variety of site coanditions, growth form
and habit, availability and a lack of wndesirable characteristics.

Finally, the dioecious habit allows restriction of sexual reproduction

if clores of only one sex are used in a particular area, since seedling
swarms are not produced, so maintaining clonal purity. A number of methods
of propagaiion are in use in New Zealand, and have been described by van
Kraayenvord (1963, 1967, 1968a, 1968b, and a publication in preparation).
The literature otherwise does not deal well with liew Zealand conditions.

The types of plant material in common use for vegetative propagation

are as follous:
i, Poles

The use of poles of 10 to 12 feet in length and 2.5
to 3.5 inches in diemeter is the most widely used method of propagaticn
in soil conservation works (van Kraaycnoord, 1968a). Such poles sre
suitable for planting inthe presence of stock if appropriately protected
(Kelman, 1969; Fdwards, 1967, 1969b,) and planted firmly to a depth of
about 2.5 feet (Kelman, op cit.). A limited number of poles can be produced
by pollarding irees, but most are now produced by allowing only 2 to 5
leaders to grow for two to five years on 'stools' maintained at a height
of 18 inches. The pole is truncated to the required length afier cutting.
Most poles ere produced in specialised nurseries, usually by local Catchment
Boards.

ii. One-~year-old Trees.

Trees grown under rursery conditions for
1 year from cuttings, attain height of up to 4 metres (van Kraayenoord,
unpublished), and can be used for the establishme.t of specimen trees of
good fcrﬁ, or for timber production in.forests, woodlots or in rows.
Alternatively, they can be pollarded te 50 cm abeve ground level and re-
planted as stools for the rapid establishment of a pnursery. However, use

of one-year-trees is relatively expensive and their use is limited.



iii Mands.
A wand consists of one-year-cld growth of 1.0 to Z.0

metres in length and 1 to 1.5 en in butit diapeter, talen either from
established trees or from stools pollarded each year, wilh no restrictien
on subsequent growth. They are used for the establishment of trees beyond
the reach of stock for conservation ypurposes, being planted some 30-50 em
into the ground, ard not requiring weed contrel to survive in reasonable
conditions. Although failure rates can be very high if water becomes
limiting, this form of propagation is frequently used on 'retireu' arecas,
since it is relatively inexpensive.
iv Cuttings.

A cutting consists of one-year-old growth of diameter
0.5 to 1.5 cm and length 10 to 30 cm, although shorter lengths can be used,
as with rare material used in good growing conditions (Anon., 1953).
Cuttings can be U ken from established treeas, or from stool-beds established
for wand production, the one year growth in this case being cut te the
length required, just above a bud. The culting is inserted into the ground
until or:iy the top bud is exposed; +this forms the leader. Scme form of
weed control is necessary to achieve reasonable growth, Cuttings arc used
in New Zealand for the establishment of stool nurseries, production of
rooted trees for transplanting, and to increase stocks of less common
clones rapidly.

Overseas methods of propagation are similar to those of this country,
but some methods have been developed to overcome local problens. QOne of
the most common is the technique of deep planting, i.e. the use of long
plant m~terial to reach a watertab.c (Costin, 1959; Grut, 1962; Simon,
1963), even io the use of poles 4 metres long (Mesnil, 1960), or two-year
rooted trees planted to 6 metres (Muller, 1958). NMethods such as these
have enabled successful plantirg in situvations where other techniques
have led to high failure rates.

in all cases in New Zealand, normal harvesting of propagating
material tokes place during winter dormancy, and planting follows
immediately, withun the limits of local body organisation. While i1t is
possible to take propagating material during active growth, condi*ions for
establishment need to be favourable to achieve satisfactory success rates.

Farmer (1963) found that P. tremula and P. erandidentata rocted in sand

as greenwood cuttings but required an intermittent mist and IBA to stim-

ulate rooting, in order to obtain consistent success.



A number of faclees influence the ability of a cutting to recomnmence
growth; these Tall into two categories:
Inherent characteristics (Sections 7 1.2.2)

!
J
2) Environmental factors (Sections 1.2.3 - 1.2.5)

1.2.1 Size of cuiting.

Cuttiry length is a mezsurement frequently used as a variable in
survival experiments, showing a general increase in survival with increased
length, at least uwp to 15 cm. The relationship is more pronounced with
more severe conditionas. The relationship hetween diameter and survival
is similar, but less obvious.

B. Tomza (1952) using Povulus 'manitobensis' cuttings ranging in

length from 2 t5 3C cm, found an increase in survival with increasing length
up to 15 cm, but no effect of diameter between 0.3 to 1.2 cm. Chiang

(1963) wsing P. canadensis cuttings between 9 and 20 cm in length also

found a plateau after 15 cm, and a similar plateau above a diameter of 1 cm.
Samsiev (1959) found no effect of length between 15 and 30 em in three
poplar clones, but a diameter plateau similar to that of Chaing's above

1 em with one of the clones, P. bolleana. However, the two remaining clones

(P. canadersia and P. nigra titalica') grew satisfactorily even at 0.3 cm

diameter. Finally, a Central Forestry Experimental Report (Anon., 1958)
indicates that in comparatively difficult conditions, survival of 20 cm
cuttings was 105, and resulted in 30 cm of growth in the first season,
compared with 30% znd 90 cm of growth respectively for cuttings of 50 cu.
These studies on the influence of size on survival are usually
incorporatcd in field studies of local problems, and do not invelve
investigation of specific sources cf physiological stress. IHowever, they
serve tc indicate the range of neasurcments which appear to limit growth

or survivai in the field.

1.2.2- ?hﬁﬁiOlO"i\'al_&{?&

Cuttings taken from one--year-old wood show a gradient of age and
development according to the time during the season that the tissue was
formed. Buds in the apical region are comparatively large, and when
grown from cuttings form larger shoots mere rapidly (Joachin, 1957).
Root primerdia form early in stem development, and continue to develop
as growtn of the wand continues. Bravn (1963) observed the primordia 1o

originate in the intsr-fascicular regions of the outer cambium, usually in



1

front or a primary ray. They developed as protrusions into the primary
phloem and became embedded in the secondary bark due to their slower growth
rate, but did not lose contact with the primary phloem. Wood formation
in the apex of the primordia increased with age ceusing the formation of
humps which were visible when the bark wes removed from stems older than
two years, Primary primordia persisted until the rhytidom formed at 5 to
10 years.

Greater development of root primordis is thus manifested in earlier,
stronser growth of roots from cuttings derived Trom older wood cleser to
the base of the tree or stool.

lany workers have found evidence for the effect of physiological age.
Mutibari (1963) found no effect on shoot growth in terms of physiological
age, but found large differences in the percentage of cuttings forming roots,
e.g. 97.7, 82.2, and 52.0% for basal, central and apical cuttings respectively.
Joachim (op cit.) found that a root system developed from lower regions

more quickly, as did Bloomberg (1959) usirg P. trichocarpa , and Pantos

(1963) using P. robusta. Viart (1965), using P. deltoides, suggested that

rooting ability is at a2 maximum in the transition zone between that part
of the shoot which is performed in the bud and that which is formed leter,
i.e. about the 7th or 8th node.

Schrock (1956) claims that a relaticnship exists between "growth
potential" and the physiological age from which the wand or cutting is

derived. Thus in P. beriolinensis, epicormics taken from wvaricus heights

gave increasing growth rates with increasing height up to 4.5 to 5.5
metres for shoot groiwth; he quoted unpublished work by Lehnert which shous a

similar result for root development in P, tremula.

1.2.3 Temverature

There is a requirement for a pericd of low temperature io break
dormancy in Populus species, but commencement of regrowth in the svring is
limited vnlil the temperature rises above a threshold level, which is
specific for particular clones (Pauley and Perry, 1954; Wareing and
Phillips, 1970).

Although the relation between temperature and growth has been invest-
igated for many clones, that between temperature and the recommencement
of growth (or bud-break) has received little attention. Miami and Herton
(1967) found that suckering in aspen (P. tremula) commenced earliest at
STOF., and that mest suckers were formed and grew most rapidly at 74°F,
Straub (1966) found 2 similar relation tctween temperature and shoot growth
in aspen. Wareing and Smith (1963) demonstrated that rooting of P, robusta

cuttings was dependent on active buds, and was therefore indirectly



dependent on a minimum temperature being attained ito activate bud growth,
implying a hormonal relationship belween active buds and root growth.
Once a bud becomes active under rising temperatures, subsequent
development will depend also on the light regime (Straub, op cit.)
However, the inition of growth in Pcpulus species iz primarily a function
of terperature alcne, although other spzcies have demonstrated a photo-

periodic response.

1.2.4 Dormancy
While autumn growth rates diminish with time and can be correlated

well with temperature fall, the cessation of growvth and formation of a
dormant terminal bud appears to be trigrered by day length in one-year-old
trees of Populus species, as éhown by van Kraayenoord (unpublished).

Supply of an ad:> uate artificial light source will allow a continuation

of growth. Termination of growth in older trees may occur at an earlier
stage, possibly due to nutrient levels or hormonal balance (Wareing and
Phillips 1970) and a period of 'pre-dormancy' or 'summer—dormancy' probably
precedes the onset of trwe winter dormancy, pechaps under the influence of
photoprriod.

The cold reguirement to break dormancy of dormant winter buds of
Populus species appears to be quife short. Ten to 14 days at approximately
2% is sufficient to artificially bresk dormancy in cuttings (van Kraayenoord,
pers. comi.). However, Wareing and Phillips (op cit.) consider that
emergence from dormancy under natural conditions msy take some time 30
as to «ccumulate the cold requirement. Thus twigs collected in April,

May, and early June (southern hemisghere) usually remain dormant if

placed in conditions suitable for bud-break; those collected from July

on will have a "fairly high" regrowth rate, which increases over subsequent
months. They suggest that the requirement is 260 to 1000 nours at O to SQC.
for mary temperate species of trees which respond to cold by breaking
dormancy.

The cold requirement in Populus is not substituted for by ¢ long-day
regime (Pauley, 1958), although several other species (notably Fagus,
Betula, Larix) react in this way (Wareing and Phillips, op cit).

1+2.5 Hormonal Mediation in Dormancy

hile the mechanism of dormancy has not been defined well, it has
beenn shown with many species that plant growth substances are closely
involved in dommancy and it appears likely that an undefined me-harnism is
mediated by changes in the balance of plant growth substances (Wareing and
Phillips, 1970).



The level of piant grcwih substances declines steadily over the grow-
ing season, and is low at the onsct of dorrancy. Wareiusr and Smith (1964)
using P. robusta, feund that the source of growth substances at hud-break
was the zetively expanding bud, but in suwumer, the source was the mature
leaf. Rooting was found to be scriocusly impaired unless one of these
sources was present and active. Shidei and Ogasawa (1957a, 1857b, 1957¢)

using P, nigra 'italica' showed that IAL stimulated rooting in cuttings

according to season. In hardwood (winter) cuttings, bud removal lowered
rooting ability, but this could be cempletely replaced by IAA; in softwood
(summer) cuttings, rooting was found to be proportional to the amount of
mature leaf present before winter bud formation, but was completely unaffect-
ed by mature leaf area after winter nmd formation. Treatment with TaAA
stimulated root formation to some extent at later stages also, although
root elongation was inhibited. Kefeli (1065) i similar experinents with
Salix species concluded there was a balance between inhibitors and auxins
both of which originated in the leaves and accumulated in the buds.
Removal of leaves from sumer cuttings greatly reduced rooting, but removal
of leaves in autuma gr-oatly promoted root formation, leading to the
conclusion (supported by wheat colenrtile asseys) that cver the swwer there
is a progressive decline in auxin level, and a concomitant rise in the level
of &n inhibitor.

In general, it appears that rooting is dependent on the presence of
a plant growth cubstance, possibly in balance with an inhibitor. The source
of this growth substance is the nevly-active bud in spring. In summer,
the mature leaf is the source, although the activity diminishes over the
season, and may be associated with a vise in an inhibitor.

Artificial stimulation of bud-break can be accomplished using
exogenously avplied hormones such as asuxins (Boysen-Jensen, 1935; Avery
et al, 19%7) or ribberellins (Donaho and Walker, 1937) or cytokinins
(Leopold, 1964). Balatinecz and Farrer (1965) conclude in similar studies

with P, deltoides that a growth regulator such as TAA is necessary %o

reactivate a quiescent cambium, and that disbuaded cuttings lacked this
stimvlus.

However, these plant growth substances neither act generaily, or
subgtitute for a cold reguirement or photoperiod requirement in all cases.
It is more probable that in many cases, hormoral requirements are a part
of growth changes resulting from other nrocesses which brezk dormancy,
and thelr artificial sunply renders normal dormancy-breaking mechanisms

reduniar. t.



Water Status

1.3.1 Cenvpal

ater, as the rajor component of protoplasm, has four separate roles
(Eramer, 1963):

(a) As a reogent in bHiochemienl veactions

(b) As a solvent in transport and in biochemical reactions

(e) In {ie vhysicul mointenance of cell and plant turgidity, and

stomatal activity

(d) As an integral component of plant structure.

iny sitvation where water ie limiting can influence any or all of
these roles.

Terrestrial plants occupy both the upper soil horizons as rocots, and
the lower atmospheric layers as stem and foliage. Water is always present
in so0il, plant and atmesphere as liquid, vapour or in an adsorbed state.
While the noirm2l wirection of water flow is from soil to air, the transpir-
ation stream through the plant may intervene to form a third, intermedicry
phase, Since water forms a significant proportivn of all three phases
and since interchenge is normal, it is convenient to consider the s3il-
plant-atmosphere system o be a continuum (Buckingham, 1907; Gradman, 1928;
van den Honert, 1948, Richards and YWadleigh, 19%2; Philip, 1954, 1957,
1966; Slatyer, 1967, ¥ramer, 1969).

Description of watex status in any phase of the continuum can be made
in terms of the energy siatus of the water in the particular rhase, and is
thercfore based on thermodynamic principles (Teylor, 1968 - a revied).

In a wmiform mulfiwcompOnent system such as a soil-plant-air continuum,
the total Gibbs free encrgy per unit mass is the sum of the partial Gibbs
free energy for cach chemical species present, i.e. the sum of the
chemical potentiels of each species., The partial Gibbs free energy of
water is thus known as the chemical potential of water, or more simrly,
water potential.

The wgter potential thus can i~ dafined in terms of the Gibbs eguation,
vhich relates water potential to texpersture, pressure and concentration
of water, in a yparticular system. TFurther, movement of water can only
occur along gradients of decreasing water potential (Gardner, 1968).

The parsmeter of water potential, together with the parameter of water
content comprise the two basic meusurements used to describe water status.
If the messurenenis of voater gintus in the plant phase include a negative
vater poltential (as is normal wnde» conditions of active transpiration),

the potential is known also as a plant water deficit (Taylor, op "
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There are three components of water potentinl (Taylor, op cit.
Slatyer, 1967):

(1) M omuotic potentisl, arising from the presence of solutes.

In the s2il, thesc are within the soil solution; in the plant,
theoughout the 1iouid phase, particularly in vacuolar soluiion.

(2) Matric potential, arising irom adsorption of water. In soil,
the sites are mainly on clay and humus colloids; in the plant,
cell celloids and capilliary ferces of the cell walls,

(3) A physical pressure compenent. In the soil, the source is
atmospheric pressure; in the plant, turgor pressurc within the
cell,

The thermodynaric description of water status implies that water

is held within the system by a set of forces, and that an input of energy
is required to mcve water. In fact, the amount f work required to remove
a unit amount of water from the system is equal to the water potential,
and hence the potential is regative, or alternatively, there is a positive
affinity for water attributable to the system (Taylor, op cit.).

Water potential appears to give the mcst satisfactory measure of
water status for comparisons between siuilar plants (Gates, 1968; Owen,
1953). However, the water contents for dissimilar plants at particular
levels of watcr potential can be widely disparate (Slatyer, 1960), and it
has not yet been shown if plant reaction to water stress is affected by
the chemical potential of water, or.by water shortage per se.

Plant water potential appears to be more meaningful than plant water
content in relating water stress to pl-ant growth. The relation butween
the two parameters may indicate differsnces in response between species

to environmental water stress.

There are five basic characteristics in the biochemiczl and biophys-—
ical explanation of water status in plant growth and metabolism (after
Gates, op 2it.):

(1) Active synthesis is only poseible at high tissue water levels.
Ultimately, the rate of growth is proportional to the chemical
potential of water in the tissue (Owen, op cit.)

(2) Re-establishment of high tissue water levels will re-establish
former srowth rates, unless tissue damage has been caused by high
levels of water stress. ‘

(3) While net synthesis can be observed to cease at high water potent-
ials, it cannot be inferred that turn-over of cellular and nuclear

components such as RNA have ccased, wnless this has been specifically
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demonstrated (Gates and Bonner, 1959).

(4) The role of uwater is similar cven in widely different plunt {issue,
or tissue of different physiological ages. Tho response to water
potential in different paris of the plant differs in extent
rather than nature; the overall plant responce to water potent-
ial is the integrated sum of these individval resvonses.

(5) Resisiance (both avoidsnce of and tolerance to low intermal water
potentials) to high levels of waler siress has features which
are comron to both embryonic tissue, and to drought-resistant,
mature plants.

Normally, water deficits within a plant develop because of an excess
of transpiration over absorption (Kramer, 1962). Therefore those fuctors
which le=d to an increase in transpiration (nigh temperatures, wind, low
relative humidity) or a decrease in absorplion 1 low soil water potential,
low soil water conductivity, limited root growth) lead to increased plant
water deficits. Under conditions of active transpiration, the extent of
the plant water deficit is at least that of the soil water potential, and
is further increased by the effect of gradicats resulting from low soil
permeabilily to water, end gradients within the plant originating from
evaporgtive loss,

Since plant water deficits arc the result of an imbalance in the rate
of absorption over transpiration, diurnal vearistion in transpiration due
to micro-climate changes and stomatal closure in the dark can be exnected
to cause diurnal variation in plant water potentials (Gardner and Niecuan,
1964; Slatyer, 1957). It is notl until the soil water potential is
relatively large that significent plant water deficits arc present
continuously, since night replenishment in the absence of active transpir-
ation is a very significant factor. Diurnal variation is much less sig-
nificant ir dormaat plants (Ccwan, 1965; Bonner, 1967; Rawlins et al,
1968).

1:3.2. Water Deficits and Growth

The relation between growth ard water stress is well established and
reviewed (Vaadia, Raney and Hagan, 1961; Eramer, 1963; Kozlowski, 1964;
flavic, 1965; Ruhland, 1961a, 1961b, 1961c; Slatyer, 1967; Kozlowski,
1968; Kramer, 1969).

There are two components of growth at the cellular level: cell
enlargement, and cell division. Celi enlargevent is dependent on the turgor
pressure component of water potential (Wadleight and Gauch, 1948; Oxrdin,

1958, 1960; Slaviec, 1965), showing a zero-bound decline with decreasing
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turgor jiessure. However, ron-vacuolated meristematic tissue does not

appear to b

[§]

affecteld to the same extent by turgor pressure as much as

by total water potential, at least in some species. EShoot elongttion in
corn (Toomis, 1934) and cotton (Balls, 1908, cited by Slatyer, 1967)

show extreme sensitivity, but tomato shoots (Wilson, 1948; Slatyer, 1957)
elongate even when the leaves are wilted.

Cell division is less influenced by high water potentials than is
cell enlargement so that stressed plants, although smaller, tend to have
similar cell nuabers (Faxim Vip 1929). WA content is related linearly
to cell number (KNieman and Poulsen, 1962), so that measurements of DNA
tend to reflect changes in cell number. Typically, there are large
decreases in DNA with a@n increase in water deficit to about =3 bars in
tomato, =nd a much slower decrease thereafter (CGardner and Nieman, 1964;
Gates and Bonner, 1959).

Cytokinin production in the roots undergoes a massive drop in proport-
ion to increasing wvater stress; since cytokinin tends to maintain a rather
strict ratio with RFA of about 20:1, there is a very significant associated
fall in the rate of protein synthesis (Gates and Bonner, 1959; Stutte and
Todd, 1068; Kay, 1969), a fall in prctein molecule size (Routley, 1966;
Stutte and Todd, 1967) and a rise in soluble nitrogen (Alekseev et al,
1963).

The effect of water deficit on photosynthesis is beyond the scope
of this review, which is primarily concerned with emergence from dormancy.

The removal of a water deficit ﬁill frequently result in an increcse
in apparent relative growth rate, evenbeyond that observed before a deticit
was applied, followed by a return to rormal levels providing injury has
not resulted. This effect appears to be a result of a transitory increase
in cell expansion rate rather than a real increase in growth rates (Gates,
1955; Stocker, 1360). ‘

Work with mauy species had indicated that relatively small soil
water deficits will have an effect on growth. Gingrich and Russell (1956)
using corn found a decrease in the rate of growth over a range of soil
water potentials from O to -~12 bars. with most effect in the range of -1
to =3 bars. Similarly, Sands and Rutter (1959) using Pinus sylvestris
grown in soil permitted to dry to predetermined tensions before complete
resaturation, found growth was reduced first in the -0.3 bars treatment
in f{-year plants, and in the -0.5 to -1.5 bars range in three-ycar-old
plants. OGCreater reductions vere ovi&cnt at higher deficits in all cases.
They iurther quote six authors using a variety of species, who found

reductions in growth at similar water potentials:
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Howe and Rhoads (1948) Potato ~0.5 bars
Haynas (1948) Maize -0.7 bars
Kenworihy (1949) . Apple *rees ~0.55 bars
Waterhouse ana Clements (1954) Sugar cane ~0.65 bars
Stanberry et al (1955) Alfelfc -0.6 bars
Salicr (1957) Tomato ~0.4 bars

Stransky and Wilson (1964) usi.iz scedlings of Loblolly pine (Firus

Shortleaf pine (P. echinata Mill) found that growth was inhibit:

I

taeda 1,) an
by soil-water tensions of less than -2 bars, and ceased at -3.5 bars.
Wilting occurred at -5 bars and death at ~15 bars.

It is clear that water deficits as small as -1 bar or less can
significanlly reduce growth, especially in young plants. Growth rednctions
increase with increasing water deficit, and most workers have found
that growtlh ceases completely by the time the permanent wilting point is
reached (Slatyer, 1967).

1.3.3 The IFeesuremont of Water Deficits

The two primary parameters of water status are water potentiel and
water content. Althoush tlie determination of water content has been
suggested te be unsatisfectory as a measurement of water stress, (¥ramer
and Brix, 1965; Weatherley, 1965), several workers have ergued that
sitvations in which only overall gradients of water rotential are conzidercd,
neaningful sssessments of the size and direction of water movement carmnot
be made (llacklon and Veatherley, 1965 a; Barrs, 1966 a). Vater cuntent
ig relatively simple to assess, and has been the basis of most studies of
water status in the past. '

Barrs (1966 b) in a review of methods of measurement of water status
concluded that "ultimately, measurement of water deficit is most meaningful
in terms ¢f the effect of stress on plant growti....." but that "meosurement

of water content continues in be one useful criterion of water deficit."

1.3.3.1 Feasurement of Water Content

The determination of water content relies on determination of water loss
when a sample is dried under standard conditions, and as such, is highly reprod
ucible. However the expression of water loss can be based on several
reasurerents, all of which have some Jisadvantages (Barrs, op eit.):

(i) Dy weight is the base used in mosi messurements of water content.

However, dry weight does vary over 2 period of time, especially

in leaves. This can be minimised by extracting with dilute HC1



to remove labile cearbohvdrates Tirst (Mason and Faskell, 1928),
but the procesa is tedious and rarely used,

(ii) Fresh weight is a2leso used as a bnse, although the errors inherent
in dry weight measurenent are still present. This base {ends
to minimise the exlent of changes in water content.

(iii) Leaf ares can be used in some circumstances, ane is satisfactory
for comparisons over a limited range. At extreme levels of stress,
the leaf area tends to decline.

(iv} Water coentent at full turgor is another base which is suited
to leaf and twig studies. Stocker (1928, 19294, b) first used
the method with whole twigs and leaves, and Weatherley (1950)
modified the method by using discs punched from leaves instead
of whole leaves, to give "Relative Turgidity". There has bLeen
Turgidity". There has been a considerable variation in
methodology and terminology developed arcund this technique.
The term "VWater Saturation Deficit" is now gaining genero]
acceptence. (Barrs, 1968):

(Turgid Wt. — Fresh ¥t.) x 100

g = b‘f
WISID. = Turgid ',""t_ — Dry Wt. =

Indirect measurement of water content cean be advantageous in some
situations, narticularly those which permit nondestructive sampling or
continuous recording. Principal methods involve measurements of leaf
thickness, fruit size, trunk dismeter, beta- and garme-ray gauging of
leaf thickness or whole-plant cenopies, capscitance measurement, using
leaves as a dielectric material, electrical resistance, and infra-red

spectroscopy (Barrs, op cit.).

1.3.3.2 Measurement of Yater Potential,

Most techniques for the measurement of water potential are based on
two principals (Barrs, 1968; Kramer and Brix, 1965; Slaiyer, 1965):
(i) Establichment of the concentration of a solution which is
isopiestic with a plant or soil sample. The water potential
of the sample is assumed to equal the csmotic potential of such
a solution.

(ii) Measurement of the rclative humidity of an atmosphere when in
equilibrium with a plant or soil sample under strict temperature
ccentrol. Such neasurements are usuvally stondardiced against
solutions of known osmotic potuntial.

(iji) NMeasurement of the pressule required to balance movement of

xylem fluids up a twig.



ethede involving immersion of the samples in a range of standard
solutions have the adventage of simplicity and invelve inexpensive
equinment. The process of immersion hovever, involves compliecations of
injection of intercellular spuces, infiltration of plasmolysed cellsz,
gsolution dilution by cell wall water and tha effect of culting the tissue.
(Barrs, op cit.).

The main methods which have been used are as follows:

(i) Linuid Phase Illethods

(a) Cell Kethod:

Microscopic observation of a cell immersed in a
series of solutions to establish the solution which will not
cause an increase or decrease in cell size (first used by
Ursprung and Blum in 1916).

{h) Tissve MNethod:

Observation of changes in length, thickness,
volume, weight, or curvature of suitable tigsue when inmersed
in solutions as above (Barrs, op cit.).

(c) lieasurement of Changes in Solution Characteristics:

Metlods of
this type attempt to find a solution which is isopiestic with
the plant samples from a range ¢f stendard solutions by
observing changes in the solutions caused hy the plant
material. Characteristics which have teen used are changes
in density (Schardakov, 1938, 1956; Rehder and ¥receb, 1961;
Goodeand Hegarty, 1965; Knipling, 1967; O'Leary, 197)),
refractive index (Naximov and Petinov, 1948; Ashby and
Wolfe, 1947; Gaffe and Carr, 1964{ Goode and Hegarty, 1965),
and rate of uptake of solution (Brouwer, 1953).

(ii) Vapour Phase lethods

Methods involving vapour phase techaigues

avoid immersion in solutions, relying on transfer through

equilibrium with the atmo.phere in a small chamber. The atmosphere
effectively acts as a senipermeable menbrane, since the solvent

of the solution cannot evaporate. However, the temperature of

the system must be muintained within close limits - at least 0.001°C.
(s1atyer, 1958). A range of solutions can be held abcve the plant
or soil cample, and meniscus movement measured (Ursprung and Blum,
GZQ) or changes in the weight of subsamples of the unknown held

-

over a range of solulions measured (Slatyer, op cite). Alternat-
ively, direct measurement of vapour pressure can be undertaken,

removing the necessity for a range of svlutions. The equilibrium
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vapour pressure is reached in an isolated chamber at o closely
controlled temperature and me:sured by techniques such as
evaporation from a hanging drop (Hacklon and Weatherley, 1965 b)
or by pesychrometric nmeasurémenbs using either a drop of water held
at the appropriate junction (Richards and Ogata, 1958) or using
the Peltier effect to cause dew deposition on the appropriate
junction (Spanner, 1951). Although vapour pressurc methods are
potentially very accurate, and have the considerable advantage that
immersion is not required, thcre are scveral difficulties in
practice. The extreme temperature conirol necessary makes the
apparatus unsuitable for field use or for measurements in situ, and
temperature gradients are difficult to eliminate. In particular,
gradients may arise from the heat of respiration, and the heat of
condensation of vapour at the sample surface. 1In the psychrometric
devices, evaporation from the wet bulb mey increase the humidity
significantly, and vapour pressure differences can also arise
from metnods of tissue exposure or low lcaf permeability leading
to a rise in atmospheric water potential and spuriously hLigh
measurements. Further, salt deposits on leaves or the chamberx
are sufficient to modify readings (Barrs, 1968).

The vapour phase methods tend to be slow, but can be automated
to some extent (Hoffman et al, 1969). Although nost determinations
are carried out on detached leaves or leaf disks, there have
been attempts {o measure water potential of entire, attached

leaves of mesophytic plants, with some success (Tirklin, 1968).

(iii)Pressure Balance Technigue.

A rethod first used by Dixon, (1914)
and developed by Scholander (1964, 1965, 1966) and Vareing and
Cleary (1967) consicis of supplying just sufficient pressure to
the foliage of an cxcised twig or leaf to force the sap to the
point of being extruded. The pressure is applied by placing the
rlant sample in a "pressvve ocomb" with the cut end protruding
through a pressure-sealed aperture. The gas pressure is raised
inside the bomb until the sap can just be seen emerging from the
cut end. The pressure at this point is taken to be the water

potential of the plant sample.
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1.7.4 The Use of Csmotica in Water Culiure

The muinterance of a censtant soil water notential is one of the most
difficult problems in studies relating grovth to soil water potential.
Alihough the water yotential of samples of soil con be measuvred relatively
easily, plent absorption of water is uneven. At low soil water potentials,
permeability is 1ow, and it is extremely difficult to re-—water a snil to
a specified water potential other than field capacity without disturbing
the soil (Cardrer, 1968). Heowever, a replacement technique has been
ottemnted (Vaclavie, 1963; Sestac and Vaclavic, 1963; Neecas, 1963), although
rzost workers have used successive drying and rewatering cycles (Loustalot,
1945; FKozlouski, 1949; Yegzisi and Satoo, 1954; CGCates, 1955, 1957; Gingrich
and Russell, 1956; Slatyer, 1957; Sands and Rutter, 1959; Gardner and Ehlig,
1963; El~Sharkaway and Hesketh, 1964; Strensky and Wilson, 1964; Pallas
ct al, 1967; Bonner, 1967 ; Rawlins et al, 1968). A constant soil water
potential has also been achieved for limited soil volumes using a soil
layer separated from an osmoticum by a cellulose acetate semi-permesble mem-
brane (Painter, 1966; Zur, 1967 a, b).

A technique which has been used extensively in the last decade is the
replacement of soil culture by water- or nutrient- culture, and applying
an appropriate water potential usirng an osmoticum. The stress can be applied
eccurately and evenly to the entire root system, and the whole plant can be
obzerved without disruption.

The primary criticisnm of this approach is that this root environment
is considerably different from that of the s2il. In particular, aeration,
incident light in the root region and the lack of physical effect from soil
particles mey be problems. Further, there may be & reaction of the plant to
the osmoticum, by replacing the soil water potential by an osmotic potential
only, or by absorption of the osmoticum into intercellular spaces or within
the cell, with consequent changes in water status or metabolism (Slavie,
1963 - a review). _

Studies on salinity have used a snlution-culture technique, frequently
with scme attempt to separate osmotic effects from other effects of
salinity (Bernstein, 1961 a, b, Boyer, 1965; Neiman, 1965; Ingelsten, 1066;
Oertli, 1962).

The development of culture methods using poiyethylene glycol (PrG)
has permitted the application of osmotic effects on root systems without
the effects of absorption into the plant, providing the plant is intact and
the TLG molecular weight is aufficievily high to prevent admission intc

the root cells (Macklon & Weatherley, 1965). Janes (1961) used PEG of
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various molecular weights between 400 and 6000 in the solution-culture of
tomato and celery, and found no plant injury except at the hiphost moloeular
weight of 6O00. Transpiration declined in propoxrtion to inerencing water
potentisl applied at levels greater than -2 bars, fzlling %o 177 at =14.4
bars, growth fell similarly, ceasing at ~11 burs. Ieasurable amounts of

the ouvnoticum were not found in the xylem watil at least -5 bars were

applied, ond at -14.4 bars after 9 days, the PEG content was 0.13 of the

fresh weight. Similarly, Tangerwerff ot al (1961) using PEG of molecular
weight 20,000 (Pic 20,000) to apply a water stress of up to -12 bars to kicney
beans found no evidence of interference with normal metabolism or toxieity
effects, and concluded that the material was suitable for use as an osmoticum.
Jackson (1962), while coneluding that carbowaxes (i.e., PEG) are suitable
agenis Tor use as osmotica for multicellular systems such as coleoptile scc-
tions or entire ~.»t systems, noted that they were not suitable for studies

of root hair growth, since very low concentrations (0.2 - 0.67% Pig 600,

or 85 PLG 1540) significantly inhibit root growia. Jarvis and Jarvis (1963)
concluded that PIG 1540, PEG 4000 and dextran were superior to sodium rchloride

and rannitol as oswotica for culture of Luxzinus alba., Ruf et al (1963)

found thzt the osmotic potential of a range of species rose by an average
of 0.85 bars for each 1 bar increzse in the osmotic poteutial of the roct
medium, using PEG 1540. Xeric species developed a higher cell osmotic
potential than mesic species,

PEG of vericus molecular weights have been used with a wide range of
specics to investigate many other situations where water stress is
imporizn®, such as gaseous and nmutrlent uptake, respiration, cell and
plant reaction, and germination of seeds (Jarvis and Jarvis, 1965; Barrs,
1966 b; Janes, 1Y66; Greenway & Hiller, 1967; Larson and Schubert, 1969;
Kaufmenn and Eckard, 1971).

A mumber of workers have investigated the extent of sbsorption into the
plant, and possible tozicity of PG (Slatyer, 1961, Greenvay et al, 1968;
Jackson, op cit.; Janes, 1969; 1IMichel, 1970; Lawlor, 1970; Kaufmen and
Eckard, 1971). in general, PEG of lower molecular weights can pevebveile the
plant more easily, and may lead to plant adjustments which are different from
those Tound in soil or using PEG of higher molecular weight. Thus} ¥aulmam
and Y¥ekard (op cit.) found PEG 400 gave o reduction in osmotic potential
of root xylem sap which could cause guttation, at nulrient solution osmotic
rressures above -4.8 bars. At least half of this adjusiment was due to
increase in concentration of ecntions. The effect was not seer vaing YHG 6000
Lawlor (op cit.) susgests that TEG of molecular weights greater 1lan 1000
are nout absorbed in significant quantities, but that PEG 200 and mannitol

are abscrbed inte the root gystem of an intact plant, possibly causing
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cation absorption and salt accumulation., Where mannitol is used as an
osmoticum, the probability of metabelisation within the plant must be
considered. There are wide species differences in the ability of plants
to metabolise mannitol. -

In general, these studies indicate that PEG of sufficient molecular
weizht can be used successfully as an osmoticum in nutrient culture,
having substantial advaniages of inertness and non-absorption, provided

that limitations of nutrient culture are noted.
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CHAPTER TUO — 1STHODS

21 Exverirsntil Chicctives

The rrimary objective of the investigation is to establish the
significonce of watler siress as a limiting facter in the vegetative
rrepagation of Fopulus species in the nost-dorment stage, relating this
to the water siatus of the parent plant. It is not intended to relate
the effect of water deficit to grow’h of Populus spp., except as an indicat-
ion that growth initiation has been estabvlished.

In order to relate the water status of the cutting to that of the
parent stool at the iime of growth initiation, a study of water content
and water potential of the parent plant was made over the dormant period
until the re-establishment of growth.

The significance of water stztus in the initistion of bud-break and
initiation of root growth in cuttings was investigated using a water-
osmoticum growth m diuvm, under conditions that would not normally be limit-
ing to the re-esiablishment of growth.

A descriplion of the chzracteristics and classification of Populus
species is vrovided (Appundix 1) as a background to the selection of the
four clones used in this study (4prendix 2) which represent clones of
importance or interest in lew Zealand. The con?iiions under which the

plant material used was grown are descrited in Aprendix 3.

2.2+ Techricues
£ rumber of techniques were used throughout the study and for conven-—
ience are described here.

2.2+1 Growth conditions

All growth cxperiments were conducted in a light-proof rovom maintained
at 20.0%. % 1.000., with temperature zradients reduced by means of a
fan and duct system. The light source used thrcughout zonsisted of banks
of 40 watt fluorescent tubes (Osram 'Cool White') at 1.75 inches spazing
held 22 inches above the top of the po.s, and providing 800 foot-candles
at the ‘level of the apical buds. Where a dark treatment was requirsad,
construction of the room allowed blanking off of csuitauble areas using
black polyethylene film and ply-wood facings, giving complete light exclusioun.
Water culture methods were used in all growth experiments. Vaxed
parer cups (Lily Yo. 1087) fitted with plastic press-on tops were used as
containers, nomally with four cuttines ner pot. A cutting of 1C cr
inserted to the base of the pot through = suitable hole in the top protruded

1.5 cm., with only one bud gbove the top. The cup contained 150 ml. of
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liquid in 211 experiments. Yaere light was to be excluded from the

enclosed resion of the enttings, ihe euns were sesled against light using

2i1E on the exlerior.

asthalt emulsion and Llsck mat

ater Content =

Vhere possible, fresh weighl was detcrmined immediately after making
both-end cuts on the sample, or et least within 30 seconds. Vhen this
was accomplished, significent differences in water content were unlikely
to be caused through evaporation {rom the ~zut ends.

Dry weightl was determined after 72 hours at 9500. The measurenent
was mades as soon as the sample was cool envush to be weighed, and within
3 minutes of renoval frcm the oven. Within these limits, significant
differences through absorption of atmogpheric water were unlikely to

arise.

2.2.3 l'easurerent of ater “otentisl

Schardakov's dye technigque was used for Qelermining water potential
throughout the study (section 1.3.7%.2). The methed consists of equilib-
rating samples of the plant material with a range of standard concentrat-
ions of sucrose, in order to determine which solution is most nearly
isopiestic. The osmotic potentizl of this solution is taken Lo cqual
the water potential of the plant material, since water is neither gained
nor iost. The isopiestic solution is found by comparing the density of
the equilibrzted soluticen into which a dye has been added into the original
standard soiution. If water has been geined, the dyed soluticn will rise
end vice versa.

Up to 17 solutions of standard concentration were used for any
particular set of determinations, at 0.5 bar increments to -~20.0 bars.
The probable size of eny perticular reading could be estimated with
experience,

The containers for equilibration were 25 ml. tube vials with screw
caps. One ml. of solution was used with approximately 1 gram of plant
material for each grade of solution, and the tube capped before equilib-
ration for 24 houra. In 21l ezses buds were aveided. The experdinment
was dozigned go thet 47 or 50 detgrminaticns invelwving 450 3o 550 vials

were used at any one time. |
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The dye used was metlylene blue, dissolved to excess in an appropriaote
range of solutions of suercse to reduce a possiltle error through adding
a solution ¢f dif'ferent osmotic potential. Only sufficient dye solution
was added to jusl colour the equilibriwn solution, being of the order
of 0,00005 ml., added with a hypodermic syringe and 26 ga. ncedle.

Comparison of the equilibrated solution with the original solution
was carried out by irjecting a single drop of the former into a 25 ml.
vial full of the standard original solution. The instrument used for this
was a hypodermic syringe fitted with a modified 20 ga. needle. The
modification consisted of removing the tapered point to form a uniform
hole, and bending the end 0.25 cm. to form a right angle, after heat
annealing. The modified instrument allowed a single drop of the equilibrated
solution to be iu =2cted horizontally into the standard solution (held in
a stand) with a minimum of disturbance.

After each determination, the bottles were thoroughly washed and dried
at 9SDC for 24 hours.

Althongh laborious, the method gave consistant results to the level

of accu~acy required, i.e. within C.5 bars.

2.2.4 Heasurcnent of CGrowth Responses

The following standard measuremenis were applied to all experiments
where growth was recorded:
(1) Pudbreak
The observabie response of the bud to a favourzble
growth envircnment was a slight swelling, followed by the
appearance of a thin line of lighter-coloured tissue oa the
upper bud scale as expansion takes place. The first sight
of this line was taken as the time of budbreak.
(4i) Shoot Growth
The length in centimeters from the top of the

lowist bud scale to the growing point was called tle total
shoot growth.

(iii) Roct Initiation

A3 the root primordia commence growth
characteristic hemispherical protrusions of diameter 0.15 to
0.20 cm formed underneath the rhytidom. The first time of
observaticen of such a protrusion or protrusicns was called
the time of root initiation.

(iv) Root Initials
411 root primordia protrusions including
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those which had developed to the stage of rhytidom ruvture
(but not including those in which the root had grown beyond
the rhytidom and become ohvious) were called root initials.

(v) Roots Smaller then 1 cm.

This category included all those
voots which had grown beyond the vhytidom, but were less
than 1 em long.

(vi) Roots Greater than 1 _en

This category included all roots

which exceeded the previous category.

(vii) Pasal Roots

Roots sometimes arose from the basal cut, and werec
called basal roots to distinguish them from roots arising
frer primordia present wher the cutting was taken from the
parent stool.
(viii) Side Roots
Roots which have arisen from primordia prasent

when the cutting was taken from the parent stool.

(ix) Final Shoot Yeight

At the termination of the growth experimen{s,
the shoots in each sub-treatment were cut at the base of the
original bud and bulked for the determination of 'fresh shoot
weight! was obtained after drying at 9500 for 72 hours and
weighing imrediately on cooling.

(x) Pinal Root Yeizhts

Tre 'fresh root weight' and 'dry root
weight' were found using the same method used for shoots.
The roots were removed at tne point of emergence from the
rhytidom.
(i) Total Root Length
The combined lengths of all roots shrwing

measurable growth; side roots which were occasiona.ily
present were included.

(xii) Shoot and Root Water Content

These were calculated from

the corresponding fresh and dry weights, as above.

2.2.5 Control of other factors influencing propagation

Review of the literature and consideration of the circumstaunces of

vegetative propagatioh indicated that a number of factors could influence

propsgation by cuttings. Further information was obtained from a pilot



exveriment, which investignted the effect of a range of osmotic potentials
and the effeet of sealing the ends on the growth of Topulus X 'I-7&

4
cuttings in liquid eultiure (Appendix 4). The following Tactors were

congidered in detail in the design of subsequent experiments:

(1) Dinensiona
Cuttings cutside the limits of 1.0 to 1.5 em diasneter
are inferior in conditicns of stress. The parent stocls used provided
reasonably homogenous cutting material betwecn 0.9 and 1.3 cm diameter,

and these limits were accepted.

(ii) Physiolozical Are

The age at which particular tissue has been
initiated appears to be related directly to a%i‘ity to initiate roots,
and inversely to bud development. An atiempt was made to reduce this
effect by limiting the section of the wand uscd to the middle third of
each wand, i1his being betwecen 50 and 75 ¢m. Thz buds in this region
tended to be of similar size, the surface ridges distinctive but not
pronounced, *the rhytidom developed from green to grey ard comnleiely
non~-fissured, and the ratio of outer diameter to pith diameter was of a

similar magnitude (see section 2.2.5).

(iii) Physiolozical Activity

Study of seasonal changes in rooting
ability and shoot growth resvonses and the results of the pilot cxmperinment
appeared to show that the cold requirzmeat was fulfilled early in the
winter, and that recommencement of growth was primarily a function of rising
temperatures. Prior to ths critical temperature being reached as seasonal
temperatures rese. morphological changes caused by renewed physiological
activity could not be observed, other than a rise in water content and
a slight concomitant rize in water potential,

he time of ccmmencement for the main grow'h experiment was selected
at about six weeks before normal bud-bresk, which also coincided with
commercial harvesting. At this stage the cold requirement was fulfilled,
physivlogical activity was at a minimum and the water content was justi

starting to rise.

(iv) Tenperainre
Although it is clear that bud-break is primarily z
function of temperature in the field, the precise threshold and optimum
levels have not been established for most species. From consideration

of the literature (Section 2.2.5), a temperature of 20°C wes selected
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sorewhat arbitrarily. In the pilol experiment there was a satisfactory

grovth responise.

(v) Futrient Level

The main stages of the investigalion into wator

stress involved emergence from dormency and the first stoges of root and
shoot production, in which the amount of tissue preoduced wss small in
comparison with the volume of thz cutting. Further, there were no sites
available which are normally associated with nutrient absorption in the
dormant cutting until root production has taken place. The pilot experiment
showed that internal reserves of the cutting were in fact sufficient for
more growth than the main experimental series would involve.

Therefore, it was considered unnecessary to use a nutrient culture

rather than watexr,.

(vi) Sealinz of the Cutting

The obj=ct of the experiment wes to imitste
the effect nf scil wat-r potential by usinz an osmoticum. Therefore, it
was imporiant that the osmoticum did not penetrate the xylem, phloem or
intercellular spaces, and a technique of sealing both ends of the cu*ting
was employed throughout. In the pilot experiment, callusirg appeared at
the distal end of the cutting if the sealing agent wes opaque, but this
was not observed at the proximal eﬁd, at least within the time periods

under corsideraticn.

(vii) Day-lLength
' Although day-length influences the onset of dorrancy,
it has not been implicated in bud-break or rcot initaticn in Populus spp.
However, it is well correlated with increase in temperature, and it was
necessary to estahlish if there was 2 significant effect. TFurther, it
was necessary to establish if the photosynthetic *issue exposed by bud-
break is likely to bte significant to immediate growth requirements.

An experiment was carried out prior to the main water stress exveriment
tc investigate these factors. Three light regimes were imposed:
complete darkness, continuous light, and a cyzle of 12 hours of 1light
followed by 12 hours of darkness. This combination was intended to

demonsirate if there was a lonz-day or shori-lay reguirement, and if there

wes an effect of Tight on either bulsbreak or root initiaticn.
Cr: the basis of the results of this experiment, a light regime

consisting of 12 hours of light foliowed by 12 hours of darkness was

selected.
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(viii) Horrcenal Tevel

Although a studv of internal hormonal levels is
beyond the scope of this study, it was relevant to consider the effect
of an applied growth hormone, to esiablish if a Lormonal deficiency
influenced the time or rate of root primoraia developmert.
An experiment was carried out to investigate the effect of a logarithmic
series of IAA concentrations between 0.01 mz/litre and 100.00 mg/litre
on thr-e clones of Populus, grown as cuttings in liquid culture. Several

methods of sealing were also used in a factorial design.

2.3 Exrerimental Preocedures

2.3.1 Study of Sesscnal Chanees in ‘ater Stafus

Sampling over the dormant season wuas carried out at 21 day intervals,
commencing on 14 April 1970, when the first clone had completed leaf-drop.
Seven sampling times were taken, ceasing on 7 September 1971. All three
clcnes reached the point of budbreak by this date.

At each sampling time, observations cf weathor, soil conditions,
and any morvhological changes were noted.

The method of sampling consisted of selecting a total of 5 wands,
(i.e. the entire growth of one shoot for the previous season), taking
one from every second stool, and alternating the five stools sampled
each sampling time. Thus a total of ten stools per clone were used.

Fach wand was meacured to establish the limiis of suitable material,
normaily being between 130 and 150 cm of each wand. This length wae
divided into three equal sub-lengths, called the upper, middle and lower
regions. Bach region was sampled frum the apical end as follows.

(sce Fig. 1):

(1) Sample 1 for water content determination (1 cm long)

(2) Sample 2 for water content determination (1 om long)

(3) A cutting of 10 cm length, with a bud at the apical end (this
normally entailed waste of up to 2 cm above sample i 2

(4) Sample 3 for water content determination (1 cm long)

(5) Sample 4 for water content determination (1 cm long)

{6) Ten sub-samples of approximately 1 gram for a determirztion
of water potential by the Schardakov method (10 x C.75 em =
'1.5 cm)

(7) Szmple 5 for water content determination (1 cm long)
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Measurement of seasonal water status:

plan of subdivision of each region of each wand.

WC.Y' | 1s® cample forwater content datermination

W.C.2 — 2nd ~ o

f/’ bud

C [*+———— Cutting

WC.3 |-+———— 3rd sample for water content determination
W.C.4 |t——m—— 4 th " ‘. e o “

W.P |-«=——— Sample for water potential determination
(divided into 10)

WC. 5 | «=————— 5th sample for water content determination
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Tke cuttings were sealed at each end with wax, and the outer and pith
diameters recorded. Each cutting was identified using numbered aluminium
tags.

Seasonal changes in the ability to resume growth (other than dormancy
effects) were investigated by maintaining the water potential found for
each region of each ﬁand in the associated cutting. These studies were
carried out in the growth room previously described (Section 2.2.1).

Dormancy effects were removed by placing the cuttings (in sealed
jars over distilled water to maintain the water status) in a temperature
of 2.0 to 4.0°C for 14 days (Section 1.2.4). Each cutting was then
placed in a blackened pot containing a water-poulyvethylene glycol mixture having
an osmotic potential of the same magritude as the water potential that had
been determined previously for the corresponding region. A blackened top
vas fitled to the pot so that the apical bud -i1.2a was exposed. Observations
were made cf changes (Section 2.2.4)under conditions described for grcwth
(Section 2.2.1).

Determinations of water content and water potential were carried out

on the samples taken as above.

2.3.2 The Effect of Lizht on Budbreak and Root Initiation.

The experiment comprised two treatments applied to the following

three clones:
(i) Fopulus X 'I-78'
(ii) P. vummanensis
(iii) Poplar Hybrid No. Aust 135
(See Appendix 2)
Treatment 1: Light
Three sections of a growth room were fully light-proofed, but

maintained at 20.0°C 3_1.000., using a fan and air duct system. The light
sources are desciibed in Section 2.2.1.
The three light treatments used were:
(i) Complete darkness
(ii) Continuous light
(1ii) Twelve hours light, followed by 12 hours darkness (automatic
control).

Treatment 2: Type of Pot
In the two treatments where light was applied, half the pots
and lids were blackened, and the remainder were left translucent, to

evaluate the effect of darkness on those areas expected to initiate roots.



28

Twenty cuttings were used in each sub-treaiment per clone, giving a total
of 360 cuttings.
The experiment was commenced on 20 July 1970, and evaluated after 21

days. A photographic record was also made.

2.3.% The Effect of Relative Humidity on Water Inss

The experiment comprised three treatments applied to threec clon

D
(o]
ae

(i) Populus X 'I-78!

(ii) P. yunnanensis

(iii) P. angulata var 'carolin' (See Appendix 2)

Treatment 1: Relative Humidity

A range of relative humidities was imposed, using the principle that
the relative humidity above a saturated solution of a salt is constant at a
given tenperature and characteristic for the particular salt chosen. Such
a system is buffered if an excess of the salt is added to maintain saituration,
and is more suitable for situations in which water is likely to be absorbed
by the solution than the conventional use of a range of concentrations of a
dessicating agent such as sulphuric acid.

In addition, two extremes of relative humidity were maintained using
distilled water (aporoximately 100% R.H.) and dry pellets of potassium hydroxide
(approximately 0% R.H.). The latter was changed as frequently as the pellets
became moistened.

The containers used were plastic pots, of 4.5 em diameter and 5.5 cm high,
sealed with a close~fitiing press-on top. An increase in air pressure within
the pots when the tops were fitted was prevented by forming a hole in the top
with a heated pin, resealing the hole after fitting the top with petroleum
jelly.

The plant samples were held above the solutions or pellets by using a
Plastic mesh disk supported on a plastic cylinder 1.5 cm above the bo'tom of
the pot. |

The range of relative humidities used was as follows (20°C.):

Material Relative Humidity
(1) pistilled water 100%
(ii) Saturated solution of Na,S0, 93.0%
(iii) Saturated solution of (NH4)2.SO4 80.5%
(iv) Saturated solution of Ca(N03)2.4H20 55.5%

(v) Dry pellets of XOH 0%



Treatrent 2: Presence of Bud

The samples were selected so that half had one bud only attached,
and half did not.

Treatment 3: Sealing of Fnds

Half the samples were treated by sealing both ends with paraffin

wax, and the remainder were left unsealed.

Experimental Lavout

The experiment was designed as a four-way factorial, with five
samples per sub-trzatment. Each pot (containing one relative humidity
treatment) contained four cuttings of one clone, as follows:

(i) Sealed at both ends; bearing a bud.
(ii) Sealed at both ends; not bearing a bud.
(iii) No% scaled at both ends; bearing a bud.
(iv) Not sealed at both ends; not bearing a bud.
Thus each clone was represented ty five pote per treatment of relative
humidity, to give an over-all total of 300 cuttings.
The pots were held on trays at a temperature of 20.0%. ¥ 1.000., in
a light intensity of approximately 60 footcandles. Initial weights were |
taken (including before and after sealing with wax), and thereafter at
24 hour intervals for six days. Outer and pith diameters, and oven-dry
weight were recorded at temination of the experiment.
The solutions were maintained as required by removing surplus solution

and adding more of the appropriate salt to maintain & surplus.

2.3+4 The Effect of Auxin Added Exogenously

The experiment comprised two treatments applied to tne following three
clones:
(i) Populus X '1-78'

(ii) P.yunnanensis

(iii) P._angulata var 'carolin' (See appendix 2)

Treatment 1: Auxin concentration

A logarithmic series of six concentrations of Indol-3-yl-acetic
acid was applied:
(i) Zero
(ii) 0.01 mg/litre
(iii) 0.10 mg/litre.
(iv) 1.00 mg/litre
(v)10.00 mg/1litre
(vi)100.00 mg/1itre
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The auxin was first dissolved in ethyl alcochol, and then added to distilled
water; the alcohol was then removed by heating on a water bath at 8500 and
the solution made up to strength when cool.

The solution was replaced after 7 days.

Treatment 2: Sealine Treatiment

The cutlingswere either sealed or not sealed at the top, using hot wax.
The base was left unsealed.

Five cultings were used per sub-ireatment, to give a total of 180 cuttings,
and growth was initiated in the standard environment (Section 2.2.1). The
experiment was commenced on 30 August 1970, and measured for growth
after 5, 10 and 15 days. The shoot growth and root growth dry weights were
found for each bulked sub-treatment, the outside diametersof each cutting

were recorded, and a photographic record made.

2.%.5 The Effect of Water Stress on Budbreak and Root Irnitintion

The major investigation of the influence of water status on budbreak

and root initiation was conducted on the followiag three clones:
(i) Populus X 'I-78°',
(ii) P. yummanensis.

(iii) P. angulata var 'carolin'. (See Appendix 2)

A range of concentrations of an osmoticum-water growth medium. The
osmoticum used was polyethylene glycol, having a nominal molecular weight of
333, and an actual molecular weight, found by cryoscopic methods of 207.0

(Appendix 5)e Ten concentrations of osmoticum were used:

Solution No. Osmotic Potential ' Concentratioa
(bars) (grams of osmoticum
per litre)
1 0 0
2 -1 9.24
3 -2 18.49
4 -3 27.72
5 -4 36.96
6 -6 55.43
7 -8 73.91
8 -11 101.63
9 =15 138.58
10 -2C 184,78



Experimentzl Layout:

The experiment was sterted on 15t August; 1970, about 6 weelks .
before budbreak was obvious ia the field., The siendard growih proceduvres
described in Section 2.2.1 were used, with 12 hours of darkness followed by
12 hours of light,

«nitially, each clone in cach solution was represented by 20 cuttings,
making a totsl of 60C cuttings, in a two-way facterial design. Throughout
the experiment, the solutions were renewed each 42 hours, except that an
additional change was made after the first 24 hours. The commencement time
for each clone was staggered to allow sufficient time for the comnletion of
the Schardakov tests of water potential. Observalions were made each 24

hours for bud activity or signs of root primordia.

The followiry manipulations and observations were made:

After A days, five cuttings per sub-treatmeni were destructively sampled
for the first determination of water content en’ waier potential, After
carefully removing surface water with absortent paper, both end seals were
removed by clippirg the end 0.5 cm of wood. Water content samples were {aken
from each end, comprising 1 cm of wood., and were called the top and Lottem
samples respectively. Fresh weight determinations were nade immediately.
The Schardakov samples were taken from the next 5 cm at the basal end, also
without delay,

The times of bud-break and root initiation (Section 2.2.4) were recorded.
After the first recording of eitker time, measurerenis of root and shoot
growth were made each 48 hours until seven observations had been completed,

The second observation of water content and water poiential was made
immediately following the second growth observation. Five cuttings per
sub-treatment were taken as before. Thus 15 cuttings per sub~treatment were
taken for the first two growth observations, and ten remained for the final
five growth observations.

At the terminaticn of the experiment immediately following the seventh
growth observatior (i.e. after 14 days) the following measurcments zad
observations were made:

(1) Total length of roois per cutting
(ii) The number of "basal" roots or root initials i.e. tnose
roots arising from the basal cut, rather than developing through
_ the rhytidom.
(iii) The fresh and dry weight of the bulked shoot gicwth and root
growih, for each sub-trestment (10 cuitings).
(iv) A third and final measurement of water content and water
potential on five of the remaining cuttings, as before.
(v) A photographic record of the cuttings while still intact.
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Each individual cutting was identified using nuvmbered aluminium tags;

in each cese, the 5 highest numbers were taken for each successive sampling.

2.4 Experimental Desien and Analysis

Most analyses were completed on the Massey University I.B.M. 1620 Monitor
computer system, using a linked statistical program system (Munford, 1970),

and minor supplementary programs.

Seasonal measurements of water content were analysed as a split=split=
rlot experiment using the arc-sine transtormation, and measurements of water
potential as a split-plot experiment for each sampling time through the
season. Calculation at this stage was manual, in order to obtain results
for subsequent experimental design. On completion, the data was re-analysed
by computer as 4-way and 3-way factorials respectively and regression
analysis performed between water content and water potential for each sampling ;
time. For this pu.pose, the average water content of each region on each
wand was taken.

Measuremenis of growth of sampled cuttings were found subsequently to
be confounded with the difference between numinal and actual values »f the
osmoticum used, so that only basic analysis was rerformed to establish whether

growth potential changed throughout the season. (Apperdix 6).

The experiment on the effect of light was analysed as a 3-way factorial,

for each measurement of growth.

The experiment on the effect of auxin was also treated as a 3-way
factorial for each measurement of growth at three times, with covariance

analysis based on outside diameter.

The experiment on the effect of relative hunidity was analysed es a
4~way factorial, with covariance analysis using outside dismeter, pitlh
dizmeter and the ratio of pith dismeter to outside diameter as concomitant
information, on both the moisture content at seven successive times, and
water loss as a percentage, at each of the six times following the stari of

the experiment.

The experiment on the effect of water stress on growth initiation was
anclysed as a 2-way factoriel for each measuremeni of growth over the seven
observations, and also for the three measurements of water content and water
potential, and the final measurements of root length. Regressions were

performed relating water content to water poteantial, and both water content
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and water potential to growth measurementis at all seven observations. In
addition, analysis of variance of the betweer-group regressions, adjustment
of means and analyses of covariance was completed. .
Two~way factorial analysis was also performed on final fresh- and
dry-weight measurements and water content derivations, total root lengths

per cutting, and basal and side root numbers.,
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CHAPTER THREE - RESULYS

3.1. Sezsonal Changes in Water Status.

“he study of seasonal changes in water status was commenced at leaf—fall
of I-78 which was the first clone to reach this stage. Water potential in
all three clones rose from this point to a maximun on 16th June for £. angulata
and on 7th July for P. ywmnanensis and I-78 (Fig. 2).
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Fig, 2 = Seasonal Water Status

A. Seasonal water potential:
D
seememeeeees Pooanprulata

-— -~ I-78

P. vunnanensis

B. Seasonal water content - 178

G5 Sensonal water content = P. yunnanensis

D. Seasonal water' .con'l:e-nt - P. angulata

Note: ©Fer B, C and D, separate curves for upper, middle and lower

regions within wands are given as follows:

x———————x LoWer
+——————+ Middle
0———o Upper

The Least Significant Difference (5% level) is given at

each date as an upright on the abgcissa.
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Thereafter water potential fell steadily until the final cbservation.
Differences between clones were always significant except at the first
observation. P. anmulaota (except on this occasion) was always at a lower

water potential, and P. yunnanensis was at *lLe highest water potential until

16th June, but I-78 was higher for the remaining observations. Regions
within clones differed significantly on ounly twe occasiovs (14 April and 14
May) and the differences were small. (Appendix 7).

Water content in the clone I-~78 rose steadily frcem the first observation
at leaf-fall until bud-break, with n small deviation on 28th July. Whereas
there was a gradient within wands with the highest water content at the
apical end at the start of the observations, this steadily decreased and
became small by 28th July. There was a greater rise in the basal regions
of the wands than in the upver regions.

Water content in the clone P. yunnanensis fell until the time of leaf
fall at about 25th May, and then rose steadily until the time of bud-break,

except for one deviation on 8th August. Until 16th June, there was a

gradient within weids with the highest water content at the apical end.
The greatest aljustment was also made in the basal regicns in *his clone.
After 28th July, ¢ gradient re-appeared within wands, but in this case
the apical region developed a lower water content than the basal rerion.

In the clone P. angulcta, water content fell from commencement until.
25th May, which also coincided with leaf-fzll. Thereafter there was a
rise in water content, but after 7th July the rise was very small. In all
the measurements the apical regions were at a higher water contenti than the
basal regions, and the differences were comparatively large.

"he regressions between water potential and water content at ecch sampling
time were significant only on two occasions within clones, but the relation-
ship was not close. The corresponding regressions over all clones was not

significant at any time. The regression analysis is presented in Appendixz 7 .

3.2+ The Effectof Relative Humidity on Wat-r Loss

The effect of sequentially lower values of relative humidity wes a

massive increase in water loss, which :ould be greatly reduced by sealing
the ends (Fig. 3).



Fig. 3. = Effect of Relative Humidity on Water Centent
LAE

The response planes given refer to the mean water

content for all clones at the times indicated.

The least Significant Difference (5% level of
significance) refers to both A (cuttings sealed
with wax at both ends) and B (unsealed), for

each of the times indica‘te}l.
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However the presence of a bud had no significant main-treaitment effect and
the effect of clone differences did not influence the rate of water loss,
although differences between clones at the start of the cxperiment were
significant and remained at the same level throughout (Appendix 8).

At 2 relative humidity of 100/, there was little change in water content.
In unsealed cuttings, all three clones showed slow net losses of water.

In sealed cuttings of two clones (I~-78 and P.yunnanensis)+there was a net

gain in water content over the first two 24 hour periocds, followed by a
slow falle In P. angulata, there was a net gain in the sccond 24 hour period,

but otherwise a slow decrease. (Table 1).

Table 1: Change of Water Content at 100% R.H.

Clone reatment After 24 hours (%) After 48 hours (%)
I-78 Sealed; Bud +0.05 +0.13
1-78 Sealed; No bud +0.10 +0.16
1=78 Unsealed; Bud ~0.33 ~0.43
I-78 Unsealed; No bud +0.08 =0.07
P.yunmnanensis Sealed; Bud +0.01 +0.04
P.yunnanensis Sealed; Ne bud +0,03 +0.086
P.yunnanensis Unsealed; Bud =0.37 ~0. 41
P.yunnanensis Unsealed; No bud -0.3%6 -0.51
P.angulata Sealed; Bud . -0.12 -0,07
P.angulata Sealed; No bud - =0.10 -0.03
P.angulata Unsealed; Bud -0, 39 =0.47
P,angulata Unsealed; No bud -0.52 =0.7T3

At relative humidities other than 100%, theré was an effect from the
presence of a bud which varied with clone and the particular relative
hunidity (Pig. 4): At high relative humidities, the presence of a tud
caused a slower net loss of water, but below a critical level which varied
with clone, cuttings in which a bud was present underwent a greatesr loss

of waver.



Fig, 4., = The Influemce of Pud Presence on the size of Water

Loss at Particulzsr Reletive Humidities.

4L - I-78

4B - P, yunnanensis

4C - P, angulata
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3.3 The Effect of Light on Growth

%.3.1 Ability to Produce Shoots and Roots:

In the clones I-78 and P. yunnanensis, both shoots and roots were

produced on all cuttings under all treatments. In the clone 'Aust 135!

there were some failures (Table 2):

Table 2: Failure rate of 'Aust 135' in different light treatmencs

(Percent)

Treatment Shoots (%) Roots (%)
Continuous dark 25 5
Continuous light 5 2
Light-dark cycle 2 0

3¢3.2 Shoot Growth:

The effect of the dark treatment was to greatly increase the rate of

elongation, inhibit leaf development and inhibit the production of shoot
dry matter (Fig. 5, Plate 1).

The initial measurement of shoot growth 1C days after commencing the
experiment showed that there were significant differences between clones,
light treatments and clone/treatment interactions, but that the treatment
of blackening pots had no effect. (Fig. 5). The cuttings in the dark
treatment showed less elongation at this stage, and '"Aust. 135' showed less
growth over all three light treatment regimes.

Lt the second measurement of shoot elongation after 23 days, significant
differences remained between clones, light treatments and the interactions
between these factors as before, but there were no significant differences
between shoot growth in blackened and non-blackened pots (Fig. 5). The
growth of I-78 wag similar in both treatments involving light, but the shoots
were considerably longer if grown in the dark. _P. yupnanengis showed greatest
elongation in the dark and least in continuous light; in the light/dark
cycle shoot growth approached that measured in the dark. In contrant,
shoot growth in 'Aust. 135f was least in the dark, and even in either light
treatiient was less than that of I-78 or P. yunnanensis.

Measurement of final dry weights of shoot growth showed that in all
clones cuttings grown in the dark did not produce as much as cuttings grown
in either light teatment. 'Aust 135' produced less in all light regimes
(Fig. 5). |

The analysis of variance of shoot elongation (and also root growib) is

presented in Appendix 9.



Plate 1 = The Effect of Light on CGrowth

Fach page represents one clone, as indicated,

and each photograph represents one light sub-
treatment. (Only the "pot blackened" treatment

is shown, since there were no significant differences
between pot treatments).

Upper photograph: complete dark

Centre photograph: continuous light

Lower photograph: 12 hours of light followed
by 12 hours of darkness



12-hr. - light / dark cycle | pot blackened




-
, WS
(18]

©

@

Q
m )
o
O




il
” i‘i” AR

‘1

& _; y —¢ ‘
P delloides - AB0O 135 ompiere dark .

ﬁ. ; f AR ARTLATY

i FI' | ‘ o | II . ;i‘ ﬁ |
3‘- iy .\ ~ ‘Ii o '.-\'“ ;) l 3

P delloides - AB0-135

12-hr. - light / dark cycle pot blackened




Fie 5, - Effect of Light on Shoot Growth.

A. Shoot Length after 10 and 23 days under light treatments.

B. Shoot dry weight after 23 days.

Clone 1 is I=T8
Clone 2 is P. yunnanensis
Clone 3 is P. angulata
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3.3.3 Root Growth:

In the cione I-78 early development of both root initials and roots
was considerably greater in the dark (Fig. 6), and this wasg reflected in
a greater proportion of long roots at the later observation. However in

P. Yunnanensis at the first observation, there was no appearance of root

initials in the dark, but in both light treatments both root initials

and roots had reached similar proportions in all light treatments. In
'Aust 135', root initials appeared in the dark treaiment alone at the first
observation, and these had developed into some longer roots by the second
observation. In the light treatment root initials did not appear until the
second observation, and root development was minimal at this stage.

The analysis of variance of root growth is presented in Appendix 9.



Fig, 6. Effect of Light on Koot Growih

A. Total number of roots plus root initials.

Clone 1 is I -78
Clone 2 is P.yunnanensis

Clone 3 is P.angulata

rei. = root initials
S.r, = short roots i.e. less than 1 em

l.r.

1l

long roots i.e. greater than 1 cm.

B. The distribution of roots as basal roots (b.r.)
emanating from a basal callus, and side roots

(s.r.) emanating from primary root primordia

C. Root dry weight after 23 days.
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3.3.4 Basal Ruots:

In the clone I..78 basal roots developed in all three light regimes,
but there were fewer in the dark ireatment. In both P, yunnanensis
and 'Aust 135' there was some basal rool development in the dark, but almoat
none where there was incident light. There was no effect caused by blackening
the pots. A table of means is presented in Appendix 9, togother with tha

analysis of variance.

3.3.5 Relaticn between shoot growth and root growth.

There was a positive correlation between shoot and root growth within
clones; the differences between clones in this rclation was not significant.
There was also a stronger correlation between shoot and root growth

within light treatments, but the differences between treatments were
significantly different. In particular, ihe relation was stronger in the
light/dark treatment.

(These results are presented in full in Appendix 9).

3+4 The Effect of Exogenous Auxin on Growth
(i) shoot Crowth:

The effect of auxin applied in solution culture did not cause

significant differences in shoot growth until the final measurement at 15
days, when the highest concentration used caused an overall depression
(Fig 7, Plate 2, Appendix 10). The effect of clone differences was highly
significant at all turee growth asseésments. After five days, growth had

Just commenced in I-78 and P.yunnanensis, but not in P, angulata, At ten

days all clones had commenced growth, with I-78 having the greatest and

P, yunnanensis the leuast shoot elongation. I-78 appeared to show a depression

in growth at the highest concentrations, but this was not sigrificantly differ-
ent from growth at lower concentrations. By the fifteenth day there was a
significant depression at the highest concentration of avxin in the clcne

I-78, but there were no other effecis which reached significant levels.

(ii) Root Growth:

By the fifth day, root initials had appeared on I.-78 and
P, _angulats but not P. vumnanensis (Fig. 8). In both the former cliones
most root initials were seen on those cuttings in the highest concentration,
and this effect was large and significant in tne case of P. angulata,
By the time of the second observation at ten days, both root initials and
growing rcots had appeared on most cuttings in all clones. The root initials
of both I-78 and P. angulata were much more prolific in the highest concen-
tration of auxin used, but P, yunnaneusis did nct show this effect.




Fip, 7 « The Effect of Exogenous Auxin on Shoot Growth

A I-78

P.yunnanensisg

Cc P.anculata
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Plate 2 - The Effect of Avxin on Growth

Each page represents one clone, as follows:

A - I-78
B « P.yvurnanensis
C

- P.anzulata

Each subtreatment is represented by three cuttings

as follows:

Upper photograph, from left:

Aunxin concentration Sealing treatment
1. Nil N.S.
2, Nil S.
3. 0.01 N.S.
4. 0.01 Se

Centre photograph, from left:

Auxin concentration Sealing treatment
1. 0.10 N.S.
2. 0.10 S.
3. 1.0 N.S.
4. 1.0 S.

lLower photograph, from left:

Auxin concentration Sealing treatment
1. 10.0 N.S.
2. 10.0 S.
3.100.0 N.S.

4.1€0.0 : S.












Fig, 8. - The Effect of Exogenous Auxin on Root Grewth

Fig., 8 - A ~ I-T8
Fig. 8 = B = P.yunnanensis

Fig. 8 = C = P.angulata

r.i. = root initials
g.r. - short roots, i.e. less than 1 cm

l.r. - long roots, i.e. greater than 1 cm
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The concentraticn of auxin did not significantly affect the numbers of roots

in the category O-1 cm long in any clone, and in the clomes P, yunnarensgis
and P. angulaia there was also no effect on root rumbers in the category

greater than 1 cm long. However, in I-78, roois longer than 1 em were most
numerous in the zero concentration of auxin, and there were considerably
fewer in the highest concentration. Both these differences were significant.
At the third chservation on the fifleenth day significance within clones
existed in the number of root initials, where both I-T78 and P, angulata
showed a large increase at the highest concerntration. Over all clones, there
were more roots between O and 1 cm at the highest concentration, but this

was barely significant.

In the clones I-78 and P, angulata at the first two measurements of
growth, there was a positive significant correlation between diameter of the
cutting and the number of root initials, but a significant negative correlation
was present between diameter and average shoot length.

' The analysis of variance is presented in Appendix 10.

(iii) Final Dry Weights

Final dry weights of roots and shoots are presented in Tables
3 and 4.

Table 3: Final Dry Weichts of Shoots (erams)

Solution

Concentration

(mg/litre) ' I-78 P.yvunnsnensis P. angulata Overall

0 0.120 0.056 0.126 0.101

0.01 0.103 0.051 0.100 0.085
0.10 0.103 0.053 0.122 0.092
1.00 0.117 0.061 0.110 0.095
10.0 0.124 N.079 0.094 0.099

100.0 0.047 0.051 0.069 0.055
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Table 4: Final Dry Weights of Rocis (grams)

Solution

Concentration )
(mg/litre) I-~-7E P. vunnanensis P, anpulata Cverall
0 0.0127 0.0001 0.0048 0.0059
0.01 0.0076 0.0003 0.0023 0.0036
0.10 0.0093 0.0008 0.0014 0.0038
1.00 0.0097 G.0005 0.0008 0.0037
10.0 0.0082 0.0004 0.0029 0.0038
100.0 0.0055 0.C002 0.0043 0.0033

A drop in dry weight production was apparent at the highest corcentration
of auxin in the case of I-78 and P. angulata, but not P. yunnanensis.
More variation was apparent in root dry weights than shoot dry weights, due
to the smaller amount of material available. There appearcd to be greater
root dry weight increase in the water control in I-78 and less at the

highest concentration of auxin. P. yunnunensis showed no obvious trends,

as there was little growth of roots in any concentration. P. angulata
aloo showed no significant trends, although there was more root growth than

in P. yvunnanensis.

3.5 The Effect of Water Stress on Bud-break and Root Initiation

%.5.1 Water Poientials Within Cuttings

'fhe development of water potentials within the cuttings in response to
a series of watef stresses imposed using osmotica in liquid culture is shown
in Fig. 9, and the analysis of variance in Appendix 11, In general, water
potential fell with decreasing osmotic potential of the growth medium, and
increased with time. However, I-78 showed a higsher water potential in
cuttings grown in solutions of = 2 bars than those in solutions of - 1 bar,
and this trough was apparent at all sampling times, Those cuttings grown in
zero water potential demonstrated a rising water potential until grcwth was
initiated, and water potential fell.

The firal measurement of I-78 in an osmoticum of - 20 bars indicated
that water potential within the cutting rose. This result was not seen in
other clones or concentrations of the osmoticum.

P. __yunnenensis developed a deviation in water potential at - 2 bars,

but there was not a well-defined trough as in the case of 1-78. There was
rather mure variability shown by this clone (Appendix 11). P. angulata

cuttings followed an even gradient of water potential, with relatively little



Fig. 9. = Water Potentizal of Cuttinges in Growth ledia of

Varicus Osmotic Potentials

Figs. S A - I-T78
Fige 9 B = P.yunnanensis
Fig. 9 ¢ =~ P.anculata

Time A - Commencement of the experiment
Time B = After 4 days

Time C = At growth initiation

Time D - After 14 days growth.

L.S.D. (5%) is the least significant difference at
5% level of significance
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variability and reached a higher ultimats water potential than I-78 or

P.yunnanensis in all concentrations of osmoticum vsed.

3e5.2 Water Contents of Cuttings

The erfect of imposed water stress on water conteni at the top and
bottom of the cuttings is given in Fig. 10. The analysis of variance is
provided in Appendix 11,

The following trends are apparent within clones and within the range
of csmoticum concentrations used; the differences in these two factors are

highly significant throughout.

(a) Water content increased in cuttings in osmotic potentisls
approaching zero, but decreased in low osmotic potentialg in the
initial measurement.

(b) This crend continued and increased to the time of measurement
of water content at growth initiation.

(¢) Until growth initiation, the trends in basal water content
were similar to bu% more pronounced than the trends in water
content close to the bud (i.e.'top water content!).

(d) After growth initiation, water content at the top of the
cutting increased in less concentrated osmotica, but remzined
at a similar level to that seen at growth initiation in the
osmotica of high concentrations.

(e) The water contenis observed in the basal region of cut’ings
declined markedly after growth initiation in osmotica of iow
concentration. In higher concentrations, the corresponding
water contents of I-78 and P. angulata also fell, but those of

o m— —————— s
P.yunnanensis rose.

%.5.3 Relation between -tater content and water_gptentigl

The relation between internal water content and water potentizl
is shown in Table 5, and the analysis of variance is shown in Appendix 12.
There were highly significant correlations between water content and

potential at all three times of observation and in all three clornes.



Fig. 10. = Water Content of Cuttings in Growth Media of

Various Usmotic Potentials

Fig 10.
10.
10.
10.
10.
10.

H BH O Q W

g Qo k=

- I.78 Water content at top of the cuttirg.
I-78 - bottom W.C.

- P.yummanensis -~ tep

- P.yvunnanensis - bottom

- P, angulata - top
- P. _angulata ~ boitom

as for Fig 9.

L.S.D. Qﬁ is the Least Significant Difference 2t

the 5% level of significance
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FIG. 10 B — P yunnanensis:
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Table 5: Relation between Water Content and Wate.r Potential.

Clone Time of Y variable Regression Standard Corrlation Sigmificance
Observation Briror

Av. 4 days Top =0.712 » 148 —-e 369 *x

Av. 4 days Botton -1.200 .18% - 477 *x
G.I. Top ~0.133 .055 -. 528 #
GoIa Top "'1 0198 0240 by 585 *
G.Io TOP -Ov178 0127 ".197 NnSo
G.I. Bottom "0- 493 0072 - 704 =%
G.I. Bottom -2.202 . 266 ~.T57 *3*
G.I. Bottom -0.426 .143 -.383 *y

_ Terminal Top -0.453 . 100 -.546 *%

2 Terminal Top -0.008 .08% -. 167 MeSs
Terminal Top -0.187 082 - 514 *

1 Terminal Bottom -.374 .095 -.490 *x
Terminal Bottom -0.817 « 113 - 723 ¥

3 Terminal Bottom -0,308 079 -.493 b

KEY
CIONE

Clone 1 is I-78

Clone 2 is P. vunnanensis

Clone 3 is P, angulata

Av. is used in those cases where there were no significant
differences beiween clones, and the regression analysis has
been performed over all clones.

There are 48 degrees of freedom associated with iadividual clone

analysis, and 146 d.f. with the avcrage regression.

TIME OF OBSERVATION :
4 days - i.e. 4 days after commencement of the experiment.

G.I. is the stage of growth initiation.
- Terminal is the time of termination of the experiment, 14 days after

the stage of growth initiation.

VARIABLES:
The Y variable is water content, which was determined at both the top
and bottom of the cutting (Section 2.3.5).

The X variable is water potential.



5.5.4 The Incidence of Shoot and Reoi Growth

The incidence of shoot and root growth in each clone for each
concentration of osmoticum used is given in Table 6 for two stages of

growth, at two days after growth initiation and at termination of the

experiment after 14 days growth.

Table 63 Incidence of Shoot and Root Crowth.

Clone Osmotic No. of Cuttings No of Cuttings
Potential Producing at 2 days Producing at 14 days
of Culture (2) shoots (b) root (a) shoots (b) root (c)Root
Solution initials initials
% % % pi
1-78 O bars 100 87 100 160 100
-1 93 80 100 a0 100
-2 93 80 100 100 T0¢
-3 87 73 100 100 a0
-4 80 93 Q0 100 50
-6 47 67 80 100 0
-8 20 40 90 100 10
-11 0 0 0 100 0
-5 0 0 0 50 0
=20 0 0 0 0 0
P. yunnanensis
0 47 67 80 100 100
-1 40 93 100 100 90
-2 27 93 90 100 a0
-3 47 100 100 100 Q0
-4 20 T2 100 100 50
-6 47 60 100 100 10
-8 27 47 80 100 0
-1 f s 0 80 40 0
=15 0 0 7 40 0
=20 0 ¢ 0 30 C
P. angulata
0 47 47 80 40 90
-1 60 47 100 &0 100
-2 53 27 100 70 80
-3 47 53 80 60 80
-4 27 53 80 100 40
-6 27 13 20 1CO - 0]
-8 7 1 20 40 0
=11 13 7 0 0 1
-15 0 0 20 10 0
=20 T 0 20 0 0



The table is based on 15 cuttings per subtreatment at the two-day stage,
and on. 10 cuttings at the 14-day stage.

There appears to be a well-defined critical osmotic potential of the
growth medium which will inhibit growth. The critical osmotic potential
for appesrance cf roots is the least negalive, that for shoots is intermediatie
and that for root initials the most negative, in all clenes. However there
were clonal differences in the levels required to inhibit, and all three

types of growth were also delayed by lower osmotic potlentials.

3.5.5. Shoot Growth

The relation between shoot length, osmotic potential of the growth

medium, and time since growth initiation is illustrated for each clecne in
Fig. 11 and Plate 3. The analysis of variance is shown in Appendix 12.
As the osmotic potential of the growth medium was decreased to -4 to
-6 bars, there was a massive, approximately linear decline in the rate of shoot
elongation in all *hree clones. At lower osmotic potentials shoot elongation

rates declined further, but in two clones (P. yunnenensis and P. ansulata) |

some bud movement was seen in several buds at the extreme potential of =20

bars. |
At - 1 bar in the éione I-78 in the early stages of shoot elongation - |

there was somevwhat less growth than at - 2 bars, tut this difference was only ‘

\
just significant (Fig. 11). In the clone P. yurmanensic a trough was also

apparent at - 4 bars, which became more pronounced in the later stuges of
growth.

The water content of shoots was progressively lower with each ircreasingly
concentrated solution of the osmoticum, from about 90% in all clones at

zero potential to about 65% in the case of I-78 and P. vunnanensis and 35%

in the case of P, angulata, at - 4 bars (Fig. 14). This effect is reflectled
in the relative rates of change of fresh and dry weights al termination of
the experiment. Whereas fresh weights declined rarkedly between osmotic
potentials c¢f zero and - 4 bars in the growth medium and thereafter fell

more slowly, dry weight measurements fe.l more slowly.

The troughs previously noted in I-78 and P. yunnanensis shoot

elongation were not represented in dry weight measurements.

3.5.6 Root Growth
The effect of imposed water stress on root growth is shown graphically
in Fig 12 and 13 and Plate 3 and the analysis of variance is shown in

Appendix 13.



Fig, 11. -~ Shoot Growth of Cuttings in Growth Media of

Various Osmotic Potentials

Fig. 11A = T8
11B = P.yvunnanensis

11C - P.angulata

'L.5.D. (5%)' is the Least Significant Difference at the
5% level of significance, for each time of

measurement.

'Days of Growth'! refers to the time periods after growth

ig first seen,
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Plate 3. = The Effect on Budbreak and Root Initiation of Various

Osmotic Pntentials associated with the Growth Medium

Each page represents one clone, as indicated.

L}

Four cuttings are shown representing each osmotic potential:

Upper, from left:
0
-1 bar
-2 bar
-3 bar
~4 bar

Lower, from left:
~6 bar
-8 bar
-11 bar
-15 bar
-20 bar
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Root Grow*h of Cuttings in Growt

Media of Various

Osmotic Potentials

Fig. 12-A - I-78

12-8B = P,vunnanensis

12-C - P.anzulata

r.i. = root initials

S.r. = short roots, i.e., less than 1 cm.

l.r. = long roots, i.e. greater than 1 cm.

The following Least Significant Differences at

the 5% level of significance apply to all clones

at eoch time of observation:

Days r.i. L.S.D.
S.T Tx

2 0.945 - -

4 1.628 0,036 =

6 2.311 0.357 0.189
8 2.920 0.672 0.462
10 3.383 0.714 0.903
12 3.299 0.945 1.240
14 3.236 0.756 1.345
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FIG. 12-B  Pyunnanensis
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Fig, 13, = leasurements at the Temmination of the

Experiment relating Growth to Water Stress.

Fig. 13.
13.
13,
13.
13.
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Fig, 14. dater Content of Shoots and Roots Grown in

Media of Various Osmotic Potentialsg
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In 211 three clones tha following trends were seen:

{a) The incidence of root initials plus total roots declined with
decreasing osmotic potential, and were completely inhibited
by a potential of - 20 bars. Although the appearance of root
initials did not decline to low levels until - 8 to - 11 bars
were applied in the osmoticum, their development into roots was
inhibited by potentials closer to zero, and there was little
root growth beyond - 4 bars.

(b) Appearanca of root initials appeared to follow three phases in
rate of appearance. In the first stage up to approximately
20% of root initials developed slowly, followed by a second more
rapid phase in which most of the ultimate production of root
initials appeared. The third phase involved a return to a
much slower rate of appearance of .pproximately 15% of the
ultimate production.

The commencement of the first stage was inhibited
by osmotic potentials in the growth medium above = 8 bars
and ceased at = 20 bars., In I =78 the second phase was
nct appreciably retarded in magnitude at - 8 bars, although
it was delayed by two days when compared with growth in
solutions of - 4 bars and under. The third phase was
massively affected by earlier phases of growth, and there
were no obvious effects -of increasing osmotic potential of
the growth medium as such.

(¢) Both I-78 and P. yunnanensis developed most roots plus root

initials (i.e. 'total roots') at - 4 bars, the numbers showing
a progressive decline at lower osmotic potentials to cessation
at - 20 bars. However, whereas I-T78 grew progressively fcwer

rooce at osmotic potentials lower than - 4 bars, P. yunnanensis

developed another peak al zero potential. P. angulata foliowed

a similar pattern of growth to P. yunnanensis but at a lower

overall level and showed maximum numbers at zero and - 6 bars.
(d) Basal roots were developed to the greatest extent in I-78
in a growth medium of - 2 bars, and fell to zero at - 6 bars.
P. angulata showed some basal root growth at zero and - 1 bars
only, and basal roots were not seen at any stage in P.yunnanensis
(Appendix 13). _
(e) The total root length per cutting declined with decreasing

osmotic potential from a maximum at zero (I-78 and P.anculata)

or = 1 bars (P._yunnanensis) to nil at -~ 6 bars. In tne case
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of P. yunnanensis there was a substantial decline at zero osmotic

potential, In general, most root length was produced by
I.78 and least by P. angulata.

(f) Root dry weight at termination of the experiment followed the
trends described for total length closely. Water content of
roots declined with increasing osmotic potential of the

growth medium.

3+5.7 Relation between Internal Water Status and Growth.

Regression analyses relating various parameters of growth to internal
potential and top and bottom water content showed that a strong correlation
existed, shown in Table 7.

Table 7 = Relation between Internal Water Status and Growth

: X X Standard
Clonc  Variable Variable Regression Error Correlation Significance
A. Growth Initiation
Av, 8.8, W. Pot ~0.257 .056 -.358 *x
5:Ga W.C.(top) 0.711 .221 422 *x
2 S.G. W.C.(top) 0.059 .028 .288 *
3 S.6. W.C.(top) 0.301 A2 .324 *
S.G. W.C.(Bottom) 0.517 .120 529 *e
S.G. W.C.(Botiom) 0.025 .021 A74 NS
S.G W.C.(Bottom) 0.289 .100 .384 **
1 ReXs W. Pot -0.102 .026 -.491 %
.Y, W. Pot -1.233 « 264 -.558 *x
B.I. W. Pot -0.107 062 -e 240 NS
Av BT W.C.(top) 0.225 .062 + 287 *x
1 R.I. W.Ce(Bottom) 0.173 © .035 584 *%
R.T. W.C.(Bottom) 0.469 .088 .610 *x

3 R.I. W.C.(Bottom) 0.094 .056 .233 NS
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Table 7 contd.

Clone Y X

o = Standard
Variable Variable Repression Error Correlation Significance
B. After 14 days growth
1 SUG- ‘H.POt "'30337 .716 —0558 ¥
SaGo W.Pot -2.429 -57? -0519 *
S-G’. HQPOt -0'838 .168 -.584 B *%
S«G. W.C.(top) 4,745 783 .658 * %
S.0. W.C{Top) 4,293 977 .536 *x
S.G. W.C.(top) 1.348 «289 «559 *x
1 S.Ce W.C.(Bottom) 4.262 . 950 543 *x
2 S.Ge W.C.(Bottom) 2.097 .515 « 507 *x
S.G. W.C.(Bottom) 1.318 270 .576 *x
ROII w.POt "'0.609 0149 —.508 **
RCI. w.POt -00848 .136 —-669 *¥
3 ) 1 W.Pot -0.175 .070 -.340 *
Av R.I. W.C.(Top)  C.063 126 .042 NS
R.I. W.C.(Bottom) 0.067 .227 .043 NS
BT W.C.(Botton) 0.653 127 .623 *x
R.I. W.C.(Bottom) 0.131 P «160 NS
Av. R.to 1cm W.Pot -0.046 .010 =334 *
Av. R.to 1cm W.C.(top) 0.033 017 .159 B
Av. R.to 1cm W.C.(Bottom) 0.053 013 «331 *x
1 R.gr.1cm W.Pot ~0.192 .048 -.502 * %
2 Ruﬂ.‘cm WnPOt "'0.104 0040 --353 *
3 R.gr.1cm W.Pot 0,022 «007 -«393 -
1 R.gr.iem  W.C.(Top)  0.197 060 427 *%
2 R.gr.icm W.C.(Top) 0.163 069 322 *
R.gr.icm  W.C.(Top) 0.025 .013 272 NS



Table 7 contd.

Clone

X
Variable

X

Variable Ragression

Av,
Av.
Av.

2.
3.

Av,

R.gr.1cn  W.C.(btm) 0.226
R.gr.lecm W.C.(bim) 0.090
R.gr.iem W.C.(btm) 0.026

T.R.No
T.R.No
T.R.No

T'R .L.
T.R.L.
T.R.Ls

T.R.L.

T.R.L.

T.R.L.
T.R.L.

W.Pot -2.801
W.C.(top) 1.300
W.C.(Brm) 2.400

W.Pot - T7.219
W.Pot - 5.742

W.C.(Top) 11.219
W.C.(Btn) 18.672

W.C.(Btm) 6.838
W.C.(Btm) 6.604

Xey to Abbreviations

Clone

Clone 1 is I=T8

Clone 2 is P.yunnanensis
Clone 3 is P.angulata

Av. is the average regression over all cuttings disregarding clone

Standard
Error Correlaticn Significance
.065 450 *i
035 <344 "

012 « 291 *
0408 bt 494 i
« 705 «151 NS
«509 «363 ¥
3.447 -.513 o
2.42¢ -¢395 e
1,304 - 537 *x
2,172 «393 b
4.524 512 *
2.118 422 *¥
2.273 « 387 *%

groups, and is used when the differences between clones are not

significant.

Y Variable
S.G. is shoot growth (cm)
R.I. is the number of root initials

R. to 1 cm is the number of roots between O and 1 cm.

R. gr. 1em is the number of roots longer than 1 cm.

T.R. No. is the total number of roots and root initials.

T.R.L. is the total root la2ngth for each cutting.
X Variable

W.Pot. is the water potential determination made at the same time

as the corresponding growth measurement.

W.C.(top) is the corresponding water content detemmination, made

at the top of the cutling.

W.C.(bottom) is the corresponding water content determination, made

at the bottom of the cutting.
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At growth initiation, correlations tended to be higher with those
growth measurements of characters which nad developed more, vis. shoot
grewth of 1-78 and root initiation of I-78 and P.vunnanensis. Bottom

water content provided the highest correlations in general, followed by

measurements of water potential. .

At termination of the experiment, meacurements of shoot growth and
total root length per cutting were highly correlated with both top and
bottom water content and with water potential. There was some variation in
the degree of correlation between nuubers in the three root classes and top
and bottom water content, although those with water potential were all
highly significant. Total root numbters was highly correlated with water
potential (all three clones), top water content (1-78 only), and bottom

water content (I-78 and P.yunnanensis only). There was a much stronger

relation between the division of total roots into basal roots and side
roots and water potential than between the same division and top or bottom

water content.
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CHAPTER -~ FOUR

4.1. Seasonal Chanres in Yater Status

At the onset of dormancy while leaves are still present on the stools,
a gradient of water content is maintained, being higher at the distal =nd
cf th: wands., This is probably a reflection ¢f the ability of the upper
regions to mobilise water which is available in thes wand, since leaf fall
commences in the lower regions firgt. The completion of leaf fall coincides
within ninimum levels of water content, probably under the vestigial effects
of the transpiration stream associated with the last. leaves., The largesi
gradient is seen before leaf fall in P, angulata, which also has very large
leaves in comparison to I-78 and P. yunnanensis and may reflect transpiration
rates. '

A slow rise in water content over the dormant period in the field is
accompanied by a disappearance of the gradient along the wands in the case

of I-T7€ and P, vunnanensis, and a decline in tre size of the gradient in the

case of P, angulata. In each clone the major change is in the basal
regicn, indicatirg that the movement of water is from the stool and/cr root
region upwards.

In the actively transpiring plant, the main forces of water uptake
are transpirational; in the dormant plant these forces are not present,
and movement of water into the wand. is likely to be in the form of a
slow redistribution of water from cell to cell in response to local
gradients of water potential, after the manner suggested by Weatherly (1963)
for water movement in root cell wells. The source of water could be either
from root reserves (which may be substantial in the case of a plant
maintained as a stool since the root/shoot ratio is very large) or from
root uptake, which may take place even in the dormant plant on a much
reduced scale.

The magnitude of water potentials and the nature of the gradients
within the plant at the onset of dormancy may reflect the residual effects
of transpiration at leaf-fall. After leaf-fall, the plant is affe: ted
much less by environmental changes and metabolic processes since growth
and transpiration are no longer taking place, and water potentials of the
dormant tissues are in turn likely to be well insulated in a comparatively
closed system. In the clone P, angglata'the gradient of water conten%
observed at the vutset of dormancy (i.e., when leaf-fall was complete) was
higher than I-78 or P. yunnanensis; further, the gradient of water
content observed at the onset of dormancy in this clone was net eliminated
entirely before the time of bud~break,; although the magnitude of the gradient
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was reduced. P. anguiata develops leaves which are considerably larger

than those of I-78 ard P. yunnanensis; if size of leaf can be correlated

with transpiration rate the larger leaves may have resulted in a larger
residual water potential at leaf-fall, which in this clone might not be
corrected by a slow water uptake or redistribution. Certainly the lowest
vater contents were observed at the top of the wands, which were also

the sites of the last leaves to fall. Two additional explanations may have som
validity: firstly that there may be higher internal resistances to

vater movement on a cellular level in P. angulata, and secondly, that the
comparatively large buds may have a rather larger effect on water consumption
and loss.

P. vunnanensis displayed an inversion of the gradient in water content

at the time of bud-break, in comparison te the gradient observed at the
onset of dormancy. There was a corresponding change in water potential

at the corresponding times, in that water potential tended to become less
negative at higher levels of hydration. This effect would be expected,
assuming little change in solute content, and may reflect the sites of water
use since apical regions are the last to lose their leaves at the uncet of
dornancy. Further, bud-break appeared to commence first in the lower
regions. A site showing a higher water content but a less negative water
potential than other regions probably is an indication of a site of water
mobilisation.

By the time maximum water polentials had been reached, most of the
increase in water content recovery had been attained in all clones.
Subsequent declinz in water potential may be under the influence of
increasing bud metabolic activity which may be associated with a change in
solute concentration, although there are no obvious changes in the bud
until the phenomenon of bud-break commences.

L

4.2 - The Effect of Relative Humidity on Water Loss

There are four ﬁossible sites of water loss in cuttings: the cut ends,
the bud or buds, lenticels and the remaining bark.

Loss through the cut ends was shown to be the most significant factor
in the size of cutting used. However, the proportion of water loss via this
route will clearly be related to the length of cutting. Cuttings of a
gignificant lenglh can be expected to develop a gradient from centre to
cut and; the distal cut end is thus likely to affect the water status of the
bud to a greater extent than the average water content of the entire cutting
would indicate, since the bud was always close to this end. It is suggested
that the use or short cuttings'as in this experiment is more meaningful in
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terms of effect on the bud than the use of longer material, since there is
less opportunity for large gredients of water ccntent or water potential
to develop.

Sealed cuttings of I~78 increased significantly in water content by
0.146% in a relative humidity of 10%% in the first 48 hours, and lost
0.279% in a relative humidity of 93.%%. The ccrresponding gain and loss

for P. yummanensis was 0.062% and 0.580%, and in the clone P. angulatn

there were losses in both relative humidities of 0.049% and 1.679%
respectively (Table 1) Thus in the clone I-78, the loss at 93.3% R.H.

was about twice the loss at 100% R.H., and about nine times the loss in

P. yunnanensis. The clone P. angulata also gained in the second 24 hours
only, about nine times as much at 100% R.H. as the loss in the second 24 hours
at 93,3% R.H., but not in the first 24 hours.

At 100% R.H., the gradient between the tissue of the cutting and the
bulk air surrounding the cutting can only have originated on the parent
stools, and was measured there to be cf the orler of =2 bar. However,
Schull (1939) reported that the "Diffusion Pressure Deficit" of air at
90% R.H. is 140.5 atmospheres at 20°C.l i.e. the water potential is about
-128.7 bar. Thus in spite of a very large gradient between the cuttinz and
bulk air at 93.3% R.H., the loss of water was nct propertional to the gain
of water which took place under the influence of the small gradient between
the cutting and bulk air at 100% R.H.

This anomaly could be explained in terms of changes of permeability of the
lenticels. Cutter (1971) describes lenticels as regions in which the
"phellogen forms a mass of loosely arranged, unsuberised cells with many
intercellular spaces." It is conceivable that such a structure could undergo
a significant change in cellular aggregation and hence resistance to water
flow. In particular, a low relative humidity may cause a partial collapse
of the tissue and a rise in the resistance to water I{low. A supplzmentary
experiment would be required to establish if the lenticels were the major
site of water loss.

Alternatively, this result may indicate that there are signif.cant
gradients in relative humidity between the air-cutting interface and the
bulk air in equilibrium with the saturated solution or chemical; such a
gradiéﬂt would reduce the transfer of water from cutting to air, but in a
relative humidity of 100% with water transfer from air to cutting such a
gradient would n.t exist.

A third factor may be the accumulation of solutes at the evaporating
surface, leading to a low local water potential., The resulting zradiont betwee
the interface of evaporating surface and air, and the interior of the cutting
would be analogous to the postulated gradient in relative humidity mentioned
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above, and would similarly restrict water flow out of the cutting.

Comparison of the figures for sealed and unsealed cuttings show thgt
the loss of water from cut ends and from the rhytidome followed a sinmilar
slow drift, without marked changes at particular levels of loss. This tends
to suggest that water loss from both these areas is a physical process,
vnmedisted by a physiological mechanism which would normally be affected by
limiting levels of water ctress.

The loss of water from cuttings with sealed ends is substantizl ot
relative humidities lower than 100%, and are sufficient to preduce a limiting
water status within a short time.

If the changes in water content seen in this experiment are related to
the regressions of water content on water potential derived in the experiment
on the effect of water status.on growth, a fall of about 3% in the dormant
cutting or 0.5% in the actively growing cutting would be sufficient to
decrease the wailcr potential within the cutting to between -2 and -6 bar,
at which stage growth would be severely inhibited, according to the growth
experiment. A loss of 3% in water content corresponds to the lcss over
three days in unsealed cuttings and approximately seven days for sealed cutting:
at a relative hunidity of 93.3%; for a loss of 0.5% in sealed cuttings
at 93.57% relative humidity less than a day would be required.

Under field conditions two factors may extend these times significantly,
On the parent stools, it has been suggested earlier (Section 4.1) that rcot
uptake or redistribution of water reserves even in dormancy or the nost
dormant stage before growth recommences may be capable of substantial water
replenishment in the attached wands. Further, in both attached wands and in
cuttings, diurnal variation in relzative humidity, possibly allied with
precipitation and dew-fall mey result in the uptake of significant amounts of
water, or the substantial reduction of the effects of prolonged low relative
humidity.

The third-order interaction tetween bud, relative humidity and clone
did not reach significant levels, although the second-order interactions of
bud/clone and bud/relative humidity were significant. However, there were
consistent trends in the third-order interaction within each clone (Section
3.2; Pig. 4). Presence of a bud at higher relative humidities (other than
100%) generally resulted in a higher cutting water content than in a bud-less
cutting, apparently indicating that the bud tended to cause water to be
retained in the cutting. Further, the bud appeared to have influenced the
water status of tissue other than in the bud itself, as follows:

Assuming the water content of both wand and bud at the start of the experiment
was of the order of 50% (confirmed in supplementary bud measurements) the
amount of water held in the bud would approximately equal the bud dry weight.
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The average bud dry weight of I-78 was 0.010 grams, that of P, yunananensis

‘was 0.034 grams and that of P. angulata was 0.047 grams, and these weights
are assumed to approximate the actual water content in grams. However, the
maximum effect of the presence of a bud on the water content was 3.40%, 0.97%
and 1.71% respectively for these three clones at R.H. 80.5%, corresponding

to 0.084, 0.021 and 0.028 grams of water respectively. Thus in the clones

I-78 and P. yunnanensis the presence of a bud resulted in retention of =

quantity of water considerably in excess of the total water contained in

the bud, suggesting an effect on tissue other than that within the bud

itself. In the clone P. angulata, the effect of the bud does not appear

to be as large, and this may be reléted to the retention of seasonal gradients
withir wands of this clone, since the buds may not be such significant sinks
in this clone. -

At the comicncement of this experimeﬁt the parent stools hed experienced
the cold requirement for the completion of dormancy, and the recommencement
of growth had been shown in other sections of this study to depend only on
a rise in temperzture. The temperature used in this experiment (20.0“0) vas
shown %o be adequate for the recommencement of growth. At higher relative
humidities the presence of a bud on the cuttings had little effect in the
first 24 hours, but after this period the effect of presence of buds became
significant. The 24-hour delay suggests that this is the period of time
taken by the bud to establish a higher rate of metabolic activity in the higher
temperature regime. Such an increase can be expected to result in an increase
in solutes as cell reserves are mobilised, leading to an increase in cell
osmotic potential and thus a fall in cell water potential., Thus there may be
a direct effect of increase in the bud metabolic rate and the effcct of the
bud on retention of water in the cutting.

At relative humidities closer to zero, there was a consistent trend which
appeared after the first 24 houxrs indicating that the presence of a dbud
contributed to a decline in water content, presurably because of the loss of
water acsociated with the bud. At zevo relative humidity this effect was seen
in all clones, but it became less marked with the overall fall i. water
content and reversed completely in the case of I-78.

The reduction in the effect of the presence of the bud at 0% R.H. with
time may be due to three factors: firstly, as the total waler content declines
the proportional effect of the amount of bud water still present will become
fery small; secondly, the bud water may be lost more rapidly through the
disrupted bud scales than through the rhytidome and lenticels; and thirdly,
the dry weight will not remain constant with time, but is likely to fall
with a consequent upward drift of the water content determination.

Dry weight losses can be expected to be larger in meristematic and juvenile
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tissue such as is in the bud, in comparison wilh the maiure tissues found in
the ster; this difference would result in an apparent dimunition in the effect
of bud presence.

The effect of bud presence in lowering water content still further at
low relative humidities was least in I-78 and greatest in P. angulata.
Further, the average respective dry weights of buds of I-78, P, yunnanensis

and P, angulata were 0.0515, 0.1715 and 0.2356 g., suggesting that clenal
differences may involve bud size gnd thus the amount of water held in the bud.
However, as in the effect of bud presence noted earlier for higher relative
hunidities, therce is insufficient total bud water to account for all the tud
effect at low relative humidities, and the bud appear to have influenced the
water status of tissue close to the bud.

At a relative humidity of 55.5%, the presence of buds in P. yumnanensis

and_P. angulata cuttings resulted in a similar effect to that at zero

relative humidity. However, I-78 cuttings wii* buds showed a slightly
higher water content, suggesting that this clone may be more capable of
retaining water, perhaps as a result of bud size and bud scale structure, or
as an inherent metabolic capability.

4.3 The Effect of Exogenous Auxin on Growth.

This experiment was intended to be of limited extent and interpretation,
with the primary aim of indicating whether there may have been clonal aiffer-
ences in inherent auxin levels, with a possible indication of a practical
technique for improving the ability of P. angulata to propagate vegetatively.
The following limitations are recognised:

(i) That only one hormone has been used, and that there is no way
of establishing the interaction with other hormones.

(ii) That no assay of the final levels of auxin within the cutting
(which would include both inherent levels already present in
the cutting at the start of the experiment and absorbed exogen-
ous auxin) was undertaken. Such an assay is technically difficult
and would require consideration of the ratio of bound to free
auxin, rates of metabolic supply and rates of deactivation.
This was beyond the scope of this study, and therefore a
relationship between particular levels of auxin and growth
forrm and rates could not be made.

In the clones I-78 and P, yunnanensis the appearance of root initials in
the field tends to be high and adequate, thus permitting early dependence
on the root system. However, P. angulata does not appear to develop all the
root yrimordia which are present initially, and this investigation was intended
to establish if the rate of appearance of root initials was limited by low
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endogenous levels of auxin. Low levels of auxin may be dve either to limited
production in the bud or shoot, or to rapid inactivation in P. angulata,

so that root growth does not reflect‘the rate of nreoduction of auxin.

Since the movement of auxin is polar, shoot growth will not be directly
influenced by an increase in shoot auxin from absorbed excgenous auxin, but
rather indirectly from the effects of decreased or enhanced root growth.

In both I-78 and P. angulata there was a massive increase in the number
of root initials appearing in the highest concentration of auxin in the growth
medium. Further, in the highest concentration of auxin the number of root
initials plus roots in the clone P._ angulata became comparable with the

corresponding figure for I-78 and P. vunnanensis in the control solutions

(i.e. nil concentration of auxin). This result suggests that the capacity
of P. angulata to develop root primordia into observable root initiais and
thence into roots may be inhibited by inherently low auxin levels, since

the capacity is increased to that of I-78 and P. vunnanensis by the

additional supply of exogenous aurin.

In the clone I-78, the number of roots plus root initials was high
in the highest concentration of auvxir, but the dry weight production of roots
was lower than that of cuttings in lower concentrations of auxin, sugegesting
that the concentration of auxin was sufficiently high tc limit the growth of
roots. It is unlikely, however, that this decrease in root growth rates
could be the basis for the decreased shoot growth which also took place in
I-78 at the highest concentration of auxin, since the root growth was still
substantial and water deficits would be unlikely to develop under these
conditions. Mineral supply could not be a factor since the growth medium
had no added nutrients; further, the mineral reserves in the cutting are
suvbstantial. It is suggested that the high concentration of exogenous
auxin may interfere with normal mobilisation of reserves, and it is postulated
that there may be a formation of new sinks within the cutting in a manner
analogous to the theory of Cardenas et al (1968). These workers showed that
2,4-D appears to induce new sinks of metabolic activity when placed as a drop
on a leaf. If the lenticel is a sit: of absorbtion of exogenous auxin, this
postulate could further explain the appearance of cell proliferation in the
regions of the lenticels (Plate 2).

The clone P, yunnanensis failed to show any consistent reaction to any

concentration of auxin. This may indicate that the clone has high natural
levels of endogenous auxin possibly coupled with a tolerance tuv concentratio.s
in excess cf the optimum for growth which may result from an efficient
mechanism for de-activation.

The generally low levels of root growth in F. yunnanensis mey be due to
the early shoot growth and the proliferation of undifferentiated tissue in
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the regions of the lenticels. The latier may have a direct effect in
exhausting reserves, or may interfere in the development of the root initials.
The cause of the cell proliferaticn was not established. .

There was little effect of exogenous auxin on shoot growth within the
growth period used, except at the highest concentratiom in the clone I-78
where a depression was scen. Tkis may further indicate that levels of awxin
are naturally high in I-78, and that additional 2uxin at the maximum
concentration of solution used may become excessively high for c¢ptimum shoot
extention.

Shoot dry weights show similar trends to those seen in shoot length meus-

urements, except that a depression at the highest concentiration is also seen

in P. angulata,

4.4. The Effect of Light on Growth.

In the clones I-78 and P, yunnanensis both shoots and roots were

produced on every cutting, and it is clear that light is not a factor in
budbreak or root initiation in these clones. In the substitute clone
'Aust. 135' there were some failures in all treatments, but only in bud-break
in the dark was there a significant reduction to 75%. This is not, of course,
of significance in the field. P. angulata was not included in this investig-
ation, but bud-break was not limited in this clone at high water potential
treatments in the experiment relating water status to growth. It can
be assumed that none of the three clones used were limited by the light regime
in their ability to commence growth.

There was inhibition of leaf development in all three clones and
etiolation of the shoots of I-78 and P. vunnsnensis in the dark treatment,
but 'Aust 135' shoots did not grow as long in the dark as in the light. All

three clones develop2d greater shoot dry weights in both light treatments than
in the dark. Thus the relative growth rates of all three clones were of the
same order, and the lack of elongation of 'Aust 135' in the dark compared
with the growth in the light suggests that auxin levels may be low in this
clone. Thus limitation of élongation rates in the light through destruction
or inhibition of auxin by light may not be as significant as in I-78 and
P. yunnanensis.

The ultimate number of rcot initials plus roots was similar for all
treatments in each clone. However, early development of root initials of
I-78 and 'Aust. 135' were enhanced by the dark treatment, but those of

P. yunnanensis were retarded, when compared to growth in the light treatments.

This was reflected in the advanced roct growth in the former cloues when

grown in the dark. It eppears that both I-78 and 'Aust. 135' in the early
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stages of growth in the light have buds dr shoots which may be able to
preferentially mobilise reserves and dominate the use of photosynthetic
products at the expense of early roct development.

This may be the result of light incident in the root region, or reflect the
ability of buds or shoots to preferentially mobilise reserves and dominate
the use of photosynthetic products at the expense of early rcot development.

However, P. yunnanensis appears to be capable of supporting both shoot ana

root growth, presumably either by tolerance of light in the root region or
the ability to produce sufficient photosynthates to support both shoot and

root growth. The non-appearance of root initials in P. wyunnanensis at the

first observation of growth may have been a reflection of the large number
which vltimately developed, since early development may have been inhibited
by the heavy drain on reserves before photosynthetic tissue was developed

significantly.

4.5 The Effect of Water Stress on Bud-break and Root Initiation

The water potential of the cutting was closely related to the osmotic
potential of the growth medium and the length of time the cutting was in
contact with the growth medium. Until growih initiation there was a trend
within the cutting to equilibrate internal water potential with the osuotic
potential of the medium. However, cuttings grown in solutions which permitted
bud activity developed a transpiration stream, and this was reflected in
a lower water potential in those cuttings.

Measurements of water content, while more variable than those of water
potential, showed marked trends also. Similar trends were followed in both
top and bottom measurements, but those taken at the bottom of the cutting
showed larger differences. In general, water conient rose in the lowest
concentrations of osmoticum, and in the highest concentrations water content
fell. Iﬁ the growth medium where there was no change in the water content
(i.e. tne compensation point) the water potential of the cutting as measvred
by subsequent destructive sampling approximated the osmotic poteatial of the
growth medium.

A highly significant relationship has been demonstrated between the
internal water status of the cuiting and the osmotic potential of the growth
medium. A further relationship between internal water status and shoct init-
iation, growth, length and weight, also root iritiation, numbers, length and
weight was found to be highly significant. Thus there is a clear relation
between an applied water stress in the form of an osmoticum and growth

initiation and early growth.

At the commencement of shoot growth, initial rates of elongation were
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correlated mogt highly with water content at the base of the cutting, zud
almost as well with water potential, but rather less closely with water content
at the top of the cutting. However, final measurements of growth werc hignly
correlated with both measurements of water content and with the measurement
of water potential. At the final measurements of water status the trends
winich had been seen earlier at the siage of growth initiation had become
more highly correlated,

The particular levels of water potential which first inhibit growth
were clearly defined. At two days after growth initiation, the number of
cuttings producing shoots or producing root initials fell drastically at
osmctic potentials of -8 bar or greater in the growth medium in all three
clones. At fourteen days, shoots had also been produced in osmotica of =11

bar in P._yunnanensis and root initials were seen on most cuttings of I-T78.

However, develorment of root initials into roots was inhibited in solutions
of osmotic potential greater than -3 bar in all three clones. Thus the forme-
ation of root initials was relatively unaffecte by low external osmotic
potentials, but once the root initials developad sufficiently to be afrected
significantly by the growth medium, subsequent oot development became
limited by comparatively low osmotic potentials. The capacity of roots %o
function in the particular root environment used may be limited by the lack
of ions since minerals were not included in the growth medium. Compensation
of the osmotic potential of the growth medium by increasing the ionic
concentration of the root cortex therefore could not take place.

Early shoot growth was also found to be relatively sensitive to small
water potential differences, althoigh shoot growth could be initiated in
higher osmctic potentials, This may reflect the limited ability of the cuiting
to buffer the effects of the root envircnment, and is probably refleated in
the declining water potentials measured in cuttings kept in the higher osnotic
potentials,

Water potential within cuttings of I-78 in a growth medium of -2 bar
consistently showed lower values than those developed in a growth medium of
-1 bar. While P. yunnsnensis appeared itc¢ follow this trend to some extent,

P. angulata showed no evidence of it. Similar results have been found by

Drew (1967 a, b, c) who found that mineral-free water tended to reduce growth
rates compared to small osmotic potentials in solutions produced using minerals,
and McWilliam et al (1970) found a similar result with the germination rates

of several species of gresses and legumes using PEG 20,000, Milthorpe and
Ivins (1966) note that the most favourable water potential for early growth

in fruit trees is nearer to -1 bar thgn at full hydration. If this wes also

the case in the clone I-78 and possibly P. yunnanensis, a growth-medium osmotic

potential of -2 bar may have been more favourable to shoot and root growth than
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a potential of -1 bar. In both these clomes (but rot in P. angulata)

the water potential measured in the cutting showed & similar trough, i.e. the
water potential of cuttings grown in a medium of -2 bar was higher than that
of cuttings in -1 bar. The greater growth rates could be expected to result
in greater vater use and this appears to occur with a concomitant Jall in
water potential in tke cutting. This fall may be a result of growth,
mobilisaticn of nuirients and an increase in solute concentration which would
affe¢t the osmotic potential of the plant cell contents.

However, thure is no obvious reason why growth should be increased by
small water potentials. Although many workers equilibrate maximum growth
with maximum hydration (Kramer, 1969) it appears that in some si‘uations
including those seen in this study svch a statement requires qualification.

Some of the measurements of other growth parameters confirm the effect
of enhanced growth at small osmotic potentials >f the growth medium. In
particular, measurements of shoot growth in the first 8 days showed a

corresponding trough at -2 bar in the clone I-78 but not in the clones

P. yunnanensis or P, angulsta; further, the number of roots produced

by both I-78 and F. yunnanensis was greeter at =1 bar osmotic potential

in the growth medium than at zero or -2 bar although this effect was not
seen in P. angulata,

The effect may be present only in the initial stages of growth
in the shoot, since the trough seen in the shoot growth of I-78 at -2 bar
disappeared after the 8th day of growth, and there was no apparent effect on
shoot dry weight. However, it may be more persistant in the effect or
roots, since it is apparent in all the relevant stages of root growth in

I-78 and P. yunnanensis, but not in P, angulata. In the measurements of

root dry weights at termination of the experiment P. yunnanensis showed

greater growth at -1 bar than zero growth medium osmotic potential, and
I-78 showed a small incréase at -2 bar over dry weight at -1 bar and zero
osmotic potential,

The disappearance of the promotive effects of small osmotic potentials
in the growth medium after 8 days in I-78 may be a reflection of the increasing
effect of photosynthesis, which (according to the investigation into the effect
of light - Section 3.3)rapidly becomes a dominant influence on growth rates.
Heath (1969) has noted that photosynthesis as such is not affected by water
siress at such low levels as are other physiclogical processes, and growth
resulting from photosynthesis is less likely to be influenced as much as
growth resulting from mobilisation of internal reserves. This can be
expezted to held for the species of poplar used in this study. Heath also
notes that export from the leaves does not take place until leaf expansion

is well advanced, and then the growing point tends to dominate nutrient
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(photosynthate) mobilisation. Thus in the initial stages of bud activity
and shoot growth, root growth may be the result of mobilisation of reserves
close to the root initial and not the products of photosynthesis. Since
photosynthetes are less likely to be available for root growth in the
early stages of growth, the promotive effects of small osmotic potentials
in the growth mediuvm may tend to be retained for a longer pericd, and
this agrees with tke observed changes.

It is apparent that the water status of the stools under study is
not likely to be a factor limiting the recommencement of growth in the
field. The levels of water potential through the dormant period under
study until growth recommenced did not reach values which weres observed
to prevent reconmencement of gno&th of cuttings. As would be expected
for established stools, the recommencement of growth appeared to be a
function of rising temperature rather than limiting water stress.

The lowest value of water potential observed using samples taken
from the stools was in the final measurement of P. angulata, which was -
5.2 bar. This was sufficient to severely limit growth rates of cuttings
with corresponding internal valucs but not to prevent growth. Once growih
has recommenced on the stocl however, measurements taken of inactive
material cannot be related directly to conditioas of active transpiration.
The final measurement of P. angulata was taken as budbreak commenced, and
may have been influenced by the commencement of such a transpiration

stream.
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1. Seasonal levels of water content was at a minimum at leaf-fz2ll and
at this time shoved a gradient of water content within the wand, the
distal region being higher. This gradient slowly decreased or disappeared
as the water content slouly rose over the dormant period. There was on
apparert redistribution of water from the region of the stool and/or roots.

2,  Seagsonal levels of water potential rose slowly until mid-winter and
then fell slowly. Cradients of water potential within wands were small and
rarely significant. In the domiant wand, levels were not low enough to
limit growth initiation, according to results from the study on growth response
to osmotic potentials of the growth redium.

3. Within the limits of the experiment, maximum potential for
recommencenent of growth after a cold peried i.: achieved early in the dormant

period, at least in T-78 and P. yunnanensis,

4. Rates of water loss from cuttings were clearly related to rclative
hunidity of the atmosphere, and could be considerably reduced by sealing the
cut ends. There were no significant differences in the rates of water loss
between clones. The presence of a bud on the cutting reduced the ratz of
water loss slightly at high relative humidities, but caused a slightly
greater loss at lower relative humidities. The bud appeared capable of
modifying the water status of asscciated tissue to a limited extent. Clonal
differences in this effect appeared to be related to the size of bud.,

The megnitude of water loss under the conditions of this particular
investigation was comparatively large and sufficient to produce a water stress
large enough to lirit recommencement of growth in a comparatively short time.

5 The limited investigation into the effect of excgenous auxin on
growth showed that in the highest auxin concentration used (10C.0 mg/i),

levels of rcot iunitiation in P. angulata were increased to a level comparable

with I-78 and P. yumnanensis in the control or at lower concentrations.
1-78 also showed greater root initiation at the highest concentration, as
well as a depression in shoot growth. The low rooting capacity of P. angulata
may “e due to low endogenous levels of auxin.

6. Light was not a factor in budbreak or root initiation in I-78 or
P, yunnanensis, and this was confirmed for P. angulata in the investigation

of the effect of water stress on growth. A substitute clone in the investig-
ation into the effect of light ('"Aust 135') was affected adversely by
continuous dark. The rate of aprearance of root initials varied with clone

and ithere was evidence of clonal differences in the use of reserve nutrients an

(after significant growth in the light treatments) photosynthetic products.
7. In the study relating growth initiation to osmotic potential of
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of ihe growth medium, there were close relationships between water status
of the cutting and osmotic potential of the growth medium, and dbetween
water content and water potential of the cvtting after particular time
pericds.

8. Growth initiation and early growth was related significantly to
wvater status of the cutting and osmotic potential of the growih medium.
Root initials appeared in osmotica of considerable concentration, but root
growth was limited by much lower concentratiors. Similarly bud movement
was seen in higher osmotic potentials, but growth of shoots was limited by
much lower osmotic potentials of the growth mediuvm.

Q. There was a general relztionship between water potential within
the cutting and growth of the cutting. However, growth in media of
low osmotic potentials was slightly greater than growth in zero osmotic

potential, in I-78, and to a lesser extent in P.yunnanensis; this was

repeated in the corresponding internal water potentials of the cuttings.

10. The water content of both roots and shoots grown in particular
osmotic potentials were related to those osmotic potenticls, i.e. the
greater the osmotic potential, the lowar the water content.

11. The results of this study indicate that growth initiation in
Populus can be limited by comparatively small water deficits in the growth
media. Under field conditions, similar limitations could be expected.

The methods developed in this study are applicable to evaluaticn of
techniques of propagation in the field, and can be used for conparicons of

ability to withstand drought between clones.
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APPENDIX 1.

Ta Charscteristics of the genus Populus

The genus Salix and the genus Populus comprise the family Salicacene,
of the order Salicales, of the group Amentiflorae (4non., 1958). The
order Salicales is characteristically dicecious, with capsular fruit opening
by vaives. The Salicaceae are typically light demanding, and grow naturally
in low-lying areas, being tolerant of mild winter flooding but not of
stagnant water, or peaty or acid soils.

The genus Populus has five sections:

1. Section Turanga Bge

Greyish leather polymorphic leaves, buds downy, male flowers 8=12
stamen, female flowers 3 stigmas. Distribution . Mediterranean, Central

and Western Asiz. Populus euvhratica is regionally important, beinz tolerant

of arid conditions when soil water is adequate, and being very light ard

heat demanding.

2. Section Leuce Duby

Leaves round, ovate, sometimes lobed, bark remains smooth, pale and
of grey-green appearance for some time. There are two sub-sections:

1.  Albidae |

The white and grey poplars. Characteristically showing white or ocle
down on the underside of the leaf. P. alba L. is the true white poplar,
fOund naturally in hot dry regions associated with water. Suckering is
prolific. The 'silver poplar' common in New Zealand is P. alba var 'bollzana'.
P. canescens - the grey poplar - is probably a hybrid of P. alba and P.
rremula. The species is very adaptable to soil conditions and very
drought resistant, but cutting propagation is variable.

2. Trepidae = The Aspens.

in extremely high light requiremert, high suckering rate and tolerant
of soil type, but are short-lived, shallow-rooted and difficult to root
from cuttings., P. tremula is wide spread in Europe, and P._ tremuloides
in North America.

e Section Aireiros - The Black Poplars.
p

Thers are two divisions of the section: P. nigra (Eurasian) and P.

deltoides (North America). P. deltoides was introduced and crossed with

e e

P, nigra in Europe, and the resulting large number of clones are widely




used. The Black poplars are exiremcly light demending and require a good,
deep damp soil which is not acid., Vegetative reproduction is very easy.

0f the natural varieties of P. nigra, only P. nigra 'italica' is

widely distributed in New Zealand. It is of fastigiate habit, and its
adaptebility and ease of propagation led {o wide early use.

P. deltoides has three natural subspecies distributed thus: spp.

Angulata (Southern); spp. missouriensis (Central) and spp. monolifera
(Northern).
The hybrids between P. nigra and P. deltoides are known as P. euramericana

The nomenclature for naming particular clones is of the form P. euramericana

(Dode) Guinier cv. 'serotina' and is normally abbreviated as P. X 'serotina'.

Those hybrids of importance in New Zealand are P. X'I-30', P. X'I_78',
P. X 'T-214', P. X 'I-455' (the Italian hybrids) and P. X 'robusta'. Most

local bodies are now using these clones in soil conservation programmes

rather than the Lombardy poplar (P. nigra 'italica').

4, Section Tacamahaca - The Balsam Poplars.

Environmental requirements of the Balsam poplars are similar to those
ot the Black poplars, but most Balsam poplars are susceptible to many
diseases and plant and insect parasites.

P, vunnanensis is an Asian clone which is now actively encouraged

in New Zealand. It has a tall growth habit and rapid growth rates, requiring
2 hot climate. It appears to be less attractive to opossum.

P. trichccarpa and P. tacamahaca are distributed naturally in the

west of North America. However, although growth is good in this area

. (especially P. trichocarpa), cultivation is not promising outside its

area of natural distribution.
The hybrids between P. trichocarpa and P. deltoides spp. 'Angulata'

are known as P. 'generosa'. All are susceptible to fungal disease, but

nave high initial growth rates.

Be Section Leucoides

Mainly distributed in the Far East, species of this section are not of
economic importance in New Zealand.



APPENDIX 2.

Details of the Clones Used in Exzperimentation.

1 Populus euremerican (Dode) Guinier cv. 'I-78'

(commonly known as 'I-78').

This clone, one of the so-called Italian hybrids, was selected by the
Poplar Research Station at Casale YMonferrato, Italy and released by that
institution in 1541. Although the parents are not recorded, there is a

close affinity with P. deltoides spp. 'Angulata'.

The New Zealand Forest Research Institute introduced the clone to
New Zealand from the British Forestry Commission in 1951, and following
evaluation has been widely distributed for soil conservation use by local
catchment authorities and farmers. In 1967, I-78 accounted for 14.2% of
the to*al rooted stock production of 418,300 trees, and 19.8% of the total
stools maintained for pole production '232,000 stools). Only P. nigra

'italica' (Lombardy Poplar) and P. nigra cv. ‘'sempervirens'! (Semi--evergreen

Porlar) was in greater use.

Use of I-78 in Europe is declining, due to a serious susceptibility
to Marssonina disease, which is not recorded in New Zealand.

Propagation of I-78 as cuttings and poles is easily carried out, and
the root system is vigorous.

The date of leaf appearance is the same as for Lombardy poplar (or
several days before), i.e. in late September, and leaf fall is completed
by the end of April. As with most poplars, leaf form varies with age,

" growing conditions and shoot vigour. Lezaf fall in 1970 was complete by
14th April.

The form of the tree is straight-bcled, with a heavily branched densely-
leafed crown which may suffer wind damage in exposed sites. The timber is
suitable for veneer, sawn timber and pulp.

Growth rates are high, and the clone is adaptable to less-fe-~tile
soils.,

The clone is included in the experiment as a representative of the
popular Italian hybrid clones, which are now increasingly used for soil
conservation and timber production, being a species which is adaptable to
site conditions and which is easily propagated.

" The name of this clone is abbreviated to 'I-78' for the purposes of
this study. '



3. Dopulus yunnanensis Dode

(ccmmonly ynown as the Yunnan poplar)

The Yunnan poplar originated in the highlands o the Yunnan province
in South Chine, and a plant was first sent out of that country t- Paris in
1905. Although propagated in Europe, its use has been limited by frost
tenderness. New Zealand importation toock place between 1925 and 1935
by persons unknown, and its use hasz increased steadily since then in all
but the colder recgions of the South Island. It is the sole member of the
section Tacemaliaca (Balsam Poplars) to be recommended for soil conservation
use. Some 3.2% of rooted stock and 12.67 of stool production in 1967 was
of this clone.

The Yunnan Poplar is ncted for relative unpalatability of the foliage
to opossum, although the top-shoots may be attacked in late winter. It is
adaptable to many soil conditions, and the grewth rate is rapid, extending
through a very long season from leaf initiation in mid-October (14-21 days
after iomhardy poplar) until leaf fall in mid-June. In 1970, leaf fall
was two-thirds complete by 16th June, and complete by 7th July.

Propegation is easily carried out using cuttings or poles, and the
resulting tree is large, with a rather wide crown. The timber is suitable
for pulp or sawa timber, but is rather "woolly" for veneer peeling.

The New Zealand clone is mhle, and the female clone has not been
reported, although it may exist in Chirna.

The Yunnan Poplar was selected for experimentation as the scle
representative of the Balsam poplars in New Zesland. Further, it is of
interest because of its somewhat different ecclogical requirements of
temperature and grewing season, and its ability to resist water stress
somewhat better than other poplars.

The neme of this clone is abbreviated to 'P. yunnanensis' for the

purposes of thiahstudy.

*« Populus deltoides spp. anguiata Ait.cv. 'Carolinensis'

(commonly known as P. angulata -Carolin')

This clone is one of the parents of the so-called 'Italian' hybrids,
and was iniroduced to New Zealand between 1930 and@ 1940, originally from
southern North America. It is not used for s-il conservation or forestry
in this country, but is sometimes found as an ornamental, The New Zealand
clone irs male, :

Leaf flush comrences in mid-October, and leaf fall towards the end of



Maye. In 1970, all leaves had fallen by 3rd June. There is a requirement
for good soil conditions, a warm climate and high light levels cver a long
grovwing season.

The failure rate of cuttings and poles is comparatively high, and the
established plant does not iransplant well, especially when conditions
are suboptimal.

P. angulata 'Carolin' propagates with difficulty, which is characteristic

of many poplar species, particularly among clones of P. deltoides.

This clone was selected for experimentation to establish if this
difficulty was related to a low tolerance of water stress, or if other
factors were involved. _

The name of this clone is abbreviated to 'P. angulata' for the purposes
of this study.

4, Populus deltoides A 60/135.

This clone is used as & substitute for P. angulata in a supplementary
experinent in the program to determine light requirements.

It is difficult to propagate from cuttings, being similar to P. angulata
tCarolin' in this respect.

Originally collected as seed in southern Texas, it has been selected
in Australia as a poplar suitable for use in low altitudes (Pryor and Willing,
1965).

The name of this clone is ebbreviated to 'Aust 135' for the purposes
of this study.



Plate 4. - Stool-beds used in the Experimental Series as a source

of Plant Material,

4., B - P.vunnanensis
4. C = P, angulata
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APPENDIX 3

Source of Plant Material

All plant material was obtained from the Plant Materials Centre,
of the Water and Soil Division, Minisiry of Works, Palmersion North, which
is a national centre for the collection or import, propagation and
evalustion of plant species (primarily POpulus) suitable Tor use in soil
conservation.

The nursery is situated at Massey University, beside the Tiritea
Stream. The soil is a recent silté alluvium, classed as Manawatu {ine
sandy loam (Cilchrist and Clime, 1970). A gravel bed at about 4 ic 6 feet
maintains a relatively consfént water table, although summer spray irrigation
ig still practisad.

The collection of poplars and willows is maintained in the form of
stoolbeds, at a spacing of 3 feet by '/ feet. Normally 10 stools of each
clone are develcped. Only one-year wood is grown, all growth being
remnoved each winter.

The clones used in this stvdy (Appendix 2) were established 8 yeurs
ago as part of a large stoolbed, and maintained as stools of 18 inches
in height. Growth has stabilised to a relatively constant production,
and fertilizers are applied as maintenance dressings.

There are few diseases of economic importance to poplars and willows
in New Zealand (van Kraayenoord, 1968). The most important fungal discase

in this nursery is Silver-leaf disease (Stereum purpureum Pers.) Culling

of infected stools is practised and precautions are taken against cross-
infection at harvesting. Infected stools were not used in this study. The
only economically important insect affecting poplars and willows is a native

wood-borer (Omoena hirta Br&un), but this was not observed in the siools

used in this study.



APPENDIX 4.

Pilot Exveriment was set up to investigate the effects of water
stress applied as a range of csmotic potentials associated with the liquid-
medivm culturce of winter cuttings.

The osmoticum used was polyethylene glycol, of nominal molecular
weight 333, which was accepted as correct for the purpose of the experiment.
The clone used was Populus X'I-78', and the cutting size was 10 cm in
length and between 1.0 and 1.5 cm diameter, taken from the middle third
of one-year growth from an established stool-bed,

The following solutions and nominal osmotic potentials were used:

Solution No. Concentration Nominal Actual Osmotie
(gram/1itre) ngneg ftcl lﬁ?;?n;é?—g;;:igigns )
(barsy (bars)
1 0.0 0.0 0.0
2 7.0 =0.3 =0.5
3 16.0 -0.7 -1.1
4 35.2 =1.5 =2.4
5 59.8 -2.5 -4.0
6 95.7 | -4.0 -6.4
7 143.52 -6.0 -9.7

In addition, a further treatment was imposed, to investigate the effect
of sealing the topr or bottom cuts with wax, as follows:

(i) Both ends sealed
(ii) Top end only sealed
(iii) Bottom end only sealed
(iv) Both ends left unsealed

The experiment was started on the 1st of July, 1970, and finaily assessed
on tue 3rd of Avgust.
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6.0 0.2 |2.8 0.2 | 0.0| 3.0 [0.0 |3.0 |i7% |[25%
Effect -
of Sea
ing Top +35%|+314%|+86% |+727% | +129% [+17574 +1267%|+143% |+1007%
Effect
of Seal-
ing
Bottom +56% |-627% |-46% (=387 |-49% |-457 [-22% (-29% |-31%
Overali
Means 4.3 2.8 [1.0 |4.0 (7.8 |1.1 |6.7 |0.6 [0.6
Sealed |
at boti .
Ends (5.1 |2.0 [1.2 5.0 [8.1 [1.5 |6.6 {0.9 |0.9
Sealed
at Top
only (6.0 [7.2 [1.4 |5.0 13.1 1.7 p2.0 |0.9 |0.9
Sealed
at Basd
only (3.8 [1.2 .2 1.0 (2.8 "P.1 [2.4 [0.1 [0.2
JUnsea1[
ed ]4.4 1.0 f.2 [4.8 [7.0 [.1 [5.8 |0.5 [0.7




The results show that shoot growth is substantially decrezsed aven
by small water potentials, and is almost stopped by -9.7 bars, the highest
actual osmotic potential used. The number of roots or root initials
originatirg from root primordia already present in the cuttings was rather
constant except for a marked decreacse at higher levels. However, root
initiation from the lower cut was strongly decreased by even small water
potentials, and root growth strongly inhibited. Thus there iz an
apparent rise in the number of root initisls and small roots al medium
water stresses, but a very marked drop in longer roots with more then a mivor
stress. This appears to indicate that although root initials can develop
when the cutting is in a solution of relatively high water stress, subseguent
develorment of the root while in direct contact is severely limited.

The effect of sealing the top cut had a promotive effect on all
phases of grontl, including the number of cuttings which eventualily
produced shoots and roots. The effect of sealing the bottom cut was to
increase shoot growth somewhat, but strongly uecrease root growth and the
number of cuttings which produced both shoots and roots.

Since most growth took place under conditions of low stress, the
effect of sealing must be interpieted in this context. Thus the promotive
influence of sealing the top appeared to be a result cf higher water levels
within the cutting because of lowered evaporation; the effect c¢f sealing the
bottom apreared to increase the effect of the imposed water stress,
especially if tne top remained unsealed. Thus root development was
impaired and fewer cuttings developed roots and shoois. However ihere was

an increase in the length of shoct growth.



APPENDIX 5

e ——

Determination of Molecular Veight of FECG by Cryvoscony.

The TPEC used throughout this experimental series was a commercial
grade nbtained from Glazo Laboratories (1.2.) Ltd., Palmerston North,
and had a nominal molecular weight of 33%. An accurate determination was
resuired sco that precise osmotic potentials could be applied, and this
was carried out using the method of cryoscopic determination of freezing
point depressicn, comparing similar concentrations of PEG and sucrose on
a basis of meclecular weight.

Freezing poing depressions were measured using thermocouples of
copper and constantan in a thermopile of two thermocouples. The reference
junction used was ice/water, held in a vacuum flask to minimise thermal
gradients. Such a junction was stable for mc.oe than three days at room
temperature, and consideradbly longer if held in a refrigerator, The
measuring junction was made as small as possitle to minimise heat storage
effects, and was mounted firmly tc the 1id of a 2 ml clear plastic container
so that the junction could be centred 0.5 cm from both the base and the walls
of the coniainer when the lid was fitted. Cne ml of the solutions under
test was used on each occasion, and this quantity filled the contziner
to a depth of 1 er. The 1lid was mounied in the centre of a larger 1lid of
a further plastic container holding appreximately 12% ml of mercury.

Vhen the outer 1lid was ritted, the inmmer container was held so that the
bottom 1.5 em was held in the mercury. The entire system wae held at a
temperature of -10°C. and enabled the tenperature of a sample to be lowered
to below freezing point at a constant and reprcducable rate.

The thermopile voltzge was recorded cn a Honeywell Model 19 single
channel chart recorder. 4 'range card' used to select the voltage range to
be measured was modified to read to the lower limit of the recorder capacity
(viz. 0.45 mV.), and the scale was checked using large volumes of stirred
water at the extremes of the scale measurement.

The test sequence was as follows:

As the temperature of the sclution under test fell, a continuous
recording was made. The solution became super-ccoled, and crystallised
out within several seconds, resulting in a rapid increase in the temrerature
of the then frozen solution to a clearly defined plateau. This plateau was

o

taken as the freczing point of the solution.

Sclutions weres mnde vp of PEG to nominel value cf 5.0 bar using a
nomrnal molecular weight of 333, and a standard solution of sucrose was

also prepared giving a standard csmotic potential of 5.0 bar.



A comparison of the freezing point depressiorns of the soluticns was
made aud wsed to eztablish the error in thz nominal nelecular weight of
PEG, since the nominal value of the prepared soluticrn of PICG il accurate
would give a freezing point derression equal to that of the sucrese
solution.

Thirty-two determinations were made and analysed using a pezired i-~test.

i & 2 0
The results are as follows (27.0 recorder scale wnits = 1,0°C.):

Recorder scale vnits

lean average (p=e 21.98 (S.E. 0.36)
Mean average (sucrose) 13.66 (S.E. 0.30)
Coefficient of Variation 1.93%
Molecular weight (PEC)= 233 . 13.66
1 21.98
= 207.0

T-test of variance of difference between means (30 Qefy) = 13,71 *xx
The value of 207.0 wus accepted s the actual value of the TEG and

was used in all subsequent experimentation.



APPENDIX 6

Seasoral Changes in Growth Potential

The methods used in determining changes in ability of I-78,

P. vunnanensis and P. augulaia tc recommence growth during the winter vhen

placed in a suitable temperature after cold treatment are described in
section 2.3.1.

The resultis of this investigation were found subsequently to be
confounded with the effects of the osmotic potentials used, since there was
a substantial difference beiweenr the norinal molecular weight of the DEC
used, and the actual value found after the investigation commenced
(Apperndix 5). However, the investigation was continued using the nominal
value, so that there could be some basis for comparison through the
season.

The results obtained are indicated below:

Saupling

date Clone Observation Osmotic Potential

: T 2 3% 4 5

14 Apl A No. of Cuttings - - 10 5 -
With roots - - 3 1 -

With shoot - 3 2 =

B No. of cuttings - - 11 4 =

With roots - e 5 2 -
With shoots - - - -

c Nc. of cuttings - 11 4 i

With roots - - - - =

With shcots - - 4 = -

5 May A No. of cuttings 10 5 - - -
With roots 8 3 = = =

With shoots 6 4 - - i

B No. of cuttings 8 6 1 - -

With rcots 1 4 = -

With shcecots 1 ;e -

c No. of cuttings 2 6 5 2 -

With roots - - - - "

With shootis - - - - -



date Clone Cbservation Csmotic Potential

1 2 3 4 5

26 VMay A ¥o. of cuttings - 12 3 = e
With roots . - 12 3 - -

With shootis - 12 3 - %

B No. of cuttings - 7T 8 - -

With roois - 4 - "

With shoots - 5 4 = =

C No. of cuttings - - 15 = -

With roots - - 2 = ~

With shoots - - & & &

16 June A No. of cuttings 5 10 -« = -
With roots 5§ 10 - = =

With shoots 5 8 = =

B No. of cuttings 5 10 = = .

With roots % % i =

With shootis 3 S — -

c No. of cuttings 3 9 3 - i

With roots - - -

¥With shoots - oa e e =

7 July A No. of cuttings 6 9 - = ”
With roots 5 6 = = i

With shoots 6 8 = = =

B No. of cuttings 10 5 = = -

With roots 10 4 - = -

With shoots 10 4 - = -

C No. of cuttings 2 11 2 = -

With roots - 4 - = =

With shoots - 2 = = -

28 July A No. of cuttings 12 3 = = -
With rootis 12 3 - = =~

With shoots 10 § - - -



date Clons Observation Osmotic Polentinl.

i 2 3 4 5

B No. of cuttings 15 = = e =

With roots 13 = - - -

With shoots 12 - - = -

C No. of cuttings T Q9 O3 e -

With roots ¥ am  am = -

With shoots - - - R

18 Aug A No. of cuttings T = =

With roots
With shoots

—

M & = =
13 - = =

—

B No. of cuttings 312 = = -
With roots 212 = = =
With shoots 312 = = -
c No. of cuttings -2 8 - 5
With roots - 1 - - -
With shoots . | = - =

Clore: A is I-78

B is P.yunnanensis

C is P. angulats

Qbservation: 'No. of cuttings' i.e. the total number of cuttings derived

from wands having water potential values
corresponding to the osmotic potentials given
above.
'With roots' i.e. the number of cuttings showing evidince of
root growth in the osmotic potentials above.
'With shoots' i.e. the number of cuttings showing evidence of
shoot growth in the osmotic potentials above.

Osmotic potential:i.e. the osmotic potential which corresponds to the water

potential found for the wand section from which each
cutting was derived.
1 is the category of osmotic potentials between O and 1 bar.
2 is the category of osmotic potentials between 1 and 2 bar.
3 is the category of osmotic potentials between 2 and 3 bar.
4 is the category of osmotic potentials between 3.and 4 bar.
5 is the category of osmotic potentials greater than 4 bar,



Tke results appear to indicate that I-78 reached full growth potential

£y

by 5th May and P, yunnanensis by 26th May. However, growth poteantials for

P, angulata were never observed to be high. This may be a real effect,

but could also be explained in terms of the confounding effect of the nominal
and actual PEG molecular weights noted above. 1In ‘he latter case, the
higher water potentials seen in P, anpulata through the season would have

a greater confounding effect cn the apparent growth potential of P, sngulata



APPENDIX 7

Statistical

Analvais of Seasonal Water Status

Analysis of Variance of Seasonal Water Content

5 _ M.S. M.5. M.S. M.S.
Source of
Veriation  af. (14 Apl) (4 May) (25 May) (16 June)
G 2 B64.,245 *x  £62,125 ** 183,455 ** 297:955 w*
W 4 116,015 ** 36.6T5 ** 19.200 *x* 8.218 **
P 2 520.160 ** 335,800 ** 194,030 ** 154.255 **
CxW 8 25.653 ¥ 34.906 ** 2T.205 *= 38.160 **
CxP 4 48,865 *¥ 41.643 *¥% 9.890 *¥* 107.910 **
WxP 8 B tgn %% 11.596 *x 5.745 #* 2.268 NS
CxWxP 16 6.224 *% T.941 *x* 4,976 ** 4.750 **
Within 180 2.839 3.011 1.313 1.439
( 7 Jul) (28 Jul) (18 Aug) (11 sep)
c 2 12.950 *x  7T726,405 ** 148,685 **  402.850 #*
W 4 57.285 #*#* 34.228 ** 15,363 ** 17475 **
P 2 152.760 ** 33.485 ¥* 17270 ** 34.525 ¥#*
CxW 8 28,726 ** 48,965 *x 3T.174 *x 54.829 *x*
CxP 4 73.8958 *+ 49.115 ** 66.300 ** 84.968 **
WxP 8 .491 NS 2,308 2.22h ** 1.009 NS
CxWxP 16 1.734 * 2.108 ** 4.528 ** €.658 ¥**
KEY
C = Clone
W = Wand
P = Position on Wand
* = Significant at 5% level
®E = Significant at 17 level
NS = Not Significant
Within = Within subgroups



Antiysis of Varisnce of

Scasonel Water Potential

def. (14 Apl) (4 May) (25 May) - (16 June)
¢ 2 054 NS 2,547 K 2,875 *% 963 *x
v 4 155 ‘NS « 206 NS .062 NS .568 *#
P 2 565 NS 747 ns .056 NS .028 NS
CW 8 165 XS .278 NS .211 NS , 279 ¥
cr 4 1114 *= .0048 NS «360 NS 411 *®
¥ 8 181 NS . 269 NS 152 3 .193 =
CcyP 16 170 NS .221 NS .131 N3 057 NS
Vithin 16 170 w22t «131 057
(7 July) (28 July) (18 Aug) (11 Sept)
c 2 3.754 ** 4,113 *% 18,105  *=* 50.488 **%
W 4 242 * . 106 NS 1.470 * .526 *
P & .091 NS .068 NS « 358 S .080 NS
Cw 8 « 239 #* 097 NS 1.435 % «253 NS
CP 4 .064 XS .318 NS .066 NS +ET1  *
WP 8 .044 TS .128 NS .566 NS «145 NS
CWP 16 .060 NS .123 NS +410 NS .15 NS
Within .060 .123 410 .159
KEY
C = Clone
W = Wand
P = Position on Wand
* = Significant at 5% level
**¥ = Significant at 1% level
NS = DNot Significant

Within= Within subgroups



Rerression Analysis of Seasonal Water Potential on Water Contents

Date Clone b SE T Significance (13 d.f.)
14 rpl A -0.003 0,065 -0.011 NS
B ~0.042 0,050 ~0.225 NS
E ~0,001 0.036 =0,009 NS
4 May A 0.046 0.065 0.19% NS
B 0.129 0.052 0,566 *
G 0.023 0.043 C.148 I3
25 May A ~0.114 0,053 -0.510 NS
B 0.039 0.096 0.111 NS
C 0.072 0.029 0.564 NS
15 June A 0.019 0.050 0.106 NS
B ~0.033 0.099 -0.092 NS
c =0.021 0.045 -0.130 NS
6 July A -0.110  C.043 -0.579 *
B 0,002 0.025 0.027 NS
c 0,003 0.038 0.025 NS
28 July A -0.029  0.055 ~0.147 NS
B 0.023 0.040 0.157 NS
g 0,078 0.049 -0,402 NS
17 Aug A -0,056 0.066 -0.229 NS
B ~-0,122 0.023 ~0.828 *%
c -0.112 0.160 -0.1390 NS
11 Sept A -0.360 0.141 =0.577 =
B -0.096 0,067 -0.372 NS
C 0.014 0,019 0.196 NS
KEY

Clone: A is I-T78
B is P. yunnanensis
C is P, angulata

Apnalysis : Db is the regression coefficient
S.E. is the standard error of the regression coecfficient
r is the correlation
¥ =gignificant at 5%
**% = gignificant at 1%
NS = not significant



APPIIIDIY 8 Statistiecal Analwysis of the EBffecl of Relative Humidity on

fef

Vater Inss from Cuttings,

Analysias of Varinnce of VWater Content at 7 Specified Times

Sonrce of VFeSe B M.S.
Variation d.f. = P.W. 24 hrs 48 hrs
il 4 19.168 HS 1707.3b3 * 4270.79% il
C 2 395.745 e 355,350 it 370215 X%
5 1 18.2970 NS 3254.810 wH 7009.550C i
B 1 1.010 NS 59,410 s T.470 S)
HxC 8 1%.851 S 12.44C IS 19.006 N
HxS 4 6.458 RS T82.332 *¥ 1683,848 *
HxB 4 3.685 IS 19.655 NE 16.703 NS
CxS 2 2.020 NS 9,620 RS 17.650 NS
CxB 2 8.750 s 5.965 MR 2.750 NS
3xD 1 10.520 NS 0.300 ns 6.160 NS
HxCxS3 8 12.240 1S 16.156 NS 18.5%6 NS
HxCx3 8 12.725 ¥S 16.094 ns 19.461 NS
HxSxB 4 7.010 NS 22.0280 1S 28.403 *
Cx5x3B 2 0.620 NS 0.G30 NS 2205 NS
ExCxSxB 8 9.535 Hs 9.939 NS 9.989 NS
Within 240 9. 660 10.848 11.915
M.S. M.S.
72 hra 95 Lre
H 4 T780,560 w# 9816.433 S5
C 2 383.075 s 352.575 £
S 111857.390 *% 13580.190 *¥
B 1 0.050 Ns 3.990 NS
HxC 8 26.169 ) 27.574 »
HxS 4 25T73.4035 b 2526,393 i
Ex3B 4 11.090 NS 8.763 NS
Cx5S 2 13.410 s T«550 NS
CxB 2 10.710 NS 11.645 NS
Sx38 1 19,540 us 36,290 NS
HxCxS 8 17.44€ s 18.2838 w
H:CxB 8 20,066 NS 17.025 N3
ExSx3 S 21.968 ns 16.€85 NS
CxSxB 2 3.885 NS 3.020 NS
BExCxSx3B 8 10.523 NS 12.370 NS
Within 240 12,625 12.865
M.S; M.S.
120 hrs 144 hrs
H 4 11606,€25 % 13264,702 *¥
¢ 2 317.645 ok 325.305 A%
S 1 14574.020 *¥ 14301.350 %
B i 4.160 IS 5.280 NS
HxC 8 31.668 * 35.020 *
HxS 4 2360.588 *% 2034.175 i
HxB 4 14.925 NS 19.776 NS
CxS 2 4.610 NS 4.885 NS
Cx3B 2 17.525 NS 16.275 NS
SxB 1 35.480 NS 33.510 NS
ExCxS e 10.569 NS 22.439 N=
Tx0x3 a 17.970 b 16.621 L3
HxIlxD 4 12.918 B3 10,655 ns
OxoxD 2 2040 b 3.310 e
HxCx5xB 8 11.821 NS 12.826 NS
Withir 240 13.524 14.030

See Key at end of Appendix



Malyaias of Variance of Yster Togs after 6 Sypecified Periodz of Timo
Source of M.S. M. S
Variation d,f. after 24 after 48 after T2
hrs hrs hrs
it 4 1404.,966 R® 3780.817 i T105. 331 *#
(i) 2 1.021 1S 2.621 s 7.073 NS
8 1 2776.525 *¥ 6298, 701 o 10827.429 *xH
B 1 22,794 ¥ 2.975 NS 0.585 s
xC g 2.159 * 6.208 i 12.067 e
xS 4 677.2086  ** 1519.373 % 2375.418 T
HxB 4 8,550 #% T.231 i 6,248 NS
Cxs 2 10,460  #*% 17.817 ¥ 14,004 *
CxB 2 0.271 178 4.887 ] 13,250 *
SxB 1 14.383  *= 0.565 HS 1.368 1S
HxCxS & %.2931 *# 7.940 *% - T4/ *
HxCxB 8 0.028 118 2e 32 NS 5. 6209 s
HxSx3 4 8.248 NS 12.128 s 8.655 jofs
CxSxRB 2 0.695 *% 1.888 ¥ 2.875 *
ExCxSxB 8 0.297 NS 0.578 NS 0.220 KS
Within 240 0.928 1.894 2.9T1
M.S. FeSa 11, 5.
after 96 after 120 after 144
hrs hrs hrs
H 4 903%.912 *e 10733. 300 ¥ 12313.3%2  #»%
c 2 8.211 ] 1£.100 * 10.184 IN&
S 1 12583.29% il 13540.867 LE 13278.016  #*%
B 1 9,035 NS 9,271 NG 10.930 A8
Hx 8 15.351 *% 21.731 ** 2%,220 %
ExS 4 2343,193  ** 2198.523 i 1601 .304 ¥
HxE 4 9.0¢7 NS 16.450 L 23.388  *¥*
CxS 2 11.304 NS 11.288 NS 12,750 K8
CxB 2 14.244 * 22.61C ** 20.959 *
SxB 1 7.730 NS T.379 NS 6.480 1S
HxCxS 8 8,609 * 11.029 * 18.269 *k
ExCxB 8 2.257T NS 2.940 NS 2.313 18
HxExB 4 6.096 NS 4.087 NS 3.581 NS
CxSxB 2 2.542 IS 1.803 NS 3112 XS
HxCxSxB 8 0.779 NS 0.652 NS 1.797 IS
Within 240 3.913 4.797 5.925
KEY

Trentments: Relative humidity treatment

Clone

Treatment of sci ling ends with wax
Presence of a bud

Within = Within subgroups

WommaH
mw nn

Varizbles: In the first set of analyses, the mean squares are of the water
content at the commencement of the experiment (F.W.) and there-
after at the times specified.

- [ 4 S S

Ir. the sceand set of anslyzcs, the mom sguares are of the
chunge in water content from the watler conient at the cormencecument
of the rxrerirert until the six times syecified. Thie measurosents
were cumulative.



APTENDIX © Statistical Analysis of the Effect of Light on Growth

Source of M.5. M.S. M.S. M.S.
Variation af 1 8.0 1 Bl 1 8:R, 1 L.R.
L 2 10.357 *x 100.808 ** 56,575 * % 105.6%3 xR
& 2 16,703 *¥¥*  2046,700 ** 16,108 ** 102.533 e
P 1 0.049 NS 2.3%6 NS 0.625 NS 3.600 IS
LxC 4 2.555 bl 343,521 ** 57,183 R 110.667 **
LxP 2 0.4%4 NS 24,5620 NS 0.808 N3 1.600 nS
CxP 2 0.017 s 12.144 NS 2.725 NS 1735 NS
LxCxP 4 1.015 Rt 22.990 NS 1.008 NS 2.533 NS
Within 342 0.166 16.357 1.319 1.942
MBS - M.S. MiS: ° M.S.
2 5.0 2 Rals 2 S.R. 2 L.R.
L 2 38833.900 ** 385,386 ¥* 33,619 ¥ 5.300 *x
¢ 2 149920,000 **  3941.002 ** 8.603 *x 997.275 *%
33 1 3%3.000 NS 56.010 NS 4.444 NS 4,900 NS
LxC 4 26566.475 *% 445.745 *% 1.024 NS 281,750 %
LxP z 325.250 NS 45.120 NS 0.019 NS 16.63%4 NS
CxP 2 152.000 NS 9.120 NS 0.186 NS 89.775 =%
LxCxP 4 245.600 NS 19.802 NS 1.190 NS 3.858 NS
Within 342 524,580 29.467 1.203 T.130
M.S. M.S. M.S.
B.R. Sd.R. TR
L 2 10.169 * 187.809 * 269.219 *x
c 2 125.603 ** 8186.860 ** 8189.888 *#
P 1 4,225 NS 27.225 NS 9.2999 NS
LxC 4 28.044 *x 57.618 NS 121.632 *
LxP 2 9.158 * 107.277 NS 58.561 NS
CxP 2 6.058 NS 95.207 NS 130.977 NS
LxCxP 4 8.742 * 35.732 NS  19.593 NS
Within 342 2.210 41.759 43,756
KEY

Source of Variation: L = Light treatment
C = Clone
P = Pot colour

Within = Within subgroups.

oo

Mean Squares: 1 S.G. = First shoot growth measurement
1 R.I. = First cont of root initials
1 S.R. = First count of short roots
(up to 1 cm long)
1 L.R. = First count of long roots (greater
than 1 cm long)
2 S.G.
2 R.I. ) Second assessment of factors as above.
2 S.R.

B.R. = Basal ronts
Sd. R,= Side rcots
T.R. = Total roots



Kerression Analyvsis of the Second Heusur-ment of Shoot Crowth on the Total

Number of Roots.

Light b S.E. r Significance
A 3.440 0.427 0.596 *%
B 1.248 0.154 0.597 b
2, 2.585 0.235 0,7i2 *x

Light Treatment: Total darkness
Continuous Light

12 hours light followed by 12 hours dark.

Qo>
nonn

Regression Analysis: b Regression coefficient

SE =  Standard error of the regression cocefficient
xr = Correlzation
% =

Significant at 1%



APPENDIX 10 Stontistical Analysis of the Effeci of Exogonovs Auxin on Growth

Source of
v M.S. M.S.
Variation af (g.6.) (RuE)
C % 134,739 i 279.539 e
A 5 Q272 NS 33.902 i
S 1 9.3739 NS 8.022 NS
CxA 10 6,906 NS 16.686 * X
CxS 2 3.539 K3 2.072 NS
AxS 5 34432 NS 3.000 NS
CxAxS 10 4.552 NS 4,766 NS
Within 144 6.858 4.306
Analysis of Covariance (Corrected for cuttins outside diameter)
= first observation.
M.S. M.S.
(1 5.6) (t B.i.)
c 2 166.175 s 243.557 e
A 5 B.564 NS 34.189 ¥
S 1 2.123 NS 1.406 NS
CxA 10 5.947 NS 15.157 *i
Cx3 2 0.888 NS 0.304 NS
AxS 5 2.094 NS 3.416 NS
CxAxS 10 3.195 NS 3.642 NS
Within 143 b 53] i Pl 2o

% Reduction 7.682% 13.544%



Analysis of Variance - Second Chservation

FHeSe M.S, HeSe H.S8.
ar (s.G.) (R.1.) (S.R.) (L.R.)
¢ 2 11535.621 ¥*% 165.017 ¥% 48,0067 ¥% 284,556 XF
A 5 1079.2%2 ** 211.840 *#% 5067 (-3 0,040 *
S i 2.450 NS 28.800 K8 6.422 NS 2.322 B8S
Cxp 10 301.229 NS 41.7277 ®% 3,733 NS 6.849 *
CxS 2 48.269 NS 2.450 NS 2.156 NS 0.622 XS
AxS 5 165.141 NS 3.107 NS ©.942 NS 1.422 NS
CxAx3 10 55.381 NS  7.947 NS 1.756 NS 3.862 NS
Within 144 165.508 9.167 2.083 2-969
Analysis of Covariance (Correcied for cutiins outside ﬁiamoteq) -
Second Chservation
c 2 12268.939 ** 109.£43 M 45,497 *¥% 281.500 x¥
A 5 1080.956 ** 215.189 ** 5020 * 8.572 =
S 1 609,485 NS 14.555 NS 17.914 NS 4.'7145 15
CxA 10 243,779 NS 42.872 ¥* 5.850 NS 6,703 *
CxS 2 110.745 NS 2.490 KS 2.495 S 1.682 N3
AxS 5 129.279 NS  3.634 1S 1.027 NS .0.097 ©S
CxAxS 10 46.149 NS 4.854 S 1.748 NS {.452 K3
Within 143 155.675 B:T15 2.074 2.870
% Reduction 5.941% 4.929% 0.455% 3.339%



Analysis of Variance -~ Third Cbaervation

Source of

———

et ar MS M.S. M.S. M.S.
B ON (s.2.) (R.I.) (S.R.) (L.R.)

c 2 38042.820 ** 1476.805  ** 0,206 NS 433,356 **

A 5 ' 3783.340 **% 218,996  ** 2,739 *x 4,222 NS

S 1 306.790 NS 156.800  ** 0,139 NS 6.422 1S

CxA 10 1974.085 *% 46,332  *x 2,072 *¥*  9,77C *

CxS 2  300.070 NS 5.517 NS  3.906 ** 1,689 XS

Ax3 5  367.848 NS 27.627 NS 0.472 NS 3.449 NS

CxAxS 10 396.253 NS 29.003 NS 1.319 NS 6.216° NS
Within 144 408.253 14.375 0.717 4.744

Arnalysis of Covariance (corrected for cutting

outside diameter)

- Thaird Observation

M.S. M.S. M.S. M.S.
(S.6.) (rR.7.) (S.R.) (L.R:)
C 2 3'7248,150 ** 1502,9¢0 {3 0,007 NS 416.895 *#
A 5 3%623%,645 *%  219.238 x4 2.824 *% 4,796 NS
S 1 145,348 NS 116,089 ** 0,491 NS 12.%3G NS
CxA 10 2037.3%54 ** 47,857 ** 2.150 **  10.159 *
CxS 2 264.411 NS 11.863 NS 2.979 i %.941 IS
AxS 5 417.2°70 NS 29,748 NS 0.482 NS 2.759 N3
CxAxS 10 439.399 NS 19.205 NS 1023 NS T«577 NS
% Reduction 0.929% 3.347%% 2.997% 4.481%
KEY
Variables: C is Clone
A is Auxin concentration

S is

Growth Measurements:

Significance:

S.G. is Shoot growth
R.I. is the no., of

S.R. is the no. of

L.R. is the no. of

*  is significant at 5%
** is significant at 1%

Sealing treatment.

NS is not significant

root initials
short roots (less than 1 cm)

long roots (greater than 1 cm)



Regresaion Analysis of Growth Measurements on Outside Diameter of Cuttings.

HOTE

The individual clone regressions are quoted if there are significent
differances between clones; otherwise {he average regression over all
clones is given. Therec are 58 d.f. associnted with individual clone
regressions, and 175 d.f. with the averaze regression over all clones.
The abbreviations used are as for the analyses of varience.

Observation Growth Measurement  Clone b SE r Significance
B & =
c -0.911 0.279 -0,.3%94 *¥
Rals A 0.601 0.178 0.553 o
B i -
C 0.242 0.188 0,166 *
Second S.G. Average-1..7 0.572 0,254 w3
R.I. Average 0.382 0.171 0.165 *
S.R. Average 0.040 0.064 0.048 NS
L.R. A 0.502 0.197 0.318 *
B = _
c -0,178 0.050 <=0.344 L
Third S.G. Average 9.038 10.378 0.066 NS
R.I. Average 5.540 2.053 0.199 **
S.R. Average 1.090 0,401 0.201 *x
L.R. A 4,658 2.218 0,266 *
B -0.144 0.8389 =0.021 NS
NOTE:

Regression analyses were also performed of growth measurements on
outside diameter of cuttings on the basis of within-solution treatments,
but averaging all clones., (There was insufficient replication to analyse
within clones.)

Only one growth measurement - that of the first measurement of roo0t
initials - showed significance, in one treatment only. This analysis is
presented:

Solution Concentration b SE Tr Significance

(mg/{. )
0 0.300 0.214 0.255 NS
.01 0.0%8 0.221 0.032 s
0.10 0.536 0.263 0.360 NS
1.0 0.632 0.327 0.343 NS
10.0 0.383 0.219 0.%14 NS

100.0 1.490 0.311 0.670 x¥



APPERDIX 11: Statistical Analysis of Yater Status during the experiment

on the effecls of water stress on growth

Analysis of Varisnece of Vater Status
Observation Treaiment 4f M.S. 11.S. M.S.
Water Potent- Water Content Water Content
ja1 (top) (bottom)
At 4 days G 2 16,117 ¥ 66.755 *¥ 18.7360 *H
S 9 12.181 *x 16.858 *% 62.6856 ok
Cx3 18 0.678 S 5.077 *¥ TaD I 2!
Within 120 0.467 %.480 5.558
At Growth C 2 41.040 *% 20,255 ¥ 41.000 L
Initiation S 9 184.562 *x 52,692 **  184.114 *3%
CxS 18 22.47%4 . 4 T.468 *% 9.6'70 * ¥
Within 120 1. T85 5.497 BeTE25
Final g 2 224.247 * 24.985 *% 189,165 i
S 9 331.119 x 66.931 *k 143,456 *
C«™ 18 11.444 o 0.412 *¥ 25.574 ¥k
Within 120 3%.058 6.784 T.124.
Analysis of Covariance of Water Status.

Note:

Covariance analysis was performed three times for each variable at cach
observation, using as concomitant information thc cutting outside
diameter, pith diameter, and the ratio of pith diameter to outside
diameter. The analysis giving the grezatest reduction in the error
mean Square is presented here; if none of the covariance analyses were
more significant than the corresponding analyses of variance, then no

covariance analysis is presen’ed.



Analysis of Coveriance of Yater Status

Within

Information vsed:

Csnmotic potential of growtl

Witkin subgroups

1.D.=Pith diameter
Ratio I/0 = Ratio of pith diameter to outside diameter.

solution

0.D.=0utside diameter of cutting

Observation Treatnent df M.3 M.S. NS
Yater Totent~ Water Content Water Content
jal (top) {bottom)

At 4 days C 22 10.439 ¥ 56.698 ¥ 15.679 *d

S c 10.806 *% 10.278 ** 66.956 ¥

x5 18 0.650 NS %.159 * 4.552 *
Information Used 0.D. Ratio I/0 Ratio 1/0
Reduction 0.1005% 26.593% 27.880%
At growth ) 2 36.894 *¥ 2%.718 *x -
Initiation S 9 165,312 *¥ 52.106 ** -

6543 18 22.983 *x 7.219 % -

Wiihin 119 1.596 3¢ 320 -

Information Used Ratio I/® Ratio I/E Nil
Reduction 10.526% 3.215%
Final C 2 203,702 *% 28.560 ** 195,664 *x

5 9 329,802 *x 67. 358 ** 145,472 X

CxS 18 11.860 x* 9.442 *¥ 27.044 =

Within 119 2.982 5.370 T.019
Information Used Ratio I/O Ratio I/0 Ratio 1/0
Reduction 2.4567% 0.225% 1.47475
KEY

Treatment: c Clone

o~



el Shoot Or

ks

Jiith during the expar]

ment

U

g s P C s R ; -
ats of water siress on grewth

fino lysis of Vardznce
Scurce of M5 Malsy
Variation d.f. Obs. Obs. 2
¢ 2 12,562 *x 150. 720 %5
S 9 2.800 * T4..356 ¥
CxS 18 1.654 *x 29.700 #
within 420 0.29 T.466
MeSe M.S. ¥.S.
Qbs. 3 Cha., 4 Obs. 5
5, 2 407.230 # 948.694 *% 4115.845 *¥
S 9 370.714. ** 1941.320 X% 7801 .896 s
Cx¥ 18 02,652 *% 225,049 *% 939.159 Xk
within 270 1%.029 33.383 91.664
I‘:nS- 'ICS-
Obs 6 Obs 7
9 2 7309, 530 *% 8527.510 ¥
W e 17459.740 *x 26785.746 rE
Cxv 18 1583.67%1 ¥ 1767. 686 *
Vithir 270 132.427 160.423
Analysis of Covariance
Source cf . M.S.
Variation e..fs Obs. 1 Obs. 2
c 2 11.861 ** 127.823 *
S 9 2.816 *% 75.699 =3
Cx5 18 1.645 ¥ 29,525 #¥
Within 419 0.294 7.358
Informaticn used Ratio 1/0 Ratio 1/0
Reducticn 0.010% 1.445%
M.S.  m.s.
Obs, 3 Obs. 4
C 2 360,608 587,472
5 9 . 3T4.243 1921.852
CxS 18 90, 636 219,180
Within 269 12.667 33.074
Information used Ratin I1/0 I.D.
Reduction 2. 77374 0.926%
M-S. I'T.S- Ho So
Obs. 5 Obs 6 Obs. 7
6 2 %135.001 % 6553, 587 ** 8527.510
5 9 T7732.061 * 177268, 646 *+ 26785, 746
£xS 1€ 026,015 % 1508,070 #* 1767, 507
Within 200 91,620 131.933 1€1.42%
Information usc I:Ds ToDs Ratio 1/0
Reduction 0.04T% 0.4257% 0.1027%
» - 5 " ne " iy :_ 2 3 -
Rote: JRRS SUENES L AMRY Sipelfin 188 udhi0Rondix 11, and the Koy of



LPPENDIX 13: Stetistical faalvois of Roct Grouwik during the experiment

Analvysis of Variance

on the effecis of water stress on

growth

Observaticn Source of af M.S. M.S M.S.
‘.'r:.ll'j. A ‘1..101‘1 Ra 1 . S OR L.R
i G 5 8. 649 *x - -
5 9 17.270 Rk o -
(xS 18 J+491 wx - =
Within 420 1521 - -
2 c 2 378.516 ** 1,002 NS  0.000 -
S Q 125,253 * 0,002 NS 0.000 -
CxS 18 47.753 *%  (0.002 NS 0.000 -
Within 420 4.508 0.0C2 0.000
2 C 2 805.2093 #*  0,01C % 0.213% e
S 9 18£.298 % 1,104 x* 0.102 L
CxS 18 61.627 ** 0,351 ** 0,102 o
Within 270 5.908 0.138 0.039
4 c 2 455.610 ** 3,450 *%x  0,06% Xk
S 9 259.794 *x 3,366 KF 2.593 R
xS 1€ 51.020 ** 0,893 * C.626 e
Within 270 9.569 0.511 0.237
5 C 2 1042.870 **  4.503 ** 10,363 *x
Cxs 18 84.970 ¥ 1,248 ¥ %.586 ok
Within 270 12.907 0.567 0.931
6 C 2 1000, 604 * 6,043 ¥t 16,843 *¥
S 9 351.018 ** 10,593 ** 31,620 ¥
Cx5 18 85.063 ®¥X 1,469 NS  3.025 e
Within 270 12.351 1.024 1764
T o, 2 1201.630 2,890 ®*% 18,760 x
S o 343,677 *x 8,169 ** 50,401 *%
CxS 18 89.393 *% 0,046 NS 4.286 *¥
Within 270 11.800 0.660 2.065
}I.S. MUSC
R. Lgth Bs.R.
7 (6] 2 282.910 *% 15.960 *%
S 9 1002.6230 *3t 2.991 * ¥
CxS 18 75.680 *¥ 2.438 *%
Within 270 30.539 0.507
M.S. M.S.
Sd. R T:R.
i C 2 1347.640 *% 1445.080 %
b a 450,028 b 505,267 %
Cxs 18 107.277 * 105,769 *
Vithin 270 14.970 14.917
KEY

As for Appendix 11, with the following additicns:

M.S. R. Lgth
M.S. Bs.R

Ji:8: 2%.R

W n

Mean square of total root length for each culting

Mean square of basal rocts
lMean square of side roots
Nean square of total roots



Analysis of Covariance

Cbservation Source of d.T MeS, M.S5. M.
Variation R.T. S«Ra I.R.
{ C 2 7.04% %%
S 9 17.205 ¥
CxS 18 3,025 %
Within 419 1.494
IntTormation used Ratio I/0
Reduction 1.755%
2 @ 2 338,582 ¥
S 9 123.653  *#*
CxS 18 45,301  **
Within 419 4.385
Information used Ratio 1/0 Nil Nil
Reduction 2.714%
3 C 2 682,691 ¥
S 9 189,629  #»
CxS 18 57,763  *
Within 269 5.644
Infornation used Ratic I/0 Nil Nil
Reduction 5,891%
4 ¢ 2 382,670  ** 3,314  **
S 9 255,772 % 3447
CxS 18 47.824  ** 0.811 NS
Within 269 9.167 0.500
Information used Ratio I/0 Ratio I/0 Nil
Reduction 4.50%% 2.113%
5 c 2 968,000  ** 3.738 %% 21,424
S 9 352,912  ** 5.960  #** 13.54%
CxS 18 81.246  *x 1,226  ** 3.470
Within 269 12: 917 0.566 0.G16
Information used Raiic I/O Ratio I/C I.D.
Reduction 6.118% 0.284% 1.62€7%
6 c 2 957.011  ** 4,729  #*
S 9 349,915 ** 10,238  *=
CxS 18 81.044  ** 1.471 NS
motal 269 11.519 1.015
Information used Ratio I/0 Ratio I1/0 Nil
Rednction 6. T3TH 0.931%
oy c 2 1198.899 ** 1.813  *»
S 9 341,809 #* 8,166  »*
CxS 18 86.143 *x 0.933 NS
Total 269 11.30% 0.644
Information used Ratio 1/0 Ratio I/0 Nil

Reduction 4.21% 2.349%



M.S. M.S.
%. Igth Bs. R.
C 2 326.134 e 14.539 w0
S 9 1004.508 L 2.974 *E
CxS 10 78. 71 *H 2.407 i
Within 269 35.687 0.503
Information used Ratio I/0 Ratio 1/0
Reduction 2.3%1% 0.8857%
M.S. M.S.
Sd. R T.R.
c 2 1228.675 *¥ 1351.969 *%
S 9 450,728 *% 506.137 o
Cx<S 18 100, 589 *ak 99.959 ok
Within 269 1%, 716 Z.840
Information used Ratio I/0 Ratio I/0
Reduction T7.223% 8.3747%





