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an,r;nl::t..~'!. id. t. cv. ' Co.ro li ncms i s ' 

A J. imi t e d exu.::1il1a tion \~as rna de of t,w other :!'a.c tors - ihr~ effect of 

licJit , ar:d t he> i :uf J.ue:'.'lc0 of exogenous avxin 011 ,~ro,,;th ini t:i a tion. 

i 

t.11 gro1-;t}; ex1je riri1ents were c arrie:c: out using a water cul ture h :.;.;h:;1:i.q_uo . 

S 0 asona.l ctc.:.ne;cs in wo. ter c ontent D. nd. 1-ra·trr po t en tial wc·rc mea:., ' .. n :·cd over 

the }K, riod of y_ui3scence . ;-111ter t; onte1: t was at a minir.n1Ia at 10::tf fall 

and ros e slowly until erowth ini tia1,ion. \fater poten tia l rose s l owi y t o 

a muximur., in mitl-w.i.nter, a11c then i::J owl y fell -, Although uate r c0nte;1t 

was sit'1'Jjf ica.,.1tly hicher at t he top of wondi:; ~h.c1n at the bo ttom at Jc c;_f-['11 1., 

this Wb.3 r edu~cd er eventual ly e lim:i.1:ft ted 'l·rith tl:.c genera l r1:.;c in wa7.e r 

co,1t ent , but there \;ere no corYe spondine- differenc es in ,;-;ate:' potcntia:1 .• 

Wnter l ::,ss w.:es cle.'.'.l'ly r~lated t o r ela tive h11r:1 ic.i ty, and cut ends of 

a cu tting were a ~a jor si te cf evapora t ion . The presence of buds had a 

s ma ll effect , which was related io r e}" i::i_'.r8 hur:idi ty both in di r ect:i on 

and rac::.gni tude. 

,'u:1 i nvestigation of the effect r;f exogenous auxin sue;geste·1. that i n 

P. an,.,.uJ.a ta root ·_;__n i tia tion may be liml. tcd by 1ow cndogenons levels of 

auin , b'.lt t i-1:i s 1-;a s not confirmed. since auxi21 as says were not done. 

Light was shown not to be a factor in the number~ of sheets and roo ts 

produc:~d, al".;h01 lgh root i:.1~. tiation ,-ras delayed by the light trea t1!1en t.3. 

However, thzre was a s:i.gnific3.n t failur e r ate in the dark in a subsii tute 

Glone ( a hybrid. clone bre;d in Attst:ralia from Ponulus de lto idP.~ ). 

'11' 0 
.: 1. ..... effect o:f:' water stress on growth init-tation and early growth was 

stn1ied using an osmoticum in wate;r:> culture of cuttings. The induced 

stress severely limi-:ed. both shoot and root growth which was very lo'l-r ; 

below - 4 bar. However, budbreak: occurrec. and root primo:..·dia deYelopeci in 

higher osmotic potentials, but bP- low - 11 bar there was little development . 

Int er:1.a l \·re. ter po tentic.] an<l water c 0nbi1t were ~i ghly correlated vith 

Sho'..:°ts and r co ts were found to have water contents which were invP-rsely 

related to th2 osmctic potential of the growth 10e~ium. 
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J ntroduction 

Within the l as t century , the vegc t ,,.tion of now Ze alancl hns lmdcrcono 

a massivu change . A high proportion of th0 steep] 2nds , a:r.d virtually a ] l 

of t he flat and rolline cou_'ltry has been c o.averted f::i.·01r. ten11-:.:ru. te rain

forest to grassland which has r esul focl i n considero.bly inc rc.~.scd runo ff . 

The inherently unstab le n a t m·e of much of the s cdinentar,1 r,a rcn t ma t erial 

has not re:s i s t ed this change well , and e rocion b .. s bcr,or,1e a significant 

probleri i n sooe a r eas . 

Te: chniques of soil conservati on and runoff c ontrol have been b ased 

ma inly on plantings of the genus Po pulus in t he fol';:;. of npoles" some 1 () to 

12 fe e t long which can be established i n the presence of stocl: , under 

Farm Pl ans organised by loca l ca tch.ment authori tios . The to ta l nUlllber of 

poles p l anted in 1967 was 400, 000 - do 11ble the number of 19G2 - and t hi s 

i s expected to at leas t double again . Howev e r , i n S})ite of advo.nta,~es i n 

propagation , adap t abili ty , growth r a+,e anu root sys fom cha r .1ctcris tic s , 

probl ems in the e s t ablishment of popl a r and ,-1ill0i-r have arisen . The mo::;t 

obv::..ous of these is animal damage , chi efly ea t t le ( t hrough rubbinc ai10. bo.rk 

bi ting) and opossur.l (brows i ng of foli age ) . A SlJ'Vey c omnissioned by tlw 

Soi l Conserv2. tion o.nd Rivers Control Counci l i n 1968 investie;2. ted the Jovel 

of po l e lo s s and found a mortality of 24 . T~ and 41 . t0 ove r t!1e first o.nd 

second years r espectively (Edwards; 1968 , 1969 a) . Althcu(;h t he r:,_ajor 

factor s could not be posi tivoly identified , it u as a pparcmt th::i. t :, i te 

factors , and water stress in pa rticula r , ~-rare major causes of lo i-,s . 

'.!.'his study i nves tigat ed the importan ce of wate r reJ.Qti ons in t :!-lb 

vegeta tive :propa~at i on of Po J.>ulus s pecies . In :!')articular , it was clesi[;no cl 

t o establish the levels of ua ter stress iv"hich uoulcl. l imit +,he initiation 

of g rowth i n both root initia ls a nd buds . 



1 .1. The Use of ropulus s~)ocies j n Jfo1·r Zcale~ncl. 

Poplar::: and willcirs can be pi:-opac:ated in several unys which are of 

overridin1:; importance in soil conservation and river control uorks (van 

Kraayen0orj, 1968 a). The most important of these is the ability to 

2 

establish from poles of sufficient size so as to withstand cattle attack 

and to clevclop foli&ce abO'iTG the browse line of domestic stock. Turtber, 

Populus spc-::ies have other characteristics which a-re i rnporta..'1t; for examp l e , 

hardine::::;s , c.daptability to a v ariety of site c onditi.ons , growth form 

and habit, availability and a l a ck of 1mdE::sirable char ac teristics. 

Finally, the dioecious habit alloHs restriction of sexua l reproduction 

if clo ri.&s of only one sex are used in a particula..c· area, since seedling 

swarms are no-t produced, so maintaining clonal purity. A number of ~ethods 

of propagation are in use in JJc.:>w Zealru1d, and. have been described by van 

Kraaye nuord ( 1 963 , 1967, 'i 968a, 19 68b , and a publication in preparation). 

The literature otherwise does not deal well with New Zealand cond jtfons . 

The type s of plar. t material in common use for vegeta tive propabation 

are as follous: 

i. Pole s 

The use of poles of 10 to 12 feet in length ~nd 2 . 5 

to 3 . 5 inches in diameter is the most 1ridely used method of propagation 

in soil co nservc::.tion \"TOrk3 (van Kraaycnoord, '1 968a ). Such poles P.re 

suitable for plMting inihe presence of stock if appropri a tely pro t ected 

( Kelman , 1969 ; Fduards, 1967, 1'.)69b ,) and p l anted firmly to a depth of 

about 2.5 feet ( Kelman , op cit.). A limited number of poles can be produced 

by pollarding trees , but mos+, are now produced by allmTing only 2 to 5 

leaders to grow for two to five years on ' stools' maintained at a height 

of 18 inches. The pole is trlli1~ated to the r equireJ length after cutting . 

Most pol€f are produced in specialised nu:::-series, usually by lo cal Ca tchment 

Boards. 

i:i.. One-year:--o ld Trees. 

Trees erown under nurs ery conditions for 

1 year frow cutting~, attain height of up to 4 metres (van Kraayenoord, 

unpublisheci), and can be used for the establishme .lt of s pecimen trees of 

good forn, or for tir.1be r production j_11 forests , woodlo-ts or in rows. 

Al tern;1tiveJ. ,{, they can be pollardcd to 50 CI'l abcve e;round leve l and re

planted a s stools for the rapid ostab1.i sh.ment of a nur sery. Hom:,vcr , use 

of one-year-trees is relatively expensive and their use is limited. 
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iii Wands. 
A wand cons is~s of onc-year-cld growth of 1 . 0 to z.o 

me tres i n Jc!1G,"th and 1 to 1. 5 C1rt in butt dl:ll:,eter, tc.tc:1 eithr:1· f1·om 

established trees or frore stools pol l a rdcd c>::1ch year, 1:i th no restriction 

on su.hscque::.1 t grow-eh . They nre used fo r the establishment of tr0os b eyond 

t he r ench of s t ock fo r c onse r vation r urposes , being pL::::.n ted somn 30-50 ~m 

i nto the ground, ar.d not r e qu il'ing weed c o:d,ro l to survive in r easonable 

c onditions . Al t h::iugi1 f ai lure r ates ca n b e v ery hi gh i f we. t e r LJ(:cornes 

limiting , this f or m 0f propaeation i s f requently used on ' rehreu. ' t.:.r-2as , 

since it is r e l a tive l y i nexpens i ve . 

iv Cutti n5s . 

A cutting c ons ists of one-year-old gr owth of di aJ'lleter 

0.5 to 1.5 cm and l ength 10 to 30 cm, although shor t er l engt hs can be used , 

a s with r are ma t eri a l used in eood g rowing conditi ons ( An on ., 1950 ). 

Cuttings can be ~-ken from es tab l i s hed tre es , or f r om stoo l-beds estab l i shed 

for wan d p:r oduction, the one y ear growth i n this case be i ng cut t o the 

length r equi red , j us t above a b u d. The c 0.tt i n6 i s ino e rted i nto the g r ound 

until or: ly t he to p b u d is exposed ; this f orms t he l eader. Some f orm of 

we ed contro l is nec essary t o a ch i eve r easonabl e g r m,th . Cu ttines arc used 

in new 7,eal and for t he es t abli sh!r.81d ; cf s too l nurseries , producti on of 

r oote d trees for transp l an ting , and to increase s t ocks 0f l ess co~non 

clones r api dly. 

Overseas methods of propa6a t i on are simila r t o those of this country , 

but so~e methods have been dev e l oped to overcome local p r ob lens . One of 

t he n: os t comnon i s the technique of deep pla nting, j _. e . t he use of l ong 

rlan t m,-.ter i a l to r each a wa t er tab:..c (Costin , 1959 ; Gru t, 1962 ; S:i.J'llon , 

1963) , ev e11 to t he use of pole s 4 metres l ong (Hes ni l, 1960 ) , or two - year 

roo ted t r ees p l a nted to 6 me tres ( ~ ulle r , 1958). · ~ethods s uch na tt~se 

h ave enab l ed ~u c cessf u l plantiq~ in situations wher e 0U-1er h chniques 

have led to high f a ilure r a tes. 

In all ca nes in New Zea l and t normal ha rvesting of })ropagating 

materia: t akes plac0 du:rinr, winter dormancy, and planting follows 

i mmediate l y , with .... n t he limits of loca ] bo dy organisation . Wl1i29 it is 

pos s ible to t ake pr opaga ting ma t erial d urj_ng a ctive growth, c o~di +i0ns f or 

establish~ent need to be favourable to a chiev e satisfactory success r a t es . 

l''a rmer (1 963 ) f ound t ha t P . t remula and ? . grandidentata ro0ted in s and 

a s greenwood cuttings but r equire d a n i ntenn:i. t t en t mist and IBA to stim

ulate rootinc , in order t o obtain cons i stent success. 



1.2 _fclcto.cs Jn:fJ1~:ncing Ve.,:et::.iive Pro·::io.r;ation in I'01.:ulus_§J)J?_. 

A number of f act0.L·s influence the ability of a cutti ng to rec omr.1(.mce 

erowth ; t hese fall i nto t wo categories : 

(1 ) Inhereat characteristics ( Sections 1. 2.1, 1. 2.2 ) 

( 2) Envi:ronncntal f actor s (Secti ons 1.2.3 - 1.2.5) 

Cuttiq -, J.en[;th is a mec.surement frequen tly usad as a variable in 

survival ex r,r.r iments, showing a f,"Gnera l increase in su:rvi val with increased 

length, at l e0.st up to 15 cmc The relationship is more pronounced with 

rnore severe coudi t i0n;, . 1'hr>. re l a.t .i.on:Jhip hetween diameter and survival 

is s i milar, but les s obvious . 

B. Tomz8. (1959) u2 ing T-'011uh ,s ' manitobP.nsis' cuttings ra..11ging in 

length froL1 2 to 30 cm, fov.nd an increaso. j n su.nri val with increasing le:1gth 

up to 15 c~ , but no effect of diam e ter be~tee~ 0.3 to 1. 2 cn . Chiane 

( 1963) ,_..si:1{; P. c R.nadc::nsis cuttine s between 9 and 20 cm in l ength also 

found a platea-J. afte r- 1 5 cm, and a similar p l a teau above a dinmeter of 1 cm. 

Sarnsiev ( 1909 ) found n') effect of l ength between 15 and 30 cm in t hree 

pop lar clones , but a diameter pl&teau similar to that of Chaing 's above 

1 cm with one of the c l ones , P . b0J) tecina . Howeve r, the two r emaining clones 

(P. canader:sj s and P. nigra 1 ita lica ' ·) grew satisfc:ctorily even at 0.3 cm 

dirnnete r. Fjnally, 8. Cen tral For es try .Experimental Report ( Anon., 1958) 

i n dic'.lte s t ha t jn c o:np1. ratively difficult c ond~ tions, survival of 20 cm 

tt . a cd cu ings was , 1;; , and resul t cd. in 30 cm of c;roHth in the first season, 

compared wi -t:1 30% c:..nd 90 cm of g~~ow th respectively for c1.1.ttines of 50 crn . 

These studies on the infJ uence of size on survival are usually 

incorporatc.:J in field s t ud ies of local problems , .s..nd do not involve 

investigation of s pec i f ic sour ces cf physiological stress . ITowever, they 

serve tc indica te t he range of o e~3u..rerr.ents which appear to limit growth 

or survivai in the fi e ld. 

1. 2.2, Phv siol2.::1(:a l_1~ 

Cuttings taken from one- year-old wood show a gradient of age and 

development accordir:.tr to t he time during the season that the tissue was 

formed. Buds in t he apical ree;ion a re (!Omparati.·-e l y large , and when 

grmm fror'1 C;i.J. t t i nes form larg0r shoot!'; .more rapid ly ( Joa chim , 195'7). 

Root p ::'.'i.Jnc::.-r~a for1:1 o~rly in stom de·rclo1)mcnt , a nd continue to develop 

as grm,t~1 of the wand continues , BrauU: ( 1963 ) observed the primorclia to 

originate in the int~r-f2.scicular regions of the outer cambium , usually in 
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fron t ot a primary ray. They dev e loped as protrus:i uns into the pri mary 

:9hloem o.nr'i becnrne 0.mbcidded in the secondary bark due to the ir slo,-rcr r:r o,-rth 

:rate, hut did not lose conte.ct with t~e primary phloem. ~food formation 

in the ::.ipcx of the 1n·:i.mordia increased with age c,rnsing the formation of 

h,1mps which uere visible when the bark w: s re!11oved from shms older t:1a n 

t wo y ears. Prima~r primordia persisted ,mtil the rhy tidom formed 11t 5 to 

10 years. 

Grentcr ds,velopment of root pr:Lrc0rdi o. is thus manifes ted in eurlier, 

strori"'c;er growth of roots from cuttings derived from older wood closer to 

the base of the tre e or stool. 

Many workers have found evidence fer the effect of physio logica l age . 

Mutiba ri (1 963 ) fo1.:.nd no effect on snoo t growth in terms of physioloi ical 

age , but f::mna large differences in the pe1·centage of cut t ing-s fo:1ning root,J , 

e . g. 97. 7, 82 .2, and 52.0-% for basal, centra i. and apica l cuttings respectively . 

Joachim ( op cit.) found that a root system developed from lower r ee;ions 

more quickly, as did Bloomberg ( 1959) usiy,e P . trichoc3rpa , and ?an tos 

(1 963) using P . robusta . Viart (1 965 ), usine P. deltoides , suggested that 

rooting ability is at a maximum in the transi i;ion zone between tha t part 

of the shoot whi ch is perfonned in the bud and ttat which is forned lcter, 

i.e. about the 7th or 8th node . 

Schrock (1956) claims that a relaticnship e:xists betweec " growth 

potential" and the physiologica l a ge from which the wand or cnttin :s is 

derived. Thus in P. beriolinensi s , epicormics taken from various hoi.bhts 

gave inc:reo.s ine; growth r ates ,-,i th increasing height up to 4 . 5 to 5. 5 

metres for shoot g ro1·r th; he quoted unpubli shed work by Lehnert v;h ic,h sho1·;s o. 

similar r esult for root development in P. tremula . 

1. 2 . 3 Temuerature 

There is a requireme nt for a period of l0w temperature to break 

dormancy in Populus species, but commencement of regrowth in the S})ring is 

limited tin til the temperature rises above a thres:hold l evel, which is 

specific for parti~ular clones ( Pauley and Perry , 1954 ; Wareing ar,d 

Phillivs, 1970). 

Although the r e lation between temperature an::l. growth has b ee11 invest

igate d for r:iany clones, that betwe en tempera ture al'ld the recommencement 

of growth (or bud-break) has received little attention. Miami and Horton 

(1 967) found that sucke ring in aspen ( P. tremula) commenced earliest at 
OF 0 87 • , and tho.t mont suckers were formed and r-rew most rapidly at 7,~ F . 

Straub (1 966 ) foun d a simi l a r reln.·hcm t ..,tueen temperntU1.·e 2.nd shoot c1·01-1th 

in aspen. Wareing and Smith ( 1963 ) demonstrated that rooting of P. r obusta 

cuttinGs was dependent on active buds, and was therefore indirectly 
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de pendent on a mini mun tempe r a t ure b e:i nc a t tai 11e d. to a ctivate bud gro11th, 

i mp l ying a hornona. J. r e la·~ionshj}, b e t wloen a ctive buds and root trrowth . 

Once a bud be c omes active unc"le r Tis j ng- t e;npex·c1 tures , subsequent 

deveJo:;m1e11 t uill depend also on t he J.j gJ·: t regi me ( Straub , op cit.) 

However , the ini tion of growth in Pq.mlus spec ies is primarily a funct::..on 

of teirper a ture alo rie , a lth ough o ther s ps cies have demonstr a t ed a photo

periodic response • ...... 

1 • 2. 4 Do rmancy 

While autumn growth r ate s dimi nish with time and can be correlat ed 
' 

we:i.l with tem per <:tture fall , t he cessa tion of growth and fonnatio;:-i of a 

dormant terminal bud appea rs to be tr iggered by day length j n one-year-old 

trees of' Populus species , as shown by v an Kr aayenoord (unpublished ). 

Supply of a n ari. 2 .ua te artificial lieht sourc e uill allow a c ontinuation 

of grouth. Termination of growth i n older trees may occur at a n earlier 

stage, possibly due to nutrien t leve J s o:c hona0nal balance (Wareing and 

Phillips 1970) a:1d a period of ' pre-dorrr.ancy I or ' summer-dormancy ' probably 

precedes t he onse t of trm winte r dormm1cy , :pe .. chaps under the infli.;.ence 0f 
I 

photop~riod. 

The cold requirement t o break dor:nancy of c.ormant wir.ter buds of 

Populus species 9.ppears to be quite short . Ten to 14 days at approximatel y 

2°c is s_ufficient to artificia lly break dormancy in cuttings (van Kraayenoord, 

pers. cor,...1; .). However , Wareing and Philli p s (op ci t .) consider tha t 

emcn·gence from donnancy under natural conditions :n&y take some time so 

as to ~,ccumulate the cold r equireruen t. Thus twigs colle cted in April , 

May, and early June (southern r,emisfhere ) usually r em a in dorman t if 

placed in conditions suitable for bud-bre~k ; those colle cted from July 

on will have a "fairly high" regrowth r& te, which increases over subsequ~nt 

months. They suggest that the requirement is 260 to 1000 hours at Oto 5°c. 

for roaPy temperate species af tree s which r e spond to cold by breaking 

dormancy. 

The cold r e4uiremen t in Populus is not substituted for by~ iong-day 

regime (Pauley, 1958), although several other s pecies (notably P~gus, 

Betula, Larix) r eact in this way (Wareing and Philli ps , op ci t). 

1.2.5 Hormonal Mediation in Dormancy 

UhiJe the mechanism of dormancy ha s not been defi ned vrel1, it h o..s 

beeri shown u ith ma ny species that p l ant growth substances are closely 

involved in dormar1cy and it appears l ilcely that an tmdefine'J. me ·;.'!ar~ism i s 

mediated by changes in the balance of plant growth substances (ivnreing and 

Phillips , 1970). 
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Th e :~cve l of p'.Lrnt r,r c,\ t1, substances decl i nes stf: '.iclily over t h0. c;rm-r

i ng sco.son , and is lov: [J. t th e on:::;c t of do::·. ri.nc;; . ':larcL;cr an d Smi th (1 96~) 

using J'. rot>ust:..1 , f (il1..1d cha·c tlw sou:rce of grO\:th subs Lances at r,u r.:--brc2J~ 

1·;1:.s t h e eci..ivcJ.y 8Xpanc3ing buc1, but in su1,ITTcr , the sourc e was the na ture 

1eaf. Rooting ,~as found t o be serious J.y j_mrc1ired unless one of thc..1:ie 

sourc ez \ :as prese11t B''1cl ac tiv r~ . Shi dei and Ogasawa ( 1957a , 1957b, 19 57c) 

using T' ._n.i.cz·a ' i tnlicc:. ' shov1eo. th.-,.t I A!. stimulated roo ting in cuttings 

a cco.rJinG t o season. In hnrd.-1ood (.-1inter ) cuttincs , uud r err. ova. l lm·re r ed 

rooting abi li t::,- , but th i s coulrl. be c or~pletely r epl a ced by IAA ; in 1:ofhl()od 

( summ8r) Cclttings , rooting was folmd to be proportiona l to the amount of 

matur8 l eaf µresent before win ter bud f ormatior. ~ but uas complete ly unaffect

ed by matu r e leaf area after winkr b1:i.d f orma tion. Trea t ment 1·ri th IAA. 

stimula t ed ro 0t fo mation to some extent at later stages also , a l though 

root el0r.ga ti on ,·ms i nhibited . Kefcli ( 1965 ) j _ similar experinents with 

Salix s pecies concluded there was a balan ce bo tueen inhibitors 2-nr'l auxins 

both of which originate d in the l eaves and a ccu.'i'.ulatod in the buds. 

Remova l of leaves from sU1ID:1er cu ttinc s groa tly .ceduced rooting , but rer:i oval 

of l eav e s in autum....1 gr!a tly pr omo t ed root fornntion, l ending to the 

conclusion ( s,1pported by \·ihea t coleo:;:: Hle asseys) tha t eve r t 11e s Llr.'-'.:ier there 

i~ a progr ess ive decline in auxin level , a nd a concomitant rise in the level 

of Wl i nhi1) i tor . 

In gener a l, i t apr,ec1rs tha t r ootinc i s dependent on the pr esence of 

a plant growth ::mbst2.nce , possibly in ba] ar.ce ui th an i nhibitor. '.i'he source 

of this grc,1th s ubstance :i.s the ne Hly- active bud in spring . In sur,1I'1er , 

tl1e mature l eaf is the source , al thou.Jh the a ctivi t::,, il.imi nishes over the 

season, and 171ay be associa ted with a T:i.se in an inhibitor . 

Art~.ficia l stimulation of bud-br eak can be accomplished using 

exogenously anrlied horrr;ones such a s auxins ( Boysen-Jensen , ~935; Avery 

et al , 1~~7) Oi.' .r;ibbe:::-ellins ( Don:::J.ho ,'3...Yld Wallrnr , 1937) or cytokinins 

(Leopo ld, 1964.). B.:i.lati;.1ecz and Fa:rrPr (1 96 6 ) conc lud8 in aimila r st;_,dies 

with 1:_. d~J.J.Qi.~ that a growth r egu L:.. tor such as I AA is necessary -'.:;o 

r eac~i.va t e a quiescen t cambium~ aml t hat disbuci.J ed cuttings l acked this 

stimvlus. 

However , these plant growth substances neither act genera~1.ly , or 

substituta for a cold requirement or photoperiod requirement in all ca sez. 

It is more probable that in many ca ses, hormor,al requirements are a part 

of grovth chf:nges r osul ting from other ,rocesses which bree.k dor111a11cy , 

m1d the i:-c n rU.1icial S1l ~p1y reEdcrs norrial dormnncy-bronl:i ne mcch.1.nisr:1.s 

r edu;1 i ar. t. 
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','l:i t er , us the 1~;:,. j or c0mponen t of pro top l a rna , ha s four s cpar a te roles 

( I~r nFtET , 1963 ) : 

( a ) As ., r e:c.gcn t jn bfochcr.1i cc1l r cr.:.ctions 

( b) As o. so]v ent i 1:. truns11or t :-u1 d i n biochemica l r e a ctions 

( c) In t Le T·hy i:. i c,~2. rr..'.1 i ntcnan c \S of c ell an d phmt tur gi di ty, and 

s t o::n:1 t ,tl ac t i Yi ty 

(cl) As an integr a l c o1;:ponrn t of pl m~t structure . 

,tiny si h 10.U.on 1-:he re 1·,o. tcr i i': 1i mi tine ca n influence any or a ll of 

these ro l es . 

Terrestrinl plants occui)Y bo th t h P. upper s oil horizon s E>.s roots, a nd 

the lovwr a.tr. o sph(ff:i.c l a yers a s s t em and folia &c • Water i s a l wa ys presen t 

in soi l , p l an t a nd atr::iosfher e a s liqui d , va pour or i n an adsorbed state. 

~·!hi le the norr::R l tti rection of 1-ra t c r fl ow is from s oil to a ir, t he trnnspir

a tion stre m.11 t!1rouc}1 t he p Jant may i n t c rre ne to form a third, intermedLs.ry 

phn.i:i e , Since KcJ. 'csr f orns a s i gni f i cfln t r,ropo:diun of a ll three pha8e3 

and ~nnc<: :.i.n t 0.rc:1c:.11ge i !3 nor mal, it i s convenie nt t 0 c on.;;i der t he s , i .1-

plant- a t mos:;:,h e r c- ~ys teT:', to be a c on tin uum ( Buc'.: :i ngham, 1S0 7; Gradman , 1928; 

van den Honr.rt , 19/t8 , R:!. cl1ards an.a. 1:Jadlcie h , 19 52 ; Philip, 1954 , 1957, 

1966 ; Sla tyer , 1967 , Kr::-cm er, 19G9 ) . 

Descr::..p t:i on of wa t e1· s t a h is in any ph ase of t he conti nuum can b e mad e 

in t erms of t ht: cnercy sta t 11s of t he .-;ater in the partie;u l a r ;'h.1sc , i:!.nd i s 

t herefo r e b a s ~:cl on t hcr nodynarni c.: pr i n ciples ( Ta ylor , 1968 - a. rcvi e.r) . 

I n a u~1iform mul ti - cor:ipo:_1en t s ystem s u ch as a s oil- p l ant- air con tinuUI'l~ 

the t ot a l Gi bb :.; f r e e cns t'ty pe r unit 1,1..-:.ss is t he su.m of t he par tial Gi bbs 

f.re e cner{S'f f or each cneBi cal s pecie s p:i:-esent, i. e . t he sum of the 

c}:cr1ical potentials of e nch S}!ec ies . '1
1he par t ~_al Gibbs fre •) enP-rg-:1 of 

wa t er is thu3 known a s t he ch emi cal potential o.f wa t er, or more simrl y , 

wa t er potentia l. 

Th~ ~,..a t er po t entia l t hus c an C"' u.a:fined in terms of the Gibbs P-qua tion, 

which r el n t €s ,rnt e r po'~en t:i.a l t o t e.".'lp er ;;. ture, pre3sure and c once1Jti•a tion 

of ,m ter, in a J: .3.rticulnr s ys t em. Further, movement of water can only 

occur a long g r adi ents of decrc.=:3 s i ng wa t er po t ential (Gardner, 1968). 

The pa r a!':!e t e r of water potential, together 1·Ti th the pa rameter of water 

con tent coi:rpri.n0 t.he hrn h:::i.si~ rne:;.su:rc;,Jen t s us ed t o describe w.:itcr stntus . 

I f th0 r.~,:-,sur0':.ien"t3 of 1:::ifor st ·~ tus in the pJ.an t ph P.s e inclucc a n e c.'.ctive 

wa t e r po -:ent fr.J. ( as i n no1·mn l -.m de~ · c onci itiomi of a ctive transpir.2. tion), 

the potential is kno.m aJ.so as a p l a nt water deficit (Tayl or , op cit.). 



Ttere nre thr8e cornp0ncn t~ of water potpntJnl (~Ly l or , op cit. ; 

Slat_,,ier, 1967): 

(1 ) /m o::;,.1oiic poto:,ti, l, ::nisjn.~ fro:'.: the presence o( :::olutc:s. 
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In the s~il , these are within tho soil solution ; in the plant , 

th ... ·oucho~t the ·Li<l l!id phnsn, pur ticularly in vacuolo.r sol\'.'~ion. 

(2) Natric :µotcni.:i.21 , 2.rising ,;_·ror.: adsorpti0n of water . In soil , 

the sj tes are r.minly on clay and humus colloids ; in the plant, 

cell co1loido a.,d capi~l in.ry fcrces of thP cel:i walls . 

(::s) A physic"!.l pressure component . In the soil , the source is 

a "!;Jnosphe r ic pressure ; in t he p l ant , turgo r pressure within t nc 

cell. 

'rhc thermodynal!'ic descri ption of water status i mplies the, t wa t er 

i s held within the system by a set of forces , and t ha t an input of enercy 

is r equired t o ~eve ·,·;a t e r . In f act, the amoun~_ f wor k r equired to r emove 

a unit amount of wD.tc r from the system i s equal to t he wa t er potential , 

and hence the potential is nega tive , or nlternatively , ther e is a positivo 

affinity for water attri butable to the sys tem (T:1ylor, op cit . ) . 

i>iater potenti a l_ 3.ppears to give the mcs t sni:isfacto ry r.ieasure of 

wa t er status for c omparisons between sin1ilar plants (Gates , 1968 ; o~on , 

1953). However , the ,mtcr contents for diss imilar p l ants at p~irticuJ.a r 

l eve ] s of water po-!':ential can be widely dispa rate (Slatyer , 1960 ), and it 

has not yet been sho\m if plant r cactior, to water stress is affected by 

the chemica l potnntial of water , or by uater shortage per se. 

T' l ,mt water :rote11ti a ) appears t o be more DPanine ful than plant \·ratflr 

conten t in r e l atin & water stress t o plt'.nt growth . The r elation b-:".:\recn 

the two parar:iet~n·s mr...y indicate dif fer •:n1cef. i.n response behrecn snecies 

to envi:ronmen t a:i. wa t E:; r stress . 

There a.r e fi V8 '.)asic charac-l;eri stics in the biochemi cal and biophys

ical explanation of water stutus in pla~t g rowth a~d metabolism (after 

Ga t es) op ~it . ) : 

(1) Active synthesis is only poss ible a~ high tissue water levels . 

Ultimately , the r ate of gr owth is proportiona l to t he chemica ] 

potential of ua t er in the tissue (Owen , op ci t. ) 

( 2) Re- es t ablishment of hi gh tissue wa t e r l evels will re-es+.ablish 

former r;ro,..-th rates , tmlcsc ti ssue dru!!age has been caused b:t high 

levels of water stress. 

(~) ~'/b::.le net synthesis can be observed t o c,:nse at high water potent

i a l s , it c anno t be inferred that turn-over· of ce llula r and nuclea r 

components such as RNA have c::ased , tmleas this has been s pecific"1lly 
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demonstra t ed (not2c and Bonner , 1959) . 

( 4) "..'he :.:·o l c vf u,,tcr is cii 1lJ.a r even ii: ,ri.dcly <hfforen t pl;i1 ,"t tissue , 

or tissu e of d iffe:rent r,:i;,-:;;j_o J.oi::Lc,J _ at.;es . Th:-, r cspom::o to ua t e:r 

1; otontia l in differe11t pvr·cG of t he p '.Lant cJ:i.ffe;:rs i n extent 

r athel'.' th,:in na ture ; t he ovcr a.11 pl.:-,nt r es1)once to wa t e r pote:1.t

i a l is t he i ntegr a ted cun of theso individua l T8Dponses . 

( 5) Res:i. s"i;ance (both avoi d,0.nc:.• of 11.nd t oleran c e to l ow interr:;o_l vrn.tP. r 

potentials) to hic;h lc.:)ve1n of \·!a Le::.· stress has :'catures 1,;hich 

are corr.P.'on to b oth er"ibryonic tis :cme, and t o drough t - r esi s t a nt , 

rr.a tur8 plants . 

Norma::!. l y , wate r defic its within a pJant d.e1vG1op because of an excess 

of transpira tion ove:r absorption (Kra;,:e:r, 1962). Therefore those L1ctors 

which le~d t o nn increase in tr,:nspi:cation (high temperatur es , wind , low 

re l ative hu.'11 idity) or a decrease i n absorption 1_low soil water potcnhnl, 

l ow soi l mite:' conductivity, limited root ero,,~th) l ead t o increa~ed pla...-ri t 

water deficits . Under conditions of active trans pi r ation , the extent of 

the p l ant M:tter def icit i s at leas t -that of t !-1 0. soi l water p otentia l , and 

is fur t her increased by the eff0c-t of gradi en t s r esulting from low soi l 

pe rmeabi J.i ty to water, c1 nd graclien ts v,i t hin the plant orie ina ting fror.1 

evapora tive loss . 

Si nce p l ant water de fic i ts :no the r esult of an i mba l ance in the re.te 

of absorpti on ove r tra nspir:::. tion , ~\i 'Jrnal v:~ria tion in transpir ation du P. 

to micro- c limate chanees and stor:mb.l closure i n the dark cM be o:<:T1ecte d 

to cause diurnal va :riatio:1 in pJ i.m+, \la t e r potentials ( Ga:c·dne r and Niow-m , 

1964 ; S l atye r , 1957 ) . I t i s no t unti l the soi l water po t ential i s 

r e latively l a r ge t hat s i gnifican t p l m:. t w:1tcr deficits arc presPnt 

contjnuou.3ly, s i nce nieh t r eplenishr.ent in the absence of ac t i ve trans pir

ation i s a very significant factor. Diurna l va riation i s rmch l ess sig

nificant in dormant plants ( Ccwan , 19 65 ; Bonner , 1967; Rawlins e t al , 

1968). 

~ . 3. 2 . 1-la tor Deficits and G ro•.-,th 

The rela tion between grow t h ar.f, water stress is well established and 

r evi ewed ( Vaadia , Ran ey and Hagan, 1961; Kramer , 1963; Koz l owski, 1964 ; 

~ l avic, 19 65 ; Ruhl and, 1961a , 1961b , 1961 c ; Slatyer, 1967 ; Kozlowski , 

1968; Kramer, 1969 ). 

There are two corr.ponen t.s o f g r owth a t 1:l1e c e llu l a r level : cell 

cnl::ircc:nc~t; and C(~ll divisior. . Co11 enlargm., cn t i s u.e}Jcndcn t o:r. the tur gor 

press'...l. r e component of water poten tfo.1 (i'ladleight and Gauch , 1948 ; Oi·c'l.in , 

1958, 1960 ; S l avic, 1965) , s h owing a ze ro--bound decUne wi th decrea.Jing 
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turgo1· 1,:~0.ssur e . I-lo,rever, r on- vncuolated m(' ristematic tissue cioe s no t 

appear to be affec tcJ to the sa~o ex t en t by t urgor pr os~ure as much ~s 

by t otal 1-;ater pote;;n t:i.a l, nt J e2s t i n some species . Shoo t elonr_;- : tion in 

corn (Loomis , 1934) nnd cot to n ( Ball& , 190B, cited by Slatyer , 1967) 

shm·r extreme ser•sit:i.v:i.ty , but to1.v1to shoots (\·Tilson, 1948 ; Slatyer , 1957) 

elongate even when t he leaves a r e ,'lil tea . 

Ce ll di v:i.sion j s less influcmced by hic;h water potentials than is 

ce ll enla:cgement so tha t str0ssed p l an t s, a l though ::,maJ.ler , tend to ha v e 

similar cell nu..n.be r s (I-:aximov, 1929) . m~A content is related linea :;:-J.y 

to cell number ( Ni eiT'an and Pou l sen , 1962), so that measurements of DNA 

t end t o reflect cha nges in ce J.J. number. Typically , there are l m'6 e 

decreaseG in DNA wi tb a :1 i1, crease in w:i t er deficit t o about - 3 bars in 

tomat o , c:..'1d a much slower decrease thereafter (Gardner and Ni eman, 1964 ; 

Gates and Bonner, 1959). 

Cytokinin produr,tion i n t he roots undergoes a mass ive drop in proport

ion to increasing uater stress ; since cytokinin tends to mainta in a rather 

stric t ratio with mrJt of about 20:1, there is a very significant associabd 

f a ll in the r a t e of prote in syn t hes i s (G~tes an d Bonn er , 1959; Stutte and 

Todd, 1968 ; Kay , 19r,9 ), .:i. fall in p:;:-e,tgin mo l ecule size (RoutJ. ey , 1966 ; 

Stutte and Todd , 1967) and a rise in so l ub l e nitrogen ( Al ekseev e t al , 

1963) . 

The effect of wa te r defi cit on photos ynthesis i s beyond the 8Cope 

of this review, which is prinarily concerned 'Ni t h emergence f r or.1 dormancy . 

The r e~oval of n wat~r def icit will frequently resul t i n an incre~se 

in ap:1ar en t r elative growth rate , eve1L 1:eyond tha t ob3erved before a deficit 

was applied, followed by a r e t urn to r.o rrn,q, l lev e l s providing in,iu.ry has 

not r esulted . This eff ect appears to be a r esult of a trans itory inc rease 

in cell expansion r ate r ather than a real increase in growth r a tes (Ga t es , 

i955 ; Stocker, 1~60) . 

Work with mm1y speoies had indica t ed that r e l ative ly 3m-':ll] soil 

watP.r def:i.ci ts will have a11 eff ec t on g r owth. Gingrich and Russell ( 1956) 

using corn found <1 decrease in the r ate of g row-i;h over a r ange of soil 

water po t enti a l s from Oto -1 2 bare . with mos t e ffect i n the r ange of -1 

t o -3 bars. Simila rly , Sands and Rutter (1 959) using Pinun sylves tris 

grown in soiJ. pemi tt0d to dry t0 pr edeter mined tensions before compl e t e 

r esat ura tio::1 , f ound growth was r ed~ced firf: t in the - 0 .3 ba rs ti·eatrnent 

in 1-ye:ar p l ants , and i n the - 0 . 5 to -1. 5 b ars ranee in three-yea 1·-o ld 

plnnts . Grec.1 ter r c duction3 11c.1·e ~v idcnt at higher defici ts i n aJ 1 co.SP.S . 

They 1·urch e r quote six authors us ing -a v ari ety of species , who found 

r eductions in growth a t similar water potentia l s : 



12 

Howe and Rhoads ( 194 8 ) Potato -0 . 5 ba rs 

!iayn~~s ( 194f) l'·iai~:e -0.7 b n.rs 

Kcm;orlhy (1949 ). App le -l;re0s -0.55 b nrs 

W:.:.. t c:..'house emu C l e1.1 !.m ts ( 1954) Sug a r cnnc -0 . 65 ba rs 

St.-1nbcrry e t al ( 195 5) AlfPJ .f e, - 0 . 6 ba rs 

Sa l t qr ( 1957) 'l'oma to ~..o . 4 b::irs 

Str ans ky and Hilson ( 1964.) us i.10 ~c,edlinf,:s of Loblolly pine (rir..u~ 

t ae c'l:l 1 . ) and Shortleaf pi ne ( P. echina ta Ni) 1) foun d that growth W.'.:!.S inhibi t , 

by soil-1-:aicr tensions of less than - 2 ba.r s , and ceased at - 3 . 5 bars . 

Hilting occurre d at - 5 b a r s a nd death at -15 ba rs. 

It is clear that wate r deficits as small a s -1 bar or less can 

significnr. q y reduce growth , especia lly in y oung p l ants. Growth :.ennctions 

i nc r ease wi t:1 i nc r easi ne wa ter def icit , and mo['t workers have found 

t hat cr·o\; t }! c eases comp l e t e ly by the time t he pe n nanent wilting point i s 

r eached (S1Qt yer, 1967) . 

1. 3. 3 'J'he i-'P.F.snre:":~nt of ~·ia t e r Deficits 

':'!w two primary par ameters of watf' r sta tus are wa t e :..~ potentie l And 

vra t er c ontent . Although t;1e detennination of w.o.tcr c ontent ha s been 

s1.1gces t ed t 0 be um:i 2. t i sfp_ctory as a measureme!1t of water str ess , ( Kr[:.mer 

and Brix, 1965 ; Weat herley , 1965) , s everal wor kers hav e a rgued -that 

s itua tions in •.rhich on ly overall g r a dients of wa t er :potentia l a r e con~irl.e r cd, 

r::e.:.mine f ul '3.Sses sments of the size and direction of wa t E: r m0'le'.:".en t ca nn ot 

be rnaJo ( r;~;::klon and 'dea t herley, 1965 a ; Barrs , 1966 a) . Wa t e r Cd:tcnt 

is r e J a t:iv e ly simpl e t o as sess , and ha s been the ba sis of r.ioot ~tudJ.es of 

wa t e r statu3 in the past. 

Ba r rs (1 966 b) in a :review of me thods of n:easureruent of water sta tus 

conclude d t hat "ultima t e ly, measurement 0f wa te:..~ deficit is most mea.n.ineful 

~n terms of the effec t of s tress on plant g r mv c:l •.••• " but that "mP.BSUl'ement 

o:' uate r con t ent continues i.;o be one usef ul criterion of water defic.lt . " 

1. 3. 3.1 r-:e:-i.slU'ement of Water C1 mten t 

The dete rmina tion of wat er content reli es on de t ermination of water loss 

when a s amp l e is d:d.ed unde r standard conditions, and as such, is h i ghly rep r ocl 

\lCiole . Tim;ever the e:r-pr ess ion of water loss can be based on several 

r::cusu:r..e~:cntn, al l of ,·::, ich have some d.i 0adva:n. t e.ces ( Barrs , o p ci t.): 

(i) Dry woich t i s the ba s e u::;ed i n r.1os t 1r.cr1sur e::i c11t s of ,·;ater cor.tcn t . 

Ho1·revcr , dry Nei gh t <foe s \·ar J over n period of time, especia lly 

i n l eaves. This can be minimised by extracting with di!ute HCl 
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t o r em ove labi l e cPrbohydro ~es f i rs t (Na son and raskcll , 1928 ) , 

bu t t'.w fTOCGss i s tc::l i owJ rrnd 1·nro J.y usc.•d . 

( ii) Fr esh HeiGht ir1 n. l s o used o.s a b:-ise , a l thovch tbe erro r s i nheren t 

i n dry u ci gllt measurcr.1cnt arc s ti l l pre ~,.,n t. This b ase t end.s 

t o minimise the ex Lcnt of changes in wa t e r cc,nt en t. 

( i n. ) Leaf c1r e::. cm1 be used i n some c ircw-.i sb.nces , anct i s satisfa ctory 

for compa r :;. s ons over a lirr.ited rnnge . At extr eme l ev e l s of stress , 

t he l eaf area t er; ds t o de .::J.i ::1e . 

( i v ) 'r'later c onten t at full turgor i s [mother ba s e 1:hich is ::;Pited 

to l eaf a nd t wi g s tudi es . S~o cke r (1 928 , 1929 a , b) firs t used 

the Ple t h orl with who l e h ri gs .::md l eaves , and Wea therley ( 19 50) 

modifi ed the me tho d by usine discs p 11.i.vi che d fr0m l eav eo s i nsh:ad 

of whole l oav es , t o give 11Rela t.iv e Turgidi ty 11
• 'The re :12s l..i een 

Turgidi ty". There hrrs been a c onsidera.1'le v ariation in 

methodoloi::-y and t ermi no logy dev e loped a:round t h is tech,1iqu e . 

The term "Wa ter Sa tura tion Deficit" is now cain i ng generr1 J 

a c ceptE.nce. ( Barrs , 19 68 ): 

W. S.D. = ( Tur gid ~ .. rt . 
Turgid ~lt . 

Fr esh Wt .) x 10 0 
Dry \tlt . 

Indire ct mcasurer:i eYJ.t o f water c on tent ce.r. be advan t ag80llS i n some 

s i tua. t:i.ons , :partica l nrly those ,.;h ich :penn i t nondestr1ic tive s n!'lp li ne or 

continuous r e cording . Pr i n cipo. l me t hods i nvo lve me~surernent s of l eaf 

thickness , fruit si ze , t r unk di8.l!1 e tcr , be t a - and ga,'.irr.c.-rs.y c:auc i nc of 

leaf t hicknes s or who l e-plan t cenopi e s , cape citance r:: ea sur ement , 11si ng 

l eaves as a diele ctric materia l , electrico. l r e3istanc c , and inf r a-red 

spec t r os copy (Ba rrs , op cit.). 

1. 3.3.~ Me nsur e!Tlen t of 'da t er note;.1 t i a l . 

Most t e chnique s f or the mea sur ement of 1·1ah:r potential arc~ ba s ed on 

two principals ( Barrs , 1968 ; KrarJer and Brix , 1965; Slatyer , 1965): 

( i) Establisr..ment of the c onceni 1'.'a tion of a s olut ion which i s 

isopiestic with a p l ant or s0il s amp l e . The water poten tial 

of the s anple is a s sumed to e qua l the csmotic potenti a l of such 

a solution. 

( ii) :M easuremen t of the rela tive h umidity of an a t1I1osphere when in 

e quilibri um with a plant or soil samp le tm de r s trict t empe r a ture 

c ontro l. Such r.icas u r e:r.ents arc usual ly str•.ndardis ed ;:,,c_sai m t 

so l uti ons of known o srr1 o ~~ jc .po+ ,m t ial. 

( iii ) Measurement of t he p r essure r equi r ed to balance mo·remen-l; of 

xylem flui ds up a t wi g . 



r:e'chods involving i rrm1crsion of ths s amples in a r ar,1:;·e of sta.r..dard 

:::;::ilutions hc.vc t!-',c adw:.!1t.:>.c;e of si.:"::pl:i.ci "ty 2.nd i nvc lve j noxper.sivc 
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'2.'h8 11 r occss of imrr. en:;j_0n· h owever, i nvolves c or.pl icn tions of 

injection of intercel lular spuces , inriltration of p l asmoJys8d cell s , 

s olution dilution by cell wa ll water an~ tha effect of cutting the t issue . 

( Barrs , op ci t .). 

The main me thods -trhich have be e11 used are a s follows : 

( i) Linuid PhasP. I':".'!tho ds 

( a) Ce ll I-:cthod: 

Microscopic observation of a cell i mm ersed in a 

series of solutions t o establish the so l ution which will not 

cause an increase or decreas€ in cell size (firs t usea by 

Ursprung and Blum i n 1916) . 

( h) Tissue ~ethod : 

Observation of changes i n leng th , thickness , 

volume , weight , or curva ture of suitable tissue when i mme rsed 

i n soluti ons as ab ove (Bar rs , op ci t .) . 

( c ) ~ easurement of Chances in Solu~ion Cha ractori s tjcs : 

t his tyne attempt to find a soluti::m which is isopi es tic with 

the plant s amp l e s from a range cf stAndard solutions by 

obs e rving changes in the s olutions caused hy t he plnnt 

material . Cha r ecteristics whicn have teen us ed are c hn.;1tc.:es 

i n density (Schardakov , 1938 , 1956 ; RehdP.r and Kreeb , 1961; 

Goodeand Hegarty , 1965 ; Knip l ing , 1967; O' Leary , 19'7 )) , 

r e fractive index (r.:aximov and Petinov, 1948 ; Ashby ancl 

Wo l fe , 1947; Gaffe and Cc1rr , 1964 ; Goode and Hegarty, 1965), 

and rate of uptake of solut:i_on ( Brouwer , 1953) . 

( i i) VP.pour Pha se f.Ie thods 

Methods i nvolvi ng vapour ph.'.lse t e ch:oiq'JP.S 

avoid immersion i n solutions . rely:i.ng on t re.nsfer t hrough 

equilibrium with the atmo ~?here in a sr.;all chamber . The a tmo:Jphere 

effectively acts as a s e!hipenneable mentbrane , since tr..r, solvent 

of the solution cannot evaporate . However, the temperature of 

t he system mu s t be m1-.intained within close limits - at leas t 0.001°c. 

( Slatyer, 1958 ) . A range of solutions can be held abcve t he rlant 

or soj_ l s m11p l e , and meniscuf; movement rneasurecl ( Ursprm1c c1.nd Blum, 

1<]30 ) or chances in the 11 eigh~ of subso£1p l o::; of tho u n.kno~·rn hrJld 

over a r onge of solutions measured (Slatyer , op cit.) . Alterna t

ive ly, dir ect measurement of vapou r pressure can be under t aker., 

removing the neces sity fer a range of solutions. The equi libritnn 
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Vo'.'.p ou.1· :, r cssure i s r ea c hed. i n an iso}.i.!tsd chnmb o · a t a c loGel ,y 

con trolled ter:ipcra t nre a n d i>:e ,,sured by techni<]_U,)3 ouch a.s 

cvr:portd;ion f r or:i a h o.ngi n~ dro1) (J.:a c]~lor, on d We a i:h~,r l ey , 1965 h) 

or by psychromct ric mcasurcnon b us i ng ei t h e1· u dr op of' wa t c r hnJ d 

at t he npµr opriate junction ( Richnrds and Oga t a , 1958) or udr,g 

t he Pt- 1 tier effect to ca use dc,·r rlepos :;. tion on t h e appropri:i t a 

jun~t:i on (Spanner , 1951 ) . Alt:-:.ough vnuour press1.ffc me thods a r e 

pote ntia lly very nccura t<': , and have t he considera·hl e advantage that 

im~e r s ion is not r equired , t bcre arc s ever a l difficulties in 

pra ctice . The extreme temper a ture CJ~l trol necessa ry makes the 

apparatus unsuitable for fi e Jd use or for measurements in situ, n...~d 

ter.:i perr;.ture gradients are di fficult to E::lini nate . In particular, 

gradients may arise fror.1 the _ l:.e at of r espi-::-a tion, and the heat of 

condens-'..l. t i on of vapour at t h e s ample sm·face . ln the psychro;:ie tric 

devices , evapora tion f r om t he -:-ret buJh 1:iay increa se t he humidity 

s i gnificantly , and vapour pressure differences can also arise 

f r om me'.,11ods of tissue e xposure or lou leaf permeability leading 

t o a r ise in a t mospheric w.::t ter potential and Sp-:..lriomil y high 

measurerr,en t s . further , salt dcposi ts on l eaves or the cham"be r· 

are suffici ent to modify readi ngs ( Barrs , 1968) . 

The vapour 1)hase methods tend to be s l ow, but can be automa ted 

t o sor.ie extent (Hoffman et a l, 1969) . Al though !.'los t deter::.i na t ions 

are carried out on detacr.od leaves or l e af disks , t hen~ have 

been atter.ip t s to mensure wate r pote1~tia l of ent ire , a tta ch e d 

l eaves of mesophytic plnnts , \-Tith some success ( 'i.':i r ld in, 1968 ) . 

( iii)Pres8ure Balance Technioue . 

A ~ethod f i rit used by Dixon, (1914) 

and deve loped by Schol ander (1 964 , 1965 , 1966) a nd Ua reine- and 

ClE:. a ry ( 1967) consicts of supp lying .~:IBt suffici ent pressure to 

t he foliage of a n excised twig or lea~ to fo r ce the se,p to the 

point of being ex t"t'uded . The pr essur.c is appli ed by plac::.ng t he 

plant sampl e i n a "pr essll1'E. :,0nb11 with -i;he cut end protruding 

t h "t'ough a pr essure- seal e d apertur e . The gas pressure :i_s r a ised 

i nside the bomb until the sap can just be 8een emerging from the 

cut end . The press u1'e at thi3 point is taken to be the wnter 

potential of the pl ant sample . 



16 

1. 3. ,1 'l'hc llsc of O::i'.Poti c '1 i n 1:ID.t P- r- Ct.li1..l!:.£ 

'Nie 1~::i11ter:.a~1c e of a consb.n t soi l ,v2.tcr poten t i a l is one ::if the nos t 

diffi cult pro"hlc::1s i n studies relatint;· r,-rovrth to soi l wn ter pote ntial. 

hl ~l!ough tl1e Ho.t Gr 1,oten t.ial of s nmpl cs of soil c8ri be mc a s u.i· e d r e lative ly 

easily, pJunt obsorption of ,.mtcr i :-J w1e,-en. At low so:i.l water potentials , 

pcrrneab iJi t :; is 10;., , and it is extrem8ly difficult to r e - 1-rate r a s0il to 

a s pecified wa t er potential other t han field capacity without disturbing 

t he soil (Gur dr,')r , 1968) . Hm-rnver, a r ep J a ccment technique ha::; been 

ct t ePmtcd ( V.:::cla vic , 1963 ; Sestac and Vaclavic , 1963; Ne~.::w , 1963) , although 

1:!ost workel' s have used c;uccE~ssive drying and r ewntering cycles ( Loustalot , 

1945 ; Kozlo1·:nki , 1949; 1-!eeisi .'.lrl d Satoo , 1954; Gates , 1955 , 1957 ; Gingrich 

ancl Russell, 195G ; Slatyer, 1957; So.nds and Ri.:. ttcr , 1959 ; Gardner anc! Ehl5.g 1 

1963 ; ln-S1,arlwway and Heske th, 1964 ; Str&nsky ar:d ·:rnso11, 1964 ; Pallas 

ot al , 1967; · Bonner , 1967 ; Rawlins et al, 1968) . A constant soi l water 

po ten tie.l }JF.s a lso been achieved f or limited soil volume s usi ng a soiJ. 

l n.yer separ a t ed from an osmo t icum by a cell1ilose ac.cta te semi- pemea.ble mem

brane (Pa inter , 1966 ; Zur , 1967 a , b). 

A t e chnique w11ich h as been used extensively in the l ast decc.de i s the 

r ep l a cement of soil culture by water - or nutrient- cultur9 , and appl yine 

a:ci. appropriate , ra ter potential usi r.[; an osmoticum. The stress can be applied 

eccurate ly and ev e nly t o the entire r oo t system , and the whole plRnt can be 

ob3crved wi t hout disrupti on. 

The prirw.ry c r i tici3n of this approach i s tha t this root environment 

:i.s c onsi dere.b ly di ffer ent f r om that of the S')il . I n particular , ;;1,3ra tion , 

i nc ident li511t L1 the root region nnd t he l ack of physical effec t from s oil 

pu.r t i cle s rr.cy be p roblems. Further , there may be t. rea ctior.. of ihe plant to 

t he osmoticrnn , l>y repla cing the soil. water potential by an osmotic potentia l 

onJ.y , or by .<:ibsorption o'!: the osmoti ctu:1 into i ntercellul ar spaces or within 

t he cell , with consequent changes i n ,-,ater sta h ... ..; 0r metabolism ( Slavi c , 

1963 - a r eview) . 

S·cudies on sa lini ty have used a 1,v, l ution- culture t echni que , fra qt1ently 

1-rith some attempt to separate osmotic; e f fects from other effects of 

s a lir..i ty (Bernstein, 1961 a , b, Boyer, 1965 ; Neir.1:;.n , 1965 ; Ingelsten, 1966 ; 

Oer-tli, 1968) . 

The dev elopment of cu lture nethods using poiyethylene g l yco l (PEG) 

has per mitted t he applica tion of osmotic effects on r oot systems without 

the 8ff'ects of 2.bsorrt ion into thr-> plant , _p r ovidi nc t he p l an t is ·intact :1nd 

t :·1e ::'.:G moh:cul nr i·rei ctt i s ;_:;ufficj c:1tly iigh i.o pre vent adr!!iscion i n to 

t he roo t C8l l s (Nacklon & Weatherley, 1965) . Jan~s (1 961) used PEG of 



v:1r:i.m1s mo lccula1· 1-.'c ieh ts be hi0cn 400 nn d 6000 in the nol uti on-ct,.l t\1.r e: c,1· 

r.iotc:1t:"r.J :1pplied at Jevcb cro:1t cr thf!.n -2 bars , f,~lJing to 1'(~ at -H. 4 

bars, f_;i'O\:·th fell s.i.r ,ilar1y, l:casine n t ·-11 hurs . r: ca i:;,n·able amounts of 

the o~.~ot~ cum were >1ot fom1d L 1 the Xj'lcu u,1ti l at lea ::.;t - 5 b.:lrs 1·1cre 

applic<l , :•nd at -14 .I; bars e.ftcr 9 dnys , the JJr.:G content was 0.1] of the 
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f1·0sh ucj.f,'!lt . Simj L:~:l:,' , T,:mccrwerff ot n] ( 1961) usi11r, PEG of 1.~0lec·i.1lar 

wei ght 20 , 000 (PEG 20, 000) to nrply a wntor str ess of' up to -1 2 b:us t o kic1-ne~, 

beans found no evidence of interference with nomal !:'1Ct.:tbolisrn or toxicity 

effects , nnd concJ."Jdt-cl that the 1:1ateriaJ wns suitable for use as an osmotic:nm. 

J ackson ( 1962), whilv concl uding that c arboi·mxcs ( i. e ., PEG) are suitable 

atsents f or use a s osr.1oticn for r.1ul ticellul ar systeos such as coleo:r, tilc :.:.:cc-· 

tions or entire - ... )t !1ystems , no ted that they were not suitable for studies 

of r oot h ::!.i:i.· gr o,·1th , s ince very low concc::ntrations ( 0 . 2 - 0 . 6;!: ';')J~G 600 , 

or 8~ ~):::;(;. 1540) sie;nificantly inhibi t r oot c row-~11 . J arvis and Jar-vi s ( 1963) 

con".)lud':)cl that Pr:G 1540 , PEG 4000 and dext:-2.n were superi or t o so<l.:um r:h lo~·ide 

and Nmni i·o l as OSL~otica for culture of Lu:Jinus a]ba . Ruf et aJ. ( 1963) 

f ound t h".t the os:.1oti c potenti a l ol a r ,'.!.nee of s pecies rose by an avPrcee 

of 0 . 86 bars for each 1 bar ::.ncrease in the osmotic poteutial of the roo t 

medi un , ~sing PEG 1 540 . Xeric speci es deve loped .:i higher cell osr.10tic 

po ten trn. l t han mesic speci es . 

PI~G of v2.rict(8 :t::1o l ecular 1-;cichts hav e been used ui th e wid e runge of 

s pecies to investiga to 1,iany other si tua ticns wher e wn.ter s tress is 

irr.pori,e.11. J; , such as &aseous and nutr.:..ent uptcdce , r espi ration , cc.:11 and 

plant rcc:cticri ~ and geITiination nf seeds (Ja rvis and Ja1~vis , 1965 ; Barr[; , 

1966 b ; Janes , 1:;66 ; Greornrny & Hille r , 1967; Larson and Sch1_.1.bert , 1969 ; 

Kaufmann o..nd E~kard , 1971) . 

A number of \mr!<er s have i::wes tigated t he exten t of .'.?.bsorption in to the 

plant, ar,d possible toxicHy of PEG ( Sl aty0.:r , 1961, Greenway eJ.; nl , 1968; 

Jackson, op ci t . ; J an0s , 1969 ; 1~ichel , 19 70 ; Lawlor , 19?0 ; Kauf :nan and 

Eckard , 1971 ) • :in general, ·PEG of lower '.llo l e cular veiehts can pc::..,e t:.:c t c t he 

plant more easlly, and may 101:1.d to p l an t an.justments which are d i ~·rere~t from 

t hose found in soil or usi ng PEG of higher mo l ecuJ.a r we i ght . Thus , Kaufmfi.nn 

and Eckard ( op c..i t. ) found PEG 400 gav e a reducti on in osmot :5.c potential 

of r oot xylem s ap which could cause gutta tion, a t nutri ent s olution osmotic 

):'rCG ~1u.r~s :,bovc ··4 . 8 ba rs . At l c::nst ha lf cf this n.dj v.st;::1cnt. uas duo t o 

i r.cr e:: .. t8 in c or:c ertrr>.ti on of c· tions . 'I'he effect wa s no t s oer 11;:ip:; n:-:0 f(I)(' . 

Laulor ( op cit. ) so.r;f.;es ts that nm of !T'oleculAr weights e-rcater t l an 1000 

ar e nut absorbed in signJ.ficant quanti i;ie s , but tha t PEG 200 and manni to] 

are absorb ed i nto the root system of an intnct p l ant , possibly c ausing 
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ca~ion absor ption ?~d salt accumulation. Where mannit0l is used as an 

osr:io t i cum, the probability of metabolisation within the plm1t must be 

cons i dered. There are wide species differences in the ability of pl ants 

t o me t a bolise mann:i. tol. 

In general, the se studie s indica te that PEG of sufficient molecula!' 

we :i~h t can be m:;od succes s fully as an osn: oticum ln nutrient culture, 

having substantia l advar. tn.ges of inertness and n0n-absorption, provided 

tlm t limita tions of nutrient culture are noted. 



'l'he :r;rir~o.ry objec tive of' t ho i nveshcrn.ti0n :is to cntablis h thc1 

siv1ificonco of wa t e r atr css as a l i ~itinr fact cr in the vege t 3 tive 

~:r o:;xt~;a ti01: of Populus s r,cci os i ll the ')Ost- dorn:r:.n t s·~a.ge , 1·el1>.. t:inc t his 

t o the water status of the 1)a rent pl~!.Yl t . I t js not intended to rela t e 

t he effect of wRte r deficit to gr o w• h of Popu:us spp., exce pt ~s an indica t 

i on that g r 01·1th initiation li:1s been cstav lishecl . . 

In order to ra l a t e t he wate r sta+.us of t he cutting t o that of the 

parent stool at th-J iirr.e of grm·rth i nitiati on , a s tudy of water content 

and ,-mte r poten tia 1 of the parent pl c.nt was made ove r the dor n:an t peric d 

until t he re- es t e.blishr!en t of growth, 

The significance of wn t e r s b . tus :i.n the i nitiu t i on of bud-break and 

i nitiation 0f roo t g r01-;th i n cuttinc s i'ms inve s tig·ated using a ,-rater

osmoticum gru·dth m di1.m1 , under conditions that ,-mu) d not n ormally be limit

i ng to the re- es t nblish,uen t of gr owfo . 

A descrip tion of t :'le i::h:::.r a cterfoi:ics and cl<1ssificati oc1 o f Popuh,s 

s pecic2 j ~ _!):rovi ded ( Appendix 1) as n ba ckg.cound to t11e ccloc tion of t he 

four clones used in this st:1dy (Ap~endix 2) whi ch represent clones of 

i mportance or interest in J!ew Zeal a r.d . The c 0r.d:. -!;ions unde:r· which the 

p lant !'laterial used was gr o1m a re clnscri 1::ed in Ap:;ondix 3. 

2 .2. Tectr.i r.ue s 

1. r.umbcr of t e chn i ques wer e used throughout t he s t udy and for c .>nven

i enco a re described here . 

2 . 2.1 Gro;-1th c onditi ons 

All growth cxpe rirrcnh: i·rer e conduc t ed in a l i gh t - p r oof r vom mainta.i ned 
0 + 0 

a t 20. 0 C. - 1. 0 C., with tem:rer a t ~e 0 radie~1 tF: red1.1ced by means of a 

f a n and duct system. T:ie light source used t h r cuehout c:ons isted of' b.::i.nks 

of 40 watt fluorescent tubes (Osram 1Cool White ') a t 1.75 i nches s pa~ing 

h el d 22 inches above t he top of the po Ls, and p r o\Tiding 800 foot-can dles 

a t the '.Leve l of the apica l buds . 1'n1ere a da rk t reat1nent was requir2d , 

construction of the r oom a llowed blanki ng off of sui table areas using 

bla ck po l ye t hyle ne film and p ly-wood f a cings , giving complete light exclusion. 

Wa ter c1.1J. ture methods lrere used in all grow th experiment s . Waxed 

pape r C?V.ps ( I.ily t:o . 108".l) fitt ed \·Ti th p l a stic r, r ess- on t o1)1; were u sed a 1:, 

conb.iners , norrn:?.lly ui t'n fou r cutti n[-:s !)Or pot. A cuttine of 1C err 

i nserted t o tr.c base of the pot t h r o-J.gr. ,. suitable hol e in the top protruded 

1. 5 cm., with only one bud above the top . The cup contained 150 mlo of 
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ljquid i n :,J l_ cx per:;,c,.:-;·: t:J . 1J '.r..p_~·,~ Jir;h t y:,.;.; t.o bn e xcll;rlc., d fror:i. the 

cnc ioa ccl T<!f"iO!"l of tl'H' Gnt t:i.n:-;s , Vic c•.1: <• l,cr~ .sec,Jcd ar;a ~_nst l i &h t usi:1~ 

2 . 2. 2 :-'.(•21:.nr E>r00r, t of ":•tc r C(m i; (!r, i; 
,,. . -·-~·- --

Deh:,:r.r.1i nntion of 1:ator cmi t cnt w1s b;,r-;ed uri t he f c:cm'...lla 

Water Conh~11 ~; =-

1,,/herc p os3_;_ ble , f resh 1·rei1:;Ji t t:,ts d ,, t c.. rr.:i. nee; ii>CT. ecl in te l y a fter nflki ne 

1)o th-end cu t s on the s s.r~p l e , or 1; t leA.st 1-:i th-:.n 30 seconds . When this 

wns D.ccomplished , s ic-n:i: i c Em t diffcr e:n ceG in wf1ter c ont'3nt we re unlikeJy 

t o be ca u sed t h rou.ch ~vnµo r :! t :i..on f r om the sut ends . 

Dry v,ci Gh t ,-ras do tc rn i ned nf ter 72 h,rnrs at 95°c. Th e me a s m·ernn, t 

1-;as mad~ us soon a s t he s nrnp l c , :ns cool en:'U:.h t o be 1-;c i g hed , a nd within 

3 minute s o-: r er.10val from t he oven . \-Ti t hh1 these li!"' i t s , s i gnificctn t 

differenccf:l t h r0ugh nb::;or-pti on of nb.onphcric ,rnter 1·.rerG unlike l y t o 

a rise. 

2 . 2 . 3 J:0asure:-cr, t of '.la ter ''otcnti,l 

S charclc:.lrnv ' s dye t echni que ,-;::c,J used f or de t ermining 1-,e ter potenti al 

t hroue h.out t he study (secti on 1. 3 . 3 . 2) . 'l'he rr.ethcu co n::; ists of equilib

r a ting s a:np l es of t he p l ant r:iatt)ri'"' l with 2 r ange of s t a.nc:a r d c onc2ntr 2. t 

ions of sucrose , i n orcler t o d,)tcni!ine wh5 c:-1 a oluti on i n r:',ost near ly 

i s opi es tic . Tlte osr'.;o tic potentjr;l of this noluti on is taken to ,,qw,1 

t he wa ter potentia l of the pl ant r'.: a t eria l, s ince ,m t er is neither gaine d 

nor }.o s t. 'l'hG i s opicsti c so l uti or:. i s fouricJ h~r c~riparint; the de:1s i ty of 

the equ i l i b ra t ed so lution into 1-,!-iich a dye h ns been added i n t o t he ori6 ina l 

s t andard s0:1.ution . I f water has been ea.inert , the dyed solut::..cn wi ll rise , 

and. vice ve rsa . 

Up t o 17 solut i ons of stanck.rd c oncenh' -'.l.tion wer e us ed for any 

pa rtfouldr se t of determina ti ons , a t 0 . 5 bar i ncrer,1cnts to - 20 . 0 b <1 rs . 

The probable size of Emy particu J a r r e.::i.cl inc coul d b e est i mat ed with 

experience . 

The c ont a iners f or e quilihrati on were 25 ml. t u be vials wi t h screw 

c.3.p s . One ml. of so l uti on was use d wi th approximat e ly 1 g r am of plan t 

ma t e r i al f or each g r Hcle of so l ution, and the i;ube capped before equilib

rn. tiori f or ;:>tj. hou ::-2. o I n o J.J C8.sos bu.is ~-.-< ' l' f.> nvoic.lecl . The expcrir:,cn t 

were us eo. at any one time . 
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'I'he dye u~cd \·~an 11(~t l.y l enc b l.un , d:i.nso l v c~d to exces s in :m r,p:'1rorr:i" t, Ce 

r anee of solu t io~3 of sucr 02e to reduce n possi~lo error t hrouGh addi11c 

D s0J utio11 c f difi"'crent osmotic po tenbnl. On l y 0v.ff:i.cient dye so luti (Hl 

was ad:Jo.d. to jus t colour t he equilibriwn s olution , being of the order 

of O. (>0005 r:il., ndc.ed wi th a hypoder mic s y1·inge and 26 ea. needle . 

Compnr ison of t he e quilibra ted solution with t he orig i na l so lution 

w:::..s C!:! l'.'ricd ou t by i!i j e ct:i.ng a sing l e dr op of the fo r mer into a ;_~ ml. 

via l f u J.1 of the standa rd origina l solu t ion. The ins trument used for t h i s 

was a hypoder mic syringe fitted with n modified 20 gl'.. . needl e. The 

modif i ca tion cons isted of r emov ing the t apered p oint to form a uniform 

hole, E'..nd bending the end O. 25 cm. to form a right angl e , afte r h eat 

a,nnea.J i ng . T'n e mo d i fied instrument a llO\·red a sing l e drop of t he equilib:i:·a t e d 

solution to be :;. i i . ·9cted hor izontally into the s tnndnrd so l ution ( held i n 

a stand) with a minimum of disturbance . 

After each det ermination , the bo ttJ.es were thoroughly u a s h ed and dried 
0 

at 95 C for 24 ho·.1rs . 

Alth.:>1lgh l a borious, the rie thod e ave consis ca nt r e sults to t:he le'.re l 

of accp-acy required, i.e. within 0 .5 bars . 

2. 2. 4 Meosur cmPn t of Gr o~th Resnonses 

The follm-Ti ng stand,3.rd measure:ncn t s were app lied to all cxp,,rime nts 

where growth wRs r e corded: 

(i) Eudbreak 

The obs ervab~~ r ~svonse of the bud to a f av ourable 

growth environment wa s s. slieht swe lling , f ollo\·red by the 

appear a nce of a thin line of lighte·r - colour ed tissue 0::1 the 

upper bud scale as expansion truces p l a ce. 'l'hc first sight 

of this line was taken as the time of budbreak . 

(ii) Shoo t Growth 

The lengtb in eentimeters from the top of the 

lor, t.. st bud sca le to the growing point wa s callecl t !-: ~ tota l 

shoot growth. 

(iii) n oc t Initiation 

As the :root primordia commence g r owth 

characteristic hemfaphe ri.ca l protrusions of diame t e r 0 .15 to 

0 .20 cm fo r 1:1ed under nea th the rhyi;idom . The firs t time of 

obs0rvo.tion of such a pr o t rusi on or protrus i ono vas caHed 

t he time of r oo t ini tia',fon. 

(iv) Root Initials 

Al l root p r imordia protrusions including 
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those whi..ch he.d developed to the st92;e of rhytidon rU}Jt ure 

( but not inc l ucline those~ .in which the root had grown bey ond 

the rhytido;u a nd become ol1vious) were ca J.led r oot initia l s . 

(v) Roots Small er than 1 cm. 

'I'his ca t eeor-1 included · all those 

roo t s which had grown beyond the -rhytidom , but wore l ess 

t lrnn 1 cm l ong. 

( vi) Roo ts Gr eate r __ ili_.~_~ ___ a_~ 

This ca t egory included a ll roots 

which exceeded the previ ous category . 

(vii) J ~ s Rl Roots 

Roots sometimes arose from the basal cut, and Kf>rc 

called basal roots to distinguish them from roots arising 

frcr,: primordia present w:ier. the cutting was taken f.roni the 

parent stool. 

(viii) Side Roots 

Roots which have a risE'n from primordia pr.rn°nt 

wher, the cutting was t aken from the parent stool. 

(ix) Fina l Shoot T,;cight 

At the tenni na tion of the erm-,th experi r.1en ts , 

the shoots in each sub- tren·b.nent were cut at the base of the 

orig inal bud und bulked for the de t ermina tion of 'fresh shoot 

weight ' was obta ined af_ter drying at 95°c for 72 hours and 

weighing i mrr.ed.ia te l y on coo ling . 

(x) Fina l Root ',-Ie i.ghts 

Tr.e ' fre8h root w~:i.ght ' and ' dry root 

\·reight' were f ound using the same me thod used for ahoo ts. 

The roots were r emoved a t tne point of P.me r gence from the 

rhytidom. 

( :,d) To t a 1 .fu?.2.. t Length 

The combine d lengths of a ll r oots shrwing 

measurable growth; side roots which were occasiona.1.ly 

pres ent we r~ included. 

(xii) Shoot and Root Wa t er Conten t 

These wer e calculated from 

the; corresponding fresh and dry weights , as above. 

2 . 2 . 5 Contro l r,f o t:w r f a ctor s influ~J nci nP: -or op,:1gati on 

Review of tre liter a ture a nd con s 1.cleration of the circums t a uces of 

v ege t a tive propaga tion indica ted t hat a number of f ac t or s could influenc e 

prop&.gation b y cuttings . Furthel' information was obtaine d from a pilot 
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cxrcr .i.ment , which invPsti g:,. tfd t he effect of a rane e of os motic potent i nl fJ 

ond i :1e effec t of :.wuhn,!7 t 11c cnJs on the 0r O'/ t h of }~o;:·i l us X ' I - 7f)1 
I 

c u t ·t ini::::.: i 11 J i,1uid cu1 t urc ( J,ppcnd :i.x I).) . '!.'h e f ollo•,:in'.': I'uctor s ,,rnrc 

comJide:rcd in de tai l i n t he des i[;n of sub:3eque::-it ex per frie nts : 

( i ) D:0·1.:msion!'l 

Cut t ings outsi de the limit- :.; of 1. 0 to 1. 5 cm dfri-1!'l ter 

aro j nfc:.cior i:, c on diticn s of stress . The pru:en t s tocl-1 u:.:;e d pr ovi ded 

r easonc'.bly hor.10£enous cu tiing ma t c ria l be t ween 0 . 9 and 1 . 3 cm di runci0r , 

an d these limits wer e a ccep ted . 

( ii) Phy s i olo~j ca l~ 

The aBe at which particul a r ti sst;e ha s been 

initiated a ppears t o b& re l a ted directly t o a 1-.i. 1 i t y t o ini tia t e r oo t s , 

and inversely t o bud development . An at·i:emp t was made to r educe t his 

e f fec t by l i miting the sec tion of t he wand used t o t he middle third of 

ea ch wand , '..h i s bei 11g bebleen 50 a n :l 75 <..:m. Th :! buds i n this r egi on 

t end E::cl to be of si mila r s ize s t he ~urfn ce r idae ;; di stincti ve but n o t 

pronounce d , ~he r hyti <loir. deve l oped frnw g r e en to grey arcl com-pl e ~0ly 

non-f issur ed , and i;he r a tio of outer diame t er t o pi th diarr,e ter was of a 

si~i l nr ma gni t ude ( s ee section 2 . 2 . 5) . 

( iii ) Phy s fo logic -il /l.c t i vi t v 

Stuc.y' of s ea sona.1 changes in r ooti nr, 

ab j l i ty an d shoot g r o,·1t h r e s ponses a n ~ the r esults of t he pi l ot ~:~tc:::'i;:18nt 

a ppeared t o s how tha t t he co ld r cquir3me11t wa s fulf i ] J.c d early i n the 

wint er , an<l th.c:. t r eco:-:-,r:iencement of irowth wat; prima rily n. f unc t ion of ri s i ng 

t empar a t ur c s . '!Jrior t o tha c riti cal t emper a tur e being r L"> achcd e s s c e sona l 

t empe r a. t ,l!'es r ose: morpholo~fcal c~1anges caused by r e newed physi ol ogical 

a ctivi ty c ou l d. n0t '.:>e obs e rved , o t he r than a r i s e in wa ter con t en t 11nn 

a s ligh t c oncomi t an t ri3e i n wate r potential . 

Th ,., time of ccn:rnencemen t for t he ma in gr o,-r ·;h ex peri men t was s elected 

a t about six weeks bef o1·e no rmal bud- br eak , which a l so c oinc.i. ded wi.th 

comme rcia l ha rvesti ng . At t h i s s tage t he cold r equirement was ful filled , 

physiu l og :i. ca. l ac t i v i ty wa s a t a mi nimum a nd the wa t e r c on t ent wa s jus t 

s t a rti ng t o r iseo 

( iv) 'Pe::nn-•··1 'vnr c 

Al t hough it i 8 clo:!r tha t bud- br eak i s pr ima r i l ~r 2 

f unction of t empe r a t1 tr e in t he fi eld , the precise t hr e s ho l d and opt:mum 

l ev e l s ha v e not be en e s tab l ish ed f or tJost s pecie ::3 . From cons id er a t ion 

of the literatur e ( Sec t ion 2. 2 . 5 ), n. t emper a t ur e of 20°C wa s s e l ec t e d 



sorr,e~·:r.-1.t a-rbitrarily. In thE> :,ilot e xperiment thP.re was a sati..:, foctory 

g r owth r c aponsc . 

(v) rutricnt Level 

The main stagPs of the inves t igation into \·ra·~~r 

stresc~ involved. or.eree1xe from dor!'!.!1., .. ncy and -the fi.rst stQges of root nnd 

shoot p:!'.'oduction, i n which the amount of tis sue y,rod.uced wa s smal l in 

8omparj son ~-,i th t:10 vo l ·ur.:e of t,19 cutting. Further , there were no si t~s 

aw1i l ;;.ble whi ch are nori:13. lly associated with nutrien t abso1·ption i n the 

dormant cutting until root production has t aken place. The pilot expc rimen t 

shovred tha t i nter nal reserves of the cuttins were :.n f a c t sufficient for 

more t;rOi'Tth than th~ main exper im.entnl series Hould involve . 

Theref or e , it was cons idered unnecessary to use a nutrient culture 

rather than wate~. 

(vi) Sealinf of the Gutting 

The obj -::ct of thE> experimen t WP S t o imi b t e. 

the effect 0f s0il wat,._r potenti al b:;r Uf>in6 c:rl o:.!!Jot i cur.i . Therefore , it 

was i mportant tha t t ~e 0!3TJJoticum did not penetrate the x:,rl em , ph l )em or 

i ntercelluler s paces , and a technique of sealing both ends o f the cu,~tine 

was 9.:!}' l oyed througho·ut . In the pi l ot experir::e1,t , ca llusir,g e.ppenred at 

the distal end of tte cu ~ting i f the sealing agent wes opaque , but t his 

was no t observed at the proximal end , at l east within the time periods 

under cor:sidcration . 

(vii) Day- J.cngt h 

Al thoue;h day-] engt h influences· t he onse t of dorr.:ancy , 

i t has not been imp lice tea in b':.1.1-break or roo t initiation in 'Populus s pp . 

Howev e r, it is wel 1 correlated with inc r ease in t emperature , and it wa.s 

ne~essary t 0 esta"1lish i f t here was 3. s i gnif icant e f fect. Further , it 

was nec&ssar y to establish if t he pho tosynthetic t.issu e exposed by tud

break i c, likely to be significant to i nmediate cro,,;th req_uirement s . 

An experimen t was carried out prior to t r.e main water str ess P.X periment 

to investigat e t hese f ac t ors. Three l ight regimes were impose1: 

compl bte darkness , continuous l ight, and a cy~le of 12 hours of liGht 

f ollowed by 12 hours of d.:irkness . This combinati on was intended t o 

dc;:::on:::_trct t e if there ,.;3.3 c1 lon.3- do.y or shor-!:--s.~tY rc0,uircr.:en t , and if t11ere; 

'.·:c·s .:'n cftnct cf 'J :i.g>t 0'.': ~i U,,:, r 1:.,'J .1..:..b.u , ak or root ini tin t::.0r. . 

Cr: tr. ::: basis o: tl ,e :r\_:sults c:f this exrcrir.,cnt , a ! icht r egir:10 

consisting of 12 hou.".'n of lie-ht folJowe d by 12 hours of darknes s wa~ 

selected . 
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(vi:i.i) Hn~Y.cn'J.l Teve l 

1iJ thour;h a sh)_<}y of ini.crr:aJ horrnoI!,'ll level s -: s 

b0yonrl th.c ~cope of t his s t udy , it ;•;a::.~ r olcv£,n t to cons id er t he effect 

of nn n:ppJ.ied growth hormone , to establi sh if a torr..onal deficiency 

infJ.uenc0u. t:ie time or r ate of roo t primora 5. a d0velopmor..t . 

An e::xp8ri H:en t was carried out to i nvestignte the effect of a lo f_?H'i thmic 

serie s of IAA conccntrP.. tions between 0 . 01 mg/litre and 100. 00 mg/litre 

on thr·" e cl or .. es of ?opulus , erown as cuttings in liquid culture . Several 

methods of sea ling were also used in a f 3ctorial design. 

2 . 3 Ex perimental Procedures 

2. 3 . 1 Stu(1y of Seasona J Chan~;os in ':Tater Status 

Sampling over the dormont se.::i.~::on ,:as carried out at 21 day interva ls, 

comir.encing on 14 April 1970, when the first clone had completed leaf--drop . 

Seven sampling timt-S were taken , ceasj_ng on 7 September 1971 . All three 

cJ.cnes reached the point of budbroak by this date. 

At each sw..pL.ng ti:1:e , observations cf we:1th3r, soil r.onditions , 

and a~s ~oryhological cha nges were noted . 

The me t hod of s ampling consisted cf selcctine a tota ~. of 5 wands , 

(i.e . the entire growth of one shou t for t he rre·.rious season), taking 

one from ever y second stool , and alternating t he fives-tools samp l ed 

e a ch sampling time . Thus a total of t en stools per clone were used. . 

Each wnnd was me :1.sured to establish the limits of s :.ii tab "le m.:i terio.l , 

normaJ.ly being between 130 and 150 cm of each WP..nd. This Jenctt wts 

divided into thr ee e qual sub-length3 , called t he u;per , middle and lower 

regions . Each regi on was sampled from the api~n r end as follows . 

( See Fig. 1 ) : 

( 1 ) 

(2) 

(3) 

(4) 

( 5) 

Sample 1 for wat~r content deterJ1ina tion ( 1 c:n long) 

Sample 2 for water content de term: nati on ( 1 .::m l ong ) 

A cutting of iO cm l ength! ·with a bud at tre apical end. ( this 

normally entailed waste uf up to 2 Cffi above sample 1). 

Sampl e 3 for water cor•tent determina tion ( 1 cm long ) · 

Sam::r>le 4 for water content de.termination ( 1 cm long) 

( 6) Ten sub- s amples of approxima tely 1 gram for a determine.. tion 

of water potentia l by the Schardakov method ( 10 x 0. 75 cm= 

'/. 5 cm) 

( 7) ~o.mple 5 for ~·:a tc:-..·· c cnt0~ t c!oform:i.nn tion ( 1 c r.1 lone,) 
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·rts cuttines we1.·e se&lEd at each end with wax, and t he outer and pith 

diameters recorded . Each cutting was i d.en tified using r.umbered alm"linium 

tags . 

Seas onal changes in the abili -L-y to r esume growth ( other than dorrr:ancy 

effects ) we:-e investigated by maintaining the water potential found for 

each region of each wand in the associated cutting. These studies were 

carried out in the growth room previously described ( Section 2. 2.1). 

Dor~nancy effects were removed by placing the cuttings ( j_n seal ed 

j ars over disti j ~ed water to mai ntain the water status ) in a temperature 

of 2. 0 to 4 .0°C f or 14 days ( Section 1. 2. 4 ). Each cutting was t hen 

p l aced in a blackened po t c ont aini ng a water- p0lyethyl ene glycol mi x t ure having 

en osmoti c 1)0tential of the same magr.i +.ude as the water potential th2. t had 

been determined previous l y fo r t he correspondi ng region. A blackened top 

was fitt ed to the pot so tha t the apical bud ,-.12a ,,a s exposed . Observations 

were made cf changes ( Section 2.2. 4) under condi tions described f or gr cwth 

( Section 2. 2.1). 

Determi nations of water content and water potential were ca rried out 

on the samples taken as above . 

2.3. 2 The Effec t of Light on Budbreak and Root I nitiation . 

The experiment c omprised two trea tments applied to the following 

t hree clones: 

(i) Fopulua X 'I-78 ' 

(ii) P. yunnanensis 

( iii) Popl ar Hybrid No. Aust 135 

( See Appendi x 2) 

Treatr:ient 1: Light 

Thr ee sections of a growth room were fully l ight-proofe1 , but 

maint ained at 20.0°c ± 1 .o0c., using~ fan and air duct system . The l i gh t 

sources are desc1 i bed in Section 2. 2. 1 • 

The three light trea t ments used were : 

(i) Comp let e da rkness 

(ii) Continuous light 

(iii) Twe lve hours light, followed by 12 hours darkness (automatic 

control). 

Treatment 2: Type of Pot 

In the two trea tments where light was applied, half t he pots 

and lidb were blackened, and the r emainder were lef t translucent, tu 

evaluate the effect of darkness on those areas expected to initiate roots. 
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Twenty cuttings were used in each st:.b-treatment per clone, eiving a to tal 

of 360 cuttings . 

The experiment was commenced on 20 J~ly 1970, and evaluated af ter 21 

days. A photographic r ecord was also ~ade. 

2. 3. 3 The Effect of Relo.'dve Humidity on Wa t er I,0ss. 

The experiment comprised three treatments applied to three c lc,nes : 

(i) Populus X 'I-78' 

(ii) P. yunnanensis 

(iii) P. angulata 7ar 'carolin' (See Appendix 2) 

~tment 1: Relative Humidity 

A range oi r elative humiditieswa~ i mposed, us ing the pri~ciple that 

the relative humidity above a saturated solution of a salt is constant at a 

f'.iven teu perature and ~haracteristic for the particular salt chosen. Such 

a system is buffered if an excess of the s alt is added to mainta in s a -tura tfon, 

and is more suitable for situations in which water is likely to be absorb~d 

by the solution than the conventional use of a range of concentrations of a 

tlessicating agent such as sulphuric acid. 

In addition, two extremes of relative humidity were maintained using 

distil}ed water (apnroximately 100'% R.H.) and dry pellets of potassium hydroxide 

(approximately 0% R.H.). The latter was changed as frequently as the pellets 

became moistened. 

ThP- containers used were plastic pots, of 4.5 cm diameter and 5.5 cm high, 

se~led with a close-fitting 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 

(j) Distilled water 

(ii) Saturated solution of Na2so
4 

(iii) Saturated solution of (NR
4

) 2.so
4 

(iv) Saturated solution of Ca(No
3

) 2.4H2o 

(~) Dry pellets of KOH 

Relative Humiditl 

100% 

93.0% 
80.5~ 

55o5~ 
o% 
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Tre:1 ~Ll: Presence of Bud 

The s amples were selected so 1.ha t half had o:,".le bud only at tached , 

aud half <lid not. 

Tre:1t~en t 5: Sea li~g of ~ 

Half the samples were treated by sealing both ends with :paraffin 

wax, and the remainder were left un3ealcd. 

Experimental Layout 

The experiment was designed as a four-way factori a l, with fivo 

samples per sub-tr3atment. Each pot (containing one relative h1;midity 

treatment) contained four cuttings of one clone 9 as follow3: 

( i) Sealed at both ends; bearing a bud. 

(ii) S€aled at both ends; not hearing a bud. 

(iii) No-t sealed at both ends; bearine a bud. 

(iv) Not sealed at both ends; not bearing a bud. 

Thus each clone was representP.J }y five pots per treatment of relative 

humidity, to give an over-all total of 300 cuttings. 

The pots were held on trays at a t emperature of 20.0°c. + 1 .o0 c., in 

a light intensity of appr oximately 60 footcanc.les. Initial ~mights 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 termination of the experiment. 

The soluti ons were maintained as required by rem9ving surplu~ solution 

·and adding more of the appropriate salt to maintain a surplus. 

2.3.4 The Effect of Auxin Added Exogenously 

The ex,eriment comrrised two treatments applied to foe following three 

clones: 

(i) Populus X 'I-78' 

(ii) P.yunnanensis 

(iii) P. angulata var 'caroli~' (See appendix 2) 

Treatment 1: Auxin concentration 

A logarithmic series of six concentrations of Indol-3-yl-acctic 

acid was applied: 

(i ) Zero 

(ii ) 0.01 mg/li tre 

(iii) 0.10 mg/litre. 

(iv) 1.00 mg/litre 

(v)10.00 mg/litre 

(vi)100.00 mg/litre 
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The auxin was firs t disso:i.ve:i in ethyl a Jc oho l , and then acided t o distille.cl 

water ; the a lcohol was t hen rem 1..)ved by heating or1 a wa t er bath at 83°c and 

the solution made up to strength when cool. 

The solution was r epl aced after 7 days. 

Treatment 2: S0a1ing Treatm~mi; 

The cuttines1-;o2re either sealed or not sealed at the top, using hot wax. 

The base was left uns~al ed. 

Five cuttings were used per sub-treatment, to give a total of 180 c.utti11gs, 

and growth was initiated in the standard environment (Section 2.2.1). The 

exper-iment was commenced on 30 August 1970, and measured for growth 

after 5, 10 and 15 days. The shoot growth and root growth dry weight.:, were 

found for each bulked sub-treatment, the outside diametersQf each cutting 

were recorded, an<i. 'l photographic record made. 

2.3.5 1,huffect of Water Stress nn Bctdbreak and Root Initic. tion 

The major inv0stigation of the influence of water status on budbrcak 

and root i~i tiation was conducted on the followL1g three clones: 

(i) Populus X ' I-78'. 

(ii) P . yunnanensis. 

(iii) P . angulata var 1 carolin'. (See Appendix 2) 

A r ange of concentrations of an osmoticum-water gro~th medium. The 

osmoticum used was polyethylene glycol, hRving a nom:ina l mo l ecul ar weigh t of 

333, and an actual molecular weight, fountl by cryoscopic me thods of 207.0 
( Appendix 5). Ten concentratior..s af osmot:i.cum were used: 

So] ution No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Osmotic Potential 
(bars) 

0 

-1 

-2 

-3 

-6 
-8 

-11 

-,5 
- 20 

Concen t:ratio:1 
(erams of ~icum 

per li tre) 

0 

9. 24 

18. 4'3 

27.7?. 

36.96 

55.43 
73.91 

101. 63 

138.58 

184.78 



31 

Ex£erimcn t c:.l Lay~1rt: 

The cxreriment ,-;r1s .., t~'rt cd on 1 ::; t ,\ut_,--ut,tr 1970, €'.bout G weckn . 

befo~·c budbrcak Ha s obvious i a t he f i eld. The st;.1idnrd grow -t h proced111·c s 

de scribed in Sec t i on 2.~. 1 wer e used, ,-;i th 12 hourr; of dar knes s follou c d by 

1 2 hours of l i 5h t. 

: ni tia lly, each clone in 'Ja ch s olution was r cp:roscn tc:d by 20 out tines , 

maki ng a total of 600 cuttings , in a t wo-way f ac t or i a l design. 'l'hr0ughout 

the experiment , the s olutions were renc,-~ed each 48 hours, e:,;: copt t ha t an 

additiona l change wa s made afte r t he firs t 24 homs . The comraencemeni; timA 

for ea ch clone was staggered to a llow s uf ficient t i me for the com:!_'.) l etion of 

the Schardakov t ests of water potential. Observn.tions were made each 24 

hours for bud &ctivity or signs of root primordia . 

'l'he fol::.owi!'f manipulations and obs erva tions were made: 

After ,1. days, five cut tings per sub--treatment were destr uc tively s ai:1p l ed 

for tho first determination of water conten t anr· wa t er potential. After 

careful l :r r emoving surface wa t er with absorbent paper, both end seals were 

removed by clippir~g the end O. 5 cm of wood. Wa ~er c ontent Lamp l es we1·e t ak en 

from each e nd, comprising 1 cm of w-:>o d; and were cn llcd the t op and tottcro 

samplen respective ly. Fresh weight dete.rminat..i.ons wer e ,1aCle i mm9diate ly. 

'l'he Scha rdakov s a.r.ipl es were taken f r om the next 5 cm at t he bnsc1.l end , a l:3o 

without de lay. 

The times of bu<l.-break and r oot initi ation ( Se c t i on 2 . 2. t\. ) were r e c o:.cdP.d . 

After the first r ec ording of ei tr..er time , measu:cemer. t.s of roo t and shoo t 

growth w0re made e ach 48 hours until seven obse rva tions }1ad bncn completed. 

'Ihe se~0nd observation of water con tent aud wa t er potential was rnnc'l.e 

imroedia te l y follo,.-,ing the second growth observn t ion. Five cut tings :::, e r 

sub-treatment were taken as bt:?fore. Thus 15 cutbnes pe r sub-tr eatment wer e 

t aken for the f irst two growth observa tion~ , and t en r emained for the fina:!. 

five g:::-owth observations. 

At the terminaticn of the experiment immedia t e :..y following the seventh 

growth observatior (i.e. after 14 days) the following measurements &ad 

observa tions were made: 

(i) Tota l l ength of roots per_ cutti ng 

(ii) The number of 11basal 11 roots or root initials i. e . tnose 

roots arising from the basal cut, r a t her than developing t h rough 

the r hytidom. 

( iii ) The fre5h a.nd dry we i ght of t he bulkod shoot gr C\·rth and r oot 

groi;i h . for each s ub-trei:ii1nent ( 10 cuttings ). 

( iv) A third and final measurement of wate r c ontent and wa t e r 

poten tia l on f ive of the r emai ning cu t t ings, as bef or e. 

( v ) A photographic r e cord of t h e cuttings while still intact. 
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Each individual cutting was id(;::1tified using m.1mbere<l aluminium tags; 

i n each cc>se, the 5 highest numbers were taken for each successive scroriling. 

2.4 Expe:dmentnl Desif;!l and Analysis 

Most analyses were comple ted on the Mas sey Universi t'J I.B.M. 1620 Honi tor 

computer systEm , using a linked statistical program Dy stem (Munford,; i 970), 

and minor supplementary programs. 

Seasonal measurements of water content WP.rE. analysed as a split-split

plot experiment using the arc-sine transformation, 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 experimenta l desien. On completion, the data was re-ana lysed 

by c omputer as 4-way and 3-way factorials respectively and regression 

analysis performed between water content and water potential for each sampling 

time. For this p1Lpose, the average water content of each region on each 

wand was taken. 

Mea surefilents of growth of sampled cuttings w2re found subsequently to 

be confounded with the difference betweP.n nominal &nd a.ctual value~ ')f t he 

osmoticum used, so that only basic analysis was t)erformed to establish whether 

growth potential changed throughout the seaBon. (Appendix 6). 

The experiment on the effect of light was analysed as a 3-way factor:i.a l, 

for each measuremen t of growth. 

The exper:illl.ent on the effect of auxin was also treated as a 3-wa:y 

factorial for each measurement of growt;, at three times, with covariance 

ana lysis based OD outside diameter. 

The experimer.t on the effect of relative hu.:iidi ty was analysE:d es a 

4-~.;ay factorial, with covaria:'1.c e analysis using outside diameter, pi·~h 

diame ter and t he ratio of pith diemet&r to outside diameter ae concomitant 

infonnation, on both the moisture co:'1.terit at seven successive tim"JS, and 

water loss as a percentage,at each of the si:x: times following the start of 

the experiment .. 

The experiment on the effect of uater stress or.. growth initiation was 

ant>.lysed as a 2-way f actori~l fo:;.- each mea sm~ement of growth ov-er the seven 

observations, and also for the 1:hree Iilc.:i.surements of wat':!r content and water 

po tential_, and the final measurements of root length. Regressions were 

performed relating water content to water pote~tia l, and both water content 
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and ;'!ater potential to gro1·rth m0asurcmen1.s at all seven obs ervations. :n 

addition, rumlysis of variance of the betwee:r.-group regressions, adJustment 

of means and analyses of covariance was compl e ted. 

Tr10-way factorial analysis uas also performed on final fresh- and 

dry-weight measurements and water content derivations, total root l encths 

per cutting, and basal an~ side root numbers. 
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.QllAP'l'Eil 'l'HREE - Rli:SUL'l'~ 

3 .1 • Sensona l Change3 in Water Status,. 

'.!:he study of seasonal changes in water status was con;nenced at l eaf-foll 

of I-78 which was the firs t clone to reach this s t age. ~fater potenFal in 

a]l three clones rose from this point to a maximum on 16th June for ~zula t a 

and on 7th July for P. yunna..~ensis and I-78 (Fig. 2). 



Note: 

Fig. 2 - Seaso~ri J. Water Sfa t us 

A. Seasonal wa tcr po t en t :i a l; 

1::__a:ngul a 'tc'1 

I-78 

P. yunnanensi s 

B. Seasonal water content - I-78 

' C. Se:1sona l wate r content - P. yunnanensis 

D. Seasonal wa t e r content - P. angulata 

Fer B, C and D, separate curves f or u pper, midd le and lowe r 

r egions within wands are given as follow~: 

• --- • Lower 

+----+ Middle 

o----o Upper 

The Least Significant Differei,ce ( 5% level) is given at 

each nate as an upright or. the abDcissa. 
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ThereafteJ water potential :fell steadily until the final cbservation. 

Diff'erences between clones were aJ.1·mys ~ienificant except nt the firnt 
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ob'3ervation. P. anT,lla ta ( except on this occasion) was always at a lower 

water potential , and P. ;sQl-illJUnons~ wa3 at -:lie highest water potential until 

16th June , but I-78 was higher for the remaini ns observations. Region~ 

within c lanes differed s ignificantly on 011ly bm occas:i.ons ( 14 April and 14 

May) and t :ie dif ferences were small. (Appendix 7). 

Water content in the clone I - 78 rose ste~dily from the first observa tion 

at leaf-fall until bud-break, with :.._ small de7iation on 28th July. Whereas 

t here was a gradient within wands with the high~st 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 r egions 

of the wands than in the upper regions. 

Water content in the clone P. yunnanensis fell until the time of leaf 

:fall at about 25th Hay, 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 WE .1ds with the highest water content at the apical end. 

The greatest aJj~tment was also made in the basal r egicns i~ this clone. 

After 28th July, a gradient re-appeared within wRnds, but in this cas~ 

the up::..ca l r egion developed a lower water content tr..an the basal ren:ion. 

In the clone P. a.~gul&ta , water content fell from connencement until-

25th May, which also coincided with leaf-fa ll. There-'3.fter there was a 

rise in water content, but aft er 7th July the rise was ver-:r smalJ .• In all 

the measurements the apical regions were at a higher wa t er contenJ,.; t han t he 

basal r egions , and the differences were comparatively lerge. 

'.":'he re~essions between water potential and water content a t e:-.ch sampling 

time were significant only on t wo occasions ,vi t hin elones , but the reh.tion

ship was not close . The corresponding regression·s over all clone::; was not 

significant at any time. The regr ession analysis is presented in Appendi:.: 7 . 

3. 2. The Effect of Relative Humidity Q!L.Wabr Loss · 

The effect of sequen ti:a.lly lower values of relative numidi ty we.s a 

mas sive increase in water loss, wM eh ,:ould be gn:,atly r educed by sealing 

the ends (Fig. 3). 



Fi.&..1.:. - Effect of Relative Hwnidi ty on -i/a ter Content 

The response planes given refer to the mean water 

content for all clones at the tiLJes indicate:d. 

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 indicated. 
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However the p:resence of a bud had :i.o significan t main-treatment effect and 

the effect of clone differer.ces did not influence the rate of water loss, 

al though differences between clones at tl1e start of the cxpcrimcn t ,,;ere 

significant and remained at the same level t h:roughout ( A:;:ipenrlix 8) . 
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At a, relative humidity of 100;0, there was little change in water content. 

In unsealed <;ut~ings, a ll t hree clones showed slow ne t lo sses of ue.ter. 

In sealed cuttings of t wo clones ( I-78 and P. v1.mn anensis ) there was a net 

gain ~.n wate r content ove r the first two 24 hour periods, followed by a 

slow fall. In P. angula~, there was a net gain in the second 24 hour period , 

but other'\Ji. se a slow decrease. (Table 1). 

Table 1: Chan[;e of Water Content a t 10~Jhl!.. 

Clone T:::-eatment AfteI· 24 hours (%) .After ~8 ho~ (%) 

I-78 Sealed; Bud +0.05 +0.13 

I-78 Sealed; No bud +o.10 +0.16 

1:...7a Unsealed; Bud -0.33 -0.43 

I-78 Unsealed; No bud +0.08 -0.07 

P.yunnanensis Sealed; Bud +0.01 +0.04 

P.yunnanensis Sealed; No bud +0.03 +0.08 

P.yurmanensis Unsef!led; Bud -0.37 -0.41 

P.yunnanensis Unsealed; No bud -0.36 -0.51 

P.angulata Sealed; Bud -0~ 12 -0.07 

P.angulata Sealed; No bud -0.10 -0.03 

P.angulata Unsealed; B-.id -0.39 -0.47 

P.angulata Unsealed; No bud -0.52 -0.73 

At rela tive humidities other than 100%, there was an effect from the 

presence of a bud which varied with clone and the pa:rticuJ.ar relativ-e 

humidity (Fig. 4L At high rela tive humidities, the presence of a bud 

caused a slower net loss of waterr but below a critical level which varied 

with clo11e, cut tings in which a bud was present underwent a greater loss 

of wa1,ar. 



~. - The Inf )ue•ce of Bud Presence on the she of Water 

Loss at Pawcula r Re l ative Humidities. 

41. I-78 

4B P. yunn~nensis 

4C !.:...fillgulata 
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3.3 The Effect of Light on Growth 

3. 3.1 .A!2ility to Produce Shoots s.nrl Roots : 

In the clones I-78 and P. yunnanensis , both shoots and r oo ts were 

produceQ on all cuttings under all t ~eatments. In the clone ' Aus t 13~' 

there were some fai lures (Table 2): 

Table 2: Failure rate of ' Aust 135' in different lir;'ht treatmen ..:s 

(Percent) 

Treatment Shoots (%) Roots 

Continuous dark 25 5 

Continuous light . 5 2 

Ligh t-dar1: cycle 2 0 

3.3.2 Shoot Growth: 

(%l 
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The effect of the dark treatment was to grP-atly increase the rate of 

elongation, inhibit leaf deve lopment and inhibit the production of shoot 

dry matter (Fig. 5, Plate 1). 

The initia l rueasurement of shoot growth 1 C days after commencing tl1e 

experiment showed that there were significant differences between clones , 

light treatments and clone/treatment interactions, but that the treatn:ent 

of blackening pots had no effec t. (Fig. 5). The cuttings in the dark 

treatment shor,ed les s elongation at this stage , and • Aust. 135' sho\oied less 

growth over all three light treatment regimes. 

~t the s econd measuremen t of shoot e longation after 23 days , significant 

differences r emained between clones , l ight treatments and the interac tions 

between these f actors as before , out t here wer e no significant differences 

between shoot groHth in blackened and non-blackened pots (Fig. 5) . The 

growth of I-78 wa3 similar in both trea tments involvi".lg light, but the shoots 

were considerably longer if grmm in the dark. P. yunnanensi s showed greate& i; 

elonga tion in t he dark and least in continuous ligh t; in the light/dark 

cycle sho,Jt growth approached that measured in the dark. In contr-!nt, 

shoot gr·owth in 'Aust. 135' was least in the dark, and even in either light 

treatltlent wae less than that of I-78 or P. yunnanensis. 

Meast.rement 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 

i r1 ei t her light t··eatment. 'Aust 135 ' prouuced less in all light r egimes 

( Fig, 5). 
The analysis of variance of shoot elongation ( and also r oot gr owth) is 

presented in Appendix 9. 



Pla ·te 1 - The Effect of Li gh t 0::1 Grm1th 

Each page represents one clone, as i ndica t ed, 

and each photogr aph represents one ~ight sub

treatment. ( Only thfl "pot blackened" treatment 

is shown, since there were n~ sign5.::.'icant diffe r ences 

bet\,reen pot treatments). 

Upper photograph: complete dark 

Centre photograph: continuous light 

Lower photograph: 12 hours of lighj; followed 

by·12 hours of darlme~s 



12-hr. - I igh~ / dark cycle 



yunnanensis 



12-hr - light/ dark cycle 



Fig 5. - Effect of Light on Shoot Growth. 

A. Shoot Length after 10 and 23 days under light treatmen~s. 

B. Shoot dry weight after 23 days. 

Clone 1 is I-78 

Clone 2 is ~ anensis 

Clone 3 is P. ao~lata 



FIG. 5 125, 
~ 

23 ~a V S 
I 

100 1 0 days I --- -·- I A 
75 

I ·o J l 

:5~ I 
~ I , . I 0:: 

I I 

<::1. '"i \ t 
I I CJ 

0 t ...._,. I I 

2 3 ,... l 2 3 ---o,,.C L ON E - ,2, -, -- A 
E I 

u 1GO - 10 days 23 day ?_ 

:c 
I-

75 

(!) 

z 50 
~ w (" . z _J I-

25 I w 
' t 

C..') 
..,_ 

I • 2:.. I- • I -: r,il I _j ~ 0 0 ...... ~ : 
<( 0 2 :-l -·-- 2 3 - ... CLONE 125 

r 
!..LI :I; 

(.f) l~ 
1cc ¼-

1 0 da ys 23 days l 
75 

~ 
a::: 
c:! 50 0 

' I-25 :c 
!nit I <.9 

I 

0 
. 

2 3 - 2· 3 --....CLONE ~ 

0 ·25 

8 
~ 

VI 

E ,,, 0 ·20 
L 
Ol ..., 

0 ·15 ...... 

~ I 
I.!) -

0 ·10 ~ w 
~ 

>-
0: 
0 

...... 0 ·0 5 
C..• 
u 
L 
Ul t 

0 -t 
~ 

3 CL ONE_.. 1 L 3 --- , 2. 3 2 

' DARK' . .L.LQ!U ' . ~-=-lifilil . .. 
T REAt MENT 



47 

3.3.3 Root Growth: 

I n the clone I-78 early deve l opment of bo t h 1·oot ini t i nls and r oots 

was consider;:i.bly greater jn the dark (Fig. 6) , and this was r eflected in 

a greater proport.i.on of l ong roots at the later observation. However in 

P. Yunnanens:::.s a.t the fir st observation , t here was no appearance of r oot 

i nitials in the dark, but in :>oth licht treabnents both r oot i nitia :!.s 

and roots had reached simi l a r proportions in all light treatments . In 

' Aust 135 ', r oot initial s appeared in the dar k treatment a l one at t he f i rst 

observation , and these had deve loped i nto some l onger r oo t s by the sec ond 

observation . I n the ligh t t reatment r oo t i nitia l s did not appear until the 

s econd observa tion, and r oo t deve lopment was minimal a t t his stage . 

The a na lysis of var i ance of r oot growth is pr esent ed in Appendix 9. 



Fig . 6,. Effect of Li(\h t on Rooi; Gt"owth 

A. Total number of ro ots pl us r oot i nitials . 

Clone 1 is I -78 

Clone 2 i s P.~na.nensi s 

Clone 3 is P.angulata 

r.i. = root initia l s 

s.r. = short roots i. e . less t han 1 cm 
l.r. = long roots i. e . gr eater t han 1 cm. 

B. The distribution of roots as basal roots (b.r.) 

emanating from a basal callu~, and sid~ roots 

(s.~.) emanating from primary root primordia 

c. Root dry weight after 23 days. 
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~. 3.4 Basal Il J ots : 

In the clone I -78 basal root s developed i n a l l t hr ~e l i eht r egi~es, 

but t here wer e f ewer i n t he dar k tre1:1 tmen t. In both .E.:. ..1.unnnnens i s 

and ' Aust 135' t he r e was some basal r oot ricvelopmen t in t he da:rk , but a lmo3t 

none where ther e was incident light. There was no cff E:ct caused b:v blackeaing 

the pots . A table of me&ns i s presented in Appendi x 9 , toge ther with t h3 

analysis of variance. 

3. 3. 5 Rel a ti on be t ween shoot gr owth and r oot growth. 

The r o was a positive corre l a tion bet-we en shoot and root growth within 

clones ; the differ ences be tween clones in this rcl&tion was no t .significant. 

Ther e was also a stronger correlation between shoot and root gr owth 

within l ight treatments, but the differences between trea tments were 

significantly different. In par t icular, the c'.'2 1.a t i on was stronger in the 

light/dark trea tment. 

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

3. 4 The Effect of Exoe;enous Auxin .. on Growtn. 

(i) Shoo t Growth: 

The effect of auxin applied in solution culture did not caus e 

significant d.ifferencel:l in shoot growth until the fina l measurement a t 15 

days, when the highest concentration uoed caused an ove r all depr ession 

(Fig 7, Pl a te 2. Appendix 10). The effect of c..lone diffe rences was highly 

significan t at all ti1.Tee growt h assessments. After five days, gr owth had 

just com'Jlenced in I-78 and P.ytmnanen'lis , but not in P. angula t ~, At ten 

days all clones had c ou!Illenced g r O\·Tth, with I-78 having the greatest and 

P. yunnanensis ·che l east shoot elonga tion. I-78 ·appear ed to show a depression 

in growth at the highest concentra tions, but this was not sicrnificantly diffc r-

ent fr om growth at lower con~entra tions. By the fifteenth day there wae a 

significant depr~ssion at the highest concentration of a,,~in in the clone 

I-78, b".lt there were no other effects which r eached significant levels. 

(ii) Root Growth: 

By the fifth day, root initials had appeared on I --78 and 

P. angul a t a but not P. yunnanensis (Fig. 8). In both the former clones 

most root initials were seen on those cutting8 in the highest concentra tion, 

and this effect was large and significant in t ne cas e of P. angul a ta. 

B~r t he time of t he s econd obs ervation at ten days, both root i nitial s and 

gr owing rc~ts had ~ppeared on mos t c~t t i ngs i n a l l clones . The r oot i nitials 

of both I -78 and P. angul ata were t,mch more prolific i n the highest concen

tration of auxin used, but P. yunnane:1sis did net show this effect. 



Fit~· 7 .. The Effect of Exogenous Aux_in on Snoot Gro;{t h 
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Plate 2 - The Effect of Auxin OP- Growth 

Each page r epresents one clone, as follows: 

A 

B 

C 

I-78 
P.;y;u.nnanensis 

P.angulata 

Each subtreabnent is represen~ed by three cuttings 

as follows : 

Upper photograph, from left: 

~~1 concentration 

1 • Nil 

2. Nil 

3. 0.01 

4. 0.01 

Centre photograph, from left: 

Auxin concentra tion 

1 • 0.10 

2. 0.10 

3. 1.0 

4. 1.0 

Lower photograph, from left: 

Auxin concentrati ~n 

1. 10.0 

2. 10.0 

3.100.0 

4.1 co.o 

Sealing treatment 

N.S. 

s. 
N.S. 

s. 

Sealing t reatment 

N. S. 

s. 
N.S. 

s. 

Sealing treatment 

N.S. 
s. 

N.S. 

s. 
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Fig. 

Fig. 

Effect of Exogenous Amd n on Root (b:01!.t,h 

8 - A - I-78 

8 - B - P. ~mnanensis 

8 - C - P.nn~ulata 

r.i . - root initials 

s.r. - short roots, i.e. less than 1 cm 

l.r. - l ong roots , i.e. greater than 1 cm 
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The concentra ticn of auxin did not significantly affect the: numbers of roots 

in the category 0-1 Cffi long in any clone , and in the cloYJ.es P. vunrnrncnsis ---
and P. angulata the:.-e was also no effect on root numbers in the category 

greater than 1 cm long. However , in I-7R, roots longer thal'l i cm uere mos t 

ntll!lerous in the zero concentration of auxin , &nd there were cons i d~r '.:l.b ly 

fewer in the highest concentration. Both these differences were si gnificant. 

At the third observation on the f i f~:eenth d&y s i gnific a.I1. ce wi tllin c l ones 

existed in the number of root initials, where both I-78 arid P . angula ta_ 

showed a l arge increase at the highes t conce:ritration. Over all clones , there 

were more roots between O and 1 cm at the highes t concentration, but this 

was barely significant. 

In the clones I-78 and P. angulata at the first two mca::3uremcnts of 

growth, there was a positive significant correlation between diameter of the 

cutting and the number of root initials, but a si~.ifican t negative correlation 

was present between diameter and average shoot length. 

The ana lysis of variance is presented in Appendix iO. 

(iii) Final Dry Weights 

Final dry weights of roots and shoots are pr<:rnen ted in Ta.o les 

3 and 4. 

Table 3.,: Final Dry Weights of Shoo ts ( grams) 

Solution 
Concentration 

(mg/1:i tre) I-78 P.yunnanensis P. angulata Overall 

0 0.120 0.056 0.126 0.101 

0.01 0.103 o.os1 0.100 0.085 

0.10 0.103 0.053 0.122 0.09:? 

1.00 0.117 0.061 0.110 0. 096 

10.0 0.124 0.079 0.094 0.099 

100.0 0.047 ~.051 0.069 0.055 
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'l'ab:!.e 4: Final Dry Weights of Roc-ts ( grams ) 

Soluticn 
Concentration 

(mg/litre) I-78 .E:....Ylli!11 an e!l s i. s P. an~ula ta Over.Qll 

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 C.0005 0.0008 0.0037 

1 o.o 0.0082 0.0004 0.0029 0.0038 

100.0 0.0055 0.0002 0.0043 0.0033 

A drop in dry weight production was a-pparent ~-t the highest corcentration 

of auxin in .the case of I-78 and P. angulata, but not P. yunnanensis. 

More variution was apparent in root dry weights than shoot dry weigh ts, due 

to the smaller amount of material available. There appeared to be greater 

root dry w3ight increase in the water c'ontrol in I-78 and less at the 

highest concentration of auxin. ~~nensis showed no obvious trends, 

as there was little growth of r9ots in ru1y concentration. P. ang}_llata 

al3o showed no significant trends, al though there ,ms more root gro ,,1th than 

in P. yunnanensis. 

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

3.5.1 Water Potentialc Within Cuttings 

'.rhe deve lopment of water potentials within the cuttings in resJJonse to 

a 8e~ies of water stresses imposed using osmotica in liquid culture is shown 

in Fig. 9, ar.d the analysis of var:i.ance in Appendix 11 • In general, water 

potential f~ll with decreasing osmotic potential of the growth medium, and 

increased with time. However, I-78 showP.d a hi~her water potential in 

cuttings grown i:n solutions of - 2 bars than those in solutions of ' - 1 bar, 

and tr.is trough was apparent at a.J.1 samr ling times. Those cuttings grovm in 

zero water potential demonstrated a rising water potential until gr0wth was 

initiated, and water potential fell. 

The fina l measurement of I-78 in an osmoticum of - 20 bars indicated 

that water poten tial within th~ cutting rose. This result was not seen jn 

other clones er concen tra tions of the oswotic'Jlll. 

?. · yunnanensi.s developed a devi9.tion in water potential at. - 2 bars , 

but. there v.as not a well-defined trough as in the case of I-78. There was 

rather mvre variability shown by tl..Js clone (Appendix 11). P. angulata 

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



Fig. 9. - Wa t er Pot ent ial of Cuttings in Gr owth !fodia of 

Various Osm.otfo ? otentiili 

Fig. 9 A 

Fig . 9 B 

Fig. 9 C 

Time A 

Ti.me B 

Time C 

I-78 
P.yunnanensi.§. 

P.a::1gulata 

Commencement of the exper iment 

After 4 days 

At growth initiation 
~ 

Time D - After 14 days growth. 

L.S.D. (5%) is the least significant difference a t 

5% level of significance 
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variability and reached a higher uHimata water potential th.:m I-78 or 

P.JU™B.~ in all concentrations of osmoticum used. 

3. 5. 2 Water Contents of Cuttings 

The e1fe~t of imposed water stress on water content at the top and 

bottom of the cuttings is given in Fig. 10. The analysis of variance is 

provided in Appendix 11 • 

60 

The following trends are apparent wi thin clones and within the r ange 

of csmoticum concentrations used ; the differences in these t wo factors are 

highly significant throughout. 

( a)_ Water content increased in cuttings in osmotic potentia,ls 

approaching zero , but decreased in low osmotic potential~ in th~: 

initia l measurement,. 

(b) This crend continued and increased to the time of measurement 

of water content at growth initiation. 

( c) Until growth initiation, the trends in basal wate r conte::1 t 
I 

were similar to but more rroncnmced t han tho trends 1 n 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, remained 

at a similar l evel to that seen 1::.t e r owth initiation in t 1,e 

osmotica of high concentrations. 

( e) The water contents observed in the b:J.sal region of cut,.ings 

declined markedly after growth initia tion in o&notica ,)f i.o,t 

concentration. In higher c oncentrations, the corresponding 

water contents of I-78 and .t• angulata also fell, but those uf 

P.yunnanensis rose . 

3,.5,.3 Relation b e t ween ·-rater conten~d water 12otentiai 

'.l'he rel.<i.tion between internal ''-Tater content and water potential 

i s shown in Table 5, and t he analysis of variance is shovm in Appendix 12. 

Thet·e were highly signifi~ant correlations between water content and 

pote::itial at all three times of observation and in a ll three clor.es . 



Pie;. 1 0. - Water Con tent of Cuttings in Growtli Media of 

Va rivus Usmotic Potentials 

Fig 10. A - I-78 W.::i.tcr content at top of the cuttir..g. 

10. B - I-78 - bottom W.C. 

10. C - P.yunn,anensis - top 

10 . D - P.yupnanensis - bottom 

10. E - 'P. angulata - top 

10. F - P. angul ata - bottom 

~ A ~ B 

l C 

D ) 

as f or Fig 9. 

L.S.D. ~% is the Least Signifi cant Difference a t 

the 5~ l evel of significance 
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Table 5: Relation between Water Content and Wate:..· Potential. 

Clone 

Av. 

Av. 

1 
2 

3 

1 

2 

3 

1 

2 

3 

1 
2 

3 

CLONE : 

Time of 
Observation 

Y variable R6'gressi0:;1 St;,.11dard Co:r1elati0n Significa_l1£Q 
Er:.:or 

tl- days Top 

4 cays Bottom 

G.I. Top 

G.I. Top 

G.I. Top 

G.I. Bottom 

G.I. Bottom 

G.I. Bottom 

Terminal Top 

Terminal Top 

Terminal Top 

Terminal Bottom 

Terminal Bottom 

Terminal Bottom 

..K[£ 

Clone 1 is I-78 

Clone 2 is P. yunnanensis 

Clone 3 is P. angulata 

-0.712 .148 
-1 .200 .183 

-0.133 .055 
-1 .198 .240 

-0.178 .127 

-0.493 .072 

-2.202 .266 

-0.426 .14a 

-0.453 .100 

-0.098 .083 

-0.187 .082 

-.374 .095 
-0.817 • 1 i 3 

-0.308 .079 

-.369 

-.477 

-.328 

-.585 

-.197 

-.704 

-.767 

-.383 

-.546 

-.167 

-.314 

-.490 

-.723 

-.493 

** 

* 
** 
N.S. 

** 

** 
~:. s. 
-:} 

** 
'** 
** 

!);y_. is used in those cases w~ere there were no significant 

differences be~ieen clones , and che regression analysis has 

been performed over all clones. 

There are 48 degrees of freedom associated with individual clone 

analysis, snd 146 d.f. with the avc~age regression. 

TIMB OF OBSERVAT1.QE: 

4 davs - i.e. 4 days after commencement of the experiment. 

Jhh is the stage of growth initiation • 

. Termina l is the time of termination of the experiment, 14 days after 

the stage of gro~1th initiation. 

VARIABLEl: 

The Y variable is water content, which was determined at bo th. the top 

and bottom of the cutting (Section 2.3.5). 

The X vari,:;.ble is water poten·tial. 
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3.5 . i The Incidence of Shoot and Rcot Grm,th 

The i ncidence of shoot and root growth in each clone for each 

conce~tration of osmoticum used is given in Table 6 for two ~tages of 
gr owth , at t wo days after growth i ni t i ation and at t ermination of the 

exp er iroen t after 14 days gr owth . 

Tab l e 6 : I ncidence of Shoot and Root Gro~th. 

Clone Osmotic No. of Cu t t i ngs No of Cut tincs 
Pot ential Produci ng a t 2 days Producing at 14 days 
of Culture (a) shoo ts (b) r oot (a) shoo t s (b) roo t ( c)Root. 
Solution i ni t::. a ls i nitial s 

% % % % % 

I-78 0 bars 100 87 100 ·100 100 
-1 93 80 100 90 100 
-2 93 80 100 100 1 U( 

-3 87 73 100 100 90 
-4 80 93 90 100 50 
- 6 47 67 80 100 0 
- 8 20 40 90 100 10 

-11 0 0 0 100 0 
-15 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 90 
-3 47 100 100 100 90 
-4 20 73 100 10 0 50 
-6 47 60 100 100 10 
-8 27 47 80 100 0 

-11 7 0 80 40 0 
-15 0 0 7 40 0 
-20 0 0 0 30 0 

P. an@lata 

0 47 47 80 40 90 
-1 60 47 100 80 100 
-2 53 27 100 70 80 
-3 47 53 80 60 8C 
-4- 27 53 80 100 40 
-6 27 13 20 100 · 0 
-8 7 7 20 40 0 

-11 13 7 0 0 1 
-15 0 0 20 10 0 
-20 7 0 20 0 0 
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The table is based on 15 cuttir.gs per subtreatment at t~e two-day stage, 

and ou 10 cuttings &t the 14-day stage. 

There appears t0 be a well-defined. critical osmotic potenb. ul of the 

growth medium which will inhibit growth. The cri ·dea l osmotic potential 

for appearance 0f roots is the least negative, that for shoots is inte!Thediate 

and that f0r root initials the most negative, in all clones. Howbver there 

were clonal differenc~s in the levels required to inhibit, and all three 

types of growth were also delayed br lov;er osIJo tic po-ten tials. 

3.5.5. Shoot Growt~ 

The relation between shoot length, osmoti c potential of the growth 

medium , and time since growth initiation is illustrated for each clone in 

Fig. 11 and. P~ate 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, tt0re was a massive, approximately linear decline in the rate of shoot \ 

elongation in all ' ·hree clones. At lower osmotic potentials shoot elongation 

rates declined fu::-ther, but in two clones (P. yunnanensis ancl P. an,•ulata) 

some bud mov~ment ,,ras seen in several bud.~ at the extreme potential 0f -;;:o 
bars. 

At - 1 bar i:il the clonJ I-78 in the early stages of shoot elongation 

there was somewhat less growth than at - 2 bars, cut this difference was only 

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

apparent at - 4 bars , which became more pronounced in the later staees of 

erowth . 

T'l.e water content of shoots was progressively lower with each h..creasing ly 

concentrated solution of the osmoticum, from about 90% in all clones at 

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

in the case of P. angulata, at - 4 bars (Fig. 14). This effect is reflected 

in the relati•re rates of change of frest and dry weiehts at termination of 

the experiment. Whereas fresh wej_ghts declined riarkedly between osmotic 

potantials cf zero and - 4 bE.rs in the growth medium and thereafter fell 

more slowly, dry we~ght measurements fe_l more slowly. 

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

elongation were not represented in dry weight measurements . 

3.5.6 Root Growth 

The effect of imposed water stress on root grouth is shovm graphic3.lly 

in Fig 12 and 13 and Plate .3 and the analysis of v-ariance is sho1-m in 

Appendix 1 3. 



1<·:;..z. 11. - Shoot Gr ow-!;h of Cuttin2's in Gr owth Media of 

VariouG Osmotic Potentials 

Fig . 11A - I - 78 

11 B - P. y;u ... 'lnanensi s 

11C - P. angul ata 

' L.S.D. (5%)' i s the Least Significant Differen.;e at the 

5% level of significance, for each time of 

measurement. 

'Days of Growth' refers to the time periods after grmrth 

is :first s een, 
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Plate 3. - The Effect on Budbrcn.k and Root Initiation of Various 

Osmotic P0tent:i1~s associated w:i.th tnc Growth ~1edium 

Each page r0presents one clone, a~ indica t ed. 

Four cuttings are shown represent ing each osmoti c potential: 

Upper, from left: 

0 

- 1 bar 

-2 bar 

-3 bar 

-4 bur 

Lower, f1·om left : 

-6 bar 

-8 bar 

- 11 bar 

- 15 bar 

- 20 bar 
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Fig. 12. - Root Grow-l;h of Cut tings in Gro\·rth Hedia of Various 

Osmot~c Potentials 

Fig. 12-A - I-78 

12-:S - p . yu.'111~~ 

1 2-C - ~J'!iDlla ta 

r.i. = root initials 

s.r. = shor t roots, i.e. less than 1 cm. 

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

The following Least Significant Differences at 

the 5% level of significance apply to a ll clones 

at t:oc-il time 

Days 

2 

4 
6 

8 

10 

12 

14 

of observation : 

r.i. L. S. D. 

s.r 

0.945 . -
1.628 0.036 

2.311 0.357 
2.920 0.672 

3.383 o. 714 

3.299 0.945 

3.236 0 .. 756 

l.r 

0.189 

0.462 

0.903 

1.240 

1.345 
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FIG. 12 C p an9ulata 
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Fi~. 13. - Measurements at the Te::rmination of the 

Experiment relcting Gro,,th to Wa te:~ Stres§.• 

Fig. 13. A Tota l r-oo t l ength per cutting 

13. B ~otn. l no. of roots 

13. C No. of basal roots 

13. D Shoot dry weight 

13. E Root Dry Weight 
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Figc Ji. ·,vater Content of Shoots and Roots Grown in 

:Media of Various Osmotic Potentials 
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In all three clones th-3 following trends were seen: 

(a) The ineidence of root initials plus tota l roots declined with 

decrea~ine osmotic potential , and were con;pletely irJ1ibi ted 

by a potential of - 20 bars • .Although the appear ance of root 

ini tiaJs did not decline to lot, 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) Appeuranc,; 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 

r apid phase in which mos~ 0f the ult:mate producticn 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 

s.nd ceased at - 20 bars . In I -78 the second phase ,ms 

net app~cciably r e tarded in magnitude at - 8 bar3 , although 

it wcs del ayed 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 0bvious effects ·Of increasing osmotic potential of 

the growth ~edium as such. 

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

initials (i.e. 'total roots') at - 4 bars, the nuro1Je1·s showing 

a progressive decline at lower osmotic potentials to cessation 

at - 20 bars. However, whereas I-78 grew progress ively i'cwer 

roo i:i:t at osmotic potentials lower than - 4 bars, P. yunnanensis 

developed another peak aJ., zero potential . P. £.ngulata followed 

a similar pattern of growth to P. yunnanensis b1.1t 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 ~ero at - 6 bars . 

P. angulata showed some basal root growth at zero and - 1 bars 

only, and basal roots were not seP.n at any stage in P.yunnanensis 

( Appendix 13) • 

( e ) The tota l root length per cutting declined with decreasing 

osmotic potential from a maximum at zero (I-78 and P. ar,1;Ulata) 

or - 1 bars (P. yunnanensis ) to nil at - 6 bars. In t1,e case 
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of P. :runnanensis there was a s ubstantial decl:!ne a t zero osmotic 

potential. I n genBr a l, most r oo t length w&s produeed by 

I-78 nnd l east by P. angnla g . 

(f) Ro ot dry weigh t a t t ermi na~ion of the exper i.:nent f ol ] owed t he 

t rends described for to tal length close l y. Water c0n te..n t of 

roo t s declined with incr easi ng osmotic po tential of the 

growth me dium. 

3.5. 7 Relation be tween I n t ernal Wa t er St a tus and Growth. 

Regr ession a na.]yses rela ting various paramet ers of growth t o internal 

potential and top and bottom wa ter content showed tha t a strong corre l a tion 

existed, shown in Table 7. 

Table 7 - Rel.<=t. tion between Internal \,ja t er Status and Growth 

. r X Standard 
Clone Vo.riable Variabl e Re.,gression Error Corre la t i on Significa,...,~ 

!• Growth Initia tion 

Av. S. G. W. Pot -0.257 .056 -. 358 ** 

1 S.G. W.C. ( top) o. 711 • 221 . 422 ** 
2 S. G. w.c.(top) 0.059 . 028 . 288 * 
3 S.G. W .c. ( top) 0.301 .1 27 . 324 ** 

1 S.G. W.C.(BQttom) 0.51 7 .1 20 . 529 ** · 
2 S.G. W.C.(Bottom) 0 . 025 .021 .174 NS 
3 S.G w.c.(~ottom) 0.289 .100 .384 ** 

1 R.I. w. Pot -0.102 .026 -.491 ** 
2 R.I. w. Pot -1. 233 .264 -.558 ** 
3 . R.I. w. Pot -0.107 .~62 -.240 NS 

A'V R.I. w.c. ( top) 0.225 .062 .287 ** 

1 R.I. W.Ce(Bottom) 0.173 .035 .584 ** 
2 R. I. W.C.(Bottom) 0 .469 .088 . 610 ** 
3 R. I. w.c.( Bottom) 0.094 .056 . 233 NS 
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Tal, l e 7 co~. 

Clone y ! St andard 
Variabl e Vdriabl e Re1tression. Error Corr elation Si gnificance 

].. Jf t e:".' 14 o.a;ys grc,wth. 

1 S.G. W.Pot -3.337 .716 -.558 ** 
2 S. G. W.Pot -2.429 .577 -.519 ** 
3 S.G. w.Pot -0.838 .168 -.584 ** 

1 S.G. W.C. ( top) 4.745 .783 .658 ** 
2 S.G. W.CJ)op) 4.293 .977 .536 ** 
3 S.G. w.c. ( top) 1.348 .289 .559 ** 

1 S.G. w.c.(Bottom) 4.262 ,950 .543 ** 
2 S.G. W. C. ( Bot tom) 2.097 .515 .507 ** 
3 S.G. w.c. (Bottom) 1.318 .270 .576 ** 

1 RoI. W.Pot -0.609 .149 -.508 ** 
2 R.I. W.Pot -0.8<8 .136 -.669 ** 
3 R.I. W.Pot -0.175 .070 -.340 * 

Av R.I. w.c.(Top) 0.063 .126 .042 NS 

1 R.I. W.C.(Bottom) 0.067 . 227 .043 N8 

2 R.I. W.C.( Bottom) 0.6S::) .1 27 .623 ** 
3 R.I. W. C • ( Bo t t om ) 0 • 1 31 • 117 .160 NS 

Av·. R. to 1cm W.Pot -0.046 .010 -.334 ** 

Av. R.to 1cm w.c.(top) 0.033 .017 .159 • 

Av. R. to 1cm W.C.(Botto~) 0.053 .013 .331 *«· 

1 R.gr.1cm W.Pot -0.192 .048 -.502 ** 
2 R.gr.1cm W.Pot -0.104 .040 -.353 * 
3 R.gr.1cm w.Pot -0.022 .001 -.393 ** 

1 R.gr. 1cm W.C. (Top) 0. 197 . 060 . 427 ** 
2 R. gr. 1cm w. c .( Top) 0.1~3 .069 . 322 * 
3 R. gr.1 cm W.C.(Top) 0. 025 . 013 . 212 NS 
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TabJe 7 contd. 

I J. Standard 
Clone Vsri..abl~ Variable R~gression Error Correl a i:ion .s ignificnnce 

1 R.gr.1cra w.c.(btm) 0.226 .065 .450 ** 
2 R.gr.1 cm W.C~(bun) 0.090 .035 .344 .. 
3 R.gl.'.1 cm W.C.(btm) 0.026 .012 .291 * 

Av. T.R.No W.Pot -2.801 .408 -.494 ** 
Av. T.R.No W. C. ( top) 1 • 300 • 705 .151 NS 
Av. T.R.No W.C.(Brm) 2.400 .509 .363 ** 

1. T.R.L. W.Pot -14.267 3.447 -.513 *• 
2. T.R.L. W.Pot - 7.219 2.41f -.395 ** 
3. T.R.L. W.Pot - 5.742 1.304 -.537 ** 

Av. T.R.L. WcC.(Top) 1 ~ • 219 2.173 .393 ** 

1 T.R.L. w.c.(:stm) 18. 672 4.524 • 512 ** 
2 T.R.L. w.c.(Btm) 6.838 2.118 .422 ** 
3 T.R.L. W.C.(Btm) 6.604 2.273 .387 ** 

Key to Abbreviations 

Clone Clone ·1 is I-78 

Clone 2 is P.yunnanensis 

Clone 3 is P.angulata 

Av. is the average r egression over all cuttings disregarding clone 

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 i s the number of roots between O and 1 cm. 

R. gr. 1cm 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 l ength 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 det enninati on, made 

at +,he top of the cutting. 

W.C .(bottom) is the corresronding water content determination, made 
nt the bottom of the cutting. 



At growth ini tiation, correlations t ended t o be higher with those 

gro~th measurements of char ac te r s whic, nad developed more, v;i.s. shoot 

grcwth of I-78 and root ini ti.ation of I-·78 and P.yunnanensis. Bottom 

water content provided the highest cor r e l a tions in general, followed by 

measurements of water potential. 
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At termination of the experiment, meneurements of shoot growth and 

total ro.:>t length per cutting were highly correlated with both top nnd 

bottom water content and with water potential . There was some variation in 

the degree of correlation between nl.Lnlbe!'·s in the three root classes and top 

and bottom water content, although those with water potential were all 

highly significant. Total root numbers was highly correlated with water 

potential (a ll three clones), top water content (I-78 only), and bottom 

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

relation between the division of totul 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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CRAPTF.R FOUR 

4.1. Seasonal Chanr;es in Hater St.a tus 

At the onset of dormancy while leaves are still p".'esent on the s too1s, 

a gradient of water cont~nt is main'.:ained , being higher at the distal ~nd 

of th '.:! wands . This is probably a 't'eflection of the abili ty of the upper 

r e~iorLs to mobi lise water which is availabl e in th3 wand , s i nce l eaf fall 

com:nences in the lower regions first. The compl etion of l P.af f all coincides 

within minimum levels of wat er content, probably under t he vestigial effects 

of the transpiration stream associated with the last. l eaves. The l argest 

grariient is seen befo!'e leaf fall in P. angula ta, which also has very l a rge 

l eaves in comparison to I-78 and P. Y3:!A11anensis and may r eflect t ranspirat ion 

r a te::J . 

A slow rise in water content over the dormant period in the f ie ld is 

accompanied by a disappear ance of the gradient along the wands in the case 

of I-78 and P. yunnanensis, and a decline in tJ-e size of the gradient in the 

case of P. angul a.fil. In each clone the ma.jox- change is :i.n t he basal 

region, inlicatir.g t hat the movement of water j_s from the stool aau/cr root 

region upwards. 

In the active l y transpiring plant, the main forces of water uptake 

are transpir a tiona l; in the dormant pl ant these forces ar e not present1 

and movement of water into the wand. i s likely to be in the f orm of a 

slow r E:clistribuEon of water from cell to cell in r esponse to local 

gradient s of water potential, after the manner suggested by Wea therly ( 1963) 

for wa ter movement in root cell walls. The source of wa ter could be either 

from root reserves (whi ch may be substantial in the case of a plant 

ma intained 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 

wi t.'li!1 the plant at the onset of dormancy may reflect the r esidual effects 

of transpiration at leaf-f~ll. After leaf-fal!, the plant is affe, ted 

mudi less by environmental changes and metabolic processes since gl·owth 

and transpiration are no longer taking place, and water potentials of the 

dormant tissues are in turn likely to be well insulated in a compar atively 

closed eystem. In the clone~. angulata the gradient of water conten~ 

observed c:. t the vutset of dormancy (i.e., l\"hen leaf-fall was c omplete) was 

high3r than I-78 or P. yunnanensis ; further , the gr adient of water 

conte:1t observed a t the onse t of dormancy i n this clone was not e l; '!lina t ed 

enti:.:·ely before t he time of bud-breaks al though the magnitude of t he gradient 
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was reduced. P. angglata dP.velops l eaves which are considerably l arger 

than those of I-78 ar.d P. yunnanen~is ; if size of leaf can be correl ated 

with transpiration r ate the l a rger l eaves may have resulted in a l ar~cr 

residual water potentiel at leaf-fall , which in this clone might not he 

corrected by a s l ow water uptake or redi stribution. Certainl y t he l owest 

water contents were observed at the t op of th0 wands, which were also 

t he s i tes of the last l eaves to foll . Two addi tio:ial explanations may have sorn, 

validi ty : firs tly that t here may be higher internal r enis t.:mces to 

water movement on a cellular l evel in P. angul ata , and s econdly, that the 

compar a tivel y l arge buds may have a rather larger effect on water c.:>.osumption 

and loss. 

P. yunnapensi~ displayed an i nversion of the gr adient in water ~ontent 

a t t he t ime of bud- br eak, in comparison t c the g~adient observed at the 

onset of dormancy . There was a corresponding change i n water potential 

a t the corresponding t imes , in that wat er potential tended to become l es s 

negative at higher l evels of hydration. This pffect woul d be expected , 

assuming li t tle change i n solute content, and may r eflect the s i tes of water 

use s ince ~pi cal regi ons are t he l ast to lose their leaves at t he vn~e t of 

dormancy. Further, bud-break appeared to comm0nce firs t i n the l ower 

r egions. A site showing a higher wa t er conte!lt but a l ess negative water 

potential t han other r egions probably is an indi cation of a s i te of water 

mobilisa tion. 

By t he t ime maximum wa t er potentia l s had been r eached, mos t of the 

increase in wat er content r ecovery hcd been a ttained in a l l clones . 

Subsequent declin~ in wa t er potentia l may ·be under the i nfluence of 

increasing bud metabolic activity which may be associ ated wi t h a change i n. 

solut e concentr a tion, although there are no obvious changes in t he bud 

until the phenomenon of bud-break commences. 

4.2 . !h,.e Effect of Rel a tive Humidity en Wat er ~ 

There are four possib~e sites of water loes in cuttings: the c~t ends, 

th9 bud or buds, lenticels and the r ema i ning bark. 

Loss through the cut ends was shown to be the most significant f actor 

in the size of cut ting used. However, the proportion of water loss via this 

route will clearly be r elated to the length of cutting. Cuttings of a 

Sil:,.'7lificant l ene ~h can be expected to develop a gradient from centre to 

cut ~nd; the distal cut end is thus likely to affect the wat er status of the 

bud to a greater extent t han the aver age water content of the ent ir& cutti ng 

woul~ indica t e , sin.ce t he bud was a h.rays clos e to this end. It is suggest ed 

that the use of 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, s ince t here is 

l ess opportunity f'or l arge e-redients of water ~cntent or water potentfo:). 

to develop. 

Sealed cuttings of 1-78 increasea significantly jn water content by 

0.146% in a relative humidi ty of 10::J[o in the fi rst 48 hours , and. los ·c 

0.279% in a r elative humidity of 93A3%A The ccrresponding gain and l oss 

for P. yunnanensis was 0.062% and 0.580~, and i n the clone -~zylata 

there were losoes in both r elative humidities of 0. 049% and. 1. 6'79% 

respective ly (Table 1). Thus in the clone 1-78, t he loss at 93. 3% R. H. 

was about twice the loss at 10o% R.H., and about nine times the loss in 

.E!_;yunnanensis . The clone P. angula t a a l s o gained in the s econd 24 hours 

only, about nine times as much a t 100% R.H. as the loss in the second 24 hours 

at 93.;% R.H., but not in the· first 24 hours. 

At 100% R. H., the gradient between the ti ssue of the cutting 4D.d t he 

bulk air surrounding the cutting can only have originated on t he parent 

stools. and was measured there to be cf the or ier of -2 bar. However, 

Sch~ll (1939) reported that the "Diffusion Pressure Deficit" of a ir at 

90% R. H. is 140 .5 a tmospheres at 20°c., i.e. t~e water potential is about 

-1 38.7 bar. Thus in spite of a very l a rge gr adient between the cutting ano 
bulk air at 93,3% R.H., the loss of water was not pr opcrtional t o the gain 

of water which t ook place under the influence of the small gr adient between 

the cutting and bulk air at 10CY;t R. H. 

This anomaly could be explained in terms of changes of permeabiJ.i ty of the 

l enti cels. Cutter (1971 ) describes lenticels as r egions in which the 

"phellogen f oruis a mass of loosel?' arranged, unsuberised cells with many 

intercellular spaces." It is conceivable that such a structure could uneergo 

a significant change in cel lular aggregation and hence res i stance to water 

flow. In particular, a low r e lative humidity may cause a partia l collapse 

of the t i ssue and a rise in the resistance to water :flow. A supphmentary 

experiment would be required to establish if the lenticels were the maj or 

sHe of water loss. 

Alternatively, this re.sult may indicate tha t there are signi:f.cant 

gradients in r elative humidity between th2 air-cut ting interface and the 

bulk air in equilibrium with the saturated solution or chemical; such a 

gradient would r educe the transfer of water from cutting to air, but in a 

relative humidity of 1<XJ.' with water transfer from air to cutting such a 

gradient would n Jt exist. 

A third factor may be the accumulation of solutes at the evaporating 

surface , leading to a low local wate r potential. The resul ting ~radi~nt betwee1 

the :i.nterface of evaporating surface !md 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 res trict water flow out of the cutting. 

Comparison of the figures for s ealed and unsealed cuttings show that 

the loss of water from cut ends and f r om the r hytidome fo llowed a similar 

slow drift , without marked changes a t parti~ular levels of loss . This tends 

to suggest that wa t er loss from both these areas is a physical proGe$s, 

unmediB.tcd by a physiological mechanism which r;ould. normally be affected by 

limiting levels of water stress. 

The loss of water from cuttings with sealed ends is substar.th:l a t 

relative humidities lower than 100%, and arc sufficient to produce a limiting 

water status within a short time . 

If the changes in wa t er content seen in this experiment are r e l atec. t o 

the r egressions of wa t er content on wate r poteI'-tial derived i n the experiment 

on the effect of water statui=:i .on growth, a fall of about 3% in the dor n,ant 

cutting 0r 0.5% in the actively growing cutting would be sufficien t to 

decrease the 'IW"tc .c potential wi thin the cutting to between -2 antl - 6 bar, 

a t which stage growth would be sever ely i nhibited , accordi ng t o the gr outh 

exper5.ment. A loss of 3% in wa t er con tent corresponds to the less over 

three da:rs in unsealed cuttings and appr oximately seven days for s<:'aled cutting: 

nt a rela tive hun,.idity of 93 . 3% ; for a l oss of 0.5% in sealed cuttings 

a t 93.:,~ relative humidity l ess than a day would be required . 

Under field conditions two fac tors may extend t hese times significantly. 

On the parent stools, it has been sugges t ed e P.rlier (Section 4.1 ) tha t rcot 

uptake or r edi stribution of wa t er r eserves even in dormancy or the pos t 

dormant s tage before gr owth r ecommences may be capable of substantial water 

replenishment in the attached wands . ~'urther , in both attached wan ds an1 in 

cuttings , diurnal varia tion in r el a tive humidity, possibl y allied with 

precipita t ion and dew-fall may r esult in the uptake of significant amounts of 

water, or the substantial reduction of the effects of prolonged low r elative 
humidity. 

The third-order interaction between bud, relative humidity and clone 

did not r each significant levels, a lthough the second-order interactions of 

bud/clone and bud/relative humidity were significant. However, thrre were 

consistant trends in the third-order interaction within each clone (Section 

3.2; Fig. 4). Pr~sence of a bud at higher r e lative humidities {other than 

10Ctfo) generally resulted in a higher cutting water content than in a bud-less 

cutting, apparent ly indicating that the bud tended to cause water to be 

retained in the ~utting. Further, the bud appeared to have influenced the 

water status of tissue other than in the bud itself, as fol lows: 

Assuming the water content of both wand and bud at the start of the ~;:per iment 

was of the order of 50% (confinned in oupplementary bud measurement s) the 

amount of water held in the bud would approximately equal the bud dry ~eight. 
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The average bud dry weight of I-78 was 0.010 gra:ns , tha t of P. yururnnensi13, 

was 0 . 034 grams and t hat of P. anr,ulc:i.ta was 0.047 grams, and these weights 

are nssumed to approxi mate t he actual water content in grams. Houever , t he 

maxj m1..im effect of the presence of a bud on the water content was 3,40%, 0.97% 

and 1.71% r espectively for these three clones at R.H. 80.5%, correspon<linJ 

to 0 ~084 , 0.021 aud 0.028 grams of water respectively. Thus in the clones 

I-78 and P. yunnanensis the presence of a bud r esulted in retention of,.._ 

~uantity of water c0nsiderably in excess of the total water contain8d 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 appaar 

t o be as large, ~nd this may be r elated to the retention of seasonal gr2dients 

within wands of this clone , sinc·e the buds may not be such significant ~inks 

in this clone. 

At the cor-J,~cement of this experiment the parent stools had experi ence~ 

the cold r equirement for the co::r.pletion of dormancy, and t he recornmencament 

of growth had been shown in other sections of -chis study to depend only on 

a rise. in temper& ture . The temperature used in this experj ment ( 20. c?c) 1-•as 

show:1 to be adequa te for the recommencement of gro~'l'th . At higher relc1tive 

humidi +ies the presence of a bud on foe cuttings had little effect :i.n the 

first 24 hours , b~t after tnis period the effect of presence of buds became 

significant. The 24-hour delay suggests that this is the period of ti~e 

taken by the bud to establish a higher rate of ~etabolic activity in the higher 

temperature regime . Such an increase can be expected to r esult in a.~ increase 

in solutes as cell reserves are mobilis~d, 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 effect of the 

bud on retention of water in the cutting. 

At relative humidities closer to ze:r.o, there was a consistent trend which 

appeared after the first 24 hours indicating that the presence of a bud 

contributed to a decline in water content, presU11:ably because of the loss of 

water a~sociated with the bud. At ze~o 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 (ff, R.H. with 

time may be due to three factors: firstly, as the total wa~er content declines 

the proportional effect of the amount of bud water still. present will become 

very 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 meristAmatic and juvenile 
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the stem; this difforenc<:: would result in an appa:.:.-ent dimuni tion in the effeci 

of bud presence. 

The effect of bud presence in lowering wa t cr con tent still further at 

low r elative humidities was l east in I-78 and grea t est in P. angul~. 

Further, thP. average resfective dry weights of buds of I-78, P. V'lfillanensi s 

and P. angulata were 0.0515, 0.1715 and 0.2356 g., suggesting that clcnal 

differences may i nvolve bud size and thus the amount of water held in the bud. 

However, as in the effect of bud presence noted earlier for higher relative 

humidities, th~r,i is insufficient tota l 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 huoidi ty of 55 . 55t, the presence of buds in P. yunnc?.nens:i s 

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

relative humidity. However , I-78 cuttings wi fl·. buds showed a slightly 

higher water content, sugges ting that this clone may be more capable of 

retaining water, perhaps as a result of bud size and bud scale etruct.ure , o~ 

as an inherent metabolic capability. 

4.3 Tlle Effect of Exoc;enous Auxin on Growth. 

This experi.m9n t was intended ·to be of li.mi ted extent and interpreta iion, 

with the primary uim of indicating whether there may have been clonal uiffer

ences in inherent auxin lP-v~ls , with a possible indication of a practical 

technique for ihlproving the ability of r . angulata to propa5Rte 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 l€vels of auxin within the cuttir.g 

( which would include both inherent levels already prese:::iJi: in 

th~ cutt ing at the start of the experiment and absorbea exogen

ous auxin) was undertak~n. Such an assay is technically difficul1 

and would r equire consideration of the ratio of bound to free 

auxin, rates of metaboEc supply and rates of deactivation .. 

This was beyond the scope of this study, and therefore a 

relationship between particular levels of auxin and growth 

forn, 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. angu~ does not appear to develop all the 

root i·riillordia which are present initially, and this investigation v~s intended 

to establish if the rate of appearance of root initials was limited by low 
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endogvnous l evels of auxin. Low levels of auxin ruay be due either t o limited 

production in the bud or shoot , or to rapid inactivation in P. angul ata , 

so t ha t r oot growth does no t r eflec t the rate of prod·Ltction of auxin. 

Since t he movement of auxi n i s po l ar, shoot grow~~1 will no t be directly 

i nfluenced by an increase i n shoot aUJCin f r 0m absorbed exc5enous auxi n~ but 

rather i ndir ectJy from t he effec t s of decreased or· enhanced roo t growth . 

In both I -78 a<lrl P. angul a ta there was a massive increase in the number 

of r oot initia l s appearing in t he highest concen t ration of auxin i n t he gr owth 

medium. Further , i n t he highest concentra t i on of auxin t he number of r oot 

initials plus roots in t he clone P. a~@l ata became compar able with the 

correspondi ng f i gure f or I-78 and P. yi.mna,nensis in t he control solut i ons 

(i. e . nil concentration of auxin). This resul t suggest~ that the capacity 

of P. angul a t a t o rlevelop root primordia into observable r oot initiais and 

thence into r oo ts may be inhibi ted by i nherentl y l ow auxin l evels , sine~ 

t he capaci t y i s increased t o tha t of I-78 and P. vunnanen~i s by the 

addi tional supply of exogenous auzin. 

In the clone I-78, the number of roots plus root initi als wa~ high 

in the highes t concentration of a1J:idr:, but the dry wei ght production of root~ 

was lower than that of cut t ings in lower concen t ra tions of auxin , suggesting 

tha t the concent r a tion of auxin was sufficiently hi gh tc l imi t the gr owth of 

r oots. It is unlikely, however, tha t thi s dec rease in r oot growth rates 

could be the ba~is for the decreased shoot gr owth which a l so took pl ace in 

I-78 at the highest concen tration of auxin, s ince the root growth was s till 

oubstantial and water deficits would be unlike l y to deve lop under t hese 

conditions. Nineral supply could not be a f ac t or since the grow~c medium 

had no added nutrients; further, the mins r al r eserves in the cutting are 

ov.bs tant ial. It is suggested tha t t he high concentra tion of exogenous 

auxin may interfere with normal mobilisation of res erves, and it is pos t ul a ted 

that there may be a formation of new sinks within the cut ting in a manner 

analogous_ t o the theory of Cardenas et al (1 966). These workers showed t ha t 

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 aosorbtion of exogenous am::in, this 

postulate could further explain the app&arance of cell proliferation in t he 

regions of the lenticels (Plate 2). 

The clone P. yunnanensis failed to show any consistent reacti on to any 

concentration of auxin. This may indicate that the clone has high na tural 

levels of endogenous auxin possibly coupled with a tolerance to con~entratio· .s 

i n excess of the opt imum for gr owth whi ch may r csul t from an eff5.cient 

mechanism for de-acti vation. 

The gener ally low levels of r oot growth in P. ;y,unpanensis m~y be due to 

the early shoot growth and the proliferation of undifferentiated tis sue in 
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the regions of the lenticels. The l ct:er may have a direc t effect in 

exhausting reserves, or may interfere in the development of the root initi~ls. 

The cause of the cell pr.:>liferation was not established. 

There was little effect of exogenous auxin on shoot growth within the 

gr owth period used, except at the highes t concentratiomin the clone I-78 

where a depression was seen. Tr.is illay further indicate that levels of auxin 

are naturally high in I-78t and that adlitional auxin at the maximum 

concentration of solution used may become excessively high for cptjmum sho0t 

extention. 

Shoot dry weights show s imi l ar trends to those seen in shoot l ength meas

urements, except t hat a depression ~t the highest concentr a tion is also seen 

in P. angulata. 

4.4. The Effect of Light on Growth. 

In the clones I-78 and P. iunnanensis both shoo ts and roots were 

produced on every cu t ting, and it is clear tha t light i s not a f actor in 

budbraak or root initiation in these clones. In the substitute cl0ne 

'Aust. 135' thero were some failures in a ll treatments, but only in bud-break 

in the ua rk was there a significant reductio~ to 75%. This is not, of course , 

of significance in the field. P. angulata has not included in this investig

ation, but bud-break was not limited in this clone at high wa ter potential 

treatments in the experiment r el ating 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. 

Ther e was inhibition of l eaf development in all three clones anG 

etiolation of the sh0ots of I-78 and P. vunne.nensis in the dark treatment, 

but 'Aust 135' shoots did not erow as long in the dark as in the light. All 

three clones develop~d 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 sugge~ts that auxin levels may be low in this 

clone. Thus limitation of elongation rates in the light through destruction 

or L'lhibi tion of auxin by light may not be as significant as in 1-78 and 

P. yunnanensis. 

The ultimate number of root initials plus roots was similar for all 

treatments in ea~h clone. However, early development of root initials of 

I-78 and 'Aust. 135' were enhanced by th9 dark treatment, but those of 

P. vunnanensis were retarded, wl1en compared to growth in the light t"'.'9a tments. 

This was reflected in the advanced roct gr0ttth in the former clones when 

grown in the dark. It appears that both I-78 and 'Aust. 135' in the early 



_stages of growth in the light have buds or shoots which may be abl,:; to 

preferentially mobilise reserves and dominate t he use of photosynthetic 

products at the expense of ear l y root development . 
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This may be the result of light i ncident in t he root region, or reflect the 

ability of buds or shoots to preferentially mobilise reserves and domir,AtP 

the use of photo syntheti c products ac tre exp ense of early root development. 

However, P. yunnanensis appears to be capable of supporting both slwot and 

root growth, presumably either by t o l erance of ligh t in the root region o::

the ability to produce sufficient photosynthates to support both shoot an~ 

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

first observation of growth may haYe been a reflection of t he large nuro.1:>er 

which tiltimate ly developed , since early development may have been inhibited 

by the heavy drain on r eserves before photosynthetic tissue was devoloped 

significantly. 

4.5 The Effect of Wa t er Stress on Bud-break and Root Ini tiatio!l 

The water potential of the cutting was closely related to the osrri.ot:.c 

potent~al of t he growth medium and the length of time the cut t ing w~s in 

contact with t he growth medium. Until growth initiation there was a trend. 

within the cutting to equilibrate internal w.s.ter potentia l with the osmotic 

pobntial of the medium. However, cuttings gr01,m in _solutions which permi tted 

bud activity developed a transpiration stream, and this was re flzc ted in 

a. lower water potential in those cut tin5s . 

Mt::asurements of water content, while more variable than those of ,:ater 

potential, showed marked trends also. Similar trends were followed in both 

top and bottom measurements, but those taken at the bottom of the cut t ing 

showed larger differences. In g~neral , water content rose in the lowest 

concentrations of osmoticum, and in the highest concentrations water content 

fell . In the growth medium where t.'l.er·e was no change in the water content 

(i.e . the compensation point) the ·11ater potential of the cutting as neas\·.red 

by subE>equent destructive sampling approximated the osmotic potb.,tial of the 

growth medium. 

A highly significant relationship has been demonstrated between the 

internal water status of the cutting 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 ir.itiation, numbers, l ength and 

weight was found to be highly signi ficant . Thus there is a clear rela tion 

between an applied water stress in tha fonn of an osmoticum and ~rowth 

initiation and early growth. 

At the commencement of shoot growth, initial rates of elongation were 
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curre] a ted most hi ghly wi t h w& ter content e.t the base of the cutting, end 

almost as well with water poten:ial, bt:.t rather l ess close l y with water content 

at t he top of the cutting. However, final measurement s of growth w&rc hignly 

correlated with both measm·emcnts of water content and with the measui·cment 

of m:i.tcr potentia l. At the final mea surements of water status the t rend.B 

wili~h had been seen earlier at the siagb of growth initiation had become 

more highly corre lated. 

The particular level s of water potentia l which first Liliibi i · growth 

were clearly defined. At two days after growth initiation, the nUI:lber of 

cuttings producing shoots or producing root initials fell drastically a t 

osmotic potentials of -8 bar or greater in the growth medirnn in a ll three 

clones. At fourteen days, shoots had also been produced in osrr:otica of -11 

bar in P. yunnanensis and root initia ls were seen on mos t cutting~ of I-78. 

However, dev8lor,"1Pnt of root jnitials into roots was inhibited in solutions 

of osmotic potential gr eater than -3 bar · in all three clones . Thus the form

ation of root initials was relatively umtffecte ·_ by low external osmotic 

,otent jals, but once the root initials developed sufficiently t o oe af1ected 

significantly by ~ht:: growth medium, subsequent -:-oot dev')lopment became 

limited by compar a tively low osmotic p0tentials. The capacity of roots t o 

function in the pa-rticular root environment used may be li!ni t cd by the ln~k 

of ions since minerals were not included in the erowth medi um . Compensa tion 

of the osmotic potential o:' the growth medium by increasing the ionic 

concentration of the root cortex therefore could not take place . 

Early shoot grow th was a l so found to be r elatively sensitive to small 

watE. r pdential dif ferences , althotgh shoot growth could be i~itiated in 

higher osmctic potentials. This may reflect the limited ability of t he cut ting 

to buffer the effects of the root environment, and is probably r efle~ted in 

the declining water potentials measured in cuttines kept in the higher osmotic 
potentials. 

Water potential within cuttings of I-78 in a growth medium of - 2 bar 

consistently showed lower values than those developed in a gro~th medium of 

-1 bar. While P. yunnanensis appeared to 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 gro•,,.th 

rates compared to small osmotic potentials in solutions produced using minerals, 

and McWilliam et al (1970) found a similar result with the germination r a t es 

of several s peci~~ of grasses and l egumes using PEG 20,000. Milthorpe and 

Ivins (1 966 ) note that the most favourable water potential for enrly g r owth 

in fruit trees i s nearer to -1 bar thEµi a t full hydra tion. If t his w~3 also 

the cc1.se in the clone I-78 and possibly P. yunnanensis, a growth-.m.edium osmotic 

potenti&l of - 2 bar may have been more favourable to shoot and root growth than 
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a pottmt ial of - 1 bar. Ir. both t hese clones ( but not in P. augt:l~ ta) 

the wa t e r pot enti a l measured i n t he cut t ing showed a sj ini l a r t rough , i. e . the 

water potentia l of cutt i ngs grown in a medium of -2 bar :ms higher t han t.'1.at 

of cuttine;s i n -1 bar. The g r eat~!' gr owth rat es could be expected to resul t 

i n greate r "ra t er use and this appears t o occur wi th a concorni tant :.:~a ll in 

wate r potentia l i n t lie cutting. Thi s f all may be a r esult of growt h, 

mobilisa tion of nut rients and an increase in solu te concen trati on whi ch would 

affe~t t he osmotic potential of t he pl ant cell contents . 

However, t hvr e i s no obvious r eason w:hy growth should be i ncreased by 

small water poten t ial s . Al though many workers equilibrate maxi mum gr owth 

wi th maximum hydration (Kramer, 1969) it appea:r·s t hat in some s i :ua t i ons 

i ncludin~ those seen in this s t udy s11ch a sta t ement r equires qua lif i cation. 

Some of the measurements of other gr owth parame ters confi rm t he effec t 

of enhanced gr cwth at small osmotic poten t i al :; )f the gr owth medium. In 

particula r, measurement s of shoot growth in the f irst 8 days showed a 

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

P. yunnanensis or f. angula ta ; further, t he number of r oots pr oduced 

by bo th I -78 and F. yunr..anen3i~ was gree t er at ~1 bar osmotic potent ial 

i n t he gr owt h medium than at zer o or - 2 bar a l though this effect wa~ not 

seen i n P . angulata. 

The effect may be present on l y in t he initial s t ages of growth 

i n the shoot, since the t r ough s een in t he shoot gr owth of I-78 a t -2 bar 

disappea r ed aft er t he 8th day of growth, and. t her e was no apparent ef fec t on 

shoot dry weight. However, it may be more pers i stant in the effe c t OL 

r oots , since i t i s appar ent i n all the r e l evant stages of root gr owth i n 

I-78 and P. yunnanensis , but not i n P . angula.ta . I n t he measurereen ts of 

r oo t dry weigh t s a t t erminati on of t hG experiment P •. yunnanensis shotf~d 

gr eat er gr owth a t -1 bar than zero gr owth medium osmotic potentia l, an1 

I-78 showed a small i ncr~ase at - 2 bar over dry weight a t -1 bar and zero 

osmotic pot entia:. 

The disappearance of t he promotive effects of small osmotic po tenti a ls 

in t !'>e 6·r owth medium af ter 8 days in I-78 may be a ref l ection of the i ncreasing 

effe~t of photosynthesis , which ( accordi ng to the investi ga tion into t he effect 

of light - Section 3.3)rapidly becomes a dominant influence on growt h rat es. 

Heath ( 1969) has 'loted tha t photosynthesis as such is n ot affected by water 

stress at such low l evels as are othe r physiological pr ocess es, and growth 

r esulting from pho t osynthesi s i s l ess like l y to be i nf l uenced as much as 

gr owth r esul ting from mobilis a ti on of internal r ese rves . This can be 

expe:~t eci t o hold f or the species of popl ar used in t his study. Ht3a·~h a l so 

notes tha t export from the l eaves does not t ake pl ace until l eaf expansion 

is well advanced, and then the gr owing point tends to domi nate nutrient 
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(photosynihate) raobilisation. Th1.rn in the initial s t a:;es of 1.md activity 

anc. shoot growth, root growth may be the result of mobilisation of r eserves 

close t o the root i nitial and not ~he prod~cts vf photosynthPsis. Since 

photos;rnthe.tes are less likely to be available for root growth in th~ 

earl:, stages of growth, the promotive effe:ts of small osmotic potentials 

in the F,rowth medium n:ay tend to be reta ined for a l onger peric..:l , and 

this agrees with t r.e observed changes . 

I t is apparent that t he wat8r- f::ltaills 0f the s+,ools under study is 

not likely to be a factor l imiting the recommencemen t of gr owth i n the 

field. The l evels of water potenti&l through the dormant period under 

study until gr owt h recommenced did not reach values which werA observed 

to prevent r ec on.un encement of gr.owth of cuttings. As woul d be expected 

for establ~shed stools , t he recommencement of gr owth appeared co be a 

function of rising temperature rather t han li~itine water stress . 

The lowest value of water potential observed us i ng saraple~ taken 

from th€ stools was in the f inal measurement of P . a.ngula ta, whic:i. was -

5.2 bar. This was sufficient to severely limit growth rstes of cn tt~_ngs 

with corresponding inter nal valuos out not to prevent gr owt h. Once 5 r.owth 

has r ecommenced on the stool however, measurements t aken of inactive 

material cannot be related directly to conditions of active transpiration. 

The final measurement of P. angul ata was taken as budbr8ak commenced , and 

may have been influenced by the commencerr.ent of such a transpi~ation 

stream . 
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CHA.P'l'EP ~ ·- COKCJ,rJD:!'-TS 

1. Seasonal l0vel.8 of water content W3s at a mini!!lum at l 8af-fe.l l a,~d 

at this ti r::a showed a t;rudient of water c on.h"m t 1-lithin the wand , t he 

distal r egion being hie;hcr. This gradient slowly decrRased or diBappeal'ed 

as the ~-m t er content zlo~1ly :i:-ose O\'er the dol'mant period. There v:as :·.n 

appar er.t redistribution of water from the rPgi on of the stool and/or roots . 

2. Seaaona l l evelo of water potentinl rose slowJy U...'1ti l mi d- winte r and 

t hen fe ll sl01,dy, Gradi e n tn of wa tcr po t en tia l withi n wands we r e small and 

rare l y ::::icnifi c:m~t . I n t he dol'w:nt wand , l eve l s were not low enough t o 

limit growth initiation, according to r esults from t he study on growth r esponne 

to osmotic potentia h of t he growth ri.edium. 

3. Within t he limi t s of the exper-i mcnt , maxi mu..'il po tential for 

r ecolllI'.'!encemcnt of g r ow t h after a co l d peri0d .;_,, achi eved early i n t r..z dormant 

pe riod, at l ~as t in I - 78 an d P. yu.n~anensis. 

4 . Rates of wa t e r loss fror:i cutti ngs were clea rly r e l e.t ed t o r e l a tive 

humidi ty of the a tm0sphE' r e , and coul d be consider ably reduced by sealing t he 

cut ends. T'r.e ·ce were no signifi ca n t di:'fere11c0.s in t he rat es of ua ter loss 

be t ween c loncs . ThP presence of a b .1d. on the cutti ng reducec. t he ra t2 of 

1-rat er l oss slightly at high relative humid.i t ies , but caused a s l ichtly 

grea t e r loss at l ower r e lative humidi t ies . The bud appeared capab l e of 

modify i ng the wate r status of assoc i a t ed t issue t o a lirai ted extent. 

differences in t hi s e f :'ect appeared t o be r e l ated t o the size of bud. 

Clonal 

The magnitude of wa t er l oss under the condi tions of t his part icul«r 

investigation Wc?.S compar a threl y l argE:.· a nd sufficient t o pr oduce a water s t ress 

l a r ge enoug-h to lird t r e c ol!lDlencement of growth in a c ompar a tive l y shor t t ime . 

5. The limited i nvestiga t ion into t he e f fect of exogenous auxin on 

growth showed that in t he highes t auxin concentration used ( 100 . 0 mg/1) , 

leYels of 1·oot 5.r:..i tiati on in P. c.ngul a ta we r e increased to a l eve l c omparable 

with I-78 a.na. P . yunnanensis in t he c::mtrol or at lower c oncentr-a t ions. 

I-78 also showed gr ea t e r root initia tlon at the highest c oncentr1tion , a s 

we ll as a depr e ssion in shoot growth. The low rooting c apacity of P. angulata 

may ~e due t o low endogenous leve lq of auxin. 

6. Light was not a factor in budbrea k or root i nitia tion in I-78 or 

P. yunnanens i s , and this was confirmed for P. angulata in . the investigation 

of the effect of water stress on gr owth. A 3ubstitute clone in the inves tig

a tion into the effect of licht ( 1 ;,.us t 135 ' ) Kus affected adversely by 

c.:ontinuous dark. '.!.'he rate of np:reara.."l'lce of root initials varied wi t h c l one 

and 1.he:..·e was evidence of clonal differences in the use of r eserv8 :..mtrients am 

( afte r significant growth i n t he l ight t r eatments ) photosynthe t ic produc ts. 

7. In t he s tudy relat ing growt h i ni tiation to osmotic po tentie l of 



100 

of the growth mediUI:1, there were close rclations:1ips b0tween ,·rc. ter status 

of 'the cutting and osmotic potential of the growth medium , and be tire en 

water content and water potential of. the c11 t ting after parhc1;,lar time 

peric,ds. 

8. Grm-;th initiation and early erci'ltr. was related significantly to 

water cb.tus of the cu ttinc o.:ad osmotic r ote:ntir.l of t~f::' grQw'Lh Medium. 

Root initials appeared in osnotica of c onsiderable conccntr~tion, but root 

growth was limited by r.mch l ower concentrntior.s. Si..mllarly bud movement 

was seen in higher OS!!lotic potentials, but growth of shoots was limited by 

much l ower osmotic potentials of the growti1 mE:divm. 

9. There was a general relationship between water potential within 

the cutting and growth of the cutting. However, growth in media of 

low osmotic poten:ials was slightly greater than growth in zero osmotic 

potential , in I-78, and to a l esser extent in P .yun'Y! anensis ; this was 

repeated in the corresponding internal water potentials of the cuttings . 

1 O. The wa t~r content of both roohi and shoots grovm in particular 

osmotic potentials were rela ted to thos9 osmotic potcntic.ls , i.e . tr.e 

greater the osi::o tic po ten tia J. , the :i..ow3r the water content . 

1 1 • The r ei·rnl ts of this study i ndi ea te that gro\rth ini t i.'.l tion j n 

Populus can be li~ited by compara tively small w&ter d9ficits in the growth 

media. Under field conditions, similar lirni tations could l>e expected. 

The methods de~eloped in this study are applicable to evaJuaticr. of 

techniques of propaeation i n the fie2.d, and cc:m be used for COi:,:pari.cons of 

ability to wi th8tand drought between clones. 
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APPENDIX 1. 

1 • CharacteriRtics of the genus Populus 

The genus Salix and t he genus Po,ulus comprise the frunily Salicaccae , 

of the order .Salicales, of the group .Amentiflor ae (Anon., 1958) . T:1e 

order Salical es is cha-racteristically dioecious , with capsulnr frui t opm.1i ng 

by valves . The Salicaceae a re t ypically light demanding, and erow na t ura lly 

in low - lying areas , being tolerant of mild winter flooding but not of 

stagnan t water, o~ peaty or acid soils. 

The genus Populus has five sections: 

1. Section Turanga Bge 

Greyish l eather polymorphic l eaves, buds downy, mal e flowers 8-1 2 

stamen, female flowers 3 stig.nas. Distributioi, . · Hedi terranean, Cent:ra l 

and Western Asi.::.. Populus euuhratica is regionally important , being tolerant 

of arid con.di tions when s oi l water is adequate, and being very light ar>.d 

heat demanding. 

2. Section Leuce Duby 

Leaves r ouni , ovate, sometimes lobed , bark remains smooth , pal e and 

of gr ey-green appearance f or some time. There are two su·o-sections: 

1. Albidac 

The whi te and grey po!Jlars. Characteristically showinG white or p2.le 

down on t he rmders:i.de of the leaf. P. alba L. is the true white J,Oplar, 

found naturally in hot dry r egions associ ated with water. Suckering i s 

prolific. The ' si lver poplar' common in New Zealand is P. a lba var ' boll~ana'. 

P. canescens - t he grey popla r - is probably a hybrid of P. a~ and .r,. 
tremul a . The Sp€Cies is vecy· adaptable to soi l conditions and very 

drought resistant , but cutting propagation is variable. 

2. ,1'repi~ - The Aspens . 

/."'1. e.xtremely h i gh light requiremen.t, high ~'l4ckering r ate and t ol erant 

of soil type, but are short-lived, sn~llow-rooted and difficult to root 

from cuttings. P. tremula is wide spread in Europe, and P. tremuloides 

in North America. 

3. ~tion Air,eiros - The Black Popl ~rs . 

rr:,erg are t wo divisions of the section: P. nigra (Eurasian) and 'P. 

deltoides (North America). P. deltoides was i ntroduced and crossed ~1th 

P. nigra in Europe, and t he resulting lar ge number of clones are tddely 



used. The Black poplars are extrenicly light demanding 8.:..'Hl require a good , 

deep damp soi l which is not acid. Vegetative reproducti on is very easy. 

Of t he natural va rieties of P. nig:rii., 0nly P. nip ·a ' italica ' i s 

widely distribut ed in New Zealand. It is of f astigi3.te habit, and its 

adaptability and ease of propaga tion led to wide early us8. 

P. delta~ has three natural subspecies distributed t:ms: spp. 

Angu)ata (Southern); spp . mis souriensis (Central) and spp. monolifera 

(Northern). 

The hybrids between P. nigra and P. deltoides are known as P. euramericana 

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

(Dade) Guinier cv. ' serotina' and is normally abbreviated as P. X ' sero tina '. 

Those hybrids of i mportance in New Zealand a.re P. X.'I-3E', P. X'I-78', 

P. X 'I-214', P. X 'I-455' (the Italian hybrids) and P. X 'robusta '. Most 

local bodies are now using these clones in soil ronservation p:ogrammes 

rather than the Lomba rdy poplar (r. nigra 'italica'). 

4. Section Tacamahaca - The Balsam Popl4rs. 

Environment&l requirements of the Balsam poplars are similar to those 

of the Bla ck poplars, but most Balsam poplars a:-e susceptible to many 

diseases and plant and insect parasites. · 

P. yunnanensis is an Asian clone which is now active ly enco1.rraged 

in New Zealand. It has a tall growth habit and rapid growth rat~ , re~uiring 

a hot clima te. It appears to be less attractive to opossum. 

P. trichocarpa and P. t acamahaca are distributed naturally in the 

west of North Am~rica. 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 f. 'generosa'. All are susceptible to funga l disease, but 

have high initial growth rates. 

Section Leucoides 

Mainly distributed in t~e Far East, species of this section are not of 

economic importance in New Zealand. 



APPEn~IX 2. 

Details of the Clones Used in Experi men~~. 

1. Populus euran1erican (Dode ) Guini er cv. 'I- 78' 

(commonly lmown as 'I-78'). 

This clone , one of the so-called Italian hybrids, was ae le~tea by t he 

Poplar Research Station at Casale Nonferrato, Italy and released by t hat 

institution in 1941. Al though the parents .'ll'e not recorded , there i s a 

_ close affinity with P. deltoides spp. 'Angulatq'• 

The New Zealand Forest Research I nstitute introduced the clone to 

new Zealand from the British ·Forestry 8oll!I!! ission in 1951, and following 

evaluation has been widely distribu ted for soil con~ervation use by local 

ca tchment authorities and f armers. In 1967, I-7~ accounted for 14.2% of 

the to +..9,l rooted stock production of 41 8,300 t:rees, and 19. s% of the total 

stools maintained for p0le production '232,000 stools). Only P. nirrt'a 

'i t a lica' ( Lombardy Poplar) and P. nigr:§;. cv. 'sempervirens ' ( Semi--evel'ereen 

Poplar) 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 da t e of leaf appearance is the same as for Lombardy poplar (or 

several days befo:ce), 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. 

14th April. 

Leaf fall in 1970 was comple te by 

The form of the tree is straight-bcled, with a ~eavily branched densely-

leafed crown which may suffer wind damage :l.n exposed sites. 

su1 ta.ble for veneer, sawn timber and pulp. 

The timber is 

Growth rates are hig~, and the clone is Rdaptable to less-fentile 

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 .md which is easily propagated. 

The nar:1e of this clone is abbreviated to 'I-78' for the purpozes of 

this study. 



3. :?opul11s yunnnn€!1,~is Dode 

(common ly known as the Yunnan poplar) 

The Yunnan p0plar originated in the highlands of the Yunnan provi nce 

in South Chim: , and a plant was first sen t out of that country t c. Paris i n 

1905. Although p~opaga teJ in Europe, its use has been limit~d by frost 

tenderness . New Zealand i mportati0n took place between 1')25 and 193:i 

by persons unlmown , and its use has increased steadily since t hen in all 

but the colder regions of the South I sland . It is the sole membe r of the 

section Tacamahaca ( Balsam Poplars) to be reco!Ilillended for soil conservation 

use. Some 3. 2% of rooted stock and 12.6% of stool production in 1967 was 

of this clone. 

The Yunnan Po~lar is n0ted for rela tive unpalatabi lity of the foli ace 

to opossum , although the top-shoo ts may be attacked in late- winter. It is 

adaptable to many soil conditions, and the b-..ct'.,w th rate is rapid, extending 

through a very long season from leaf initiation in mid-October ( 14-21 days 

after Lom ba rdy popl ar) until leaf fall in mid~June. In 1970, leaf fall 

was two- thirds complete by 1 6th June, and complete by 7th July. 

Propagation is easily carried out using cuttings or poles, and the 

resultin5· tree is 1.arge, with -a rather wide crown. The timber is suitable 

for pulp or cawn timber, but i s rather "woolly" for veneer peeling. 

The New Zealand clone is male, and the f emale clone has not been 

reported, although it may exist jn China . 

The Yurman Popla~ was selected for experlmentation as the sole 

representative of the Balsam poplars in New Ze~land. Furtter, it is of 

interest because of its somewhat different ecological requiremen ts of 

temperature and growing seas0n, and its ability to resist water stress 

somewhat better than other poplars . 

T~e name of this clone is abbreviated to 'P. yunnanensis' for the 

purposes. of thi~ study. 

'% .. Populus deltoides spp. angulata_Ait,cv. 'Carolinensis' 

(commonly known as .f.! an5ulata ·Carolin') 

This clone i3 one of the parents of the so-called 'Italian' hybrids, 

and was introduced to New Zealand between 1930 and 1940 , origi,nally from 

southern North America. It is not used for sril conservation or forestry 

in this country, but is sorr:etimes found as an ornamental. The New Zealand. 

clone if" me.le . 

Leaf flush COID.r!ences in mid-October, and leaf f al l towards the end of 



Mh.y. In 1970, alJ. leaves h&d fallen by 3rd June. There is a requi r ement 

for good soil t:ondi tions, a wa..""lll climate and high light l evels over a long 

growing seasor. . 

The failure rate -:,f cuttings and poles is comparative ly high, and the 

established -p::ant does not trans p l ant we ll, especi~lly when condi '.:ions 

are suboptimal. 

P. anguln.ta ' Carolin ' propagates with difficulty, which is char acteristic 

of ma.c.y poplar species , particularly among clones of P. de ltoides . 

This clone was selected. for experimentation t o establish if t his 

difficulty waa r elated to a low tolerance of water stress, or if other 

f actors were involved. 

The name of +,his clone is abbrevi ated to 'P. angula ta' for t he purposes 

of t his study. 

4. Populus deltoides A 60/135. 

This clone is c1sed as<'. substitute for P. angulata in a supplementary 

expc,riruent in the program to determine light r equirements. 

It is difficult to p:r-opagate fr om cuttings , be ing similar to P. angul a t a 

'Ca r o lin' in this respect. 

Originally collected as seed in southern Texas, it has been selected 

in Australia as a poplar suitable for use in low a ltitudes (Pryor and Willing, 

1965) . 

The r.ame of this clone is abbreviated to ' Aust 135' for the purposes 

of this study. 



Pl a t e 4. - ,Stool-beds used in th e Ezperimental Series 4S a source 

of Pl aLt Material .. 

4. A - I-7S 
4. B - P. ;'(UF?la...~ensis 

4. C - P. angulata 
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APP.E:'rnrx 2 

Source of Plant Material 

All plant mat eria l wns obtainerl f r om tile Plant Nateric>.ls Centre , 

of i·h13 ~·later and Soi l Divisi.)n, Ministrjr of Worr.:s , P..;.lmerston North , which 

i s a national centre for the collec tion or impo-rt , propaeati on a ncl 

eva l u'.3. tion of p l ant species (primarily Populus) suitable for u::,2 in soil 

conservati on. 

The nursery i s si~ua ted at Massey University, beside t he Ti r itea 
' Stream. The so:il is a r ecent silty a lluvium, classed as Manawa tu fine 

s a ndy lo2lll (Gilchris t and Clime, 1970 ). A gravel bed at about 4 ic 6 f ee t 

maintains a rela tive ly constant water table , although SUID.I!lcr spray irrigation 

is sti l l prac~:f~d. 

The collcdion of popla rs and willows i s maintained i n the f oro of 

stoolbeds , a t a spacing of 3 feet by '/ fee t. Nor!D.ally 10 s t ools of each 

clone a ::::-e devel0ped . Only one-year wood i s gro,m , all growth being 

r emoved each winter. 

~he clones used in this study (Appendix 2) were estab lished 8 yeur s 

ago as part o: a l ar ge sto0lbeci , and maintained as sto0ls r.f 18 inches 

in height. Growth has stabili sed t o a relatively constant production 1 

and fe r tilizers a r e applied as maintenance dres s i ngs . 

The1·e are f ew diseases of economic importance to popl,,:.,r:::; and wi llows 

ir.. New Zeal and (van Kraayenoord, 1968). The most important fungal di s eo.se 

in thi s nursery i s Silver-leaf disease (Stereum purpureum Pe1·s . ) Culling 

of infe cted. stool s is pra ctise1 e.n J precautions are taken .'."igainst cross

inf ection a t harvesting. Infected stools were not used i n this sbdy. 'l'he 

onl y economically important insect affecting pop l a r s and wi llows i s a na tive 

wood-borer ( Omoena hirta Braun), but thi~ was no t obse rve~ in the ctools 

used in this study. 



Pilot Ex;'.)eriment was set up to initestigate the effects of w9.ter 

stress applied as a r£l.nge of csmotic potentials associated with the liquid

medium cul turc of winter cuJctings . 

The osmoti cum us ed wa3 polyethylene glycol, of nominal molecula:r. 

weight 333 , which was accepted as correct for the purpos e of t he experiment. 

The clone used was Populus X'I-78', and. the cutting size was 10 cm in 

length and between 1.0 and i .5 cm diameter , taken from the middle third 

of one-yE>ar growth from an es t ablished stool-bed, 

The following solutions and nominal osmotic potentials were used: 

Solution No. 

1 

2 

3 

4 

5 
6 

7 

Concentration 

(gr3.Dl/li tre) 

o.o 
7.0 

16.0 

35.9 
59.8 

95.7 

~43.52 

Nominal Actual Osmoti~ 
Osmotic Potential (based on 

PotenH ·.l M. W. 207 -Appendix 5) 
(bar·s) (bars) 
o.o o.o 

-0.3 -0.5 

-0.7 -1 .1 

-1.5 -2.4 

-2.5 -i.o 
-4.0 -6.4 

-6.0 -9-7 

In addition, a further trea tment was imposed, to investigate the effect 

of sealing the top or bottom cuts with wax, as follows: 

(i) Both ends sealed 

(ii) Top 8nd only sealed 

(iii) Bottom end only sealed 

(iv) Both ends left unsealed 

The e:rperiment was started on the 1st of July, 1970, and fin&.11:r assessed 

on t.:ie 3rd of Au.gust. 
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AVERAGE PER CUTT I NG 

----------i-'-------------...-------.--------+ 
12.0 14.7 
8. 3 1 • :1 

8. 1 1 • 5 

o.o 
0.3 

c.7 
1.5 

2.5 

4.0 
6.0 

12.0 1e2 

8.3 0. 8 

4. 7 0. 9 

2.7 3.8 

1.6 6.3 

0.7 4.0 

0.2 2.8 

0.4 

0.4 

1.3 
2.2 

2.3 
o.o 
0.2 

Effect I 
of Sea}-
ing Top +35% +314% +86% 

Effect 
of Sea -
ing 

10.4 

7 .1 

5.8 

4.3 
0. 2 

o.o 
o.o 

10.3 0 . 3 

8.8 o.o 
4.8 o.o 
3.0 o.o 

7.3 
6.8 

6.6 
, o.o 
8 .8 

4.8 

3.0 

83% 
83;0 

75% 

I 
58t 

58;~ 

42-;i 

17% 

83% 

83% 

75% 

75% 

83.% 

50% 
25% 

+12% +129% +175~ +126% +143% +1 oa;s 

Bottom +56% -6~ -46% -3~ -49% -45% -22% - 29% -31 % 

Overal 
MeijilS 14.3 2.8 1.0 4.0 7.8 1.1 6.7 o.6 o.6 ___________________ ..,_ ... ~-------------
Sealed 
at boti:' 
Ends 5.1 

Sealed 
at Top 

I 

2.0 1.2 5.0 8.1 1.5 6. 6 0.9 0.9 

Only 6.0 7.2 1.4 5.0 J3.1 1.7 2.0 0.9 0.9 

Sealed~· 
at Bas 
Only 3. 8 1.2 0.2 1.0 2.: · 0 .1 2.4 0.1 0.2 

Unseal+ 
ed 14.4 7.0 1.1 5.8 0.5 



The results show tha t shoo c growth is substantia lly dec:rease n. 2ven 

by sma ll water potentia)s , ancl i s almost stopped by - 9 .7 bars, the highes t 

ac tua l osmo tic potential used. The number of roots or roo t i nitials 

origina tir. g from root primordia alr eady present in the C1-lttings was r a ther 

cons t ant except f or a marked decrea$e at hi e-her leve l s . However , rooi: 

ini ~ia tion from the lower cut was strongly decreased by even small water 

potentia l s , and ro ot growth strongly i nhibited . Thus there i.J an 

apparent rise in t he number of root initia l s and sma l l roots at medium 

water stresses , but a very marked drop in longer roots with more thrn a Plh.or 

stress . This appears to i ndica te that although root initials C '.ln develop 

when t he cutting is in a solution of relatively high water stress , subsequen t 

deve1opment of the r oot while in direct contact is severely limi ted. 

The effect of s ealing the top :cut had a promotive effect on all 

phases of gro1 1 tr, including t ho number of cuttings whi ch eventua lly 

produced shoots and roots. The effect of sealing the bottom cut was to 

increase shoot grm-1th somewhat , but strongly .... ecrease root growth and t he 

numbe.r of cuttings which produced both shoots and roots. 

Si:lce most g:rowth took place under c ondi~ions of low stress, the 

effec+ of sealing must be interp1eted in this context. Thus the proraotive 

influence of sealing the top appeared to be a result cf higher water le.els 

within the cutting because of lowered evaporation; the effect cf sealinr, the 

bo ttom ap:peared to increase t he effect of the imposed water stress , 

especially if t ne top r emained unsealed. . Thus root deve lopment was 

impaired and fewer cut tings developed :roots and shoots. However there was 

an increase in the length of shoct growth. 



Deterrninatio:1 of No l eculnr '.!eight of PEG by Cryo.3cony. 

1'he l"'EG used throuehou t thi s experimental series Has a co1;-.r::ercial 

grade 0bt2.incd from Glaxo L.2bora tories ( H. Z.) Ltd., Po. lmers t on Horth , 

and had a nominal. molecu.l ar 1-rcight of 333. An accura t~ deteri.aina tio:1 was 

r eouircd so that prec ise osmo 1~ic potentia l s c ould be applied, and this 

was carried out us i ng the method of cryoscopic detcrnination of freezing 

point depres~ic~ , c o~paring similar concentrations of PEG and sucrose on 

a basis of mclecular weight. 

Free zing point; de pression s were measured using the rmocouples of 

copper a nc1 constantan in a +.hermopi::..e of two thermocouples. The r eference 

juncti on used was ice/water, he ld in a va cuum flask to minimi~e thermal 

gradients. Such a junction wa s stable for ;;:i::; _:e thv.n three days .:1. t room 

temperaturE: , and co;1siderably longer if held in a refrigerator . The 

measuring ju..r1ction was made as small as :possitle to minimise heG. t storae-e 

effects, and was :10untad firmly tc thP. lid of a 2 ml clea r plastic con'cainer 

so tha t the junction could be centred 0.5 cm :'.'rom both the b2.se and the ,rn.l.ls 

of the con ~ainer w:1en the lid was f.1. tted . One ml of the solutions under 

test was used Oi1 each occasion , and this qu.9.ntity filled the c ont2.iner 

to a depth of 1 CI'.'. . The lid wa s mounted in the centre of a l e.rger lid of 

a further pkstic c ontain2r holding approximately 125 ml of mercury . 

When t he outer lid ~1e.s ritted, the inner c ontainer was held so that the 

bottom 1 • 5 cm was held in the :nercury. The er_tire system ,-ms held at & 

0 
tE:mpcro. turc of -10 C. and enabled the temperature of a sample to be lowered 

to b8low freezing point at a consta:n. t u.nd rE:produco.ble rate. 

Tlie thennopile voltage was recorded on a Honeywell riodel 19 single 

channel chart recorder. A ' ranee card' used to select the voltage rdnge to 

be rr.easured wa~ modified. to reau to the lm-rer limit of the recorder capacity 

(viz. 0.45 mV.), and the scal8 was e;hecked using lnrge volumes of stirred. 

water a: thE extremes of the scale me.'.l.surement. 

The test s equence was as follous: 

As the temperatltre of the sclution under test fell , a c ontinuous 

recording was made . The solution became super-cooled , and crystallised 

out within seve:::-al seconds, resulting in a rapid increase :tn the teti:r;era ture 

of the then frozen solution to a clearly defined plateau. This plateau was 

taken c1s t 1c fre ~zing poi::1.t of the solutior;. . 

Schtior,s \\'C')rc n-c :1e '.p of r~G to nor.iin;cl value of 5. 0 ba r usinc a 

noru::.nal molecula r weight o~ 333, and a standc,rd solution of sucrof'e> was 

also prepa red giving a standard osmotic potential of 5.0 bar. 



A cor.:pa.rison of the f rce ~~ini::: point dcrrc s :,ior.::: o:' ti:10 no l utionJ ;ms 

made m1d. used co e.:fabl :i.sl-.. the error in t he: no~irw.J nolccular weicht of 

PEG, sinc e the n0mi11n l va lue c,f the p·er,~rcd solu+:i.or. c,f P.".G if a'-cura te 

1rnul d eive a f r 8ezing poi nt dorression cquc..J to t}1ut c.1..' the :::1;~r0sc 

so lution . 

Thirty-two dctorr.:i inati o!'ls were me.de ru1<:l an:1lysed. u::; j_ng a pc::.i red t-test. 

The ros,~lts [.. re a3 follows ( 27,0 r ecorc.0r scQ}e unib = 1.0°c .): 

nec or:ler scnle ,~i ts 

l-TE'ar, avera.ge ( PEG 21 . 98 ( S. E. o.36 ) 
Nean avcrnge ( sucrose) 13 . 66 ( C! ,., 

v • L • 0 . 30) 

Coefficient of Varia tion 1.937a 

Holeculnr weight (PEG ) = m_ • 13. 66. 
1 21. 98 

= 207. 0 

T-tost of variance of differe?!<.:e between means (30 d . f . ) :...: 13 . r, H ·* 

The. value of 207.0 was accep+.ed as the actual vnlue of i hc PEG and 

w&s used in all subsequent experimentation. 



The ;,:ie t:10dc used in determinin g ch.'.lng-:; s i n abili ty 0f I-78 , 

P . vunn[!ncnsis and P . ffil£;1.l l n -Lo. tc recorrffi:ence gr owi..h durine the r:~.nt3r 1:tc1. 

plD.ccd i n a sui table t emr,era t u re after c old treatment are described in 

section :? .3.1 . 

The results of this investi ga tion were found subs equently to be 

confounded with t he effects of the osmotic potentials used , since there wccs 

a substantial di fferen ce be ·~weer.. the non:ina l mo lecular we i ght o:' the r-r.::c 
u sed , and the actual va :ue f ound a fter t he investigation commcnc8d 

( Appendix 5). However , the investigati on was continue d usin6 the nomjnn l 

value ~ so that t here could b e s one basi s fo::- r:omparison through the 

season. 

The results obtained are indicated below: 

Sarr.phng 
date Clone .Qbserv a Uon Osmotic Potentia l 

14 Apl No. of Cuttings 

With roots 

With shoot 

B No. of c~ttings 

With roots 

With shoots 

C No. of cutt ings 

With roots 

A 

With sheets 

~o. of cuttinga 

With root::. 

With shoots 

B No. of cuttings 

~-.Ti th re o ts 

C No. of cutt ings 

With roots 

With shoo t s 

1 

10 

8 

6 

8 

2 

2 3 4 5 

10 5 

3 1 

3 2 

11 4 

5 2 

1 

11 4 

1 

5 

3 

4 

6 1 

4 

6 5 2 



Snm12~i!:& 
date ~ Observa tion Csmotj c 7otcntial 

2 3 4 5 
26 }Tay ~ No . of cuttings 12 3 ,. 

With roots 12 3 

~'li th shoots 12 3 

B No . of cuttings 7 8 

With r :::,o t s 6 '1 

With shoo1:s 5 4 

C No. of cuttings - 15 

With roots 2 

With shoots 

16 June A No. of cut Ungs 5 10 

With roots 5 10 

With shoots 5 8 

B No. of c u tting3 5 10 

With r oots :, 3 .,; 

With shoots 3 3 

C No . of cuttings 3 9 3 

With roots 

With shoots 

7 July · A No . of cuttings 6 9 

With roots 5 6 

With shoots 6 8 

B No. of cuttings 10 5 

w~.th r oots 10 4 

With shoots 1 () 4 -

C No. of cuttings 2 11 2 

With rootn 4 

With shoots 2 

28 July A No . of cutti ngs 12 3 

With r ootr; 12 3 

With shoots 10 1 



Sa.mu ling: 
date Clon9 Obser''::l tion Osmotic Po~.ent i a l. 

2 3 4 5 

B No . of cut tings 15 

With roots 13 

With shoots 1 ') 
, L. 

C No. of cuttings 3 9 3 

With r oo ts 1 

With shoots 

18 A·J.g A No. of cuttings 1 14 

With roots 1 1.-1, 

With shoots 1 13 

B No. of cuttings 3 12 

With roots 2 12 

With shoots 3 12 

C No. of cuttings - 2 8 5 

With roots 1 

With shoots 1 

KEY 

Clor:e,: A is I-78 

B ~-s P. yunnanensis 

C is P. &ng-ulata 

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

from wandn having wat0r potential values 

correspondiug to the osmotic potentials given 

above. 

'Wi t.h roots' i.e. the nUI!lber of cuttings showing eviri-.nce of 

root growth in the osmotic potentials above. 

'With shoots' i.e. the nunber 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 i s the category of osmotic potentials between 0 9.nd bar. 

2 is the category of o5motic potentials between 1 a.'ld 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. 



Tl,;.e results appea.r t o ~.nrl.icate tha t I-78 reached full {;ro~-;ih potentia l 

by 5th Hay and P. ytmnP-'11.ensi~ "by 25th :-T3y. HowcvGr , growth :rotentials for 

P. R,.'1fiUla t.a were never observed to be higr., . This may be a rc.'.ll effect , 

but could also be explained in te:rma o:'..' th':') confoundine effect of the no:ninal 

and actual PEG molecular weights noted above. In the latter case , thA 

higher water potentials seen in £'. an,,-,:ubt~ tLrougi1 the seasor.. 1rnuld huvc 

a gre&ter confounding effect on the apparent growt:1 potenli2.J of J:. angulata 



APT->E1'TDIX 7_ 

S tatistical Analysis of So8.sona l Wa tcr Status 

An~of Vnrim1cc of SPasona l Water Content 

Source of 
M. S . M.S. M.S. N.S. 

Vr:: ria tion df. ( 14 Apl) ( 4 May) ( 25 May) ( 16 June) 

C 2 864 .245 ** 662.125 ** 183.455 ** 237.935 ** 
w 4 116.015 ** 36.675 ** 19.290 ** 8.218 ** 
p 2 520.160 ** 335.890 ** 194.030 ** 154.255 ** 

CxW 8 25. 653 ** 34.906 ** 27. 295 ** 38.160 ** 
CxP 4 48.865 ** 41.643 ** 9.890 ** 107.910 ** 
WxP 8 8.733 ** 11 • 596 * -~ 5.745 ** 2. 268 NS 

CxWxP 16 6.224 ** 7 .941 ** 4.976 ** 4.759 ** 
Within 180 2.839 3.011 1.313 1.439 

( 7 Jul) (28 Jul) (18Aug) ( 11 Sep) 

C 2 12.950 ** 726.405 ** 148.685 ** 402.850 ** 
w 4 57.285 ** 34.228 ** 15.363 ** 17.473 ** 
p 2 152. 760 ** 33.,t85 ** n.210 ** 34.525 ** 

CxW 8 28.726 ** 48.955 -l:·* 37 .174 ** 54.829 ** 
CxP 4 73.958 ** 49.115 ** 66.300 ** 84.968 ** 
WxP 8 .491 NS 2.308 ** 2.225 ** 1 .009 NS 

CxWxP 16 1. 734 * 2.108 ** 4.528 ** 6.658 ·** 
Within 180 .946 .857 • 700 .892 

KEY 

C = CJ.one 
w = Wand 
p = Position on Wand 
* = Significant at 5% level 
** = Significant at 1% level 
NS = Not Significant 

Within= Within subgroups 



.m_1& ~ysis of Variance of Seasonal WcJ t er Potcn~ 

d.f. ( 14 Apl) ( 4 lfay ) [25 May) · ( 16 June) 
C 2 .054 NS 2.547 -!'* 2. 8?3 ** . 963 ·l!-* 
w 4 .1 55 NS .206 NS . 062 NS • 568 ** p 2 . 565 ]ITC' . , ) • 747 1TS .056 NS . 028 NS 

cw 8 • 165 NS . 278 1'.S • ?. i 1 NS • 279 ** er 4 1.11 4 *i<· .096 NS .360 Im • 411 ** 
WP 8 .181 NS .269 NS • 1 52 ns • 193 * Ci-tP 16 .170 1JS • 221 NS • 131 NS .057 NS 

Within 16 .170 .., 221 • 131 .057 

(7 July) (28 July) ( 18 Aug) ( 11 Sept) 
C 2 3 .754 ·lH(· 4 ,1 1 0 ·lHE- 18 . '!05 ** 50.488 ** w 4 . 242 -l· .1 06 NS 1.470 * . 526 * p 2 . 091 NS . 068 NS . 358 r;s . 080 NS 

cw 8 , 239 ** . 097 NS 1 . 435 * . 253 NS 
CP 4 . 064 NS .318 NS . 066 NS • ::71 * WP 8 .044 NS .128 NS • 566 Im ., 145 NS 

CWP 16 .060 NS .1 23 NS .410 NS .1 59 NS 
Within .060 .1 23 . 410 .1 59 

C - Clone 
w = Wand 
p = Positior. on Wand 
* = Significant at ~1o level 
** = Significan t at 1% l evel 
NS - Not Significan t 

Withi:n;::: Within subgroups 



~J ~:.§.~i AnQJ.vsis of Sensonal 1ln. tcr Pote:1tial on Water ~ontcnt~ 

Date 

14 /,pJ. 

4 I(ny 

25 Ea;r 

1 5 JU...'1.C 

6 July 

28 July 

17 Aue 

11 Sept 

Clone 

A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
(' 

A 
B 
C 

b SE r 

- 0.003 0.065 -0.011 
-0.042 0, 0,50 .:...0.225 
- 0 . 001 0 ,036 -0.009 
0,046 0. 065 0,19'3 
0.129 0.052 0.566 
0.023 0. 043 0.148 

-0 .11 4 0.053 -00510 
0.039 0.096 0. 111 
0.072 0.029 0.564 
0.019 0.050 0 .106 

-0.033 0. 099 -0.092 
-0.021 0.045 -0.130 
-0.110 0.043 -0.)79 
0.002 0 . 025 0 . 027 
0.003 0,038 0 . 025 

-0.029 0.055 -0.14 7 
0.023 0.040 0.157 

-0,078 0. 049 -0 . 402 
-0.056 0.066 -0.229 
-0. 122 0.023 -0.828 
-0. 11 2 0.160 -0.1 90 
-0 . 360 0. 141 -0.577 
-0.096 0 . 067 -0.372 
0.014 0. 019 0. 196 

Clone : A i s I-78 
Bis P . yunnanensis 
C is P. angul a½ 

8ignificm1cc (13d.f.) 

NS 
N~ 
NS 
NS 
* 
NS 
NS 
NS 
NS 
'1-l'S 
NS 
NS 

* 
NS 
NS 
NS 
NS 
NS 
NS 
** 
NS 
* 
NS 
NS 

f.naly3is bis the regression coefficient 
S. E. i s the s tandard error of the r egres3ion coef f icient 
r i s the correlation 
~· =significant a t 5% 
** = significant at 1% 
NS = not significant 



A PPr?T I?_ :IL.£. St:d:.fo.f:.:.cal A;r,plysis of -Lhc Effect oi -> 1 t . ·r . ,. :t}: !,C ,_,: J.Y._e !.1.1..~1.QJ. on 

Wo..ter Lnss fron Ct1 tting8,. 

Analysis of V nr j :J.::1c c of ~i!ntcr Cont ent A.t 7 Sr%!ificd T~ 

So,J.rce of E . S. }:! . s. H. S. 
Variation d.f. 7 .. W. 24 hrs 48 hrs 

II 4 19 .168 HS 1707. Jti3 *·Y, 4270 . 793 ** 
C 2 395. 745 *,)(· 355 . 350 *·* }70. 215 ** 
C' 1 18. 970 !IS 325'1- .8"10 ·'.'.·-)(· 7009. 550 *-l(· 
u 

B 1 1. 010 ns 33.410 rs 7. 470 l{S 

HxC 8 13.851 >T C' 
li•.) 12. 4!,.C HS 19. 006 I-JS 

II.xS 4 6. 458 NS '789 . 332 *-¥.· 1 ri83 . 8-18 ** 
IlxB 4 3. 685 NS 19. 655 1!3 16. 703 NS 
CxS 2 2. 020 NS 9.620 NS 17. 650 NS 
CxB 2 8. '150 ns 5.965 NS 2.750 NS 
SxD 1 10.520 ns 0. 300 ITS 6.1 S,0 NS 

IIxCxS g 12.240 ns 16.1 56 ns 18. 596 ' I .::: l ~ ~ 

HxCx3 8 12. 795 HS 15. 094 irs 19. 461 NS 
HxSxB 4 7.010 l:S 22 . 090 ns 28. 403 -l(-

CxSx:3 2 0.620 us 0. 030 NS 2.205 NS 
F.xCxSxB 8 9. 535 ITS 9. 939 NS 9. 989 NS 
Uithin 240 9.660 10.848 11.915 

H.S. N. S. 
2 hrs ~f5 hrs 

H 4 7780 . 560 ·~* 9816. 433 ·)<, * 

C 2 393 . 075 -¼:·* 353.575 -~):, 

s 111 857. 390 ** 13580.1 90 ** 
B 1 0.050 ns 3. 990 NS 

HxC 8 26 . 169 * 27.574 * 
HxS 4 2573. 403 ** 2526.393 *·le 

HxB 4 11. 090 ns 8.763 1-rs 
CxS 2 13.410 ns .7. 550 NS 
CxB 2 10.710 ns 11. 645 1'TS 
SxB 1 19.540 NS 36.290 NS 

HxCxS 8 17. 446 NS 18. 838 ~JS 
II: :C:::B 8 20.066 NS 17.025 n.s 
HxSxB 4 21. 968 ITS 16. 685 NS 
CxSxB 2 3. e.85 NS 3.020 NS 

IlxCxSxB 8 1 o. 523 ns 12. 370 NS 
Within 240 12. 625 12. 865 

N.S. M.S. 
120 hrs 141 hrs 

H 4 11 606 . 62 5 ** 13264.702 ** 
C 2 317. 645 ** 325.305 ** 
s 1 14574.020 ** 14301. 350 ** 
B 4.160 NS 5.280 NS 

HxC 8 31.668 * 35.020 * 
nxs 4 2360.588 ** 2034.175 ** 
IlxB 4 14.925 NS 19.776 NS 
CxS 2 4.61 O NS 4.885 ns 
CxB 2 17. 525 NS 16.275 NS 
SxB 1 35.480 NS 33.510 NS 

IlxCxS 8 19 .569 NS 22.439 N!:". 
!Tx::"xJ [3 1 7. 970 • - ( .. 1 6. 621 · .. . r • 

. \ ..,_J ... . ...> 

Hx.:)~:3 4 1 2. 918 • r0 10. 655 ns .L ,-.J 

cx:.xJ 2 2 • 3!r5 ,, .... 3. 310 ,T ,-• 
.,v .. .., 

llxC:xSx:B 8 11 .821 NS 12.826 us 
Wi thir ... 240 13. 524 14.030 

See Key at end of Appendix 



SourcP. 0f 
VA.:clation 

H 
C 
s 
B 

JixC 
IlxS 
IIx!3 
CxS 
CxD 
SxB 

HxCxS 
HxCxB 
HxSx::3 
CxSxB 
HxCxSxB 
Uithin 

H 
C 

}3 

HxC 
HxS 
HxB 
CxS 
CxB 
SxB 

HxCxS 
HxCxB 
HxSxB 
CxSxB 

H:.rGxSxB 
Within 

n. s. 
d.f. aft er 24 

11:r·s 

4 140~ • 969 ·lH:-

2 1 . 0C;1 lTS 
1 2776.525 ** 
1 22.794 ** 
8 2 . 139 * 
4 577. 298 ** 
4 8.550 ** 
2 10. 460 ** 
2 0 . 271 NS 
1 14 .383 ** 
8 3. 931 ** 
8 0.928 NS 
4 8. 248 NS 
2 0.695 ** 
8 0.397 NS 

240 0.928 

N. S. 
after 96 

hrs 

4 9033.912 ** 
2 e. 211 ns 
1 12583. 399 ** 
1 9. 035 NS 
8 15. 3'.51 ** 
4 2343.193 ** 
4 9. 097 NS 
2 11.304 NS 
2 14.244 * 
1 7.730 NS 
8 8 . 609 * 
8 2.257 NS 
4 6. 096 NS 
2 2 . 542 NS 
8 O. TI9 NS 

240 3.913 

KEY 

nf-:e1· 48 
hrs 

3780.81 7 
2. 6?."1 

6298.701 
2.975 
6. 208 

1519. 373 
7. 231 

17. 817 
4.883 
0.565 
'/. 940 
2. 528 

12 .1 28 
1. 888 
0 . ) 78 
1.994 

" " J.'.i. . u . 

afte:i:- 120 
hr8 

10733.300 
15. 100 

13540 . 867 
9. 27, 

21 • 781 
2198 . 523 

16. 450 
11 • 288 
22 . 610 
7.379 

11. 029 
. 2.940 

4.087 
1.803 
0.652 
4. 797 

HS 
** 

-X··X-

** 
-~* 
HS 
HS 
*-X· 

rm 
ITS 

NS 

41-* 

* 
·lH-

N3 
·*-l(• 

** 
** 
:·JS 
·lH!· 

ns 
* 
NS 
NS 
NS 
1:;s 

,ift81' 72 
hrs 

7105 . 331 
7,033 

10927. 429 
0.5fl5 

12 , 9S 7 
2375,118 

6 . 2~8 
1~. 0S4 
n. 250 

1. :588 
7. 441 
:, .629 
8 . 655 
2 . 675 
o. ~90 
2. 971 

NS 

HS 
,'1-* 
,Y,--l(-

ns 
*"'' -~ 
NS 
* 
NS 
ns 
* 
NS 

II . S . 
after 144 

hrs 

1 2313 . 332 ** 
10.184 1J2 

13278 . 016 H · 

10. 930 1m 
23 . 220 ** 

1 S01 . 304 *"" 
23 . 388 ·H 

12.750 NS 
20 .959 * 

6. 490 ns 
18.269 ** 

2 . 313 i'JS 
3. 381 HS 
3 .1 12 NS 
1 • 797 l~S 
5. 925 

Tre<1 tmen ts: H = Rel~d ive humidity treatoent 
C = Clone 
S -- 'Ireatr.ient of s c. ling ends wi th wax 
B = Presence of a bud 

Within= Within subgroups 

Variab l es: In the first set of analyses, the mean squs.res are of the wnto r 
content at the corr.mencemen t of the experiment (F. W. ) and the re
after at the times specified. 

~ Y4 t1~c· ~CC'"' .2 C·:? "t o.:' ~:..::-.. 12 ... ::>J ~ , t°h C' ~-.. :-;.1~ ~" 1~rc~ .'.lr·c of t~c 
chr'.ncc ii ,:n t cr content fror.1 t:1r, wo.tcr con'.,cnt at t:10 ~:c~:..cr:cc:::ont 
of -L-1~0 rx -r: ri!~c:0 t until t 11c six ti::1e:c s rccified . The r.:casrn·c1.:c1tG 
were cumulative . 



.AF''E[DJX 9 Sta t.i s.f.2.1 An alysis of t;, t:' l<,ffect of Light on Growth 

Source of 
Variation 

T 
JJ 

C 
p 

LxC 
LxP 
CxP 

LxCxP 
Within 

L 
C 
p 

LxC 
LxP 
CxP 

LxCxP 
Within 

L 
C 
p 

LxC 
1xP 
CY.P 

LxCxP 
Within 

df 

2 
2 
1 
4 
2 
2 
4 

342 

ff. . s. 
1 S . G. 

1 o. 357 
16. 703 
0.049 
2. 555 
0.494 
0 , 017 
1. 015 
0.166 

H. S. · 
2 S .G, 

2 30033 . 900 
2 149920.000 
1 33. 000 
1 26566 .475 
~ 325 , 250 
2 152 .OOO 
4 245.600 

342 324.580 

2 
2 
1 
4 
2 
2 
4 

342 

:M. s. 
B.R. 

10.169 
125. 603 

4.225 
28 .044 
9.158 
6.058 
8.742 
2.210 

M. S. 
1 R. I. 

H · 100. 808 
** 2046 .700 
NS 2.336 
** 343 , 5? 1 
NS 24 . 620 
ns 12.1 44 
** 22.990 

16. 357 

M.S . 
·2 R.I. 

** 385 . 386 
*-le· 3941 .002 
NS 56,010 
** 445. 745 
NS 45 .120 
NS 9.120 
NS 19.802 

* 
** 
NS 
** 
* 
NS 
* 

29.467 

M.S. 
Sd.R. 

187 .809 
8186.860 

27 . 225 
57. 618 

107,277 
95.207 
35. 732 
41 • 7'39 

M. S. 
1 S . R. 

** 56. 575 
** 16.108 
ns o.625 
·H 57.183 
NS 0.808 
NS 2 . 725 
NS 1.008 

1. 319 

M,S. 
2 S.R. 

** 33. 619 
** 8.603 
NS 4. 444 
** 1 . 024 
NS 0.019 
NS 0.1 86 
NS 1.1 99 

1.203 

M.S. 
T.R. 

* 269.21 9 
** 8189. 888 
NS 9 . 999 
NS 121. 632 
NS 58. 561 
NS 130.977 
NS 19.593 

43.756 

** 
** 
NS 
** 
NS 
NS 
NS 

** 
** 
NS 
NS 
NS 
NS 
NS 

** 
** 
NS 
* 
NS 
NS 
NS 

!vi . S . 
1 LR. 

105. 633 
102. 533 

3.600 
11 0 . 667 

1. 600 
1,733 
2.533 
1. 942 

M.S. 
2 L.R. 

3850300 
997. 27:; 

4. 900 
28i . 750 
1 6. 634 
89,775 

3. 8J8 
7.130 

.j(--~· 

NS 
** 
NS 
NS 
NS 

** 
** 
NS 

** 
NS 

** 
NS 

Source of Variation : L = Ligh t treatment 
C = Clone 

Mea~ Squares: 

P = Pot colour 
Within= Within subgroups. 

1 S.G. 
1 R.I. 
1 S.R. 

1 L.R. 

= First shoot growth measurement 
= First co1mt of root initials 
= First count of short root~ 

(up to 1 cm long) 
= 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. = Bas&l roots 
Sd . R.= Side roots 
T.R. = Total roots 



R.eq;rcssi o1:1 An3. lysis of t he Second I1c'-'-sur 'Jr:1 ent of Sfloot GrJ·,.th on 1-1,e Total 

number of Roo ts . 

Light b S.E. r cignj ficance 

A 3.440 0.427 O. 59G *-l(· 

B 1. 248 0.154 o. 597 -l'.·* 

C 2.585 0.235 0.7,? -lH<· 

KEY 

Light Trea tment : A = Total darkness 
Continuous Light B = 

C = 

Regression Annlysis: b = 
SE = 
r 
-IHC· 

= 
= 

12 hours light followed by 12 hours dark. 

Regression ~oefficient 
Standard error of the r egression coefficient 
Correla +.ion 
Significant a t 1% 



Jl.I>T'Ei'JDIX 10 Stn. t istical /,.nnlydiG of t~e Effq<'J~ of Exo' : l!OUS Auxin on Growth 

An a ) y3i s of Vn.riF,nce - F ir..:: t Obsen 'l1..ion 

Source of 
M . 5 . lt . s . Variat.:. ..)n df (S.G.) ( rr . r .) 

C ~ 134. 73~1 '11:·)< 279. ~·3'.J -l<:·* 

A 5 9.272 NS 33. 902 -¥: * 

s 1 9. 339 NS 8. 022 NS 
CxA 10 6. 9u6 N~ 16.685 ** 
CxS 2 3.539 KS 2. 072 NS 
AxS 5 3. 432 NS 3. 000 NS 

CxAxS 10 4. 532 NS 4.766 NS 
Within 144 6. 858 4. 306 

Anal;z:sis of Covaria nce {Corrected for cutt:i. n..:- outside· d j arr:e ·~er) 
= f:i rs t obscrvn tion. 

N.S . N. S. 
(1 S.G. ) ( 1 R. I.) 

C 2 166 . 175 ** 243. 5':37 i(~ 

A 5 8 . :;64 NS 34. 189 i(·* 
C' .., 1 2. 123 NS 1 . 406 NS 

C£.A 10 5.9,1 7 NS 1 5. 1 57 * 11· 

CxS 2 0 . 888 NS 0. 304 NS 
AxS 5 2.094 NS 3. 416 NS 

CxAxS 10 3.1 95 N~ 3. 642 NS 
Within 143 6. 331 3. 722 

% Reduc t ion 7. 682% 13. 544% 



Annl vs is of Vari~ncc - Second Obse rvn. t:'..011 

N. S. M 1-S . M. S. l,I. ~. 
df (S.G.) (rr .r.) (s.n. ) ( L.R .) 

C 2 11 53::>. 621 ** 169.01 7 -*·* 48 . 067 *'* 204.)56 ~·* 
A ? 1079. 2;2 ** 211 .8~ 0 ·JHf 5.067 * 9.0~9 * 
s 1 2.450 NS 28 . 800 r s 6. 4 22 HS 2.2?2 ns 

CxA 10 301 . 229 NS 41 • ~'.77 *-!<· 3.733 NS 6.849 * 
CxS 2 48.269 NS 2. 450 pc.' ,..:i 2.156 NS 0. 622 NS 
AxS 5 165.141 NS 3. 107 NS G. 942 HS 1. 422 NS 

C:Y.:.AxS 10 55. 381 NS 7. 967 NS 1. 756 NS 3.862 NS 
Within 144 165. 508 9.1 67 2.083 2.969 

Anal;ys is of Covariance { Correc tGd for ~l!J..tj r~g oubi c:c d "Lrune te1:) -
Second Observation 

C 2 12268.939 ** 199. 843 ** 45.497 -l(•* 281. 599 ** 
A 5 1080 . 956 ** 21 5. 189 ** 5.020 * 8 .572 ~ 

s 1 6Q.485 NS 14.555 i{S 7. 914 n.'.3 4. ?45 :r,r~ ,.) 

CxA 10 243. 779 NS 42 . 872 ** 3. 850 NS 6.703 * 
Cx~ 2 110.745 NS 2. 490 KS 2 . <-9 5 HS 1. 682 NS 
.AxS 5 129.279 NS 3. 634 NS 1 . 02 7 !{S 0 . 997 i·l'S 

CxAxS 10 46.149 NS 4.854 r"' ,...> 1. 748 NS ~-452 NS 
Within 143 155.675 8.715 2 .074 2.87(' 

% Reduction 5. 941 % 4. 929% 0 . 455% 3 . 3397b 



Anatysi::J, 9.f....;£p. ri ,l!.1.£9_=-Third Observn ti on 

Source of c.f Variation 

C 2 
A 5 
s 1 

CxA 10 
CxS 2 
Ax;-:; 5 

Cx,\xS 10 
Within 144 

A!;J,alvsis 0'; 

C 2 
Ji. 5 
s 1 

Cx.A 10 
CxS 2 
Ax.S 5 

CxAxS 10 
Within 144 

% Reduction 

Variables : 

HS !1!. S. 
(S.G.) (R.I.) 

38042 .820 i(·* 1'1-76.805 *-!(· 

3783.3/rO ** 218. 996 ** 
306.?90 us 156.800 *l<· 

1974 . 085 ** 46.332 *-l<· 

300.070 NS 5.517 NS 
367.848 NS 27. 627 us 
396.253 NS 29.003 NS 
408.253 14.375 

Covariance ~ corr ected for cutting· 
- Third Observa tion 

H.S. J.i . s. 
(S.G. ) (R.J.) 

37248.1 50 *·lt- 1502. 990 
3623. 645 ** 219.238 
14:; .340 NS 11 6 .089 

2037. 354 ** 47.857 
264.411 NS ·1 1.863 
417. 2?0 NS 29.;48 
439.399 NS 19. 205 
404. 459 13.894 

o. 929;;& 3.343% 

C is Clone 
A is Auxin concentration 
S i8 SealiP.g treatment. 

·, -· 

** 
** 
** 
NS 
NS 
NS 

M. S. N.S. 
(S.R.) (L.R. ) 

0. 206 ns 435. 356 
2. 739 ** 4. 222 
0.139 HS 6. 4?2 
2.072 ** 9.77G 
3. 906 * i<· 1. 689 
0 . 472 NS 3. 449 
1 • 319 NS 6. 216· 
o. 717 4.744 

outside diameter ) 

M. S. J\1. s. 
(S . R . ) (L.R.) 

0.007 HS 416 . 895 
2. 824 ** 4. 796 
0 . 491 NS 12. 339 
2.150 ** 1 o. 1 59 
2. 979 ** 3. 941 
0.482 NS 2. 759 
1.023 NS 7.577 
0 . 695 4. 532 

2.997% 4. 481;/4 

Growth ~1ea':lurcmen ts : 
S.G . is Shoot growth 
R.I. is the no. of root initials 
S.R. i s the no. of short roots (less than 1 c~) 
L.R. is the no. of long r oots (grea ter t han 1 cm) 

* is significant at 5% 
** is significant at 1% 
NS is not significant 

~H, 

NS 
ns 
* 
KS 
NS 
NS 

*¥.· 

NS 
NS 

* 
HS 
NS 
NS 



Rogres::i.::. o.'1 Anal:ysi8 of G,:_r:'J'.<th i,~ensurerr:ents on Oubj cc Diameter of Cu ttin~s. 

The individua l clone r egTE.:ssions are quoted if tltere ar e significW1t 
differ :=:!ncos between clones; otherwise the averuee reeression ov~r al l 
clones is .given. There c:re 58 d. f . o.ssocit~ted with indiv5.dua J. cbne 
r egress:ions , and '1 ?6 d . f . ui t:i t h •-. avera0 c regression over all c~orws . 
The abbreviati ons u~ed arc as for the analyses of vnrience . 

Obse.cv2.tio11 Growth Neasur err,e!1t Clone b SF.: r Significance 

Firs t S. G. A - 0. 345 0 . 065 - 0. 570 ** 
B 

Seccmd 

Third 

NOTE : 

R. I. 

S.G. 
R.I. 
S.R. 

L.R. 

s. G. 
R.I . 
S.R. 
L.R. 

C - 0.911 0 . 279 -0.394 ** 

A 
B 
C 

0. 901 0.178 0. 553 

0.242 0.1 88 0.1 66 

.i'.ver age-1. '_j'.;, 7 
Average 0.382 
Avcraee 0.040 

o. 572 
0 . 171 
0.064 

-0.254 
0.1 65 
0. 048 

A 
B 
C 

Average 
Average 
Average 

A 
B 
C 

0. 502 0 .1 97 0. 318 

-0.1 ~8 0.050 -0. 344 

9. 038 10 . 378 
5.540 2 . 053 
1.090 0. 401 
4. 658 2. 218 

- 0. 1 4 4 0 • 889 
- 0.734 1.1 22 

0. 066 
0.199 
0 . 201 
0.266 

- 0 . 021 
-0.086 

* 

** 
* 
NS 

* 

** 
NS 
** 
** 
* 
NS 
~TS 

Regr ession analyses were also !-'erforraed of gr owth measure!l,ents on 
out side diamete:..~ of cuttings Oil foe ba~is of within-solution t r eatments , 
bu t averaging all clones. (The r e was insuffici ent r eplicatio~1 to analyse 
within clones .) 

Only one gr o,·,th measurer::ient - that of the first measurement of 1·oot 
i ni tiais - sho'l'~cd signifi canc e , in one treatnent only. Thi s a!!alysis is 
presented: 

Solution Concentration b SE r Signif icance 
{m6:LI· t 
0 0.300 0.214 0.255 NS 
0.01 0.0'38 0.221 0.032 :irn 
0.10 o. 536 0.263 0.360 NS 
1.0 0.632 0.327 0.343 NS 

10.0 0.383 0. 219 0.314 NS 
100 .. 0 1. 490 o. 311 0.670 ** 



APPEKDIX 11 : St:-~ti st:i.c:11 Ann] vds of '.l:;:!_~r S t a bs dnrine t he expe riment 
on the e f fccts of wa ter stress on g r owth 

Analys i s of Va rin:1.cc o-f Wh.t er St·! tus 

Ob::;erva t ion Treatment df r,! . s. 
Water Potent-

ial 

At 4 days C ~~ ,. 15. 11 7 
s 9 12. 181 

CxS 18 o. 678 
Wi t hin 120 0. ,167 

At Gr owth C 2 41 . 040 
Initia t ion s 9 184. 562 

CxS 18 22 . 434 
Hi t hin 120 1. 783 

Final C 2 224 ~247 
s 9 331.11 9 

c·.c~ 18 11 • 444 
Wi thi n 120 3. 058 

Ana l ysis of Cova r iance of \'later S t a tus. 

No te : 

I'i . S . N. S. 
1fa t er Co:i t en t Wate r Conten t 

( top ) ( bo ·t t ()I!\ 2 
~H (· 66. 755 -l(·* 18. j60 
** 16.8S8 ·IH(- 62 . 685 
ITS 5.077 ** 7. 535 

3.480 ;i . 553 

** 20. 255 ** 41. OOO 
* 3/c 52. 692 ** H>1- . 'i1 4 
** 7. 468 *·* 9 . G'(O 

5.497 5.755 

** 24 .985 ** 189. 165 
*-l(· 66 .931 ** 143. ,1 56 
** 9.412 ** 25 .974 

6.384 7. 124 . 

Cova riance analys is was performed t h r ee t imes f or each variable a t 3act. 

obser vation, usi ng a s concomitant i nforr.iati on the cut t i ng ou t side 

dia.~eter, pi th diame ter , and t he r atio of pi t h di ane t er t o ou t side 

tliarr:e t e r . The ana l ysi s eiving t he grea tes t r eduction i n t he e rror 

:nea:i1 sriuare is pr esent ed he re ; if r.one of the covarian ce analyses wer e 

more sign i fica nt than the corres pondi ng a"alyses of vari a nce , t hen no 

CO"ar i ance analysis i s presen ';ed. 

** 
·X-* 
.;: .. , 

* -)(· 

** 
·X··Y. 

-l(--1(· 

·lH · 

*..:-



/,n~llY,sis of Cov2ri.a'.'"lcc of ~·;ater St ·,tus 

Observation ~.'rcn.t!'0nt d:f l,f c:: .. . . , .... J'. . s . 
We.ter I'otent- Wnter Conbnt 

iul ( top) 

!.-: 4 dc.ys C 2 ; c. 4 39 *-l<· 56 . 698 
s 0 10.806 ** 19,278 ., 

CxS 18 0 . 650 NS 3,159 
1·,'j_ t hin 11 9 0 , 467 2. 554 

Infer.ma "';:;.on U3cd O. D. Ratio I/O 
Rcdu<;tion o. 100,'& 26. 593% 

J...t Gl'OWth C 2 36.894 ** 23. 718 
Initiati on s 9 165 . 312 ** 52 .1 06 

CxS 18 22 .983 ** ,.219 
Within 119 1. 596 5.320 

Inf'o:cr:iatio!l Used R:itio 1/s Re.tio 1/E 
Reducti on 10. 526% 3. 215/> 

Final C 2 203 . 702 ** 28,560 
s 9 329,89?. ** 67. 358 

CxS 18 11. 860 ** 9. 442 
Wit hin 11 9 2.982 6, 370 

Inforna tion Us~d Ratio I/C Ratio I/O 
Reduction 2. 4561 0.225% 

Trcnment: C = Clone 
S = Osmotic potential of growth solution 

Within = Witt.in subgroupc 

I nfor~a tio~ used: 
O. D. =Outsicle diameter of cut t ing 
I.~~=Pitn diameter 

i.·-!'-

** 
* 

** 
** 
** 

... * 
** 
** 

].; • s . 
Water Con"'~ent 

(bottom) 

1 5. 67:: 
66 . 956 
4. 552 
2 . 573 

Ratio I/O 
27. 880}b 

Nil 

195.664 
145. 472 
27. 041 

7.01 9 

Ratio I/O 
1 . 474i~ 

Ratio I/O= Ratio of pith diamet er to o~tside diameter. 

·X·* 

* ·X· 

* 

** 
*-Y.· 

*·X 



3 t ·1tinji r.::J. ;,nP.J.~1s~ ~ c:' S!100 t 1: ~·. ,,;th dur:i.r10 th12 exr~~, .i.1 .. cnt 
1.m t l:c e ffcc t s of 11a t0:..' n,~~c es on r:rc1-rth 

~curce of 
Va:ri a -t :!..on 

C 
s 

CxS 
'r'iithin 

s 
CxW 

';,i thin 

C 
w 

Cx~1l 
Wi t hir 

d . f . 

2 
9 

18 
420 

1'~. s. 
Obs . 3 

!L .S . 
Ob.c . 1 

1 2 . 562 
2 .800 
1 . 654 
0. 294 

2 407. 230 
9 370 . 714, . 

18 92 . 652 ** 
270 13. 029 

2 
0 

18 
270 

7309 .530 
17459 . 740 

1583 . 631 
132. 497 

Am1lysis of Cova r i nnce 

Sour88 of 
Var l <1 tion 

C 

d . f . 

2 
9 

·j 8 
s 

CxS 
Within 419 

I nformat i on used. 
Reduction 

C 2 
s 9 

CxS 18 
Wi th:in 269 
Information used 
Reduction 

H.S. 
Obs . 1 

1 i • 861 
2. 816 
1. 64:7 
0. 294 

Ra tio I / O 
o . 010~ 

M. S . 
Obs . 3 

360. 608 
. 374 . 243 

90. 636 
12. 667 

Ra t i o I / O 
2.773;'., 

N.S. 
Obs . 5 

C 2 31 35 . 09 1 
s 

(;xS 
Wi thin 

9 7732.061 
18 926. 015 

209 91. 620 

- t (..., 
l·.&. . L.,J . 

Obz . 2 

150. 729 
74. 356 
29. 709 
7. 4GC 

M. S. 
Obs . 4 

948. 6~JI!. 
1941. 320 

225. 049 
33 °383 

** 
** 
** 

** 
** 
** 

I·! . S. 
Obs 6 

** 
** 
** 

g.s . 
Obs 7 

8527. 510 
26785. 7~6 

1767. 686 
169 . 423 

}! • s . 
Obs . 2 

127. 823 
75. 690 
29. 525 
7.358 

Ratio I/O 
1.445~ 

M.S. 
Obs . 4 

587. 472 
19 21.8 52 

219 .1 80 
33. 074 
I.D. 
0.926% 

13553. S87 ** 
1 728[. r..t, 6 ;u 

15P-f,.970 * ~ 
131. 933 

If.. S . 
Obs . 5 

li 115. 845 
7801 . 896 
939 . 159 
91. 664 

M. S. 
Obs . 7 

** 

f; '?. 7 . 51 0 
21;735. 7~ f 
17r:,7 • SP,,. 

1(~1 . 423 

Informati on un0d I . D. I . D. Ra tio I / O 
o. ~ 02% Reduction 0. 047fa 0. 4251 

** 

~ : Th..ese analyses .follow the f ormat. set in..A~pendi x 11, 
a bbrevia t i ons i n tha t appendix a l so· appl~vS h er P. . and th~ key of 



LPPF:r{uIX 12: Stdistica1 A,1alys:i.s . o: Rxt Gro·.~t.t. durin,::- t:, <" expcrinent 
on t he eff8C ~s of via ·cc:.· strc ... ,2 on crowth 

1\11n 1 ·y·s id of Va2:i8.Y1C0 

Observo. t:i.on ~ourcc of df M. S. H.S . J.1 . s. 
Vnriat ion R.I. S.R. L. R 

C 2 8. 649 ** 
s 9 17. 270 ** 

CxS 18 3 . 491 *-l<· 

Within 420 1 • 5~1 

2 C 2 378 . 516 -*·* 1. 002 NS 0 . 000 
s 9 125 . 253 * ·'E- c. 002 NS 0.000 

CxS 1R 47 . 753 ** 0.002 NS 0 . 000 
Within 420 4. 508 O.C02 0.000 

3 C 2 805 . 293 ** o. s 1c ** 0 . 213 ·X·-Y.· 

s 9 188 . 298 ** 1.1 0'1- ** 0.102 ?:·* 

CxS 18 61.627 ** o. 3S1 ** o . 102 + ·>1-

lli t hin 270 5-9~8 0. 138 0 . 039 

4 C 2 455 . 610 ·X-* 3. 4:50 ** 0 . 963 ** 
~ 9 259. 794 ** 3. 366 ** 2.593 *-K· 

CxS 18 51 .029 ** 0.893 * C. 626 ;"'.·-~ 

;·li t hin 270 9 . 599 0. 511 0.237 

5 C 2 1042 . 870 ** 4. 503 ** 19. 363 ** 
s 9 353.302 ** 5. 947 ** 13.137 *-!:· 

C;.:S 18 84 . 970 ** 1 . 248 +* 3. 586 ·** 
1'lithin 270 12.907 0,567 0.931 

6 C 2 1 OOO . 604 ** 6.043 *->l- 16. D43 ** 
s 9 351 .orn ** 10. 393 ** 3~. 628 ~ i( 

CxS 18 85.063 ** 1 0469 l'TS 3.025 ** 
Within 270 12.351 1.024 i. 764 

7 .C 2 1201. 630 ·)H 2.8go ** 18 .7GO ** 
s 9 343.677 ** 8.1 69 ** 50 . 401 ** 

CxS 18 89 .393 ** 0.946 NS 4. 286 ** 
Within 270 11 • 800 0.660 2.065 

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

7 C 2 282.910 ** 15.960 ** 
s 9 1002. bJO *.:· 2.991 ** 

CxS 18 75. 680 ** 2.438 ** 
Within 270 3c.539 0.507 

M.S. M.S. 
Sd. R T.R. 

7 C 2 1347. 640 ** 1445.080 ~ -~ 

.... 9 ~50 ,0'>3 ' 
.,,.* 505 . '.? '17 T* 

ex;:; 18 107. 277 ** 105 . 769 *·Y. 

';Ji thin 270 14 . 970 14 . 917 

filll 
As .:or Appendix 11 , with the following additions : 

H. S. R. Lgth = Mean square of total root le!'lgth for each cutting 
M.S. Bs.R = Mean square of· bcsal :roots 

tl:~: Sd R = Mean square of side r oo ts 
r;, R = Mean square of total r oots -. . 



J,-:-:a ly s :i s of CoYar-in.nce 

Ob:::ervntion Sou.rc..e of d.f }\:. s. H.~. T·i . S . 
Vuria.ho;.1 R.I. S.R. L.R. 

·1 C 2 7.043 *'" 

s 9 ·j '7. 205 ·X-~-

CxS 18 3.025 * 
Vi thin 419 1 . /i94 

:i:nfonnR tion used Ratio 1/0 
Re.iucti on 1. 755% 

2 C 2 338.582 **· 
s 9 123. 653 ** 

CxS 18 45 .301 ** 
Within 419 ~-. 385 

l nfor ro4t i or. used Ratio· .I/O Nil l'iil 
Reduction 2.71 4» 

3 C 2 682 . 69 1 " · ·'!-

s 9 109 . 629 *~ 
CxS 18 57. 763 ~1,. ·~ 

Within 269 5. 644 
Inforr.:a t:i.on used Ra tic 1/0 Nil Ni l 
Reductic:,n 5,891~~ 

4 C 2 382 . 670 **" 3. 314 ** 
s 9 21:,5 .772 -IC· * ) .44'1 -IH'· 

CxS · 18 47.824 ** o. 811 NS 
W:i.. thin 269 9. 167 0.500 

Informa tion used Ratio I/O Ratio 1/0 Nil 
Reduc tion 4. 503;o 2.11 3% 

5 C 2 968. 900 ** 3. 738 ** 21 . 424 
s 9 352.912 ** 5. 960 ** 13.543 

CxS 18 rn . 246 ** 1. 226 ** 3. 470 
Within 269 12.117 0. 566 0. 916 

I nfonnation used Ra i.ic r/o Ratio 1/C I. D. 
Reduction 6.11 e;t 0. 284% 1. 62E:;t 

6 C 2 957.011 ** 4. 729 ** 
s 9 349.915 ** 10. 238 *·'• 

CxS 18 81.044 ** 1. 471 NS 
'."otal 269 11 • 519 1. 015 

Information used Ratio I/O Ratio r/o Nil 
Rednc t ion 6,737/o 0.931% 

7 C 2 1198.899 ** 1. 813 ** s 9 341 . 809 ** 8.1 66 -IC· * 

CxS 18 86.143 ** 0. 933 NS 
Total 269 11. 30:, 0.644 

I nformation used Ratio I/O Ratio I/O Nil 
Reduction 4.21 J% 2.349% 



r.1. s. H. S. 
!:t. I.gth B';; .. R. 

7 C 2 326.134 ** : 4. 539 ·** 
s 9 1004. 508 *·X· 2. 974 ** 

CxS 13 78. 781 -lH(· 2 .40r/ ** 
Within 269 35. 687 0.503 

I nformation used Ratio I / O natio I/O 
Re 0luction 2 . 3317i 0.885;~ 

N .S. !,T . S. 
Sd. H. 'l' . R. 

7 C 2 1228.675 ** 1351. 969 ** 
s 9 450.728 ** 506.137 ,Hi 

CxS 18 100 . 589 ** 99.959 ** 
Within 269 13.716 13. 840 

Informa tion used Ratio r/o R::i.tio I/O 
Redu.ction 7. ~23;,~ 8. 37!1}& 




