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ABSTRACT 

Ne t pho tosynthe t i c r a t es of kiwi fru i t ( Ac t i n i d i a  

del i c i os a  ( A .  Chev . ) C . F .  Li ang e t  A . R .  Ferguson ) leaves 

were lowered by as much as 50  % of  l igh t satura t e d  r a t e s  

when t he vines were shaded t o  hal f  the  l igh t satura t i ng leve l 

( 280 uE m- 2 S- 1 ) .  The pho tosyn t he t i c  res ponse also  showed a 

b road t empera ture op t i mum around 20 C .  Vines wh i ch were 

grown in  10 o r  30 C cond i t i ons acclima t i s ed rap i d ly when they 

were t ransferred to a 20 C grow t h  tempera ture , and adj us t e d  

t he i r  pho t osyn t he t i c  r a t e s  w i t h i n  24 days . 

F ru i t  grow th in  the kiwi frui t was dependen t on curren t 

pho t osyn thates . Only negligible  amou n t s  o f  1 4 C-label ,  wh i ch 

accumula t ed i n  the s t ems and roo t s  o f  the vines f ro m  the 

previ ous season , were remob i l i z ed to  suppo r t  fru i t  grow t h . 

Kiwi frui t leaves expo r t ed 1 4 C-as s im i l a t e  when t hey were 

6 0  % o f  full expans ion , o r  40 d ays from emergence . The 

p r i nc i pa l  source leaves wh i ch suppl i ed the f rui t s  were the 

leaves wh i ch sub t ended the f ru i t s . On an in tac t s ho o t  

sys t em , each sub t ending leaf suppl ied a s  much as 6 2  % o f  

t he i r  t o t al 1 4 C-as s i m i la t e  exclus ively t o  i t s own f r u i t .  The 

f ru i t also received s maller amoun t s  of 1 4 C-ass i m i la t e  f rom 

s ome d i s t al leaves via vascular c onne c t i ons wh i ch l i nked a t  

v i i 



leas t ,  the  n ,  n+5 , and n+8 nodes . However , t h i s  pa t tern o f  

1 4 C t rans locat ion was a l t ered when the frui t i ng shoo t was 

p runed . Each fru i t  t hen rece ived supplies o f  1 4 C-as s i m i la t e  

f r o m  every d i s tal leaf , plus an increased amoun t ( 7 8 % o f  

t o t a l  leaf 1 4 C )  from i t s  sub t ending leaf . 

The m i n i mum leaf- f ru i t rat io  t o  suppor t normal f ru i t 

grow t h  l i e s  between 0 . 83:1 ( 8 6  cm2 ) and 1 . 7:1  ( 1 7 3  cm2 ) .  A 

s ho r t fall i n  the supply o f  a s s i m i l a t e  wi thin a f ru i t i ng sho o t  

b elow t h i s  ra t i o  was read i ly me t b y  surplus 14 C-as s im i la t e  

f rom s ource leaves o n  adj acen t fru i t ing or non-f ru i t i ng 

s hoo t s , up to  8 nodes d i s tance away . I t  Vas probably because 

of t h i s flex i b i l i ty in  the t rans loca t i on of  as s i m i l a t e  tha t 

kiwi f r u i t leaves d i d  no t show any pho t osyn the t i c  res ponse t o  

i n creased f rui t demand for  carbohyd r a t e . Bo th f ru i t i ng and 

non- f r u i t ing shoo t s  had s i m i la r  max i mum pho tosyn the t i c rates  

o f  abo u t  657 ugC02 m- 2 S- 1 . 

The fru i t  grow th o f  a kiwi frui t ,  as d e termi ned by fru i t 

volume or fresh we igh t , followed a double sigmo i d  pa t t e rn .  

Increases i n  f rui t dry we i gh t  however were linear t h roughou t 

the  growth p e r i od . Final fru i t s i zes  were par t ly d e t ermined 

by pre-anthes i s  fac tors , a l t hough vine managemen t  prac t i ces 

and p o l l ina t i on also had a s ign i f i ca n t  influence o n  f ru i t  

grow t h . 

Fru i t s wh i ch developed from early flowers were as  much 

as 3 1g larger than t hose from late  flowers . The early 

v i i i  



f lowers h ad b i gger ova r i es and were found on s t rong , v i go rous 

shoo t s , wh i ch were mos t ly l ong shoo t s .  I t  was also  found 

tha t fru i t s  produced on long shoo t s  con tained more v i ab l e  

seeds s o  t ha t t hey carri ed larger frui t s  than t h o s e  o n  s h o r t  

sho o t s , even t hough bo t h  developed from flowers w i t h  t he same 

day of an thes is . 

The early s t age o f  f ru i t  grow t h  on a fru i t ing sho o t  was 

inhi b i ted by large leaf numbers grea ter than 8 d i s tal  leaves , 

bu t this  e f f e c t  was d i m i n i shed on v ines older t han 5 years . 

However , there was no e f fe c t  of  frui t number on f ru i t  s i z e  

wi t h i n  a frui t ing shoo t .  Frui t s  wi t h  s i mi lar numbers o f  

seeds developed in  synchrony wi th each o ther , whe reas fru i t s  

w i t h  lowe r seed numbers were inh i b i t ed by those w i t h  h i gh e r  

s e e d  numbers a t  adj acen t pos i t i ons . 

Poll i na t i on had an i mpor tan t e f fe c t  on fru i t s i ze as 

f ru i t s  wi t h  h i gh seed numbers were able to overcome t he leaf 

i nh i b i tory e f fe c t s  on fru i t  grow t h . I t  was also found tha t 

a t  equal seed numbers , fru i t  s i zes on some vines were 

cons i s ten t ly smal ler t han o t her vines wi thin  t he s ame orchard 

b lo ck . Thus there was an overall e f fe c t  o f  vine v i gou r , 

pos s i b ly rela t ed to  the  roo ts t ock , wh i ch l i mi t ed t he grow t h  

o f  t h e  frui t s  o n  a kiw i f ru i t v i ne . 
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GENERAL INTRODUCTION 

In i t s na tural habi t a t , the kiwi fru i t  (Ac t i n i d i a  

del i c i os a  ( A .  Chev . ) C . F .  Li ang e t  A . R .  Ferguson ) v i n e  

has a v i go rous , cli mbing grow t h  hab i t  of  a li ane ( Fe rguson , 

1984 ) . A cu rren t p roblem i n  the commercial  kiwi f ru i t  o r chard 

is  the  need to  manage the s cramb l ing vege t a t ive grow t h , and 

to d i re c t  t he flow of ass i m i l a t e  i n t o economic y i eld . To 

achi eve t h i s , i t  i s  impo r t an t  to  unders t and the bas i c  

phy s i ology o f  the vine , so tha t appropr i a t e  prun i ng and 

t ra i n i ng sys tems can be designed . 

Crop y i eld depends on an adequa te p roduc t i on o f  

pho t oass i m i la t e  from the ' s ource ' par ts o f  a plan t , and an 

adequa t e  capaci ty of the ' s i nks ' to accep t the produc t s  o f  

pho t osyn thesis ( Ze l i tch , 1 982 ) . The fac t o rs rela t i ng t o  t h e  

es t a b l i shment o f  a leaf canopy i n  a plan t are impo r t an t  in  

d e t ermi n i ng i t s pho tosyn the t i c  capaci ty .  For  the kiwi f ru i t 

v i ne , t hese  include the e f fec ts  of  tempera ture and l igh t o n  

early s p r ing growth  (�. Mo rgan , Warr i ng t on , and H a l l i gan, 

1 98 5 ; Sne lgar , 1 986 ) . The o p t i m i s a t ion of light 

d i s t r i bu t i on wi t h i n  the es t a b l i shed vine  canopy for maxi mum 

pho t osyn thesis i s  also an impo r t an t cons idera t i on . 

The s i nk capac i ty o f  a kiwi frui t vine depends on i t s 
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t o tal crop load , as well as the s i nk s t rength o f  the 

i n d i v idual f rui t .  Overc ropp i ng is unde s i rable , as t h i s  

encourages b i enni a l  bearing ( Dav i s on and Su t t on , 1984 ) , w i th  

all i t s d i sadvan t ages , i nclud i ng t he p roduc t i on of  und e r s i zed 

frui t s .  F ru i t s i z i ng is  i mpo r t an t i n  t he comme rcial  

p roduc t i on o f  kiwi f ru i t in  New Zealand because f ru i t s  below 

70g f resh  we i gh t do not  mee t  expo r t  s t andards . 

Accord i ng t o  Warren-Wi lson ( 1 9 7 2 ) ,  s i nk s t reng t h  equals 

s i nk s i z e  x s i nk a c t ivi ty . I n  t h i s  concep t ,  ' s i nk ac t i v i t y '  

i s  s i mp ly the rel a t ive grow t h  ra t e ,  whe reas Wareing and 

Pa t r i ck ( 1 9 7 5 )  have poin ted ou t that  the concep t o f  

' mobi l i z ing abi l i t y '  or ' compe t i t i ve abi l i ty ' , rather t han 

' s ink ac t iv i t y '  may be more useful . The mob i l i z ing ac t i v i ty 

o f  a f ru i t correla tes closely wi t h  t he number o f  seeds i t  

con tains . Thus , poll ina t i on i s  an i mpor t an t  ac t i vi t y  i n  t h e  

kiwi f ru i t orchard because the ab i l i ty o f  a kiwi f ru i t t o  

mob i l i z e  ass i m i la t e  f o r  frui t growth depends largely on the 

f ru i t seed number  ( Hopp ing , 1 9 7 6 ) . However , large var i a t i on s  

in  the  rela t i onsh i p  be tween f rui t s i ze and seed numbers 

i nd i ca t e  that  o ther fac t o rs may be  i mpo r t an t  in  a f fe c t i ng the 

s i nk s t reng t h  ( Pyke and Alspach , 198 6 ) . These may i nclude 

t he e f f e c t s  o f  the  envi ronmen t ,  such as shading (Gran t and 

Ryugo , 1984a ) . D i f fe ren t vine  managemen t s t ra t egies i n  

t ra i n ing , p runing , and f rui t th inning , are also l i kely t o  

al t e r  the  in t e rac t i ons be tween the f rui t and the o th e r  par t s  
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o f  t h e  vine . 

The obj e c t ive of  t h i s  s t udy was t o  inves t i ga t e  s ome o f  

the  above aspec ts o f  source and s i nk capac i ty i n  t h e  

kiwi f ru i t  v i ne . The e f fe c t  o f  t h e  rela t i onsh i p  be tween t h e  

l eaves and frui t s  o n  the par t i t i oning o f  ass i mi la t e s  t owards 

f ru i t grow th was also i nves t igated . 
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CHAPTER O NE 

GENERAL MATERIALS AND METHODS 

1 . 1  Plan t Mat e r i als 

Plan t Variety 

The experimen tal vines used in  t h i s  s t udy were mainly o f  
cv1tll'"a,.. 

t h e  ' Hayward ' "slo-i9ty . ' Mon ty ' and ' Bruno ' we re the o ther 
c.,,/I'-vCl"5 

female varieties wh i ch were used , wh i le male vines i ncluded 
(Ul{,"va,.s 

t h e  ' Ma t u a '  and ' Tomuri ' varieties. 

Nomencla ture o f  Vine S t ru c t ur e  

In t h i s  s tudy , a nomenc lat u re o f  v ine s t ru c t u r e , s i m i la r  

t o  tha t descr i bed b y  Sale and Ly ford ( 1 987 ) was ado p t ed . 

Th i s  i s  shown i n  f igure 1 . 1 .  The kiwi fru i t  vine i s  grown as 

a m a i n  t runk from the ground . Permanen t leaders are  then 

b ranched off  at  the top o f  the  s t ruc t ure . The vine canopy i s  

fo rmed f rom a sys t em o f  canes wh i ch are developed f ro m  the 

l eaders . In the orchard , the canes are t rained in d i f fe ren t 

ways , t h e  mos t common of  wh i ch are the ' T- bar '  and ' pe rgola ' 
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indeterminate 
(long) lateral, 
shoot 

F i gure 1 . 1 .  Nomencla ture o f  kiwi fru i t v i n e  
s t ruc ture . 

cane 

determinate 
(short) lateral, 
shoot 

trunk 
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distal leaves 

fruiting lateral 
(shoot) 

non-fruiting, 
vegetative, 
leafy lateral 
(shoot) 



t re l l i s  sys tems ( Sale and Ly ford , 1987 ) .  

Vege t a t ive buds deve lop from t he canes dur ing s p r ing t o  

become t he current season ' s  wood called laterals . A f ru i t i ng 

shoo t i s  a la t e ral wh i ch carries  frui t s  whe reas a 

non- f ru i t i ng , or leafy shoo t re fers t o  late rals wh i ch 

rema i ned vege t a t i ve .  

U i t h i n  a f ru i t ing shoo t ,  t h e  leaves wh i ch sub t end f rui t s  

are deno t ed a s  ' sub t end ing leaves ' ,  whe reas leaves beyond t h e  

las t f ru i t  are ' d i s tal leaves ' .  

F ru i t ing and non- f ru i t ing l a t e rals can be e i t h e r  

I.e. 
i nd e t e rminate  ( �  non- t e rmina t i ng , long ) or d e t e rm i na t e  

-

f,e. 
(� s e l f- t e rmina t ing , s ho r t )  s hoo t s . 

1 . 2  P lan t Growth Envi ronme n t  and Cul tural Cond i t i on s  

F ield  T rials  

F i eld experimen t s  were  ma i n ly conduc t ed a t  a comme r c i a l  

k iw i f ru i t orchard ( Summe r land O r chard ) near Lev i n . T h e  vines  

wer e  t ra i ned on pergola t re l l i s e s  and plan ted a t  a 3 . 5m x 5m 

s pa c i ng . 

Experimen t s  were also car r i ed ou t a t  the Massey 

Un i vers i ty orchard , Palme r s t on Nor t h .  The vines in t h i s  
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orchard were g rown on T-bars and plan t ed 3 . 5m apar t wi t h  4 . 5m 

be tween r ows . 

I n  b o t h  the above orchards , sprays and i rr i ga t i o n  were 

app l i ed to the  vines acco rd i ng to commer c i al cu l t u ra l  

prac t i ces . 

Glasshouse Experimen ts 

The plan t s  wh i ch were used in  the glasshouse expe r i men t s  

we re e i ther  grown f rom cu t t i ngs o r  t hey were l i f t e d  f rom t he 

f i e ld j us t  before bud burs t .  These plan ts  we re bagged i n  

perforated  po lye thylene bags con taining a soilless m i x  o f  

50 : 50 ( v/ v )  pea t-sand and a s t andard nu t r i en t  m i x  ( se e  New 

Zealand Nursery Research Cen t re Annual Repor t ,  1984 ) . A 

t r i ckle i r r iga t i on sys t em suppl i ed each plan t wi t h  wa t e r  

twice  a day . 

The ven t i la t ed glass house was ma i n ta ined a t  m i n i mum day 

and n i gh t  t emperat ures o f  2 1  and 15 C respec t ively . In some 

exp e r i me n t s  t he pho tope r i od was ex t ended to 1 6  hours by 

a r t i f i c i a l  l i gh t i ng us ing i n candescen t lamps . 

Growth-room Experimen ts 

Exp e r i men t s  were also carr i ed ou t i n  

con t ro lled-envi ronme n t  rooms a t  t h e  DSIR cl ima t e  labora t o ry , 
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Palmers ton Nor t h  ( Anon . , 1981 ) .  The plan t s  whi ch we re moved 

i n t o  t hese rooms j us t  before bud break we re grown in 4 . 5  

l i t re p o t s  con t a i n i ng a med ium o f  50 : 30 ( v/v ) Opiki  loam : s and 

and i n co rpora ted fert i l i s e r  [ 0 . 4  kg MagAmp ( 7  % N ,  1 4  % P ,  

Mg ) , 0 . 3 kg dolom i t e , and 25g f r i t ted 

t race e lemen t s  per m3 ] .  Fu r t her nu t r i en t s  we re added as a 

half-s t reng th mod i f i ed Hoagland ' s  A solu t i on ( B rooking , 

197 6 ) . This was supplied v i a  the au toma t ed i rr i ga t i on 

sys t e m .  

The CO2 concen trat ion i n  t h e  rooms was moni t o red wi t h  an 

i n f rared gas analyser , and was 330 + 20 ppm, The 

pho t o syn t he t i c  pho t on flux dens i ty ( PP FD j 400- 700 nm 

waveband ) was measured wi t h  a LiCor LI-185 me ter  and LI - 1 90 S  

quan t um sensor , a t  1m from the ground , and averaged 650 uE 

- 2 -1 m s . 

1 . 3  Collect ion of  Leaf Dat a  

Leaf Area 

The l eaf  areas of harves t ed leaves were measured by a 

LiCor  LI-3100 me t e r . Leaf  areas wh i ch we re calcula t ed f rom 

t he p ro du c t  o f  the  leng th and wid t h  o f  a ma ture leaf  we re 
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h i ghly correl a t ed wi th the  measu red leaf areas by a fac t o r  o f  

0 . 805 ( r 2 =0 . 98 ) . Th i s  me t hod was used to  es t i ma t e  the  a reas 

of i n t ac t ,  ma ture leaves . 

The leaf areas of  i n t a c t  leaves we re also es t i ma t ed by 

cu t t i ng the t race of a leaf on paper and measu r i ng the a rea 

w i t h  a LiCor LI-3 100 me t e r . 

Leaf Dry Veigh t 

Harves ted leaf were d r i ed t o  a cons tan t  we i gh t i n  a 

vacuum oven s e t  a t  2 mm Hg press ure and 40 C ( Haslemore 

e t . al . , 1 980 ) . 

Pho tosynthes is 

A c losed sys tem incorpo ra t i ng a BINOS infra-red 

gas - analyser , descri bed by McPherson et  al . ( 1983 ) was used 

t o  measure net leaf pho t osyn thes i s .  The sys t em was mod i f i ed 

by i n t e r facing wi th an Epson HX- 20 compu ter . ( se e  pla t e  1 ) . 

S toma tal Res i s tance 

A LiCo r  LI-700 au t oporome t e r  was used to measure leaf  

s t oma t a l  res i s t ance . The four quad ran t s  of  each leaf  we r e  

measured t 9  g i ve a mean value for  the leaf . 
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Pla t e  1 . 1 Por t able i n f ra-red gas analyser for 
meas u r i ng kiwi f ru i t leaf pho t o syn t hes i s . 

Pla t e  1 . 2 Apparatus for t he appl i c a t ion of  14C02 
t o  k iwi f ru i t  v i nes . 
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Leaf Chlorophyll 

Lea f chlo rophy l l  on in tac t leaves was measured u s i ng a 

por table pho t ome t e r  wh i ch was cal i br a t ed for kiwi frui t 

( Hardacre e t . al.,  1984 ) . 

1 . 4  Collect ion o f  Frui t Data 

Frui t Si ze 

Frui t volume was measured by wa t e r  d i s placement  in a 

measuring cyl i nder . Cal i pers were used t o  measure frui t 

l eng th wh i le the c i rcumfe rence of the  m i d - sec t i on o f  the  

f ru i t was measured wi th  a pi ece of  s t r i ng and ruler . 

Frui t f resh weigh t s  were o b t a i ned i mmed i a t e ly a f t e r  

harves t s o  a s  t o  avoid shri nkages f rom res p i r a t o ry and 

t rans p i ra t ion l osses . Frui t s  we re s l i ced in 3-4 par t s  and 

d r i ed for 3-4 days in a vacuum oven a t  2 mm Hg and 40 C be fore 

the i r  d ry we i gh t s  were recorded . 
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Frui t Tis sue 

Fru i t s were cu t at  the mid- sec t i on and the number o f  

Wq.r 
locules � coun t ed . The t h i ckness o f  the cen t ra l  core , 

i nner and ou t e r  pe r i carp was measured wi th cal i pers . 

Soluble Soli d s  

Fru i t  s o luble s o l i d s  were d e t e rm i ned b y  us i ng a hand 

refrac t ome t e r . Each frui t was cut  a t  1 . 5  cm from the s t em 
el-rled 

and 81es8e� end so  that  the j ui ce from bo t h  ends o f  the  f ru i t 

was measured ( s ee New Zealand M i n i s t ry o f  Agri cul t u re and 

F i sheries AgLink HPP 2 1 3 ) . 

Seed Number s  and Seed Yeigh t s  

F rui t s  were s o f t ened e i ther by over- r i pen i ng t h e  frui t s  

o r  by soaking s l i ces o f  frui t t i s sue i n  a solu t i on con t a i n i ng 

a pectoly t i c  enzyme for 3-4 days . The seeds from each f ru i t 

were ex t rac t ed by s epara t i ng them f rom the pu lp w i t h  an 

elec t r i c  j u i ce ext r ac t o r  ( B raun mod e l  4 154 ) and by r epea ted 

washing in  a s i eve under a runn ing tap . 

Frui t s eed numbers were coun ted and d ry weigh t s  were 

o b t a i ned a f t er d ry i ng them i n  a vacuum oven se t at 2mm Hg and 

40 C .  
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1 . 5  14C Method 

Admin i s t rat i on of 14CO --------------------- 2 

Po t ted v i nes we re labelled wi th 1 4 C by a me t hod wh i ch 

was mod i fi ed from Hale and Weaver ( 1 9 6 2 ) . An as s i m i lat i on 

chamber was made by enclosing a s i ngle leaf  in a ' Mylar ' 

( polye thylene t ereph tala t es )  bag . The bag was i n i t i al ly 

i n f la t ed to  a 5 - l i t re volume and t i ed around a plas t i c ine 

seal a t  the leaf pe t iole w i t h  rubber bands . A closed-loop 

assembly of  plas t i c  tubes connec t ed the bag wi th  a d i aphragm 

pump and a 25  cm3 conical flask wh i ch con t ained an a l i quo t o f  

Na2
1 4 C0

3 
( s pec i f i c  a c t i v i ty 2 . 1 7 GBq per mmol ) . Excess 

70 % lac t i c  a c i d  was d r i pped i n t o the  flask from a syr inge 

and the gene ra t ed 14 C0 2 was c i rcula t ed t h rough the bag ( s ee 

plate 2 ) . 

The sys tem was a i r- t igh t and no leakag� of  1 4 C-ac t i v i t y  

was d e t ec t ed i n  t es ts  i n  whi ch bags were s ealed around 

pe t i oles wi t h  leaves exc i sed ( f i g .  1 . 2 ) . An exposure p e r i od 

o f  3 hours was chosen al t hough leaves as s i m i la t ed up t o  

9 2  % of  the  1 4 C0 2 wi t h i n  30 minu t e s  ( f i g .  1 . 2 ) . The ai r 

i n  the bags was pas sed th rough NaOH solu t i on be fore t hey were 

ven ted ou t s i de the glasshous e . 
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Plant Harves t 

Plan t s  were harves ted 6 days a f t e r  t hey were labelled . 

Th i s  was d e t e rm ined from an experimen t i n  wh i ch the 

1 4 C-ac t i v i ty o f  e t hanol i c  ext rac t s  f rom repeated samples of 

punched leaf d i s c s  were measured each day af ter the leaf was 

labelled . Figure 1 . 3  shows t ha t  the deple t i on in 

1 4 C-ac t iv i ty came t o  an equ i l i br i um a f t e r  6 days . A f t e r  t he 

s o luble carbohydra tes  were e x t racted , resi dual 1 4 C-ac t i v i ty 

was also de t ermi ned . Th i s  was found t o  be very low ( 9  d pm 

per  mg DW ) and cons i s t ent  from day ° t o  day 6 .  S i m i lar 

resu l t s  were repo r t ed by Hansen ( 1 9 6 7 b )  for  apple l eaves . 

Assay for 14C-Ac t ivi ty 

A ' we t '  d i ges t i on techni que , s i m i la r  t o  t h a t  des c r i bed 

by Shimshi ( 1 9 6 9 )  was employed for 1 4 C d e t e rmi na t i on . S t em , 

lea f , or roo t samples o f  the harves t ed p lan t were d r i ed and 

ground to pass t hrough 1mm s i eve before they were assayed . 

Each 50 mg s ample o f  the ground t i s sue was then placed a t  t h e  

b o t tom o f  a 2 5 0  cm3 sc rew- topped j ar .  A 2 cm3 a l i quo t o f  CO 2 

absorbent ( 10 % e t hanolamine and 1 0  % e t hanol i n  wa ter ) 

was placed i n  a 20  cm3 s c i n t i llat ion v i a l  and suspended 

i n s i d e  t he j ar ,  from the rim at the top of the j ar .  The j ar s  

were sealed i mmed i a tely a f t e r  20  cm 3 o f  c o l d  chrom i c  a c i d  was 
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dry we i gh t )  i n  the kiwifru i t  cv . Hayward leaf 
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es t i ma t es  1 4 C-ac t i v i ty from e t hano l soluble ( � ) 
and res i dual ( x ) frac t i ons of  punched leaf d i s cs 
were p lo t t e d . 
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added t o  the p lan t s ample . Care was taken that t he plant 

s ample was evenly d i s persed on the surface to ensure compl e t e  

d i ges t i on . 

A f t er a t r ial  was carried ou t ,  i t  was dec i d ed tha t the  

bes t  propor t i on o f  materials  for  acid  d i ges t ion was 50 mg 

plan t sample , 2 cm3 absorben t , and 20 cm3 chrom i c  acid  ( table  

1 . 1 ) .  A pe r i od o f  3 -hour d i ges t i on i n  a 40 C wa t e r  ba t h  was 

also s hown to be  s u f f i c i e n t  ( t able 1 . 2 ) .  A f t e r  the d i ges t i o n  

was comple ted , 10 cm3 o f  a cock t a i l  con t ai n i ng 2 par t s  o f  

t o luene scin t i l la t i on solu t i on ( 0 . 4 % PPO)  and 1 par t o f  

t r i t on-X- 100 d e t e rgen t ( Pa t terson and Greene , 1 965 ) was added 

to t he CO2 abso rben t in  t he vial s .  1 cm3 of  d i s t i lled wa t e r  

was added t o  each vial  t o  ob t a i n  a s t able emuls i on f o r  l i q u i d  

s c i n t i l l a t i on ( LS )  coun t i ng .  The e f f e c t  o f  an uns table 

emuls ion , wh i ch breaks down into  2-phases , was t o  al t e r  t he 

Comp ton res ponse during LS coun t ing , and give inaccur a t e  

resu l t s  ( Beckman LS 3801 Liquid Sc i n t i l l a t ion Sys t em 

Opera t ing Manual ) .  

Liquid Sci n t i lla t i on (LS) Coun t ing 

A Beckman ( LS 3801 ) LS coun t e r  was used to  measure t he 

1 4 C-ac t i vi t y  o f  t he sample vial s .  No evi dence o f  any 

pho tolumi nes cence or chemi luminescence was d e t e c t ed when t h e  

s amples were coun t ed wi t h i n  2 4  hours f rom prepara t i on .  The 
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Table 1 . 1 . Resu l t s  of  an expe r i ment t o  d e t e rm i n e  
the o p t i mum propo r t i on of  p lan t sample ( 50 ,  100 mg ) , 
chromi c  acid  ( 20 ,  40 em3 ) ,  and CO 2 abso rben t 
( 1 ,  2 ,  5 cm3 ) for 1 4 C assay . ( LSD ( 0 . 05 ) = 1 7 9 2 6 ; n=5 ) . 

To tal  Dpm Recovered 

P lan t sample : 50 mg 1 00mg 

Chromi c a c i d : 20 cm3 40 cm3 20 cm3 40 cm3 

CO 2 absorben t : 

1 cm3 124606 1 26648 1287 7 4  140498 

2 em3 169788 160424 204408 2 1 6 10 4  

5 cm3 159820 1 45980 234080 2 34250 
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Table 1 . 2 .  Resul t s  of  an exper i me n t  t o  d e t e rmine t h e  
o p t i mum ba t h  temperature ( 30 ,  35 , 4 0  and 45 C ) , and 
period  of ' we t '  d i ges t i on ( 1-5 hou r s )  f o r  14C assay . 
( LSD ( 0 . 05 ) =  12863 ; n=5 ) . 

To tal Dpm Recovered 

t empera ture : 30 C 35 C 4 0  C 45 C 

p e r i od 

1 hour 6067 9 74320 7 3341 99093  

2 hour 85764  8 7 689 1 37425 138228  

3 hour 1 1 7 5 7 4  1 1 3643 183754 1 7 5 7 84 

4 hour 1 3 2244 137 548 1 85604 1 7 9306  

5 hour 1 7 37 5 3  1 7 6803 1 85048 1 7 726 1  
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LS coun t e r  was s e t  t o  an open channel t o  accommodate  the  full  

1 4 C-spec t rum . The  s amples had a cons t an t  quench and  coun t i ng 

e f f i c i encies were es t ima t ed as 89 to  9 3  0/0 . Background 

wQS 
radia t ion , o b t a i ned by coun t i ng b lank samples , � deduc ted 

and the f inal resul t s  for each rad i oa c t i ve sample were 

expressed as d i s i n t egra t i ons per minu t e  ( d pm ) . 

1 . 6  Data Analys is 

All s t a t i s t i ca l  analyses were carr i ed out  on a P r i me 

9 955 computer  a t  Massey Univers i ty ,  Palmers ton Nor t h .  

S t a t i s t i cal packages wh ich  were used inc luded t he M i n i tab , 

S PS S ,  and BMDP s o f t ware . 
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CHAPTER TVO 

KIVIFRUIT LEAF PHYSIOLOGY 

2 . 1  In t roduc t i on 

Leaf Growth and Developmen t 

Like mos t  plan t s , the growth  of  the  kiwi f ru i t lea f , as 

measured by the expan s i on o f  the leaf area , can be  des c r i bed 

as being typ i ca l ly s i gmo i d  ( B rundell , 1 9 7 5a ) . 

An expand i ng leaf becomes a net expo r t er o f  carbohyd ra t e  

only a f t e r  i t s pho t osyn the t i c  a c t i v i ty i s  su f f i c i en t ly h igh 

to produce an excess of carbohyd rate over wha t i t  needed for  

i t s own growth . For mos t  plan t s  exp o r t  s t a r t s  when a leaf i s  

only abou t 3 0  010 full s i z e and reaches a max i mum when the 

leaf has unfolded by 70 0/0 ( Dale and M i l thorpe , 1983 ) . 

In  the ki w i f rui t ,  vine leaf p rodu c t i on ra t e  i n creases a s  

the  t emperat u r e  i n c reases t o  2 0  o r  30 C .  Once fo rmed , the 

grow t h  o f  i nd i v idual leaves is also mos t rapid in  tha t 

t empera ture range ( Morgan , Warring t on , and Hal l i gan , 1985 ) . 

S igni f i can t  changes in the morphology and ana t omy o f  leaves 

are p roduced by a d ecrease i n  t empera ture . Morgan , 
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War r ington , and Hall i gan ( 1 985 ) found t h a t  kiwi f ru i t plan t s  

wh i ch were grown i n  a cons tant  1 0  C and h i gh i rrad i ance 

env i ronment showed d i s tor t ed leaf grow th and a loss  of  

chlorophyll . 

Tempera ture and Lea f  Pho tos ynthe s i s  

The in fluence o f  tempera ture alone o n  pho t osyn thes i s  i s  

d i f f i cu l t  t o  evalua t e  because i t  is grea t ly mod i f i ed b y  l i gh t  

i n t ens i ty ,  CO 2 ava i labi l i ty ,  wa t e r  s t ress , and on t ogene t i c  

f a c t o r s . Generally , a C
3 

plan t under  s a t u r a t ing l i gh t and 

amb ien t CO 2 i s  r e l a t ively insens i t i ve t o  leaf t empera ture 

over the range of be tween 10 and 30 C ( B i s coe and Gal laghe r ,  

1 9 7 7 ) . 

The opt i mum t empera t u re for leaf pho t osyn thes i s  for mos t  

f ru i t crops l i e  b e t ween 20 and 30 C ( eg .  Barden , 1 97 1 ; 

Crews e t . al . , 1 9 7 5 ; Kri edemann and Can t e r ford , 1 9 7 1 ;  

Kri edemann and Smar t ,  1 9 7 1 ; Seeley and Kammereck , 1 9 7 7 a ) . 

La i ng ( 1985 ) i nves t iga t ed the sho r t  t erm pho tosyn thes i s  

res ponse o f  kiwi f ru i t  leaves t o  tempera ture and found 2 0  C t o  

be  t he op t i mum . I ncreas i ng e i �her t h e  p ( C02 ) o r  i r rad iance 

f rom low level s  will cause an increase i n  the o p t i mum 

t empera ture ( Be r ry and Bj orkmann , 1 980 ) . Bo t h  w i l l  also 

cause the t empera t ure response to be come sharper ( eg .  Seeley 

and Kammereck , 1 9 7 7 b ) . 
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The o p t i mum t empe ra ture for c i t rus leaf pho t osyn thes i s  

i s  be tween 15 and 2 0  C i n  d ry a i r  (Kri edemann , 1 9 68 b ) . Th i s  

i s  surp r i s i ngly low , cons i d er ing that  c i t rus thr ives i n  ho t 

dry envi ronmen t s  under i rr i ga t i on .  Obviously , the 

envi romen t al factors  whi ch p romo t ed max i mum leaf 

pho t osyn thes i s  i n  f ru i t crops need no t necessari ly favour the 

p rodu c t ion o f  h i gh quali ty frui t s . 

Acclima t i on to Temperature 

Acclima t i on occurs when plan t s  are grown a t  d i f feren t 

tempera tures . Plan t s  occupying thermally con t ras t i ng 

envi ronmen t s  generally exh i b i t pho t osyn t he t i c  and res p i ra t o ry 

charac ter i s t i cs that  re flec t acclima t i on t o  the t empe r a t u re 

regi mes o f  t he i r  respect ive envi ronmen t s  ( Berry and 

Bjo rkmann , 1 9 80 ) . 

The po t en t i a l  for acclima t i on appears to depend on the 

na tural hab i t a t  from wh i ch t he plan t  o r i g i nated ; thus p lan t s  

comi ng f rom hab i t a t s  wi th  large seasonal con t ras t s  o f  

t empera ture t end t o  accl i ma t i s e t o  new envi ronmen t s  be t t e r  

t han p lan t s  com i ng f rom habi t a t s  wi t h  relat ively s t able 

t empera t u res . 

Dur ing the p rocess o f  accl i ma t i on t here i s  a th reshold 

t emperat ure at wh i ch elec t ron t ranspo r t  became i r rever s i bly 

i nh i b i t ed whi ch appears t o  be a fun c t ion of growth  
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temperature ( Farquhar and Ki rschbaum , 1 9 85 ) . I t  was s hown by 

Armond e t . al .  ( 1 9 7 8 ) tha t hi gh g row t h  t emperatures conferred 

h igher thermos t ab i l i ty a t  high tempe r a t u r e  wh i le low grow t h  

temperat ures resul t ed in  i mproved per fo rmance a t  t empera tures  

below the o p t i mum . 

Acclimat ion to Irrad iance 

Leaves acclima t i s e  t o  the l igh t envi r onmen t in wh i ch t hey a r e  

grown ( S ingh e t . al . , 1974 ) , and have profoundly d i f fe ren t 

s t ruc ture and fun c t i on wh i ch affec t s  t he i r  pho t o syn t he t i c  

r a t e s  ( Pa t t e ron , 1 9 80 ) . 

The l igh t level wi t h i n  t he canopy o f  kiwi f rui t v ines can 

be very low , and i n terior  leaves wh i ch g row under these 

cond i t i ons func t i on sligh t ly above t he l i gh t compensa t i on 

p o i n t  dur ing mos t o f  the day ( G ran t and Ryugo , 1 984b ) .  

Lower ra t es o f  leaf pho tosyn thes i s  of sun p lan t s  wh i ch 

have developed i n  low PPFD can be explai ned by the lower c e l l  

vo lume and cell  s u r face area p e r  un i t  l e a f  area o f  t he 

t h i nner shade leaves compared wi th s un leaves 

( Charles-Edwards  and Ludwig , 1975 ; Nobe l , 1980 ; Pa t te rson , 

1 9 80 ) . Cons equen t ly t here i s  a h i gh e r  res i s t ance t o  CO 2 
kw� 

u p t ake by , and t ranspo r t  wi thin , mes ophyll t i ssues and � 

pho t ochem i cal and biochemical componen t s  per uni t leaf area . 

Th i s  t hen gi ves r i se t o  a lower l i gh t s a tura t i on poi n t  and 
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lowe r l igh t -s a t ur a t ed rate  o f  pho t osyn thes i s  ( Bj o rkman 

e t . al . , 1 9 7 4 ) . Hence Laing ( 1 985 ) found that  lower 

pho t osyn the t i c  r a t e s  were found on shaded ( 280 uE m- 2 S- 1 ) 
kiwi f rui t vines as  compared wi th  non-shaded ( 650 uE m- 2 S- 1 ) 
v i nes , and the pho tosyn t he t i c  ra tes o f  shaded v i nes also  

s a t u ra ted a t  lowe r PPFD . 

Effec t of  Frui t Sink on Pho tosyn thes i s  

Ave ry ( 19 7 5 ) reviewed the l i t e ra t ure and repo r t ed that  

the  maj ori ty o f  pho t osyn thes i s  measuremen t s  have shown that  

the  r a t e  of  CO2 ass i mi la t i on by  apple leaves as s o c i a t ed wi t h  

f ru i t s  was 4 5  to  6 0  percen t g rea ter t han leaves wi thout  

f ru i t s . However ,  the presence o f  a l t e rn a t ive s i nks , such as  

s t em t i s sues , have o f t en made i t  d i f f i cu l t  to demons t ra t e  a 

clear  response o f  l eaf pho t osyn thes i s  to  any local i s ed f ru i t 

d emand for carbohyd ra te . 

Ward law ( 1 985 ) bel i eved that i t  was impo r t an t  t o  

cons ider  the s t orage capac i ty o f  the plant organs , 

par t i cularly l eaves , whi ch were capable o f  ac t i ng as  a 

carbohydra t e  b u f f e r  be tween per i ods o f  h i gh and low s i nk 

d emand . One o t he r  impo r t an t  cons i d e ra t i on to be t aken i n t o  

accoun t , when maki ng observa t i ons o n  source-s i n k  

correla t i ons , i s  t h e  poss i b i l i ty o f  vascular cons t ra i n t s  

be t ween the source and s i nk .  Th i s  was d i s cussed b y  Wa t s on 
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� 
and Caspe r ( 198%) ,  who po i n t ed ou t tha t  s ome t imes vascular 

l inkages be tween s pe c i f i c  source and s ink par t s  could i so l a t e  

d i s t i n c t  phys i o log i ca l  un i t s wi thin a plant t rans loca t i on 

sys t em .  

I t  was though t tha t the  p resence o r  absence o f  f ru i t s  

a f fec t ed the a s s i m i l a t e  level i n  the lea f , wh i ch con t rol led 

pho t osyn thes i s  by end-produc t inh i b i t i on . Th i s  popular 

hypo t hes i s  was thoroughly revi ewed by Neales and Incoll  

( 1 968 ) and Sharkey ( 1985 ) d i s cussed a pos s i ble mechan i sm 

based on the l i m i ta t i on o f  t r i ose-phos ph a t e  u t i l i z a t i on .  

There wer e  a l s o  sugges t i ons tha t growth regula t o r s  we re 

i nvolved ( eg .  G i f ford and Evans , 1 98 1 ;  Lenz , 1 9 7 9 ; 

Ward law , 1 985 ) . I t  is h i ghly p robab le t h a t  grow th 

regula tors , o r  o t h e r  s ignals emana t i ng from the s i nk are 

d i rec t ed to  the  o rgans p roduc ing as s i mi lates , and a f f ec t i ng 

leaf pho t osyn thes i s . 
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2 . 2  Exper i men t 2A 

2 . 2 . 1  Int roduc t i on 

I t  i s  known in  o t her frui t crops that  leaf growth  may 

be co-ord ina ted w i t h t he s t ages of frui t developmen t 

( Lakso , 1 98 4 ; N i t s ch , 1 9 7 0 ) . Th i s  exper imen t was 

des i gned to i nves t iga t e  the growth  of kiwi fru i t  leaves 

f rom emergence un t i l  matu r i t y .  S i mple meas uremen t s  o f  

leaf grow t h  were mon i to red t o  de t ermine grow th curves . 

2 . 2 . 2  Mat e r i al s  and Me thods 

Th i r ty 3-year-old ' Hayward ' plan t s , grown in a 

glasshouse , were used . 

Af ter bud burs t ,  abou t 3 inde t ermina t e  vege t a t ive 

shoo ts on each plan t were selec t ed for  trea tmen t . A 

s i ngle , recen t ly unfo lded leaf a t  abou t node pos i t i on 1 0  

o n  each s h o o t  was tagged . Beginning from 8 Nov 1984 , 5 o f  

these t agged leaves were harves t ed a t  random , every 5 t o  

10 days , and their  leaf area and d ry weigh t s  were 

ob tained . 
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The exper i men t was concluded on 24  Mar 1985 a f ter  

leaf grow t h  had s t opped . In the  course of the 

experimen t a l  per i od , s i gn i f i can t plan t d evelopme n t a l  

even t s  wh i ch may affe c t  the par t i t i o n i ng of  d ry ma t t e r  i n  

the  v ine were no t ed .  Full bloom occur red from 1 0  Nov 1 9 8 4  

for  abou t 2 weeks , wi th  subsequen t f ru i t s e t  and 

developme n t  on f rui t i ng shoo t s . These frui t i ng shoo t s  

were used f o r  ano ther expe riment ( expe r i men t 5 C )  and they 

were harves t ed b e tween 2 and 5 Jan 1985 . A fur ther 

developmen t a l  change was the appearance of  shoo t regrow t h  

f rom ax i llary buds from abou t 2 F e b  1985 . 

Grow t h  curves we re f i t t ed t o  the  leaf da t a  u s i ng a 

cons t rained B-spl ine curve f i t t i ng program ( Spr i ggs , 

198 6 ) . 

2 . 2 . 3  Resul ts 

Figure 2 . 1a shows that  the kiwi f ru i t leaf lamina 

expanded rapi dly for 80 days , f r om leaf emergenc e  un t i l  

full expans i on .  The maxi mum grow th r a t e  occurred on day 

1 9 ,  a t  abou t 5 cm2 per d ay ( f ig . · 2 . 1 b ) . The ra t e  o f  leaf  

expansion d e c l i ned rap i d ly after  d ay 20 . By  d ay 55 , abo u t  

90  D I D o f  t h e  m ean f i nal leaf area was at t a i ned . The mean 

f inal leaf s i ze was abou t 202 cm 2 • 

28 



Figure 2 . 1 .  Time course o f  a kiwi fru i t cv . H aywa rd 
leaf expans i on in a glasshouse envi ronmen t . The leaf 
lamina a t  the  10th node of  inde t e rminate shoo t s  was 
measured ( bars ind i ca t e  s . e . ) .  ( a ) leaf area 
expan s i on ( b )  rate o f  leaf expans i on . 
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The pa t t ern o f  leaf d ry ma t t e r  accumula t i on was 

i rregular ( f i g .  2 . 2 ) . Leaf  dry we i gh t  i ncreased rap i d ly 

to about 1 . 8 4g on day 4 6  when the mean leaf s i ze was 154 

cm2 • Fol lowing t hat , there was a loss o f  carbon f rom the 

leaf  for the  nex t 16 days wh i ch was s ign i f i can t ( p <0 . 05 ) . 

F rom day 6 2  onwards howeve r ,  the leaf was able t o  recover 

the carbon i t  los t and d ry weigh t  rose again t o  abou t 2g 

a f t e r  full expans ion . 

Figure 2 . 3  s hows that  ini t ially , speci f i c  leaf we i gh t 

d ropped because l eaf area was expand i ng very rap i d ly ( f i g .  

2 . 1 b ) . A m i n i mum o f  4 . 5  mg cm- 2 on day 1 7  was observed . 

The s pec i f i c  leaf we i gh t then increased rap i d ly un t i l  day 

40 . From t ha t  t i me un t i l  day 68 , the loss in  leaf dry 

we igh t caus ed i t  to decline again . The mean lea f area a t  

d ay 40 was 1 2 0  c m2 • A f t e r t he leaf regained i t s d ry 

we igh t on d ay 62  ( f i g .  2 . 2 ) , i t s s pe c i f i c  leaf we igh t  

also recove red , and reached a s t eady value o f  abou t 9 . 9  mg 

cm- 2 at full  lea f expans ion . 
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2 . 3  Experi men t 2B 

2 . 3 . 1 Introduc t i on 

In a kiwi f ru i t  o r chard , c l i ma t i c  fluctua t i ons cause 

t emperat ure var i a t i ons wh i ch affect  v i ne grow t h .  Ligh t 

levels however ,  are a l te red by orchard managemen t 

prac t i ces such as  i n  t he use o f  na tural or a r t i f i c i al 

she l t er s  ( Sale and Ly ford , 1987 ; Snelgar , 1 9 86 ) ; and i n  

t h e  amoun t of wi t h i n- canopy shad i ng associa t ed wi th  

suppo r t  s t ruc t ures and prun ing me thods . 

Mo rgan , War r i ng t on ,  and Hal l i gan ( 1 985 ) repo r t ed 

s ign i f i can t grow th responses in  the kiwi fru i t v i ne to 

shade and t empe rature var i ables . 

In  t h i s  experimen t , the effec t o f  shade and 

t empera ture on the photosyn thes i s  of kiwi f ru i t v i nes was 

s tudied . Pho t osyn the t i c  res ponses to t empera ture 

acc l i ma t i on were also inves t iga t ed . 
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2 . 3 . 2  Mater i als and Me thod 

Trial 1 

F i ve-year-old ' Ma tua ' and ' Hayward ' vines were used 

in th i s  t r i a l . They we re grown i n  2 con t rol led­

envi ronmen t rooms a t  ei ther 2 1 / 1 1  C or  1 7 /7 C, day and 

nigh t t emperatures . Bud bu rS t occurred on 23 Jul 1 9 8 4 , 

and the new shoo t s  were t rai ned on hori zontal suppo r t s  s o  

tha t every leaf o n  a shoot  rece ived equal i rrad i ance . 

Lea f  photosyn thes i s  measu remen t s  were reco rded d u r i n g  

t h e  pe t a l  f a l l  growth s t age , on 1 N o v  1984 and 1 1  N o v  

1984 . 

Trial 2 

Roo t ed cu t t i ngs of  ' Hayward ' and ' Tomuri ' were used . 

A low l i gh t  t reatmen t was i mposed on half the p lan t s  by 

shad ing w i t h  a neu t ral dens i ty shade cloth . The ave r age 

PPFD f o r  t h i s  t reatmen t was 280 uE m- 2 S- l . 
The plan t s  were grown i n  5 growth rooms , each 

mai n t ained at  a cons tan t  day and n i gh t tempe rature  o f  1 0 , 

15 , 20 , 25 , and 30 + 0 . 5  C .  Male plan t s  were grown i n  

all bu t t h e  1 5  C growth  tempe ra t u res , and only i n  a h i gh 
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PPFD envi ronmen t .  Vapour press ure d e f i c i t in t he grow t h  

rooms was mai n t a ined a t  a cons tant 0 . 8  kPa for a l l  t he 

rooms , whi ch gave rela t i ve humid i t i es  o f  35 , 53 , 6 6 ,  7 5  

and 8 1  ( �  5 )  0/0 respe c t ively . A 1 4  hour pho t op e r i od was 

i mposed throughou t the period of  the experimen t .  

Each plant was p i n ched to  one bud so  tha t a s i ngle 

la t e ral was t ra ined ver t i cally on to  s t akes . To avo i d  

pos i t i onal e f fe c t s , t h e  plan t s  in each room were r o t a t ed 

periodically ( see Morgan , Warring t on , and Hal l i gan , 1 985 ) . 

The plan t s  were also lowered in  the  room to ma i n t a i n  the 

PPFD a t  mid plant heigh t .  

Pho tosyn t hes i s  measureme n t s  were t aken when t he re 

were 1 0 ,  1 6 , 2 2 , and 28 emerged leaves . As grow t h  r a t e s  

in  each t empe r a t u re t reatmen t d i f fe red , the day number f o r  

t he f inal measuremen t s , that  i s  when 28 leaves had 

eme rged , in the 1 0 ,  1 5 , 20 , 25 and 30 C env i ronmen t s  was 

8 2 , 57 , 40 , 4 1 , and 41 days respe c t ively . 

On each plan t ,  pho to syn thes i s  measureme n t s  were t aken 

from every al terna t e  leaf . A re p l i c a t e  of  4 plan t s  in  t h e  

h i gh PPFD ( 650 u E  m- 2 S- l ) and 4 plan t s  i n  t he low PPFD 

( 280 uE m- 2 s- l ) wer e  measured in each grow t h  room . 

Trial  3 

The p lan t ma t er i als and grow t h  envi ronmen t s  i n  t h i s  
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experimen t were s i mi lar to  t r i al 2 ,  excep t tha t only the 

10 ,  20 and 30 C cl i ma t e  rooms were used . On  11  Oct  1983 , 

four p lan t s  f rom t he h i gh PPPD ( 650 uE m- 2 S- l ) 

envi ronmen t ,  and four p lan t s  f rom the low PPPD ( 280 uE 

m- 2 S- l ) envi ronmen t ,  in the 30 C room, were t rans fer red 

to 20 C grow t h  rooms in the same respe c t i ve l igh t regime . 

These plan t s  were den o t ed as ' 30-20 C '  t reatmen t s . A 

s im i lar t rans fe r  o f  plan t s  from 10 C growth t empe r a t u re t o  

20 C took place one mon t h  l a t e r ,  on 1 1  Nov 1983 . These 

plan t s  we re deno t ed as ' 10-20 C '  t rea t men ts . All the 

p lan t s  had 28  emerged leaves a t  the  t i me of s h i f t i ng .  In  

each of  the 10 , 2 0  and 30 C rooms , an  equal number o f  

plan t s  wh i ch were n o t  t rans fe rred was used as ' con t rols ' .  

These plan t s  were deno t ed as 10,  20 , and 30 C t re a t men t s , 

respe c t ively . 

Pho t osyn thes i s  measuremen t s  were carried ou t a t  5 

t i me int e rvals for  bo th  the plan t s  wh i c h  remained i n  the  

s ame grow t h  tempera tures , as wel l  as those wh i c h  were 

t rans ferred . The 5 t i me i n t ervals were day number 0 ,  3 ,  

8 ,  15 , and 24  f rom the beginning o f  plant acc l i ma t i on . 

S t om a t a l  r es i s tance o f  the leaves was mon i t ored a t  

day 2 4  from s h i f t i ng t he plan t s . A t  the conclus i on o f  t h e  

experimen t , the  leaves o f  each p lan t were harves ted . Lea f  

chlorophy l l , leaf area , and spec i f i c  leaf we i gh t  were 

de t e rmined . 
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2 . 3 . 3  Resul t s  

Pho t o syn thes i s  Hodel 

Mul t i ple regres s i on analys i s  of the data f rom 

hori zon tally t ra ined shoo t s  ( t r ial 1 )  p rovided pa r t i a l  

regress ion coe f f i c i en t s  wh i ch rela t ed the independen t 

e f fe c t  of  leaf pos i t i on ( leafn o )  and ne t pho t osyn t he s i s  

( P S )  by the equa t i on :  

P S  ( leaf e f fec t )  3 . 0 9 3 1 7  x leafno - 2 . 1 3 7 9 1  x leafn0 2 

F rom t h i s , the propo r t i on of  t o tal pho t osyn thes i s  

wh i ch was a t t r i bu t ed t o  leaf  pos i t i on was ob t a i ned f o r  

each node , and a func t i on wh i ch correc ted f o r  t h e  e f fe c t  

o f  l e a f  pos i t i on o n  pho t osyn thes i s  was de r i ved : 

y 1 1 9 . 09032 - 24 . 4684 x leafno + 1 . 18797  x lea fn0 2 

where Y= percen t age correc t i on o f  pho t osyn thes i s  a t  

each leaf node pos i t i on . 
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Th i s  func t i on was then appl ied t o  the  pho tosyn thes i s  

d a t a  o f  t r i al 2 s o  as t o  remove the confound i ng e f f e c t s  o f  

l i gh t a t t enua t i on and leaf pos i t i on o n  the ve r t i cally 

t ra i ned shoo t s . 

Consequen t ly ,  a s imple pho tosyn t hes i s  model was 

d e r ived f rom mul t i pl e  regres s i on analy s i s  ( r 2 =38 . 4 ) . 

Thus : 

Ne t leaf PS 

r 2 change 

= 1 6 6  (2: 7 5 )  

+0 . 55334 (2: 0 . 04863 ) x l igh t 2 9 . 48 

+0 . 98 9 3 1  ( 2:  0 . 101 1 2 )  x leaf area 8 . 6 2 

- 1 . 42980 ( 2:  0 . 8459 7 )  x leaf age 0 . 2 3 

- 1 . 32008 (2:.  2 . 0065 3 )  x t empera ture 0 . 03 

+ 1 4 . 2 3 3 3 (!  28 . 2787 ) x s hade 0 . 02 

Ligh t  was the s i ngle mos t i mpo r tant  d e t ermi nan t o f  

kiwi f ru i t  l e a f  pho t osyn t he s i s  i n  the s e t  o f  env i ronmen t al 

cond i t i ons expe r imented , accoun t i ng for  up to 7 7  % o f  

t he var iance . 

Leaf area and leaf age were rela t ively more i mpor t an t 

than the o th e r  envi ronmen tal condi t i ons such as grow t h  

t emperature , a n d  shade . 
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Hale and Female Vine Pho tosyn thes i s  

Mul t i ple r egres s i on analys i s , u s i ng the s ex o f  the 

plan t s  as  a dummy var i able , showed tha t ho ri zontally 

t rained ' Ma t u a '  shoo t s  had s i gn i f i can t ly higher 

pho tosyn t he t i c  rates ( p<O . 05 )  t han ' Hayward ' shoo t s  i n  

t r ial 1 .  A t  1 7  C ,  the  pho t osyn the t i c  ra te  o f  ' Ma t ua '  was 

452 ugC0 2 
- 2 - 1 m s , compared wi t h  3 9 2  ugC0 2 m- 2 S- l f o r  

' Hayward ' . A t  21  C ,  they were 444 and 319 ugC0 2 

respec t i vely . 

- 2 - 1  m s , 

Mul t i ple regres s i on models o f  male and female v i n e  

pho tosyn thes i s  in  t r i al 2 ,  a t  day 40,  were a l s o  compare d . 

The resu l t s  showed t h a t  t hey were no t s ign i f i can t ly 

d i f fe ren t ( F  2 , 1 7 1  = 3 . 07 ;  p>0 . 05 ) . The mean n e t  

pho tosyn thes i s  of  ' Tomuri ' plan t s  a t  day 4 0  was 692  ugC0 2 

m- 2 S- l , wh i le that o f  ' Hayward ' p lan t s  was 759  ugC0 2 

Effect o f  Shade on Pho tosynthes i s  

Quadra t i c  regres s i ons we re f i t t ed t o  t h e  rela t i onsh i p  

be tween n e t  leaf pho tosyn t hes i s  and l eaf pos i t i o n  f o r  

shaded ( low PPFD ) and non shaded ( h i gh PPFD ) plan t s , a t  

each growt h  t empera ture i n  t r i al 2 .  A compar i son o f  the  

rela t i on s h i p s  i s  shown i n  f i gure 2 . 4 .  Max i mum 

39  



800 

600 
r--.. 

.... 
I en 400 C'I I E 

C'I o 200 
0 

3 

Fi gu re 2 . 4 .  Compari son of  
f i t t ed regres s i ons of  leaf 
pho t osyn thes i s  o f  kiwi f ru i t  
cv . Hayward , grown a t  1 0 , 
I S ,  20 , 25 , and 30 C ,  and 
at ei ther l ow PPFD (-- , 
280 uE m- 2 S - l ) o r  hifh PPFD 
( - - - - - , 650 uE m- 2 s- ) .  

(b) 1 5  C 

"". --- - ......... ....... 
"-

" 
\ 

(a) 1 0  C 500 �-
-�--�--�----r---�--� 

400 

300 
I 

I 200 
I 1 00 

� 
00 2 

.... 
I 001 200 

C'I I 
E1 000 

C'I 
0 
o 800 
.J 
00 600 00 
Q) 

..c 400 +J 
C 
� 00 200 
0 +J 
0 

/ 
/ 

I 

- , /' 
" / 

/ \ 

. 4  6 8 
(c) 20 C 

".. ....... 
/ " 

/ 
/ 

/ 
/ 

/ 

1 0  1 2  

\ 
\ 

\ 
\ 

\ 
\ 

en 00 2 4 6 8 1 0  1 2  1 4  1 6  -5. 00 2 4 6 8 1 0  1 2  1 4  1 6  . -

en 
Q) :51 000 
C 
>... en o 800 +-' 
0 

..c 
0-

"l- 600 
CJ I Q) 

400 / 
+-' / Q) 
Z / 

200 

(d) 25 C 

"... ....... 
/' " 

/ '\ 
/ \ 

I \ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

4 6 8 1 0  1 2  1 4  1 6  1 8  20 
Leaf node positio n 

"I-
CJ 500 Q) 

+J 
Q) 

Z 400 
/ 

/ 300 / 
/ 

/ 
200 I 

1 00 

(e) 30 C 

".. 
- -"... ....... 

" 
" 

\ 
\ 

\ 

00 2 4 6 8 1 0  1 2  1 4  1 6  1 8  20 22 24 
Leaf node position  

4 0  



pho t o syn the t i c  values ( P  ) for each shade and m a x  

temperature t reatment  ( t able 2 . 1 ) showed tha t non-shaded 

plan t s  had h ighe r  pho tosyn t he t i c  rates t han shaded plan t s . 

The d i f fe rence was more s igni f i can t ( p <0 . 05 )  a t  the higher 

tempe ra tures , and could be as  much as 50 0/0 . 

Pho tosyn the t i c  Response to Temperature 

Table 2 . 1  shows clearly tha t the o p t i mum tempe r a t ure 

for kiwi frui t pho t osyn the s i s  i s  20 C.  The response of  

non- shaded plan t s  t o  t empera ture was sharp , as  compared 

wi t h  shaded plan t s  ( f i g .  2 . 5 ) . 

Quad ra t i c  regres s i ons be tween the t o t a l  ne t 

pho t osynthes i s  per plan t  and day number we re f i t ted  for  

each t empera ture and shade t reatmen t .  From these , the  

cumu l a t ive net  pho t osyn thes i s  a f t er 40 days o f  grow t h  was 

calcula ted . As can be  seen f rom table 2 . 2 ,  the resul t s  

ind i ca t e  that  there was an even g rea t e r  con t ras t i n  the 

e f f e c t  of grow t h  t empera ture on the t o tal net CO 2 

as s i m i la t i on .  A t  day 40 , the t o tal n e t  CO 2 ass i m i l a t i on 

a t  1 0  C was very low ( 5 . 7 6 and 7 . 89 g for low and high 

PPFD , respec t ively ) . Th i s  increased by large amoun t s  w i th  

i n c re as i ng tempe r a t u re un t i l  the max i mum at  20 C ( 97 . 9 3 

and 1 62 . 63 g ,  respe c t ively ) .  I t  then decl ined s o  tha t a t  

3 0  C ,  the t o t a l  ne t pho t o syn the s i s  dec reased by half  the  
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Table 2 . 1 .  Es t i ma t ed P values ( ugCO m- 2 S- l ) o f  
kiwi fru i t  cv . Hayward le�! : grown under 10 ,  15 , 2 0 , 
25 , and 3 0  C ,  a t  e i ther low PPFD ( 280 uE m- 2 S- l ) o r  
high PPFD ( 650 u E  m- 2 S- l ) cond i t i ons . S . E .  i n  paren thes i s .  

H igh PPFD 

Low PPFD 

Tempera t u re ( deg C )  

10 15 20  25  30 

431 ( 4 9 )  656 ( 90 )  1 1 2 3 ( 9 3 )  763 ( 1 2 0 )  4 1 9 ( 4 1 ) 

3 69 ( 34 )  5 7 2 ( 5 9 )  

p=0 . 3 1 0 . 45 
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F i gu re 2 . 5 .  Tempe rature  res ponse curve of  k iw i f ru i t 
cv . Hayward leaf pho t osyn thes i s  ( P  ) und e r  
low PPFD ( 0 , 2 8 0  uE m- 2 S- 1 ) and high PPFD ( 6  , 650 
uE m- 2 S- 1 ) cond i t i ons . 
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Table 2 . 2 .  Es t i mates  of  cumu la t i ve pho tosyn thes i s  f o r  
kiwi frui t cv . Hayward grown for  40 days under cons t an t  
t empe ratures o f  10 , 15 , 20 , 25 , and 30 C ,  and a t  e i ther  
low PPFD ( 280 uE  m- 2 S- l ) o r  h i gh PPFD ( 650 uE  m- 2 S- l ) 
cond i t i on s . * Da ta for to tal  d ry weigh t accumul a t i o n  p e r  
plan t f r o m  Mo rgan e t . al . ( 1 98s ) . 

Tempera ture ( deg C )  

10 1 5  20 25 30 

To tal ne t CO 2 H i gh PPFD 7 . 8 9 44 . 89 1 6 2 . 63 8 6 . 04 
ass i m i la t ion  
per plan t ( g )  Low PPFD 5 . 7 6 3 6 . 6 1 9 7 . 93 8 2 . 0 1 4 7 . 07 

To t al d ry we i gh t  H i gh PPFD 1 . 5  1 5 . 0  3 3 . 3  1 9 . 2  
accumula t i on per  
p lan t ( g )  * Low PPFD 1 . 0  6 . 2  1 8 . 4  22 . 0  1 2 . 6  
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amoun t a t  2 0  C .  The e f fe c t  o f  low PPFD was a s ign i f i can t 

redu c t ion  i n  the t o tal n e t  CO 2 as s i mi la t i on a t  each 

t emper a t ure . 

Compa r i s on of Pho t osyn the s i s  o f  Trans fer Plan t s  

A t  each t i me per i od where pho tosyn thes i s  measureme n t s  

were recorded i n  t r i al 3 ,  mul t i ple regres s i on analys i s  o n  

the e f f e c t  o f  i r radian ce , t empera t ure , and leaf node 

pos i t i on on  ne t pho t osyn thes i s  was car r i ed ou t .  The 

e f fe c t of plan t t rans fer was also included in the analy s i s  

as a dummy vari able , s o  that the s t a t i s t i cal s i gn i f i cance 

o f  i t s reduc t i on in the res i duals of  the regres s i on models 

could be u sed as an i n d i c a t i on of  the adap t a t ion of  a 

t rans fer p lan t t o  i t s new grow th envi ronmen t .  Each o f  

these compari sons was recorded i n  the form shown i n  table 

2 . 3 .  

The pho t osyn thes i s  o f  t rans fer plan ts i n  10-20 C 

t rea t men t s  was s igni f i can t ly d i f feren t from those i n  1 0  C 

t r ea t men t s  a f t e r  8 days from t rans fer , i n  shaded 

cond i t i ons . In non-shaded cond i t i ons , this  took only 3 

days . 

When plan t s  from the 10-20 C t reatmen t were compared 

wi t h  those in the 20 C t rea t men t , i t  can be seen t h a t  in a 

shaded envi ronmen t the t rans fer p lan t s  were able t o  very 
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Table 2 . 3 .  Summary of the  s t a t i s t i cal s i gn i f i cance o f  
mUl t i ple regr es s i on compari sons be tween t h e  pho t osyn thes i s  
o f  t rans fer ( i e .  10-20 C and 30-20 C t rea tmen t s ; see t ex t )  
and con t rol ( i e .  1 0 , 20 , 30 C t rea t men t s )  kiwi f ru i t  cv . 
Hayward plan t s  a t  0 ,  3 ,  8 ,  15 , or 2 4  days from t rans fer , 
under low ( 28 0  uE m- 2 S- l ) or high ( 650 uE m- 2 S- l ) PPFD 
cond i t ions . ( ns , n o t  s i gn i f i can t ; * ,  0 . 05 > p > 0 . 01 ;  
* *  p < 0 . 0 1 ) . 

Temperature Comparisons 

10-20 C 10-20 C 30-20 C 30-20 C 
vs 10 C vs 20 C vs 30 C vs 20  C 

Day from 
t rans fer 

0 * ** 

3 ns ns ** ** 

8 ** ns ** ns 

15 ** ns ** * 

24 ** ns ** ns  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Day from 
t rans fer 

0 ns ** 

HIGH 3 ** ** ns ns 

8 ** ** ** * *  
PPFD 

15 ** ** ** * 

24 ** ns ** ns 
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qui ckly acc l i ma t i se  t o  the new grow t h  t empe ra ture . They 

t ook only 3 d ays , whe reas under h i gh PPFD , the same 

acclima t ion t ook 24 days . 

The a c c l i ma t i on of  the 30-20 C t rans fer plan t s  t o  t h e  

20 C grow t h  t emperature was not  s o  c l ea r .  Howeve r ,  i t  

appeared tha t under a low PPFD env i ronment , the 

pho tosyn thes i s  of  a 30-20 C t rans f e r  p lant became markedly 

d i f fe ren t f rom i t s original 30 C env i ronmen t only 3 d ay s  

a f t e r  t rans f e r . On t h e  o ther hand , i t  took abou t 8 days 

for the pho t osynthes i s  o f  t rans f e r  plan t s  t o  be s i mi l a r  t o  

that o f  plan t s  wh i ch were con t i nuous ly grown i n  20  C 

env i ronmen t .  

In the  non-shaded t reatmen t s ,  i t  t ook 8 days for  the  

30-20 C t ransfer plan t s  to  be s i gn i f i can t ly d i s t i n c t  f rom 

the i r  o r i g i na l  30 C env i ronmen t .  On the o ther hand , 2 4  

days was needed be fore t h e  pho t osyn thesis  charac t e r i s t i c s  

o f  t rans f e r  p lan ts were s im i la r  t o  t h e  20 C t re a t men t s . 

_C_h_an�g_e __ i_n __ P. a x_w�i t�h�a�c�c�l_i_m�a�t�i�o_n 

Plo t s  o f  ne t pho tosyn t hes i s  w i t h  lea f ins e r t ion 

grad i en t s  were carr i ed out  for eve ry set  o f  d a t a  co l l e c t ed 

i n  t r ial  3 .  Quad ra t i c  equa t i on s  were then f i t t ed t o  t h e  

data  and es t i ma t i ons o f  P a t  the  p revai l i ng i rrad i ance  m a x  

were subsequen t ly compu ted f rom the maximas o f  the f i t t ed 
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curves . All the  e s t ima t ed P values are presen t ed in  m a x  

table 2 . 4 .  

Changes i n  the max i mum pho t osyn thes i s  ra t e  i n  a 

t rans fer p lan t could also be used t o  i nd i cate  the  

pho tosyn the t i c  acclima t i on of  plan t s  t o  new grow th 

t empera tures . I t  appeared that  under a low PPFD 

envi ronmen t ,  the  P value o f  plan t s  in  the 10-20 C m a x  

t rans fer t re a t men t wer e  s i mi lar t o  con t rol plan t s  i n  1 0  C 

and 20 C t re a t men t s . The i r  P values were i n  the  range m a x  

o f  200 t o  480 ugC02 m- 2 S- l . A plan t i n  the 3 0  C t rea t men t 

has a P value be tween 200 to  3 7 0  ugC0 2 m- 2 
m a x  

- 1  S , bu t 

upon t rans f e r r i ng to  a 20 C envi ronment  ( i e .  30-20 C 

t reatmen t ) ,  i t s P value was able t o  exceed 400 ugC02 m a x  

m- 2 S- l a f t e r  3 days . 

Changes in P wi  th  t empera t u re acclima t i on were m a x 

more d i s t i n c t  under non-shaded cond i t i ons . Table 2 . 4  

shows that  the  range o f  P values i n  the 1 0  and 30 C m a x  

con t rol t r e a t me n t s  were below 600 ugC0 2 m- 2 S- l whereas a t  

2 0  C ,  P exceeded 600 ugC02 m- 2 S- l . Vhen plan t s  were m a x  

t rans ferred from 10 C t o  20 C grow t h  t empera t u re s  ( ie .  

10-20 C t rea t men t s ) , the i r  P value i ncreas ed w i t h i n  3 m a x  

days , from 459 t o  869  ugC0 2 m- 2 S- l . A s i m i la r  a c c l i ma t i on 

was observed for  the 30-20 C t rans fer p lan t s , and they 

took 15 d ays b e fore P i n creased from 460 t o  805 ugC0 2 m a x  

- 2 - 1  m s • 
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Table 2 . 4 .  P values ( ugC0 2 m- 2 S- l ) of t rans f e r  m a x  
( i e .  10-20 C and 30- 20 C t reatmen t s ; see t ex t )  and 
con t rol ( i e .  10 , 20 , 30 C t rea t men t s )  kiwi f ru i t cv . 
Hayward plan t s , a t  0 ,  3 ,  8 ,  15 , and 24 days f ro m  
t rans fer , under low ( 280 u E  m- 2 S- l ) and h i gh 
( 650 uE m- 2 S- l ) PPFD cond i t i ons . 

Treatmen t 

10 C 10-20 C 20  C 30-20 C 3 0  C 
( t rans f e r )  ( t rans fe r )  

Day f rom 
t rans fer 

0 422 461 406 281 28 1 

3 472  401 2 1 6  4 7 6  3 7 0  

8 298 453 3 2 1  286 206 

1 5  3 4 2  452  408 290 309 

24  392 4 1 0  439  4 7 3  309 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Day f rom 
t rans fe r  

0 389 459 651 460 460 

HIGH 3 497  869  481  4 7 6  4 2 9  

8 220 590  7 1 6  425 3 2 3  
PPFD 

1 5  456 7 8 4  7 9 6  805 5 2 1  

2 4  475 688 645 563 343 
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Changes in O ther Leaf Characteri s t i cs 

D i f fe rences be tween kiwi frui t l eaves whi ch d eveloped 

in shaded and non-shaded env i ronmen t s  in  t r i al 3 are shown 

in t ab l e  2 . 5 .  

Shad i ng increased t he s t oma tal res i s tance t o  CO 2 

u p t ake , al though t h i s  was not  s ign i f i can t ( p=0 . 25 ) . Lower 

s t oma t al res i s tance values were observed a t  20 C in  bo t h  

low and high PPFD env i r onmen t s  ( 7 . 4  and 9 . 5  s cm- I , 

respe c t ively ) . 

The effec t o f  shad i ng d i d  no t a l t e r  the chlorophyll  

con t e n t  o f  kiwi fru i t  leaves ( p=0 . 19 ) . A s i m i lar 

i nsens i t i v i t y to  t empera ture was also apparen t at  low PPFD 

env i ronmen t s . I n  h i gh PPFD env i r onmen t s  low t empera t u re 

caused v i sual s i gns o f  leaf chloros i s  wh i ch was refle c t ed 

in  the  low leaf chlorophyll con ten t in  those leaves ( 35 

ugChl per  cm2 ) .  

The leaves o f  1 0  C plan t s  i n  low PPFD env i ronmen t was 

vi sually t h i cker , hence i t s spec i f i c  leaf weigh t  was also 

highes t ( 9 . 02 mg cm- 2 ) .  O therwi se , in  b o t h  h i gh and low 

PPFD cond i t i ons , the h i ghes t spec i f i c  leaf we i gh t s  were 

observed for the plan t s  in the 20 C grow th t empera ture . 

Lea f  expans i on in  the shaded envi ronme n t  appeared t o  

b e  r a t he r  insens i t i ve t o  t emperature ( p=0 . 7 7 ) .  By 
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Table 2 . 5 .  Lea f chara c t e r i s t i cs o f  t rans fer ( 1 0-20 C and 30-20 C 
t reatmen t s ; see t ex t )  and con t ro l  ( 10 ,  2 0  and 30 C t rea t men t s )  
kiwi frui t cv . Hayward plan t s  grown under low ( 280 uE m- 2 S- l ) 
and high ( 650 uE m- 2 S- l ) cond i t i ons . S . E . i n  paren thes i s .  

LOU PPFD 
Grow th tempera t u res t rans f e r  

1 0  C 20 C 30 C 10-20 C 30-20 C 

rs ( s  cm- 1 ) 1 1 . 9 ( 0 . 7 )  7 . 4 ( 0 . 2 )  1 1 . 3 ( 0 . 6 )  8 . 7 ( 0 . 2 )  1 1 . 0 ( 0 . 6 )  

Mean leaf 2 1 8 ( 18 ) 229 ( 1 2 )  1 95 ( 1 4 )  2 1 2  ( 1 9 )  2 20 ( 25 )  
area ( cm2 ) 

SLU ( mg cm- 2 ) 9 . 02 ( . 97 )  6 . 3 1 ( . 66 ) 5 . 01 ( . 1 3 )  7 . 05 ( . 35 )  6 . 4 1 ( . 48 )  

Chlorophyl l  45 . 2  ( . 4 )  55 . 4 ( . 2 ) 4 1 . 9 ( . 7 )  48 . 7 ( . 3 ) 4 3 . 2 ( . 8 ) 
( ugChl cm- 2 ) 

HIGH PPFD 

rs ( s  cm- 1 ) 1 0 . 9 ( 0 . 8 )  9 . 5 ( 0 . 5 )  1 0 . 0 ( 0 . 2 ) 7 . 9 ( 0 . 2 )  9 . 8 ( 0 . 5 ) 

Mean leaf 1 47 ( 1 7 )  1 95 ( 6 )  246 ( 5 )  207 ( 1 7 )  2 4 6 ( 5 )  
area ( cm2 ) 

SLU ( mg cm- 2 ) 7 .  7 1 ( . 46 )  8 . 39 ( . 1 2 ) 7 . 25 ( . 29 )  8 . 99 ( . 53 )  7 . 96 ( . 67 )  

Chlorophyl l  3 5 . 7 ( . 4 ) 53 . 8 ( . 1 ) 5 3 . 0 ( . 1 ) 52 . 9 ( . 2 )  55 . 8 ( . 9 ) 
( ugChl cm- 2 ) 
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cont ras t ,  the mean leaf s i z e a t  h igh i rrad i ance varied 

from 147  cm2 at  10 C t o  246  cm2 a t  30 C ( t able 2 . 5 ) . 

Plan t s  wh i ch we re s t ressed by the low , 1 0  C 

t empera ture , and h igh i r radiance t reatments s u f fered no t 

only a reduc t i on in  leaf expans i on and loss o f  chlorophyll 

bu t also had reduced s pe c i f i c  leaf we igh t  ( 7 . 7 1 mg cm- 2 ) .  

However ,  af ter  24 days o f  acc l i ma t i on to  20 C ,  these 

s t ressed plan t s  increased the i r  leaf chloro phyl l  t o  52 . 9  

ug ChI cm- 2 , wh i ch was s i m i lar to  that  found i n  2 0  C 

t rea t men t s  ( 5 3 . 8  ug ChI cm- 2 ) .  The s t ressed leaves also 

r egai ned the i r  full pho t o syn the t i c  po ten t i a l  qu i t e early 

s o  tha t fur ther leaf expans ion ( f rom 147 cm2 t o  207 cm2 ) 

and accumula t ion o f  d ry ma t t er ( f rom 7 . 7 1 t o  8 . 9 9 mg cm- 2 ) 

o ccurred . 

Transfer plan t s  f rom 30-20 C t rea tmen t s  also showed 

s igns o f  acclima t ion to the new 20 C grow t h  t empera ture . 

The i r  s t oma t al res i s t ance , mean leaf s i ze , s p ec i f i c  leaf 

weigh t , and leaf chloro phyll con t en t  were mos t ly 

i n t e rmed i a t e  be tween t he values for  20 and 30 C .  
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2 . 4  Experimen t 2C 

2 . 4 . 1  I n t roduct i on 

D i f fe rences be tween the leaves of  f rui t i ng and 

non- frui t i ng shoots  in the a ccumula t i on of  d ry ma t t e r  were 

repor ted by Sm i t h e t . al .  ( 1 98 6 ) . Th i s  expe r i me n t  was 

d e s i gned to i nves t i ga t e  i f  there was also a leaf  

pho t o syn t he t i c  respon s e  t o  t he presence of f ru i t s  on a 

kiwi f ru i t shoo t .  

2 . 4 . 2  Mat e r i als and M e thods 

P lan t Mat e rials 

A 7-year-old ' Hayward ' vine , i n  a comme r c i a l  o r chard 

block a t  Lev i n  was used in t h i s  exper i ment . Four f ru i t ing 

and 4 non- f ru i t i ng ,  i n d e t erminate  shoo t s  i n  well exposed 

posi t i ons were selec t ed . Each shoo t had abou t 5 t o  7 

leaves and each f ru i t ing sho o t  carr i ed 3 frui t s . A t  the  

t i me o f  pho t osyn thes i s  measu remen t ,  fru i t s i zes  we re abou t 

85 c m3 , p robably a t  abou t s t age I I I  o f  frui t g row t h  
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( exper i men t 3A) . 

Data Colle c t i on 

Pho t osyn t hes i s  measuremen t s  were t aken be tween 2 and 

4 pm on 16 Mar 1 985 . The preva i l i ng wea t her cond i t i ons a t  

t ha t  t i me were a cloudless s ky , negl igi ble w i nd , and 2 0  C 

leaf t emperature . 

2 . 4 . 3  Resul t s  

Quad ra t i c  r egre s s i ons were f i t ted to  t h e  da ta o f  ne t 

lea f pho tosyn t hes i s  wi th inciden t  PPPD for frui t i ng and 

non- fru i t ing shoo t s  ( f i g .  2 . 6 ) . The two curves were n o t  

s ign i f i can tly d i f ferent  ( F  1 , 85 6 . 8 1 ;  p>0 . 05 ) . The 

maxi mum pho tosyn thes i s  rate for Hayward kiwi frui t leaves 

was about 657 ugC0 2 m- 2 S- 1 . 
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2 . 5  Dis cu ss i on 

2 . 5 . 1  Kiwi f rui t Leaf Grow t h  

The growth  o f  t h e  kiwi frui t leaf was s igmo i d  ( f i g .  

2 . 1 a) . Leaves expanded rapidly for 8 0  days . Simi larly , 

Sm i th e t . al .  ( 1 986 )  observed that  the fas t e s t  ra t e  o f  

leaf grow t h  occurred f o r  7 0  days , from emergenc e  t o  f ru i t  

se t .  

The i rregulari ty i n  l eaf d ry we igh t and s pec i f i c  leaf 

we igh t  f rom about d ay 40 to 90 was s i gn i f i can t . 

There was no evidence o f  any anomaly i n  the wea t he r  

records to  sugges t tha t t he plan t s  were s t ressed , although 

i t  was poss i ble for the  glasshouse ven t s  or t h e  au toma t i c  

i rriga t i on supply t o  malfunc t i on .  During tha t p e r i od , 

leaf expans ion was s t i ll progres s i ng at  a r a t e  o f  abou t 

3 . 1  cm2 per day ( f ig . 2 . 1 b ) . The e f f e c t  was t herefore 

unlike ly t o  be tha t o f  wa ter s t res s , wh i ch p r i ma r i ly 

causes a reduc t i on i n  leaf expans ion through a d ecrease in  

leaf t urgo r pressure ( Terry e t . al . , 1983 ) . 

P lan t developmen t i s  an i n t egra t i on o f  phases o f  

vege t a t ive and reprodu c t ive grow th ( Goodwin , 1 9 7 8 ; 

Yareing , 1978 ) .  Grow t h  rates o f  the vege t a t i ve par t s  o f  a 
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plan t  may be i n h i b i t e d  dur i ng a c t ive f ru i t developmen t 

( N i t s ch , 197 0 ) . For example , Lakso ( 1 9 8 4 )  repo r t ed a 

d rama t i c  decline i n  t he dai ly leaf area inc remen t o f  apple 

t rees a t  the ons e t  of  full bloom . The loss of  carbon f rom 

t h e  kiwi frui t leaves from abou t day 40 appeared t o  

corres pond wi t h  t he ini t i al s t age o f  frui t grow t h  when 

absolu te  grow t h  r a t e s  were very h igh ( exper i ment  3A) . The 

r ecovery in  leaf  d ry ma t t e r  f rom abou t d ay 65 also 

c o i n c i ded wi t h  t he removal o f  several fru i t  s i nks and 

s hoo t mer i s t ems when en t i re f ru i t ing s hoo t s  were harves t ed 

( expe rimen t 5 C ) . I t  therefore appears that carbon was 

expor ted ou t of t he leaf in  response to the frui t d emand 

f o r  growth . S i nce t he mean leaf area a t  day 40 was 1 2 0  

cm2 , i t  can be sugges ted t ha t  t h e  kiw i f rui t leaf became a 

ne t expo r t e r  o f  carbon when i t  reached abou t 60 % full 

s i ze . 

Smi th e t . al . ( 1 986 ) worked wi t h  1 3 - 1 5  y ears old v ines 

grown in the  f i e ld and repo r t ed d i f f erences i n  t he grow t h  

o f  leaves f rom frui t ing and non- fru i t i ng s hoo t a f t e r  frui t 

se t .  Closer exami nat i on o f  t h e i r  d a t a  ind i ca t ed a very 

s l ight  decrease i n  leaf d ry we igh t , on bo t h  fru i t i ng and 

non-fru i t ing shoo t s , for 2-3 weeks i mmed i a t ely a f t e r  frui t 

s e t . The response in experi men t 2A could be  s i m i la r , 

given t ha t  t he age of  t he v i nes , t he envi ronmen tal 

cond i t ions , and node pos i t i ons o f  t he measured leaf were 
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d i f feren t . 

2 . 5 . 2  Ligh t Res ponses and Shade E ffec t s  

Wareing ( 1 9 7 9 )  s t a t ed t ha t , i n  many tempe r a t e  c rops , 

pho t o syn thes i s  was relat ively ins ens i t i ve to  t empera ture 

over the o p t i mum range o f  20 to 30 C so tha t the y i eld of 

t empe ra t e  C3 plan ts was l i m i ted mainly by the ava i lab i l i t y  

o f  l i gh t . T h i s  s t udy found t h a t  ligh t  was t he s ingle 

fac t o r  that a ccoun ted for the  grea tes t propo r t i o n  ( 7 7 0 / 0 ) 
o f  t he var i ance in kiw i f ru i t leaf pho tosyn t he s i s .  I t  was 

also shown that  a reduc t i on in  the mean PPFD from 650 t o  

2 8 0  u E  m- 2 S- l reduced t he n e t  pho t osyn thes i s  ra t e  o f  

kiwi frui t s igni f i can t ly ,  par t i cularly a t  the op t i mum 

t empera ture ( f i g .  2 . 5 ) . The leaf s t omatal res i s t ance o f  

s haded v i nes was also h igher than non-shaded v i nes ( t able 

2 . 5 ) . 

I t  i s  f requen t ly repo r t ed for  o ther crops t h a t  

s hading d ec reases t he chlorophyll con tent o f  l eaves ( eg .  

Ghosh , 1 97 3 ; Terry e t . al . , 1983 ) .  Although the  reduc t i on 

in pho tosyn thes i s  be tween s haded and non-shaded leaves was 

as  much as 50 % ( t able 2 . 1 ) ,  t h i s  was no t related  t o  t he 

amoun t o f  chlo rophyl l  i n  the  lea f . Table 2 . 5  s hows t ha t 

s haded and non-shaded kiwi fru i t  leaves had s i m i la r  amoun t s  
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o f  chlo rophyll p e r  uni t area . The resul t s  o f  Gran t and 

Ryugo ( 1 98�) agree wi t h  t h i s  observa t i on . 

Barden ( 1 9 7 7 ) po i n ted ou t tha t whe reas leaf 

chlo rophyll and leaf  pho t osyn t hes i s  wer e  usually poo rly 

correla ted in  the apple t ree , s pec i f i c  leaf we igh t was a 

good index of  pho t osyn the t i c  po ten t i al . S i m i l arly , in  t he 

kiwi frui t vine , t here was no rela t i ons h i p  be tween t he 

chlorophyll con t e n t  o f  kiwi frui t leaves and the e f f e c t  o f  

shad i ng on the i r  pho t osyn thes i s , b u t  t h e  spec i f i c  leaf 

we i gh t  of  leaves wh i ch we re acclima t i sed to  shaded 

env i ronmen ts was s i gn i f i can t ly lower ( t able 2 . 5 ) . 

Unde r shaded condi t i ons , the kiwi frui t vine s howed 

lowe r relat ive grow t h  ra tes and reduced dry ma t t e r  

accumula t i on ( Mo rgan , Warring t on , and Halligan , 1 985 ) . 

Zel i t ch ( 1 98 2 )  repo r t ed that  the t o t a l  net  pho t osyn thes i s  

and d ry ma t t e r  accumula t i on o f  a plan t were c losely 

rela ted . Th i s  c an b e  seen in  the correla t i on be tween 

t o tal  net pho t osyn t hes i s  of a kiwi fru i t vine , and i t s 

t o t al dry we i gh t  a t  high and low PPFD ( t able 2 . 2 ) . 

Table 2 . 5  s hows tha t the spec i f i c  lea f we i gh t  o f  

leaves acclima t i sed t o  shaded envi ronmen t s  was 

s i gn i f i can t ly lower ( p <O . 05 )  t han non-shaded leaves . 

Barden ( 1974 , 1 9 7 7 ) s howed that  s pec i f i c  leaf we ight  o f  a 

fully expanded apple leaf could a l t e r  when i t  i s  exposed 

to changing l i gh t  levels . Simi l arly , kiwi f rui t l eaves 
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responded to  t h e i r  light  envi ronmen t by changi ng t he i r  

spec i f i c  leaf we igh t s . 

Excessive shade cond i t i ons i n  the orchard , such  as  

caused by wind breaks , are  therefore l i kely t o  l i mi t the  

po t en t i a l  dry ma t t er produ c t i on of  the kiwi frui t v i ne . 

Thi s  i s  unusual when one con s i ders tha t in i t s na t ural 

hab i t a t  t he kiwi frui t vine thr i ved i n  gullies , under t ree 

canop i es , or on the edge o f · fores t where they were s haded 

for  much o f  t he day ( Ferguson , 1 984 ) . 

The pa t t e rn of  dry ma t t er p roduc t i on and d i s t r i bu t i on 

can also be a f fec ted s i gn i f i can t ly by the manner i n  wh i ch 

t he v i ne canopy i s  managed . Tra i n i ng and pruning sys t ems 

have t o  be a i med a t  the removal o f  excessive wi t h i n- canopy 

shad i ng .  

2 . 5 . 3  Tempe ra ture Responses 

The res ponse o f  kiwi f rui t leaf pho tosyn thes i s  t o  

t empera ture ( f i g .  2 . 5 )  i s  typi cal o f  mos t t empe r a t e  f ru i t  

crops , for example : grape ( Poss ingham , 1 9 7 0 ) ; apple 

( Lakso and Seeley , 1 9 7 8 ; Wa t so n  e t . al . , 1 9 7 8 ) ; pear 

( K r i edemann and Can t erford , 1 97 1 ) ; and peach ( C rews 

e t . al . , 1975 ) .  Max imum pho t osyn t hes i s  was obs e rved a t  the  

grow t h  temper a ture o f  20 C .  Th i s  agreed wi th t h e  o p t imum 
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shor t - t e rm response t emperature repo r t ed by La ing ( 1 985 ) . 

He also observed a large degree o f  plas t i c i ty  i n  the 

t emper a t ure res ponse cu rve o f  kiwi fru i t leaves , whe reby 

t he t empera ture op t i mum s h i f ted by 0 . 58 degrees per d egree 

shi f t  in  growth t empera ture . 

I t  can be s een f rom table 2 . 5  that  s i gn i f i cant 

d i f fe rences in t he s t omatal res i s t ance of kiwi f ru i t leaves 

were c learly in  res pons e to grow t h  t empera tures . 

Corres pond ing t o  the h ighes t pho tosyn t he t i c  rates  a t  20  C 

was t he lowes t leaf s t omatal res i s t ance ( 7 . 4  and 

9 . 5  s cm- 1 for low and high PPPD condi t i ons , respe c t ively ) . 

Gran t and Ryugo ( 1 984b ) also repor t ed a s i m i lar 

correla t i on betwe en ne t pho t osyn t he s i s  and s t oma tal 

res i s t ance . 

The opt imum t emperature for kiwi f rui t grow th and 

t o t al pho t osyn t he s i s  was s i m i lar ( t able 2 . 2 ) . Thi s  

appeared t o  be d i f ferent from mos t  plan ts where grow t h  

processes like l e a f  i n i t i a t i on and leaf grow t h  generally 

show h igher t empera ture minima and h igher t empera ture 

op t i mum t han pho t osyn t he s i s  ( Mon t e i t h and Els t on ,  1 9 7 1 ) . 

I t  also mean t t h a t  t h e  kiw i f ru i t vine had the  advan t age o f  

early canopy es t ab l i shment i n  t he spr ing s i nce unl i ke mos t 

c rops , i t s crop grow t h  ra t e  was no t l i mi t ed by the  r a t e  a t  

whi ch ass imilates  can be u t i l i s ed i n  grow t h . In o th e r  

words , d ry ma t t e r  p roduc t i on o f  the kiwi f ru i t  during 
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s p r i ng was n o t  ' s i nk l imi ted ' . 

The balance be tween t o tal net  pho t osyn t hes i s  and 

resp i r a t i on was h i ghes t a t  20 to 25 C ( t able 2 . 2 ) . To tal 

n e t  pho tosyn thes i s  a t  1 0  C was min imal , and the  t o tal  d ry 

weigh t a t  day 40 had only j us t  recove red from res p i r a t o ry 

losses as soci a t ed w i t h  i n i t i al shoo t grow th ( Mo rgan , 

Warrington , and Halligan , 1985 ) . Accord ing t o  Zeli t ch 

( 1 982 )  ins t an t aneous pho t osyn thes i s  measureme n t s  on a 

s ingle leaf may n o t  correla t e  pos i t ively wi t h  dry ma t t e r  

accumu la t i on .  Th i s  s t udy however showed tha t t h e  

t empe ra ture respons e o f  both  ins t an t aneous pho t o syn thes i s  

( t ab l e  2 . 1 ) and t o tal  n e t  pho t osyn thes i s  ( t able 2 . 2 ) o f  

the kiwi f rui t vine were qui t e  s i milar , and closely related 

to  t o t al dry ma t t e r  ac cumulat i on .  

2 . 5 . 4  Light and Tempera ture I n terac t i on s  

I t  was found i n  t h e  apple t ree t h a t  t he o p t i mum 

temperature for pho tosyn thes i s  increased w i t h  i rrad i ance 

( Se el ey and Kammereck , 1 9 7 7 b ) . Th i s  s t udy however , s howed 

t ha t  al t hough the t emperature res ponse of  kiwi f ru i t l eaves 

showed a broad o p t i mum when s haded ( f i g .  2 . 5 ) , maxi mum 

pho t o synthes i s  o c curred at  20  C regard less of whe t he r  the  

vines were grown unde r  low ( 280 uE m- 2 S- l ) o r  h i gh ( 650 
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uE m- 2 S- I )  P PFD cond i b i ons ( t able 2 . 1 ) .  

In a non-shaded env i ronmen t ,  the h i ghes t s p ec i f i c  

leaf  we i gh t  was obse rved a t  t he o p t i mum for grow t h , i e .  

2 0  C ( table 2 . 5 ) .  Shaded v i nes however ,  showed t he 

h i ghes t spec i f i c  leaf we i gh t  when they were grown i n  10 C 

cond i t i ons ( 9 . 02 mg cm- 2 ) .  Th i s  anomaly may be caused by 

t h e  accumula t i on of soluble car bohyd rates  and reduced 

t rans locat ion rates wh i ch i s  l i kely to  happen at l ow 

t empera tures ( Evans e t . al . , 1 9 6 4 ) . 

Kiwi fru i t leaf grow t h  and leaf chlorophyll con t e n t  

were i nsens i t i ve to  grow t h  t empera tures under s haded 

cond i t i ons ( table 2 . 5 ) . However , under a h i gh PPFD 

envi ronmen t , s t ress symp t oms were ev ident  at  10 C .  The 

leaf a rea ( 1 47 cm2 ) was the smalles t ,  and leaf chlo rophyll 

con t en t  was s i gn i f i can t ly lowe r ( 35 . 7  ug ChI cm- 2 ) t han 

o ther t rea t men t s . Morgan , Warring t on , and Hal l i gan ( 1 985 )  

a t t r i bu t ed the cond i t ion o f  the leaves to ch i l l i ng i nj ury , 

a l t hough i t  i s  also l i ke ly t o  have been the r es u l t o f  

pro longed pho t o i nh i b i t i on ( Greer e t . al .  1987 ) .  
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2 . 5 . 5  Acclimat ion to  Temperature 

Kiwi frui t vines grown a t  10 or 30 C accl i ma t e  t o  a 

2 0  C growth envi ronmen t wi t h i n  3 to  24  days ( t able 2 . 3 ) .  

Shaded plan t s  accl i ma t e  qui cke r ( 3  t o  8 days ) , p robably 

because o f  the b road t empera t u re op t i mum for 

pho t osyn thes i s  a t  low i r rad i ances ( f i g .  2 . 5 ) . O ther 

p lan t s pec i e s  also take a few days t o  acclima t i s e  t o  new 

growth tempera tures . For example , N e r i um oleander 

requi red one t o  two days t o  acclima t i s e  from 2 0  to  45 C 

( Osmond e t . al . , 1980 ) , and pho tosyn the t i c  changes i n  

t ropi cal grass and legume leaves which  developed a t  20  C 

were comp l e t e d  af t er 1 5  hours overn i gh t  in a new 

t empera ture of 30 C ( Ludlow and Vi lson , 1971 ) .  The 

rap i d i ty of t hese pho t osyn t he t i c  adj u s t men t s  s ugges ted 

t ha t  b i ochemi cal processes we re l i kely to  be i nvolved . A 

plan t  i s  a c c l i ma t i sed t o  a cer tai n t empera t u re by chang i ng 

i t s ra t i o  o f  carboxylase ac t i v i ty and elec t ron t rans po r t  

capac i ty t o  a f i n e  balance s o  tha t there was an 

enhancemen t of t h e i r  thermal s t abi l i ty ( Farquhar and 

K i r s chbaum , 1 9 85 ) . 

The t i me period for plan t s  t o  a c c l i ma t i s e  t o  20  C 

from e i t he r  1 0  o r  30 C was more gradual ( up t o  2 4  d ays ) 

when compari s ons of  mul t i ple regress i on analy s i s  were used 

( t able 2 . 3 ) . This  compared wi th the s ho r t e r  t i me periods 
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( 3  t o  8 d ays ) when changes i n  P values were used ( t able m a x  

2 . 4 ) . The regre s s i on analys i s , unl ike changes i n  P , m a x  

would have included componen t s  o f  plan t var i ab i l i ty i n  t he 

leaf s t ru c t ure wh i ch requ i red longer periods for  change . 

P as a measure o f  pho tosyn t he t i c  acclima t i on t o  m a x  

t empe ra ture i n  mature leaves was unlike ly t o  have been 

grea t ly dependen t on changes in leaf s t ructure . For . 

exampl e ,  v i nes which were t rans fe r red f rom the  s t r e s s  

cond i t i ons of  h i gh PPFD and 1 0  C ,  showed a n  i mmed i a t e  

imp rovemen t ( 3  days ) i n  adj us t i ng i t s P value ( t able m a x  

2 . 4 ) . Howeve r ,  a t  the end o f  the acclima t i on period  ( 24 

days ) , the leaf area on these vines  expanded from 1 4 7  t o  

207 cm2 ; s pec i f i c  leaf we i gh t  i n c reased from 7 . 7 1 t o  8 . 9 9 

mg cm- 2 ; and leaf chlorophyll  inc reased from 35 . 7  t o  5 2 . 9  

ug ChI cm- 2 ( t able 2 . 5 ) . 

Table 2 . 5  also s hows tha t t h e  mean leaf s i z e , 

s pec i f i c  leaf weigh t ,  and chlorophyll con t en t  f o r  all  t h e  

o th e r  t rans fer plan t s  approached values wh i ch were c l o s e  

t o  t hose in  the 20 C t rea t men t .  Some changes i n  s t oma t a l  

res i s t ance were also ev iden t a l t hough acco rding t o  Lud low 

and W i lson ( 19 7 1 )  and W i l l i ams ( 1 97 4 ) , s t oma t a  only played 

a m i no r  role in d e t e rmi n i ng the pho tosyn t he t i c  a c c l ima t i on 

t o  low and h i gh t empera tures . The res idual res i s t ance  was 

con s i dered to  be more impo r t an t .  

Fe rguson ( 1 984 ) repo r t ed that  i n  the i r  na t u ra l  
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hab i t a t , kiw i f rui t plan t s  are subj e c t ed t o  large d ay and 

n igh t var i a t i ons of up t o  15 C d i f ference , and summer and 

w i n t e r  max ima and minima o f  up to 50 C di fference .  I t  i s  

t here fore no t surpris ing tha t t he resul t s  o f  t h i s  s t udy 

con f i rmed that  the kiwi f ru i t vine has a h igh po t en t i al for  

t empe rature acclima t i on . 

2 . 5 . 6  Male and Female Pho tosynthes i s  

Fi eld observat ions sugges ted tha t t he m a l e  kiwi fru i t 

v i ne s  had more vigour t han female v i nes ( Dav i son , 1987 ; 

Sale , 1 9 8 0 ) . Th i s  may be because unl ike female v i nes , 

male plan t s  do no t have t o  par t i t i on subs tan t i al amoun t s  

o f  d ry ma t t er t owards f ru i t  grow t h  and deve lopmen t .  The 

d a t a  of Mo rgan , War r i ng t o n , and Hall i gan ( 1 9 8 5 )  on 

one-year-old cu t t ings of male and femal e plan t s  showed 

s ign i f i can t ly h igher grow t h  rates for male p l an t s . In  

t h i s  s t udy , ' Ma t ua ' showed higher pho t osyn th e t i c  ra tes  

t han ' Hayward ' .  However , no s i gn i f i cant d i f fe rence 

be t ween ' Tomuri ' and ' Hayward ' was found . 
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2 . 5 . 7  E f fe c t  o f  Fru i t S i nks on Leaf Pho tosynt he s i s  

Ev i d ence for the e f f e c t s  o f  frui t demand on 

pho tosyn t he s i s  has been equivocal . I t  probably depends o n  

d i f fe ren t fac t ors such as : the s t arch levels o f  t he leaf  

( Ward law , 1 98 5 ) ;  s t age o f  f ru i t  developmen t during the 

s eason ( Hansen , 1970b ) ; t he type o f  shoo t s  from wh i ch 

leaf pho tosyn thes i s  I S  moni t o red ( Wa t son e t . al . , 1 9 7 8 ) ; 

o r  the p resence of  cons t r ained vascular li nkages be tween 

leaves and f r u i t s  ( Wa t son and Cas pe r ,  1984 ) . I t  i s  

perhaps b e cause o f  these reasons , and the d i f f i cu l t y  i n  

i sola t i ng the leaf - f ru i t sys t em f rom t he presence o f  o t her  

alterna t i ve s inks , that  the compar i sons of  pho t osyn thes i s  

data  i n  t h i s  ( f ig . 2 . 6 ) , and o t h e r  experimen tal  work ( eg .  

expe r i men t s  8A , 8 B )  have inva r i ably fai led to  d i s t i ngu i s h  

any e f f e c t  o f  ass i mi la t e  demand o n  kiwifrui t leaf 

pho tosyn thes i s .  

The maxi mum rate  o f  pho t osyn t he s i s  i n  t h i s  s t udy was 

657 ugC0 2 m- 2 S- l . Grant and Ryugo ( 1 984b ) repor t ed 

P values o f  about 530 ugC0 2 m- 2 S- l ( 1 2  umol m- 2 S - l ) .  m a x  

Corre la t i ons be tween fru i t development and ne t 

pho t o syn thes i s  rate have of ten been reported ( eg .  

Chalmer s  e t . al . , 1 975 ; Crews e t . al . , 1975 ; Lenz , 1 9 7 9 ) . 

In the work o f  Gran t and Ryugo ( 1 984b) , measuremen t s  were 

taken in l a t e  Augus t ,  probably duri ng a s t age o f  f ru i t  
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grow th wh i ch was d i f ferent from t h i s  s t udy . 

When Dejong e t . al . ( 1 984)  s t udied  t he e f fec t s  o f  

n i t rogen o n  kiwi frui t leaf pho tosyn thes i s  they found 

d i f ferences of as much as 100 % i n  P . I t  was m a x  

there fore pos s i ble that  the d i s c repanc i es i n  P values m a x  

was due t o  var i a t ions i n  leaf m i neral nutri t i on o r  o t her 

env i ronmen tal  d i f fe rences . 
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CHAPTER THREE 

FRUIT DEVELOPMENT 

3 . 1  Int roduc t i on 

F ru i t s  are  impo r t an t  de t e rmi nan t s  in  the par t i t i on i ng o f  

dry ma t t e r  ( G i f ford and Evans , 1 9 8 1 ) . I t  i s  therefore u s e fu l  

to  know the f ru i t grow th pa t t ern o f  the  kiwi frui t .  

Fru i t  Growth Pat tern 

F ru i t d eve lopment  i s  a complex growth proces s wh i ch i s  

slow and var i able . Several rev i ews have been wr i t t en o n  t h e  

subj ec t , eg : Bollard ( 1 9 7 0 ) , Coombe ( 1 97 6 ) , Crane ( 1 9 64 ) , 

and N i t sch ( 1 9 70 , 1 9 7 1 ) . 

Two types of f rui t grow th curves are common ly des c r i bed . 

Frui t crops wi th  the s i ngle s igmo i d  curve include apples 

( Denne , 1 9 60 , 1963 ) ; pear (Griggs and Iwakari , 1956 ) ; 

' Clemen t in e '  mandar i n  ( Garcia-Papi  and Garci a-Mar t i nez , 

1984 ) ; mango ( Prakash and Ram , 1 9 8 4 ) ; toma t o ,  da t e , 

p ineapple , banana , avocado , s t rawberry , orange , and melon 

( c i t ed i n  Bol lard , 1 9 70 ) . Thos e  exh i b i t i ng a double s igmo i d  
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pa t t ern include : peach ( Chalmers and Van Den Ende , 1 97 7 ) ;  

apr i c o t  ( Jackson and Coombe , 1 9 6 6 ) ; Jrapanese pear ( N i i ,  

1 9 8 0 ) ; f i g ,  b lackcurran t ,  raspberry , blueberry , grape , and 

o l i ve ( c i ted in Bollard , 1 9 7 0 ) . 

The grow t h  pa t t ern o f  k iw i f rui t was descri bed as  a 

double s igmo i d  ( Hopping , 1 9 7 6 ) , although Pra t t  and Re i d  

( 1 9 7 4 )  decided i t  was a uni que t r i p le s igmoid . I n  the  double  

s igmo i d  pa t t ern , t hree f ru i t grow th phases in  t h e  k i w i fru i t 

can be d i s t i ngu i shed . They correspond to the d i f feren t r a t e s  

a t  whi ch c e l l  d i v i s ion and enlargemen t occur i n  t h e  d i fferen t 

frui t t i s sues ( Hopping , 1 9 7 6 ) . As endogenous grow t h  hormones 

are produced in  large quan t i t i es in  the seeds , seed grow t h  

also  h a s  an i mpor tan t  r o l e  in  regula t i ng frui t develo pmen t 

( Cran e , 1964 , 1969 ) . In  con t ras t t o  the cycl i c  n a t u r e  o f  t he 

curves for increases i n  fru i t  fresh we igh t s ,  l i near  i ncreases 

in d ry weigh t s  are commonly observed for many f ru i t s  

( Bo l lard , 1 9 70 ) . Th i s  i nd i ca t es t h a t  the intake o f  wa ter  

i n t o  d i fferen t t i ssues dur i ng frui t developmen t is  l i kely t o  

have been var i able . 

The mo i s ture con t e n t  o f  fru i t s  i s  usually very h igh .  

Apples and pears for ins t ance cons i s ted of  up t o  85 % wa t e r  

( Bol lard , 1 9 7 0 ) . Reduced ra tes o f  f ru i t grow t h  o ccu rred when 

plan t s  we re wa t er-s t ressed during d ry weather because of h igh 

t rans p i r a t i on ra tes . D i urnal grow t h  pa t terns we r e  f requen t ly 

observed . For examp le , Koz l owski ( 1 968 ) obs e rved t ha t  t he 

70 



r a t e  of  volume i n c rease o f  sour che r ry was several t i mes 

h i gher in  the nigh t  than in the day . Shrinkage o f  f ru i t s  

also occurs i n  t h e  middle part of  t h e  d ay ( Bollard , 1 9 70 ) . 

Large var i a t i ons i n  the growth  pe r i od of d i f feren t 

f ru i t s  have been r epor ted . S t rawbe r r i es requi red only 25  

days from an t hes i s  before they were r i pened for harves t 

( N i t s ch , 1950 ) whe reas the ' Valenc i a '  o range needed a leng t hy 

4 1 3  days ( Bai n ,  1 9 58 ) . 

The kiwi f ru i t ri pens a f t e r  harves t i ng . In New Zealand , 

expor t kiwi f ru i t s  a re no t harves ted un t i l  they have a t t a i ned 

a ma turi ty index of 6 . 2  0 1 0 soluble sol ids  (Harman , 198 1 ) . 

"'0.';,,1-/ t Y Seasonal and s i t e e f fe c t s  are known t o  delay Rarue�t by a t  

leas t 4 weeks ( pe rs . com . , McPherson H . G . , Plan t Phy s i o logy 

Divis i on ,  DSIR , Palmers ton No r t h ) . The period of f rui t 

developmen t f rom anthes i s  to  harves t i s  also l i kely t o  be 

highly var i able . 

Frui t Growth Measuremen ts 

The grow t h  of mos t  frui t s  had been f ollowed by meas u r i ng 

f ru i t at t � i �u t es  such as d i ame t e r , leng t h , volume , fresh 

we i gh t ,  and d ry weigh t . The cho i ce o f  a t t r i bu t es depended o n  

whe ther the i nd i v idual f ru i t s  we re measured i n  s i t u ,  o r  we r e  

harve s t ed a t  t ime i n t e rvals . I n t a c t  f rui ts were measured b y  

record ing t he i r  leng t h  or d i ame t er , o r  by wa t e r  d i s placeme n t  
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t o  f ind the i r  volumes . Howeve r ,  the use o f  a l i near 

d i mens i on to  es t i ma t e  fru i t s i z e  was no t prec ise , a l t hough 

fo rmulae could be used to conve r t  d i ame t e r  or leng t h  

measuremen t s  t o  equivalen t volumes ( eg .  Pra t t  and Re i d , 

1 9 7 4 ) . 

Accura t e  es t imat ion o f  fru i t  grow t h  from fresh and d ry 

we i gh t s  could be ob tained from samples o f  f rui t s  wh i ch were 

s equen t i al ly harves ted . In t h i s  ins t ance , Coombe ( 19 7 6 )  

i nd i ca t ed the impor tance o f  t aking s amples from a s e lec ted 

popula t i on o f  frui t s  whose developmen t were synchronous . 
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3 . 2  Experiment 3A 

3 . 2 . 1  Int roduc t i on 

The frui t growth o f  the kiwi frui t was des c r i bed by a 

double s i gmo i d  ( Hopping , 1 97 6 )  o r  t r i ple s i gmo i d  pa t t e rn 

( P ra t t and Rei d ,  1974 ) . 

In  t h i s  experimen t ,  kiwi f ru i t growth was fol lowed by 

s eq uen t i al measuremen t s  o f  fru i t  volume , fru i t  fresh and 

d ry we i gh t ,  frui t c i rcumfe rence ,  and fru i t leng t h . F ru i t 

vo lumes were also es t ima ted f rom the l i near d i mens i ons and 

compared w i t h  measured volumes . 

3 . 2 . 2  Materials and Me thods 

Experimental 

F i ve uni form , eight -year-old ' Hayward ' v i ne s  were 

used i n  this experimen t . They were loca ted at a 

comme r c ial orchard block a t  Lev i n .  Frui t s  on each v i ne 

were s e lec t ed f rom a popula t i on whose developmen t were as 
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synchronous as  pos s i ble . Therefore only sho r t  shoo t s  were 

t agged , and each shoo t carr i ed 3 flowers ; all of wh i ch 

had the same day o f  an t hes i s  ( 1  Dec 1 983 ) . 

Hoppi ng ( 1 9 7 6 )  no t ed tha t h i s  s ampl ing i n t e rval was 

probably too long to  d e t e c t  small changes in  fru i t s i z e .  

I n  t h i s  experime n t  a sequen t i al harves t o f  one shoo t per  

v i ne was made a t  shor t ,  regular i n t e rvals of  abou t 1 0  

days , throughou t t h e  season . The removal of  a t o t a l  o f  � 51 

frui t s  f rom an average crop load of  1000 frui t s  was n o t  

expec ted to  a f fect  the v i n e s  s ign i f i can t ly . The las t 

harves t was made 178  days a f t e r  an thes i s  on 2 6  M ay 1 98 4 . 

Th i s  was several days a f t e r  t h e  comple t i on of  the  

commercial harves t in the  reg i on ( 10 May 198 4 ) . 

A t  each harves t ,  the  fol lowing frui t grow t h  

a t t r i bu t es were measured : volume , f resh we i gh t , leng t h , 

c i r cumference , and dry we i gh t . 

Data Analys i s  

A cons t rai ned B-s p l i n e  curve- f i t t i ng program 

( Sp r i ggs , 1 986 ) was used to  f i t the da t a  collec t ed . 

Der iva t ives from the f i t t ed curves were ob t a i ned , and 

subsequen t plo t s  of  absolu t e  and rela t i ve grow t h  r a t e  were 

der i ved . F rui t volumes were also es t i ma t ed f rom the 

l i near measuremen t s  o f  f ru i t leng t h  and c i r cumfe rence , on 
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t he assump t i on t h a t  the  frui t s  had a un i form s hape which  

could be descr i bed by  a cyl i nder and two  halves of  a 

sphere . 
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3 . 3  Resul t s  

The cumula t i ve grow t h  o f  fru i t  f resh weigh t fol lowed a 

double s igmo i d  pa t te rn ( f i g .  3 . 1a ) . Absolute  grow t h  ra t e  

was maxi mal ( 1 . 44 g per day ) a t  3 4  days a f ter anthes i s  ( f i g . 

3 . 1 b ) . Grow t h  t hen decli ned i n t o t he s t age II phase and 

reached a m i n i mum of 0 . 4  g per day a t  day 95 . I t  t hen rose 

t o  a second peak a t  0 . 6 9 g per day at  day 133 . The rela t i ve 

grow t h  ra t e  i ncreased rap idly wi t h i n  a per iod of 1 6  days t o  a 

max i ma o f  0 . 1 6  g per g per day ( f i g .  3 . 1 c ) . F rom day 1 6  t o  

day 7 5  i t  fell  o f f  qui ckly t o  a low ra te . S t age I I I  grow t h  

i s  refle c t ed b y  only a very s l igh t hump i n  the rela t i ve 

grow t h  r a t e  graph . 

The grow t h  pa t t ern for measured fru i t  volume ( f i g .  3 . 2 ) 

was very s i mi lar to f ru i t fresh we i gh t . Howeve r ,  there we r e  

changes i n  frui t dens i ty dur ing the  grow th per i od . M i n i mum 

frui t dens i ty ( 0 . 75 g per  cm3 ) was obse rved from t he 

begi nn i ng o f  f ru i t  grow t h  on day 1 1  ( f i g .  3 . 3 ) . Du r i ng t h e  

early period  o f  frui t developmen t un t i l  abou t day 65 , f ru i t 

dens i ty was less  than 1 g per cm3 • F ru i t fresh we i gh t  

increased fas t e r  t han f ru i t volume and reached a maxi mum 

dens i ty of 1 . 04 g per cm 3 during harves t .  

76  



F i gu r e  3 . 1 .  T i m e c o u r s e  o f  f r u i t d ev e l o pmen t o f  
k i Y i f r u i t c v . Hayy a r d , a s  m e a s u r e d  b y  f r e s h  
y e i gh t . ( a )  Change i n  f r e s h  Y c i g h t i  ( b )  a b s o l u t e  
g r oy t h  r a t e j ( c )  r e l a t i v e  g r oy t h  r a t e . B a r s  
. ind i c a t e  s .  e .  
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F i g u r e  3 . 2 .  T i m e  c o u rse  o f  f ru i t d evelopmen t o f  
k i v i f ru i t cv . Hayva rd , a s  meas u r ed b y  vol ume . ( a )  
Change i n  f r u i t v olume ; ( b )  absolu t e  grov t h  ra t e ;  
( c )  r e l a t i ve g ro v t h  r a t e . B�rs ind i c a t e  s . e .  
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The rates  o f  i ncrease i n  frui t leng t h  and frui t 

c i r cumference are s hown i n  f igures 3 . 4  and 3 . 5 .  F ru i t  

vo lumes wh i ch were es t i ma t ed f rom these l i near measuremen t s  

were h i ghly correla t ed wi t h  measured f ru i t  vo lumes ( r 2 =99 . 8 ) , 

bu t the shape o f  t h e i r  grow t h  curves were sligh t ly d i f feren t 

( f i g .  3 . 6 ) . A no t i ceable dev i a t ion occured be tween day 9 1  

and day 101 where e s t i ma ted fru i t vo lume i ncreased 

s igni f i can t ly by 6 . 7  cm 3 ( p=0 . 02 ) . Measured f ru i t vo lume 

i ncreased by only 2 . 7  cm3 ( p=0 . 29 )  d ur i ng the s ame p e r i od . 

The d ry we igh t inc remen t of  the kiwi f rui t t hroughou t t h e  

s eason was almos t l i near ( f ig . 3 . 7 a ) . A plo t o f  i t s 

derivat i ve s hows t ha t  t he grow th ra t e  increas ed up t o  0 . 1 2 3  

g day- l in  t h e  f i r s t  36 days from anthes i s , af t e r  wh i ch a 

plateau o f  grow t h  was main t a i ned un t i l  day 150 when grow t h  

began to  dec l i n e . A s l igh t r i s e  in  absolute  grow t h  r a t e  

a f t er day 9 0  ( f i g .  3 . 7 b )  coincided wi t h  the s econd grow t h  

s t age of  the  frui t fresh we ight curves . Rela t i ve growth r a t e  

i ncreased t o  a max imum of  0 . 1g per g d ry wei ght  p e r  day a t  

day 1 8  a f t e r  whi ch i t  decl ined ( f i g . ' 3 . 7 c) . 
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Figure 3 . 4 .  Time course o f  frui t developmen t i n  
k i wi frui t cv . Hayward a s  measured by frui t leng t h . 
Bars i nd i ca t e  s . e  . 
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volumes ; 0 ,  f ru i t  volumes es t imated from l i near 
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F igure  3 . 7 .  T i me course  o f  fru i t deve lopmen t o f  
k iw i f ru i t c v . Hayward as  measured by d ry w e i gh t .  
( a )  Change i n  d ry we i gh t ; ( b )  absolu t e  g r ow t h 
r a t e ;  ( c )  r e la t i ve grow t h  ra t e .  Bars  i nd i ca t e  s . e .  
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3 . 4  Dis cussion 

3 . 4 . 1 Kiwi frui t Growth Pat tern 

The resul t s  of the expe r imen t ind i ca t ed t ha t  an adequa t e  

des c r i p t ion of  f ru i t growth can b e  o b t a i ned by the sequen t i al 

harves t of kiwi f rui t s . Gr i ggs and Iwaki r i ( 1956)  had shown 

tha t there was a close corres pondence between the grow t h  

curves o f  ' Bar t le t t ' pears wh i ch were o b t ained b y  measuring 

t he d iame t ers o f  e i ther the s ame f rui t t hrough the season , o r  

samples o f  fru i t p i cked a t  regular i n t e rvals . 

I n  t he kiw i f ru i t ,  the changes in  f ru i t grow t h  as  

measured by fru i t  f resh we ight  and fru i t  volume were s i m i lar 

( f igs . 3 . 1  and 3 . 2 ) . However ,  t here was a rap i d  i ncrease i n  

f ru i t  d ens i ty during the early growth s t age so  t ha t  b y  day 

65 , f ru i t  dens i ty exceeded un i ty ( f ig . 3 . 3 ) .  There was only 

a very s l igh t  i ncrease in  f ru i t d ens i ty from day 6S un t i l  

harves t .  

Frui t grow t h  of  the kiwi f ru i t  was clearly double s igmo i d  

( f igs . 3 . 1  and 3 . 2 ) . Hopping ( 1 97 6 )  reasoned t h a t  he  was 

no t able to  obse rve t he t r i ple s i gmo i d  growth pa t t e rn 

repo r t ed by Pra t t  and Re id  ( 1 974 ) because the t i me i n t e rvals 
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be tween h i s  data  points  were t o o  great to  d e t e c t  the  grow th 

inflexi ons pecul i ar to  a t r i p le s i gmoid . The sample p e r i od 

in  t h i s  experimen t was sho r t e r  ( 1 0 days ) , and the resu l t s  

shown i n  f i gures 3 . 1  and 3 . 2  d o  n o t  suppo r t  a t r i ple  s i gmo id 

grow t h  curve . 

Chalmers and Van Den End e ( 1 9 7 5 b )  reported t h a t  t he 

pat t e rn o f  grow t h  o f  peach frui t s  can d i f fer be tween 

var i e t i e s . The t r i p le s i gmo i d  curve for kiwi f rui t repo r t ed 

by P ra t t  and Re i d  ( 1 9 7 4 )  was p robably uni que to  the ' B runo ' 

var i e t y ,  whereas Hopping ( 1 9 7 6 )  descri bed the grow t h  c u rve 

for ' Monty ' frui t s . 

P ra t t  and Re i d ' s  frui t volume data  were no t t rue 

measuremen t s  of  frui t s i ze bu t were calculated es t i ma t e s  from 

frui t l eng th and d i ame ter measuremen t s .  Th i s  may have 

con t r i bu t ed to the d i s c repancy . F i gure 3 . 6  shows tha t the 

f ru i t grow t h  curves of measured and es t i ma t ed fru i t vol umes 

were d i f fe ren t . The s i gn i f i can t d ev i a t ion i n  es t i ma t ed f ru i t  

volume a t  day 101  prov ided some ev i dence tha t the cu rve could 

be i n t erpre ted as a t r i ple s i gmo id grow th curve . 
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3 . 4 . 2  F rui t Growth S t age s  

The dura t i on of  the frui t grow th s t ages found i n  t h i s  

s t udy appears t o  b e  d i f fe ren t from t h e  work of  H o p p i ng 

( 1 9 7 6 ) . He descri bed for  ' Mon ty ' the following s t ages : 

s t age I ,  from 0 to  58 days af t er f lowering ;  s t age I I , from 

5 8  t o  76 d ays a f ter  f lowe r i ng ;  and s t age III , f r om 76 to 1 60 

days a f ter  f lowering .  In  the ' Hayward ' the s t ages appeared 

to las t from day 0 to  58 ( s t age I ) ;  day 58 to 9 0  ( s t age I I ) ;  

and d ay 90 t o  178 ( s tage I I I ) . Howeve r ,  as Coombe ( 1 976 ) has 

commen ted , the three-s t age sys tem o f  describing a double 

s igmo id growth pat tern is arb i t rary and there is no 

i nd i ca t ion o f  the preci s e  pos i t ion o f  the bound a r i es be tween 

the s t ages . 

3 . 4 � 3  Fru i t  Dry Vei gh t 

Th i s  s t udy agreed wi t h  the work of  Hopping ( 1 9 7 6 )  tha t 

d ry we igh t incremen t i n  the kiwi f ru i t  was a l i near func t i on . 

T h i s  i nc rease i s  s i mi la r  t o  drupes ( Bo l lard , 1 9 7 0 ) , and many 

o ther  p lan t s  ( B i s coe and Gal lagher , 1977 ) .  The d i s placemen t 

i n  t i me b e t ween fresh we igh t and d ry we igh t i nd i ca t ed that  

as s i m i l a t e s  were incorpo ra t ed into  the frui t wi t h  d i f feren t 

amoun t s  o f  wa ter  ( Chalmers and Wi l son , 197�) . 
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Pra t t  and Re id  ( 1 9 7 4 )  repor t ed that  the B runo f ru i t 

matured a t  abou t 1 6 1  days a f ter  an thes i s . Th i s  s t udy 

ind i cated that �ayward
' 

f ru i t s  we re s t i l l  accumula t ing d ry 

ma t t e r  180 days a f t er ant hes i s .  Simi lar resul t s  were 

repo r ted by Lees ( 1 982 ) who obs erved tha t the f ru i t grow t h  o f  

kiwi f ru i t could b e  a s  long as  2 1 0  days . The f ru i t s  had 

reached the minimum 6 . 2  % soluble s o l i d s  level long be fore 

2 10 days , bu t further increases in  y i eld could obvi ous ly be  

achi eved if  growers harves t ed la ter  in  the season . 
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CHAPTER FOUR 

FACTORS AFFECTING FRUIT S INK STRENGTH 

4 . 1  Introduction 

Early Fru i t  Developmen t 

D i f f erences i n  t he supply o f  carbohyd r a t e  during the early 

o n t ogeny of  rep roduc t ive s t ru c t u res are impo r tan t . 

- The po ten t i al o f  t oma t o  fru i t 

d evelopment i s  d e t ermi ned be fore frui t growth  began , and i s  
(see I/o d olo) 1'194-) 

closely rela t ed t o  t he number o f  ce lls  in  t he ovarYA In many 

f ru i t species cell d i v i s i on i n  t he flesh is usually l i mi t ed t o  

a n  i n i t i al period  of  a few weeks a f t e r  an thesis ( Bo l lard , 1 9 7 0 ) . 

Coombe ( 1 9 7 3 )  e s t ima t ed tha t in  grapes , 17 doub l i ngs were 

requi red to a t t a i n  0 . 2  m i l l i on cells i n  the ovary at art thes i s , 

whe reas only 1 . 5  doubli ngs occurred a f t er an thes i s . S i m i la rly 

in apples , al t hough there were 2 m i l l i on ce lls in the ovary a t  

an thes i s  and 40 million cells a t  harves t ,  this  represen t ed 2 1  

doub l i ngs of  cell d i vi s i on b e f o re an thes i s  as compared t o  4 . 5  

doubl ings a f t er ( Pearson and Robertson , 1953) . Clearly , the 

var i a t i ons in f i nal frui t s i zes  were very much d ependen t on 
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early cell d iv i s i on and the fac t o rs affec t i ng i t .  

Wea ther cond i t i ons wh i ch resul t i n  h i gh d ry mat t e r  

p roduc t i on during the p lan t developmen tal per i ods are known t o  

be  par t i cu larly favo rable to  high f ru i t  y i e ld ( B i s coe and 

Gallagher , 1 9 7 7 ) . The r a t e  of apri co t f rui t grow t h  during the 

i n i t i al per i od after  an t hes i s  was shown by Jackson and Coombe 

( 1 9 6 6 ) to i ncrease as the average a i r  tempera ture became warme r . 

D i f fe rences in  access t o  carbohyd rate  reserves in  the  s t em , 

par t i cularly when fru i t s  are compe t i ng wi th ac t i ve sho o t  

mer i s tems o r  develo p i ng leav es , can also have large e f fec t s  on 

f i nal frui t s i z es . I t  was t hough t that  the amoun t of reserves 

s t o red i n  woody t i ssue during the prev i ous s eason may have a 

con t ro l l i ng influence on the amoun t o f  cell d i vi s i on i n  apple 

f ru i t ( Ma r t i n e t . al . , 1 9 64 ) . In add i t i on ,  Jackson and Coombe 

( 19 6 6 )  found that ap r i co t  f rui t s  from early f lowers were larger 

a t  r i peness because of a greater  number of cells and mesocarp 

volume . They con s i dered the d i f fe rences be tween frui t s  from 

early and l a t e  flower s  to h ave ari sen from the d i f ferent  amoun t s  

o f  cell d i v i s i on wi t h i n  the ova r i es be fore an thes i s . 

Effect of  Seeds on Frui t Deve lo pmen t 

In  the  toma t o , i t  was found that  the number o f  cells i n  the  

on 
ovary d i d  n o t  increase a f t e r  an thes i s  ( Dempsey and Boyn t�, 

1 9 65 ) . Subsequen t i ncreas e in frui t s i z e  was due t o  cell 
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expans i on and i t  was es tabli shed that  the  presence o f  more seeds  

gave b i gger frui t s , p resumably because o f  the  a t t ra c t i o n  of  
FN.U'-! ""il'l, 

me t abol i t es t owardsAl arger amoun t s  o f  grow t h  hormones ass o c i a t e d  

wi t h  t h e  seeds ( Ni t s ch , 1950 ) . Simi lar correlat i ons be tween 

seed numbers and f ru i t s i z e  have been observed in o th e r  crops 

( eg .  Abbo t t , 1 9 6 0 ; Dar ron and Schand e r , 194 1 ;  Lavee , 1 960 ; 

Luckw i l l , 1939 ; Mann , 1943 ; N i t s ch , 1 950 ; Olmo , 1946 ; 

S i mmonds , 195 3 ) , as well as in  the kiw i f ru i t  ( eg .  G ran t and 

Ryugo , 1 984a ; Hopping,  1976 ; Hopping and Hacki ng , 1 9 8 3 ; 

M cAneney e t . al . , 1984 ; McKay , 1976 ) .  

A kiwi f ru i t con tains up to  1861  seeds ( pyke and Alspach , 

1 98 6 )  and f ru i t s i z e  can be man i pula t ed by con t r o l l i ng seed 

number a f t e r  apply i ng d i f ferent pol l i na t i on t reatmen t s  ( Ho p p i ng , 

1 9 7 6 ) . Alt hough Hopping and Hacking ( 1 9 8 3 )  repor t ed tha t 700 t o  

1 400 seeds were needed t o  p roduce an expor t  s i z e  kiwi f ru i t ( i e .  

7 0  g ) , o t her s t u d i e s  have shown that  as  l i t t le as 200 seeds were  

s u f f i c i en t  ( pyke and  Alspach , 1986 ) . There fore there  appeared 

t o  be large vari a t i on in  the rela t i onsh i p  be tween f ru i t s i ze and 

s eed number i n  the  ki w i f rui t .  

Lee ( 1 9 8 4 )  repor ted that  the i n tens i ty of po l l i na t i on was 

impo r t an t  in s t i mu la t i ng the ovary to a c t  as a larger s i nk f o r  

as s im i la t e s . Thus in  Cass i a  fas c i cula t a ,  fru i t s  in i t i a ted w i t h  

u n t rea ted p o llen had s igni f i can t ly grea t e r  grow t h  r a t e s  t han 

those ini t i a t ed w i th d i lu t e  pol len , even when the number o f  

d evelop i ng s eeds per f ru i t was s i m i lar  i n  bo th  t re a t men t s  ( Le e  
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and Bazzaz , 1 982 ) . 

Sas t ry and Mu i r  ( 1 963 ) demons t ra t ed tha t in  the toma t o ,  

po llen gra i ns con t a i ned g i bbere l l i n  tha t caused the produc t i on 

of grow t h-s t i mula t i ng aux i ns i n  the ovary . There fore , when 

poll ina t i on is in tense , a surge in the level of grow th ho rmones 

in the ovary could make t he d i f ference in  i ncreas ing i t s s i nk 

s t reng t h  and compe t i t i ve ab i l i ty .  
17(.J�h:l 

Seed abor t i on , � t o  the lack o f  carbohydrate  a t  the  

c r i t i cal p e r i od o f  f ru i t and seed developmen t ,  i s  also an 

i mpor t an t  factor  a f f e c t ing f ru i t growth . Abbo t t  ( 1 960 ) found 

t ha t  in the apple f ru i t ,  seed number was correla t ed w i t h  t he 

avai labi l i ty of  s t ored reserves . A f t e r  an t hes i s , peach s eed and 

f rui t development  o ccurred s i mu l t aneous ly and a l t hough the seed 

and pe r i carp compe t ed f o r  ass i m i la t es the  s eed was o f t en the 

weaker s i nk ( Chalmers and Van Den Ende , 1 9 7 7 ) . Seed grow t h  d i d  

n o t  i nh i b i t s i nk s t reng t h  o f  t h e  peach frui t .  Ins t ead , i t  

crea t ed a high nu t r i en t  demand i n  response t o  a s t i mulus f rom 

the s eed . 

Fru i t  Compe t i t ion 

The occurrence o f  frui t compe t i t i on for  as s i m i la t es can 

also a f f e c t  the grow th of  f ru i t s  wh i ch are developing at the 

same t ime . Wya t t  ( 1 982 ) observed tha t  the  phys i cal loca t i on o f  

a f lower wi t h i n  a n  i n f lores cence o f  Asclepi as tuberosa a f fec t ed 
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i t s chances o f  ma tur i ng i n t o  a f ru i t .  S i m i lar obse rva t i ons were 

made by S t ephenson ( 1 981 ) when he rev i ewed t he causes of f r u i t 

abo r t i on i n  s everal p lan t spec i e s . An example can be found i n  

the s tudy o f  s eed produc t i on in  Rumex c r i spus where larger seeds  

were  produced i n  flowers wh i ch were located closes t t o  t h e  p lan t 

ax i s  o r  t o  the leaves rece iving more resources ( Maun and Cave rs , 

1 97 1 ) . Ho e t . al . ( 1 982 ) repo r t ed t h a t  t here was a reduc t i on i n  

t oma to  frui t s i ze on pas s i ng down t h e  t russ from t h e  m a i n  ax i s . 

Apparen t ly the f i rs t frui t to  s e t  commenced growth and , a l though 

the o ther f ru i t s  may be fer t i l i sed in quick succe s s i on , i t  

appeared t h a t  the f i rs t  f ru i t monopoli s ed the ava i lable 

nu t ri en t s  to  t he extent that the  rema i n i ng fru i t s  grew less 

qui ckly . 

Ho e t . al . ( 1 982 ) also d i s covered that  the proximal f r u i t s , 

wh i ch accumu l a ted d ry ma t t er mos t rap i d ly during early 

developmen t ,  generally had leas t ABA . Subsequen t exp e r i me n t s  

wi th f ru i t  t h i nning demons t r a t ed changes i n  ABA and IAA con t en t s  

in  proximal o r  d i s tal  frui t s  bu t t h e  evi dence was insu f f i c i e n t  

t o  demons t ra t e  any caus al rela t i onsh i p .  

The reduc t i on o f  frui t compe t i t i on by th inn i ng could also  

be expl a ined by  the grea ter ava i lab i l i ty o f  carbohyd r a t e  

resources dur i ng t h e  early developmen t of  frui ts . Thus when 

Denne ( 1 9 60 , 1 9 6 3 )  and Hav i s  ( 1 9 6 2 ) obs erved tha t  early t h i nn i ng 

o f  apple t rees was more effec t ive in  i ncreas ing frui t s i ze t han 

late  t h i n n i ng , i t  was though t t h a t  t h i s  could be accou n t ed f o r  
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by t h e  d i f ferences i n  the amou n t  o f  cell d i v i s ion i n  the  f lesh 

of  the  f ru i t s .  
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4 . 2  Experimen t 4A 

4 . 2 . 1  In t roduct ion 

The f i nal s i z e o f  a kiwi f rui t i s  p r i mar i ly d ependen t on 

t he number of seeds i t  contains ( Pyke and Alspach , 198 6 ) . 

Under cond i t i ons o f  l i mi t ed carbohyd rate  supply , such as a 

h igh f rui t load , f ru i t s  wi th fewe r s eeds may be  a t  a 

compe t i t i ve d i sadvan t age as compared to those wi th  h igh seed 

numbe r s . 

Apa r t  f rom seeds , t he growth  o f  a kiwi f ru i t  may also be  

dependen t on  the v i gour and type o f  f rui t ing sho o t  ( McKay , 

1 9 7 6 ) , and whe ther they deve loped f rom early o r  l a t e  f lowe r s  

( Davi s on and Su t t on , 1984 ) . 

Th i s  exper i me n t  was des igned t o  inves t iga t e  the 

i nfluence of  the above factors  on the grow th of the 

kiwi frui t .  
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4 . 2 . 2  Materials and Me thods 

Experimen tal 

Th i s  t r ial  was carr i ed out at the Massey Un i vers i ty 

orchard during the 1982-83 season . Four 12 -year-o ld 

' Hayward ' v i nes were used . 

The t re a t men t s  we re i mposed on two shoo t type s : long 

( inde t e rmina t e )  shoo t s , and sho r t  ( d e t e rmina t e )  shoo t s . Two 

rep l i ca t e s  o f  each t reatment  were randomly alloca t ed to each 

vine . Only shoo t s  in wel l-exposed pos i t i ons we re tagged 

p r i o r  to blos som , and t reatmen t s  were applied dur i ng the 

p e r i od o f  anthes i s , i e .  2 9  Nov t o  1 0  Dec 1982 . 

Dur ing anthes i s , s tyles of  f lowers were exc i s ed so  tha t 

frui t s  o f  d i f f erent s i z es were ob t a ined . Six types o f  s ty l e  

t reatmen t s  were made : 

1 .  5 s ty les 

2 .  1 0  s tyles 

3 .  20  s ty les 

4 .  3 0  s tyles 

5 .  i n t ac t flowers - i e .  approx i ma t ely 40 s tyles 

6 .  hand-pol l i nated flowers 

95 



S ty l e  exc i s i on was car r i e d  o u t  be fore bee pol l i na t i on 

could t ake place , when the f lowe rs were j us t  opene d . 

Two types o f  i n t e r f ru i t  compe t i t i on were made by t h e  

selec t i ve exc i s i on of  t h e  s tyles o n  the 3 flowers o f  each 

expe r i men tal u n i t .  Type A compe t i t i on consis ted o f  g i v ing 

the s ame s tyle t rea tmen t t o  a l l  t he 3 frui ts , so  t h a t  each 

shoo t car r i ed frui t s  o f  a s i m i la r  s i nk s i z e . I n  type B 

compe t i t i on , only the middle f ru i t on a shoo t was t re a t ed 

wh i le the prox i mal and d i s tal  fru i t s we re le f t  i n t ac t . 

Da ta Collec t ion 

The dates of an t hes i s  of flowers we re recorded . F ru i t  

volume was measured a t  the fol lowing t i mes during t h e  s eason : 

Days A f t e r An t h e s i s  Da te  

Day 1 5  23  Dec 

Day 2 7  4 Jan 

Day 34 1 1  Jan 

Day 40 17  Jan 

Day 48 25 Jan 

Day 55 1 Feb 

Day 65 11 Feb 

Day 7 5  2 1  Feb 

Day 8 2  2 8  Feb 
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Day 89 7 Mar 

Day 96 14 Mar 

Day 103 2 1  Mar 

Day 1 10 28 Mar 

Day 120 7 Ap r 

Day 1 2 9  16 Apr 

Day 141  28 Apr 

Day 150 7 May 

An t hes i s  was assumed to happen on 8 Dec 1 9 8 3 , when 70 0 / 0 
blossom had o ccur red ( f i g .  4 . 1 ) .  

The f rui t s  were harves t ed a t  ma turi ty on 7 May 1 983 ( day 

150 ) and the i r  fresh we i gh t s  were reco rded . Frui t s eed 

numbers and seed we igh t were subsequen t ly ob t a i ned . 

Analysis of Dat a  

The mean value o f  t h e  d a t a  of t h e  3 t rea t ed f ru i t s  from 

type A compe t i t ion was used for  all the s t a t i s t i cal analyses . 

In type B compe t i t i on , only t he middle , t rea t ed f ru i t  was 

measured , and the data  o f  t he s i ngle frui t was u s ed for  

s t a t i s t i cal compar i sons wi th  o ther t re a t men t s . 
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4 . 2 . 3  Results  

Frui t S i ze Treatments 

Man i pu l a t i on of  fru i t  s i z es by s tyle exc i s i on was 

effec t i ve . F ive classes of  f ru i t  s i ze t reatmen t s  were made 

f rom t h e  fol lowing ranges of f ru i t s eed weigh t : 

seed we i gh t  per fru i t  

1 S 750 mg 

2 7 5 1  1000 mg 

3 1001 1250 mg 

4 1 2 5 1  1500 mg 

5 � 1501 mg 

The mean fru i t  s i z e  of  each c l ass o f  treatmen t i s  s hown 

in table  4 . 1 .  

Effec t of  Day of An thes i s  

al /'a� /I.U I 
A decrease i n  average f ru i t s i z e�o f  abo u t  2 cm 3 was 

observed f o r  each day of delay in anthes i s  ( f i g .  4 . 2 ) . 

Figure 4 . 3  shows that  the d i f ference in  fru i t  s i zes  be tween 

each d ay of an thes i s  was b i gger when seed numbers were l ow .  
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Table 4 . 1 .  The e f fec t o f  Typ e  A and B f ru i t  compe t i t i on on 
mean f rui t volume ( cm 3 ) ,  fru i t seed number , and mean seed 
s i ze ( ug )  o f  kiwi f ru i t  cv . Hayward . S . E .  in pare n t he s i s . 
( See t e x t  for explan a t i on on fru i t seed we i gh t  classes ) .  

Fru i t seed 
we i gh t class 

F ru i t volume ( cm3 ) 1 
( 2 7  days a f ter  

an thes i s  ) 2 

3 

4 

5 

Fru i t  Volume ( cm3 ) 1 
( a t  harves t -
150 days af t er 2 
anthes i s  ) 

3 

4 

5 

Mean Fru i t Volume ( cm 3 ) 

F ru i t  Seed Number 

Mean Seed S i ze (ug)  

Type A 

7 . 8 ( 0 . 8 )  

1 0 . 2 ( 0 . 9 ) 

1 0 . 5 ( 0 . 7 )  

1 0 . 8 ( 0 . 6 ) 

1 1 . 0 ( 0 . 9 )  

5 2 . 5 ( 2 . 9 ) 

6 6 . 7 ( 3 . 5 ) 

6 8 . 7 ( 1 . 9 ) 

7 4 . 5 ( 2 . 7 )  

8 1 . 9 ( 2 . 3 ) 

68 . 4 ( 1 .  7 )  

. 1062 ( 45 )  

1069 ( 1 2 )  

100 

Type B 

7 . 3 ( 0 . 8 )  

8 . 0 ( 0 . 9 )  

9 . 8 ( 0 . 6 )  

1 1 . 5 ( 0 . 9 )  

1 2 . 9 ( 0 . 6 )  

44 . 7 ( 4 . 1 )  

5 6 . 1 ( 2 . 7 )  

60 . 5 ( 4 . 3 )  

7 4 . 2 ( 3 . 1 )  

8 5 . 6 ( 3 . 0 )  

6 6 . 5 ( 2 . 5 )  

1092 ( 57 )  

996 ( 4 3 )  

p=0 . 68 

0 . 1 2 

0 . 42 

0 . 5 6 

0 . 1 1 

0 . 14 

0 . 03 

0 . 1 3 

0 . 94 

0 . 34 

0 . 5 1 

0 . 6 7 

0 . 08 
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From t h e  regress i on curves i n  f igure 4 . 3 ,  frui t s i z es  a t  

��r� 
an equal f ru i t s eed number ( 1000 ) � es t i ma ted . The resul t 

was plo t t ed i n  f igure 4 . 4  wh i ch shows t h a t  there was a 

decrease i n  f ru i t s i z e , even a t  t h e  s ame fru i t  s eed numb e r , 

when an thes i s  was delayed . 

The mean f ru i t s i z e  for each d ay o f  ant hes i s  corre l a t ed 

pos i t i vely wi t h  frui t seed numbers ( r 2 =0 . 5 94 ) , and frui t seed 

we i gh t  ( r 2 =0 . 7 2 1 ; table 4 . 2 ) . 

E ff e c t s  o f  Fru i t  Compe t i t i on 

When f ru i t s eed we igh t s  were low , frui t s  from type A 

compe t i t i on t ended to be b i gger than those  from type B 

compe t i t ion ( t able 4 . 1 ) . The mean fru i t  s i z e a t  harves t f o r  

fru i t s  w i t h  less  than 7 50 m g  seed weigh t , was 52 . 5  cm3 f o r  

Type A as compared wi th  44 . 7  cm 3 f o r  Type B ( p=0 . 1 4 ) . The 

obs e rved e f f e c t  was ev i den t f rom as early as Day 27 . Over 

t he en t i re range of frui t seed we i gh t clas ses however , the 

d i f ference be tween the mean frui t s i ze o f  type A and type B 

t re a t men t s  was reduced ; the means a t  harves t ( Day 1 5 0 )  were 

68 . 4  and 6 6 . 5  cm3 respec t ively ( p=0 . 5 1 ) . The re was also no 

s ign i f i can t d i f ference ( p>O . OS )  i n  t he fru i t  s eed number and 

s eed s i z e  be tween the two types o f  f ru i t compe t i t i on ( t able  

4 . 1 ) . 
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De rivat ion of f ig . 4 . 4 

= = = = = = = = = = = = = = = = = = = = =  

Quadrat i c  

D ay 1 

2 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

where Y 

X 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

equat i on s  from fig . 4 . 3  we re : 

4 1 6 - 0 . 6 4 X + 0 . 0 0 0 2 9  X2 

1 4 2  - 0 . 0 8 X + 0 . 0 0 0 0 2 2  X 2  

1 0 0  - 0 . 0 3  X 

4 6 4  - 0 . 7 2 X + 0 . 0 0 0 3 0 5  X2 

1 1 4  - 0 . 0 3  X 

2 7 1  - 0 . 3 2  X + 0 . 0 0 0 1 2 3  X2 

2 3 0  - 0 . 2 6  X + 0 . 0 0 0 0 9 4  X2 

2 0 4  - 0 . 2 3 X + 0 . 0 0 0 0 9 1  X2 

2 0 2  - 0 . 2 2 X + 0 . 0 0 0 8 0 7  X2 

3 5 2  - 0 . 5 1  X + 0 . 0 0 0 2 0 8  X2 

3 7 0  - 0 . 5 6  X + 0 . 0 0 0 2 3 3  X 2  

fruit f r e s h  weight p e r  seed ( mg )  

seed numb e r  

A t  1 0 0 0  seeds , t h i s  t ran s l at e s  t o : 

Day 1 Y 6 0  

2 Y 7 7  

4 Y 6 8  

5 Y 5 2  

6 Y 7 7  

7 Y 6 5  

8 Y 6 2  

9 Y 5 6  

1 0  Y 6 4  

1 1  Y 4 7  

1 2  Y 3 9  

where Y fruit fre sh we ight per seed (mg ) 
or fruit fresh weight ( g )  , a s  p l ot t ed in f i g . 4 . 4  
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Figure 4 . 4 .  Rela t i onsh i p  be tween the s i z e  � ) o f  
kiwi f rui t cv . Hayward frui ts  wh ich  con ta ined 1000 
seed s , and d i f feren t  days o f  an thes i s . Frui t s i z es 
we r e  e s t i ma t ed f rom the regress i on curves in f i gure 
4 . 3 .  ( R2 =5 2 . 3 ) . 
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Tab le 4 . 2 .  Mean fru i t  seed data  for each day o f  anthes i s  
on kiwi f ru i t  cv . Hayward vines . S . E .  i n  paren thes i s  

F i nal F ru i t Fru i t Seed F ru i t Seed Mean Seed 
Volume ( cm3 ) Number Weigh t ( g )  S i z e  ( ug )  

Day o f  
An t he s i s  

1 69 ( 4 )  688 ( 1 8 3 )  7 5 4 ( 206 ) 1 1 1 4 ( 4 9 )  

2 83 ( 3 )  1232 ( 9 0 )  1 32 1 ( 1 08 ) 1066 ( 18 )  

4 67 ( 4 )  1096 ( 6 5 )  1 02 3 ( 100 ) 930 ( 47 ) 

5 7 2 ( 2 )  1038 ( 5 9 )  1053 ( 57 )  1028 ( 1 4 )  

6 80 ( 2 )  1310 ( 6 7 )  1 3 7 7  ( 68 )  1055 ( 20 )  

7 56 ( 2 )  945 ( 9 1 )  9 6 7 ( 8 9 )  1043 ( 1 4 )  

8 67 ( 2 )  1 1 2 2 ( 7 2 )  1 1 09 ( 6 9 )  999 ( 1 5 ) 

9 56 ( 6 )  86 1 ( 80 )  8 6 7  ( 7 9 )  1003 ( 2 3 )  

1 0  67 ( 2 )  1 1 45 ( 60 )  1 155 ( 60 )  1 0 1 7 ( 14 )  

1 1  56 ( 6 )  924 ( 1 8 6 )  97 7 ( 1 9 4 )  1099 ( 50 )  

1 2  5 1 ( 6 )  735 ( 18 7 ) 7 10 ( 1 6 7 ) 1052 ( 39 )  

p=O . OO 0 . 00 0 . 00 0 . 02 

1 05 



Sho o t  Type E f f e c t s  

Long shoo t s  carried b i gge r fru i t s  than shor t shoo t s  and 

t h i s  happened from abou t Day 48 ( t able 4 . 3 ) . Quad ra t i c  

curves we re f i t t ed t o  the data  o f  fru i t fresh we i gh t  per  seed 

for equivalen t s eed number ( f i g .  4 . 5 ) and i t  was found tha t 

there was no s i gn i f i can t d i f ference be tween long and s ho r t  

shoo t s  ( p>0 . 05 ) . 
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Table 4 . 3 .  Mean f rui t volumes ( cm 3 ) on long and 
short frui t ing shoo ts  of kiwi fru i t  cv Hayward , 
a t  d i f ferent  d ay number from anthes i s . S . E .  i n  
paren t hes i s . 

Sho r t  Shoo t 

Long Sho o t  

Day 40 Day 48 Day 150 

2 2 . 6 ( 0 . 7 )  29 . 1 ( 0 . 8 )  65 . 7 ( 1 . 8 )  

2 2 . 5 ( 0 . 9 )  29 . 8 ( 1 . 1 )  69 . 7 ( 2 . 2 )  

p=0 . 95 0 . 55 0 . 04 
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4 . 3  Experiment 4B 

4 . 3 . 1  Introduc t ion 

The res u l t s  o f  the prev i ous ex perimen t ( 4A )  ind i ca t ed a 

c lear res ponse of  fru i t  s i ze wh i ch was dependen t on t h e  

earl i ne s s  o r  lateness of  kiwi frui t flowers ( f ig . 4 . 2 ) . A 

rela t i on s h i p  be tween the t ime o f  blos som and the vigour o f  

t he fru i t ing shoo t may exi s t  ( Dav i son and Su t t on , 1 98 4 ; 

M cKay , 1 9 7 6 ) . 

The obj e c t ive o f  t h i s  exper i men t was t o  s t udy the e f fe c t  

o f  the a bove fac t ors o n  the frui t growth o f  t h e  kiw i f ru i t .  

The role o f  s eed numbers , and the ex t en t  t o  wh i ch the s i z e  o f  

the  flowe r ovary predet ermi ned fru i t  s i z e  was also 

i nves t iga t ed . 

4 . 3 . 2  Materials and Me thods 

Plant Mater i als 

Th i s  exper imen t was carr i ed out a t  a comme rcial 
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kiwi f ru i t  orchard block a t  Lev i n . Six-year-old ' Hayward ' 

v i nes were used . 

T r i al 1 

I n  this  t r i al only sho r t  shoo t s , each carry ing 3 frui t s  

were selec ted for t rea tmen t .  The t reatmen t s  cons i s t e d  o f  

grou p i ng these shoo t s  i n t o  3 days o f  an thes i s : 

1 .  early - on 2 1  Nov 1984 

2 .  mid - on 28  Nov 1984 

3 .  late - on 5 Dec 1 984 

Two repl i ca t es o f  the t reatmen t s  were allocated t o  each 

of 5 vines . F rui t growth was fol lowed t hroughou t the season 

by meas u r ing f ru i t vo lumes . A f t e r  harves t on 28  Apr 1 985 , 

f ru i t  fresh we i gh t s  we re recorded . Fru i t locule numbers were 

also coun ted , and fru i t seed numbers and seed we igh t were 

s u b sequen t ly o b tained . 

The s t em d i amet ers of  the  fru i t ing shoo t s , measured a t  5 

c m  f rom t he bas e ; and fru i t  ped i cel d i amet ers , measured a t  1 

cm  from t he fru i t s , were also reco rded . 

1 10 



T r i a l  2 

Thi s  t r i al cons i s t ed o f  tagging random shoo t s , bo t h  long 

and sho r t , accord ing to the day of an thes i s . Only shoo t s  

wh i c h  had a l l  thei r f lowe rs open i ng o n  the same day were 

s e l e c ted . 

Dur i ng harves t on 28  Apr 1985 , f ru i t  fresh weigh t s  were 

measured . The s t em d i ame t e r  of  the f ru i t ing shoo t was also 

recorded . 

T r i a l  3 

Flowers on sho r t  shoo t s  were harves ted on each day o f  

an thes i s  between 2 5  Nov to  5 Dec 1 985 . Three f lowe r s  were 

p i cked f rom each of  5 v i nes , so tha t a t o tal of 1 5  f lowe rs 

per day were collec t ed for measuremen t s . The d i ame t e r  o f  

each ovary was measured us i ng cal i pers . Fresh we i gh t s  and 

d ry weigh t s  of the fl ower s  were also measured . 

1 1 1  



4 . 3 . 3  Resul t s  

Early and Lat e  Fru i t s  

Table 4 . 4  shows t h a t  t h e  mean f i nal frui t f resh we igh t 

i n  t r i al 2 decreased as an t he s i s  was de layed . D i f f e rences 

be t ween early and la t e  fru i t s  va ried by as much as 31 g .  

F ru i t  locule numbers were also smaller for  la t e  f ru i t s  as 

compared wi th early frui ts ( 38 cf . 4 1 ; table 4 . 5 ) . 

�,. 
F ru i t s  from late flowe rs had � s eeds per  f ru i t  ( 908 

c f . 1039 and 1 1 52 ) , and t he i r seeds were also smaller ( 1 . 05 9  

m g  c f .  1 . 1 45 and 1 . 142  mg ) . The scat t ergram o f  seed s i z e 

versus fru i t seed numbers ( f i g . 4 . 6 ) shows that  a t  the same 

f ru i t  seed number , seeds of ' early ' and ' mid ' f ru i t s  were 

larger than those f rom ' la t e '  frui t s . I t  can also  be  seen 

f rom t able 4 . 6  tha t a t  the same seed s i z e , early f ru i t s  were 

s i gn i f i can t ly b i gger t han l a t e  frui t s  ( p<0 . 05 ) . A 

s c a t t e rgram o f  the rela tions h i p  be tween frui t s i z e  and f ru i t  

seed number shows that ear ly frui t s  were clearly s c a t t e red 

above la te  f ru i t s  a t  the  s ame seed numbers ( f i g .  4 . 7 ) . A 

compa r i son o f  the quad ra t i c  r egres s i ons be tween f ru i t  f resh 

we i gh t  per seed and frui t seed number i n  f igur e  4 . 8  showed 

tha t early frui t s  were s ign i f i can tly b igge r than la t e  frui t s  

a t  f ru i t  seed numbers below 8 00 seeds ( p<0 . 05 ) . 
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Table 4 . 4 .  F ru i t fresh we i gh t , s tem d i ame t e r , and the 
percen tage o f  sho r t  shoo t s  i n  kiwifru i t cv . Hayward 
f o r  ( a )  each day of anthes i s  ( 1 -15) , and ( b )  each 
p e r i od (early , m i d , l a t e ) , of  an thes i s . S . E .  in 
paren t hes is . 

F ru i t Fresh 
We i gh t  ( g )  

S t em Per cen t age o f  
D i ame t e r (mm) Sho r t  Sho o t  

( a )  Day o f  
An t hes i s  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3  

14 

15 

( b )  P e r i od o f  
An thesis  

Early 
( Day 1 - 5 ) 

M i d 
( Day 6 - 10 ) 

La t e  
( Day 1 1  - 1 5 )  

1 1 1 ( 4 )  

1 1 1 ( 3 )  

1 1 6 ( 3 )  

1 1 7 ( 2 )  

1 1 2 ( 2 )  

1 1 6 ( 2 )  

1 1 4 ( 2 )  

1 10 ( 2 )  

98 ( 2 )  

9 9 ( 2 )  

9 6 ( 2 )  

9 4 ( 3 )  

9 2 ( 3 )  

8 7 ( 2 )  

8 6 ( 2 )  

1 15 ( 1 )  

1 04 ( 1 )  

9 1 ( 1 )  

p=O . OO 

1 1 3  

7 . 9 ( 1 . 2 ) 

8 . 7 ( 0 . 7 )  

9 . 0 ( 0 . 5 ) 

9 . 3 ( 0 . 5 )  

9 . 8 ( 0 . 4 )  

8 . 6 ( 0 . 3 )  

8 . 4 ( 0 . 3 ) 

8 . 1 ( 0 . 3 )  

7 . 2 ( 0 . 2 )  

8 . 0 ( 0 . 3 ) 

7 . 2 ( 0 . 3 )  

7 . 1 ( 0 . 3 )  

7 . 2 ( 0 . 3 )  

6 . 8 ( 0 . 3 ) 

6 . 4 ( 0 . 4 ) 

9 . 0 ( 0 . 2 )  

7 . 8 ( 0 . 1 )  

7 . 0 ( 0 . 2 ) 

0 , 00 

1 8 . 2  

9 . 1  

1 6 . 7  

4 . 5  

2 4 . 4  

40 . 0  

4 4 . 4  

50 . 6  

3 9 . 6  

7 6 . 2  

5 6 . 0  

6 6 . 7  

6 3 . 2  

8 5 . 7  

100 . 0  

1 4 . 6 ( 3 . 5 ) 

50 . 1 ( 6 . 8 )  

7 4 . 3 ( 8 . 1 )  

0 . 00 



Table 4 . 5 .  Frui t ,  seed , s t em , and leaf dat a o f  kiwi f ru i t cv . 
H ayward f rom e i ther the early ( day 1-5 ) , mid  ( d ay 6 - 1 0 ) , o r  
l a t e  ( 1 1-15 ) period of  an thes i s .  Only shor t shoo t s  were used . 
S . E .  i n  paren thes i s . ( Common l e t ter  wi t h i n  columns deno tes 
groups not  s ign i f i can t ly d i f feren t , LSD ( 0 . 05 » . 

Fru i t  Frui t Frui t F ru i t  Seed 
volume f resh s eed seed s i z e  
( cm 3 ) weigh t ( g )  number we i gh t ( mg )  ( ug )  

Early 108 ( 3 ) a  1 1 7 ( 4 ) a  103 9 ( 11S ) a  1 18 1 ( 2 6 ) a  1 14S ( 1 3 ) a  

M i d  101 ( 2 ) a 1 10 ( 2 ) a  1 15 2 (  6 1 ) a  1 304( 48 ) a  1 1 4 2 ( 2 3 ) a  

La t e  8 3 ( 4 )  89 ( 4 )  908 ( 82 ) 9 60 ( 90 )  1059 ( 28 ) a  

p= . OO . 00 . 09 . 03 . 03 

Locule Fresh wt Seed no . Fresh w t  
number per seed per locule per locule 
per f ru i t ( mg )  ( g )  (-fIHIto) Ihg 

Early 4 1 ( 1 ) a  127 ( 15 ) a  25 ( 3 ) a  2 . 8 ( 0 . 1 ) a  

M i d  41 ( 1 ) a  98 ( 7 )  28 ( 1 ) a 2 . 7 ( 0 . 1 ) a  

La t e  38 ( 1 )  104 ( 8 ) a  24 ( 2 ) a  2 . 3 ( 0 . 1 )  

p= . 02 . 04 . 2 4 . 00 

S t em Ped i cel Leaf area Lea f  area 
d i ame t e r  d i ame t e r  per f ru i t  per g FW 

( mm )  ( mm )  ( cm2 ) ( cm 2 ) 

Early 8 . 3 ( 0 . 2 ) a  3 . 0 ( 0 . 8 ) a  268 ( 1 3 ) a  2 . 3 ( . 1 ) a  

M i d  7 . 4 ( 0 . 3 ) a  2 . 9 ( 0 . S ) a  24S ( 20 ) a  2 . 2 ( . 2 ) a  

La t e  6 . 7 ( 0 . 3 ) 2 . 6 ( 0 . 5 )  189 ( 1 9 )  2 . 2 ( . 3 ) a  

. 00 . 00 . 03 . 92 

1 14 



F i gure 4 . 6 .  Rela t i onsh i p  be tween seed s i z e  and 
f rui t seed numbe r of kiwi frui t cv . Hayward . 
Frui t s  developed from early ( � , day 1 -5 ) , m i d  
( x , day 6- 10) , o r  la t e  ( 0 , day 1 1- 1 5 )  pe r i ods 
of an t hes i s . 
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Table 4 . 6 .  Fru i t  f resh we ight  ( g )  o f  kiwi f ru i t  cv . 
Hayward , a t  equ i valen t seed s i zes  ( mg )  f rom early 
( day 1-5 ) , mid ( 6 - 1 0 ) , and late ( 1 1 - 1 5 ) per i ods of 
an thes i s . S . E .  in paren thes i s . 

Frui t Fresh \Jeight ( g )  

early m i d  la t e  
Seed S i ze 

( mg )  

L O - L l  1 24 ( 4 )  104 ( 3 )  94 ( 3 )  p=O . OO 

1 . 1  - 1 . 2  1 1 9 ( 5 )  1 1 3 ( 3 ) 100 ( 4 )  0 . 03 

1 .  2 - 1 . 3  1 1 1 ( 2 ) 1 1 3 ( 3 )  8 4 ( 1 2 ) 0 . 0 1 

1 1 6  
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F i gure 4 . 7 .  Sca t t ergram o f  the rela t i onsh i p  
b e t ween !:�t fresh we igh t  of  kiwi frui t cv . 
Haywa rd a}'l frui t seed numbe r .  Frui t s  developed 
from early ( � , day 1-5 ) , mid  ( x , day 6 - 10 ) , or 
l a t e  ( 0 , day 1 1 - 1 5 ) peri ods o f  an thes i s . Curve 
f i t ted by a cons t ra i ned b-s p l ine program ( Sp r i ggs , 
1 98 6 )  . 
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F i gu r e  4 . 8 .  Compa r i s o n  o f  t h e  rel a t ionsh i p  b e tween 
f ru i t  fresh weigh t per s ee d  and  frui t s eed numbe r  
f o r  f ru i t s whi ch developed  f rom early ( 6 I d ay 
1 -5 )  and l a t e  ( 0 I d ay 1 1 - 1 5 )  p e r i ods o f  an t h es i s . 
The d i f f erence be tween t h e  regres s i on l i nes  f i t t e d  
t o  d a ta  w i t h  < 800 s e e d s  w a s  s ign i f i can t ( p  < 0 . 05 ) . 
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Early and La t e  Flowers 

The res u l t s  o f  t r i al 3 ( t able 4 . 7 ) i n d i c a t ed that  the  

d i f ference i n  fru i t  s i ze actually began from d i f ferences in  

the s i z e  o f  the flowers . Early flowers had b i gger s i ze d  

ovar i e s  wi t h  a max i mum d i ame t e r  o f  9 . 80 m m  as compared w i t h  a 

m i n i mum d i am e t e r  o f  8 . 43 mm for l a t e  flowers . Di f fe rences i n  

the d ry we ight  o f  early and l a t e  flowers o f  about 0 . 1 3 g 

( p <O . O l )  were observed . 

Stem and Frui t Ped i cel Diame ter 

There was a clear correla t i on between the day o f  

an the s i s  and the mean d i ame t e r  o f  the frui t i ng shoo t ( t able 

4 . 4 ) . �hen the t reatmen t s  were grouped into early , m i d , and 

late  c a t egories , i t  can be seen that  the d i f ferences in s t em 

d i ame t e r  ranged s i gni f i can t ly f rom 9 . 0  to  7 . 8  to  7 . 0  mm 

res p e c t i ve ly ( p=O . OO ) . The res ul t s  also ind i ca t ed tha t 

74 . 3  % o f  late  flowers were found on sho r t  sho o t s  as 

compared t o  14 . 6  % for early flowers ( t able 4 . 4 ) . F ru i t 

ped i ce l  d i ame t e r  correla t ed wi t h  s i nk s i ze i n  t r i al 1 

( r 2 =0 . 7 2 ;  f igure 4 . 9 ) . Th i s  var i ed from 3 . 0  mm f o r  t he 

large s t frui t s , t o  2 . 6  mm for the smal les t ( t able 4 . 5 ) . 

The t o tal leaf area per  frui t als o appeared t o  correla t e  

1 1 9  



Table 4 . 7 .  Mean flower data  of  kiwi frui t cv . Hayward 
f o r  each day of anthes i s . S . E .  in  paren t he s i s . 

Mean ovary Mean flower Mean f lowe r  
diame t e r ( mm )  fresh we i gh t ( g )  dry we i gh t ( mg )  

Day o f  
an thes i s  

1 9 .  3 5 (  . 1 3 )  2 . 8 ( 0 . 1 )  362 ( 3 7 ) 

2 9 . 59 ( . 1 9 )  2 . 7 ( 0 . 1 )  358 ( 64 )  

3 9 . 80 ( . 1 6 )  3 . 2 ( 0 . 1 )  3 96 ( 7 2 )  

4 9 . 7 2 ( . 1 2 )  3 . 5 ( 0 . 1 )  357 ( 4 2 )  

5 9 . 49 ( . 10 )  3 . 0 ( 0 . 1 )  347 ( 3 1 )  

6 9 . 52 ( . 1 6 )  2 . 9 ( 0 . 1 )  345 ( 3 9 )  

7 8 . 99 ( . 1 6 )  2 . 7 ( 0 . 1 )  3 1 3 ( 2 7 ) 

8 9 . 10 ( . 1 4 )  2 . 5 ( 0 . 1 )  324 ( 38 )  

9 9 . 1 2 ( . 2 1 )  2 . 5 ( 0 . 1 )  2 7 5 ( 4 3 )  

1 0  8 .  9 9 (  . 13 )  2 . 3 ( 0 . 1 )  283 ( 3 0 )  

1 1  8 . 43 ( . 1 2 )  2 . 1 ( 0 . 1 )  267 ( 2 1 )  

p=O . OO 0 . 00 0 . 00 
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F i gure 4 . 9 .  The rela t i onsh i p  be tween frui t s i ze  
(g)  and f rui t ped i cel d i ame t e r  ( mm )  i n  kiwi frui t 
cv . Haywa rd . The fru i t s  developed f rom early 
( 6 , day 1-5 ) , mid ( x , day 6-10 ) , and late  ( 0 , 
day 1 1 -15 ) periods o f  an thes i s .  
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wi th s t e m  d i ame ter . In Trial 1 ,  as s t em diame t e r s  o f  s ho r t  

shoo t s  d e c reased from 8 . 3  to  7 . 4  t o  6 . 7  mm for early t o  m i d  

t o  late t rea t men ts ( table 4 . 5 ) , leaf area per f rui t d i f fered 

by 7 9  cm 2 , declining from 268 t o  245 and 189 cm 2 , 

respec t i vely ( p <O . 05 ) . Howeve r , the ac tual amoun t o f  leaf 

area per  g o f  frui t fresh we igh t was cons i s ten t over all  

trea tmen t s  ( p=O . 9 2 ) ; an  average o f  2 . 2  cm2 per g o f  f ru i t 

fresh we i gh t  was observed ( t able 4 . 5 ) . 

1 2 2  



4 . 4  Expe riment 4C 

4 . 4 . 1  Int roduct ion 

I t  was observed in  experimen t 4A ( t able 4 . 3 ) that  long 

i nde terminate  shoo t s  produced b i gger f rui t s  than sho r t  

shoo t s . M cKay ( 1 9 7 6 )  repo r t ed a s i m i lar observa t i on , and 

rela ted t he smaller fru i t s  on sho r t  sho o t s  wi th low seed 

numbers because they develo ped from la t e  flowe rs on shaded 

loca t i ons of the  vine . In this exp e r i men t , shade and f l owe r 

var i ables were removed , and the e f f e c t  of the type o f  

fru i t ing sho o t  on fru i t growth was i nves t i ga t ed . 

4 . 4 . 2  Ma t e r ials  and Me thods 

The exper i men t was carried out in  a comme r c i al o r chard 

b lo ck at Lev i n , us ing 6 -year-old ' Hayward ' vines . Three 

types of f ru i t i ng shoo t s  were selec ted : 

1 .  sho r t  i e .  d e t erm i na t e  s hoo t s  wi th  abou t 5-6  

leaves , 

2 .  med i um i e .  long , inde t e rminate shoo t s  wh i ch 

1 2 3  



were pruned to  8 d i s tal leaves one week a f t e r  pe tal fall 

3 .  long ie . inde term i n a t e  shoots wh i ch were l e f t  

i n t ac t  

Each f ru i t i ng shoo t car r i ed 3 f r u i t s .  They were 

selec ted from well exposed par t s  o f  the  vine canopy . The 

vines were t rai ned on pergola t r e l l i ses  so that all the 

shoo t s  were equally d i s posed for pol l i na t ion . Only those 

shoo t s  wi t h  the same 2 consecu t i ve days of an the s i s , on 2 4  

and 25 N o v  1984 , were sele c t ed . 

The s tyles of  flowe rs were exc i s ed at blossom so  t h a t  a 

range o f  f ru i t  s i zes con taining d i f feren t seed numbers was 

produced . Three classes o f  frui t s i z e  were made by e i ther  

exc i s ing f lower s  to  5 or 20 s tyles , o r  leaving them i n t a c t  

( 40 s tyles ) . 

Harves t was car r i ed out  on 2 7  Apr 1985 , and frui t volume 

and fru i t fresh weigh t were measured . Frui t locule numbe r s  

and t i s sue t h i ckness were also recorded , and seeds were 

subsequen t ly ex t rac t ed t o  obtain  frui t seed numbers and seed  

we i gh t . 

Frui t ped i cel and s t em d i ame t e r s  were also measured 

dur ing harves t .  The to tal leaf area on each t re a t ed shoo t 

was d e t ermi ned after  s t r i pp i ng o f f  the  leaves . 
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4 . 4 . 3  Resul t s  

Frui t Size Treatments 

A range of f ru i t  s i zes  was sa t i s fa c t o r i ly o b t a i ned by 

the exc i s i on of f l ower s tyles at  an thes i s . Mean f ru i t s i ze s  

for  t h e  5 ,  20 , and 4 0  s tyles t reatmen t s  were 93 , 105 , and 1 1 4  g 

respe c t ively ( t able 4 . 8 ) . Th i s  corre l a t ed wi th the mean 

seed numbers of 668 , 982 , and 1 1 8 4  respec t i vely . 

Effect of Shoot Type 

The mean f i nal fresh we i gh t  of f ru i t s  from all  s i zes  o n  

sho r t , med i um ,  a n d  long shoo t s  were 9 7 , 106 , a n d  109 g 

respec t ively ( t able  4 . 9 ) . The mean frui t seed numbe r  o f  

fru i ts o n  long shoots  was higher than f o r  sho r t  shoo t s  ( 1052 

c f  8 1 9 ) . Seed s i z es however , was s i m i lar for all  sho o t  types 

( 1 1 7 6 , 1 18 7 , 1 1 8 3  ug ; p=0 . 88 ) . F i gure 4 . 10 shows t h a t  at  

the same f ru i t seed number t here was no d i fference i n  the  

f ru i t s i ze be tween the d i f ferent type o f  shoo t s  ( p> 0 . 05 ) . 

Thi cker frui t ped i cel  d i ame ters  ( 2 . 98 mm) , and s t em 

d i am e t e rs ( 1 1 . 8  mm ) were found on long shoo t s  as compared 

wi t h  short shoo t s  ( 2 . 66 and 7 . 0  mm , respect ively ) .  The t o t al 

leaf a rea o f  a long shoo t was abou t 4 t i mes tha t o f  a sho r t  
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Table 4 . 8 .  Mean frui t data  o f  kiwi frui t ev . Hayward 
for f ru i t s  whi eh developed from f lowers wi th 5 ,  20 , 
and 40 s tyles . S . E .  in  paren thes i s .  

Fru i t  Frui t Fru i t  F ru i t 
volume fresh seed loeule 
( em 3 ) we igh t ( g )  number number 

Trea t men t 

5 s tyles 8 6 ( 4 )  9 3 ( 5 )  668 ( 8 2 ) 4 1 ( 1 ) 

20 s tyles 9 7 ( 4 )  105 ( 5 )  982 ( 8 2 ) 4 1 ( 1 )  

40 s tyles 105 ( 4 ) 1 1 4 ( 5 )  1 18 4  ( 78 )  4 1 ( 1 )  

p= . OO . 00 . 00 . 98 
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Table 4 . 9 .  Mean frui t ,  s t em and leaf d a t a  for  long , 
med ium , and sho r t  shoo t s  of  kiwi frui t cv Hayward . 
S . E .  in  paren thes i s . ( Common l e t ter wi t h i n  co lumns 
deno tes  groups no t s i gn i can t ly d i fferen t , LSD ( 0 . 05 ) ) .  

Fru i t  Frui t F rui t Mean Frui t 
Fresh Volume Seed Seed Locule 
W't ( g )  ( cm 3 ) Number S i z e ( ug )  Number 

Sho o t  Type : 

Sho r t  97 ( 6 )  89 ( 6 )  8 1 9 ( 9 7 )  b 1 1 7 6 ( 20 ) a  4 1 ( 1 ) a  

Med ium 106 ( 4 ) a  99 ( 4 ) a  9 6 3 ( 8 1 ) ab 1187 ( 1 6 ) a  4 1 ( 1 ) a  

Long 109 ( 5 ) a  101 ( 5 ) a  1052 ( 9 0 ) a  1 1 83 ( 2 2 ) a  4 1 ( 1 ) a  

p = . 1 4 . 06 . 07 . 88 . 98 

Ped i cel S t em Leaf Area Spec i f i c  
D i ame t e r  Di ame t e r  Per  Shoo t Leaf W' t  

( mm )  ( mm )  ( cm 2 ) ( mg cm- 2 ) 
Sho o t  Type : 

Sho r t  2 . 66 ( 0 . 7 ) 7 . 0 ( . 2 ) 8 2 3 (  5 1 )  1 4 . 3 ( 3 . 5 ) a  

Med i um 2 . 9 2 ( 0 . 7 ) a 10 . 8 ( . 3 ) a  1 6 2 2 ( 8 1 )  1 3 . 3 ( 0 . 8 ) a  

Long 2 . 98 ( 0 . 8 ) a  1 1 . 8 ( . 3 ) a  3 34 6 ( 207 ) 1 3 . 5 ( 0 . 4 ) a  

. 00 . 00 . 00 . 94 
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shoo t ( t able 4 . 9 ) . 

Al though f ru i t locule numbers were s i m i l a r  ( t able 4 . 9 ) ,  

some d i f ferences i n  the thi ckness of  the inner peri  carp and 

cen t ral core were obs e rved ( t able 4 . 10 ) . The mean t i ssue 

thi ckness o f  the  i nner peri carp was 1 2 . 08 mm for fru i t s  f rom 

long shoo t s ,  as compared to  1 1 . 40 mm f o r  sho r t  sho o t s  

( p=0 . 06 ) . The t h i ckness of  t h e  cen t ral core t i ssues were 

5 . 45 and 5 . 20 mm res p e c t ively ( p=0 . 20 ) . 
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Table 4 . 10 .  Thi ckness o f  frui t t i s sue ( mm )  o f  kiwi fru i t 
cv . Hayward . S . E .  in  paren thes i s .  

Ou t e r  Inner Cen t ra l  
P e r i  carp Peri carp Core 

Sho r t  Shoo t 6 . 6 1 ( . 1 3 )  1 1 .  40 ( . 29 ) 5 . 20 ( . 1 6 )  

Long Shoot  6 . 50 ( . 1 2 )  1 2 . 08 ( . 2 3 )  5 . 45 (  . 15 ) 

p= . 49 . 06 . 20 
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4 . 5  D is cus s i on 

4 . 5 . 1  I n t e rfrui t Compe t i t i on 

Type A t reatmen t s  i n  expe r i men t 4A lacked i n t e r f ru i t 

compe t i t i on because each of  the 3 frui t s  on a shoo t were o f  

the s ame s ink s t reng t h .  The middle frui t i n  type B 

t re a t men t s  however , had to  compe t e  w i th  the large proxima l  

and d i s tal  frui t s . T h e  resul t s  i nd i ca t ed tha t the presence 

o f  i n t er f rui t compe t i t i o n  ( type B)  had reduced the s i z e  o f  

frui t s  w i th  less t han 750  mg o f  seeds from the i r  po t en t i a l  

5 2 . 5  g ( type A ) t o  44 . 7  g ( t able 4 . 1 ) .  

Fru i t compe t i t i on e f fec t s  on f ru i t s i ze have been 

repor t ed for cucumbers ( S chapendonk and B rouwe r ,  1 984 ) . 

Older cucumbers were dominan t in  acqu i r i ng t h e i r  own 

ass i m i la t es for grow t h  such t ha t  depend i ng on the 

avai lab i l i ty of  carbohyd rate i n  the plan t , young fru i t s  

abs c i s ed . The kind o f  f rui t compe t i t i on observed i n  t h i s  

s tudy however ,  could no t b e  a t t r i bu t ed t o  t h e  compe t i t ive 

advan t age given t o  an older fru i t s i nce all the fru i t s  i n  

expe r i men t 4A had synchronous developmen t .  

I n  the t oma t o , i nd i vi dual f rui t s  wi thin  a t russ 

developed a t  the s ame t i me but  the prox i mal f ru i t s  were 
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a lways b igger ( Walker and Ho , 1 9 7 7 a , b ) . Ho  e t . al .  ( 1 9 8 2 )  

a t t r i bu t ed t h i s  to  t h e  e f fe c t s  o f  hormones in  t h e  frui t s . 

They sugges t ed that  und er cond i t i ons o f  reduced as s i m i la t e  

supply , ABA moved from the prox i ma l  fru i t s to  the  d i s tal  

f ru i t s ,  s o  tha t  the accumula t i on o f  high levels o f  ABA i n  t he 

d i s t al f rui t s  reduced t he i r  capac i ty t o  impor t ass i m i la t es .  

In  addi t i on ,  i t  i s  also t hough t that  the grea t e r  capac i ty o f  

t h e  prox i mal f rui t s  t o  rece ive a s s i m i la t e s  was related t o  the 

large amoun t s  of  IAA found in  these frui t s  as compared t o  

d i s tal frui t s . 

The frui t compe t i t i on effec t s  in  the kiwi f ru i t  observed 

i n  exp e r i ment 4A may also be due to  the e f fec t s  o f  hormones . 

I t  i s  u n l i kely tha t the growth o f  the middle frui t in  type B 

t reatmen t was reduced because the supply o f  as s i m i la t es was 

limi t i ng . Si nce equivalent  frui t s i ze t reatmen t s  had the 

s ame number o f  seeds and the same seed s i ze ( t able 4 . 1 ) , the 

amoun t o f  grow th p romo t ing hormones assoc i a ted  wi th  the seeds 

would b e  expe c ted to  be  s i mi lar . Therefore , i t  is  probable 

that i n h i b i tory subs tances have moved across , from the large 

adj a c e n t  frui t s , to reduce the capac i ty of the m i ddle f ru i t 

t o  acqu i re as much as s i m i la t es as  those f ru i t s  wi th 

equivalen t seed numbers i n  type A t reatmen t s . Th i s  

inhi b i t ory in fluence i s  apparen t ly r educed a s  t h e  seed 

numbers i n  the m i ddle f ru i t  i nc reased , s o  that at some po i n t  

be tween 1250 t o  1 500 seeds ( class 3 i n  table 4 . 1 ) , frui t 
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fresh we i gh t s  were comparable wi th  type A t re a t men t .  Mann 

( 1 943 ) found that in Cucum i s  melo abou t 180 seeds were needed 

t o  ensure frui t s e t , wh i le normal frui t developmen t could 

only be a t t ained when a frui t con t a i ned more t han 400 seeds . 

I t  was l i ke ly tha t i n  a s i milar way , a threshold level o f  

s e eds was requi red , above wh i ch t h e  kiwi f ru i t was no t 

a f f e c t e d  by the inh i b i t o ry e f f e c t s  of  fru i t compe t i t i on . 

D i f ferences i n  f ru i t � i z e be tween apple t rees wh i ch were 

e i ther thi nned early o r  late in  the s eason could be par t ly 

explai ned by the d i f ferences in  cell d i v i s i on i n  the flesh o f  

t he f ru i t s  ( Denne , 1 96 0 , 1 963 ; Hav i s , 1 9 6 2 ) . The e f f e c t  o f  

f ru i t compe t i t i on i n  t h e  kiwi fru i t was f i rs t  eviden t  f rom the 

d a t a  s e t  collec ted at Day 27 ( table 4 . 1 ) . S i nce fru i t  cell 

d i v i s i on in  the kiwi fru i t occurs for a period o f  up t o  3 3  

d ays a f t e r  an thes i s  in  t he ou ter  peri  carp ( Ho p p i ng ,  1 9 7 6 ) , i t  

was p robable that i n t er frui t compe t i t i on inh i b i t ed frui t s i z e 

by a f fe c t ing cell d i v i s i on .  

4 . 5 . 2  Long and Shor t  Shoo ts 

On T-bar t r e l l i ses  such as in  expe r i me n t  4A , long s hoo t s  

were commonly observed on hi gher and more exposed par t s  o f  

the c anopy whereas sho r t  shoo t s  were mo re l i kely t o  occur a t  

the d i s t al , ver t i cal d rop o f  the canes . I t  was though t tha t 
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s i nce long s hoo t s  i n  exposed pos i t i ons were be t t e r  d i sposed 

for  poll i na t i on ,  an i nev i table bias  in sampl ing was 

i n t roduced in t he expe r i men t ,  so that  b i gger f ru i t s  were 

found on long shoo t s  ( t able 4 . 3 ) , pro bably because o f  the 

presence o f  more seed s . 

A pergola t rell i s  was used the fol lowing season , in  

experime n t 4C , so t ha t  l ong and sho r t  s hoo ts were equally 

d i s posed for pollina t i on . The resul t s  ind i ca t ed clearly t ha t  

the mean f ru i t  s i ze o f  long shoo t s  was s i gni f i can t ly b i gge r 

t han tha t o f  sho r t  s hoo t s  ( 109 g cf . 97 g j  table 4 . 9 ) . The 

f ru i t s  o n  long shoo t s  also con t a i ned more seeds ( 1052 ) t han 

s ho r t  shoo t s  ( 8 1 9 )  and the seed s i z es were s i m i lar ( 1 1 83  c f . 

1 1 7 6  ug ; p>0 . 05 ) . F i gures 4 . 5  and 4 . 10 fur t her  s how tha t a t  

equivalent  f rui t s eed number , f ru i t f resh we igh t per  seed was 

i ndependen t of  the type of frui t i ng shoo t . Th i s  t hen i mp l i e s  

tha t the  e f f e c t  o f  long and sho r t  s hoo t s  on f ru i t g row t h  was 

s imply the e f f e c t s  of d i f fe ren t seed numbers on frui t grow t h . 

All the above observa t i ons agree wi th t he work o f  McKay 

( 1 9 7 6 ) . The sugges t i on that  long s hoo t s  ca r r i ed b i gger 

f ru i t s because the shoo t s  were loca t ed in  vine pos i t i ons 

wh i c h  were be t ter p red i s posed for bee pol lina t i on may be  

over-s i mpl i f i ed . Al t hough McKay ( 1 97 6 )  po i n t ed ou t tha t 

s hoo t v igour may have a d i rec t e f f e c t  on fru i t  s i z e , t h i s  

s t udy s hows that there was probably a fac t or , i nheren t in  t he 

v i gour o f  long shoo t s , wh i ch was responsi ble for  t he 
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p roduc t i o n  o f  large r numbers of v i able seeds per  f ru i t .  I t  

had been sugges ted by Pos s i ngham ( 1 9 7 0 )  that t he carbohyd ra t e  

nu t r i t ion o f  the grape i n f l o rescence was the l i m i t i ng fac t o r  

i n  f ru i t s e t . Simi larly , S t ephenson ( 1 98 1 )  ind i ca t ed t h a t  

f ru i t seed numbers were mat ched b y  t he avai lable resources t o  

d evelop s eeds . From t he s t em d i ame t e r  and t o t al leaf area 

d a t a  i n  t able 4 . 9  i t  can t hen be sugges ted that long shoo t s  

had a grea t e r  carbohyd r a t e  resou rce wh i ch was i mpor tan t  

i n i t i ally , for the develo pmen t o f  more seeds p e r  f rui t ,  and 

subsequen t ly to  mee t t he grea t e r  as s i m i l a t e  demand for more 

f ru i t  grow t h . 

Cel l  enlargemen t dur i ng s tage I I  of  kiwi f r u i t grow t h  was 

con fined mai nly to  the i nner peri carp and cen t ral core 

( Hopping , 197 6 ) . Table 4 . 10 shows tha t d i f fe r ences be tween 

long and s ho r t  shoo t s  were found in t hese two f rui t t i s s ues , 

i n d i c a t i ng t ha t  cell expans ion may be af fec t ed i n  the 

t r ea tmen t s . In  add i t i on , i t  was also shown t h a t  the 

d i f fe rence i n  frui t s i ze were no t ev i den t t i l l  about 48 days 

a f t e r  an t he s i s  ( table 4 . 3 ) , when mos t frui t cell  d i v i s i on 

would have declined . 
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4 . 5 . 3  Fru i t Pedicel Diame ter 

In b o t h  exper i men t s  4B and 4C b i gger fru i t s  from early 

f lowers , or long shoo t s  were highly correlated w i t h  the f ru i t 

ped i cel d i am e t e r  ( f ig . 4 . 9 ,  table 4 . 9 ) .  I t  was uhl i kely 

t ha t  the s i ze o f  a kiwi frui t was l i m i ted by the f ru i t ped i ce l  

d i ame t er . J ahn ( 1 978 ) for  ins tance , found tha t f ru i t i ng i n  

the  o range and grape f ru i t t ree was associ ated w i t h  a n  

i n c rease i n  t h e  d i ame t e r  of  t h e  frui t t w i g .  He  sugges ted 

that  f ru i t d evelopmen t p roduced hormones wh i ch d i rec t ed t he 

d i f fe ren t i a t i on of  the vascular t i ssues and o r i e n t a ted i t  

t owards the frui t so  as to  fac i l i t a t e  t rans loca t i on . In  the  

kiwi frui t ,  b i gger ped i ce l  d i ame t ers in  large f ru i t s  could 

perhaps be due to  responses t o  h ighe r  s ink demands and 

greater  t rans loca t i on load . 

4 . 5 . 4  Effect of  Time of  Flower An thes i s  

Fru i t s f rom early flowers have been shown t o  be larger 

than f ru i t s  from la t e  f lowe rs i n  apples ( Denn e , 1 9 6 3 )  and 

apr i co t s  ( Jackson and Coombe , 1966 ) . Similar  o b s e rva t i ons 

were found in  the kiwi f ru i t  ( t able 4 . 2  and 4 . 4 ) . 

I t  was shown i n  chap ter  3 that  the fru i t g row th o f  a 

kiwi f ru i t  approached an equi l i b r i um a t  ma tur i ty .  The 
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d i f fe rence i n  f i nal fru i t s i z e , as a resu l t  of  1 2 - 1 4  days 

d e lay in an t hes i s ,  and assum i ng that early and la t e  frui t s  

h a v e  s i m i lar growth pa t t e rns , i s  only 1 g .  Howeve r  t a b l e  4 . 2  

s hows that  the d i f ferences in  mean f i nal f rui t s i z e a t  

harves t was a s  much a s  3 1  g .  Th i s  rep res ented a reduc t i on i n  

f ru i t  s i ze o f  abou t 2 g per  day a s  an thes i s  was d e layed ( f i g .  

4 . 2 ) .  

Early f lowers had a b i gger ovary s i ze  than l a t e  flowe rs 

( t able 4 . 7 ) . Thus , d i f ferences in  fru i t  s i ze f rom early and 

l a t e  flowers were ev iden t from the beginn i ng o f  f ru i t 

developmen t ,  even before frui t se t .  

Jackson and Coombe ( 1 966 ) pos tula ted tha t any f a c t o r  

t h a t  affec t ed apr i co t  f ru i t  g row t h  b y  mod i fy i ng c e l l  s i ze  

could be opera t ive a t  any s t age o f  grow th whe reas a fac t o r  

wh i ch was opera t i ve only be fore , or during t h e  f i rs t  few 

weeks a f t e r  an thes i s , was l i kely to  a f f e c t  fru i t grow th by 

i t s e f fe c t  upon cell d i v i s ion . The e f fec t of  flowe r i ng d a t es 

on the  grow t h  of  the kiwi f ru i t  was already s i gn i f i can t during 

blossom ( t able 4 . 7 ) . I t  was therefore l i kely t h a t  cell 

d i v i s i on was affec ted . Table 4 . 5  also s how t ha t  early f ru i t s  

have a mean o f  4 1  locules as compared wi th 3 8  l o cules i n  l a t e  

frui t s . Clearly t hen , c e l l  d i vi s i on a t  t he early , 

pre-an thes i s  s tage mus t have been a fec t ed by the  f a c t o r  tha t 

c aused early or late  an thes i s  of  kiw i f ru i t  f lowe r s . 

Exper i ment  4B s howed that  early frui ts had h igher frui t 
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s eed numbers and l arger seeds ( table 4 . 5 ;  fig . 4 . 6 ) . Table 

4 . 6  shows tha t early fru i t s  we re b igger t han la t e  f ru i t s  

i rrespe c t i ve o f  seed s i ze . Thus the e f f e c t  of  s eed numbers 

is a mo re i mpo r t a n t  in fluence on the f ru i t s  of  early or l a t e  

f rui t s . Kiwi f ru i t  po llen f rom male v i nes was v i ab l e  for  only 

the f i rs t 2 t o  3 d ays a f t er mal e  flowe r s  were opened ( Sale , 

1 9 8 1 ) .  An t hes i s  o f  mal e  plan t s  was earlier  t han the blossom 

per i od o f  ' Hayward ' ( Ford , 1 97 1 )  and i t  has  been sugges ted 

t ha t  during the an t hes i s  o f  la t e  female flowers , there was 

less  viable pollen avai lable so that  smaller frui t s , 

con t ai n i ng less s e eds , were produced ( M cKay , 1 9 7 6 ) . Th i s  may 

be an over- s i mp l i f ied explana t ion . 

Al though i t  was d i s cussed ear l i e r  that  the e f fe c t o f  

long and s ho r t  shoo ts o n  frui t s i z e  may be  correla t ed w i t h  

s e e d  numbers , i t  i s  l ikely that  early a n d  late  flowers 

a f f ec ted f ru i t growth d i re c t ly .  Even be fore poll i na t i on had 

o ccurred , i t  was o bse rved t ha t early f lowers had b i gger 

ovar i e s  ( table 4 . 7 ) ,  and therefore the grea t e r  po t en t i a l  f o r  

developing i n t o  b i gger f rui t s . Figures 4 . 3  and 4 . 8  also s how 

tha t t he f ru i t fresh we igh t per seed of early f ru i t s  was 

d i s t inc t ly grea t e r  than l a t e  frui t s , es pecially at low f ru i t  

seed numbers . Th i s  can also be seen clearly i n  f i gures 4 . 4  

and 4 . 7  where t h e re was a reduc t i on i n  frui t s i ze , as 

an thes i s  was delayed , wh i ch was ind ependent of f ru i t  s eed 

number .  However ,  i t  appeared tha t the p resence of h igh f ru i t 
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s eed numbe r  i n  late  frui t s  may compen s a t e  for t he i n i t i a l  

se t-back in  t h e i r  frui t s i ze ( f ig . 4 . 8 ) . 

The i n i t i al carbon resource wh i c h  was avai lable t o  a 

flower bud probably d e t ermi ned the  earliness o r  l a t eness o f  a 

flowe r . F ru i t s  from early ap r i co t  flowe rs had a grea t e r  

numbe r  o f  cells and b i gger mesocarp vo lume because o f  t h e  

grea t e r  avai labi l i ty o f  carbohyd r a t e  wh i ch promo t ed c e l l  

d i v i s i on i n  t he ovar ies  before an thes i s  ( Jacks on and Coombe , 

1966 ) . 

In the  k iwi fru i t v i ne , there was a predom inance o f  l ong 

s hoo t s  during early an thes i s  ( table 4 . 4 ) . I t  was also s hown 

in table 4 . 5  that the s t em d i ame t ers of  short  shoo t s  wh i ch 

carr i ed early frui t s  were b igge r t han those wi t h  l a t e  

flowers . Th i s  sugges t s  t ha t  early kiwi fru i t  f lowers we r e  

found on s hoo ts wh i ch had gre a t e r  carbohyd ra t e  resources . 

I n t e res t i ngly , these b i gger shoo t s  also had larger leaf  

areas . The s hoo t s  wh i ch car r i ed early fru i t s  had 7 9  c m2 more 

leaf  area per  fru i t t han shoo t s  wh i ch carried la t e  flowers 

( table 4 . 5 ) . Howeve r ,  the leaf areas were propo r t i onal t o  

fru i t s i ze ( 2 . 2  cm2 per g )  for early o r  late f ru i t s . T h i s  

may s ugges t t h a t  t he grow t h  o f  l a t e  fru i t s  was l i m i t ed by t he 

leaf area on i t s  shoo t but  the resu l t s  o f  o t h e r  expe r i me n t s  

in  chap t ers 6 ,  7 ,  and 8 clea r ly i nd i ca t ed a flex i b i l i t y i n  

the t rans loca t i on o f  as s i m i la t e  f rom outs ide a fru i t i ng shoo t 

t o  suppor t f rui t grow t h . The produ c t i on of b igger f ru i t s  was 
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t he re fore largely decided during the early developmen t o f  the 

f lowe r ovary , when the s upply of  ass i mi la t es was more 

c r i t i cal t hen during la t e r  s t ages of f rui t grow t h . 

S t em reserves may be  impor t an t , no t only d u r i ng flower 

develo pmen t ,  but also in the produc t i on of vi able and large 

seeds . 
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CHAPTER FIVE 

ASSIMILATE SUPPLY FROM SOURCE LEAVES ON A FRUITING SHOOT 

5 . 1  In t roduct i on 

General Pat tern of  Ass imilate Supply 

A s s i mi la t e  supply t o  f ru i t s  comes mainly from l e a f  

pho t osyn t hes i s , o r  s t ored subs t ra t es . In mos t spec i es , f rui t 

pho t osyn t hes i s  makes a neg l i g i b l e  con t r i bu t i on t o  f ru i t grow t h  

( Chauhan and Pandey , 1984 ; Hans en , 1970b ; Kr iedemann , 1968a , c ) 

On a s t em ,  the leaves wh i ch supply t he f rui t s  can be  

s i t ua t ed ei ther  above o r  below t hem ( Hale and Weave r ,  1962 ; 

Hansen , 1969 ) . There i s  also a marked t end ency f o r  f ru i t s t o  

o b t a i n  t he i r  supply o f  ass i m i l a t es f rom adj acent leaves ( Khan 

and Saga r , 1969 ; Mooney , 1 9 7 2 ) . 

The Source Leaf 

Dur ing developmen t a leaf passes f rom a s t age d u r i ng wh i ch 

i t  i m po r t s  phot osyn thates , t h rough a phase of  s i mul t aneous 

exp o r t and i mpo r t ,  to  a s t age whe re exp o r t  is  p redominant 

141 



( Th rower , 1 9 6 2 ) . The leaf howeve r  i s  no t homogenous wi t h  r egard 

t o  these processes . Larson and D i ckson ( 19 7 3 )  have shown t h a t  

during l e a f  expans i on t h e  leaf con t a i ns cells of  d i f feren t 

developmen t al age . Even in  the early s tages of  leaf 

d evelopmen t ,  some of  the leaf cells w i l l  be able t o  expo r t  

surplus pho t o syn tha t e ,  desp i t e t he fact  that t he leaf a s  a whole 

may have a nega t ive carbohyd ra t e  balance . 

The source leaf mus t  be  s u f f i c i en t ly developed t o  t h e  s tage 

where the phloem t h rough wh i ch expo r t  o ccurs is compe t en t ,  b o t h  

s t ruc tu rally and func t i onally ( Dale and M i l t horpe , 198 3 ) . 

Several s tud i es have documen ted t h a t  developing leaves b eg i n  t o  

expo r t  pho t o synthate  before t hey have a ch i eved t he i r  max i mum 

s i ze . 

The s t age of leaf d evelopmen t a t  wh ich  expo r t  beg i n s  

var i es . Generally , net  expo r t  o f  carbon commences when a l e a f  

has reached be tween one- t h i rd t o  h a l f  i t s f i nal a r e a  ( �ard law , 

1968 ) . Accord ing t o  Dale and M i l thorpe ( 1 98 3 ) , t h i s  i s  t h e  

per i od when ne t pho t osyn t hes i s  reaches i t s maxi mum , and c e l l  

d i v i s i on has c eased in  the pal i s ade a t  t h e  base o f  the blade . 

Transloca t i on from Source Leaf 

D i f fe ren t leve ls o f  expo r t  f r om source leaves wh i ch were 

labelled w i t h  1 4 C  have been do cumen t ed . In apple t rees , Hansen 

( 1970a ) repor ted the maj o r  part of the 1 4 C  abso rbed i n  fully 
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develo ped l eaves d i sappeared wi t h i n  the fol lowing 4 t o  5 days . 

In muskmelon plan t s , 68  % o f  1 4 C-label was expo r t ed i n  2 hours 

( Hughe s  e t . al . , 1983 ) , wh i le i n  cucumber leaves , i t  was found 

that  80  % of  the to tal 1 4 C a c t i v i ty was incorpo r a t ed i n t o  the  

developing f ru i t wi thin  24  hours  ( Barre t t  and Aml ing , 1 9 78 ) . 

The r a t e  o f  expor t of  as s i mi lates i s  not only con t ro l led by 

the r a t e  of f ru i t  grow th ( Hansen and Ryugo , 1979 ) , b u t  is also 

a f f e c ted by the  leaf pos i t i on and age . Thus , Hansen ( 1 9 67 b )  

found that  up t o  8 0  % of  t he 1 4 C-as s i m i la t e s  was r e t a ined i n  

the  younger leaves of  apple shoo t s , wh i le larger and older 

leaves expor ted as much as 80  % o f  the  labelled ass i m i la t es 

dur i ng the same period . 

Vas cular Connec t i ons as Cons t ra i n t s  t o  Ass imila t e  D i s t r i bu t ion 

An i mpor t an t fac tor  wh i ch d e t e rmines the pa t t e rn of  

as s i m i l a t e  supply from source leaves t o  f ru i t s i nks is  t he 

presence o f  vas cular conne c t i ons . Mur ray e t . al .  ( 1 9 8 2 )  

sugges t ed the poss i b i l i ty tha t phot osyn thates  t ake the  pa t h  o f  

leas t res i s t ance b y  mov ing f rom sources t o  s inks w h i c h  a r e  

res t r i c te d  t o  t h e  same vascular pathway , or o r t hos t i chy . Hence 

p a t t e rns of  ass i m i l a t e  supply may be very s peci f i c . For  

ins t ance , Blomqu i s t and Kus t  ( 1 9 7 1 )  repor ted tha t i n  the  soybean 

plan t ,  d evelo ping pods were suppl ied by leaves wh i ch were in 

d i re c t  ver t i cal al ignmen t only , even t hough there we r e  pods on 
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t he oppos i te s i d e  of  the s t em wh i ch were nearer to  the same 

leaves . In t he chi ckpea plan t , a s s i m i lates  canno t be 

t rans loca t ed from one b ranch to  the f ru i t produced on ano t h e r  

( S i ngh and Pandey , 1980 ) . Koch ( 1 984 ) repo r t ed t h a t  only a 

cer t ain source leaf w i l l  supply a par t i cular frui t segmen t i n  

the ci t rus  f ru i t .  

An i n t eres t i ng observa t i on was made on t oma to  and pepper  

plan t s , when B i ble ( 1 9 7 6 )  d i s cove red that  h igher y i elds we re 

ob tained f rgm t hose plan t s  wh i ch exh i b i t ed r igh t -handed r a t h e r  

t han l e f t -handed phyllo taxy . 

I n  a s t em , a rela t i on be tween the  vascular sys t em and leaf  

phyll o t axy is  o f t en implied . The  d e f i ni t ion of ' phyllo t axy ' 

s t ri c t ly app l i es t o  the arrangemen t o f  leaves as they develop a t  

t he s t em apex (Ri chards , 1948 ) . The helical arrangemen t o f  

leaves o n  t he s t em i s  descri bed by f rac t i ons from the F i bonacc i  

s e r i es , such as 3/8  o r  5 / 1 3 , i n  wh i ch the 8 th o r  1 3 t h  leaf  above 

t he one f rom wh ich  coun t i ng is s t ar t ed is reached a f t e r  3 or 5 

revolu t i ons round the ax i s ,  and falls more or less ver t i ca l ly in  

l i ne w i t h  the  s ta r t ing leaf  ( Roach , 193 9 ) . 

' Paras t i chy ' refers to t he ranks o f  arrangemen t s  o f  leaves 

( Er i ckson , 1 9 83 ) . Thus a s t em wi t h  3/8  phyllot axy exh i b i t s  a 

3-paras t i chy and 8 -paras t i chy arrangemen t .  Leaves t h a t  l i e  

d i rec t ly above one ano ther form ve r t i cal ranks called 

' o r thos t i ch i es ' .  The number o f  o r t hos t i chies bears a s i mple 

rela t i onsh i p  to  the  number o f  mai n  vascular s t rands i n  t h e  s t em 
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( Larson , 1 9 8 3 ) . I t  i s  also equivale n t  t o  the denomi n a t o r  o f  t h e  

frac t i on i n  a g i ve n  phyllo t ac t i c  ra t i o .  The t erm ' vascular 

phyllo taxy ' , such as used by Larson ( 1 9 7 7 ) ,  descr ibes  t he 

a rrangemen t o f  vas cular t races in  t he s t em . 

A l t e ra t ions i n  Transloca t i on Pa t terns 

Changes in t he rela t i ve s t reng t h  of s i nks can a l t e r  t h e  

predomi nan t p a t hways o f  t rans loca t i on . F o r  example , in  young 

t oma to  plan t s , all  leaves we re capable o f  supply i ng fru i t s  on 

all t russes , bu t as the number of t russes  increased , par t i cular 

groups of  leaves became the princ i pal suppli ers of  par t i cular  

t russes ( Khan and  Sagar , 196 6 ) . 

In t he cucumber plan t , a source leaf  expo r t s  t o  a 

par t i cular f ru i t  accord i ng t o  a p a t t e rn of  as simi late  

d i s t r i bu t i on related t o  phyl lot axy . S chapendonk and B rouwe r 

( 1984 ) observed that t h i s  was only t emporary ; t he removal o f  

one s i nk led t o  an al t ered pa t h  along wh i ch leaf expo r t  

proceeded t o  ano ther s i n k .  

S i m i larly i n  bean plan t s , a flex i b i li ty in  t rans lo c a t i on 

exi s ted , such t hat  pho t osyn tha t e s  crossed or thos t i chi es when 

par t ial d e f o l i a t i on and depodd i ng placed the fol i age in one 

o r thos t i chy , and t he pods i n  ano t he r  ( Nooden e t . al . , 1 9 7 8 ) . 

Lar s on ( 1 980)  repo r t ed from h i s  work on the co t t onwood 

plan t t h a t  the order of  phyl l o t axy i n c reased as the plan t 
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increased i n  s i z e  and age . I t  was also s ugges t ed t h a t  t he 

ontogene t i c  s t ages a t  which the phyllo t ac t i c  t rans i t i ons 

occurred were pred i c table , and were probably p rogrammed i n  the  

plan t ' s  deve lopmen t .  Thus the  co t t onwood plan t progressed from  

a 1/2  phyllo taxy i n  the cotyledon s t age , t hrough the 

phyllo t ac t i c  orders of 1/3 , 2/5 , 3/8 , un t i l  i t  finally a r r ived 

at a s t able order of 5 / 1 3 . 

146 



5 . 2  Experimen t SA 

5 . 2 . 1  Introduc tion 

Th i s  experi men t was des igned as a prelimi nary s t udy on 

the d i s t r i bu t ion of 1 4 C-pho tosyn t ha t e  a f t er a ma ture leaf  on 

an inde t erminate kiwi f rui t shoo t was labelled wi th 1 4 C0 2 . 

The shoo t was gi rdled a t  two pos i t i o ns below the labe l led 

leaf to  see if the gi rdl ing pos i t i ons affected the pa t t e rn o f  

as s i m i l a t e  d i s t r i bu t i on .  

5 . 2 . 2  Materials and Methods 

Four 1 -year-old po t ted ' Hayward '  vines were used . These 

plan t s  were grown as a s i ngle sho o t  in  a ven t i la t ed 

glas shouse envi ronmen t .  1 4 C-label was appl i ed on 2 7  July 

1983 when the plan t s  were at the  28 th emerged leaf s t age . A 

s ingle , fully expanded leaf a t  node 15 on each plan t was 

exposed to 37 kBq of 1 4 C0 2 . Jus t before the 1 4 C-label was 

appl i ed , t h e  plan t s  we re gi rdled at ei ther 4 or 8 nodes below 

the labelled lea f . 
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5 . 2 . 3  Resul t s  

1 4 C-as s i mi la t e  was t ranspor ted acrope t ally ( f ig . 5 . 1 )  

even t hough t he labelled leaf ret a i ned 34 dpm mg- 1 o f  

a c t i v i ty . Th i s  i s  approx i ma t ely 1 0  percen t o f  t h e  t o tal 

a c t i v i ty in t he p l an t . The s t em t i s sues were t he main s i nks 

for the 1 4 C-ass i m i la t e .  Young , develop i ng leaves at the 

d i s tal  end of the shoot  were also s t rong s i nks . 1 4 C 

d i s t r i bu t i on i n  t he two g i rdl ing t re a tmen t s  did  no t d i f fe r  

f rom each o ther . 
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F i gure  5 . 1 .  The d i s t r i but i o n  o f  1 4 C  (dpm mg- 1 ) f rom 
a labelled leaf  a t  the 15th  node o f  a s i ngle-s t em 
kiwi f ru i t cv . Hayward vine . The vi nes were 
gi rdled a t  ei ther 4 ( node 1 1 )  o r  8 ( node 7 )  nodes 
be low the  labelled leaf . 

Po s i t ion  of  Stem G i rd l e  

n o d e  nQQ� 7 nQQ� 1 1  
p o s i t i o n  stem leaf stem leaf 

28 5 1 7  8 1 1 
27 8 4 1 0  5 
26 7 4 9 6 
25 7 4 8 4 
24 5 2 8 5 
23 3 9 7 2 
22 3 0 5 1 
21  4 0 4 1 
20 4 0 4 1 
1 9  5 0 7 0 
1 8  3 0 5 0 
1 7  4 0 5 0 
1 6  5 0 7 1 
1 5  7 34 8 33 
1 4  1 1 0 1 0  1 
1 3  0 0 0 0 
1 2  0 0 0 0 
1 1 0 0 0 0 
1 0  0 0 g irdle -

9 0 0 
8 0 0 
7 0 0 
6 girdle -

5 
4 
3 
2 
1 
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5 . 3  Experimen t 5B 

5 . 3 . 1  Int roduc t i on 

The grow t h  o f  a kiwi f rui t vine i s  sus ta ined i n  the  

w i n t er by  the use o f  reserve subs t r a t e s  ( Dav i son , 1 9 8 7 ) .  

Du r i ng t he f i rs t 30 days o f  s p r i ng grow t h , i t  was es t i ma t ed 

t h a t  only 20 t o  40 % of  leaves on a mat ure vine could be 

suppo r ted by t he nu t r ien t  reserves i n  1 -year-old canes ( Sm i t h  

e t . al . , 1986 ) . I n  order t o  achi eve a pos i t ive carbon budge t 

early in  spr i ng , i t  i s  impo r t an t  tha t young kiwi f ru i t leaves 

become net expo r t er s  in  the s ho r t es t  t i me af ter emergence . 

I n  t h i s  expe r i men t , young k iwi f ru i t  leaves were fed wi t h  

1 4 C-label t o  d e t ermine the s tage o f  developmen t when leaves 

begin to expor t pho toas s i mi la t e s . 

5 . 3 . 2  Materials and Methods 

Eight 1 -year-old po t ted ' Hayward ' vines , grown as a 

s i ngle s t em i n  a glasshouse , were used . 1 4 C-label was 

applied on 3 Aug 1983 when the plan t s  were at t he 25 t h  

emerged l e a f  s tage . Only a s i ngle leaf  p e r  plan t was 
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label led wi t h  37 kBq o f  1 4 C0 2 . The labelled leaf  was a t  

e i t h e r  t he 1 3 , 15 , 1 7 , o r  1 9 t h  node . Every plan t was gi rdled 

at 4 nodes below the l abelled leaf , j us t  before t h e  

t rea t men t s  were appl i ed . 

By us i ng 8 ' con t ro l '  plan ts o f  the same age as t reated  

plan t s ,  i t  was found tha t the areas o f  t he leaves on the 1 3 , 

1 5 , 1 7 , and 1 9 t h  node a t  the  t i me when label was appl i ed , 

were 87 , 8 7 , 64 , and 49 % o f  full leaf expans i o n , 

respec t i ve ly . 

5 . 3 . 3  Resul ts 

The resul t s  presen ted in  f i gure 5 . 2  show that t he young 

expand i ng leaf at  the 1 9 t h  node d i d  no t expo r t  

1 4 C-as s i m i la t e .  Expo r t  began f rom t he next older  leaf , i e .  

a t  the 1 7 t h node , when t hey were a t  abou t 64 % o f  full leaf  

area expans i on .  The exp o r t  was acrope tal , wi t h  t he s t em 

t i s sues maki ng up the maj o r  s i nks . Younge r l eaves above the  

labelled leaf  also  a t t ra c t ed the 1 4 C-pho tosyn t ha t e .  I n  

par t i cular , t he 3rd , 5 t h ,  and 8 th leaf above the  labelled 

leaf tended t o  be s t rong s i nks , as compared w i t h  o ther 

l eaves . 

151  



Figure 5 . 2 .  The d i s t r i bu t ion o f  1 4 C (dpm m�- l ) i n  a 
s i ngle-s tem kiwi f ru i t  cv .  Hayward vine . 1 C-label 
( 3 7  kBq )  was appl i ed to a s ingle leaf at e i ther  the 
13 , 15 , 17 , o r  1 9 t h  node . Each plan t  was g i rdled 
a t  4 nodes below the  labelled leaf . 

Pos it i o n  of  Label l e d  Leaf 

n o d e  l eaf 1 3  l eaf  1 5  leaf 1 7  leaf 1 9  
p o s i t i o n  stem leaf stem leaf stem leaf stem leaf 

25 3 1  4 43 5 43 1 5  1 0 
24 1 9  1 6  3 1  4 35 2 1 0 
23 1 6  1 5  68 3 1  3 1  5 1 0 
22 1 9  1 36 3 29 25 1 0 
21 1 4  7 24 3 26 3 1 0 
20 27 1 30 64 24 1 0  0 0 
1 9  1 2  0 37 1 32 2 2 3 1 1 
1 8  21  1 22 1 2 1  2 0 0 
1 7  20 1 1 9  1 1 5  344 0 0 
1 6  1 3  1 33 0 58 1 0 0 
1 5  20 0 33 235 1 0 0 0 
1 4  36 1 44 3 1 0 g i rd le -
1 3  44 266 1 0 1 0 
1 2  33 1 0 0 g i rd le-
1 1  0 0 0 0 
1 0  0 0 g i rd le -
9 0 0 
8 9 i rd l e-
7 
6 
5 
4 
3 
2 
1 
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5 . 4  Experiment 5C 

5 . 4 . 1  Introduction 

Smi t h  e t . al .  ( 1 98 6 )  repo r t ed t ha t  the ma in supp l i e rs o f  

ass i m i la t e  to early f ru i t  grow t h  are t h e  leaves i n  c l o s e  

proxim i ty .  Since summe r prun ing involves the removal o f  a 

large numbe r  o f  leaves on a long f ru i t ing shoo t , i t  i s  useful 

to  know t h e  rel a t ive impor tance o f  each leaf on every node of  

the shoo t . 

The p revi ous exper i men t s  ( SA and 5B ) showed t h a t  1 4 C was 

expo r t ed a c rope t ally f rom a source leaf to t he growing shoo t 

t i p  o f  a l ong , non- f ru i t ing s ho o t .  Th i s  experimen t was 

des i gned to de t e rmine t he e f f e c t  of frui ts on the 

t rans loca t i on o f  1 4 C-as s i m i l a t e  f rom s ource leaves a t  

d i f fe re n t  node pos i t i ons along the frui t ing shoo t . The 

e f fe c t on t he t rans loca t i on p a t t e rns a f ter p run i ng t h e  shoo t s  

t o  d i f fe r e n t  numbers of  leaves was also inves t iga t ed . 
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5 . 4 . 2  Materials and Methods 

Th i r ty 3 -year-old po t ted ' Hayward ' v i nes grown i n  a 

glas shouse were used . Indet ermina t e  shoo t s ,  carrying 2 

f rui ts each , were selec ted and tagged for  t reatmen t .  Abou t 5 

to  8 sho o t s  were t agged on each vine , and the shoo t s  were 

alloca t ed to 3 t rea tmen t groups as follow : 

1 .  Group A :  Ten t agged shoo t s , each from a separate  

plan t , we re s e le c t ed a t  random as  a con t rol t o  d e t ermine the  

t o tal amoun t o f  1 4 C ac t i v i ty wh i ch c ould be  recovered 

i mmed i a t ely a f t e r  labell ing a fully ma t u re leaf at the  8 t h 

node wi t h  37 kBq o f  1 4 C0 2 . Five shoo t s  were g i rdled a t  t h e  

bas e ,  whi l e  the  remainder were le f t  i n t ac t .  

2 .  Group B :  Th i s  group cons i s t e d  of  a se t o f  1 1  

t reatmen t s  wh i ch were repl i ca t ed 4 t i mes . Each t re a t ment  was 

randomly as s i gned to one of t he previously t agged shoo t s . 

The f i rs t  t re a t me n t  was t o  apply t h e  1 4 C-Iabel to  the  leaf 

sub tend ing t he f i rs t  f ru i t ( deno ted as leaf S l , see  f i g .  

5 . 3a ) . The s e cond t re a t ment  was t o  apply the 1 4 C-Iabel t o  

the leaf sub t end i ng the second f ru i t ( deno ted a s  leaf  S2 ) .  

T rea t men t s  3 t o  1 0  cons i s t ed of  label l i ng leaves on t he n e x t  

8 consecu t i ve nodes ( i e .  leaf D3 t o  D 1 0 ) . The las t 

t reatmen t was made by labelling t he f i r s t  leaf proximal t o  
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( a) 

( b )  

F i g u r e  5 . 3 .  D i agramma t i c  r e presen t a t i on o f  t h e  
n o t a t ion u s ed i n  group B and C t r ea tmen t s : X- 1 , 
l ea f  prox i ma l  t o  f r u i t ;  S l  - S 2 , leaves sub t end i ng 
f ru i t s ; 03  - 010 , d i s t a l  l eaves . ( a )  exam�l� o f  
g roup  B t rea tmen t s , ( b )  example o f  group  C t re a tmen t s . 

(b�E,.;,.,e"r Sc ) 

X - 1  S 1  S 2  0 3  0 4  0 5  0 6  0 7  0 8  0 9  0 1 0  

p rox i m a l  
f ru i t  

X - 1  S 1  S 2  

p ro x i m a l  
f r u i  t 

d i s t a l  
f ru i t  

0 3  0 4  

d i s t a l  
f ru i t  

1 5 5  

i n de t e rm i na te  s h o ot 

s h o ot pru n ed 
t o  2 d is ta l  l eaves 



t h e  f i rs t frui t ( d eno ted as leaf X-1 ) .  

3 .  Group C :  Shoo t s  were pruned one week before 

1 4 C-Iabel was appl i ed t o  compare the pat tern o f  t ransloca t i on 

w i t h  t reatmen t s  on i n t ac t shoo t s  in  group B .  Twe lve s hoo t s  

were p runed back t o  only t he sub tend i ng leaves and 1 4 C-Iabel 

was appl i ed to  leaf X-1 , Sl , or  S2 . Ano ther 1 2  shoo t s  wer e  

p runed to  2 ,  4 ,  o r  8 d i s tal leaves and label was appl i ed t o  

t he las t lea f ,  i e .  leaf 04 , 06 , and 010 respe c t i ve ly ( se e  

f i g . 5 . 3 b ) . 

1 4 C-Iabel was appl i ed to  all the above t re a t men t s  

between 2 6  and 2 9  Dec 1984 . The f rui t s  were growing a t  an 

absolu t e  grow t h  rate o f  0 . 9  g per d ay and the ave rage f ru i t 

s i ze was about  3 3  cm3 • The shoo t apex was s t i l l  a c t i ve and 

each shoo t had be tween 22 and 34 nodes . Harves t was car r i ed 

ou t be tween 2 and 5 Jan 1 985 and the  p lan t ma t e r i als were 

subsequen t ly prepared for 1 4 C ass ay . 
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5 . 4 . 3  Resul ts 

Transloeation o f  14C 

The res u l t s  o f  the group A t reatmen t presen t e d  i n  f igure 

5 . 4  i n d i c a t e  that t rans po r t  of pho toas s i m i lat e f rom the 

source leaf to  s i tes o f  d emand occurred wi t h i n  the 3 hour 

pe r i od o f  1 4 C0 2 appli ca t i on . Trans loca t i on was b l ocked when 

the  p h loem t ranspo r t  sys tem  was severed in a gi rdled s t em . 

Up t o  98 . 6  0 / 0 ( 7 90 dmp mg- 1 ) o f  the to tal 1 4 C recovered was 

re t ained in the labelled lea f . 

Cons t raints o f  Vascular Connec t ions in Transloca t i on 

Table 5 . 1  shows clearly t ha t  t he t ranspo r t  o f  1 4 C 

ass i m i la t e  i n  an inde t e r m i na t e  shoo t wi th 2 fru i t s  was 

compar t men t al i sed . The movement  of  1 4 C assimi l a t e  was 

res t r i c t ed by vascular c onne c t i ons between the 5 t h and 8 t h  

leaf above a labelled l ea f . Thus , the proximal f ru i t ( node 

1 )  rece i ved i t s main supply of as s i m i l a t e  from i t s sub t end ing 

l ea f ,  plus fur t her supp l i es  f rom node 1+5  and node 1 + 8  ( t able 

5 . 1 ) .  S i m i larly , the d i s tal  fru i t  ( node 2 )  was l i nked t o  i t s 

source leaves a t  nodes 2 ,  2+5 , and 2+8 . The e x t e n t  t o  wh i ch 

leaves beyond leaf 09 and leaf 010 suppl ied t he f ru i t s  was 
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Figure 5 . 4 .  D i s t r i bu t i on o f  1 4 C a c t i v i ty ( d pm mg- 1 ) 
i n  a kiwi fru i t cv . Hayward frui t i ng sho o t  3 hours 
a f t e r  1 4 C-label was appl i ed t o  the leaf at  node 8 .  
To t a l  1 4 C recovered per shoo t equals 1 . 98 x 1 06 dpm . 
Shoo t s  were e i t he r  gi rdled or le f t  i n t ac t . 
Percen t age 6 f  t o t al 1 4 C in  paren t hes i s . 

n o d e  gi rd led nQn -gi rg leg 
p o s i t i o n  stem leaf stem leaf 

1 0  0 0 0 0 
9 0 0 0 0 
8 1 3  790 7 556 

(1 .2) (98.6) (1 .9) (94.4) 
7 2 0 6 0 

(0.2) ( 1 .3) 
6 0 0 4 0 

(0.9) 
5 0 0 4 0 

(0.8) 
4 0 0 3 0 

(0.5) 
3 0 0 1 0 

(0.2) 
2 0 0 0 0 
1 0 0 0 0 

fru i ts  

p r o x i m a l  o o 

d i s ta l  o o 

1 5 8  



Table 5 . 1 .  Recovery o f  1 4 C-ac t i vi ty ( d pm mg- 1 ) in  t he proximal and 
d i s tal f ru i t s  of an ind e t e rmi na t e  kiwi frui t cv . Hayward shoo t 
carrying 2 frui t s .  1 4 C-label ( 37 kBq ) was appl i ed t o  leaves a t  
d i f feren t node pos i t i ons . F i gures in  paren t hes i s  represent t he 
amoun t o f  1 4 C-ac t i vi ty recovered in  the frui t as a percen t age o f  
t he t o t a l  1 4 C f ixed per  shoo t . No a c t i v i ty was recovered from t he 
d i s tal end o f  t he shoo t .  

Node pos i t ion 
o f  labe lled Proximal D i s tal  
leaf fru i t frui t 

010 0 8 4 ( 3 7  ) 

09 1 1 1 ( 35 ) 0 

08 0 0 

07 0 7 4 ( 35 )  

06 85 ( 43 ) 0 

05 0 0 

04 0 0 

03 0 0 

S2  0 1 6 3 ( 5 7 ) 

S l  1 36 ( 62 )  0 

X-1  0 0 
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n o t  i nves t iga t ed . 

The movemen t o f  1 4 C  a s s i m i l a t e  out  o f  the labe lled 

leaves was d i rec t i onal . Leaves wh i c h  d i d  not  supply fru i t s  

i n  experi men t 5 C  were too d i s tant from t h e  shoo t apex . They 

expo r t ed bas i pe tally t owards the ma i n  cane ( f ig . 5 . 4 ) .  

Alteration i n  Translocat i on Pat tern 

When a f ru i t i ng shoo t was pruned to  fewer leaves ( group 

C ) , the pa t t ern of ass i m i l a t e  d i s t r i b u t i on was a l t e red . Th i s  

i s  shown i n  table 5 . 2 .  

In group B ,  the con t r i b u t ion o f  leaf X-I i n  an i n t ac t 

shoo t sys t e m  was not  i mpo r t an t .  By con t ras t ,  leaf X-I on a 

pruned sho o t  sys t em was rather s ign i f i can t in supply i ng 

as s i m i la t es t o  bo th  the proxi mal ( 14 0 / 0 ) and d i s t al ( 2 1  0 / 0 ) 
frui t s .  

I n  the  pruned sho o t  sys tem , leaf S l  and S2 con t i nued t o  

feed the i r  sub t ending f ru i t almos t exclus ively by 78 and 

74 % o f  the  t o tal label , respe c t i vely . Th i s  represen t ed 

fur t her i n c reases o f  1 6  and 17  % when compared wi t h  i n t a c t 

s hoo t s  ( 6 2  and 5 7  0 / 0 ' respec t ively ; t able 5 . 1 ) . 

Af t er the  s hoo t was pruned , leaf D6  and D10 s t i l l  

supplied t h e  frui t s  a t  node 6-5 ( i e . .  p roxi mal )  and 1 0-8 ( i e .  

d i s t a l ) , respec t ively . However ,  unl i ke intac t shoo t s , s ome 

1 4 C ac t i v i t y  was also re covered in t he o t her f ru i t on e i ther  
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Table 5 . 2 .  Recovery of  1 4 C-ac t iv i ty ( d pm mg- 1 ) in  the proximal and 
d i s tal frui t s  of kiwi f ru i t cv . Hayward shoo t s  carryi ng 2 f ru i t s .  
The shoo t s  were p runed t o  0 ,  2 ,  4 ,  o r  8 d i s tal leaves and 1 4 C-label 
was appl i ed t o  a leaf a t  d i f ferent node pos i t i ons . Fi gures i n  
paren thes i s  represen t the amoun t o f  ac t i v i ty recovered in  t h e  f ru i t s  
as a perce n t age o f  the to t al 1 4 C f i xed per  sho o t  ( 1 . 98 x 1 06 d p m ) . 

Number o f  
d i s tal  
leaves 

8 

4 

2 

o 

o 

o 

Node pos i t i on 
o f  labelled 
leaf 

010 

06 

04 

S2 

Sl 

X- 1 

1 6 1  

P roxi mal 
f rui t 

1 1 ( 6 )  

1 7 5 ( 55 )  

5 4 ( 2 1 ) 

o 

250 ( 7 8 ) 

1 8 ( 1 4 )  

O i s tal  
f rui t 

6 3 ( 2 6 )  

1 7  ( 5 )  

8 7 ( 3 9 )  

236 ( 74 ) 

o 

34 ( 2 1 )  



t reatmen t s . 

Like leaf X- 1 ,  leaf 04 on a p runed shoo t sys t em also 

became a source leaf . The d i s tal  frui t a t t rac t ed 39 % o f  

the 1 4 C-ph o t osyn tha t e  from this  lea f , while the proximal 

frui t i m po r t ed 21  0 / 0 . 
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5 . 5  Discussion 

5 . 5 . 1 The Source Lea f  

Leaves o f  mos t plan t s  be come n e t  expo rters from be tween 

one- t h i rd to  half the i r  full f i nal s i ze ( Wat son and Caspe r , 

1984 ) . I t  was ind i ca t ed in  cha p t e r  2 tha t  a n e t  loss o f  d ry 

ma t t e r  f rom kiw i f ru i t leaves o ccur red when they were abou t 

60 % full s i ze . The resul t s  o f  exper iment 5B  ( f ig . 5 . 2 ) 

showed that  the kiwi frui t leaf began to  expo r t  ass i m i la t e s  

from be tween 49 t o  64 % full expan s i on . 

The amoun t o f  1 4 C ac t i v i ty r e t a ined in leaves v a r i es 

accord i ng t o  s i nk demand . For i n s t ance , apple leaves we r e  

repo r t ed to  retain  45 % or more o f  the 1 4 C absorbed d u r i ng 

the per i od o f  full bloom , bu t t h i s  d ropped t o  abou t 20  t o  

3 0  % a f t e r  full bloom ( Hansen , 1967a) . As much as 40 t o  

5 0  % o f  the  t o t al 1 4 C abso rbed by apple leaves was res p i red 

( Hans e n , 1967 b ,  c ) . I n  the k iw i f ru i t  leaf , only 1 0  % o f  

1 4 C was re t a i ned i n  the leaf o f  a non- f ru i t i ng shoo t a f t e r  a 

period  o f  a week ( f i g .  5 . 1 ) . I t  was also shown prev i ously 

( chap t e r  1 )  tha t the maj or par t o f  1 4 C absorbed by the leaf 

was expor t ed wi t h i n  6 d ays ( f i g .  1 . 3 ) .  

The e f fect o f  g i rd l i ng i n  expe rimen t 5C ( group A )  was t o  
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delay t he t rans loca t i on of  1 4 C-as s i m i l a t e  out o f  the source 

leaf . Thus , f igure 5 . 4  shows tha t  during the 3-hour feed i ng 

p e r i od , 98 0 / 0 o f  the 1 4 C was s t i l l re t a i ned i n  the labelled 

leaf on a gi rdled shoo t , whe reas 5 . 6  D I D had s t a r t ed t o  move 

out from the leaf i n t o  an in t a c t  shoo t .  

5 . 5 . 2  Di rec tion of  Assimilate Translocat ion 

The expo r t  o f  1 4 C- pho t osyn t ha t e  from the ma t ure 

kiwi f ru i t  leaf was d i r ec t i onal . Younger leaves in  

exper imen t s  5A and 5B expo r t ed mai nly acrope t ally t o  the  

s t em , growing sho o t  apex , and newly emerged leaves ( f igs . 

5 . 1  and 5 . 2 ) . The pos i t ions of  the s t em g i rd l es d i d  no t 

a f f e c t  the acrop e t a l  t ranspo r t . Older leaves expo r t ed 

bas i pe t ally t o  supply frui t growth ( f i g .  5 . 4 ) . Thus l i ke 

mos t f ru i t  crops such as grape ( Hale and Weave r ,  1 9 6 2 ) , apple 

( Qu inlan and Pres ton , 197 1 ) , and mango ( Chauhan and Pandey , 

1984 ) , the kiwi f ru i t vine also has a flexi b i l i ty i n  the  

d i re c t i on of  as s i m i l a t e  t rans loca t ion . 
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5 . 5 . 3  Sectorised Transport  i n  the Frui t i ng La t eral 

The resu l t s  o f  expe r i men t 5C show t hat  vas cular 

conne c t i ons were an impo r t an t  fac tor  whi ch de t e rm i ned t he 

d i s t r i bu t ion o f  ass i m i l a t e s  i n  t he kiwi f ru i t  shoo t . Table 

5 . 1  i nd i ca t e s  d i s t i nct  o r t hos t i ch i es wh i ch l i nked t he n ,  n+5 , 

and n+8 nodes . Thus the p roxima l  fru i t ( node 1 )  was s u p p l i e d  

b y  leaves 5 1 , 06 , and 09 , wh i le t h e  d i s tal frui t ( node 2 )  

i mp o r t ed ass i m i la t e s  from leaves 52 , 07 , and 010 . The 

rema i n i ng leaves whi ch d i d  no t s upply e i ther f ru i t expo r t ed 

1 4 C out of the f ru i t ing l a t e ral . There was also some 

i nd i ca t i on i n  f igure 5 . 2  t h a t  younger leaves on the 3 rd , 5 t h ,  

and 8 th node above a labelled leaf a t t rac ted more 1 4 C .  

Al t hough the kiwi f ru i t has been described as exhi b i t i ng 

a 2 / 5  phyl lo t axy ( Fe rgus on , 1984 ) , the above resu l t s  s ugges t 

t h a t  o t her phyll o t ac t i c  orders exis t ed .  Trans i t i ons o f  

phyllo t ax i s  w i thin  the vas cular sys t em o f  plan t s  are known t o  

occur  b e fore t hey were exp ressed a t  the shoo t apex ( Larson , 

1 9 75 ) . This may no t be d e t e c t ed in t he ex t e rnal morpho logy 

o f  the shoo t . Apparen t ly , t he pressure to reo rgan i s e  t he 

vascular sys t em was rela t ed t o  the v i gour o f  the plan t . Thus 

the work o f  Larson ( 1 975 , 1 9 7 9 )  i nd i ca t ed tha t low orders  o f  

phy l l o t axy i n  the co t t onwood plant  could no t sus t a i n  a high 

level o f  leaf p roduc t i on when g row t h  was vigorous . 

Pulawska ( 1 965 ) s t ud i ed t he rela t i onsh i p  b e t ween 
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phy l l o t ax i s  and vas cular organ i s a t ion i n  Ac t i n i d i a  a rgu t a  and 

repo r t ed t ha t  d u r ing the ont ogeny o f  long shoo t s  the plan t 

changed the o rgan i s a t i on o f  i t s vas cular sys tem . The 

Ac t i n i d i a  a rgu t a  shoot  wen t through t he phyllo t a t i c  order  

wh i ch l i nked t h e  leaf t races n and n+8 , f o l lowed by  n and 

n+13 , and l a t e r  n and n+ 2 1 . Th i s  s t udy ind ica t ed that  

s i m i lar vas cular t rans i t i ons may have occurred i n  the  

kiwi f ru i t shoo t .  

5 . 5 . 4  Effec t s  o f  Pruning on Ass imilate Dis tribu t ion 

The frui t s  on an i n t ac t  sho o t  could only o b t a i n  t he i r  

supply o f  1 4 C-ass i m i la t e  from leaves wh i ch we re i n  t he same 

o r t hos t i chy ( t able 5 . 1 ) . Howeve r ,  when the fru i t i ng shoo t 

was pruned , all  the  leaves could become source leaves .  Table 

5 . 2  shows t ha t sub t ending leaves s t i l l  supplied exclus i vely 

t o  t he f ru i t  on the  same node . In  f ac t , in  the absence o f  

any d i s tal l eaves pas t the frui t ,  leaf S l  and S 2  expor t ed 1 6  

and 1 7  % more 1 4 C ass i m i l a t e  t o  the p rox imal and d i s tal  

f ru i t respec t ively . 

Leaf D4 , wh i ch d i d  no t supply e i t h e r  frui t s  on an i n t a c t  

shoo t ,  became a s ource leaf a s  a resul t o f  pruning t h e  shoo t . 

I t  t hen suppl i ed 2 1  and 39 % o f  t he t o t al 1 4 C p e r  shoo t t o  

t h e  prox i mal and d i s tal frui t ,  respec t i vely . 
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S i m i larly leaf X- I ,  wh i ch l i es  i n  a pos i t i on p r o x i ma l  t o  

t he frui t s ,  became an i mpor t an t  source leaf t o  b o t h  t he 

f ru i t s  a f t e r  the  shoo t was p runed . 

In  an i n t a c t  sho o t sys t em ,  leaf  06 suppl i ed only t h e  

frui t i n  n o d e  6-5  ( i e .  the prox i ma l  f rui t ) ,  wh i l e  leaf 010 

supplied  only t he f ru i t  in  node 10-8 ( i e .  t he d i s tal  f r u i t ) .  

Th i s  pa t t e rn o f  t rans loca t i on was a l t e red a f t e r  t he shoo t was 

p runed . Some 1 4 C-ass i m i l a t e  from leaf 06 was t hen found i n  

the d i s t al f ru i t ,  wh i le the prox i mal f rui t also i mpo r t ed 1 4 C 

f rom leaf 010 ( table 5 . 2 ) . 

Pa t e  and Farring t on ( 1 9 8 1 )  found that  wi t h  the  

developmen t of  secondary grow t h  i n  t he lupin  plan t , 

ass i m i l a t es began t o  move lat erally be t ween o r t ho s t i ch i e s . 

The shoo t s  i n  exper i men t 5C were p runed a week before  

1 4 C-label was  appl i ed , and i t  is  p o s s i ble t ha t  vascular 

connec t i ons be tween or t hos t i ch i e s  were deve loped d e  nov o , i n  

response t o  the  need f o r  rerou t i ng ass imilates  t o  rela t i ve 

s i nk d emand s . The obv i ous advan t age to the kiwi frui t v i ne i s  

that  f r u i t s  are ensu red o f  a carbohyd r a t e  supply f rom 

al t erna t i v e  s ou rce leaves , no t only i n  pruni ng s i t ua t i ons , 

bu t also when the o r igi nal source l eaves are des t r oyed by 

d i sease or o ther na t u ral d i sas t er s . 
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CHAPTER SIX 

SOURCES OF ASSIMILATE SUPPLY OUTSIDE THE FRUITING SHOOT 

6 . 1  In t roduc t ion 

S t u d i e s  on the ass i m i la t e  supply and t rans loca t i on pa t t e rns 

i n  several c rops ind i ca t e d  an aut onomy in  t he use o f  carbon 

w i thin a f ru i t ing shoo t during the growing season . I t  has been 

shown i n  peach ( Schne i der , 1977 ) ,  pecans ( Dav i s  and Sparks , 

1974 ) , and apples ( Hansen , 1 9 6 7 a )  tha t  leaves on the same sho o t  

s up ply much o f  t he carbohydra t e  requi remen t s  f o r  t h e  developmen t 

o f  the f ru i t s . Ass im i la t e  p roduced by ma t u re leaves wh i ch i s  

n o t  u t i l i sed in  f ru i t developmen t ,  gene rally supplies  s i t e s  o f  

vege t a t ive growth  o r  i s  used t o  build  u p  the reserve subs t ra t es  

i n  the roo t s  (Kriedemann , 196 9 b ;  Hansen , 1967 c ) . 

Supply of Assimilates to Frui ts from Dis tant Leaves 

When the as s i m i la t e  demand o f  a f ru i t is no t me t by i t s 

nearby leaves , carbohyd rate  can be d rawn f rom the leaves i n  

adj acen t shoo t s . Thus i n  apple t rees , t ransloca t i on f rom 

ex tens i on shoo t s  occurred af t e r  the  f ru i t s  had exhaus t ed the 
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carbohy d r a t e  supply f rom t he i r  own spur leaves ( Hansen , 1 9 69 ) . 

For  mos t  f ru i t t rees , there is some flexi b i l i ty i n  t he 

movemen t o f  carbohydrate f rom one branch t o  ano ther . F o r  

example , Quinlan and Weave r  ( 1 9 7 0 )  inve s t iga ted t he ex t en t  o f  

phloem t ransloca t i on be tween adj acen t shoo t s  of t he grape v i ne , 

and repo r t ed s igni f i can t movemen t s  o f  ass i m i la t e  f rom adj acen t 

grape shoo t s  a f t e r  t rea tmen t s  wh i ch included gibbere l l ins , 

shad ing , o r  d e fo l i a t i on .  

The rela t ive demand f o r  as s i mi l a t e s  from d i s tan t leaves i s  

correlated  wi t h  the leaf - f ru i t  r a t i o  o f  the frui t i ng shoo t .  

Thus , Hansen and Chr i s t ensen ( 1 9 7 4 )  found that d u r i ng the  early 

p e r i od of apple f ru i t grow t h , when only a small leaf area was 

necessary to suppo r t  the g row t h  of one frui t ,  l i t t l e  1 4 C was 

t rans located f rom the leaves on adj acen t shoo t s . Howeve r ,  

d u r i ng the l a t e r  s tages o f  rap i d  increases i n  f ru i t  s i z e ,  the  

propor t i on o f  1 4 C-pho tosyn t ha t e  t rans fer red from non- f ru i t ing 

adj acen t shoo t s  was nearly as grea t as the propo r t i on 

t ransloca t ed f rom leaves t o  f ru i t s  on t he same s p u r . 

U t i l i sat ion o f  Reserve Subs t rates 

Res e rve ma t e rial  accumu la t es in  f ru i t trees ma i n ly d u r i ng 

t h e  las t 5 t o  7 weeks before leaf-fall , and the grea t e r  par t o f  

i t  i s  s t ored i n  the roo t s  ( eg .  Hansen and Grau s lund , 1 9 7 3 ) . 

S t arch i s  a common componen t o f  the rese rve carbohyd r a t e  ( Me i r  
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and Re i d , 1 9 8 2 ) ,  al t hough in  t he kiwi f ru i t v i ne , Redg¢We l l  

( 1 983 ) showed that t here can b e  a cons iderable amoun t o f  

muci lage polysaccha r i des . 

Early i n  spring ,  t he maj o r  par t o f  the reserves i n  t he 

apple t ree was assumed t o  be used f o r  resp i ra t ion , i n  conne c t i on 

wi th t he developmen t o f  leaves , f lowers , and shoo t s  ( Hansen , 

1967c , 1 9 7 1 ) . The dependence on rese rves was shor t ,  so  t h a t  mos t 

o f  the ma t e r i als f o r  grow th in  s p r ing came f rom t he curr en t 

produc t i on o f  as s i m i la t es by t he leaves ( Hansen , 1 9 7 1a ) . 

Some r e po r t s  i nd i ca t ed tha t f ru i t s  can mob i l i z e  rese rve 

subs t ra t e s  ( Ho ,  1979a , b ;  Koz lowski and Ke l le r ,  1 9 6 6 ; Rawson 

and Evans , 1 9 7 1 ) . For example , Ho ( 1 979b)  showed tha t t oma t o  

f ru i t grow t h  was supplied b y  reserve carbohydra t e , a f t e r  

t rea t men t s  t h a t  ei t her  reduced concu r ren t pho tosyn t hes i s , o r  

i ncreased s i nk s t reng t h . 

1 70 



6 . 2  Expe r imen t 6A 

6 . 2 . 1  I n t roduc t ion 

eh 
In t he kiwi frui t vine , t he p e rc�tage of 1-year-old 

l a t e rals tha t remained vege t a t i ve ranged from 20 t o  6 5  0 / 0 
( Brunde l l , 1 975c ; Mull i gan , 1 98 6 ; Snowbal l ,  1 9 86 ) . The 

mai n t enance of a m i n i mum vine leaf to frui t ra t i o  can be 

achieved by a balance be tween t he removal o f  vege t a t i v e  

shoo t s  a n d  p run ing frui t ing shoo t s  t o  app rop r i a t e  leaf  

numbers . L i t tle  i s  known abo u t  the ex t en t  to wh i ch 

vege t a t i v e  s hoo t s  con t r i b u t e  t o  f ru i t grow t h ,  and the 

obj ec t i ve o f  this experi men t was t o  inves t iga t e  t h i s  f u r t he r . 

6 . 2 . 2  M a te rials and Me thods 

Plan t Materials 

E i gh t  8-year-old ' Hayward ' v i nes in a comme r c i a l  o r chard 

block at Levin were used . Four o f  these vines were t h i nned 

by removing flower buds from every al t e rna t e  shoo t a long a 
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second-year cane . The remaining 4 v i nes were le f t  i n t ac t .  

Thus l igh t cro p p i ng v i nes had abou t 500 frui t s , whe reas 

i n t a c t  v i nes had a crop load of 1000 frui t s .  

Applicat ion of Treatmen ts 

Fru i t i ng and vege t a t ive shoo t s  at t he d i s t al ends o f  

2-year-old canes were selec t i vely removed t o  ob t a i n  one o f  

the three bas i c  shoo t arrangemen t s  shown d i agramma t i cally i n  

f i gure 6 . 1 .  

Two o t her fac t ors were also imposed over t he shoo t 

t rea t men t s : 

1 .  leav ing a vege t a t ive shoo t ( 5  leaves ) a t  

the d i s t al end o f  the 2-year-old can e , a s  a fur ther  

source of  pho t oas s i m i la t e s . 

2 .  g i r d l i ng the 2-year-old cane t o  i s o l a t e  

t h e  sho o t  ar rangement  from t h e  res t o f  t he v i ne . 

The t o tal o f  1 6  t rea t men t s  ( 4  shoo t t rea t men t s  x 2 leafy 

shoot  x 2 g i rd l i ng )  was rep l i c a t ed over 4 ' l i gh t '  c r o p p i ng 

and 4 ' h igh ' cropping vines so as t o  give  an overall 

' sp l i t -plo t '  exper i men tal d e s i gn . 

The t re a t men t s  were applied  on 2 1  Dec 1983 , and t he 

t rea t ed shoo t s  were exposed by the removal o f  any s u r round i ng 
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Figure 6 . 1 . Diagramma t i c  repre sen tat ion o f  sho o t  t reatments 1-q 
in exper i me n t  6A . Sho o t  treat men ts 1 and 2 co rresponded v i th 
sho o t  arrangemen t s  A and B res pec t i vely . Sho o t  t rea t ments  3 and 
4 l i e  adj acen t to each o t her in shoot  ar rangemen t C .  Each shoo t 
arrangement vas loca ted at the dis tal end o f  a 2 -year-old cane , 
and vere ei  ther g i rdled to i sola te' from the res t o f  the cane , o r 
l e f t  i n t ac t . A leafy shoot  was also ei ther present  o r  absen t a t  
the d i s tal  end o f  each shoo t arrangemen t .  The mean leaf area o f  
t h e  f rui t ing shoo t was 5 20 ± 28 cm2 • 



shad ing shoo t s . Shoo t regrow ths were also removed when t hey 

appeared . G i rd led canes were also checked per iodi cally t o  

ensure t ha t  any callus wh i ch had f o rmed over the g i rdle was 

removed . 

Data Collection 

Fru i t  volumes and f resh weigh t s  were obtained a f t e r  

harves t o n  10  May 1984 . The number o f  f ru i t s  and shoo t s , on 

the par t of the 2-'year-old cane prox i mal t o  the t rea t ed 

l a t e rals , was recorded . The frui t load on each cane was then 

expressed as a fac t o r  g i ven by  the t o t al number of  frui t s  

d i vi ded b y  t he t o tal number o f  shoo t s . 

There was a cons i d e rable loss  o f  f r u i t s  and leaf d amage , 

e i ther t hrough t rea tmen t e f fe c t s  ( t rea t men t 2 ) , o r  vine 

cond i t i ons . Consequen t ly ,  s t a t i s t i cal analy s i s  was car r i ed 

o u t  on an uneven numbe r o f  repl i ca t es i n  each t rea tmen t . 

6 . 2 . 3  Results 

Main Effec ts 

The e f fec t o f  the  sho o t  t rea t men t s  on f ru i t s i z e  was 
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s i gn i f i can t ( p <0 . 05 ;  t able 6 . 1 ) .  Table 6 . 2  shows t h a t  sho o t  

t rea tmen t s  1 and 2 had high e r  mean frui t volumes ( 100 and 9 8  

cm3 , r e s pec t ively ) t han t re a t men t s  3 and 4 ( 9 2 and 8 6  cm3 , 

res p e c t i vely)  . 

The overall e f fec t o f  g i r d l ing was a s i gn i f i can t 

reduc t i on i n  fru i t  s i z e  f r o m  96  to  9 1  cm3 ( p<O . 05 ) .  Leafy 

shoo t s  con t r i bu t ed t o  an i n c rease in  mean frui t s i z e f rom 92 

t o  96 cm3 a l t hough t h i s  was n o t s t a t i s t i cally s igni f i can t 

( p>0 . 05 )  . 

H igh and low c ropping v i nes howeve r , d i d  no t s how any 

d i f ference in f ru i t  s i ze ( p=0 . 9 3 ) . 

Interac t ions 

The i n t erac t i ons be tween crop  load and each o f  t h e  o t her 

fac t o rs were no t s ign i f i can t ( t able 6 . 1 ) .  The appro p r i a t e  

t e s t f o r  t he e f fe c t  o f  hi gh and low cropping vines was t o  

compare only the non-g i rdled  t rea t men t s . Table 6 . 3  shows the  

t ab l e  of  means f o r  the i n t erac t i on between crop  load  and 

g i rd l i ng .  The mean f rui t s i z e  of non-gi rdled t rea t men t s  on 

h igh c ro p p ing v i nes ( 96 cm3 ) was s i m i lar t o  low c r o p p i ng 

v i nes ( 96 cm3 ; p=0 . 98 ) . F o r  t h i s  reason , v i ne loads were 

comb i ned so  as t o  give grea t er d egrees o f  freedom in t h e  

s t a t i s t i cal analys i s  o f  t h e  e f fe c t s  o f  o ther fac t o r s . 

A s ign i f i can t i n t e rac t i on was observed be tween g i rd l ing 
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Table 6 . 1 . Summary o f  the s ign i f i cance o f  
F values f rom an unbalanced s p l i t - p l o t  ANOVA 
in experimen t 6A . 

Ma in E f fec t s : 

Crop Load P=0 . 9 2 6  

Shoo t Trea t men t . 02 2  

Leafy Shoo t . 1 35 

G i rd le . 02 1  

I n t e rac t i ons : 

Load x Shoo t T reatmen t . 998  

Load x Leafy Shoo t . 7 2 0  

Load x G i rdle  . 903  

Shoo t Trea t me n t  x Leafy Shoo t . 59 3  

Shoo t Trea t me n t  x G i rdle . 109 

Leafy Shoo t x Gi rdle . 0 1 3  
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Table 6 . 2 .  Table o f  means o f  f i nal f ru i t  
volume ( cm 3 ) f o r  main e f f e c t s  i n  expe r i me n t  
6A . S . E .  in  paren thes i s .  
( Common le t t er  deno t es groups n o t  s ign i f i can t ly 
d i f ferent  a t  LSD ( 0 . 05 » . 

H igh Crop Load 

Low Crop Load 

Non-gi rdled 

G i rdled 

- Leafy Shoo t 

+ Leafy Shoo t 

Sho o t  
Treatmen t 

1 

2 

3 

4 

1 7 7  

F i nal F ru i t 
N Volume ( cm 3 ) 

53 

44 

52 

45 

45 

52 

28 

18 

27  

24 

94 ( 18 ) 

95 ( 1 6 )  

p= . 9 3 

96 ( 1 4 )  

9 1 ( 1 9 )  

p= . 02 

9 2 ( 1 7 )  

96 ( 1 6 )  

p= . 14 

100 ( 1 3 ) a  

98 ( 1 4 ) a  

92 ( 1 4 ) b  

8 6 ( 2 1 ) b  

p= . 02 



Table 6 . 3 .  I n f luence of high and low c ro p p ing 
v i nes , and gi r d l ing on the f rui t volume ( cm3 ) 
o f  kiwi f rui t cv . Hayward . S . E .  in  paren t h es i s . 

Non-gi rdled 

G i rd led 

H i gh Crop Load Low Crop Load 

96 ( 1 3 ) 

9 1 (  1 3 )  

p=0 . 2 3 

1 7 8  

96 ( 15 )  

93 ( 1 7 ) 

0 . 48 

p=0 . 98 

0 . 8 2 



and the p resence o r  absence o f  leafy shoo t s  ( p <O . 05 ) . In  the 

presence o f  leafy shoo t s , t he mean f ru i t  s i ze on g i r d l ed ( 97 

cm3 ) and ungi rdled ( 95 cm3 ) t reatmen t s  were not  s i gn i f i can t ly 

d i f fe ren t ( p=O . 46 ;  t able 6 . 4a ) . Howeve r ,  in  the absence o f  

a leafy s hoo t , gi rdling reduced f ru i t grow th f rom 98  cm3 t o  

85  cm3 ( p <O . O l ) . 

I t  can also be seen f rom table 6 . 4a that  in  non-g i r d led 

t rea t men t s , f r u i t s i zes were reduced when a leafy shoo t was 

presen t .  Th i s  was more p ronounced in shoot  t rea tmen t s  3 and 

4 where f ru i t s i zes were i nh i b i t ed by up  to 9 cm3 • The frui t 

l oad fac t ors on the res t o f  the 2-year-old cane were also 

smaller for t hose t reatme n t s  wi t h  leafy shoo t s  ( t able 6 . 4b ) . 

An oppos i t e e f fec t was observed on girdled t rea t men t s . 

The res u l t  o f  the presence o f  a leafy shoot  was t o  i nc rease 

f ru i t s i ze by an ave rage of 12 cm3 ( p <O . O l ;  table 6 . 4a ) . In  

sho o t  t rea t men t 1 ,  t he d i f fe rence in  f ru i t  s i ze was 16  cm3 

( p <O . Ol ) .  F ru i t s  d i d  no t s e t  i n  sho o t  t reat men t 2 when there 

was no leafy shoo t . However , t he pres ence o f  a leafy s hoo t 

was able t o  res t ore f ru i t  grow t h  on the comple t ely d e f o l i a t ed 

shoo t s  t o  95 cm3 • Frui t grow t h  on pruning t rea tmen t 3 was 

s i m i lar , regardless of t he p res ence or absence of leafy 

shoo t s  ( p=O . 85 ) . Frui t s e t  occurred on the comple t e ly 

d e fo l i a ted s hoo t o f  pru n i ng t reatmen t 4 ,  even i n  the  absence 

of an a dj acen t leafy shoo t .  The f ru i t  s i ze howev e r ,  was 

s i gn i f i can t ly smaller ( 7 1  cm3 ) t han t hose fru i t s  where an 
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Shoo t 

Table 6 . 4 .  ( a )  The effec t o f  g i r d l ing and leafy shoo t s  
on t he f ru i t  s i z e  ( cm3 ) o f  k iw i f ru i t  cv Hayward i n  
d i f fe ren t shoo t t rea t men t s  ( se e  f i g .  6 . 1 ) .  ( b )  F ru i t 
load fac t o r  ( i e .  t o tal number o f  frui t s  d i v i ded by 
t o tal  number of  shoo t s  on the res t of  the 2-year- o l d  
can e )  corr es pond ing t o  t h e  non-gi rdled t re a t men t s . 
S . E .  i n  paren t hes i s . Common le t t e r  wi thin  co lumns 
deno t e s  g roups n o t  s ign i f i c an t ly d i fferent  at LSD ( 0 . 05 ) . 

( a )  Fru i t  volume ( cm3 ) 

Non-G i rdled 

-Leafy +Leafy 
Shoo t Shoo t 

G i rdled 

-Leafy +Leafy 
Shoo t Sho o t  

Treatmen t s  

1 100 ( 3 ) a  97 ( 2 ) b  

2 100 ( 4 ) a 102 ( 3 ) b  

3 9 7 ( 3 ) a  88 ( 3 ) a  

4 9 7 ( 3 ) a 8 9 ( 5 ) a  

p=0 . 8 7 0 . 00 

p=0 . 4 9 

0 . 6 1 

0 . 04 

0 . 18 

9 4 ( 4 ) a  1 10 ( 3 ) b  p=O . OO 

o 95 ( 4 ) a  

90 ( 3 ) a  9 1 ( 4 ) a  0 . 85 

7 1 ( 4 ) b  88 ( 5 ) a  0 . 0 1 

0 . 00 0 . 00 

mean 98 ( 2 )  95 ( 2 )  8 5 ( 3 )  9 7 ( 2 )  

�"'�� p= . 1 7 . 00 . 46 . 00 

( b )  Load Fac t o r  on non-g i rd led canes 

-Leafy +Leafy 
Shoot  Shoo t · 

Sho o t  I 

Trea t men ts  

1 1 . 5 ( 0 . 3 )  1 . 4 ( 0 . 2 )  p=0 . 88 

2 1 . 3 ( 0 . 2 )  1 .  7 ( 0 . 2 )  0 . 12 

3 1 . 8 ( 0 . 1 )  1 . 5 ( 0 . 1 )  0 . 01 

4 1 . 8 ( 0 . 1 )  1 . 6 ( 0 . 1 )  0 . 2 2 

p=0 . 2 3 p=0 . 3 9 

mean 1 . 7  1 . 6  

p=0 . 4 1 
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adj acen t leafy shoo t was presen t  ( 88 cm3 ; p=O . O l ) . 
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6 . 3  Experimen t 6B 

6 . 3 . 1  Introduc tion 

I t  was shown i n  t he las t exper i ment  ( 6A )  t ha t  the 

carbohydra t e  requi remen t s  for f ru i t g row t h  in the kiwi f ru i t  

can be me t f rom sources ou t s i de the f ru i t i ng shoo t . F r u i t 

grow t h  bene f i t ted f rom excess pho t osyn tha t e  expo r t ed f rom 

adj ace n t  f ru i t ing or non- fru i t ing shoo t s . 

Experimen t s  SA and SB showed that wi thin  a kiwi f ru i t  

lateral the t rans p o r t  o f  1 4 C-as s i m i l a t e  was d i rec t i onal . 

However ,  i t  was no t known whe t he r  the t ransloca t i on o f  

ass i m i l a t e  f rom one l a t e ral t o  ano ther was pre fe ren t i ally 

acrop e tal or  bas i p e t a l ,  and whe t her t h i s  was i n f luenced by 

d i f feren t s i nk s t reng ths . 

A clear ind i ca t i on tha t vascular connec t i ons cons t ra i ned 

the movement  o f  pho t osyn tha t e s  wi thin  a f ru i t i ng la t e ral was 

shown in  exper i men t SC . Howeve r ,  i t  was also no t known as 

to whe ther t hese cons t rain t s  pers i s t ed in the t rans p o r t o f  

ass i m i la t es i n  2-year-old cane . 

Th i s  experime n t cons i s t ed o f  several t rea tmen t s  wh i ch 

were d e s i gned t o  use 1 4 C - t race r t o  i nves t i ga t e  t he above 

aspec t s  of ass i m i l a t e  t ransloca t i on in  the ki wi f ru i t v i ne . 
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6 . 3 . 2  Materials and Me thods 

All t he v i nes in  t h i s  exper imen t were po t t ed , 3-4 years 

old plan t s  g rown in a ven t i la t ed glas s house env i ronmen t a t  

Mas s ey Un ivers i ty .  Each v i ne was label led wi th  185  kBq o f  

1 4 C02 . A l l  the vi nes w e r e  g i rdled , j us t  be fore t he label was 

a p p l i ed , by removi ng a 5mm s t r i p  of t he bark at t he base o f  

t h e  s t e m .  

T rea t ment  1 ( 6  Dec 198 3 )  

F i ve ' Hayward ' and f o u r  ' Bruno ' v i nes were p runed t o  t he 

bas i c  shoo t ar rangemen t s hown in f i gure  6 . 2 . 1 4 CO was 2 

applied  t o  a s ingle , fully expanded leaf on the  lowes t 

non- f rui t i ng l a t e ral . Each o f  the f ru i t ing shoo t s  above were 

p runed t o  2 f ru i t s  and 4 leaves . Dur i ng harves t ,  the mean 

frui t s i z e  on the ' Hayward ' and ' B runo ' vines was 46  and 3 6  

cm3 respec t ively . 

Trea t men t 2 ( 3  Jan 1 9 8 4 )  

The v i nes used i n  t h i s  t rea t men t were pruned t o  4 t ypes 

of shoo t arrangemen t s  as shown in  f i gure 6 . 3 .  Three 
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Figu r e  6 . 2 .  Per cen t age d i s t r i b u t ion of 1 4 C  i n  
4-yea r- old ( a )  �ayward : ( b )  'Bruno ' v ines . Each 
fru i t ing shoo t was pruned t o  2 f ru i t s and 4 leaves . 
1 4 C0 2  ( 1 85 kBq ) was applied t o  a ma ture leaf 
( ha t ched ) on a leafy shoo t .  

0 . 1  

- 0 0 . 3  

(a) Haywa rd (b) B ru n o  
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F i g u r e  6 . 3 .  Pe r c e n t a g e  d i s t r i bu t i o n  o f  1 4 C  i n  
3 - y e a r - o l d  po t t ed ' Mo n t y '  v i n es . Each v i ne vas pruned t o  
3 f ru i t i ng shoo t s  and a b a s a l  lea fy shoo t . Th e t o p  f r u i t ing 
shoo t and basal lea fy s h o o t vere p runed to  4 l eaves . The 
o t h e r  f r u i t i ng s h o o t s  v e r e  e i t h e r  p runed t o  8 - 10 leaves  o r  2 
l eav e s . 1 4 C -l a b e l  vas  a p p l i ed t o  a fully expanded l e a f  on 
e i t h e r  t h e  top  f r u i t i ng s h o o t ( t y p e  C and D )  or  basal  l e a f y  
shoo t ( t y p e  A and  B ) . 

0 . 7  

6 . 7  

B . 2  

4 . 6  
1 3 . 5  

4 2 . 4  0 . 3  ./" "-� "-
2 0 . 2  

(a )  Ty p e A 

o 

(c) Type C 

0 . 9  

0 . 3  o 

(b) ' Type B 

(d )  Type 0 
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r e p l i c a t e s  o f  po t t ed ' Mo n t y ' v i nes were alloca t e d  t o  each 

p run i ng type . 1 4 C-label was app l i ed t o  a fully expanded leaf 

on ei t her a frui t i ng o r  leafy shoo t .  H igh or low local 

d emands f o r  assimi lates  were made by e i ther prun i ng f ru i t i ng 

shoo t s  t o  2 leaves or  8 - 1 0  leaves . The average f r u i t s i z e  

d u r ing harves t was abou t 50-60g . 

Trea t men t 3 ( 2 2 Dec 1 984 ) 

In t h i s  t reatmen t , 4 ' Hayward ' v i nes we re used . They 

were pruned to 2 types of shoot  ar rangemen ts  cons i s t i ng of a 

t o p  l eafy sho o t  and two f ru i t ing shoo t s , each carry i ng 2 

f r u i t s  ( f i g .  6 . 4 ) . One o f  the f ru i t ing shoo t s  was pruned t o  

8-10 leaves wh ile  the o ther was p runed t o  2 leave s . 

1 4 C- label was appl i ed t o  the  en t i re leafy shoo t ,  whi ch was 

p runed to 4 leaves , when t he mean f ru i t  s i ze was 35 cm3 • 

T rea tmen t 4 ( 2 2 Dec 1 9 8 4 )  

Each o f  2 po t t ed ' Bruno ' vi nes were pruned t o  a shoo t 

a rrangemen t wh i ch cons i s t ed o f  a t o p  leafy s ho o t  o f  4 leave s , 

and fru i t ing shoo t s  below w i th 6 leaves ( f ig . 6 . 5 ) . 

1 4 C-label was appl i ed t o  the  en t i re  leafy shoo t when the  mean 

f ru i t  s i z e was 34 cm3 • 

1 8 6  , , /  



4 . 0 _ 

F i gure 6 . 4 .  Percen t age d i s t r i bu t i on of 1 4 C  i n  4-yea r-old 
ki�i fru i t cv . Hay�ard a f t e r  feed i ng 1 4 C0 2  t o  the 
t o p  leafy shoo t .  The fru i t i ng shoo t .  i mmed i a t ely 
adj acen t t o  the  leafy shoo t �as pruned t o  e i ther 
( a )  8-10 leaves ( type A) , o r  ( b )  2 leaves ( type B ) . 

I 3 . 3  

0 . 5  
2 0 . 3 

- 4 . 0  

1 5 . 4 0 . 2 
§5l:'3. 9  
....--Q U1 8 . 1 1 4 . 5 
8.7 

-· 0.3 

(a) Type A (b) Type B 
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F igu re 6 . 5 .  Percen tage d i s t r i bu t i on o f  1 4 C  i n  
kivi f r u i t cv . Bruno a f t e r  feed i ng a top vege t a t i ve 
lateral v i t h  1 4 C0 2 . The frui t i ng shoot  belov the  
labelled shoo t vas pruned t o  6 leave s . 

3 0 . 9  

....___ 1 . 9 

"'", 
/ 0 . 6  

I 
- 2 . 9  1 5 . 7  

- 1 2 . 3  

- 21 .9 

Rep l i c ate A Repl i cate 8 
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Trea t men t 5 ( 2 3  Dec 1984 ) 

Four t een po t t ed ' Hayward ' vi nes were used i n  t h i s  

t rea t men t . Each vine cons i s t e d  o f  one second-year cane w i t h  

more t han 8 nodes . The 1 -year-old lat eral a t  t h e  t o p  node 

was a f ru i t ing shoo t wh i ch was p runed t o  a 1 : 1  leaf- f ru i t 

r a t i o .  Vege t a t ive lat erals were loca t ed a t  vary ing node 

pos i t i ons below the top  nod e . They were cu t back to 4-6 

leaves ( f ig . 6 . 6 ) .  For each of 2 repl i ca t e  of ' Hayward ' plan t s , 

1 4 C- label was applied t o  an en t i re vege t a t ive shoo t a t  a 

d i f f er en t pos i t i on f rom node 1 t o  7 below the t o p  f ru i t i ng 

shoo t .  

6 . 3 . 3  Resul t s  

Trea t men t 1 

Mos t o f  the 1 4 C rema i ned i n  the t reated shoo t ( f i g .  

6 . 2 ) . Abou t 4 0  % was t rans located i n t o  the main  cane . The 

d i re c t i o n  o f  1 4 C-as s i m i l a t e  t ransfer was mai nly acrope t al 

s i nce l i t t l e  1 4 C-ac t iv i t y  was f ound a t  t he s t em g i rdle . 

Fru i t s on ' Bruno ' v i nes were s t ronger s i nks f o r  the 

1 4 C-as s i mi l a t e s  as compared wi t h  ' Hayward ' .  The ' B runo ' 
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Figure 6 . 6 . Di s t r i bu t i on o f  1 4 C (dpm mg- 1 ) i n  a 
s i ngle-s tem kiwi fru i t  cv . Haywa rd vine , a f t e r  
applying 1 4 C0 2 to  leafy shoo t s  loca ted 1 t o  7 
nodes be low a fru i t ing shoo t .  

n o d e  gos i t i o n  o f  l a b e l l ed  s h oot  
f rom t h e  f ru i t i ng s h o ot 

1 2 3 4 5 6 7 

f r u i t 3 1 1 94 87 1 1 0 44 2 5 1  

s t e m  23 1 75 31 88 55 5 2 
l e a f 1 2  4 4 8 2 1 1  1 2  

s t e m  498 5 1 5  0 5 3 1 6  
l e a f  437 2 3 0 2 2 1 1  

s t e m  0 374 1 5  1 2  0 0 3 
l e a f 0 395 4 5 0 0 1 

s t e m  1 05 ° 205 0 0 0 0 
l e a f 4 0 304 0 0 0 0 

s t e m 2 5 5 527 2 0 6 
l e a f 0 0 2 452 2 0 2 

s t e m  0 1 8  0 0 601 0 0 
l e a f 0 3 0 0 472 0 0 

s t e m  0 0 0 0 0 . 927 0 
l e a f  0 0 0 0 0 782 0 

s t e m  0 0 0 3 1 3  0 347 
l e a f  0 0 0 3 2 0 4 20 
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f ru i t s  were able t o  draw s ubs t an t i al amoun t s  of  

1 4 C-as s i m i la t e s  ( 9 . 7  0 / 0 ) even in t he p r e s ence o f  o t h e r  

f ru i t s  wh i ch w e r e  c l o s e r  t o  t h e  source leaves . 

Trea tmen t 2 

Figure 6 . 3  s hows that t he f ru i t s  on a shoo t wi t h  1 : 1  

leaf - f ru i t ra t i o  were s t rong s i nks . In  type A ,  4 . 6  % o f  

the 1 4 C-as s i m i l a t e  was t ranspo r t ed out  o f  the leafy shoo t t o  

these s t rong s i nks , even t hough t hey were not  i n  adj acent  

pos i t i ons . The f ru i t s  on  the o ther f ru i t ing shoo t s  a t t rac t e d  

negl igible amoun t s  o f  1 4 C-as s i m i la t e . 

More 1 4 C-ac t i v i t y ( 10 . 4  0 / 0 ) was ac cumula t ed i n  t he 

f ru i t s  on sho o t s  wi t h  1 : 1  leaf- frui t ra t i o when t hey were i n  

close proxi m i ty t o  t he labe lled leafy sho o t  ( Type B ) . 

Yhere the 1 4 C-label was applied t o  a fru i t ing shoo t 

( Type C and D ) , mos t of  the 1 4 C-ass i m i l a t e  ( 40 t o  4 4  0 / 0 ) '  
was t aken up  by the f ru i t s inks on the  s ame la t e ral . Frui t s  

o n  sho o t s  wi t h  1 : 1  leaf - f ru i t  rat io  also rece ived s ome 

1 4 C-labe l , i n  s p i t e  of  all the a l t erna t i ve sinks in b e t ween . 

T reatment  3 

I t  can be s een from f i gu re 6 . 4  t ha t  1 4 C-as s i m i la t e  was 

t rans por t ed bas i pe t ally f rom the labelled shoo t to t he frui t s  
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on lowe r l a terals . In type A ,  h i gh 1 4 C-ac t i vi ty ( 10 . 7  and 

� . 3  0 / 0 ) was found in  the f ru i t s  w i th a h igh s ink d emand ( 1 : 1  

lea f - f ru i t ra t i o ) , even though they were not  immed i a t e ly 

adj acen t t o  the labelled leafy shoo t . Only t race amoun t s  of  

1 4 C ( 0 . 9 0 / 0 ) was d i s covered i n  the shoo t s  wi th  low s i nk 

demand . H owever , when the f rui t s  wi th  a high s i nk demand 

wer e  loca t ed in closer prox i mi ty to  the labelled shoo t ,  as  i n  

Typ e  B ,  t hey d rew greater quan t i t ies o f  1 4 C-ass i m i la t e s  ( 14 . 5  

and 1 8 . 1  0 / 0 ) 

Trea t me n t  4 

F igure 6 . 5  shows tha t  i n  one of  the ' Bruno ' v i ne s , large 

amoun t s  of 1 4 C ( 1 5 . 7  0 / 0 ) was t ransloca t ed i n t o the f ru i t i n  

s p i t e  o f  the h igh leaf- frui t rat i o .  

Trea t men t 5 

The d i s t r i b u t i on o f  1 4 C wi t h i n  each plan t i s  s hown in 

f i gure 6 . 6 .  The moveme n t  of 1 4 C-as s i m i la t e  in  the  2 -year-old 

cane was d i re c t i onal . 1 4 C-ac t i v i ty was recovered at node 

pos i t i ons above and below the t rea ted shoo t . Bas i pe t a l  

t rans po r t  t owards t h e  gi rdle was weaker than acrope t a l  

t rans p o r t  towards t h e  f ru i t s . Fru i t s  a t  t h e  t o p  o f  e a c h  v i n e  

w e r e  a b l e  t o  impo r t  1 4 C-as s i mi late  f rom labelled s ho o t s  a t  
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every nod e , up t o  7 nodes away . 
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6 . 4  Experiment 6C 

6 . 4 . 1 Introduc t i on 

Dur ing s p r i ng , bud break and grow th i n  the kiwi f ru i t  

vine i s  dependen t on the mob i l i z a t ion and use o f  reserve 

ma t e r ials ( Dav i s on , 1 987 ; Ferguson and Turner , 1 9 8 1 ; Smi th  

e t . al . , 1 986 ) . Howeve r ,  l i t t l e  is  known abou t the  

con t ri bu t i on o f  s t o red versus curren t  as s imila t es for  f ru i t  

growth . The o bj e c t ive o f  t h i s  exper iment was t o  s t udy the 

s t o rage and remob i l i z a t i on o f  1 4 C-as s i m i la t e  i n  the  kiwi f rui t 

vine . 

6 . 4 . 2  Materials and Me thods 

S i x  3-year-old po t ted ' Haywa rd ' p lan t s  gra f t ed on �runo ' 

roo t s t ocks were used . Each v i ne was p runed t o  a s i ngle 

l a t e ral , and each of 5 leaves at the m i d-sect ion of t h e  

la t e ral was labelled wi th 740 kBq of  1 4 C0 2 . The l a b e l  was 

a p p l i ed on 20 Apr 1 98 3 . 

Three harves t s ,  each cons i s t ing o f  2 plan t s , were 

carried out . Harves t 1 was made 6 weeks a f t e r  t re a t men t ,  on 
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h�ok 
2 Jun 1 98 3 . Harves t 2 was made af ter  bud movcmcRt i n  the 

fol lowing spr ing on 26  Oct 1983 , and harves t 3 was carr i ed 

ou t on 1 2  Feb 1 984 when the average frui t s i ze was 25 g .  

The label led leaves o f  vines i n  harves t 2 and 3 were 

also harves t ed p r i o r  t o  leaf-fall so that the amoun t o f  

1 4 C-ac t i v i ty retai ned i n  t hem were d e t e rm i ned . 

6 . 4 . 3  Results 

F igure 6 . 7  shows the d i s t r ibut ion o f  1 4 C s i x  weeks af t er 

the plan t s  were t re a t ed ( harves t 1 ) . The labelled leaves 

re t ained a high percen t age of  the to tal  recovered 

rad ioac t i vi ty ( 24 . 6  % ) '  Although s ome 1 4 C- Iabel was 

recovered from the top sec t ion of the vine , i t s t rans po r t  was 

mai nly bas i pe tal , t owards the root  sys t em .  More than half 

the  to tal recovered 1 4 C-ac t i v i ty ( 56 . 6  % ) was found i n  the  

roo t s . Bo t h  the > 2mm and < 2mm s i zed roo t s  were a c t ive i n  

accumulat i ng 1 4 C-as s i m i la t e . 

A t  harves t 2 ( f i g .  6 . 8 )  new sho o t  grow t h  throughout  the 

v i ne con tained some 1 4 C-ac t i v i ty . A hi gh lev e l  of the 

1 4 C-as s i m i la t e  ( 69 . 1  % ) rema ined i n  the roo t s . 

F ru i t s i z e a t  harves t 3 was abou t 25g , i nd i ca t i ng tha t 

t hey were in  an ac t i ve growth s t age ( chap ter 3 ) . However , 

the amoun t of  1 4 C-ac t i v i ty found in  the fru i t s  was almos t 
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Figure 6 . 7 .  D i s t r i bu t i on o f  1 4 C ( d pm mg- 1 ) i n  a 
kivi f rui t cv . Hayva rd vine , 6 veeks a f t e r  
labell ing 5 leaves a t  the m i d- sec t ion o f  the  
l a t e ral vi th a to t a l  o f  740 kBq of  1 4 C0 2 . 
Percen t age d i s t r i bu t ion in  paren thes i s .  

1.Q.Q. 
section 

!Jll.Q. 
section 

QQBQm 
sectiQn 

ru:ill 
t h ick roots 

fine roots 

1 9 6  

30 (0. 1 )  23  (0. 1 )  

1 085( 1 1 .2) ) 2081 (24.6) 

� kat 

474 (5.2) 26 (0.5) 

1 72 ( 1 .7) 

(> 2 m m) 558 (28 . 1 )  

« 2 m m) 407 (28 .5) 



F i gu re 6 . 8 .  D i s t r i bu t ion o f  1 4 C  ( d pm mg- 1 ) i n  a 
k i w i f ru i t  cv Hayward v i ne  6 weeks a f t e r  b u d  b u rs t ,  
f o l low i ng the  a p p l i ca t i o n  o f  1 4 C0 2  l a b e l  ( 7 40 kBq ) 
t o  t h e  m i d  s e c t i o n  o f  the  main cane j us t  b e f o r e  
leaf  fall  i n  t h e  prev i ous season . P e r c e n t age 
d i s t r i bu t i on i n  paren thes i s . 

1.QQ 
secti o n  � l.rn. 

new growth 1 84(0.7) 98(0.7) 

2-year-old cane 40(0.1 )  

m id 
se cti o n  s t e m  l e a f  

new growth 277(2.0) 147(2.0) 

2-year-old cane 1 1 5(0.6) 

QQttQm 
sectiQn � l.rn. 

new growth 1 28(2.0) 99(0.6) 

2-year-old cane 1 1 0(2.0) 

Q.@fl 1 1 8 ( 1 .5) 

t h ick roots (> 2mm) 1 1 79 (37.2) 

f i n e  roots (< 2mm) 1 1 03 (31 .9) 

l e a f-fa l l  2687 ( 1 8 _7) 
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n egligi ble ( f ig . 6 . 9 ) . 1 4 C-ac t i vi t y  i n  the roo t s  was 

reduced to  3 1 . 1  0/0 at harves t 3 .  
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F i gure  6 . 9 .  D i s t r i bu t ion o f  1 4 C ( dpm mg- 1 ) i n  a 
kiwi frui t cv Haywa rd v i ne during early fru i t  
grow t h , follow ing the appl i ca t i on Of 1 4 C02 label 
( 7 4 0  kBq ) to  the  mid se c t i on of the ma i n  cane j us t  
be fore leaf fa l l  i n  the  previ ous season . 
Percen tage d i s t r i bu t ion in  paren t hesis . 

1Q.l2. 
section .s.llin ruJ. 

new growth 29 (0.4) 23 (1 .7) 

2-year-old cane 1 7  (3.2) 

m..iQ 
section s tem l e a f  

new growth 45 (0.7) 32 (1 .4) 

2-year-old cane 21 1 (8.4) 

QQ1tQm 
sectiQn � In.1 

new growth 1 2  (1 .8) 22 (5.6) 

2-year-old cane 39 (g.g) 

grill 1 8  (2 .2 )  

t h ick root s (> 2 m m) 58 ( 1 4 .6) 

f i n e  roots « 2 m m) 65 ( 1 6 .5)  

l e a f-fa l l  1 355 (32 .5) 

1 9 9  

f ru i t  

2 (0.2) 

f ru it 

2 (0.3) 

1nill. 

1 (0. 1 )  



6 . 5  Discuss i on 

6 . 5 . 1 Effect  o f  Vegetat ive Sho o t s  

Kiwi f ru i t  f l owers bo rne o n  compl e t e ly defo l i a t ed shoo t s  

( shoot  t rea t me n t  2 )  wh i ch were also g i rd led , could n o t  

d evelop i n t o  f ru i t s  ( t able 6 . 4 ) . Reserve subs t r a t e s  i n  t h e  

s t em were p robably no t avai lable . However , when a source o f  

curren t pho tosynthates from an adj acen t shoo t was ava i lable , 

the  frui t s  on t he defo l i a t ed shoo t s  grew to a f i nal f ru i t 

s i ze ( 95 cm3 ) s i m i lar to  those fru i t s  wh i ch grew on shoo t s  

whi ch were no t defol i a t ed ( 94 cm3 ; t able 6 . 4 ) . 

The fru i t s  o n  a compl e t e ly d e f o l i a ted shoo t , when the 

cane was gi rdled ( prun i ng t reatmen t 4 ,  t able 6 . 4a ) , also 

bene f i t ted f rom the presence of  an adj acent leafy shoo t . 

The i r  mean f ru i t  s i ze i ncreased s i gn i f i can tly f rom 7 1  t o  8 8  

cm3 ( p=O . Ol ) . 

�hi le i t  i s  obv i ous tha t  adj acen t leafy shoo t s  were 

i mpor t an t  in supply i ng the ass i m i l a t e  demands f rom nearby 

frui t s , the presence of  these shoo t s  �aJ 
depress frui t growth . Th i s  can be seen from the non-g i rdled 

t reatme n t s  in  experi men t 6A ( t able 6 . 4 ) . In shoo t t r ea t men t s  

3 and 4 ,  f ru i t s i zes were reduced b y  u p  t o  9 cm 3 ( p=0 . 04 )  
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when an adj acen t leafy sho o t  was presen t .  A compa r i son o f  

t h e  frui t load o n  the res t of  the 2-year-old cane showed tha t 

there was actually a ligh t e r  f rui t load on those t rea t men t s  

wi t h  a leafy shoo t . Th i s  does no t help t o  expla in the 

smaller fru i t  s i ze ,  s i nce there was more leaf  area for  

as s i m i l a t e  produc t i on . It  i s  probable that  the large number 

o f  leaves had an i nh i b i tory e f fec t on frui t grow th and t h i s  

w i l l  be d i s cussed fur ther i n  chap ter 7 .  

The effec t o f  g i rd l i ng t rea tmen t s  i n  experimen t 6A was 

to  annul the inh i b i t o ry e f fec t s  of adj acent  leafy shoo t s . 

Thus i n  t rea tmen t 1 ,  frui t s  a c t ually bene f i t t ed f rom the 

presence of  a leajy shoo t by an i ncrease in s i ze from 9 4  t o  

1 1 0  cm3 ( p<O . Ol ;  table 6 . 4 ) . Al though t h i s  may be caused by 

the accumula t i on of  carbohyd rate  above a g i rd le ( Pr i es t ley , 

1 9 7 6 b ) , there are also pos s i b i l i t i es for  the involveme n t  o f  

plan t grow th s u bs t an ces . Th i s  will be  d i scussed i n  chap t e r  

1 0 . 

6 . 5 . 2  Leaf-Frui t  Ra t ios 

G i f ford and Evans ( 1 98 1 )  sugges t ed tha t  as s i m i l a t e  

par t i t ioning i n  plan t s i s  largely d e t e rmined b y  s i nk d emands 

f o r  carbohyd ra t e .  The ab i l i ty o f  apple frui t s  t o  d raw 

as s i m i la t es from d i s t an t  sources of  supply depended on 
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whe ther t hey were s t rong o r  weak s i nks ( Hansen , 1 9 7 7 ; Cook 

and Evans , 1978 ) . Hansen ( 1 9 6 9 )  no ted that t ransloc a t i o n  

from adj a cent l ea fy s purs and ex t ens i on shoo t s  i n  t h e  apple 

t re e  var i ed accord ing to  t he local leaf- frui t r a t i o . 

Some ind i c a t i on of  a m i n i mum lea f - f ru i t  ra t i o  f o r  a 

kiwi f ru i t shoo t ,  below wh i ch the carbohyd rate  d emand o f  the 

f ru i t s  i s  no t m e t , i s  obse rved i n  exper i ment 6A . Th i s  can b e  

s e e n  i n  t he gi rdled t rea t men t s  i n  table 6 . 4 .  In the  absence 

o f  an adj acen t leafy shoo t ,  frui t s  in  shoo t t re a tmen t 4 were 

able t o  make s ome grow th ( 7 1  cm3 ) ,  even though t h e  f ru i t i ng 

shoo t was comp l e te ly defol i a t ed . Th i s  sugges t s  tha t the  

f ru i t s  mus t  have drawn the i r  sup ply of  carbohyd r a t e  f rom the 

5 leaves on the adj acen t t reatmen t 3 shoo t .  However ,  s i nce 

the 5 leaves were no t suf f i c i e n t  to fully supply the grow th 

o f  6 f r u i t s , i t  i mpl i es tha t the minimum lea f - f ru i t r a t i o has 

t o  be  grea ter t han 5 : 6  ( i e .  0 . 8 3 ,  or approxima t ely 8 7  cm2 

p e r  frui t ) .  

In s p i te  o f  t he expo r t  o f  carbohydra te  i n  t re a t me n t  4 ,  

the  f ru i t s  on a t rea tment  3 shoo t had a s i mi lar s i ze ( 90 cm3 ) 

as f ru i t s  in  t reatmen t 1 ( 94 cm3 ) .  As both  t rea t men t s  1 and 

3 had t h e  same number of  l eaves and frui t s , i t  also implies  

that  t h e  minimum leaf-fru i t  r a t i o  o f  a kiwifru i t s ho o t  i s  

l i ke ly t o  b e  less than 5 : 3  ( i e .  1 . 7 ,  o r  approxima t ely 1 7 3  

cm2 per  f rui t ) . 
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6 . 5 . 3  Effect  o f  Sink S t reng t h  on Ass imilate  Translocat i on 

�ayward ' frui t s  on f ru i t i ng lat e rals wi th  a lea f - f ru i t 

ra t i o  grea ter than 1 . 7 : 1  d i d  n o t  a t t r a c t  1 4 C-as s i m i la t e  from 

ou t s i de t he shoo t .  These frui t s  were probably suppl i ed by 

the leaves on the same lat eral . 'Bruno' frui t s  however , 

impo r ted 1 4 C-a s s i m i l a t e  from adj acen t shoo t s , even when the 

leaf- frui t ra t i o  was grea t e r  t hen 1 . 7 : 1  ( f igs . 6 . 2 ,  6 . 5 ) . 

The d i f fe rence i s  no t likely to  be due to  di f ferences i n  the 

I " I • grow t h  s t ages be tween Hayward and Bruno fruI t s  a t  the  t ime o f  

the expe r i men t s , s i nce the d ry we igh t ga in ( a t  leas t i n  

�ayward' frui t s )  was l i near ( f i g .  3 . 7 ) . 

F ru i ts on shoo t s  wh i ch were pruned to  1 : 1  leaf-f rui t 

r a t i o ,  were s t rong s i nks for  1 4 C-as s i m i la t e  from the l eaves 

on o ther shoo t s  ( f igs . 6 . 2 ,  6 . 3 ) .  

Depend ing on the loca t i on o f  the s i nks , the d i re c t i on o f  

t rans locat ion can ei ther b e  acrope tal ( f i g .  6 . 2 ) o r  

bas i pe t a l  ( f i g .  6 . 4 ) . The abi l i ty t o  draw 1 4 C f rom adj acen t 

leafy shoots  was reduced when o t her frui t s  were located  in 

be t ween ( compare type A and type B t reatmen t s  i n  f i gure 6 . 3 ,  

and i n  f igure 6 . 4 ) .  

A h i gh frui t demand for  as s i mila t e  can be me t f rom every 

adj acen t shoo t loca t ed as far as  7 nodes d i s t ance ( f i g .  

6 . 6 ) . Unl i ke the d e f i n i t e  pa t t erns o f  as s i m i l a t e  

t rans locat ion be tween t h e  nodes in 1-year-old l a t e rals ( t able 
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5 . 1 ) ,  there i s  no c lear ind i ca t i on f rom f i gu re 6 . 6  

t h a t  the t ranspo r t  o f  1 4 C-as s i m i la t e  i n  2-year-old canes 

was res t r i c ted by vascular phyllot axy . I t  is l i kely tha t 

s econdary t h i cken ing in  the kiwi fru i t ,  l i ke the grape vine  

( Es au , 1948 ) , caused changes in  the  s t em vascula r i z a t i on so  

tha t 1 4 C was t rans lo ca t ed freely be tween fru i t i ng and 

vege t a t i ve shoo t s  at any node pos i t i ons . 

6 . 5 . 4  Dependence on Curren t Pho t osyn thes i s  

The kiwi frui t v i ne accumula ted cons i derable quan t i t i es 

o f  1 4 C i n  the roo t sys tem before lea f- fall ( f i g .  6 . 7 ) . Up 

to 56 % o f  the  1 4 C-pho tosyn tha te  was i mpor t ed i n to b o t h  the  

f ine « 2mm ) and thi ck (>  2mm) roo t s . The s t em also r e t ained 

some o f  the 1 4 C-pho t osyn t ha t e . 

In  the fol lowing spr ing , the roo t s  s t i l l  re t a i ned a high 

propo r t ion ( 69 . 1  0 / 0 ) of  the 1 4 C ,  and very li t tle  was 

remob i l i z ed dur i ng bud-break ( f i g .  6 . 8 ) . 

There was s t i ll no inc rease in 1 4 C i n  the new shoo t 

growth a t  harves t 3 ( f ig . 6 . 9 ) . Negl i g i ble amoun t s  o f  

rad ioac t iv i ty was found i n  the frui t s , and i t  i s  l i ke ly tha t  

fru i t  developmen t in  the kiwi frui t v i n e  was mai nly dependen t 

on curren t pho t osyn thes i s . The amount  o f  1 4 C in  the  r oo t s  

had also decli ned , probably a s  a resul t o f  roo t  res p i ra t i on . 
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CHAPTER SEVEN 

LEAF EFFECTS ON FRUIT GROVIH 

7 . 1  Introduct ion 

Frui t and Shoo t compe t i t ion 

Frui t grow t h  i s  s t rongly a f fec t ed by t he par t i t i on i ng o f  

a s s i m i lates  be tween compe t ing mer i s t ems wi thin the sho o t  sys t em . 

Th i s  i s  wel l  documen ted for several fru i t  c rops ( eg .  Abbo t t , 

1 960 ; Hansen , 1 9 7 7 ; H i lgefman e t . al . , 1 9 6 7 ; Kriedemann , 

1 968a ; Loomi s ,  1949 ; Quinlan and Pres t on , 197 1 ;  Saur , 1954 ; 

Skene , 1969 ) 

For example , i n  the apple t ree , a deli cate balance exi s ts 

be tween the f ru i t and vege t a t ive shoo t dur i ng early frui t 

developmen t .  The apple frui t le t s  are weak sinks ( Qu i nlan and 

Pres t on , 1 97 1 ) ,  and are l i kely to  abs c i s e  when t hey have t o  

compe t e  wi th  shoo t grow th (Abbo t t ,  1 9 60 ) . Remov i ng t h e  

compe t i t i on e f f e c t s  b y  cu t t i ng off  the  t i ps o f  v igorous shoo t s , 

o r  by par t i al d e fo l i a t i on , favoured f ru i t  grow th ( Qu i nlan and 

Pres ton , 1 9 7 1 ) . The to tal removal of the s pur leaves howeve r ,  

d epres sed f ru i t s e t  ( Llewelyn , 1968 ) . Th i s  is because the 
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grea t er part  o f  early f ru i t developmen t i s  dependen t on curre n t  

leaf pho tosyn thes i s  ( Hansen , 1971 ) .  The re ten t i on o f  

s u f f i c i en t  leaf area was found to  be  bene f i cial i n  supply i ng 

carbohydra t e  t o  f rui t s  a t  a later s t age ( Quinlan and Pres ton , 

1 9 7 1 ) . 

InvolveMen t of Plant Hormones 

The regions of mer i s t ema t i c  a c t i v i ty wi t h i n  the sho o t  are 

also the s i tes o f  high concen t ra t i on o f  plan t ho rmones . These 

h ormones are able to mob i l i ze nu t r i en t s  ( Seth  and �areing , 

1 9 64 ) , and i t  has been sugges ted that the in ternal compe t i t i on 

for  resources be tween the growth cent res in  a shoo t i s  l i kely t o  

b e  related t o  t h e  ac t i on o f  plan t hormones ra ther  then 

l i m i t a t i ons in  carbohyd ra t e  supply ( Avery e t . al . , 1 9 7 9 ) . 

A maj o r  role for ho rmone d i rec ted t ranspo r t  i n  the 

compe t i t i on be tween shoo t s  and fru i t s has o f t en been pos t u l a t e d  

( eg .  Abbo t t ,  1960 ; Luckw i l l , 1 9 7 0 ) . The pri n c i pal hormones 

involved are aux ins and cy t okin ins . Abbo t t  ( 1 960 ) d i s cussed the 

poss i b i l i ty o f  supra-op t i mal level o f  aux i n ,  or s ome inh i b i t o r  

p roduced i n  d i s tal apple leaves , a s  the  cause for  the  inhi b i t i on 

o f  f ru i t  growth . Luckw i l l ( 1 970)  sugges ted tha t  s hoo t s  con t r o l  

t h e  t ranslocat ion of  carbohyd ra tes by t h e  movemen t o f  aux i n  

d ownwards f rom the shoo t t i p .  Frui t s  however , work agains t t h i s  

compe t i t i on f rom the shoo t b y  a t t ra c t i ng ass imi l a t es t o  the 
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cen t res o f  ho rmone produc t i on i n  the  seeds . I t  i s  bel i eved that  

the rela t i ve s t reng t h  o f  the  ho rmonal s t i mu l i  from the s ho o t  t i p  

and seeds wi l l  de termine the general d i re c t ion in wh i ch 

carbohyd r a t e s  wi l l  move . Imp l i ca t i ons for  the involvemen t o f  
, 

gi bberel l i n  (Kurishi  and Mu i r , 1962 ; Se t h  and Vare i ng ,  1 9 64 ) , fl 

cy toki n i n  ( Luckwi ll , 1968 ) , and ABA ( Eagles and Vare i ng ,  1 9 6 4 ; 

Goldsmi d t , 1 984 ; Se t t e r  e t . al . , 1980)  sugges ted the ex i s t en ce 

o f  some overall ho rmonal regu la t i ng mechan ism  whi ch ma i n t a i ned a 

balance be tween frui t and leaf grow t h .  
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7 . 2  Experimen t 7A 

7 . 2 . 1  Int roduction 

Alt hough flower i ng i n  t he kiwi frui t vine o c curs abou t 2 

mon ths a f t er bud burs t ,  shoo t grow th i s  s t i l l  a c t i ve , and 

grow th compe t i t i on be tween f rui t s  and shoo t s  are  s i gni f i cant  

( Dav i son , 1 987 ) .  The e f fe c t of summe r prun ing a f ru i t ing 

shoo t is t o  remove the compe t i ng s i nk i n  the shoo t apex so 

tha t s t ronger grad i en t s  of assimi late  t rans fer t o  the fru i t s 

are e s t ab l i shed . 

A m i n i mum leaf t o  frui t ra t i o i n  the vine can be  

achi eved by prun ing a f ru i t i ng shoot to  di fferen t leaf 

numbers . Howeve r ,  exp e r i men t 6A ( chap t e r  6)  i nd i ca t ed tha t 

large leaf numbers may i nh i b i t frui t growth ( t able 6 . 4 ) . 

In t h i s  expe rimen t ,  sho o t  api ces were removed a f t e r  

p run ing f rui t ing shoo t s  t o  d i f ferent d i s tal l e a f  numbers , and 

the e f fec t of  these mature l eaves on frui t grow t h  was 

i nves t i ga t ed . The i n f luence of  the t i me of  pruning , as well 

as  t he i n t erac t i ons wi t h  the  number of f rui t s  on a shoo t , and 

f ru i t  seed number , wer e  also s tud i ed . 
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7 . 2 . 2  Mat er i al s  and Me thods 

P lan t Ma t er i al s  

The expe r i men t was carr i ed ou t in  a commer c i a l  orchard 

block near Levin . Eigh t  uni form 4-year-old v i nes were 

s elec t ed during the 1982-83 season for  t reatmen t .  The lay ou t 

o f  these v i nes in  the o rchard block i s  shown i n  f i gure 7 . 1 .  

T r i als we re repea t ed on t he s ame vines during the 1 983 -84 and 

1 984-85 seasons . The v i nes were win ter- pruned t o  uni form 

cane lengths  each year . 

Expe rimen t a l  Uni t  

The expe r i men tal uni t was an inde t ermina t e  f ru i t i ng 

l a teral wh i ch was pruned back to  a desi red numbe r  o f  d i s tal 

leaves . La t e r  removal of shoo t regrow ths kep t  the  correct 

numb e r  of  leaves for each t re a tmen t throughou t t h e  season . 

Trea ted sho o t s  we re exposed i n  the canopy by the removal o f  

any s urround i ng shad i ng shoo t s . 

Each v i ne was t aken as an exper i men t al block and the 

r ep l i ca t e  of each trea t men t was randomly alloca t ed t o  the 

experimen t al un i t s wi t h i n  each block . 
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Experimental Des igns 

1 982-83 t r i al 

Dur i ng the 1982-83 t r ial , 5 levels of  f ru i t ( i e .  1 t o  5 

f ru i t s  per  l a t eral ) we re var i ed wi th  5 levels o f  leaf  ( i e .  

0 ,  2 ,  4 ,  8 ,  o r  12  d i s tal leaves ) .  The experimen t a l  des i gn 

was there fore a 5 x 5 fac t o r i al , giving a to tal o f  25  

t re a t men t s . A drawi ng o f  3 t reatmen t s  i s  i l lus t r a ted is  

f igure 7 . 2 . 

The prun i ng t reatmen t s  were appl i ed on 22 Dec 1 9 8 2 , 

approxima tely 3 weeks a f t e r  an thes i s  ( 70 % flowe r i ng ) . 

F ru i t harves t was carried o u t  on 13 May 1983 . 

1 983-8 4  t r ial 

Only shoo t s  whi ch car ried  3 frui t s  each we re used in 

t h i s  t r ial . Three pruning t reatmen t s , i e .  0 ,  2 ,  and 8 

d i s t a l  leaves were appl i ed ove r s i x t i me i n t e rvals a round the 

period o f  flower ing and frui t s e t . The six t i mes of p run i ng 

were : 

( i )  1 7  Nov 83 - ( T 1 ) p reblossom s t age 

( i i )  28 Nov 83 - (T2 ) full bloom s tage 
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Figu r e  7 . 2 .  Schema t i c  d rav ing o f  sele c t ed 
t rea t men t s  in ex per i men t 7A . 

1 fru i t  - 1 2  distal  leaves 

3 fru i ts  - 4 distal leaves 

5 fru i ts  - 0 dista l  leaf 
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( i i i )  10 Dec 8 3  - ( T3 )  pe t al fall s t age 

( i v )  2 4  Dec 8 3  - ( T4 )  2 weeks a f t er p e t al fall 

( v )  7 Jan 8 3  - (T5 ) 4 weeks a f t er p e t al fall 

( v i ) 2 1  Jan 8 3  - (T6 ) 6 weeks a f t er pe t al fall 

The experimen tal des i gn was t here fore a 3 x 6 fac torial . 

One fur ther t reatmen t was also inc luded ; i t  cons i s ted o f  

removi ng a l l  t h e  leaves f rom a frui t i ng shoo t a t  preblossom 

t i me ( Tl ) . 

Frui t h arves t on 1 1  May 1984 i ncluded p i ck i ng 20 con trol  

f ru i t s  a t  random from non- t rea t ed shoo t s  on  each v i ne . 

1 984-85 t r i a l  

Prui t i ng shoo t s , each carrying 3 frui t s , w e r e  pruned t o  

e i ther 2 or 8 d i s tal leaves . The prun i ng t reatmen t s  were 

app l i ed in  3 t i me i n te rvals : 1 ,  4 ,  and 8 weeks a f t er pe tal 

fall ( i e .  1 Dec 1984 ) . I n  add i t i on , 3 leve ls o f  f ru i t s i ze  

were made by exc i s i ng the s tyles of  each of the 3 f lowe rs on 

a sho o t  to e i ther 5 or 20  s tyles , or leaving the flowe r 

i n t ac t  ( i e .  4 0  s tyles ) .  Thus the exper imen t al des i gn was a 

3 x 2 x 3 fac t o r ial . The f ru i t s  were harves ted on 29  Apr 

1 98 5 . A random sele c t ion o f  20 con t rol frui t s  were also 

p i cked f rom non- t reated shoo t s  on each vine . 
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7 . 2 . 3  Resul t s  

D i f f erences i n  Vine Per fo rmance 

Dur ing each season , the mean f ru i t  s i zes were h i gh ly 

var i ab l e  among the 8 expe r imen t al vines . However , t he vine 

d i f ferences were largely cons i s t en t  over the 3 s easons . 

Table 7 . 1  shows t ha t  ' poor ' per forming v i nes , such as  v i nes d 

and g ,  cons i s t en t ly produced smaller f ru i ts whe reas ' good ' 

p e r f o rm i ng v i nes , such as v i nes a and e ,  always car r i ed 

larger f rui t s . 

Vine performance was no t related to  trunk g i r th o r  crop 

l oad ( t able 7 . 1 ) .  The leaf- f ru i t  ra t i o for each vine 

appeared to  be correla t ed wi th  t he mean f rui t s i ze d u r i ng the 

1 983-84 season . Thus ' good ' v i nes ( eg .  vines a and e)  had 

h i gh e r  l eaf- f ru i t ra t i os ( 443 and 401 cm2 per frui t ,  

respe c t i vely )  t han t he ' poor ' v i nes ( 306 and 252 cm 2 per  

f ru i t f o r  vines  d and  g ,  respec t i vely ) . However , this  t rend 

was n o t  observed in  the nex t s eason . For ins tance , d u r i ng 

the 1 984-85 t r i al , vine e had a l ow lea f - f rui t ra t i o  o f  399  

cm 2 per  f rui t ,  yet  i t s mean f rui t s i ze o f  129 g was  t h e  

h i ghes t .  

D i f ferences in  mean f i nal f ru i t  s i zes  be tween v i nes were 

no t rela t ed to  the mean f ru i t seed numbers  dur ing t he 1 983-84 
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Tabl e  7 . 1 .  Compar i son of  the  per formance o f  v ines 
used i n  experimen t 7A during the ( a ) 1 98 2 -8 3 , 
( b ) 1 983 -84 , and ( c ) 1 984-85 s eas ons . ( *  Da t a  from 
20 cont rol frui t s  harves ted from random shoo t s  on 
each v i ne ) . S . E .  in paren thes i s . 

( a )  1982-83 t r i a l . 

S t em 
Fru i t G i r t h  P e rcen t 
F resh Crop 1m above Soluble 

Vine Weigh t ( g )  Load ground ( cm)  Sol i d s  

a 92 ( 3 )  239  1 0 . 0  7 . 6 ( 0 . 1 )  

b 9 3 ( 4 )  252 1 0 . 3  8 . 0 ( 0 . 1 ) 

c 9 4 ( 3 )  442 1 1 . 8  7 . 7 ( 0 . 1 )  

d 7 3 ( 5 )  465 1 2 . 1  7 . 7 ( 0 . 1 )  

e 9 9 ( 4 )  469  1 1 . 5  7 . 6 ( 0 . 1 )  

f 80 ( 3 )  394 10 . 0  7 . 9 ( 0 . 1 )  

g 6 2 ( 2 )  305 9 . 2  9 . 0 ( 0 . 1 )  

h 9 2 ( 4 )  4 1 8  12 . 0  7 . 5 ( 0 . 1 ) 

p=O . OO 0 . 00 
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Table 7 . 1  ( contd . )  

( b ) 1 9 8 3 -8 4  t r ial . 

F ru i t F rui t Leaf Area Vine Seed 
Fresh Crop Seed Per  V i ne Lea f-Fru i t S i ze 

V i ne \1e i gh t ( g )  Load Number ( m2 ) Ra t i o ( mg )  

a 1 05 ( 3 )  4 2 7  1 255 ( 5 1 )  1 8 . 9  443 1 . 2 7 5 ( . 03 0 )  

b 9 6 ( 1 )  525 1346 ( 1 9 )  1 . 1 9 8 ( . 0 1 9 )  

c 1 08 ( 2 )  607 1353 ( 47 ) 1 . 1 38 ( . 01 9 )  

d 9 7 ( 3 )  581 1250 ( 2 9 )  1 . 1 6 7 ( . 02 0 )  

e 1 2 6 ( 3 )  593 1397 ( 37 )  2 3 . 8  401 1 . 2 64 ( . 02 1 ) 

f 8 7 ( 1 )  584 1450 ( 30 )  1 7 . 9  306 0 . 9 6 3 ( . 01 1 )  

g 8 0 ( 2 )  654 1 1 56 ( 7 6 ) 1 6 . 5  252 1 .  235 ( . 01 8 ) 

h 1 1 1 ( 3 )  450 l l05 ( 5 1 ) 1 . 34 2 (  . 04 4 ) 

p=O . OO 0 . 00 0 . 00 

* ' Con t ro l ' Fru i t s  

Fru i t Fru i t  
Fresh Seed 

V i ne \Je i gh t ( g )  Number 

a 109 ( 2 )  1 2 7 2 ( 2 2 )  

b 9 7 ( 2 )  1 349 ( 4 5 )  

c l l 5 ( 3 )  1369 ( 35 )  

d 106 ( 1 )  1 3 18 ( 53 )  

e 12 9 ( 2 )  1437 ( 38 )  

f 89 ( 1 )  1441 ( 34 )  

g 85 ( 3 )  1204 ( 1 2 )  

h 109 ( 2 )  1228 ( 2 2 )  

p=O . OO 0 . 00 
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Table 7 . 1  ( co n t d . )  

( b ) 1 984-85 t r i a l . 

Fru i t Frui t Lea f Area Vine Seed 
Fresh Crop Seed Per V i ne Lea f-Fru i t  S i ze 

V i ne We igh t ( g )  Load Number ( m2 ) Ra t i o ( mg )  

a 1 08 ( 6 )  2 6 7  1003 ( 1 1 7 ) 2 9 . 7  1 1 1 2  1 . 2 1 3 ( . 0 1 5 )  

b 1 1 6 ( 3 )  5 6 7  1239 ( 64 )  1 . 1 6 0 ( . 02 3 )  

c 1 1 1 ( 5 )  541  993 ( 1 1 0 )  1 . 20 1 (  . 0 1 4 )  

d 86 ( 5 )  634 7 2 5 ( 1 1 5 )  1 . 1 6 9 ( . 02 3 )  

e 12 9 ( 5 )  6 7 4  1 2 2 3 ( 8 2 )  2 6 . 9  399 1 . 15 3 ( . 0 1 9 )  

f 1 1 8 (  4 )  522  1 2 1 7 ( 6 9 )  28 . 3  542 1 . 1 3 4 ( . 0 1 4 )  

g 95 ( 5 )  397  852 ( 109 ) 2 1 . 7  546 1 . 1 60 (  . 07 4 )  

h 99 ( 5 )  852 7 18 ( 7 5 )  1 .  2 4 2  ( .  0 2 2 ) 

p=O . OO 0 . 00 0 . 2 3 

* ' Con t ro l ' Frui t s  

F ru i t  Frui t 
Fresh Seed 

Vine Weigh t ( g )  Number 

a 1 28 ( 3 ) 1 350 ( 39 )  

b 1 1 5 ( 2 )  1 352  ( 23 )  

c 1 20 ( 4 )  1 3 7 3 ( 26)  

d 107 ( 3 )  1 2 6 1 ( 8 1 )  

e 1 24 ( 3 )  1302 ( 40) 

f 1 1 3 ( 3 )  1 350 ( 58)  

g 1 00 ( 1 )  1032 ( 43)  

h 107 ( 2 )  1 1 8 1 ( 19 )  

p=O . OO 0 . 00 
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t rial ( table 7 . 1 ) . However , the fol lowi ng year s howed t h a t  

' poor ' vines such as v i n e s  d and g had s ign i f i can t ly lower 

mean frui t seed numbers ( 7 25 and 852 res pec t i vely ) , as 

compared wi th  ' good ' v i nes like b and e ( 1 2 3 9  and 1 2 2 3 , 

respec t i vely ) . S i m i lar correla t i ons were found from the 

resul t s  o b t ai ned f rom con t rol frui t s  harves ted a t  rand om f rom 

non- t re a t ed shoo t s  ( table 7 . 1 ) .  

The rela t i onsh i p  between f rui t s i ze and seed numbers was 

d i f fe ren t for ' good ' and ' poor ' v i nes . Figure 7 . 3  shows t h a t  

frui t s  f rom a ' good ' v i ne , such a s  v ine a ,  a t t ai ned 100g 

fresh we i gh t  when the frui t seed number was abou t 580 . By 

con t ras t , frui t grow t h  i n  a ' poor ' vine such as vine d was 

s up pres s ed ; more than 1000 seeds were needed be fore f ru i t s  

were able to  grow t o  a f i nal s i ze o f  100g fresh we i gh t . Seed 

s i z e  for bo th  ' good ' and ' poor '  vines were s i mi lar ( p> 0 . 05 ;  

table 7 . 1 ;  1984-85 t r i al ) . 

Effect of Frui t Number on a Frui t i ng Shoo t 

Ther e  was no e f f e c t  o f  frui t load on fru i t  s i ze wi t h i n  a 

fru i t ing l a te ral ( p=0 . 80 ;  t able 7 . 2 ) . Figure 7 . 4  s hows t h a t  

f ru i t s i z e  was s i mi lar , regardless o f  t h e  number o f  fru i t s  

the f ru i t i ng shoo t s  carri ed . A plo t o f  t h e  grow t h  cu rves o f  

t he p roxi mal ( no .  1 )  and d i s tal ( n o . 5 )  fru i t s  i n  f igure 

7 . 5  shows that they were s i m i la r .  
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Table 7 . 2 .  E f f e c t  of  leaf number and frui t 
number on the fru i t grow th o f  kiwi fru i t  cv Hayward . 
Summary o f  ANOVA . Da ta from ' good ' ( a ,  b ,  c ,  e ,  
and h )  vi nes only . 

Sign i f i cance of F value 

Frui t vo lume ( cm3 ) Fresh 
7 Jan 4 Apr 8 May we i gh t ( g )  

Leaf . 00 1  . 02 2  . 03 1  . 0 1 9  

F ru i t . 6 30 . 94 1  . 802  . 94 4  

L e a f  x f rui t . 37 2 . 70 6  . 47 9  . 52 2  
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Figure 7 . 4 .  Mean fru i t  s i z e  ( em3 ) o f  d i f ferent 
frui t load on fru i t i ng shoo t s .  S . E .  in paren thes i s .  

1 fru i t  

2 fru i t  

(p=O .35) 

3 fru i t  

(p=O. 65) 

4 fru i t  

(p=O . 88) 

5 fru i t  

(p=O.99) 
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F i gure 7 . 5 .  Time course o f  fru i t developmen t o f  
the  f i r s t ( 0 , prox i mal ) and f i f th ( C , d i s t a l ) frui t 
on a kiwi frui t cv Hayward f rui t i ng shoo t car ry i ng 5 
fru i t s .  Bars i nd i ca t e  s . e .  
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E f f e c t  o f  Shoot Leaf Number 

A high ly s i gn i f i cant  e f fec t of  lea f numbers on f ru i t  

s i ze was observed d u r i ng the 1982-83 t r i al ( t able 7 . 2 ) .  Leaf 

number and frui t number in terac t ion was absen t .  

Two popula t i ons o f  fru i t s were d i s t ingu i s hed . Fru i t s  

from t h e  0 ,  2 ,  and 4- d i s tal leaf t reatmen ts were 

s i gn i f i can t ly b i gge r than those from the 8 and 12-d i s tal  leaf 

t rea t men t s  ( t ab le 7 . 3 ) .  The growth curves of  f rui t s  i n  each 

cat egory of leaf t re a t men t was plo t t ed for a ' poo r '  and 

' good ' v ine ( f i g .  7 . 6 ) . The d i f ference in mean f i nal f ru i t 

s i z e  be tween small and large leaf number t reatmen t s  for all  t h e  

' good '  vines was 1 4 . 1  c m3 ( p <O . Ol ) . Th i s  d i f fe rence was 

reduced to  1 . 9  cm3 for ' poor ' v i nes ( p=0 . 58 ) .  

The grow th curves were further resolved i n t o groups 

whereby the fru i t s  were ei ther i n i t i ally small ( i e .  bel ow 

the mean frui t s i ze o f  12  cm3 on 7 Jan 1 983 ) , o r  i n i t i al ly 

big ( i e .  grea t e r  t han 12 cm3 ) .  I t  then became ev i den t that  

on a ' good ' vine , leaf numbers only a f f e c t ed the grow th o f  

fru i t s  wh i ch we re i n i t i ally small ( f i g .  7 . 7 ) .  

Table 7 . 4  a l s o  shows tha t dur ing harves t ,  above ave rage 

s i zed frui t s  ( >  80 cm3 ) we re found mos t ly in the 0 ,  2 ,  

4-d i s tal leaf t re a t men t s  as compared wi t h  the 8 ,  1 2 -d i s tal  

leaf  t rea tmen t s . The  l arge frui t s  in  the 0 ,  2 ,  4-d i s tal  lea f 
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Table 7 . 3 .  E f fec t o f  small (0 , 2 ,  4 )  and large 
( 8 ,  1 2 )  d i s tal  leaf numbers on f rui t s i z e o f  
kiwi frui t cv Hayward . Prun i ng was carried o u t  on 
2 2  Dec 1982 , ie  . .  1 week a f t er pe tal fall . 
S . E .  in  paren thes i s .  

Mean fru i t volume ( cm3 ) 

0 ,  2 ,  4 - l ea f  8 ,  12-leaf 

24  Dec 4 . 7 ( 0 . 3 ) 4 . 3 (0 . 3 ) p = . 4 1 0  

3 Jan 9 . 9 ( 0 . 5 )  7 . 3 ( 0 . 7 )  . 0 1 4  

7 Jan 14 . 5 ( 0 . 5 )  1 1 . 1 ( 0 . 6 )  . 00 0  

4 Apr 8 1 . 7 ( 1 . 5 )  7 2 . 2 ( 2 . 7 )  . 00 3  

8 May 98 . 2 ( 1 .  7 )  88 . 4 ( 3 . 1 ) . 00 8  

2 2 4  



F i gu r e  7 . 6 .  Fru i t  g r ow t h  curve o f  small ( � , 0 ,  
2 ,  4 )  and l a rg e  ( C , 8 ,  1 2 )  d i s t a l  leaf  numbe r  
t re a t men t s  o n  a ( a )  p o o r  ( v i ne f ) , and ( b )  good 
( v i n e  h ) .  1982-83 t r i al . Bars ind i c a t e  s . e . 
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Fi gu re 7 . 7 .  E f f e c t  o f  s ma l l  ( 0 ,  2 , 4 ) ' and large 
( 8 ,  1 2 )  d i s t a l  leaf number t reatmen ts on the groyth  
of  in i t ial ly s ma l l  ( < 1 2  c m 3 on  day 3 8 )  or large 
( �1 2 cm) fru i t s of kiy i f r u i t  cv . Hayyard . ( a )  
i poor ' vine ( b )  ' good ' vine . ( � , 0 , 2 , 4  leaf j s m a l l  
frui t .  x , 0 , 2 , 4  leaf ; b ig frui t .  0 , 8 , 1 2 lea f ; small 
frui t .  • , 8 , 1 2 leaf j b ig fru i t ) . Bars ind i cate  s . e . 
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Table 7 . 4 .  D i s t r i bu t ion o f  the number o f  t re a t men t s  
wi t h  above average f i nal frui t s i zes ( > 80  em3 ) wh i c h  
were i n i t ially s mall ( < 1 2  em 3 on 3 J a n  1 9 8 3 )  o r  
large ( > 12  em3 ) f ru i t s . ( Da t a  f rom vines a , b , e , e ,  
and h ) . 

Number o f  Treated Shoo t s  

Lea f Trea t men t Ini t i al ly Ini t i ally 
( no .  o f  d i s tal  small f ru i  t b i g  f rui t 

leaves ) ( < 12 cm 3 ) ( �  1 2  em 3 ) To tal 

0 6 17  2 3  

2 6 1 9  2 5  

4 5 2 1  2 6  

8 1 2  6 1 8  

1 2  1 1  8 1 9  

2 2 7  



t reatmen t s  were mos t ly greater  then 1 2  cm3 dur i ng the i n i t i a l  

s t age o f  frui t grow t h . I n  t h e  8 ,  1 2 - d i s tal l e a f  t rea tmen t s  

h oweve r , mo s t  o f  the large frui t s  were i n i t ially s mall frui t s . 

I t  can also be seen f rom table 7 . 5  that  large leaf numbers 

a f fe c t ed small fru i t s  because o f  the i r  low seed numbers . 

Frui t s  wh i ch con t a i ned more than 1200 seed s , were not  

a f fe c t e d  by leaf  numbe rs . 

On a ' poo r '  v i ne , leaf numbers had no e f f e c t  on f i nal 

frui t s i z e , regardless of whe ther they we re i n i t i ally small 

or big frui ts ( f i g .  7 . 7 ) . 

Leaf numbers had no e f f e c t  on fru i t  s i ze ( p> 0 . 05 )  d u r i ng 

t he nex t s eason ( i e .  198 3-84 ; table 7 . 6 ) . There was also 

n o  i n t erac t ion be tween leaf number and t i me o f  prun i ng . The 

result o f  using ini t i a l  f rui t vo lume data a t  each pruning 

t i me as  covar i a t es , also did no t show any s i gn i f i can t e f f e c t  

o f  leaf number o n  f i nal f rui t s i z e  ( t able 7 . 7 ) . When only 

t hose f ru i t s  wi th  less than 1200 s eeds were s e parated ou t for  

analys i s ,  there was a s l i gh t  ind i c a t i on ( p=0 . 2 4 ) , tha t  f ru i t 

s i z e  was reduced i n  8-d i s tal leaf t reatmen t s  ( t able 7 . 8 ) . 

H oweve r t here was only a small number o f  f rui t s  i n  t h i s  

c a t egory . 

Dur i ng t he 1984-85 s eason , there was aga i n  no e f fe c t  o f  

leaf numbers on frui t s i z e  ( p=0 . 5 1 ;  table 7 . 9 ) . No 

d i f ferences be tween leaf number t reatmen t s  wi t h i n  classes  o f  

f rui t s eed we igh t were observed ( t able 7 . 10 ) . There was 
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Fru i t 

Table 7 . 5 .  E f fec t of  the  i n t eract ion be tween seed 
number and leaf numbe r  on f ru i t  s i ze of kiwi f ru i t 
cv . Hayward . S . E .  in paren t hes i s . ( Da t a  f rom v i nes 
a ,  b ,  c ,  e ,  and h only ) . 

Mean fru i t vo lume ( cm3 ) 

0 ,  2 ,  4- 8, 1 2-
Seed Numbe r  d i s tal leaves d i s t al leaves 

401 - 800 7 7 ( 4 )  68 ( 3)  p= 0 . 05 1  

8 0 1  - 1 200 104( 3 )  9 3 ( 3)  0 . 0 2 7  

> 1 200 1 08 ( 3 )  104 ( 8 )  0 . 595  
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Table 7 . 6 .  E f fe c t  o f  t ime o f  pruning and leaf numbers  
on kiwi frui t cv . Hayward frui t s i z e .  S . E .  i n  paren t h es i s . 
( Da t a  f rom vines a , c , e , and h only ; Seed d a t a  for  T2 , T4 
and T6 was no t colle c t ed ) . 

Frui t Fru i t  Frui t 
fresh seed seed 
we igh t number we i gh t 

( g )  ( mg )  

P runing T i me 

T1 112 ( 1 4 )  126 6 ( 15 6 )  1598 ( 18 1 )  

T2 1 1 4 ( 10 )  

T3 1 1 4 ( 1 5 )  1 2 70( 208 ) 159 1 ( 1 9 2 )  

T4 1 14 ( 1 7 ) 

T5 1 1 3 ( 14 ) 128 9 ( 1 7 5 )  1588 ( 1 6 9 ) 

T6 109 ( 1 6 )  

Leaf Trea tmen t 

O-d i s tal leaf 1 1 2 ( 1 3 )  1257 ( 1 3 9 )  1564 ( 1 7 4 )  

2-d i s tal leaf 1 1 1 ( 15 )  1 256 ( 185 ) 1 5 7 0 (  9 6 ) 

8-d i s tal leaf 1 1 5 ( 15 ) 1 3 1 7 ( 20 6 ) 1647 ( 2 3 7 ) 

S i gni f i cance o f  F Value : 

T i me . 90 . 93 . 9 7 

Leaf . 66 . 45 . 33 

Leaf x Time . 92 . 60 . 1 2 
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Table 7 . 7 .  Effec t of  in te rac t i on of  leaf number and 
prun ing t i me on f i nal frui t s i ze ( cm3 ) of kiwi f ru i t  
cv . Hayward . Sign i f i cance o f  F value were o b t a i ned 
using i n i t i al fru i t  volumes a t  each pruning t i me as 
covar i a t es . ( Da t a  from vines a ,  c ,  e and h only ) . 
S . E .  i n  paren thes i s .  

Prun i ng Time : T1  T2  T3 T4 T5 

Leaf Trea tmen t :  

O-d i s tal leaf 101 ( 6 )  9 9 ( 5 )  103 ( 5 )  100 ( 6 )  9 6 ( 5 )  

2 -d i s t a l  leaf 95 ( 3 )  95 ( 5 )  1 02 ( 3 ) 9 2 ( 7 )  9 9 ( 6 )  

8-di s ta l  leaf 1 03 ( 6 )  106 ( 3 )  9 7 ( 9 )  100 ( 1 )  101 ( 6 )  

p= . 56 . 26 . 52 . 56 . 08 

2 3 1  

T6  

9 2 ( 5 )  

9 8 ( 6 )  

9 3 ( 7 )  

. 58 



Table 7 . 8 .  E f fect  o f  leaf number t reatmen t on 
the s i ze of  f ru i t s  wh i ch contai ned less  t han 
1 200 seeds . S . E .  in  paren t hes i s . 

Leaf  Trea tmen t 

a-d i s tal leaf 

2-d i s tal leaf 

8 -d i s t al leaf 
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Final 
Frui t 
Volume ( cm3 ) 

9 3  ( 8 )  

9 7  ( 4 )  

8 6  ( 1 1 )  

p= 0 . 24 



Table 7 . 9 .  E f f e c t o f  t ime o f  prun ing and leaf  
number t reatment  on f ru i t s i z e ,  s t em d i ame t e r ,  
and speci f i c  leaf we i gh t  o f  kiwi frui t cv . Hayward . 
S . E .  in  paren t hes i s . 

T i me o f  P runing F ru i t Spec i f i c  S t em 
( we eks from pe t al Fresh Leaf W t . D i ame t e r  
f a l l  ) Weigh t ( g )  ( mg cm- 2 ) ( mm )  

1 107 ( 3 )  15 . 3 ( 2 . 0 ) 1 0 . 6 ( 0 . 2 )  

4 107 ( 4 )  1 3 . 9 ( 1 . 8 )  1 0 . 7 ( 0 . 2 )  

8 1 07 ( 4 )  12 . 5 ( 0 . 6 )  1 1 . 2 ( 0 . 2 )  

No . o f  d i s tal 
leaves : 

2 1 06 ( 3 )  13 . 0 ( 1 . 5 ) 1 0 . 5 ( 0 . 2 )  

8 1 08 ( 3 )  14 . 8 ( 1 . 2 ) 1 1 . 1 ( 0 . 2 )  

S i gn i f i cance 
of F value : 

T ime . 99 . 47 . 09 

Leaf . 5 1 . 3 3 . 02 

T i me x Leaf . 2 7 . 1 7 . 38 

2 3 3  



Table 7 . 10 .  E f f e c t  o f  the number o f  d i s t a l  leaves 
on the f i nal fru i t s i ze of k iw i f rui t cv . Hayward . 
i n  d i f ferent f ru i t s eed we ight c lasses . S . E .  i n  
paren t he s i s . 

Frui t fresh weigh t ( g )  

F ru i t  s eed 2-d i s t al 8-d i s t al 
we i gh t  classes : leaf  leaf 

< 400 mg 5 9 ( 4 )  5 7 ( 3 )  p= . 3 1 

401 - 600 80 ( 2 )  78 ( 2 )  . 32 

601  - 800 91 ( 2 )  90 ( 3 )  . 1 4 

801  - 1000 9 9 ( 2 )  103 ( 2 )  . 95 

1001 - 1200 1 07 ( 2 )  1 08 ( 2 )  . 00 

1201  - 1400 1 1 5 ( 2 )  1 1 7 ( 2 )  . 85 

1401 - 1600 1 2 3 ( 2 )  1 2 3 ( 1 )  . 14 

1 6 0 1  - 1800 1 27 ( 1 )  1 28 ( 1  ) . 04 

> 1801 1 43 ( 4 )  1 45 ( 3 )  . 60 
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however , a s l i gh t  ind i ca t i on that a t  frui t seed we i gh t s  o f  

less than 800mg , fru i t s  f rom 2-d i s tal leaf trea t men t s  were 

more cons i s t en t ly bigger t han the fru i t s from 8 -d i s t a l  leaf 

t re a t men t s . 

Table 7 . 1 1 shows tha t t he presence of  large numbers o f  

d i s t al leafs d i d  not  a f f e c t  the grow t h  o f  those l eaves wh i ch 

sub t ended f ru i t s . The leaf area , spec i f i c  leaf we i gh t ,  and 

chlorophyll con t en t  of sub t end i ng leaves in  e i ther 0 or 

1 2 -d i s tal leaf t reatmen t s  were s i m i la r  ( p>O . 05 ) . Howeve r , 

the  mean s t em d i ame t e r  o f  8-d i s tal leaf t rea t me n t s  were 

s i gn i f i can t ly b i gger ( p=O . 02 )  than a 2-d i s tal leaf t reatmen t 

( t able 7 . 9 ) .  

E f f e c t  o f  T i me o f  Prun ing 

Tabl e  7 . 3  shows that  during the 1982-83 t r i al , the 

e f fe c t  of leaf numbers on f rui t s i z e  was ev i d e n t  from as  

early as 3 Jan 1983 , i e .  1 2  days a f ter  the p run i ng 

t rea tmen t s  were appl i ed ( o r  abou t 3 weeks af t e r  pe t al fall ) . 

I n  t he following season ( 1 983-84 ) ,  no s igni f i can t e f fec t on 

frui t s i ze  was observed when the f ru i t ing shoo t s  were p runed 

a t  d i f ferent  t i mes ( p=O . 90 ;  table 7 . 6 ) .  S i m i lar resul t s  

were found i n  the 1984-85 s eason , where the mean f rui t fresh 

we i gh t  remai ned a t  107g for  each o f  the 3 t i mes of  prun i ng 

( p=O . 99 ;  t able 7 . 9 ) .  Howeve r ,  the mean s t em d i ame t ers  o f  
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Table 7 . 1 1 .  Compa r i s on o f  leaf data  be tween 0 ,  and 1 2 -d i s t a l  
l e a f  t reatmen t s  ( ave raged over a l l  frui t numbers ) .  Only the d a t a  
from leaves wh i ch s u b t ended f rui t s  were i ncluded . S . E .  i n  
paren t hes i s . 

F i nal leaf area 

I ncrease i n  leaf area 
during expe r i men tal 
per i od ( cm2 ) 

Spec i f i c  Leaf We igh t 
( mg cm- 2 ) 

Chlorophyll 
( mgChl cm- 2 ) 
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Treatme n ts 

O-d i s t al 
leaf 

9 3 ( 5 )  

6 ( 1 )  

1 1 . 7 ( 0 . 3 )  

46 . 9 ( 3 . 6 ) 

12-d i s t al 
leaf 

8 3 ( 5 )  

5 ( 1 ) 

11 . 1 ( 0 . 4 ) 

46 . 2 ( 4 . 0 ) 

p=0 . 1 2 

0 . 5 1 

0 . 1 4 

0 . 90 



shoo t s  wh i ch were la t e  pruned we re b i gger ( 1 1 . 2  c m )  than 

those of early p runing t rea tmen t s  ( 10 . 6  c m ) . 

Effect o f  Complete Defoliat ion 

Fru i t s  from a compl e t ely defol i a t ed shoot were not  

r educed in  frui t s i z e .  Table 7 . 1 2 shows tha t the  mean f i nal 

f ru i t s i ze o f  t hese shoo t s  were 1 15g , wh i ch is s i m i lar to 

those on shoo t s  wi t h  d i f ferent numbe r  o f  leaves on t hem 

( p=0 . 63 ) .  
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Table 7 . 1 2 .  E f fe c t  o f  leaf number t r e a t men t s  on frui t 
s i ze o f  kiwi f rui t cv . Hayvard . ( Da t a  from vines a ,  c ,  
e ,  and h only ) . S . E .  i n  paren thes i s . 

Frui t Fru i t  F ru i t 
fresh seed seed 
we igh t numbe r we i gh t  

( g )  ( mg )  
Trea tmen t 

comple t ely 
defol i a ted 1 15 . 0 ( 2 1 . 0 )  1 2 1 1 ( 1 3 2 )  1 57 5 ( 20 9 )  

O-d i s tal leaf 106 . 0 (  6 . 8 ) 1255 ( 1 7 3 )  1 5 3 4 (  64 ) 

2-d i s tal leaf 1 1 5 . 3 ( 1 3 . 7 ) 1 3 3 2 ( 1 78 )  1684 ( 2 3 7 ) 

8-d i s tal leaf 105 . 0 ( 7 . 2 ) 1 1 6 7 ( 1 1 6 )  1 4 0 7  ( 1 7 1 )  

p= . 63 . 55 . 3 1 
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7 . 3  Experimen t 7B 

7 . 3 . 1  Int roduc t i on 

The prev i ous expe riment  ( 7A )  showed a highly s i gn i f i can t 

leaf e f fe c t  on frui t grow th wh i ch d i m i n i shed in  the next  2 

s easons as the  vines grew older . Th i s  experi men t 

i nves t i ga t ed the i n fluence o f  vine age on the rela t i onship  

be tween leaf numbers and frui t s i z e  in  a frui t ing l a t e ral . 

7 . 3 . 2  Materials and Methods 

Four 3-year-old and four 7-year-old ' Haywa rd ' v i nes were 

selec t ed for t h i s  exp e r i men t .  They were loca t ed wi t h i n  t h e  

same orchard b l o c k  a t  Mas s ey Univers i ty .  

S i x t een f rui t ing l a t e rals , each carry i ng 3 f ru i t s , we r e  

sele c t ed f r o m  e a c h  v i ne for t rea tmen t s . They were pruned t o  

e i ther 2 o r  8 d i s tal leaves on 14 D e c  1 985 , abou t 2 weeks 

a f t e r  an thes i s . A range o f  frui t s i z es  was o b t a ined by 

exci s i ng the flowe r s tyles during an thes i s . Sho o t  regrow ths  

occur red i n  mid  January and were left  i n t a c t  as a s epara t e  

t reatmen t . 
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F ru i t harves t was car r i ed out  on 2 2  May 1986 . 

7 . 3 . 3  Resul ts 

Leaf Inhib i tory Effec t 

Table 7 . 1 3 shows tha t on the olde r v i ne , fru i t grow th 

was no t a f fe c t ed by e i ther 2 o r  8-d i s tal leaf t rea t men t s  ( 98 

c f  95 cm3 ; p=0 . 5 6 ) . On a young vine howeve r ,  i t  was clear 

tha t the 8-d i s t a l  leaf t re a tmen t inhi b i ted f rui t grow t h  by 

17g  ( 102  c f . 85 cm3 ; p=0 . 03 ) . A compari son be t ween the 

young and old v i nes shows tha t  frui t s i z es on the 2-d i s tal 

leaf t rea tmen t was s i mi lar ( p=0 . 6 1 ) , whereas the 8-d i s t al 

leaf t rea tmen ts  reduced the frui t s i z e  on young v i nes by 

10 g ( p=0 . 06 ) . None of the above d i f f e rences in f ru i t  

s i ze were correl a t ed wi th the fru i t  s eed numbers o r  s eed 

weigh t s .  

Effect o f  Shoo t Regrowth 

The in fluence of shoot  regrow t h  on f r u i t  s i ze is shown 

i n  t able 7 . 14 .  I n  a young vine , fru i t s i z e s  were s i m i lar 

240 



Table 7 . 1 3 .  Compari son o f  the e f fe c t  o f  2 and 8-d i s tal 
leaf t reatmen t s  be tween young ( 3-year-old ) and old 
( 7 -year-old ) kiwi f rui t cv . Hayward vines . S . E .  i n  
paren thes i s . 

3-year-old v i nes 7-year-old vines 

2-d i s t a l  8-d i s t al 2-d i s tal 8-di s ta l  
leaf leaf leaf leaf 

Frui t f resh 
weigh t ( g )  102 ( 6 )  85 ( 4 )  p= . 03 98 ( 4 )  95 ( 3 )  p= . 56 

Frui t seed 
number 7 32 ( 64 )  7 9 3 ( 6 3 )  . 50 846 (46 ) 99 9 ( 3 6 )  . 0 1 

F ru i t seed 
we igh t ( mg )  9 1 2 ( 7 8 )  100 7 ( 84 )  . 4 1 1049 ( 5 6 )  1 20 9 ( 58 )  . 05 
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Table 7 . 14 .  E f fe c t  o f  shoo t regrowths  from frui t i ng 
shoo t s  o f  kiwi f rui t cv . Hayward a f t e r  they were p runed 
to 2 o r  8-d i s t al leaves , on young ( 3-year-old ) and 
old ( 7 -year-old ) v i nes . S . E .  in  paren thes i s .  

3-year-old vines 

2-d i s t a l  leaf 8 -d i s tal lea f 
- regrow th + regrow th - regrow th + regrow th 

F ru i t  fresh 
we i gh t ( g )  1 02 ( 8 )  102 ( 9 )  p= . 9 9 8 6 ( 5 )  8 0 ( 9 )  p= . 58 

Frui t seed 
number 7 7 7 ( 7 3 )  596 ( 1 3 3 )  . 2 6 8 1 5 ( 65 )  698 ( 1 9 2 ) . 58 

Frui t seed 
weigh t ( mg )  963 ( 8 9 )  758 ( 1 6 2 ) . 2 9 1045 ( 8 8 )  84 1 ( 242 ) . 46 

7 -year-old v i nes 

2-d i s t al leaf 8-d i s t a l  leaf 
- regrow t h  + regrow th - regrow t h  + regrow t h  

Frui t f resh 
weigh t ( g )  9 6 ( 4 )  106 ( 1 3 )  p= . 49 94 ( 3 )  1 2 1 ( 0 )  p= . OO 

Frui t s eed 
number 87 9 ( 50 )  748 ( 105 ) . 2 9 1017 ( 3 3 )  454 ( 0 )  . 00 

F ru i t  seed 
we i gh t ( mg )  1078 ( 66 )  963 ( 1 1 1 )  . 39 1230 ( 5 6 )  547 ( 0 )  . 00 
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( 102g)  on 2-d i s tal leaf  t rea tmen t s , wi t h  o r  wi thou t 

regrow ths . On 8-d i s t a l  leaf t reatmen t s  however , the presence 

of  r egrowths i nh i b i ted frui t s i ze by a fur ther 6g ( p=0 . 58 ) . 

The e f fe c t  was d i f feren t on older vines . Bo th  2 and 

8-d i s tal leaf t re a t men t s  had b i gger fru i t  s i z es ( 10 6  and 

1 2 1 g , res pe c t i ve ly ) as compared wi th the t rea tmen t s  where 

shoo t regrow ths were not presen t ( 96 and 94g , respe c t i ve ly ) . 

D i f fe rences i n  f ru i t  s eed number and s eed we i gh t s  were 

no t correlated w i t h  the fru i t s i z e  d i f fe rences observed in 

the above t reatmen t s . 
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7 . 4  D i s cuss i on 

7 . 4 . 1  Vine Performance 

The resul t s  of experimen t 7A ind i ca t ed tha t over a 

peri od o f  3 consecu t i ve seasons , some v i nes ( eg .  v i nes d and 

g) cons i s t en t ly produced smaller frui t s  wh i le o t he rs ( eg .  

vines a and e ) , cons i s t en t ly carried larger fru i t s . 

Al t hough Burge ( 1 986 ) had shown t h a t  f rui t s i z e s  on 

older kiwi frui t v i nes were correla ted wi t h  crop load , t able 

7 . 1  shows tha t  the  d i f ferences in fru i t s i ze be tween ' good ' 

and ' poor '  vines were no t rela ted to the crop load . These 

vines were young and l igh t cropping , s o  i t  was unl i kely tha t 

the carbohydra t e  resource to  supply frui t grow th was 

l i m i t i ng .  

Vine leaf- frui t r a t i os d i d  not show a cons i s t e n t  

rela t i onsh i p  wi t h  v i ne performance ( t able 7 . 1 ) . Therefore 

t h e  d i f ferences i n  fru i t s i ze be tween vines is  no t l i kely to  

be a t t r i bu table t o  this  fac t o r . 

Gran t and Ryugo ( 1 984a)  showed tha t smaller f ru i t s  were 

p roduced on shaded canes . Howeve r ,  the  selec ted v i nes in 

experimen t 7A were located in  random pos i t ions ( f i g .  7 . 1 ) .  

For  ins t ance , bo t h  ' good ' ( vine a )  and ' poor ' ( v i n e  g )  v i nes 
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were loca t ed on the s ame row next to  a she l t e r  be l t . Thus 

t he p roduc t i on of smaller frui t s  on vine g could not b e  

caused b y  shad ing e f f ec t s . 

The p roximi ty o f  every ' Hayward ' vine to  a male 

poll i n a t o r  was also random ( f i g .  7 . 1 ) .  Th i s  also removed 

t he pos s i b i l i ty that  d i f ferences in po l l i n a t ion could a cc oun t 

for  the  d i f fe rences between v i nes . However ,  during t he 

1 984-85 t ri al , there was a clear ind i ca t i on that  ' po o r '  v i nes 

( eg .  v i nes d and g) had the lowes t fru i t  seed number ( 7 2 5  

and 852 respec t i vely ; t able 7 . 1 ) . Fru i t seed abo r t i on i s  

known t o  i ncrease during apple frui t s e t  when the s upply o f  

carbohyd rate  t o  the fru i t s i s  limi t ing ( Abbo t t , 1960 ) . I f  

t h i s  was the cause o f  low seed numbers i n  the ' poor ' vines , 

then i t  was l i kely t ha t some mechan i s m  was inh i b i t i ng t h e  

supply o f  carbohyd r a t e  to suppo r t  frui t growth a s  we ll . Thus 

f igure 7 . 3  shows that  at equi valen t frui t seed numbers , f ru i t 

s i zes  o f  ' poor ' v i nes were much smaller t han those on ' good ' 

v i nes . 

Roo t  grow t h  has an impor t an t  e f f e c t  on the ma i n t enance 

and balance of the growth of the who le plan t (Ware i ng , 1 9 7 0 ) . 

Grow t h  ho rmones i n t er-rela t i ons be tween roo t s  and shoo t s  have 

a maj o r  role in the par t i t i on i ng of  ass i m i la t es ( Ware i ng ,  

1 9 78 ) . I t  i s  p ro bable tha t the  d i f fe rences i n  v i n e  

perfo rmance observed in  t h i s  s t udy were l i nked to  gene t i c  

d i f fe rences i n  the  roo t s t o c k .  
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7 . 4 . 2  Leaf I nh ib i t o ry Effect  

The resul t s  o f  experimen t s  7A and 7B  showed that  f ru i t  

grow t h  on a young v i ne ( 3-4 years ) was i n h i b i ted by the  

presence of  more t han 8 d i s tal leaves on the same shoo t 

( t ables 7 . 3 ,  7 . 1 3 ) . The resul t s  shown i n  table 7 . 4  sugges t s  

t ha t  t he large leaf  number t reatmen t s  i n h i b i ted frui t grow t h  

only dur i ng t h e  i n i t i a l  s t age o f  frui t deve lopmen t .  A 

grea t e r  propor t i on o f  i n i t i ally small f ru i t s  « 12  cm3 ) i n  

t h e  large leaf number t rea tmen t s  became large f ru i t s ( >  80 

cm3 ) at harves t ,  presumably because of the compensa t o ry 

e f f e c t  o f  a b igger leaf area during t he later  s tages o f  fru i t 

grow t h .  

The period o f  early frui t developmen t coinci ded wi t h  t he 

s t age when vege t a t ive grow t h  i n  the kiwi f ru i t  v i ne was s t i l l  

ac t i ve ( Davi son , 1987 ) .  I n  t h i s  s t udy , a p i cal me r i s tems we re 

removed in  all the pruning t reatme n t s  s o  that the e f fe c t  of 

leaf numbers i n  redu c i ng the growth o f  f ru i t l e t s  was not due 

to  the compe t i t i on for  as s i mi la t es be tween t he fru i t and 

api cal s i nks . The data  of Smi th e t . al .  ( 1 986 ) also showed 

t h a t  l eaves on f ru i t i ng s hoo t s t opped a ccumula t i ng d ry ma t t e r  

af t er fru i t  s e t . There was s ome ev i dence however , t h a t  the  

s t em camb ium was an  a c t ive s i nk dur i ng t he brief  p e r i od 

a round f rui t s e t  ( t able 7 . 9 ) .  

Growth i nh i b i t o r s  are known to  a ccumula t e  in  ma ture 
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l eaves ( eg .  Eagles and Ware i ng , 1 964 ; Edwards , 1985 ; 

Goldsmi d t ,  1 984 ; S e t t er e t . al . , 1980 ) . The resu l t s  o f  t h i s  

s tudy s ugges t  the pos s i b i l i ty of  t he invo lvemen t o f  a grow t h  

i nh i b i t o r  origina t i ng from t h e  leaves tha t suppressed early 

f rui t grow t h . Then t he e f fec t of  prun ing a fru i t i ng shoo t t o  

less t han 8 d i s tal  leaves was t o  reduce the supply o f  t h e  

inhi b i t o r , and f r e e  the u p t ake o f  as s i m i la t es i n  the f ru i t s . 

There was a clear i n d i c a t ion ( t able 7 . 5 )  t h a t  

frui t s  wi th seed numbers grea ter than 1 200 were 

no t a f fec ted by the leaf inh i b i to ry e f f ec t . Th i s  

sugges t t ha t  a threshold level o f  grow t h  subs t ances 

asso c i a t ed wi th seeds was requi red , above wh ich  frui t s  were 

able t o  overcome t he inh i b i t o ry e f f e c t s  f rom t he leaves . 

Leaf e f fec t s  on frui t grow t h  was i n f luenced by v i ne age . 

Thus wh i l e  frui t grow t h  was s igni f i can t ly inh i b i ted by large 

leaf numbers in  1 982-83 when the vi nes were 4-year-old , the  

effect  was less  eviden t in the t r ials o f  the subsequen t 2 

seasons , on t he s ame vi nes . Du ring the 1983-84 s eason , good 

poll i na t ion resul t ed in h i gh frui t seed numbers ( t able 7 . 1 ) .  

Some f ru i t s  from t h a t  t r ial wh i ch con t a i ned less t han 1 200 

seeds i nd i ca t ed a redu c t i on in  frU i t s i z e  in  t he 8-d i s t al 

leaf t reatmen t s  ( t able 7 . 8 ) . Although a range o f  frui t seed 

numbers were o b t a i ned i n  the  1 984-85 t r i a l , t able 7 . 10 s hows 

t ha t the i nh i b i t o ry e f fe c t  of large leaf numbers , on the 

f ru i t s i ze o f  these 6-year-old vines , were d i mi n i s hed . Only 
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a s l igh t t rend was obse rved in  f ru i t s  wi t h  low seed numbers . 

Ev i d ence that a s igni f i can t leaf e f f e c t  i s  obse rved only 

on young v i nes became c learer f rom the resu l t s  o f  exp e r i men t 

7 B . 8 - d i s tal leaf t rea tmen t s  on 3-year-old vines reduced 

f ru i t grow t h  by 17g  ( p=0 . 03 ) , whereas no inhibi t o ry e f fe c t s  

were observed on 7 -year-old v i nes ( p=0 . 56 j  table 7 . 1 3 ) . 

Chalmers and Van Den Ende ( 1 9 7 5 a )  found tha t in  t he 

peach t ree , t he propo r t i on o f  the annual incremen t o f  d ry 

we igh t going t o  the roo t sys tem decreased from 20  % i n  a 

y oung t re e  ( 4 -5 years ) t o  1 % i n  a ma ture t ree ( 8 - 1 0  

years ) . Corres pond ing values for  percen t ages o f  d ry we i gh t 

p rodu c t i on d i rec t ed i n t o  frui t grow th were 30 and 70  0 / 0 ' 
respe c t i vely . Thi s  t rans i t i on i n  the phys iolog i cal cond i t i on 

of a t ree is descri bed as  an aging process ( Hacke t t ,  1 985 ) . 

I t  i s  also i nd i ca t ed by a loss o f  api cal dominance as  the  

b ranch sys tem increased i n  s i ze and complexi ty ( Uare i ng , 

1 9 70 ) . I t  was t hought  that  a fac tor  ass o c i a t ed wi t h  the 

grow t h  ac t i v i ty o f  the peach roo t sys tem may l i m i t vege t a t i ve 

grow t h  i n  mature t rees , thus making an i ncreased supply o f  

ass i m i la t e  avai lable f o r  fru i t grow t h  ( Chalme rs and Van Den 

Ende , 1 9 7 5a ) . 

The influence o f  kiwi f ru i t vine age on the e f f e c t  o f  

leaf i nh i b i t ion o f  frui t grow t h  may b e  expla ined by a s i mi lar 

mechan i s m .  Like the peach t ree , the young kiwi frui t v i n e  

a l s o  goes t hrough s i m i lar changes i n  as s i m i l a t e  par t i t i on i ng ,  
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whe reby t he propor t i on o f  d ry ma t t er s h i f t ed from the roo t s  

t o  frui t s , as t he v i ne ma t ured ( Buwalda , 1 986 ) . The young 

v i ne pro bably responded to  a s t rong fac t o r , coming from the 

roo ts ,  to  a c t i va t e  a leaf inhi b i tor  wh i ch preven t ed 

as s i m i l a t e  up take i n  t he f rui t s i nks . Th i s  favours the 

par t i t i on i ng o f  ass i m i la t es t owards vege t a t ive grow t h . As 

t h e  roo t ac t i v i ty d e c i ned wi t h  agi ng , the s hoo t s  may have 

received a weaker s ignal , so t ha t  the e f fe c t of t he leaf 

inhi b i t o r  was d i m i n i s hed . 

Al t hough the leaf number t reatme n t s  d i d  no t a f f e c t  f ru i t  

growth i n  a ' poor ' v i ne ( f i g .  7 . 7 ) ,  the mean f rui t s i ze was 

s mall ( t able 7 . 1 ) . Th i s  may be due to t he e f f e c t  of a poor 

root  sys tem , wh i ch no t only produced a weak s i gnal , bu t also 

l i mi ted the supply o f  nu t r ien t s  t o  suppo r t  top grow t h . 

7 . 4 . 3  Time of  Pruning 

I n  the kiwi frui t v i ne ,  the t ime o f  summe r prun i ng may be  

c r i t i cal in the  achi evemen t o f  max i mum f ru i t  grow t h . Lay Yee 

and P r i ngle ( i n Dav i s on ,  1987 ) found t h a t  early frui t grow t h  

rates were i ncreased when fru i t i ng shoo t s  we re t i pped sho r t ly 

a f t e r  flowering .  The resul t s  o f  the 1 983 -84 ( t able 7 . 6 )  and 

1984-85 ( table 7 . 9 ) t r i als s how tha t fru i t  s i ze was n o t  

affe c t ed when f ru i t i ng shoo t s  were pruned during the  per i od 
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from blossom to  8 weeks af ter pe tal fall . There was also no 

i n t erac t i on wi th the prun i ng t r e a t men t s  in  these t r ials . 

Howeve r , where the p run i ng trea t ments  were s i gn i f i can t for 

t h e  young vines i n  the 1 98 2-83 t r i al , the resu l t s  also show 

that  prun i ng may have to be  car ried  ou t no t la t e r  than a week 

a f ter  p e tal fall ( t able 7 . 3 ) .  

7 . 4 . 4  E f fe c t  o f  Sho o t  Regrowth 

Edwa rds ( 1985 ) repo r t ed tha t the prun i ng of apple s ho o t s  

was i n  e f f e c t  the removal o f  a source o f  ABA wh i ch i nh i b i t ed 

axi l la ry buds from expand ing .  The reduc t i on i n  t he supply o f  

i nhi b i t ors  then allowed the con ten t o f  gi bber e l l i ns i n  the 

api cal t i s sues t o  rise so  tha t bud burs t fo llowed . 

The occurrence o f  shoo t regrowths in  the kiwi f ru i t vine  

i n t roduced further  growth cen t res wh i ch may comp e t e  wi th  

f rui t growth . Sho o t  regrowths on 2-d i s tal leaf t reatmen t s  on a 

young ( 3 -year-old ) v i ne d i d  no t a f f e c t  f rui t s i z e , i n  s p i t e  

o f  the  large t o t a l  numbe r  of  l eaves ( p=0 . 99 ;  table 7 . 1 4 ) . 

This  may be because the bud b reak occurred af t e r  the  per i od 

o f  early fru i t  developme n t . 

8 - d i s tal leaf t re a t men t s  inh i b i t ed f rui t grow t h  on a 

young v i ne by abou t 1 7  g ( t able 7 . 1 3 ) , and fru i t s i z e was 

fur ther  reduced by abou t 6 g where shoo t regrow ths had t aken 
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place ( t able 7 . 14 ) . 

A l t hough leaf i nh i b i t o ry e f fec t s  were n o t  presen t on 

older ( 7 -year-ol d )  v i nes ( t able 7 . 1 3 ) , frui t grow t h  on b o t h  

the  2 and 8-dis tal l e a f  t rea tmen t s  bene f i t t e d  f r o m  the 

presence o f  ex t ra leaf area from shoo t regrowths ( t able 

7 . 1 4 ) . 

7 . 4 . 5  Shoo t Fru i t Numbers and Fru i t  S i ze 

In some c rops , fru i t  s i z e depended on i t s pos i t i on 

rela t ive to  o t her f ru i t s  on the same fru i t i ng l a t e ral ( Ho 

e t . al . , 1982 ; Maun and Cavers , 1 9 7 1 ; S t e phenson , 1 98 1 ;  

Wya t t ,  198 2 ) . However , t h i s  does no t apply to  t he kiwi f rui t 

where i t  was found t h a t  every frui t on t he same f rui t ing 

s hoo t d eveloped in  synchrony . Fig  7 . 5  shows tha t the grow t h  

pa t terns o f  both  t he prox i mal and d i s tal f rui t s  on a f ru i t ing 

s hoo t w i th 5 fru i t s  were simi lar . Thus there was no 

i n t e r f rui t compe t i t i on ,  and f i nal frui t s i zes were no t 

affec t ed by t he frui t load on a s i ngle shoot  ( p=O . 94 ,  table 

7 . 2 ,  f i g .  7 . 4 ) .  

As  t here was also no leaf-frui t i n t e rac t i on ( p=O . 52 ;  

t able 7 . 2 ) ,  i t  i mp l i e s  t hat  e i ther frui t s  in t he O-d i s tal 

leaf  t reatmen t s  had all the i r  carbohyd ra t e  needs met  by the 

subt end ing leaves , or a s s i m i l a t e s  were d rawn from o u t s i de the 
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f ru i t ing l a t eral . Ev i dence that  large amoun ts o f  

carbohyd r a t e  were t rans loca ted t o  suppo r t  frui t grow t h  was 

s een in t he normal d evelopmen t o f  comp let ely defol i a t ed 

t reatment  ( table 7 . 1 2 ) .  I t  was also shown in  chap t e r  6 tha t 

f ru i t s i mpo r t ed 1 4 C-as s i m i la t es f rom adj acen t shoo t s . 

Table 7 . 1 1 shows that  there was a lack of  leaf  res ponse 

t o  fru i t  load . The leaf a rea , spec i f i c  leaf we i gh t ,  and 

chlorophyll con tent  of leaves wh i ch sub tended f ru i t s  i n  

O-d i s tal leaf t reatmen t s  were s im i lar to t hose on t re a t men t s  

wi t h  12-d i s t al leaves . Th i s  could be explained by t h e  ease 

wi t h  wh i ch carbohyd r a t e  were t rans por t ed around the  v i ne t o  

mee t frui t demands ( chap t e r  6 ) . I t  can also be sugges t ed 

that  under the cond i t i ons where carbohydrate  d i d  no t appear 

to be l i mi t i ng , the po t en t ial for  kiwi frui t fru i t  grow t h  

d epende d  largely o n  fac t o r s  of  s i nk s t reng t h , s u ch a s  t he 

p resence o f  su f f i c i en t  seeds t o  a t t ra c t  me tabo l i t e s , and 

the lack of i nh i b i t o ry fac tors . 
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CHAPTER EIGHT 

. LEAF-FRUIT RATIO AND FRUIT GROVTH 

8 . 1  Introduction 

The kiwi frui t vine i s  known for  i t s v igorous vege t a t i ve 

grow t h  ( Fe rguson , 198 4 )  and win ter and summer prun i ng prac t i ces  

are  impo r t a n t  fac tors i n  achi eving o p t i mum leaf  t o  f ru i t  r a t ios  

f o r  i n c reased y i eld . Several repo r t s  from o t her c rops  have 

i nd i ca t ed the  bene f i c i al e f f e c t  of  inc reas ing lea f - f ru i t  ra t i o  

o n  f ru i t  grow t h .  Thi s  i ncluded apples ( Denne , 1963 ; Haller  and 

Magnes s ,  1 9 25 ) , peach ( �e i nberge r ,  1 9 3 1 ; �einberger and 

h 
Cull i na¢ , 1932 ) and t oma toes ( Gus t a fson and S t old t ,  1 9 36 ; 

Gus t a fson and Hough t a l i ng , 1 9 3 9 ) . 

A t temp t s  t o  es tablish  the  m i n i mum leaf - f ru i t ra t i o t o  

s a t u r a t e  apple frui t grow t h  have been mad e ( Hanse n , 1 96 9 , 

� 
Magness  1928 , Magnes s  and Ove rley , 1 9�9 ) , but  t h i s  i s  known t o  

vary w i t h  the t ime o f  s eason . 

In  the  kiwi frui t vine , the t rad i t i onal summer prac t i ce i s  

t o  l eave 2 leaves af t er t h e  las t f rui t .  Lees ( 1 982 ) repo r t ed 

t h a t  t h i s  i s  su f f i c i e n t  for  fru i t grow th provided the  fru i t ing 

shoo t i s  exposed t o  good l igh t ing cond i t ions . S i nce there i s  
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cons i de rable flex i b i l i ty in  the t rans loca t i on o f  as s i m i l a t es 

f rom d i s tan t  s ources ou t s i d e  the fru i t ing s hoo t ( chap t e r  6 ) , t he 

overall leaf t o  f ru i t ra t i o o f  a vine , rather t han t he 

i n d i v i dual shoo t , may be more impor t an t .  
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8 . 2  Expe r i men t 8A 

8 . 2 . 1  I n t r oduct ion 

A l t hough the grow t h  o f  t he en t i re v i ne depends on the  

overall leaf-frui t r a t i o , i t  i s  use ful to  know t h e  m i n i mum 

leaf- f ru i t ra t i o  to  supp o r t  f rui t growth . The resul t s  from 

experime n t  6A have i nd i ca t ed that this  r a t i o  may lie  be tween 

0 . 83 : 1  and 1 . 7 : 1 .  

The o bj e c t ive o f  t h i s  expe riment  was to  d e t ermine i f  a 

2 : 1  leaf- f ru i t ra t i o  i s  adequate t o  supply the grow t h  o f  up 

to 5 fru i t s  on a frui t i ng shoo t . 

8 . 2 . 2  Ma t e r ials and Me thods 

Thi s  experimen t was carried o u t  during the 1 983-84 

s eason at Levin . S i ngle , i nde t e rmina t e  frui t ing shoo t s  

carry i ng e i ther 1 ,  3 ,  o r  5 frui t s  o n  5-year-old ' Hayward ' 

v i nes were used . Trea t men t s  were app l i ed on 1 7  Dec 1983  ( i e .  

1 week a f t e r  pe tal fal l )  by prun i ng the s hoo t s  t o  lea f - f ru i t  

ra t i os o f  1 : 1  o r  2 : 1 .  Th i s  was main t a i ned by r emov ing any 

shoo t regrow ths as t hey appeared . Hal f the t re a t me n t s  were 
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g i rdled , wh i le the o ther hal f were l e f t  in tac t . Th roughou t 

the expe r i men tal per i od , the gi rdles were recu t p e r i od i cally 

t o  p reve n t  re connec t i on o f  t he phloe m .  Leaf  areas were 

measured i n i t ially on 1 6  Dec 1983 and agai n  on 1 0  May 1 984 t o  

d e t ermine any changes i n  leaf area during the p e r i od o f  

t rea tmen t .  Ne t leaf pho tosynthe s i s  and s t omatal  res i s tance 

measureme n t s  we re t aken on 10 May 1984 and leaf d ry we i gh t  

was also measured a t  harves t ,  t o  o b t a i n  spe c i f i c  leaf 

we i gh t s . Frui t harves t was car r i ed ou t on 10 May 1 984 . 

8 . 2 . 3  Results  

Main Effec t s  

G i r d l i ng and leaf- fru i t ra t i o had highly s i gn i f i can t 

e f fe c t s  on f rui t s i ze  ( table 8 . 1 ) . On average , fru i t s  from 

g i rdled t rea tmen t s  were 10 cm 3 s maller t han in t ac t t re a t men t s  

( table 8 . 2 ;  p=0 . 03 ) . 

Fru i t s  from shoo t s  wi t h  2 : 1  lea f - f ru i t  r a t i o s  have a 

mean fru i t  s i ze  15 cm3 b i gger t han those from 1 : 1  leaf- f ru i t 

ra t i o ( p<0 . 01 ) . The ave rage leaf area per fru i t was 242  and 

9 9  cm2 , res pec t ive ly ( t able 8 . 3 ;  p <0 . 01 )  

Th e  e f fe c t  o f  lea f - f ru i t  r a t i o  was s igni f i can t from as 
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Table 8 . 1 . E f fec t o f  gi rdling , frui t number , and 
leaf- fru i t  ra t i o  on kiwi f rui t cv . Hayward . Summary 
of ANOVA - s ign i f i cance of F values . 
( * ,  0 . 05> p>0 . 01 ;  ** , p<O . O l ;  - ,  p>O . 05 ) . 

# Frui t Volumes 
1 6  D e c  1 4  J a n  2 7  F e b  3 Apr 28 A p r  

G i rd le * ** 
Fru i t 
Ra t i o  * ** ** ** 
G i rd le x F ru i t 
G i rdle x Ra t i o * ** ** ** 
Fru i t  x Ra t i o 
G i r-Fr-Ra t i o 

SNO S�T MS�T TOTAL LAREA 
LAREA IFRUIT 

G i rdle 
F ru i t  ** * 
Ra t i o ** ** 
G i rdle x Frui t 
G i rdle x Ra t i o * ** 
F ru i t  x Ra t i o  ** 
G i r-Fr-Ra t i o  

# Frui t volumes t aken o n  1 6  Dec 1983 ; 14 Jan 1984 ; 
27 Feb 1984 ; 3  Apr 1984 ; 28 Apr 1 984 

F� - fru i t fresh we i gh t  
SNO - fru i t seed numbers 
S�T - fru i t seed we igh t ( mg )  

F� 

* 

* *  

* *  

LAREA 
/F� 

* 
* *  

* 

M S�T - mean seed we igh t per 1 000 seeds i e . S�T/SNO * 1000 ( mg )  
TOTAL LAREA - mean t o t al leaf area per s hoo t ( cm2 ) 
LAREA /FRUIT - mean t o t a l  leaf area per f rui t ( cm 2 ) 
LAREA/F� - mean to tal leaf area per  frui t fresh we i gh t ( cm2 mg- 1 ) 
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Table 8 . 2 .  E f f e c t  o f  g i rd l i ng and leaf-fru i t 
rat i o  on fru i t  s i z e ( cm3 ) of  kiwi fru i t cv . 
Hayward . S . E .  i n  paren t hes i s . 

Lea f - frui t ra t i o  1 : 1  2 : 1  mean 

non-gi rdled 106 ( 1 0 )  104 ( 9 )  p= . 58 105 ( 9 )  

gi rdled 7 8 ( 1 6 )  1 10 ( 10 )  . 00 95 ( 2 1 ) 
p= . 03 

mean 9 2 ( 1 9 )  107 ( 8 )  . 00 
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Table 8 . 3 .  E f fe c t  o f  g i rd l i ng ,  lea f - f ru i t ra t i o ,  
and frui t number o n  the leaf area per f ru i t ( cm2 ) 
of kiwi frui t cv . Hayward . S . E .  in  paren thes i s . 

Lea f - frui t ra t i o 
1 : 1  2 : 1  

mean 
gi rd led shoo t s : 177  ( 18 )  

1 frui t 82 ( 1 1 )  184 ( 49 )  p= . 1 3 

3 frui t 98 ( 2 )  265 ( 2 2 )  . 00 

5 f rui t 1 05 ( 1 2 )  267 ( 32 ) . 07 

non-gi rdled shoo t s :  1 7 1 ( 1 8 )  
p= . 80 

1 frui t 107 ( 1 5 )  2 1 2 ( 3 3 )  . 04 

3 f rui t 101 ( 25 )  235 ( 1 3 )  . 01 

5 fru i t 99 ( 7 )  287 ( 18 )  . 00 

mean 9 9 ( 5 )  242 ( 1 2 )  . 00 
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early as 1 4  Jan 1984 ( i e .  5 weeks a f t e r  pe t al fal l )  whereas 

g i rdl ing e f f e c t s  we re n o t  s i gn i f i can t un t i l  3 Apr 1 984 ( t able 

8 . 1 ) . 

There was no s i gn i f i can t d i f ference be tween the  mean 

f ru i t s i zes of t he 1 ,  3 ,  or 5 frui t t reatmen ts ( p=0 . 70 j  

t able 8 . 4 ) . 

Interac t i on be tween Girdling and Leaf-Fru i t  Rat i o  

A h i ghly s ign i f i can t i n terac t ion be tween g i rdl i ng and 

leaf- fru i t ra t i o  was obs erved ( p<O . O l j  table 8 . 1 ) . The 

f ru i t  s i zes between the two leaf- fru i t  ra t i os in non-gi rdled 

t rea tmen t s  were s imi la r  ( 10 6  c f  1 04 cm3 j p=0 . 58 ) . The mean 

f ru i t  s i ze on g i rdled , 1 : 1  and 2 : 1  ra t i o t reatmen t s  were 7 8  

and 110  cm3 , respe c t i vely ( p<O . O l j  t able 8 . 2 ) .  

F i gure 8 . 1  shows a s ca t t ergram o f  frui t fresh we ight  

versus f ru i t seed number . I t  can  be  seen clearly tha t a t  the  

same seed number ,  f ru i t s  f r om gi rdled , 2 : 1  lea f - f ru i t  ra t i o  

t reatmen t s  were b i gger than those from gi rdled , 1 : 1  

leaf-fru i t rat i o  t r e a t men t s . Da ta for  non-gi rd led t rea tmen t s  

clus tered be tween t he g i rd led t reatmen t s . 

A h i ghly s igni f i ca n t  i n t e rac t i on be tween g i rd l i ng and 

leaf- f ru i t ra t i o  was also obs erved for  t o t al f ru i t  seed 

we i gh t ( p<0 . 05 ) , and we i gh t per seed ( p <O . O l j  table 8 . 1 ) .  

Seed growth was a f fec ted by a g i rdled , 1 : 1  leaf - f ru i t 
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Table 8 . 4 .  Effect  o f  g i rd l i ng and leaf-fru i t  ra t i o on 
f ru i t  s i ze ( cm3 ) of fru i t ing  shoo t s  carryi ng 1 ,  3 ,  o r  5 
f ru i ts . S . E .  in  paren thes i s . 

Fru i t number 
1 frui t 3 f ru i t 5 frui t 

g i rdled shoo t s : 

ra t i o  1 : 1  8 0 ( 1 0 )  78 ( 1 0 )  7 7 ( 4 )  

2 : 1  103 ( 8 )  1 1 4 ( 2 )  1 1 2 ( 1 )  

p= . 1 3 . 04 . 0 1 

non-gi rdled shoo t s : 

ra t i o  1 : 1  1 1 7 ( 3 )  102 ( 5 )  108 ( 2 )  

2 : 1  107 ( 5 )  108 ( 3 )  98 ( 3 )  

p= . 1 7 . 3 1 . 1 2 

mean 102 ( 5 )  101 ( 4 )  9 7 ( 4 )  p=0 . 70 
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Figure 8 . 1 .  Rela t i onship  be tween seed number and 
fru i t fresh weigh t o f  kiwi f rui t cv . Hayward . 6 , 
non-gi rdled t re a t men t s . x , g i rdled , 2 : 1  leaf- fru i t 
rat i o  t rea tmen t s ; 0 , gi rdled , 1 : 1  lea f- frui t ra t i o  
t re a t men t s . 
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ra t i o  t re a t men t . Table 8 . 5  shows that  t h i s  t re a t men t had 

s i m i lar f ru i t seed number as  the o ther t rea t men t s  ( 1 285 c f .  

1 2 5 1 , 1332 , 1287 ) ,  bu t i t s f rui t seed we igh t was more t han 

1 00mg lower ( 1485 c f . 1634 , 1 6 1 6 , 1668 ) . 

Interac t ion be tween Girdling and Shoot Frui t Number 

Bo t h  gi rdled and non-gi rdled t reatmen t s  had s i m i la r  leaf 

a reas per  f rui t ( 1 7 7  and 1 7 1 cm2 respec t ively ; p=0 . 80 ;  

table 8 . 3 ) . The leaf areas on a kiwi f rui t sho o t  are usually 

smaller at the f i rs t few node pos i t i ons . Thus for a 2 : 1  

leaf-fru i t  ra t i o  t re a t men t , leaf area per frui t increased as 

the  number o f  frui t s  per s hoo t i ncreased ( t able 8 . 3 ) . 

Tab le 8 . 4  shows that  i n  a non-gi rdled , 2 : 1  ra t i o  

t re a tmen t ,  mean f ru i t  s i zes  decreased from 107 and 108 cm3 t o  

9 8  cm3 a s  the number o f  fru i t s  inc reased from 1 t o  3 t o  5 

f ru i t s . The reverse was observed in  g i rd led , 2 : 1  ra t i o  

t reatme n t s , where mean f ru i t  s i z e inc reased from 103 t o  1 1 4  

and 1 1 2  cm3 , respe c t i vely . 

F i gure 8 . 2  shows the mean frui t s i ze of  each f ru i t along 

a f ru i t i ng sho o t  whi ch carried 5 frui t s .  The re was no 

evidence o f  any i n t e r f rui t compe t i t i on for the g i rd l i ng o r  

leaf- f ru i t ra t i o  t reatmen t s .  
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Table 8 . 5 .  E f f e c t of  g i rdling and leaf- frui t r a t i o 
i n te rac t ions on f ru i t  seed number and seed we i gh t .  
S . E .  in  parenthes i s .  

Fru i t  Seed Fru i t Seed 
Ra t i o Number Ve i gh t ( mg )  

non-gi rdled 
1 : 1  125 1 ( 30 )  1634 ( 47 )  

2 : 1  1332 ( 38 )  1 6 1 6 ( 4 2 )  

p= . 1 2 . 7 8 

g i rdled 1 : 1  1285 ( 5 2 )  1485 ( 6 2 )  

2 : 1  1 2 8 7 ( 36 )  1668 ( 4 2 )  

p= . 98 . 02 

2 6 4  



F i gure 8 . 2 .  E f f e c t  o f  g i rdling and leaf- f rui t 
ra t i o on the  mean f i nal frui t s i z e of  each f ru i t on 
a_ frui t i ng shoo t carrying 5 frui ts . S . E .  in 
paren thes i s . 

1'10/1 - g i r d l e d  

5 f r u i t  : 5 l e a f  

n o n  - g i r d l e d  

5 f r u i t  : 1 0  l e a f  

g i r d l e d 

5 f r u i t  : 5 l e a f  

g i r d l e d  

5 f r u i t  : 1 0  l e a f  

6 6 6 6 6 
9 3  1 0 9 � 0 5 1 6 1  9 8  

( 5 )  ( 4 )  ( 2 )  ( 3 )  ( 5 )  

9 4 ' 1 0 3  1 0 1 9 2  9 8  
( 3 )  ( 1 ) ( 2 )  ( 1 1 ) ( 4 )  

6 6 6 6 6  
7 3  7 3  7 6  7 1  7 1  

( 7 )  ( 7 )  ( 9 )  ( 8 )' (-7 )  

1 0 7  I I I  1 1 3  1 1 2  1 0 9  
( 5 )  ( 2 ) ( 1 )  ( 3 ) ' ( '3 ) 
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Comparison of Leaf Charac ter i s t i cs 

Tabl e  8 . 6  s hows t h a t  sub tend i ng leaves ( leaf  groups 1 

and 2 )  expanded by 8 . 3  and 1 0 . 0  0 / 0 1 wh i le t he d i s tal  leaves 

( le af-group 3 )  only expanded by 6 . 9  % dur i ng t he p e r i od o f  

the  exper i men t . N o  d i f ferences were observed i n  the  s pe c i f i c  

leaf  we i gh t s .  Pho tosyn t he t i c  ra t es and s t oma tal res i s t ance 

were s i m i lar in  all t rea t men ts for  bo th sub t end i ng and d i s tal  

l eaves . 
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Table 8 . 6 .  Lea f  da t a  f o r  gi rdled and non-gi rdled 
t rea tmen t s . Lea f  groups : 1 ,  leaves sub t ending f ru i t s  
i n  1 : 1  leaf-fru i t ra t i o ;  2 ,  leaves sub t en d i ng f ru i t s  
i n  2 : 1  leaf - f ru i t  rat i o ; and 3 ,  d i s tal leaves i n  2 : 1  
lea f - f ru i t rat i o  t rea t men t s . S . E .  i n  paren th es i s . 

F i na l  Pe rcen t Spec i f i c  
Leaf Increase Leaf #Ne t Leaf *Mean S t oma t a l  
Area in Leaf We i gh t  Pho t osyn t hes i s  PPFD Res i s t ance 

( cm 2 ) Area ( mg cm- 2 ) ( ugC0 2 m- 2 s- 1 ) ( uE m- 2 s - 1 ) ( s cm- 1 ) 

non-gi rdled 1 2 2 ( 4 )  8 . 2 ( 0 . 5 )  2 0 . 4 ( 0 . 5 )  537 ( 2 2 )  497 ( 2 7 )  3 . 8 ( 0 . 2 )  
g i rdled 1 2 3 ( 4 )  8 . 6 ( 0 . 6 ) 2 1 . 3 ( 0 . 8 )  558 ( 2 2 )  37 8 ( 2 7 )  3 . 6 ( 0 . 2 )  

p =0 . 7 6 0 . 55 0 . 28 0 . 5 1 0 . 6 1 0 . 4 3 

l eaf-group 
1 103 ( 4 ) 8 . 3 ( 0 . 7 )  20 . 0 ( 0 . 6 ) 552 ( 2 7 ) 507 ( 3 3 )  3 . 6 ( 0 . 2 )  
2 106 ( 6 )  10 . 0 ( 1 . 1 ) 20 . 8  ( 1 .  3 )  539 ( 3 7 )  3 7 7 ( 49 )  3 . 8 ( 0 . 4 ) 
3 158 ( 7 )  6 . 9 ( 1 . 3 ) 22 . 2 ( 0 . 9 )  557 ( 38 )  530 ( 43 )  3 . 6 ( 0 . 4 )  

p=O . OO 0 . 60 0 . 2 5 0 . 80 0 . 9 1 0 . 54 

n on-gi rdled : 
leaf-group 

1 101 ( 4 )  8 . 0 ( 0 . 8 )  18 . 9 ( 0 . 8 )  5 6 6 ( 3 6 )  50 1 ( 45 ) 3 . 4 ( 0 . 3 ) 
2 103 ( 5 ) 9 . 8 ( 0 . 9 )  20 . 8 ( 2 . 1 )  5 1 8 ( 3 6 )  5 10 ( 7 3  ) 4 . 2 ( 0 . 3 )  
3 1 63 ( 5 ) 6 . 8 ( 0 . 7 ) 21 . 7 ( 0 . 9 ) 52 1 ( 4 1 ) 452 ( 8 0 )  3 . 9 ( 0 . 5 ) 

p=O . OO 0 . 46 0 . 2 3 0 . 54 0 . 7 2 0 . 1 6  

g i rdled : 
leaf-group 

1 106 ( 7 )  8 . 6 ( 1 . 2 ) 2 1 . 3 ( 0 . 9 )  540 ( 40 ) 5 1 3 (  48 ) 3 . 8 ( 0 . 4 ) 
2 109 ( 5 )  10 . 2 ( 0 . 8 )  20 . 4 ( 1 . 5 )  560 ( 2 7 ) 475 ( 6 3 )  3 . 5 ( 0 . 4 ) 
3 1 53 ( 6 )  7 . 0 ( 1 . 0 ) 2 2 . 2 ( 1 . 6 ) 590 ( 5 3 )  604 ( 33 )  3 . 3 ( 0 . 6 )  

p=0 . 02 0 . 94 0 . 05 0 . 55 0 . 65 0 . 57 

# Ne t leaf pho t o syn t hes i s  and s t oma tal  res i s tance measuremen t s  
were t aken on 1 5  Dec 198 3 . Leaf t empera t u re was 20 c .  

* PPFD data  was reco rded f o r  each leaf correspon d i ng t o  t he 
pho t osyn thes i s  measuremen t s . 
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8 . 3  Experimen t 8B 

8 . 3 . 1  Introduc t ion 

Previ ous expe r i me n t s  ( 6A ,  6B , 8A) showed t ha t  wi t h  

gi rdled shoo t s , t h e  m i n i mum lea f-frui t ra t i o  for f ru i t grow th 

was grea t e r  t han 1 : 1 .  In t h i s  experimen t ,  1 4 C-label was used 

t o  i nves t i ga t e  t he m i n i mum leaf-frui t ra t i o  at  wh i ch 

car bohyd r a t e  was no l onger supplied f rom ou t s i de t he f ru i t ing 

la t e ral . 

8 . 3 . 2  Materials and Methods 

Four 3-year-old pot t ed ' Hayward ' plan t s , grown in a 

glas shous e ,  were used in  t h i s  experi men t .  The exp e r i men tal  

un i t  cons i s ted  of  an  ind e t ermina t e  shoo t carry i ng 3 f r u i t s ,  

and an adj acen t vege t a t i ve shoo t below i t .  The f ru i t ing 

shoo t was p runed t o  leaf- f ru i t ra t i os  of  e i ther 1 : 1 ,  2 : 1 ,  

3 : 1 ,  or 4 : 1  on 10  De c 1984 . Each pruning t reatme n t  had 4 

repl i cates . 7 4  kBq o f  1 4 C0
2 

was app l ied  t o  the en t i re 

vege t a t i ve shoo t below each f rui t ing shoo t 2 weeks a f t e r  the  

shoo t s  were p runed . Lea f  pho tosyn thes i s  and leaf area 
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measu remen t s  were t aken a f t e r  the 1 4 C was applied and harves t 

was car r i ed ou t on  3 Jan 1985 . 

8 . 3 . 3  Resul t s  

The d i s t r i bu t i on o f  1 4 C-ac t i v i ty i n  t h e  f ru i t ing sho o t  i s  

shown i n  f igure 8 . 3 .  T h e  resul t s  con f i rmed tha t t he f ru i t s  

o n  shoo t s  wi t h  a 1 : 1  l eaf- f ru i t ra t i o  can a t t ra c t  large 

amoun t s  of carbohyd ra t e  from ou t s ide  the shoo t ( eg .  

experimen t s  6A , 6 B , 7A) . 

As the leaf area per f rui t i ncreased f rom 8 6  cm2 t o  697  

cm2 the  amoun t of  1 4 C-pho t osyn tha t e  decl i ned t o  negl igible  

coun t s . The proxi mal f rui t on  each f ru i t i ng sho o t  a t t ra c t ed 

the highes t percen t age o f  1 4 C-ac t i vi t y . On the 3 leaf : 3  

f ru i t t rea tmen t for  i n s tance , t he proxi mal fru i t had 1 1 6  

dpm o f  1 4 C per m g  dry weigh t ,  wh i le the m i ddle and d i s t al 

frui t had 38 and 30 dpm per mg respec t i vely . Th i s  corres ponded 

wi t h  leaf areas of 6 8 , 9 2 ,  and 97  cm2 respec t ively ( t abl e  8 . 7 ) .  

Trace amoun t s  o f  1 4 C-ac t i vi ty was also obse rved i n  the 

s t em and leaf s egme n t s  pas t the frui t s . Table 8 . 7  shows t ha t  

leaf pho t osyn thes i s  d i d  no t res pond t o  the  fru i t demand for  

1 4 C-as s i m i la t e . As  t he lea f - f ru i t ra t i o  i ncreased from  1 : 1  t o  

2 : 1 ,  3 : 1 ,  and 4 : 1 ,  the  to t a l  supply o f  pho t osyn t ha t e  t o  each 

sho o t  was 1 14 , 4 1 7 , 6 90 ,  and 1 7 10 mg Carbon per hour , 
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F i gure  8 . 3 .  D i s t r i b u t ion o f  1 4 C ( dpm mg- 1 ) impo r t ed 
i n t o  frui t ing shoo t s  o f  kiw i f ru i t cv . Hayward , 
p runed t o  3 f ru i t s  and d i f feren t leaf numbers . 

+ , proximal f ru i t ;  0 , middle  frui t ;  
o , d i s t al f r u i t ;  x , the res t  o f  the frui t ing 

shoo t .  
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Table 8 . 7 .  E f fec t o f  d i f feren t leaf- f ru i t rat i os on n e t  
leaf pho t osyn the t i c  ra t e  ( ugC0

2 
m- 2 S- 1 ) measured a t  s a t ura t i ng 

l i gh t cond i t ions ( PPFD > 600 uE m- 2 S- 1 ) . #  Mean leaf a reas ( cm 2 ) 
i n  paren t hes i s . 

leaf node 
pos i t i on 3F3L 

# 
1 320 ( 68 )  

2 354 ( 92 )  

3 545 ( 9 7 )  

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

To tal  Pho t osyn t hes i s  
P e r  Shoo t ( mg Carbon 
p e r  hour ) .  1 1 4  

3F6L 

2 7 1 ( 9 6 )  

499 ( 101 ) 

4 5 3 ( 107 ) 

501 ( 14 4 )  

634 ( 1 56 ) 

67 1 ( 1 62 ) 

4 1 7  

2 7 1  

3F9L 3F12L 

403 ( 102 ) 545 ( 1 42 ) p=0 . 8 3 

384 ( 120 ) 437 ( 14 3 )  0 . 1 5 

4 7 5 ( 1 3 4 )  662  ( 14 7 ) 0 . 97 

5 1 6 ( 138 ) 544 ( 1 6 3 )  0 . 65 

5 7 5 ( 14 1 )  700 ( 205 ) 0 . 7 3 

58 9 ( 162 ) 552 ( 2 0 1 )  0 . 15 

442 ( 175 ) 7 1 7 ( 2 1 4 )  0 . 06 

48 6 ( 1 7 1 )  947 ( 2 20 ) 0 . 29 

5 7 9 ( 1 94 ) 849 ( 242 ) 0 . 08 

845 ( 240 ) 

6 7 1 ( 2 3 5 )  

7 75 ( 2 1 1 )  

690 1 7 1 0  



respe c t i vely . 

Table 8 . 8  shows that the s pec i f i c  leaf weigh t s  o f  l eaves 

on non- frui t ing sho o t s  were s i gn i f i can t ly lower ( P <O . 05 )  t han 

those on frui t i ng shoo t s . Leaves wh i ch s u b t ended fru i t s  

( leaf number 1 to 3 )  howeve r ,  had s im i lar s peci f i c  leaf 

weigh t s  regard less o f  the number of  d i s tal leaves on t h e  

frui t i ng shoo t . I t  can also b e  s e e n  from t able 8 . 8  t h a t  

spec i f i c  leaf we i gh t inc reased as t h e  leaf number o n  a 

frui t ing o r  non-frui t i ng shoo t i n c reased . 
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Table 8 . 8 .  E f fect  o f  leaf-frui t ra t i o on the s pe c i f i c  
l e a f  we i gh t  o f  kiwi f ru i t  c v  Hayward plan t s  grown i n  a 
glasshou s e  env i ronmen t .  ( Common l e t t e r  wi t h i n  columns 
deno tes groups not s i gn i f i can t ly d i f fe ren t at LSD ( 0 . 05 » . 
S . E .  in  paren t hes i s . 

Leaf nodes 

1-3 4-6 7-9  10-12  
lea f - f ru i t  
ra t i o s : 

3F3L  

3F6L  

3F9L 

3 F 1 2 L  

non 
- f ru i t i ng 

1 1 . 2 1 ( . 2 9 ) a  

1 1 . 2 9 ( . 3s ) a  1 3 . 08 ( . 2 4 ) a  

10 . 8s ( . 3 2 ) a  1 2 . s4 ( . 4 3 ) a  1 3 . 07 ( . 6 3 ) a  

10 . 86 ( . 3 7 ) a 1 2 . 6 9 ( . 2 4 ) a  14 . s0 ( . 46 ) a  1 4 . 9s ( . 34 ) a  

shoo t 8 . 1 s ( . 33 ) b  1 0 . s 7 ( . 36 ) b  1 0 . s7 ( . 30 ) b  1 3 . 04 ( . 4 1 ) a  

p=0 . 03 0 . 0 1 0 . 01 0 . 08 
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8 . 4  Discuss i on 

8 . 4 . 1 E f fe c t  o f  G i rdling 

The gi rdling o f  the t runk o r  b ranch o f  a frui t t re e  i s  a 

techn i que wh i ch i s  used to i n c rease fru i t se t and f ru i t s i ze 

76 
( Pr i e s t ley , 1981 a , b ) . Dav i son ( 1 980)  repo r t ed increases o f  

kiwi frui t y i eld o f  more than 6 0  % on g i rd led vines as  a 

resul t o f  heav i e r  frui t i ng . 

Table 8 . 2  s hows that  the  overall e f fec t o f  the  g i rd l i ng 

t rea t men t was t o  reduce fru i t s i ze by 1 0  cm3 ( p=0 . 03 ) . 

However , a sign i f i can t i n t erac t i on wi th  leaf- f rui t ra t i o  was 

presen t ( p <O . Ol ) .  The real e f fec t of  g i rdl ing was a severe 

reduc t i on i n  f ru i t  s i ze  from 106 t o  78 cm3 when the 

carbohyd ra t e  supply i s  l i m i t i ng ( i e .  1 : 1  leaf - f ru i t ra t i o ) , 

o r  an i n crease i n  frui t s i ze f rom 104 t o  110  cm3 when 

carbohyd ra te  is not limi t i ng ( i e .  2 : 1  leaf- frui t ra t i o ) . 

S i m i lar observa t i ons were repor t ed previ ous ly in  expe r i me n t  

6A . 

The above fru i t responses t o  girdl ing t reat men t s  were 

no t rela t ed to any changes i n  the  leaf charac t er i s t i c s . 

Tabl e  8 . 6  shows that  the spec i f i c  lea f we i ght , ne t 

pho t osyn t hes i s , and s t oma tal  res i s t ance be tween t h e  g i rd led 
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and con t ro l  t reatmen t s  we re s i mi lar . 

In  2 : 1  leaf- f ru i t  ra t i o t reatmen t s , t here was a 

corres pond ing reduc t i on in  f ru i t  grow t h  on non-g i rd led shoo t s  

a s  leaf areas i n c reased wi t h  frui t number ( t able 8 . 3 ,  8 . 4 ) . 

Th i s  may be due t o  i n c reas ing levels o f  an i nhi b i t o r  

ass o c i a ted wi th  the l eaves , wh i ch caused a r educ t i on i n  t he 

u p t ake o f  as s i m i l a t e  i n  the f rui t s . S i m i lar observa t i ons 

we re found and d i s cus sed in chap t e r  7 .  

On g i rd led shoo t s  howeve r , f rui t s i ze i ncreased wi th  

i n c reas i ng lea f a rea per f rui t when the leaf-fru i t ra t i o  was 

2 : 1 ( t able 8 . 3 ,  8 . 4 ) . I t  would seem t ha t a subs t ance need t o  

b e  impo r t ed o r  expo r t ed ,  v i a  the phloem o f  the l a t eral , for 

t h e  inhibi t o ry e f fec t to  be mani fes ted . 

Plan t grow t h  subs tances are known t o  accumu l a t e  above a 

g i rdle ( Chalme rs , 1 985 ; Skene , 1972 ) ,  and the resul t o f  a 

d i m i n i shed supply o f  the growth sub s t ances to the  roo t s  i s  a 

reduc t i on in  roo t a c t i v i ty ( Dann e t . al . , 1984 ) . However ,  as  

only an i n s i gn i f i can t frac t i on o f  the 1 -year-old l a t e rals on 

e ach v i ne were g i rdled in experimen t 8A , t he removal o f  leaf 

i nh i b i t o ry e f fe c t s  i n  g i rdled shoo t s  was n o t  l i ke ly t o  be  due 

to roo t - produced fac tors . The accumul a t i o n  o f  growth 

subs tances , o r  even sup raop t imal levels of the leaf 

i nh i b i tor , may have a d i re c t  e f f e c t  on f ru i t  growth . The 

v i ew that carbohyd r a t e  a ccumula tes above a gi rd l e  is wi dely 

held and suppo r t ed expe r i men tally ( Noel , 1 9 7 0 ) . Th i s  
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probably explains the increase i n  f ru i t s i ze on g i rdled 

shoo t s  as the  leaf area per frui t i n cr eased . 

8 . 4 . 2  Lea f-Fru i t Ra t i os 

I t  was s hown previously ( chap t e r  6 )  that the m i n i mum 

leaf- fru i t  ra t i o  of  a kiwi frui t f ru i t ing shoot lie  be tween 

0 . 8 3 : 1  and 1 . 7 : 1 .  The resul t s  of exp e r i men t 8A and 8B 

e s t ab l i shed t h a t  prac t i cally , 2 leaves were need ed to  suppo r t  

the the grow t h  o f  each f rui t on a f ru i t ing shoo t .  Thus t a b l e  

8 . 2  shows t h a t  o n  gi rdled t reatmen t s , a 1 : 1  ra t i o  ( o r  9 9  cm2 

per frui t )  was insu f f i c i en t  to  suppo r t  frui t grow t h  ( 7 8 c m3 ) ,  

whereas a 2 : 1  r a t i o  ( o r  242 cm2 per frui t )  was s u f f i c i en t  

( 1 10 cm3 ) .  This  represen t ed an i ncrease of  32 g i n  fru i t 

s i z e  from an addi t i onal lea f per f ru i t .  Snelgar e t . al .  

( 1 986 ) repo r t ed very s i m i lar resul t s , and also con f i rmed t h a t  

t h e  m i n i mum leaf-fru i t ra t i o  i s  2 : 1 .  

Und e r  the cond i t i ons o f  expe r i men t 8B , frui t i ng shoo t s  

wi th  a 1 : 1  and 2 : 1  leaf-frui t ra t i o as s i mi lated 1 1 4  and 4 1 7  

mg of  carbon per hour . There fore , each frui t needed be t ween 

38 and 1 3 9  mg carbon pe r hour , at  daily pho tope r i ods of 1 5 - 1 6  

hours , f o r  growth . 

Al t hough the f rui t s i zes be tween the two leaf- fru i t 

ra t i os were s i gni f i can t ly d i f ferent  ( p <0 . 0 1 ) , the i r  f ru i t 
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seed numbe rs were s im i lar ( 1 285 c f  1287 ; p=O . 98 ;  t a b l e  

8 . 5 ) . F ru i t  s eed we ight  howeve r ,  was redu ced by 1 8 3mg on 

g i rdled , 1 : 1  leaf-frui t ra t i o  t re a tmen t s  ( t able 8 . 5 ) . Thus 

a l t hough seed abo r t ion d i d  no t o c cur under cond i t i ons o f  

l i m i t i ng carbohyd rate  supply , seed grow th was s i gn i f i can t ly 

a f f e c t ed . 

A f ru i t ing s hoo t wi th  1 : 1  leaf- fru i t ra t i o  i mpo r t ed 

carbohyd rate  f rom ou t s i d e  t o  mee t all i t s requ i remen t s  for 

f ru i t growth .  Thus in  t he non-g i rdled t rea tmen t s  ( table 8 . 2 )  

f ru i t  s i zes be tween the d i f fe ren t leaf- f rui t ra t i o  t rea t men t s  

were s i m i lar ( p=O . 58 1  I t  was also clearly demons t ra t ed i n  

exper i men t  8 B  that  t he fru i t s  on a 1 : 1  leaf-fru i t ra t i o  

t re a t men t i mpo r t ed s ign i f i can t ly grea t e r  amoun t s  o f  

1 4 C-as s i m i l a t e  from ou t s i d e  the  s hoo t , a s  compared w i t h  t he 

o th e r  leaf-fru i t  ra t i o t rea t men t s . S i m i lar observa t i ons were 

found i n  chap t e r  6 .  

There we re some ind i ca t i ons from experimen t 8A that  in  

res ponse to  frui t growth , leaves wh i ch subtended f ru i t s  

expanded mo re t han d i s tal leaves ( t able 8 . 6 ) .  However ,  ne t 

leaf  pho tosyn thes i s  and s t oma t a l  res i s tance we re s i m i lar f o r  

all  leaves i n  all t h e  t re a t men t s . T h e  resul t s  o f  exper i me n t  

8 B  ( t able 8 . 7 )  also show tha t kiwifru i t  leaves d i d  n o t  

res pond to  a h i gh demand f o r  carbohyd ra t e  by inc reas i ng the i r  

pho t osyn thes i s ,  even i n  a 1 : 1  l eaf- frui t ra t i o  s i t ua t i on .  
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8 . 4 . 3  In t e rfrui t Compe t i t ion 

I t  was s hown in  figure 8 . 3  tha t a s ign i f i can t ly large r 

quan t i ty o f  1 4 C-ass i m i la t e  was impo r t ed i n t o  the proximal 

frui t on a frui t ing s hoo t .  Al though t h i s  may sugges t t h a t  

t h e  prox i mal fru i t  received more pho tosyn t hates for  grow t h  

t han the o ther f rui t s ,  f igure 8 . 2  s hows that t h e  f ru i t s i z es  

o f  each f ru i t o n  a f rui t i ng shoo t were s i mi lar ( p> O . 05 ) . I t  

was also observed t h a t  on a gi rdled shoo t ,  the d i s t a l  fru i t 

was o f  the  same s i z e  as the o ther frui t s .  Expe r i me n t s  i n  

chap ter  7 had also i nd i ca t ed a n  absence of  i n t e r f ru i t  

compe t i t i on , even on a complet ely defol i a t ed shoo t ( t able  

7 . 1 2 ) . It  was shown in cha p t e r  7 that  the grow t h  pa t terns  of  

bo t h  the  p roximal and d i s t al  fru i t along a shoo t were s i m i l a r  

( f i g .  7 . 5 ) . Thus t he h i gher concen t r a t i on of  1 4 C in  t h e  

proximal fru i t could no t be due t o  asynch ronous f ru i t  

developmen t along a fru i t i ng shoo t . 

Frui t s  ob t ained a large propo r t i o n  o f  t he i r  as s i m i l a t es 

from t h e i r  sub t ending leaves ( chap t e r  5 ) . The leaf area 

cor res pond i ng t o  t he prox i mal , m i dd l e , and d i s t a l  f ru i t s  on 

t he 1 : 1  r a t i o s hoo t i n  f igure 8 . 3  was 68 , 92 , and 9 7  cm2 , 

res pec t ively ( t able 8 . 7 ) .  I t  i s  there fore l i kely tha t t h e  

proximal fru i t a t t ra c t ed more 1 4 C-as s imi lates f rom ou t s i d e  

the shoo t because the l e a f  area o f  i t s sub tending leaf was 

smalle r . Th i s  sugges t  tha t wi t h i n  the fru i t ing shoo t , leaves 
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do n o t  res pond t o  increased frui t demand for carbohyd ra t e  

b ecause o f  the flexi b i l i ty i n  wh i ch as s i m i la tes were d rawn 

f rom o ther par t s  of the v i ne . 
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CHAPTER NINE 

GENERAL DISCUSSION 

9 . 1  Canopy Es t abli shmen t and Pho t osyn thes i s  

Th i s  s tudy shows that  t h e  kiwi frui t leaf grew rap i d ly ( ex p t  

2 A )  and became expor ter o f  carbon a t  6 0  0 / 0 full s i ze , a f t e r  40 

days f rom emergence ( f i g .  2 . 2 ;  5 . 2 ) . Morgan , Yar r i ng t on , and 

Hal l i gan ( 1 985 ) repo r t ed shoo t e longa t i on rates of up  to 6 . 7  cm 

per day under o p t imal cond i t i ons in cont rol led envi ronmen t s . 

They also observed leaf appearance rates  as high as 0 . 6  leaf per 

day . I n  add i t i on , t he o p t i mum t emperature for kiwi f ru i t grow t h  

and t o t a l  pho t osyn t hes i s  were s i milar ( t able 2 . 2 ) . T h i s  i s  

u n l i ke mos t c rops , where grow t h  processes generally s how h i gher 

Q 
t empera t ure o p t i m� than does pho t osynthes i s  ( Mon t e i t h  and 

�� 
Els t on , 1 9 7 1 ) ,  so that c ro� ra t e  is frequen tly l i mi ted by the 

ra t e  at wh i ch as s i m i la t e s  can be u t i l i sed in  grow t h , rather t han 

by t h e  rate  o f  as s i m i l a t e  prod uc t i on in  pho tosyn t hes i s . 

F ru i t growth in  the kiwi f rui t v i ne i s  dependen t  on curren t 

pho t osyn t ha t es ( exper imen t 6 C ) . The above observa t i ons sugges t 

t h a t  t he v i ne i s  able t o  es tablish  a canopy rap i d ly a f t e r  bud 

burs t in la t e  Sep t ember .  By t he t i me f rui t developmen t begins 

in early December , the vine leaf-frui t ra t i o would have been 
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grea t e r  than 2 : 1 ,  so  that  a pos i t i ve carbon budget i s  ava i lable 

( experimen t 8 B ) .  Evidence from exper i men t 7E , whi c h  shows tha t 

shoot  regrowt h  d i d  no t compe t e  wi th  early frui t developmen t ,  

also sugges t tha t the growth  o f  fru i t s  w i t h  adequa t e  s eed 

numbers was n o t  l i mi ted by the amoun t of carbon ava i lable in t he 

v i ne early i n  the seas on . 

The max i mum pho t osyn the t i c  ra t e  o f  a crop se t s  the l i mi t s  

o f  i t s maxi mum b i o logi cal and economi c  p roduc t i vi ty ( Leopold and 

Kri edemann , 1 9 7 5 ) . Th i s  s tudy found tha t the max i mum ne t leaf 

pho tosyn t he t i c  ra t e  i n  the kiwi fru i t v i n e  was 657 ug m- 2 S- l . 

This  i s  comparabl e  to  those repor t ed for  mos t fru i t crops in  the  

f i eld ( eg .  Crews e t . al . , 1975 ; Kri edemann , 1968 b ; Kri edemann 

and Can t e r f o rd , 1 971 ; Kri edemann and Smar t ,  197 1 ) . Kiwi f ru i t 

leaves are also  known t o  have a long dura t i on in the o rchard 

( Taylor and Wood f i eld , 1986 ) . Ne t leaf pho tosyn t he t i c  r a t e s  o f  

u p  t o  250 ugC02 m- 2 S- l in  July have been observed o n  v i nes 

wh i ch were pro t e c ted f rom fros t and wind ( pers . comm . , Gree r , 

D . H .  and La i ng , W . A . , Plan t Phys i o logy Divi s i on ,  DSIR , 

Palmers ton No r th ) . I t  therefore appears that the kiwi f ru i t  vine  

has  a large po t e n t ial for dry ma t t e r  produc t i on , so  tha t 

ass i mi l a t e  par t i t ion i ng wi thin  the v i ne i s  no t l i kely t o  be  

s ource l i m i t ed . 

2 8 1  



9 . 2  Shade and Tempera ture E f fe c t s  on Pho t os yn thes i s  

D i f ferences in  the shade and t empera ture environmen t o f  a 

kiw i f ru i t vine h ave a d i re c t  e f fe c t  on i t s pho t osyn the t i c  

respons e , a s  we l l  as several impor t an t  res idual effec t s  rela t i ng 

t o  bud b reak , flowering ,  and frui t developmen t ( eg .  G ran t and 

Ryugo , 1 984a ; Morgan , S t anley , and Warring t on 1985 ; Snelgar , 

1986 ; Warring t on and S t anley , 198 6 ) . 

Shad i ng t o  reduce l igh t levels below the satura t i on levels 

be tween 500 t o  700 uE m- 2 S - l  ( G ran t and Ryugo , 1984 b ;  Lai ng , 

1 9 8 5 )  had a s i gn i f i can t reduc t i on in  pho t osyn t he t i c  ra t e s  a t  all  

t emperatures ( f i g .  2 . 5 ) . Thus i n  the  o rchard , careful 

cons i d e ra t i ons have t o  be g i ven t o  the use o f  the  var i ous types 

o f  w i nd she l t ers  avai lable . However , the  e f f e c t  o f  

wi t h i n-canopy shad i ng i s  more i mp o r t an t . Gran t and Ryugo 

( 1 984 b )  repor ted that  the l igh t l evels fal l i ng on shade l eave s  

d i d  no t exceed 1 2  u E  m- 2 S- l and they func t i oned only s l i gh t ly 

above t he l igh t compens a t ion po i n t  dur i ng mos t of the  day . 

Appropr i a t e  t r a i n i ng and pruning me thods , a i med a t  the  removal 

of w i t h i n-canopy shad i ng ,  are therefore needed . Perhaps the 

feas i b i l i t y of u s i ng alumi n i um reflect ors on the o rchard floo r , 

whi ch was repor t ed t o  i nc rease apple y i e ld ( Mores h e t  e t . al . , 

1 9 7 5 ) should be  cons i dered . 

The op t i mum t empera ture for  kiwi f ru i t pho tosyn thes i s  i s  20  C 

( f i g .  2 . 5 ) .  Unl i ke i r rad i ance , tempe rature fluc t ua t i ons i n  
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the o rchard are no t likely t o  be con t rolled by managemen t 

prac t i ces . However ,  i t  may be  impo r t an t  to  leave summer prun ing 

t o  d ays o f  warmer tempera tures . Shaded par t s  of  t he canopy , 

whi ch are suddenly exposed t o  h i gh i r rad i ance a f t e r  prun i ng ,  are 

more pho t o i nh i b i ted a t  low t empe ratures ( Greer e t . al .  198 7 ) . 

Greer and Laing ( 1 987 ) showed tha t the rate  o f  recovery o f  

pho t o i nh i b i t i on was also t empera tu re dependen t .  Thus , depend ing 

on t he l igh t and t empera ture cond i t i ons , the pho t osyn thes i s  o f  a 

v i n e  could be  severely a f f e c ted i mmed i a t e ly after  prun i ng ,  no t 

only t hrough a loss o f  pho tosyn t he t i c  sur face , bu t also  t hrough 

t he pho t o i nh i b i t ion e f fec t s  on t he newly-exposed par t s  of the  

canopy . 

9 . 3  E f fe c t s  o f  the Presence o f  F ru i t s  on Pho tosyn thes i s  

Th i s  s t udy could n o t  demons t r a t e  any pho tosyn the t i c  

response o f  k iw i f rui t leaves t o  the p resence o f  fru i t s  on a 

frui t i ng sho o t  ( experimen t 2C , 8 B ) . Th i s  may be due t o  the 

presence o f  a l t e rna t ive s inks , such as t he s t em camb i um .  

I t  was shown i n  exper i men t 8B that  cons iderable quan t i t i es 

o f  1 4 C-as s i m i l a t e  was impo r t ed i n t o  the  f ru i t ing shoo t w i t h  a 

1 : 1  leaf- f rui t ra t i o when t he frui t demand for carbohyd ra t e  was 

n o t  me t by i t s own leaves ( f i g . 8 . 3 ) . Each frui t appeared t o  

i mpo r t  an amoun t o f  ass i m i l a t e  f rom o u t s i de the shoo t ,  wh i ch i s  
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i nversely propor t i onal t o  the area o f  i t s  subtending lea f . I t  

was also found i n  experiment  S C  tha t  the  sub tend ing leaf 

supplied only i t s own frui t ,  rather than o t her adj acen t f r u i t s . 

All the above evidence seems t o  i nd i ca t e  that wh i le t h e  

kiwi fru i t leaves d i d  no t res pond t o  fru i t  d emand b y  increa s i ng 

t he i r  pho t osyn the t i c  ra tes , they may i n i t i ally adj us t by los ing 

d ry weigh t . The s ubsequen t response was an impo r t  of  

carbohydra t e  from o u t s ide the frui t i ng sho o t  wh i ch balanced the 

d e f i ci t in  the  local  supply of  pho tosyn tha t e  to each i nd i v i dual 

frui t .  

9 . 4  Sources o f  Ass imilate Supply to Fru i ts 

The ma i n  sources o f  ass i m i la t e  supply t o  the fru i t s  can b e  

class i f ied i n t o  3 groups in  t he i r  order o f  prio ri ty :  

1 .  leaves wh i ch sub tend f ru i t s ,  

2 .  leaves wh i ch are d i s t al t o  fru i t s  on the 

s ame frui t i ng shoo t , and 

3 .  l eaves from adj acen t f ru i t i ng or non-frui t ing 

shoo t s . 
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Expe r i men t 5C demons t ra t ed that  sub tend i ng leave s on in t a c t 

s ho o t s  supplied as much as 6 2  % of  t h e i r  as s i mi l a t e  t o  t h e i r  

own frui t s . Th i s  increased t o  78 % when the shoo t was pruned 

to 0 d i s t a l  leaves . 

I n  an i n t a c t shoo t sys t em , f rui ts also rece ived smaller 

supplies  of as s i m i l a t e  from d i s tal  leaves wh i ch were l i nked by 

the s ame vascular conne c t i ons ( t able 5 . 1 ) .  D i s tal l eaves wh i ch 

we r e  n o t  l inked t o  any fru i t s  expo r t ed out  o f  the f ru i t i ng s ho o t  

t o  o t her grow t h  cen t res . Howeve r , a f t e r  the frui t ing s ho o t s  

were p runed , all  t h e  d i s tal  leaves con t r i bu t ed to  the  growt h  o f  

t he f ru i t s  on t he same sho o t  ( t able 5 . 2 ) . 

D i s tal  leaves on shoo t regrowths also supplied the  fru i t s 

on the  same shoo t .  I t  was s hown in  experiment 7 B  t h a t  t he fru i t 

s i ze on g i rdled shoo t s  we re s i gn i f i can t ly bigger when shoo t 

regrow t hs were presen t ( t able 7 . 1 4 ) . 

A h i gh local demand f o r  as s i milates  wh i ch was n o t  me t by 

the  leaves on the fru i t ing shoo t resul t ed in  the i m po r t  o f  

as s i m i l a t es from source leaves o n  adj a cen t f rui t ing o r  

non- f ru i t ing s hoo t s  ( expe r i men t s  6A , 6B , 8 B ) . Th i s  was mos t 

clearly d emons t ra t ed on a comple t ely d e f o l i a t ed f ru i t ing shoo t 

( exper iments  6 A ,  7A) , whe re no rmal fru i t  developme n t  o c curred 

when t he r e  was an adj acen t supply of  surplus ass i m i l a t e  from 

adj acent  shoo t s . 

2 85 



9 . 5  Flexibi l i ty i n  Ass i mi la t e  Transloca t i on 

A flexi b i l i ty i n  t he t rans loca t i on o f  as s i m i la t e  wi t h i n  a 

kiwi f ru i t  vine was a lready implied i n  the above d i s cuss i on .  

Wi t h i n  an i n tac t f ru i t i ng shoo t ,  as s i m i l a tes  flowed a long 

pathways of  leas t res i s tance wh i ch l i nked t he frui t on t he n t h  

node wi t h  i t s sub t end i ng lea f , and a t  leas t , the leaves o n  the 

n+5 and n+8 nodes ( t able  5 . 1 ) . However , a f t e r  the shoo t was 

pruned , rerou t ing o f  t he t rans loca tes  o c curred , so that  a l l  t he 

d i s t a l  leaves suppl i ed every fru i t  ( t able 5 . 2 ) . 

As s im i la t e s  were also t rans loca ted f reely be tween l a t erals . 

I t  was shown i n  expe ri men t 6B that t rans loca t i on occurred e i ther  

in a bas i pe t al o r  acrope tal d i rec t i on ,  depend i ng on  the rela t i ve 

pos i t i ons o f  the regions of  carbohyd ra t e  s u rplus and sho r t age . 

The movement  o f  as s i m i lates  between lat erals was no t res t r i c t ed 

by vas cular phyllo t axy in the 2-year-old cane ( expe r i men t 6 B ) , 

presumably because o f  t he development  o f  i n t e rconnec t i ons wi t h  

secondary t h i cken i ng . Fru i t s  were also found to have d rawn 

1 4 C-as s i m i la t e  from s ource leaves on l a t erals up to 7 node 

d i s t ance away ( f i g .  6 . 6 ) .  A grea ter d i s t ance o f  u p  t o  2 m  was 

repo r t ed by Snelgar e t . al .  ( 1 986 ) . Such a f lexi b i l i ty i n  t he 

moveme n t  o f  as s i m i l a t e s  in  the kiwi fru i t v i ne is an impor t an t  

con s i de ra t i on i n  t he des ign o f  t rai ning and pruni ng sys tems , 

whereby fru i t i ng s hoo t s  can be separa t e d  from o t h e r  source 

leaves i n  ano t he r  par t  o f  the canopy . 
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9 . 6  Fru i t  Developmen t and Seed Number 

W i th a leaf- f r u i t ra t i o  of grea t er t han 2 : 1 ,  frui t grow t h  

does n o t  s e e m  to be  l i mi t ed b y  source s t reng t h  or vascular 

connec t i ons , but  may be l imi ted by fac tors  a f fe c t i ng s i nk 

s t reng t h .  For example , the resu l t s  o f  expe r i men t 7A ( t able 7 . 1 )  

i l lus t ra t ed a s i nk l i m i t ed cond i t i on whereby the frui t s  on 

cer t a i n  v i nes could no t s i ze up  even t hough the lea f t o  f rui t 

rat i o  for the vines were relat i vely h i gh . There fore , y i eld 

i ncreases i n  the kiwi fru i t vine depended on increas i ng the s i nk 

a c t i v i ty of the f ru i t s  so t ha t ass i m i l a t e s  were par t i t i oned i n  

favou r o f , f rui t grow t h . 

A l t h ough i t  i s  known that  t he frui t s i z e  of  a kiwi f ru i t 

correl a t e s  wi th i t s s eed number ( Hopping , 1 9 7 6 ) , large 

var i a t ions in the rela t i onsh i p  were repo r t ed . For exampl e ,  t he 

numbe r  o f  seeds requi red for a frui t to  a t tain the min i mum 

expo r t  s i ze of  7 0  g ranged f rom 200 ( Pyke and Alspach , 1 9 8 6 )  t o  

1400 ( Hopping and Hacking , 198 3 ) . The d i f ferences were o f ten 

a t t r i bu t ed to  vary ing c rop loads ( Hopping and Hacking , 1 983 ) , o r  

wea t her ( Cl i nch , 1 9 8 4 )  and s hade ( Gran t and Ryugo , 1984a ) 

cond i t i ons . 

The resul t s  o f  t h i s  s tudy show that  apar t from t he presence 

o f  s u f f i c i en t  frui t seed numbers , fac t o r s  rela t i ng t o  t he 

pre-an t hes i s  cond i t i on of t he vine ( chap t e r  4 ) , and cur ren t vine  

managemen t prac t i ces ( chap t e r s  7 ,  8 ) , also had s ign i f i can t 
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in fluence on fru i t developmen t .  

9 . 7  E f fects  of Pre-An thes i s  Fac t ors on Frui t S i z e  

Larger frui t s  w e r e  developed from early flowers wh i ch we re 

mos t ly carr ied on v i go rous shoo t s  ( expe r i men t 4A , 4 B ) . The 

d i f f erence be tween early and late  frui t s  was independen t o f  

frui t s eed numbe r  ( f ig . 4 . 3 ,  4 . 7 ,  4 . 8 ) . Th i s  was because 

s ign i f i can t d i f ferences be tween the s i z e  of the ovary o f  early 

and l a t e  flowers were al ready present a t  the  beginn i ng o f  fru i t 

developmen t ( table 4 . 7 ) . 

The rela t i onsh i p  be tween frui t s i z e  and fru i t seed numbe r  

o f t en show a pecu l i a r  i nc rease i n  fru i t  s i z e when t h e  s eed 

number exceeded 1 000 ( eg .  f igures 4 . 5 ,  4 . 10 ;  Hopp i ng ,  1 9 7 6 ; 

McKay , 197 6 ) . I t  i s  l i kely that  this  was caused by the 

d i s t r i bu t i on o f  early fru i t s wh i ch no t only con t a i ned h i gher 

seed numbers , bu t also had h igher frui t we i gh t  per s eed ( f i g .  

4 . 7 ) . 

Frui t s  on long s hoo t s  were also larger than those on sho r t  

s hoo t s  be cause o f  und e f i ned fac tors as s o c i a t ed wi th  the v i gour 

o f  the  long shoo t ,  wh i ch produced more v i able seeds ( exper i men t 

4A , 4C) . Such a rela t ions h i p  be tween fru i t  s i z e  and sho o t  

v i gour was also obse rved b y  McKay ( 1 97 6 ) . I t  sugges t s  that  t h e  

p o t en t ial s i z e  o f  a f rui t was al ready d e t e rmi ned be fore 
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an t hes i s .  

An unde rs t and i ng o f  the fac tors that  con trol flowe r i ng and 

t he p roduc t i on of v i go rous shoo t s  wi thin  a vine i s  there fore 

i mpo r tan t . Th i s  may be rela ted to  the level of  carbohyd ra t e  

resources o n  each cane which was ava i lable f o r  grow t h  during bud 

break . For ins t ance , s haded par t s  o f  a canopy car r i ed s maller 

fru i t s  whi c h  developed from la t e  flowers on weak , short  shoo t s  

( Gran t and Ryugo , 1 984a ; McKay , 1976 ) .  Becaus e  o f  t he i r  low 

pho t o syn the t i c  produc t i on (Gran t  and Ryugo , 1984b ) , fru i t  grow t h  

o f  s haded s hoo t s  mus t b e  supp l i ed by cons iderable amoun t s  o f  

ass i m i la t e  t rans loca ted from exposed po r t i ons o f  the canopy . 

Expe r i men t 6B i nd i ca t ed that  1 4 C-as s i m i l a t e  can be t rans po r t ed 

to  f ru i t s  ove r c ons i d e rable d i s tan ces . Howeve r , in  s p i t e  o f  t he 

ava i lable pho t osyn t h a t e  shaded frui t s  o f t en remai ned small . I t  

i s  t herefore l i ke ly that  the grow th o f  s haded frui t s  was l i m i t e d  

t o  wha t was pred e t e rm i ned before an thes i s .  

Gran t and Ryugo ( 1982 ) have shown that  buds wh ich  break 

ear l i e r  inhi b i t e d  the flowe r i ng po ten t i a l  of  later  bud s . The 

probab i l i ty t ha t  a bud may develop i n t o  a vigo rous shoo t , wh i ch 

carried early f lowers , may therefore d epend on i t s ab i l i ty t o  

compe t e  w i t h  t he o t her buds for grow t h . 

In  the orchard , i t  may be impo r t an t to  use approp r i a t e  

t ra i n ing and p run i ng techni ques wh i c h  enhance t h e  produc t i on o f  

s t rong frui t ing shoo ts . I t  may be poss i b le to  use plan t grow t h  

r egula tors t o  con t ro l  vine grow t h .  F o r  ins t ance , Henzell and 
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B r i s coe ( 19 8 6 )  reported recent inves t iga t i ons i n t o  the  use o f  

hyd rogen cyanamide to  advance bud b reak and comp ress  t he 

f lowe r i ng period  t o  3-4 days , and s howed t ha t  fru i t  y i eld was 

i n c reased as a res u l t  of i nc reases in floral bud b reak . They 

also pointed  ou t t ha t  early shoot  grow t h , as a cons equence o f  

advanced bud b reak , reduced v i ne vigou r .  Th i s  may t hen 

adversely a f f e c t  renewal cane produ c t i on and res u l t  in a 

dec reas ing propor t i on o f  v igorous f rui t ing shoo t s  on a vine . 

9 . 8  Leaf-Frui t Ra t ios  

Carbohyd rate  reserves i n  the s t em , wh ich  i n fluenced bud 

b reak and flo ral i n i t i a t i on during spring grow t h , is  assumed t o  

d epend o n  t h e  leaf t o  f ru i t rat i o  o f  the kiwi fru i t v ine i n  t h e  

prev i ous s eason . A correct  balance be tween the s i ze of  t he leaf  

canopy and the c rop load w i l l  not  only ensure s u f f i c i en t  

supplies  o f  pho t osyn tha t e  f o r  fru i t grow t h ,  bu t also an adequa t e  

bui ld u p  o f  reserves . 

The m i n i mum leaf t o  f ru i t  r a t i o  requi red t o  suppo r t  only 

t he grow t h  of frui t s  l i es be tween 0 . 83 : 1 ( 8 6 cm2 ) to 1 . 7 : 1  ( 1 7 3  

cm2 ) ( experiment  6A) . However , Snelgar e t . al .  ( 1 9 8 6 )  found 

t h a t  fru i t  s i ze on g i rdled shoo t s  can be  satur a t ed by i n creases 

of 30 g fresh weigh t for  every un i t  inc remen t o f  leaf- f rui t 

r a t i o  f rom 1 : 1  to  3 : 1 .  Th i s  aga i n  i nd i ca t es t h a t  i n  s ome 
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s i tuat i ons there i s  a s ink l i mi ted cond i t i on in the kiwi f ru i t 

vine . I t  also means t ha t  frui t s  on normal , i n t a c t  s hoo t s  can be  

s igni f i can t ly i n creased t o  t h e i r  po ten t i al s i ze ,  provi ded t h a t  

there a r e  ways t o  inc rease s i nk s t reng t h  s i m i lar t o  tha t 

observed on gi rd led shoo t s . 

For t he en t i re v i ne , the m i n i mum requi red leaf- frui t r a t i o  

i s  l i kely t o  exceed 1 . 7 : 1  s i nce the  grow th o f  the o t he r  par t s  o f  

the vine needs t o  b e  accoun t ed for . I t  may also vary accord i ng 

t o  vine age and vigour ,  and env i ronmen tal  condi t i ons such as  

shade . Snelgar e t . al .  ( 1 986 ) observed a l i near increas e i n  

f ru i t we i gh t  o f  6 . 9  g for  each uni t i n c rease in v i ne leaf- f ru i t 

ra t i o up to  5 . 5 : 1 .  

The use fulness o f  non- frui t i ng shoo t s  as a source o f  

ass im i la t e  was shown i n  chap ter  6 .  I t  was also found t h a t  f ru i t 

growth was n o t  l i kely t o  be l i m i ted by the t rans loca t i on o f  

ass im i l a t es be t ween regions o f  carbohyd rate  surplus and d emand , 

even a t  a d i s t ance . Th i s  t hen al lows a degree o f  f lexi b i l i ty i n  

summer p run i ng to  su i t  d i f fe ren t t re l l i s  des igns , s o  t h a t  the 

overall leaf-frui t ra t i o  o f  a v i ne can be mai n t a i ned above the 

o p t imum level requi red t o  suppo r t  fru i t growth . 
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9 . 9  Leaf Inhibi tory Effec t s  on Frui t Growth 

The removal of compe t i ng api cal mer i s tems on a f ru i t i ng 

shoo t during s ummer prun i ng enhances fru i t grow t h  ( Lay Yee and 

P r i ngle , in  Dav i s on , 1987 ) .  Th i s  s t udy shows that  a t  leas t o n  

young v i nes , s ummer prun i ng should be a i med at redu c i ng t h e  

level o f  a pu t a t i ve inh i b i t o r  wh i ch i t  i s  pos tula t ed , 

accumula t e s  i n  the remaining leaves and moves down t h e  f rui t ing 

shoo t to  suppress frui t grow t h  ( expe r i men t 7A) . I nh i b i t o ry 

e f f e c t s  o f  large leaf numbers from nearby vege t a t i ve sho o t s  

( expe r i me n t  6 A )  o r  shoo t regrow ths ( exper iment 8 A )  may also b e  

i m po r t an t .  

The leaf i nh i b i tory e f fe c t  was e f f e c t ive only d u r i ng the 

early s t age of f ru i t  develo pmen t and i t  was shown t h a t  a large 

leaf area may compensate f o r  the ini t ial reduc t i on in f ru i t  

grow t h , p rov i ded fru i t s con t a i ned a large number o f  seeds ( t a ble 

7 . 4 ) . A balance between the level o f  the puta t i ve leaf 

inhi b i t o r  and grow t h  hormones associa ted wi th seeds i n  the 

f ru i t s  probably exi s t ed . Thus s mall leaf numbers did no t reduce 

frui t growth because of  a reduc t i on in the supply of the 

i nh i b i t o ry subs tance , whe reas f ru i t s  wi t h  large seed numbers 

have exceeded a threshold level of  growth subs tances to overcome 

the leaf i nh i b i t o r . 

Lea f i nh i b i t ory e f f e c t s  was also annul led by g i rd l i ng 

t re a t men t s  ( exper iment 8A) . Aga i n ,  t h i s  may be l i nked t o  the 
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i n terac t i on wi t h  hormones such as aux i ns , wh i ch probably 

accumu l a t ed above t he gi rdle to  promo te  frui t grow t h . 

Chalmers and Van Den Ende ( 1 9 7 5a ) have pos tula ted tha t 

s ignals from the roo t sys t em o f  peach t rees may l i m i t vege t a t i ve 

grow t h . I t  was shown i n  chap t e r  7 that the s t rong leaf 

i n h i b i t o ry e f fec t s  wh i ch were observed in  young kiwi frui t vines 

« 4 years ) d i mini shed on older vines ( 5 - 7  years ) .  Pe rhaps 

s t ronge r s ignals were t ransmi t t ed to  the leaves f rom t he more 

v i gorous roo t s  on young v ines . There is a pos s i b i l i ty tha t i n  

the  o rchard , s i gn i f i can t leaf i nh i b i t o ry e f fec t s  may b e  prese n t  

on older vines wh i ch have a renewed v igour for  growth a f t e r  t hey 

were s everely wi n t e r  pruned . Summer prun i ng may t hen have t o  be  

adj us t ed for these v i nes to  reduce the inh i b i t o ry effect  of  

large l ea f  numbers on f ru i t  grow t h .  

9 . 10 Interfru i t  Compe t i t i on 

The resul t o f  overcropp ing a kiwi frui t vine has the 

i mmed i a t e  e f fect  of  p roducing unders i zed f ru i t s  because o f  

i ncreas ed compe t i t i on f o r  avai lable nu t r i e n t s  ( Bu rge , 1986 ; 

Davison and Sut ton , 1 9 84 ) . In add i t i on ,  h igh crop loads lead t o  

the problem o f  al t erna te bearing ( Davi s on , 1 987 ) .  Hopping and 

Mar tyn ( 1 986 ) repo r t ed that  no amoun t of poll ina t i on w i l l  

corre c t  for  t he fru i t s i z e o f  vines wi th excessive  loads . As 
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f ru i t drop does no t normally occur i n  the kiwi frui t ,  frui t 

numbers need t o  be t h i nned down t o  1500 to  1 600 per vine 

� 
( Davison and Su t t on ,  1981; Hopping and Mar tyn , 1 98 6 ) . 

The desi red crop load o f  a vine may have t o  be  adj us t ed 

accord i ng t o  the vine  perfo rmance . The resul t s  o f  expe r i men t 7 A  

show tha t vines wi t h  poo r perfo rmance cons i s ten t ly c ro pped 

s maller frui t s . Figure 7 . 3  shows tha t di f fe rences i n  v i ne 

per formance may also acc oun t for the wide d i s crepan c i es in  the  

rela t i on s h i p  be tween s eed number and fru i t s i ze repo r t ed by 

d i f feren t workers ( Pyke and Alspach , 198 6 ) . Thus a poor v i ne in  

experiment 7A requ i red more than 1000 seeds before fru i t s  

a t t ained 100 g fresh we i gh t , whereas only 580 seeds were needed 

on good v i nes . Th i s  was though t to  be rela ted to  the roo t 

sys tem which probably l i mi t ed the supply o f  nu t r i en t s  t o  supply 

top grow th .  Frui t s i ze on these poor vines could perhaps be 

i n c reased by reduc ing the i r  crop loads t o  approp r i a t e  levels 

below the o p t i mum f o r  good vines . 

Th i s  s t udy shows that  i n t e r frui t compe t i t i on i s  no t presen t 

when fru i t s on the s ame shoo ts have equal s eed numbers , o r  s i nk 

a c t ivi ty . Each fru i t deve loped in  synchrony wi t h  the  o t hers 

( f i g .  7 . 5 ) , and f i nal f ru i t s i zes were s i m i lar ( f ig . 7 . 4 ) .  

However ,  a f rui t w i t h  lowe r seed number t han adj acen t frui t s , 

had a reduced ab i l i ty t o  c ompe t e  for as s i m i la t es ( expe r i men t 

4A ) .  These fru i t s  c ould perhaps be removed f i r s t  when thinn i ng 

i s  requ i red . 
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Frui tle t s  t ha t  are unl i kely to  develop  i n t o  expo r t - s i zed 

f ru i t s  may also be removed . They included t hose f rom la t e  

f lowe rs o r  weak , s ho r t  shoo t s  found i n  shaded par t s  o f  the v i n e  

( experimen t s  4B and 4C) , as well a s  la teral fru i t s  o n  doubles 

and t r i pl e t s  ( Henzell  and B r i s coe , 1986 ) . I t  i s  also d e s i rable 

t o  thin o u t  ' f l a t s ' and ' fans ' as these f rui ts do n o t  mee t 

expo r t  s tandards . 
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CONCLUSION 

Thi s  s t udy shows that the kiwi fru i t vine had a high 

po ten t i al for  d ry ma t t er produc t i on . The s t rat egy i n  the  

o rchard is  t o  max i m i s e  vine pho tosyn thes i s  so that crop y i eld 

can be i n c reased by d i re c t ing pho toas s i mi la tes t owards f ru i t 

growth . The i mpor tan t fac tors a f fe c t i ng pho tosyn thes i s  included 

t empera t u re and ligh t cond i t ions such as  imposed by windshel t e rs 

over the who le vi ne , or by d i f fe ren t types of  t ra i n i ng sys t ems 

over d i f fe ren t par t s  of the v i ne canopy . 

I t  i s  des i rable that  the kiwi f ru i t vine carry a maxi mum 

crop load , approp r i a t e  to the s i z e  of the t o tal pho t osyn t he t i c  

sur face , such t ha t  s u f f i c i en t  supplies  o f  ass imilates  are  

avai lable for  f rui t s i z i ng and reserve s . Under a s i nk- l i m i t ed 

cond i t i on ,  frui t s i z ing in the kiw i f ru i t i s  no t only dependen t 

on pol l i na t i on , bu t also pre-an t he s i s  e f fe c t s , and the curren t 

v i ne managemen t prac t i ces . 

The po ten t i al s i ze of  an i nd i v i dual frui t i s  par t ly 

d e t e rmined before an thes i s . Th i s  may be  li nked t o  the 

carbohyd r a t e  resource of the fru i t ing cane . Thus i t  was found 

tha t frui t i ng s hoo t s  of  s t rong v igour , wh i c h  we re mos t ly long 

shoo t s , carried  early flowers w i th  b igger ovar ies  wh i ch 

developed i n to bigge r  frui ts . I t  may there fore be des i rable t o  

have a h i gher p ropo r t ion o f  vigorous f rui t i ng sho o t s  on t h e  
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vine . Th i s  may be a t ta ined by lay i ng d own su f f i c i en t  reserves 

from the previ ous season . Tra i n i ng sys t ems whi ch allow 

replacemen t canes t o  be pos i t ioned i n  exposed l i gh t cond i t i ons 

may also be  advan tageous . However , i t  i s  no t known as t o  

whe ther the  prob lems as s o c i a ted wi th uneven bud-b reak have any 

influence on subsequen t shoo t develo pmen t .  Un t i l  there i s  a 

be t ter  unders t anding of  the fac t o r s  wh i ch cause buds to  develop 

into shoo t s  of  d i f fe rent  type and v i gou r ,  the con t rol  o f  

pre-an thes i s  e f fec t s  on fru i t  s i z e by o r chard managemen t may b e  

limi t ed .  

The e f f e c t  o f  s umme r pruning i s  t o  al ter  the l igh t l eve l s  

wi thin  t he v i ne canopy . The removal o f  shoo t compe t i t i on f o r  

ass i m i l a t e s , and t he allowance o f  s u f f i c i ent leaf area f o r  f ru i t 

growth and reserves are also impor t an t .  Although prun i ng 

sys t ems are  cons trai ned by the d i f fe ren t ways the v i nes are 

t rai ned to d i f feren t suppo r t  s t ru c t u res , maxi mum use should be  

made o f  the  flexi b i l i ty in  wh ich  ass i m i late  can be t rans loca t e d  

around the  v i ne . A logi cal app roach i s  to prune the  fru i t ing 

shoo t back to twice the number o f  leaves as frui t s .  Th i s  

lea f - f ru i t rat i o  w i l l  ensure suf f i c i en t  supplies o f  carbohyd r a t e  

for the frui t s , prov ided the leaves a r e  no t shaded . Leafy 

s hoo t s  can then be used t o  supply the balance of  carbon wh i ch i s  

requi red f o r  v i ne grow t h  and reserves . The amoun t o f  leafy 

shoo t s  t o  be removed may have to  be  adj us ted accord i ng t o  the  

carbohyd r a t e  demands for vine  grow t h  wh i ch changes wi t h  v i n e  age 
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and vigour . In  addi t i on , leaf i nh i b i t o ry effe c t s  on f ru i t  

grow t h  also dec reased a s  a vine ages , bu t this  may aga in b e  

s ign i f i can t when v i ne v igour i s  renewed a f ter i n c i dences o f  

severe wi n t e r  prun ing .  

The need for  e f f i c i en t  pollina t i on remains the s i ngle , mos t  

i mpor t an t  fac t o r  i n  fru i t s i z ing . Th i s  s t udy shows tha t f ru i t s  

wi t h  h igh seed numbers are not  l i kely t o  be limi t ed by 

i n h i b i tory e f fe c t s  on f rui t grow t h . I n  t h i s  regard , i mp o r t an t 

con s i dera t i ons should be  gi ven t o  the prov i s ion o f  an open 

canopy for e i ther bee o r  ar t i f i c i a l  p o l l i n a t ion i n  the  des ign o f  

t ra i n i ng and p run i ng sys t ems . 

F inally , no amoun t of  pollina t i on can increase fru i t s i z e  

i f  a vine c a r r i es an excess ive crop load . To correc t for  t h i s  

cond i t i on , f ru i t numbers have to  be  reduc ed , and i t  may be 

i mpor t an t  t o  t h i n  during early fru i t developmen t ,  so  t h a t  

maxi mum grow t h  in  t h e  rema i n i ng frui t s  o n  the v i n e  can be  

achi eved . H oweve r ,  ski l led managemen t o f  the  v i nes will  also 

allow heavy l oads to be carr i ed , as t he reduc t i o n  in  f rui t s i z e  

o f  po t en t i al ly large f ru i t s  need n o t  dec rease t he i r  s i z e below 

the expo r t  s t andard o f  7 0g .  
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