
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



SOURCE- SINK RELATIONSHIPS 

IN THE CUCUMBER PLANT (Cucumis sativus L .) 

A thesis pr esent ed in partial fulfilment 

of the requirements for the d egree or 

Mast er of Science 

in 

P J an t Sci c n c e 

at 

Ma ssey University 

Garry Kenneth Burge 

1980 



Chapter 

1 • 1 

1 • I • 1 

1 . 1. 2 

1 • 2 

1. 2 . 1 

1 . 2 . 2 

1. 2 . J 

1 . 2 . 4 

1 • J 

1 • J . 1 

1 . J . 2 

1 • 4 

2 

2 . 1 

2 . 1 • 1 

TABLE OF CONTENTS 

Abstract . 

Acknowledg~ents . 

List of Tables . 

List of Figures . 

I ntroduction . 

Review of Lit erature - The c u cumber 

plant . 

The yo un g c ucumb e r plant . 

Contribution of cotyledons and leaves 

to gro1>1th . 

Factors influencing Lh e growth of the 

young cuc umber plant . 

S ex express ion . 

Types of sex expression . 

S ex differentiation of flowers . 

Factors influencing sex expression . 

Summary . 

Fruit set . 

Fertilised frui t . 

Parthe n ocarpic fruit . ,, 

Ma t u re plant . 

Revi e w of Lit erature - Source - sink 

r elationships . 

Termi·nology. 

Sink strength . 

Page 

vii 

x 

xi 

xv 

xvi 

2 

8 

8 

9 

10 

1 6 

1 6 

1 6 

18 

23 

27 

27 

27 



Chapter 

2 . 1 . 2 

2 . 2 

2. 2 . 1 

2 . 2 . 2 

2 . 3 

2 . 3. 1 

2 . 3 . 2 

2. 4 

3 

3 . 1 

3 . 2 

3 . J 

J . J . 1 

3 . J . 2 

3 . 3 . 3 

3 . J . 4 

3.3 . 5 

J . J . 6 

J .J . 7 

J .4 

J . 4 . 1 

J . 4. 2 

Sink or source limitation. 

Sink stren gth and the photosyntheLic 

ra te . 

E.f.fect on the photosynL11cLic raLc . 

Control mechanism . 

Source or s ink limitation. 

Change with selection . 

Identifying limitation . 

Summary . 

The c.f.fect of two auxin transport 

inh.ibl tors on growtl1 and 

development . 

In troduction . 

Mat eria l s and methods. 

Hesults . 

InLroduction . 

Total planL dry weight and dry wci~1L 

of component organ s. 

Partitioning of' dry weight . 

Fruit set . 

Fruit size . 

Di stribution of fruit dry weight on 

various nodes . 

Misshapen fruit. 

Discussion . 

Dry weigh t of component organs and 

partitioning between them . 

Fruit data. 

iii 

Page 

JO 

J 1 

J l 

J4 

J8 

J8 

39 

L~2 

45 

45 

46 

48 

48 

L~8 

50 

SJ 

56 

56 

58 

59 

59 

62 



Chapter 

J . 4. J 

J . 4. 4 

J . 5 

4 

4 . 1 

4 . 2 

4. J 

4 . J . 1 

4 . J . 2 

4. J . J 

4. J . 4 

4 . J . 5 

4 . J . 6 

4 . 4 

4 . 4 . 1 

4 . 4 . 2 

4.4. J 

4.5 

5 

5 . 1 

Effect of growth substanc e . 

Relationship between stage of flower 

development and fruit set . 

Summary . 

The effect of leaf removal on growth 

and developm ent. 

Introduction . 

Materials and methods. 

Results . 

Introduction, 

Numb e r of nodes per plant, total plant 

dry weight and dry weight of compo ­

n e nt organs . 

Numb e r and mean dry weigl1 t of fruit . 

Partitioning of the dry weight between 

t he component organs . 

Fruit data . 

S e x expression . 

Di scussion . 

Dry weight and partitioning of the dry 

weight between the component organs. 

Fruit data . 

Influence of leaf removal treatments on 

the sex expression . 

Conclusion. 

Effect of shading on growth and develop­

ment . 

Introduction. 

iv 

Page 

63 

64 

65 

67 

67 

67 

69 

69 

70 

71 

7 1 

72 

75 

76 

76 

78 

80 

8 1 

8J 

8J 



Ch apter 

5 . 2 

5 . J 

5 . 3 . 1 

5 . 3 . 2 

5 . 3 . J 

5 . 3 . 4 

5 . 4 

5 . 4 . 1 

5 . 4 . 2 

5 . 5 

6 

6 . 1 

6 . 2 

6 . J 

6 . 3 . 1 

5 . J . 2 

6 . 3 . J 

6 . 3 . 4 

6 . 3 . 5 

6 . J . 6 

6 . J . 7 

6.4 

6 . 4. 1 

Mat e rials and me thods . 

Results . 

I ntroduction. 

Dry wei ght and partitioning. 

Absolute growth and partitioning of this 

growth over period two . 

Fruit data . 

Discussion . 

Dry we ight and partitioning of the dry 

weight , 

Di stribut ion of fruit dry weighL on 

various nod es . 

Conclusion . 

The effect of carbon dioxid e enrichme n t 

on growth and development . 

Introduction . 

Materials and methods . 

R e sults . 

Introduction . 

Absolute growth rate . 

Partitioning of the absolute growth . 

Fruit data . 

Leaf data . 

Stem data . 

Redistribution of assimilates . 

Discussion . 

Absol u te growth rate and partitioning . 

v 

P age 

83 

85 

85 

85 

88 

89 

92 

92 

93 

95 

96 

96 

96 

99 

99 

99 

100 

102 

105 

107 

108 

109 

109 



Chapter 

6 .4. 2 

6 . 4 . J 

6 . s 

7 

7 . 1 

7. 2 

7 . J 

7 . 4 

7 . 5 

Fruit data . 

Leaf data . 

Summary . 

Source - sink relationships in the 

Cucumber plant . 

P artitioning of dry weight. 

Source or sink limitation . 

Fruit set . 

Distribu tio n of fruit growth on various 

nodes . 

Conclusion . 

Appendices . 

Bibliography . 

vi 

Page 

1 1 1 

1 1 J 

1 1 J 

1 1 5 

1 1 5 

1 1 9 

123 

125 

126 



ABSTRACT 

In an attempt to increase the sink strength of the 

fruit , two auxin transport inhibitors were sprayed on 

to the whole plant or applied to the fruit , four days 

after first anthesis . Application to the plant 

i n creased fruit set , reduced the dry wei ght of all the 

component organs, but had little effect on the 

partitioning of the dry weight . With app lication to 

the fruit chlorflurenol had little effect , but TIBA at 

200 ppm reduced fruit set on the lower nodes where _i_ t 

was applied . This reduction in fruit set r educed 

fruit dry we ight and partitioning to th e fruit . 

As neither o1 these grO\vLlL ~ulJsLan es in crea~ccl 

sink strength it was decided to investigate source sink 

relationships by altering the source strength . With 

increasing degree of leaf removal total plant dry 

weight was reduced but th e parLitioning was little 

affected . However with the severest leaf removal 

treatment a greater proportion was partitioned into 

the stem and less into the fruit , but the proportion 

partitioned into the l eave s was not altered . 

Deleafing as a method of reducing source strength 

has been criticised due to its effect on the distribu-

tion of hormones . For this reason the effect of 

shading was investigated . The partitioning of the 

absol u te growth on plants that had developed medium 



sized fruit was not affected by up to 58% shading . 

However with an increase in shading from 58% to 70% 

viii 

the partitioning to the :fruit was reduced . Below a 

critical level of assimilate supply the competitive 

ability o:f the vegetative organs seemed to be higher 

than tlle :fruit. 

As del ea:fin g and shading reduced source strength 

the e:f:fect of increasing source strength by carbon 

dioxide enrichment was investigated. Enrichment was 

applied from :first anthesis and increased the growth 

rate of the plant in the following five weeks. The 

partitioning was not differenL to the control plants 

in the first week folloHing anthesit:> . However in week 

bvo the partition i_ng to -Lhe fruit was less wi tlt enr_i.ch-

ment . There appeared to be an accwnulaLion of assirni -

lates jn the leaves due Lo -Lile mo hi LisinG ahi 1 i ty of the 

growin g regions being i11sufficienL .for Lhc hie;lter raLe 

of assimilation. In week three and four the mobilising 

ability of the growing regions increased and there 

appeared to be a redistribution of stored assimilates as 

there was a loss o.f l eaf and petiole dry weight . The 

accumulation of assimilates inhibited the NAR but 

:following the redistribution o:f stored assimilates the 

NAR recovered . In the :fifth week the partitioning was 

very similar with or without enrichment, and t hese 

partitioning :figures wer e very similar to that obtained 

with the various shading treatments in the previous 
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experiment . It appears that once the p l ant develops 

several medium sized fruit it partitions about 70% of 

the absolute growth into the fruit, 2J% into Lhr leaves , 

6% into the stem , and 1% into Lhc rooLs , over a wide 

range of assimilation rates . 

With higher raLes of assimilation l'ruit set a n d 

frui t size increased . This cuJ l i var has many po Len ti al 

fruit s i tes as it produces few rna ·1 c flowers and o.ften 

several flo wers per node . With greater raLes of' 

a s simila tion fruit set will increase and should be 

capable of utilising L.hc greater supply . 

t h e plant appears to 1.Jc s ourc t~ l i..mj_ t t!cl . 

Therefore 
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INTRODUCTION 

Th e r egions of assimilate production (leaves) are 

generally separate from the regions of consumption ( growing 

region s , fr u it , storage organs ). The regions of product -

ion a n d consumption are referred to as ' source ' and ' sink' 

respectively . Source strength has been d efine d as the 

rate of assimilation per plant (Warren Wil son , 1972) . 

The term sink strength is gene rally used to refer to the 

potential capacity of a sink to accumulate ass imilates and 

mobilising ability to describe the resultant acc umula tion 

of dry matter by a sink within Lhe competitive framework 

of a whol e plant (Wareing and Patrick, 1975) . 

The mobili sing ability of sinks influences th e photo ­

synthetic rate (N eales and Incoll , 1968) , the partitioning 

of assimilates and therefore crop yield . Wareing and 

Patrick (1975) believe that one of the mo st promising ways 

of increasing crop yield is by altering the distribution 

of assimilates . Th e main factor responsible for the 

increase in fruit yield of peanuts during the course of 

varietal improvement has been the change in partitioning 

of assimilates between the vegetative and reproductive 

part s (Duncan , McCloud , McGraw and Boote , 1978) . 

Fi sher (1 978 ) increased the mobilising ability of 

tomato f ruits by improving n atural fruit set . The 

mobilising ability may also be altered by applying growth 

s ubs t a nces . There is little information in the literature 

on t h e effe c t of the fr u it ' s mobilising ability , and 



xv.ii 

the r efore partitioning of' dry weight , on fruit yield in 

indeterminate crops . Alsu there is little information on 

the effect of source strength on Lile parLitioning o.f' dry 

weight . 

The presenL !:>tudy was ucsi..p,-n<'cl to see ii' two auxin 

transport inhib.i tors coul<l increase L11e rnolJj l isi..ng ability 

of' cucumber .f'rui t , and Lo investigate Ll1e c C [cc t o.f' 

altering source strength by various methods (deleaI'ing , 

shadi ng , carbon dioxide enrichment) , on the partitioning 

of dry weight 

yield . 

between the component organs and fruit 



CHAPTER ONE 

REVIEW OF LITERATURE - THE CUCUMBER PLANT 

1 • 1 The young cucumber plant 

1. 1. 1 Contribution of cotyledons and l eav es to growth. 

Plant speci e s whose cotyledons have a high expansion 

factor ( e . g . cucumbers), have a l ess rapid and shorter 

initial weight loss at germination in contrast t o the 

non- expanding type (e . g . peas , beans) 

1970 ; Penny , Moor e and Lovel l, 1976a ). 

(Lovell and Moore, 

The expo n enti a l 

dry we ight increase of cucumber seedlings commences 

immediately after e mergence , Hhich contrasts wlth Lhe 

decline in seedling dry wei~1t for about ten days after 

emergence in hypogea l species such as peas and beans . 

These latter species have considerable quantiti es of dry 

matter in the seeds as carbohydrate reserves (P e nny et al, 

1976a ). 

Cucumber seedling developm ent was inhibited by a 

reduction in the external supply of potassium, whereas with 

the frenc h bean and blue lupin most of the potassium was 

found out s ide the cotyledons after fourteen days and this 

was not affected by the availability from the growing media . 

Species whose early growth is dep end ent on the distribution 

of reserves are insensitive to the external supply of 

potassium , but for species whose cotyledons have a primarily 

photosynthetic function , seedling growth is reduced by 

potas s i u m deficiency (P enny et al, 1976a ). A redu ction in 
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the a rea of cuc u mber cotyledons or shading of both cotyle­

do n s substantially reduc e d growth (Penny, Moore and Lovell 

1976b) . Also inhibition of cotyledon photosynthesis , 

using DCMU ( J ( J , 4- dichlorophenyl)- 1, 1-dimethylurea) , after 

the first l e af had unfolded caus ed a reduction in the 

growth of the shoot , showing that at this age the photosyn­

thates produced by the cotyledons still contribute to l eaf 

development . Therefore at cotyledon expansio n cucumber 

seedlings are v ery sensitive to environmental conditions 

which limit the rate of photosynthesis . Cotyledons during 

the first six days of expansion are more efficient , photo ­

synthetic organs than foliage leaves (N ewton , 1963). 

Hopkinson (1 964 ) studied the rate of photosynthesis of 

leaves on youn 1:r c ucumber plan Ls dur Lne- tltelr J Lfc. The 

rate fell during its lat e r life , partly as a result of 

shading by upper leaves and par tly due to an independent 

age factor . The ma jor contribution to growth came from 

leaves that were rapidly expanding . Expanding leaves 

between 25% and 75% of the final leaf area had the highest 

rate of photosynthesis per unit l eaf area. The export of 

photosynthates declined rapidly just before the final leaf 

area was attained . The amount of phosphorus in each leaf 

reached a maximum at about so% final leaf area and then 

there was a substantial loss from the leaf . 

1. 1. 2 Factors influencing the growth of the young 

cuc u mber p lant 
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1.1. 2.1 Introduction 

There have been very few detailed studies on the 

growth of the young plant as influenced by e nvironmental 

factors (Milthorpe, 1959; Newton , 1965; Denni s , 1974 ). 

Many have studi ed the e ffects of various e nvironmental 

factors on the final dry weight (Daunicht, 19~5; Folster, 

1974 ; Frydrych, 1976 ; Ha r dh, 1965; Krizek , Dalley, Klu e t e r 

and Liu, 1974) . Th e carry- over effect s from propagation 

have also been studied. Generally any environmental 

factor, such as temperature, carbon dioxid e enrichment and 

irradiance, which increases the growth of t h e young plant 

has been shown to increase early yield (Anon, 1969a,b ; 

Bacher and Hallig, 1976; Dennis, 1974; Wild e , 1976), and 

sometimes total yield (Anon, 1969a , b ; Dennis, 1975 ). 

1.1.2.2 Temperature 

Milthorpe (1 959) investigated the growth of the young 

cucumber plant at various temperatures (12°, 18°, 24°, and 

JO ° C) . The cotyledons expanded for fourLeen to sixteen 

days at all temperatures except at 12° C when the rate of 

expansion was extremely slow and terminated by the tenth 

day . At 1 2 ° C they were curled and brittle . The rate of 

expansion of the cotyledons was markedly influenced by 

temperature, with 24 ° C being the optimum . The maximum 

relative rate of expansion of the foliage leaf surface was 

at 24° C, declining slightly at 30 ° C, and the net assimi -

lation rate varied in a similar manner. The rate of leaf 

production was the same at 24 ° and 30° C but less at 18° C. 
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However the rate of unfolding of l eaves increased with 

temperature , with J0° C being t h e optimum . The rate of 

leaf production always exceeded the rate of unfolding, so 

a continually increasing number of leaves were contained 

in the terminal bud as the plant grew older (At smon and 

Galun , 1962; Milthorpe, 1959). The final size of 

individual leaves was similar at 18° and 24° C but much 

smaller at J0° C . At the higher temperature there was an 

e l e ment of self stability, the rate of unfolding of leaves 

was higher but the l eaves did not expand as much (Mil-

thorpe , 1959) . 

1.1 . 2 . J Photosynthetically active radiation (PAR) 

Newton (1 96J ) exposed young cucumber plants to various 

levels of irradiance and daylengths giving a range of total 

PAR . The amount of total PAR had a greater influence on 

l eaf area and dry weight than changes in either of' its 

components, intensity and duration . With a constant daily 

total PAR only small effects could be attribu ted to either 

length of photoperiod or irradiance . 

High total PAR lead to a mor e rapid rate of unfolding 

of the first leaf . The time from unfolding of the cotyle-

dons to unfolding of the first leaf was seven days at 

1 5 cal. 

120 cal . 

cm- 2 

' 
cm- 2 

- 1 day and four days over the range of 90 

- 1 
day Rates of' leaf production and 

appearance were greatest with the highest amounts of PAR 

but the rates of expansion of individual leaves and their 
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maximum areas were greatest with intermediate amounts of 

PAR . The amount of PAR giving the maximum dry weight at 

any one age was higher than for leaf area (Newton, 1963). 

Krizek, Bailey, Kluet er and Liu (1974) observed no change 

in plant leaf area with l1ichcr level s of irradiance but 

plant dry ·weight was g reater . Dennis (1974) made 

successional sowings, once a month, and grew the plants in 

a greenhouse with half of the plants shaded . In all 

sowings leaf' area was reduced by shading. The reduction 

in leaf area with th e higher levels of PAR observed by 

Newton (1963) may have been due to a depletion of nutri ents 

(Milthorpe and Newton , 1963). 

1.1.2.4 Carbon dioxide 

Many have observe d increase d growth with carbon 

dioxide (C0 2 ) enrichment of cucumbers (Daunicht, 1965, 

1970; Hardh, 1965; Hopen and Ries, 1962; Kriz e k, Bailey, 

Kleuter and Liu, 1974; Newton , 1965; Wittwer and Robb, 

196l+). Hopen and Ries (1962) and Newton (1965) observed 

that the area of individual leaves was greater with enrich-

ment . Hardh (1965) stated that a common feature of 

enriched plants was the well developed root system in 

comparison to non- enriched plants . Krizek et al (1974) 

considered the most striking feature of enrichment was the 

formation of precocious flower buds and extensive lateral 

shoots. 

The largest benefits from enrichment have been 
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obtained at high levels ofirradiance, (Ho pen and Ries , 

1962 ; Krizek et al , 1974; Wittwer and Robb, 1964) . There 

is also an interaction between te mp erature , level of 

carbon dioxide and the level of irradiance. Te mp e ratures, 

20° and J0° C, had little influenc e on the relationship 

between the rate of photosynthesis and l eve l of 

irradiance at nonnal carbon dioxide l evels . Howev e r with 

enrichment light saturation occurred at a hi ghe r level of 

irradiance and photosynthes is was greater at J0 ° C t han 

20° C (Gaastra , 19 62 ). At a low l eve l of irradiance 

(6 klx) the optimum t e mperature for growth was not affected 

by the carbon dioxide level. However t h e growth was 

stimulated considerably mor e at the optimum temperature 

with enrichment, henc e reducing th e optimum temperature 

range . (Daunich t , 1970). 

Kluet e r, Bailey, Bolton and Kri zek (1 973 ) studied 

the rate of photosynthesis of c u cumber leaves at various 

temperatures and leveJs of irradiance . Using a 1000 

parts p er million (ppm) carbon dioxide , the optimum 

temperature for photosynthesis increased as the level of 

irradiance was increased. 

A fluctuating temperature from 12° C at n ight to 

J0 ° .C or J5° C by day promot e d growth in comparison to a 

constant temperature of 19° C or 23° C, or with a smaller 

fl u ctuation of 18-24° C. This difference was less 

striking without enrichment (Hardh, 1965) . 
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1. 1. 2 . 5 Root temperature 

Results from several investlgations tend to show t h at 

the optimum root temperature for Lhc growth of Lhe young 

c u cumber plant is 25- J5° C (Chermnykh , Chug unova and Kos o ­

brukhov , 1975 ; Folstcl' , 1974; Gohler , 1975 ) . F o l ste r 

(1974) using a nutrien t solution , sLudi cd Lhc influence of 

root temperature at dl.f:ferent tl111es of t h e year with two 

dif:ferent air temperatu res ( 20 ° and 25 ° c). In all cases 

growth was markedly r e duced with a 16-1 7° C r oot temp era-

ture . With a 20° or 25 ° C air Lc' mpera ture the opt imum 

root temperature during the winter months was J0 ° C , bu t 

there was Littl e dif.ferenc e between 20 ° , 25° and J0 ° C . 

Howev e r durin g t h e spri n g a nd ::;ummer months 25 ° C was th e 

op timum a nd growth was reduced with a root temperatu re of 

J0 ° C . Tllls is !:5i111ilar to Cltennnykh , Chu g u110 va and Koso -

brukhov ' s (1 975 ) r es uJ t s , in whi c h the opt i mum Lernperature 

was higher at lower levels of rad j ation. 

1. 1 . 2.6 Summary 

Th e cot y l edons o.f cucumbers arc v e ry efficienL pho to­

synthetic organs and t h e growth of seedlings is very 

sen sitive to e n vironme ntal conditions which lirnit the rate 

o f photosynthesis . At higher t e mp e ratures the rate of 

unfo ldi n g of l eave s is greater but the final sjze of the 

individual l eaves is less . The optimum air temperatu re 

for g r owth of th e young cucumber plant i s at least 24° C , 

and the o p timum root temperature is 25- J0 ° C . The a mount 

of to tal PAR h ad a greater inf luence on l eaf area 
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and d r y weight than either of its compon ents , intensity and 

duration . Dry weight appears to be increased more t han 

leaf area at higher l evels of total PAR. 

The photosynthetic rat e is more sensitive t o temp era-

ture wi th C0 2 enrichment. The growth and ~hotosynthetic 

rate r espond markedly to high levels of irradiance, optimum 

temp erat u res and C02 enrichment . 

1 . 2 Sex expression 

1. 2 . 1 Types of sex expression 

The following types of sex expression have been 

repo rt ed in c u c urnb ers (Kubicki, 1969a- f ). 

a . androecious - bearing staminate flowers only . 

b . mon oecious - bearing staminate and pi stillate ~lowers 

on the same plant . 

c . gynoecious - bearing pistillate flowers only . 

d . andromonoecious - bearing staminate and bisexual 

flowers . 

e . gynomono ecio u s - bearing pistillate and bisexual 

flowers . 

f . hermaphroditi c - bearing bisexual flowers only . 

g . trimonoecious - bearing staminate , pistillate and 

bis e xual flowers. 

Until the mid sixties almost all cultivars were of 

the mono ec ious type . An exception to this were the 

andromonoecious cultivars such as "Le mon" and its 

derivative , the Australian cultivar "Richmond Green Apple" 
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(Kubicki, 1974) . Many of the greenho us e cultivars now 

grown are gynoecious. 

There are two groups of genes which d e t e rmine the sex 

expression in cucumbers . Th e first group governs the 

intensity o:f femalen e ss from androecious to gynoecious , or 

from the andromonoecious to h e rmaphroditic sex expression. 

The second group governs the floral structure, therefore 

the formation of pistillat e flowers in monoecious and gyno ­

ecious plants, or bisexual flow e rs in andromono ec ious and 

hermaphroditic plants . In comparison with ovaries in 

pistillate flowers , those in bis e xual flow er s ar e shorter 

and do not thin down near th e calyx (Kubicki, 1969f ). 

Differences in th e shape of ovaries b etween pistillate and 

bisexual flowers a r e maintaine d or so me tim es enhanced _i_n 

the fruits . Thus fruits derived :from bisexual flowers are 

shorter , bulgy , sometimes ci rcular a nd they carry 

11 shoulders 11 which are the remaind e rs of th e corolla 

(Kubicki, 1969f) . Mor e recently a bis exual flower with 

normal ovaries , similar to thos e which normally occur in 

pistillate flowers has been found (Kubicki, 1974 ). 

1.2 . 2 S ex differentiation of flowers 

Atsmon and Galun (19 60 ) studied the development of 

three types of flowers in the cucumber plant (staminate, 

pistillate and hermaphroditic). This was done by 

dissection of several successive buds on the main axis of 

mono e cious plants (known to produce staminate flowers on 

the lower nodes ), gynoeci ous and hermaphroditic plants. 
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They showed that all the three flower types passed through 

a bisexual stage . Unisexual flowers are formed by 

inhibition in dev e lopment of the pistil or stamens , and 

with t h e development of both type s of sex organs herma-

phroditic flowers are produced. Similarly , observations 

by Kubicki (1969f) on the differentiation of floral buds in 

gynoecio us, h ermaphroditic , monoecious, trimonoecio us and 

andromonoecious cucumber plants showed that the early buds 

were much alike. 

Furthe r evidence that shows that occurenc e of bisexual 

flowers in the early stages of development was obtained by 

applying growth substances to detached floral buds which 

were potentially staminat e flowers ( Galun, Jung , and Lang , 

1962) . Indolyl-J- acetic acid when applied to the detached 

floral buds induc ed t h e m to dev e lop into pistillate flowers. 

1 . 2. J 

1.2 . J . 1 

Factors influencing sex expression 

Introduction 

Cucumbers , as with othe r c ucurbits , show a tendency 

towards increasing feminisation with age . In acropetal 

order, monoecious cucumber cultivars may have a 'blind' 

phase , in which no flowers develop, then produce staminate 

flowers , followed by a phase of producing staminate and 

pistillate flowers, and finally some cultivars reach a 

phase of producing pistillate flowers only (Matsuo, 1968). 

This gradient is particularly striking along the main stem . 

With laterals the terminal phase is always reached much 
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sooner and some cucumber laterals are entirely pistil late 

( Shifriss and Galun , 1956) . The length o.f certain zones 

can be widely changed down to 0% and up to 100% by (a) 

gene Lie manipulations ; ( b ) e nvironmental conditions , such 

as day length and tcmperaLure; (c) hormonal treatments . 

Environmental factors and genotype interacL in their 

influence on sex expression . A method to measure the 

i n fluence of envlronmonLal fa ctors on the sex expression is 

required . The ratio of staminate to pistillate .flowers 

has been us ed ( iYhitaker , 1931 ; Hal I , 1949) . However this 

ls not a good index o.f sex expression as cucurbits are 

indeterminate usually , and there is a tendency o.f lncreas~g 

fe111ini sati.on wiLh a~e . Tllere.forC' with ontogeny Lh e raLio 

of staminate to pistillaLe flowers will decr0a~e . Another 

index is Lhe ratio oI' staminaLc Lo pi.sLillate .flowers over 

a set nwnber o.f nodes ( Nitch eL al , 1952 ; MaLsuo, UernoLo 

and Fukushima , i969) . Shifriss and Galun (1956) with 

cucumber and Hopp (1962) with CucurbiLa moschata, reported 

that as a c ul tivar characLeristic the position o.f the first 

pisti l late flower on the main sLem , expressed as the number 

of nodes prior to thls flower was quite constant under a 

g i ven e n vironmen t . Shifriss ( 196 1 ) considered that this 

was a good i ndex of sex tendency . Atsmon and Gal un (1 962) 

s h owed that the location of the first , second and third 

pistillate flower could a l l be reasonable indices of sex 

ten dency b u t the location of the first pistillate .flower 

wo u ld be more conven ient to observe . 
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1.2.J.2 Environment 

In cucurbits there is a gradu al shifting from the 

production of staminate to the product ion of pistillate or 

hermaphroditic flowers with age . Environmental factors 

modify the length, but not the order . Sex tendency is 

greatly affected by temperature a nd day l e n gLh . Short 

days and low temperatures individually increase the degree 

of feminisation, and their effect is additive (Nitch et al, 

1952; Ito and Saito , 1960). However with one cultivar 

long days promot e d female flower differentiation (Matsuo, 

1968) . Galun (1961), Shifriss , George and Quinones (1964) 

a nd Fukushima, Matsuo and Fujieda (1968) s how ed that lines 

with mark edly different degrees of feminisation respond to 

day length and temperature . How ever two culLivars were 

insensitive to temperature and daylength . On e of these, 

MSU 713-5 did not respond probably due to its high d egree 

of feminisation. 

The other cultivar , Improved Long Green, produced only 

staminate flowers on the first fifteen nodes and did not 

respond to daylength and temperature on these nodes. If 

the treatments were applied later, that is when closer to 

the change from the staminate phase to the mixed phase a 

response may have occurred . Besides these two cultivars 

the promotive effect of low temperature was observed in 

all the other cultivars, regardless of their origin. 

However the origin of the cultivars influenced the sensi -

~ivity to daylength . Cultivars from the North Chinese 

variety - complex and the European variety - complex were 
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temperature sensitive and daylength sensitive . Cul ti -

vars from the South Chinese variety - complex were sensi ­

tive to temperature and dayl ength. 

With two cultivars the greatest response from a photo ­

periodic treatment was at the age of two to four expanded 

leaves (Matsuo et al , 1969) . However these cultivars only 

produce staminate flowers on the lower nodes. Cultivars 

with a lower degree of feminisation may be more sensitive 

at a later stage. Very few daylength cycles appear to be 

necessary to affect the sex differentiation (Mats uo et al , 

1969 ). Results by Matsuo and Fukushima (1970) showed that 

the sex differ entiation in cucumbers is controlled by the 

phytochrome mechanism . With the long day c u ltivar 

'Higanfushinari ', light- breaks with red light of very low 

intensity induc ed mor e pistillate flower nodes in 

comparison to no int e rrup tion of the dark period . The 

increased pistillat e flower differentiation with red light 

was reversed by subsequent far - red light . 

There is disagreement in the literature about the 

effect of nitrogen level on sex expression . Tiedjens 

( 1928 ) reported an increase in the proportion of pisti­

llate flowers with higher levels of nitrogen but this is a 

p o or index of sex expression due to the influence of 

nitrogen on the number of nodes produced . Ito and Saito 

(1 960 ) reported that p i stillate flower differentiation was 

promoted by low levels of nitrogen , while Atsmon and Galun 

(1 962 ) found no differen ce . 



Tarakanov (1971) claimed that with low levels of 

irradiance there is a shift towards staminate flower 
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production. Shifriss, George and Quinones (1964) reported 

that a gynoecious cultivar differentiated staminate flower 

buds that did not reach anthesis on a f ew basal nodes , when 

c rowded in flats. With carbon dioxide enrichment , Wittwer 

and Robb (1964) and Daunicht (1965) observed an increasing 

proportion of pi st illat e flowers in cucumbers . Tiedjens 

(1928) reported that the removal of pistillate flowers 

before fruit set occurred increased pistillate flower 

differentiation . Hopp (196 2 ) also suggested that with 

Cuc urbi ta moschata the maturing fruits may exe rcis e an 

inhibitory effect on the pro duction of pistillate flow ers . 

These results suggest that decreased sink strength ( fruit 

removal, see chapter 2) or increased so urc e strength 

( carbon dioxid e enrichment , hi gh er levels of irradiance) 

may increase the number of flowers that become pistillate . 

1.2.J.J Growth substances 

Exogenous application of auxin (Kubicki, 1965) and 

inhibitors of gibberellin biosynthesis (Hal evy and Rudich, 

1967) increase femalen es s in monoceious cultivars . Appli-

cation of gibberellin promotes the formation of staminate 

flowers iri monoecious and gynoecious cultivars . (P eterson 

and Anhder; 1960). Determinations of endogenous growth 

substances indicate that strains with genetically strong 

female sex expression contain more auxin (Galun, Izhar and 
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Atsmon, 1965) and less gibberellin- like substances (At smon , 

Lang , and Light, 1968 ; Rudich , Halevy and Kedar , 1972b ) 

than strains with strong male sex expression . Gibber-

e l lin content of the shoot apex falls with increasing age 

of the p l a nt (Friedlander , Atsmon and Galun , 1977b ). Thus 

it seems l ikely that the drop in endogeno u s gibberellin 

cont e nt plays a role in increasing female tendency . 

Ethylene and 2 - chloroethyl phosphonic acid , an 

ethyl ene releasing compound , promote femaleness (Rudich , 

Halevy and Kedar, 1969 ; Augustine , Baker and Sell, 197J ). 

Thus the effect of ethylene is simil ar to auxin . Exogenous 

application of a u xin increases ethyl ene production (Shannon 

and De La Guardia, 1969). Sex expression in the cucumber 

has been correlated with endogenous ethylene produ ction . 

Gynoecious sex types produce more ethylene than monoec io us 

plants ( Rudich , Hal cvy and Kedar , 1972b ). Plants grown 

under short days , whi ch promotes femaleness , evolved more 

ethylene than plants grown under long day conditions 

(Rudich, Hal evy and Kedar, 1972a ). 2 - chloroethyl phos -

phonic acid treatment reduced gibberellin activity , and 

increased the abscisic acid (ABA) cont ent of cucumber 

l e aves. ABA was at hi gher levels in gynoecious plants 

than monoecious plants (Rudich, Halevy and Kedar, 1972b). 

ABA promoted pistillate flower differentiation in gyno­

ecious plants (Friedlander , At smon and Galun, 1977a; 

Rudich and Halevy, 1974 ), and staminate flower differen­

tiation in monecious plants (Friedlander, Atsmon and 

Galun 1977c ). The involvement of ABA in the s ex 
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regulation appears to be a little more complicated . In 

conclusion it appears that four phytohormones ( ethylene , 

auxin , gibberellin and ABA), may participate in the 

regulation of sex expression in the cucumber plant . 

1. 2 . 4 Summary 

There are many types of sex expression that have been 

recorded in cucumbers , but until the mid sixti es most 

cultivars were of the mono ecious t yp e . Gyno ec ious sex 

expression offers the possibility of preventing polli ­

n~tion and allowing the deveJopment of parthenocarpic 

fruit . With age there is an increasing degree of 

feminisation . Environmental conditions modify the length 

of each phas e but no t the order . Low temperature and 

short days increase the degree of feminisation , and the 

effect of each is additive . L e v els of endogenous growth 

substances can be related to the sex expression . The 

application of exogenous growth substances can alter the 

sex expression . 

1 • J 

1 • J . 1 

Fruit Set 

Fertilised fruit 

Without the development of parthenocarpic fruit, 

pollination is r equired for fruit set and growth . Honey 

bees appear to be the main pollinator of cucumbers (Mann, 

1953). For cucumber production Steinhauer (1974), and 

Seyman, Barnett , Thorp and Stranger (1969) recommend one 

colony of honeyb ees per acre . Seyman et al ' s (1969) 
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results show that the number and wei ght of fruit were 

higher near the hive than a distance from it . Increasing 

the number of colonies decreased the percentage of second 

grade fruit . When only a portion of the ovules have be e n 

fertilised , the fruit tissue immediately adjacent to the 

seed enlarges to a greater extent than the rest of the 

fruit tissu e , a nd results in irregularly shap e d fruit 

(Denna , 1973) . Bees must touch the stigmas of pistillate 

flowers ma ny t imes for the cuc umb e r fruit to be of normal 

size . With only one visit a f e w pollen grains are left on 

the stigma, and so only a f'ew ovules develop resulting in 

a misshap e n fruit (Stou t , 1979 ). 

Denna (1 973 ) found that th e production of seeded fruit 

had a stronger inhibitory effect on growth than parthe ­

nocarpic fruit . Vegetative growth and fruit growt h (fresh 

and dry weight) we re all reduced with the development of 

seeded fruit on parthe no carpic cultivars . On non- parthe-

nocarpic cultivars seeded fruit reduced the total plant dry 

weight in comparison with no fruit . One mono ecious, 

non- parthenocarpic cultivar produced significantly more 

fresh and dry weight of fruit and vine growth than a gyno ­

ec i o u s cultivar b u t this was associated with the delay in 

achieving fruit saturation due to the relative scarcity of 

female flowers during early growth . It appeared that 

early fru it and seed development inhibited vine growth and 

hence l eaf production , which in t urn reduced total dry 

matter p r o d u ction . The inhibitory effect on vine growth 
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was greater when the fruit contained seed than when it did 

not. 

1. J. 2 

1 • J . 2 . 

Parthenocarpic fruit 

Introduction 

Par thenocarpic fruit contain seedlike structures , some 

reaching the size of normal seeds , with fully developed 

seed coats but lacking embryos and endosperm. The seed 

cavity is completely filled with nucellar tissue (Nitch, 

1952) . 

Parth e noc arpic slicing cucumber cultivars have been 

grown for a long ti me in greenho u ses . This avoids the 

necessity of having po llinating insects in the greenhouse . 

The long cucumber cultivars produce rni.shap e n fruit when 

pollinated so pollination in greenhouses is prevented by 

screening to excl ud e the pollinating insects, or the male 

flowers are removed , or all -fe male cultivars are grown . 

Pik e and P eterson (1 969 ) considered that parthenocarpic, 

gynoecious pickling cucumbers will be advantageous for 

mechanical harvesting because of greater fruiting capaciLy , 

slower fruit maturity and the elimination of the need for 

pollinating insects . Parthenocarpic fruit have a slower 

fruit maturity and if combined with small fruit size this 

would allow for a sing le harvest regime for picking 

cucumbers (Denna, 197 J ). The development of the gynoecious 

cucumber line MSU 713-5 by Peterson (1960) and the 

discovery by Pet erson and Anhder (1 960 ) of a procedure for 

maihtairting such lines by inducing staminate flowers with 
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gibberellic acid , has made it possible to u t ilise parthe­

nocarpy by combining it with gynoecio us sex express ion . 

More recently the d e velopm en t of h ermaphroditic pollen 

parents permits the production of gynoecious hybrids when 

crossed with gynoecious seed parents ( Baker and Dean , 

1978). 

1. J . 2 . 2 Inheritanc e of parthenocarpy 

Parthenocarpy in the cucumber is characterised by an 

incomplete dominant gene P . He t erozy g ous Pp plants 

produce fruits later and generally :fewer in number than the 

homozygous PP genotype (Pik e a nd P eters on, 1969) . Pik e 

and Peterson (1 969) stated that the homozygous pp plant s do 

not produce parthe no carpic fruits, but Rudich, Baker and 

Sell 1 s (1977) data shows that genetically non- partheno ­

carpic cultivars can set parthenocarpic fruit on older 

plants . Rudich, Baker and Sell (197 7 ) with several 

c u c umb er cultivars observed that parthenocarpic fruit set 

was associated with intensity or 1 e 111 aleness . Strong 

femaleness resulted in earlier fruiting and greater numbers 

of parthenocarpic fruit . The association is not 

surprising when one looks at the four stages of flowering 

and fruiting proposed by Nitch et al (1952). 

1.J.2.J Influe nc e of environment on parthenocarpic fruit 

set 

Parthenocarpy in c u cumber is sub j ected to the effect 



of various environmental factors . Nitch et al (1952) 

found that low night temperatures and short daylength 

enhanced parthenocarpy in the cucumber, as also 
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observed for Cucurbita ~ (Rylski, 1974). Rudich et al 

(1 977) studied the influence of day.length and temperature 

on the production of parthenocarpic fruit on genetically 

parthenocarpic and non-parthenocarpic cucumber cultivars. 

Night temperature appeared to be more important than photo-

period. Differences in parthenocarpic fruiting between 

lines were greatest under high temperatures and long days . 

Parthenocarpic fruit has also been shown to develop on 

peppers (Rylski, 1973) and tomatoes (Osb orne and Went, 

1953) at low temperatures . 

1.J. 2 .4 Growth substanc es 

Nitch et al (1952) and Hom a n ( 196L~ ) suggest that high 

auxin levels in the ovary are most likely responsible for 

parthenocarpy . The auxins , (El assar , Rudich, P alevitch 

and Kedar, 1974) and auxin transport inhibitors (Beyer and 

Quebedeaux, 1972) are the most effective growth substances 

to induce parthenocarpy. The effect of photoperiod on 

parthenocarpy can also be explained as an auxin effect. 

Rudich, Halevy and Kedar (1972a) demonstrated that 

short photoperiods increased auxin activity, which may 

account for increased parthenocarpy . Also higher endo-

genous auxin activity in the ovaries of genetically 

parthenocarpic than non-parthenocarpic lines has been 

observed (Rudich et al, 1972b). 
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Auxin transport inhibitors induce parthenocarpic 

fruit development on genetically non-parthenocarpic culti ­

vars when pollination is prevented (Robinson, Cantlif1e and 

Shanon , 1971) and also improves 1rui t set o1 open pollin­

ated plants in th e field (Can tliffe and Phatak, 1975). 

Auxin transport inhibitors which have been shown to induce 

parthenocarpic fruit development in cucumbers are chlor­

flurenol (Robinson et al , 1971; Beyer and Quebedeaux , 

1972), DPX 1840 ( Beyer and Quebedeaux 1972, 1974), Naptalan 

(Beye r and Quebedeaux 1972, 1974), TIBA (Cantli ffe , 1972a 

and b; Beyer and Quebedeaux, 1972 ), and daminozide (Pi gott , 

1976) . 

Mechanical harvesting o1 pickling cucumbers brought 

about the need for cultivars and cultural methods which 

maximis e yield in a single harvest. At the high popula-

tions us ed for pickling cucumbers , non- parthenocarpic 

c ultivars generally have no more than one fruit per plant 

at any one time (C antliffe , 1972 ) . Seed deve1op rn ent in 

the fruit appears to restrict further fruit set (McCollum, 

1934). The auxin transport inhibitors appear to show some 

promise in increasing the number of fruit on each plant . 

They also increase the concentration of fruit production 

and increase yield particularly in the valuable small size 

grades (Cantliffe and Phatak, 1975; Dean, 1978). 

When chlorflurenol was applied to plants whose flowers 

had been pollinated, about 80% of the fruit contained seed . 

The number of seed in these fruit was reduced even on ova­

ries that had been fertilised five days before application 
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(Cantl iffe , 1974 , 1977 ). The r eduction in s eed numbers 

may h a ve overcome th e inhibitory effect of seed on f'rui t 

set . Fruit set with chl orflu renol application to n on-

parthenocarpic cultivars was increased wh e n co n1 bincd wi th 

poll ination ( Cantli.f.fe , 1 97L~, 1977 ) . The optimum concen-

trat ion for f'rui t set i n cucumbers wiLh chlor.flurenol and 

TIBA is 50-1 00 ppm ( Cantliffe , Hobinson and Dastdorf'f, 

1972 ; Can tliffe , Robinson and Shannon , 1972 ) . At these 

concentrations f'ruit set occurred on flowers t ha t had 

reach ed anthesis about three days be f ore spraying . Par th-

e n ocarp i c fruits developed .from rlowers opening as many as 

eight days art e r trea t rn e n t wi t b 1 ppm and ma i.11 l y f'rom 

f l owers at anthesis at the time of apµJicaLion with 10 - 40 

ppm . Th e number of' flowers t l1at havc rerlchecl anthesis at 

the time of application infl u ences t h e nwnber of f'ruit 

that set (Dean , 1978 ; 

1972 ) . 

PaleviL c h, Press 111a n and Hudich , 

Dean (1 978) compared the r esponse to ch l orflurenol 

application on f'o ur gynoec i ou s c ul Li vars wi tJ1 varying 

d egr ees of genetic parthenocarpy . The degree of genetic 

parthenocarpy contributed positive ly to the ef.fect of 

chl orflurenol on increasing fruit set per plant and total 

yi eld . Dean (1 978) considered the combination of gyno ­

ecious s ex e xpression, parthenocarpic fruit set and 

chlorflure nol is n ecessary to maximis e t h e yiel d of li ttle 

pickles . 

The mo rphactin s , including chlorflure nol , have a 

relative ly low mammalian toxicity . In contrast to 
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several other synthetic growth regulators , such as TIBA, 

B- 995 , Amo 1619 and M.H., morphactins are rapidly meta­

bolised in plants and rapidly degraded in the soi l by 

microbes , and so there are no residue problems (Schne ider , 

1970). 

i. 3 . 2 , 5 Summary 

The seed development in pollinated fruit inhibits 

further fruit set to a greater exten t than parthenocarpic 

fruit set . Gynoecious, parthcnocarpic cultivars offer a 

way of increasing fruit set for mechanical harvesting of 

pickling c u cumbers . Auxin and auxin transport inhibitors 

are the mo st effective growth substances to induce 

parthenocarpy. The auxin transport inl1ibi tor, chlor-

flurenol, increases fruit set with open pollination and 

decreases the number of s ee d in the fruit. With pickling 

cultivars chl orfl urenol has a greater e ffect on fruit set 

of genetically strong parthenocarpic cultivars than weak 

or non- parthenocarpic cultivars. 

1 • 4 Mature Plant 

Developing cucumber fruits inhibit growth and develop­

ment of other parts of the plant (Denna, 1973; De Stigter , 

1969 ; Matsuzaki and Hayas e , 1963). 

Competition between the fruit and vegetative growth has 

been observed with a range of crops (Leonard , 1962; Fisher, 

1977), including the cucumber plant. Loomis and Crandall 

(1977) found that the rate of increase in leaf area of 
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fruiting and non- fruiting plants coincided until early 

fruit dev e lopment. Then the rate of increase became less 

for the fruiting plants . With the retention of fruit on 

the main stem of a glasshouse cultivar , the fruit yield was 

higher in the first month of harvesting but the growth of 

laterals was reduced, in comparison to removal of the main 

stem fruit . The fruit yield was less in the second month 

with the retention of fruit in comparison to removal of 

fruit on the main st e m (Anon, 1969) . 

It has been customary to grow cucumbers with large 

quantities of nitroge n and water to produc e a succulent 

plant with high quality fruit . The cucumber plant is 

tolerant of excess nitrogen in contrast to the tomato plant 

which produc es soft vegetative growt h and ]Joor rruit set 

with excess nitrogen . With increasing nitrogen, Matsuzaki 

and Hayase (1963) found that the number of harvested fruits 

increased , but the mean weight showed little difference 

(fruits were harvested ten days after pollination) . There 

was a highly significant positive correlation between vege -

tative growth and fruit growth. The rate of fruit set and 

the number of flowers reaching anthesis were both dependent 

on the vegetative vigour of the plants . The nodal zone 

where flowers aborted occurred at the time when total 

weight of developing fruits on lower nodes was maximum. 

When the fruits were harvested flowering and fruit set 

increased again . Matsuzaki and Hayase (1963) attributed 

the lack of fruit set , causing the peaks in fruit develop-

ment, to competition for nutrients . However this may have 
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been due to a competition for assimilates, as with lower 

levels of nitrogen , leaf growth was reduced , which would 

consequently reduce the production of assimilates . 

It appears that a fertilis e d cucumber ovary can stay 

in a resting stage for a long period without losing the 

capacity to resum e normal growth (D e Stigt er , 1969; 

McColl um, 1 9 J4) . On removal of the larger fruit the 

smaller fruit resumes growth (D e Stigter, 1969). If left 

on the plant they remain inhibitory until they begin to 

yellow and the seed coats harden . This competition between 

the fruit may be du e to competition for assimilates or some 

growth factor . The cucumber plant appears to possess a 

regulatory rnechani sm that l i 111i ts the pro port ion of the dry 

weight that can be devoted to fruit and seed production . 

Seed dry weight accumulated at the expense of fruit rather 

than vine dry we i ght when parthenocarpic fruit development 

was compared with f ertilised fruits . Th e presence of fruit 

was observed to have an inhibitory effect on the vine growth 

that was greater when the fruit contained seed than when it 

did not (Denna , 1973). 

When many fruits are developing the growth of the 

roots stop and part of the existing roots turn brown or die 

(Van der Post, 1968). De Stigter (1969) observed the 

growth of individual roots after pollination of flowers . 

Thre~ to four days after pollination root growth began to 

decrease, and this decline continued until root growth 

$topped completely . Harvesting of the fruit resulted in a 

gradu al recovery of root growth . When root ·growth was 
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numb Lr were gi·eatest with fruit , however wiLhout fruit 
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the decline in root growth showed similar fluctuations but 

started later and were l ess pronounced (Van der Post , 

1968 ). A comparison between the cucumber , tomato and 

pepp er plants showed that the cucumber plant grows 1nuc h 

faster and the fluctuations in root growth were greater . 



CHAPTER TWO 

REVIEW OF LITERATURE - SOURCE - SINK RELATIONSHIPS 

2 . 1 

2 . 1 

Terminology 

Sink Strength 

In this discussion th e terms 1 s ource 1 and 1 sink 1 are 

us e d in r e lation to a s simila t es only. Th e s e t e rm s are 

fr e quently used wh e n d e sc r ibing plant g rowth although they 

ar e used in many diffe rent ways, wh i ch can l e ad to 

confusion. Warren Wilson (197 2 ) d e s c rib e d thre e criteria 

which are used for d e finin g sourc e and sink: 

a. Transport "Sour c es a r e r egions Lhat e xport assimi ­

lat e s, while sinks import them ". 

b. Morphology - "Because mature leaves t e nd to be 

associat e d with production and export of 

assimilates, whereas other parts (roots , 

me ristems, fruits and storage organs 

during their accumulation phase ) tend to 

be associated with import and utili ­

zation of assimilates, the terms source 

and sink are applied to particular parts 

of the plant " . 

c . Metabolism - " Sources produce assimilates by photo ­

synthesis or by mobilization of stored 

materials , while sinks utilize assimi­

lates in respiration and growth ~. 

Warren Wilson (1 972 ) suggested that sources and sinks 



should be defined in terms of losses and gains from a 

particular plant part , as this would allow measurement . 

He defined the terms as follows : 

28. 

Source sLrength = source size x source acLiviLy , 

i . e . rate of a ssimilation p e r plant = l ear area pPr 

p 1 a n t. x rat e o 1' as s i mi 1 a t ion p c r u n i L 1 l! a !" an: a . 

S i.nk strengt h = sink siz e x sink acLi\'tLy , 

i . e . absolute growth raLe = dr·y wei.e;ht. x r e lative 

growth size . 

According to this definition ir sink s trength was 

measured with plants grown under diI'ferenL environmental 

condiLions which mainly a.ffecte<l Lhe rate of photosyn­

thesis ( e . g . C02 level , level of r a diati o n) the calculat ed 

values would be difi'ere nL . For t lli :-.; r eason Wa t son (197 1) 

defined sink strength as the r a t·e o f' groh·tl 1 of Lile use ful 

plant parts wh e n the supply of pliotosynt.haL•· is in cxcc.•s:-; 

(i . e. ,,hen a s mal l c h a n ge in tlH: supp ly du<>s uoL. aff'ecL 

the rate of' growth) . Watson ( 1971) introduced another 

Lerm, sink capacity , wlti cll lt c del'i n c d as Lhe in legral o.f 

sink strength over the period of intake of photo s ynthate . 

This is equivalent to the potential yield of the useful 

plant parts . Warre n Wilson ' s (1972) formulae d escribe 

what has happened and as such are a reasonable explanation . 

However they do noL explain the mechanism by which a sink 

competes for assimilates . 

Wareing and Patrick (1 975) criticised Warren Wi l son ' s 

definitions for two reasons . Firstly dry rnall er data 

does not acco unt for respiratory losses of assimilates 
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imported into sinks . This loss varies· considerably 

according to the sink, especially between storage vers u s 

growth . Secondly , t hey fe l t ' implicit in t hi s definition 

o:f sink activity is the assumption thal atisimi1at e uptake 

is non- lim i. ted by supply and una f':fec Led by neig11bouring 

sinks 1 • Generally the dry rnatter accu111ulation is an 

i ndication of the coinpetiLive ability of a sink relat i ve 

to other sinks . For this reason they introdu ced the term 

•mobilizing ability' to describ e the ac c umulation of dry 

matter by a sink within Lhe comp et itive framework of a 

who l e plant. Barnes (1 979) u sed the term mobilizing 

ability and defined it as follow s : 

mobilizing abi lity = sink s i ze x r e l ative s i nk act i vity 

where reJ ative s ink activity i s the nctiviLy as defined by 

Warre n Wilson, but "'vith t h e co ndition Lh aL the total 

strength of other s ink r egions a nd the total rate o:f 

assimilat e uptake are no t fixed standard values " . 

Evans (1 975 ) a l so c riticised Warren Wil son ' s (1 972 ) 

definitions . Sinks may !Jave a li lglt prioriLy in obtaining 

assimilates even t h o u gh according to this d e fini t ion they 

have a small sink strength. He gave an example of a grass 

with a shoot apex dry weight o:f only a f e w micrograms and 

a low relative growth rate , yet even with stresses placed 

on the plant it continues Lo receive a stable suppl y of 

assimilates . Another reason he criticised this defini-

tion i s that sinks of equal activity do not receive 

assimilates in proportion to their relative size, but the 

di stribu tion is heavil y biased toward s t h e larger sink 
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(Peel and Ho, 1970 ; Cook and Evans, 1976) . 

Although these Lerrns have been defined in tradi -

tional growth analysis measures and so amenable to 

e xperim e n Lal measure men L, :few workers have measurecl L! H.:111. 

Ho we v e r the t c rm s " i.. 11 k ::; t r v n p; t 11 ; 1 n d " i 11 k r et pa c i l y a c e 

frequently used in 1.l1c• l i lc•ra tu1 (', Gcneral Jy only t he 

dry weight is measured at some poi.nt i n time and i.f greater 

than the control , Lhis treatment ls referred to as having 

a greater slnk sircnF,tlt or slnk capnclty , ,,•l1c·n tile plnnt::; 

are grown in tltl~ ::;a111e environment (Hardman and Hrun , 1971; 

Flscher and \Vllson, 1975; Fi.::;ller , 1978) . Slnk demand or 

assillli laLc' dellland i::-; :11w!l1('f' Lc· 1·1 11 occa~ional ly 11sc·d ln Lite 

Li..Lerature, espcci..ally 1,rlth allered planLs . Witl1 removal 

o:f some leaves from a plant the slnk strength according to 

Warre n Wilson's (1972) or Wats on ' s (1 97 1) deflniLion wiJl 

be reduced or the same . However Lhe remalnlng l eaves hav e 

to supply the same number o-f sinks , and there-fore t h e 

demand for assimilates per leaf is greater (Thorne and 

Koller, 1 97L~) . 

2 . 1 . 2 Sink or source limitation 

Frequently the terms sink l imitation and source limi-

tation are u sed in the literature to describe what is 

limiting yield. The n e t produ cLion a nd net consumpt i on 

( growth and ~orage ) of assimilates within the whole p lant 

must be in balance . Accordingly Wareing and Patrick 

/ 

(1 975) propos ed that wh e n the act ual rat e of assimil ate 

production i s l ess than t h e potential maximum raLe of 
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consumption, the rat e of assimilate accumulation is d ete r ­

mined by the rat e of product i on ( so u rce limitation) . 

When t h e poLential r ate 0£ production l s greater t h a n the 

actual r ate of con sumption, t h en t h e rate or assimi l ate 

a ccumulation is d etermined by t h o rate o f' consumption ( sink 

limitation) . NcvcrL ll c J_css bccaus(~ o.f complex interac tions 

b e Lw een s ou rce a nd sink , both can , at least to some extent , 

be s imul taneously l i mi Ling growth . 

Thi s model assumes t ha t the movement of ass imilat es 

b etween sink a n d source i s not limited by th e capacity o f 

t he phlo e m for tran slocation . This generally appears to 

be valid (Wardlaw a nd Moncur, ·1976 ), but there are some 

reports of th e vasc ular system r cst ri.cting Lranspor t o r 

ass i milates from so urce Lo sink ( Jenner , 1974 ) . Th is 

restriction would be indi st i n gui s h a ble from t h e ' sink-

limit e d' s ituation in the above p ropo sed mo del . Mo st o.f 

t he evidence for t h e path n ot limitin& LranslocaLion 

involves the d e monstration o f spare Lransl ocaL i on cap aci t y . 

However thi s do es not imply that n o control is exerted by 

t h e path . Lang (1 978 ) imposed mi ld temperature c h a n ges 

upon t h e s ource , path and sink regions and monitored the 

translocation rate . He con cluded t ha t t h e translocation 

rate i s under the cont ro l of source , path and sink region s 

of the plant . 

2 . 2 Sink strength and the photosynthe tic rate 

2 . 2 . 1 Effe c t on the photosynt h eti c rate 

Often l eaves op e rat e below t h eir maximum potential 
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photosynthetic rate due to the inability of sinks to 

utilise the assimilates . Increasing or decreasing the 

sink strength or alte ring the ratio of sources to sinks, 

and therefore altering the d emand for assimilates from the 

leaves has frequently been shown to alter the photo-

synthetic rate . Partial defoliation or shading some of 

the leaves increases the rate oI' photosynthesis of the 

remaining leaves (Wareing, Khalifa and Treharne, 1968; 

Neales , Treharne and Wareing , 1971; Thorne and Koller , 

1974 ; Kri edmann , Loveys , Pos sinGham and Satch , 1976) . 

The commonest method thaL has been u sed to alter the sink 

demand is to remove the fruit or seeds (King , Wardlaw and 

Evans, 1967; Neales and Incoll, 1968 ; Hansen, 1970 ; 

Kriedemann et al , 1976 ; Tiall ancl Mllthorpc, 1978 ) . Other 

methods that have been used to alter sink demand include 

control of the sink temperature , control of the degree of 

pollination and grafting a larger sink on to t h e plant . 

Cooling sugar beet roots markedly reduced the , rate of n et 

photosynthesis (Habeshaw, 1973). Reciprocal grafts 

between tops and roots of sugar beet and spinach beet roots 

showed that grafted plants with sugar beet roots had a 

greater net assimilation rate (NAR) irrespective of the 

type of top (Thorne and Evans , 1964 ). 

The influence of the removal of sinks on the rate of 

photosynthesis appears to depend on whether other sinks on 

the plant can utilise the extra assimilates . Removal of 

potato tubers from plants low in nitrogen halved the NAR , 

but for plants with a higher nitrogen level the NAR was 



reduced by only 2 1%. At the higher nitrogen leve l new 

leaves and buds grew , that is, other sinks developed 

(Nosberger and Humphri es , 1965) . 

JJ . 

There is a substantial amount of evidence showing that 

the rate of n e t photosynthesis of a leaf is influenced by 

manipulations that vary the ratio of sources to sinks . 

However in a few cases increases in the n et photosyntheLlc 

rate coincide closely with cha nges in sink demand produced 

by anthesis , fruit development or the d evelopment of other 

sinks. Following anthesis , the decline in the rate of 

net photosynthesis of individual leaves was reversed in 

p e pp e r plants (Hall a nd Brady , 1977 ) . Changes in net 

photosynthesis of pea leaflets were fo und to re flect 

closely the pattern of assimilate demand of subtended fruit 

during devel opment . Photosynthes is of l eafl ets sub-

tending a developing fruit had two p eaks in photosynthesis 

corresponding with periods of hi gh e r dry weight accumula-

tion in the fruit ( Flinn , 1974 ). Also following 

t u berisation of potatoes the rat e of net photosynthesis 

increased ( Moorby , 1968 ). 

Light saturation occurs at a higher level of 

irradiance with a l ower source- sink ratio (Neales et al , 

197 1 j Kriedemann et al , 1976 ; Hall and Brady , 1977 ). 

Expe r i me n tal manipulations that alter the sink deman~ 

appear to affect the rate of net photosynthesis only after 

a period o~ days . ( Wareing et al , 1968 ; Thorne and 

Koller , 197 4; Geige r, 1976 ; Hall and Miltho rpe , 1978 ). 

Th orn e a n d Ko ller (1 974 ) increased sink demand by shading 
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all but one leaf on plants. After two days the rate of 

net photosynthesis increas e d, reaching a maximum rate on 

day eight. The work by King et al (1 967) is an exception 

to this as they observed a cl1ange three to fifLeen hours 

after application of treatment . 

been g iven for this . 

So far no explanation has 

2.2.2 Con t rol mechanism 

With greate r sink demand the rate of export of photo ­

synthates from a leaf is increase d (Khan and Sagar, 1969 ; 

Tho rn e and Koller, 1974; Moorby and Jarman , 1975) . Many 

investigators have proposed that assimilate accumulation in 

the source l eaf may influence the rate of photosynthesis . 

A negative correlation between the net photosynthetic rate 

and leaf carbohydrate level has been observed by many, but 

there is as yet no proof that the two are causally 

associated ( Neales and Incoll, 1968 ). Most of the earlier 

workers proposed a feedback control of photosynthesis by 

acc umul ated soluble sugars ( Moss, 1962; Burt, 1964; 

Neales and Incoll , 1968 ). In rec ent work by Thorne and 

Koller (1974), Nafziger and Koller (1 976) and Hall and 

Milthorp e (1978), a negative correlation between soluble 

sugar levels and the rate of photosynthesis has not been 

observed, but a negative correlation has been observed 

with starch levels (Chatt erton , Carlson, Hungerford and 

Lee , 1972; Upmeyer and Koller, 1973; 

1974; Nafzi ge r and Koller, 1976 ). 

Thorne and Koller, 

Most of the evidenc e for the product inhibition 
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hypothesis has come from experiments in which the source­

sink balance was altered by removal of leaves or sinks , 

so as to alter the leaf carbohydrate l evel . Howe ver this 

may have also altered the hormonal balance within the 

plant (War e ing , Khalifa and Treharne, 1968) . Certain 

hormones are known to affect the rat e of photosynthesis 

(Treharn e , Stoddard , Pugh e , Parenjothy and Wareing, 1970) . 

Howev e r the r e is some evidence from unaltered plants . 

Warren Wilson (1966) reported that growing plants at lower 

temperatures, the rate of photosynthesis decreased while 

the sugar cont ent in the leaves greatly increased . Simi -

larly a cold night prevented t he breakdo1m and trans ­

location of chloroplast starch, and the rate of photo ­

synthesis was reduced the following day ( Chatterton et al , 

1972) . 

Nafziger and Koll er (1976) altered the leaf starch 

concentration by controlling the C0 2 level for twelve 

hours . This h ad no affect on the soluble s u gar conc en­

tration . Following this treatment they observed a strong 

negative correlation between the n et photosynthetic rate 

and starch concentration . 

Although many have observed a negative correlation 

between leaf carbohydrate level and the photosynthetic 

rate , many have criticised the idea of a direct feedback 

system in controlling the net photosynthetic rate (Neales 

and Incoll , 1968 ; Geiger, 1976 ; Hall and Milthorpe , 

1978 ). Changes in net photosynthesis have been 

associated with changes in either leaf resistance or 
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residual resistance or both. When the source-sink 

balance has been altered some workers have observed most of 

the changes in leaf resistance with little or no change in 

residual r es istance (Gifford and Marshall, 1973; Rawson, 

Gifford and Bremner, 1976); others have recorded the 

opposite (Neales, Treharne and Wareing , 1971; Hodgkinson, 

1974; Nafziger and Koll er , 1976); while others have found 

a change in both (Loveys and Kriedemann , 1974; Hall and 

Milthorpe, 1978) . Several workers (Loveys and Kriedemann, 

1974; Thorne and Koller, 1974; Nafziger and Koller , 197 6 ) 

have observed a positive correlation between the r esidual 

resistance and starch concentration . It has b een suggest -

e d that the rate of net photosynthesis is reduced with 

starch accu111ulat-Lon clue to t li e starcl1 causlng a greater 

impedance to intrac ellular C0 2 transport (Nafziger and 

Koller, 1976) . 

Also included in the residual resistance is the carbo -

xylation resistance . Posi tive correlations between net 

photosynthesis and the activities of ribulos e -1 ,5-

diphosphate (RuDP) carboxyglase or phosphoenolphrurate 

(PEP) carboxylase has been observed following an altera­

tion of the source-sink balance (Wareing et al, 1968; 

Meidner, 1969; Neales et al , 1971; Thorne and Koll er , 

1974; Hall and Brady , 1977) . The activity of these 

enzymes and net photosynthesis has been shown to be stimu­

lated by the application of growth substances (Wareing et 

al , 1968; Treharne et al, 1970). Wareing et al , (1968) 

proposed that partial defoliation leads to increased 
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photosynthetic rates by increasing the supply of endo ­

genous cytokinins , produced in the roots, to the r e maining 

leaves which in turn l eads to increased carboxylating 

enzymes . Thorne and Koller (1974) shaded so me of the 

leaves and observed an increase in RuDP carboxylase 

activity in the source leaf. They s u ggested that this 

may have b een caused by a chan ge in hormone distribution . 

Th e r e is disagreement in tl1e literature about the r e lative 

significance of the carboxylation resistance as the rate -

determining process in photosynthesis 

Chartier and Catsky, 1970 ) . 

(Charti er , 

Loveys and Kri ede mann ( 197L~ ) propos ed that the 

combined action of phaseic acid and abscisic acid e xerts 

a fin e control over photosynthesis . Following fruit 

removal the stomatal resistance increased and the abscisic 

acid and phaseic acid l evel rose. This was not due to a 

reduced leaf water potential. They suggest that this may 

represent a mechanism for regulating photosynthesis in 

response to d eve loping organs and other sites of growth . 

More recently other workers have come to similar conclu­

sions ( Woolley , pers . comm .) . 

The r e is probably as much evidence for as against the 

hypothesis that photosynthesis is inhibited by the 

accumulation of assimilates ( Geiger , 1976) . However it is 

generally accepted that the source- sink balance influ ences 

the leaf and / or residual resistances . 

may be affe c ted by hormones . 

These resistances 



2.J 

2 . 3 . 1 

Source or sink limitation 

Change with selection 

38. 

For crops in which the economic yield is only a 

portion of the plant (storage organs, seeds or fruits) , the 

most important determinant of ec onomic yield is often not 

total crop photosynthesi s , but the way in which assimilates 

are distributed within the plant . 

With increased sink capacity of wheat the proportion 

of the assimilates parti tione d to the grain during grain 

filling has increased. With the primitive wheats, during 

g rain filling assimilates were partitioned between the 

roots, stem , tillers and the grain . However in the 

modern c ul tivars , at this stage nearly all assimilat es are 

partitioned to the grain (Evans, 1975 ). With domestica-

tion of wild plants, the economically useful parts have 

been greatly increased in size or number by selection 

(Watson, 1971). In the early stages of domestication the 

sink capacity was probably limiting yield. The 

components of storage capacity can eas ly be observed and 

subject to selection, whereas photosynthesis cannot . 

Storage capacity and yield will tend to increase togeth e r 

with selection until they reach a limit set by the photo-

synthetic capacity . Further progress will then require 

both photosynthetic and storage capacity to be increased . 

For the environments they are adapted to, the modern culti ­

vars of our major crops are likely to have their photo­

synthetic capacity and storage capacity fairly closely 

balanced ( Evans , 1975 ). 

The storage capacity of a grain crop depends on the 
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yield components (number of ears per unit area, spikelets 

per ear , grains per spikelet and on grain size) . 

Selection for these characters has not invariably lead to 

the yield increases expected . An increase in one compo -

nent may be compensated by a reduction in the others (H su 

and Walton, 1971) . Smocek (1969) showed that the biggest 

advances could b e e xpect e d if the flag leaf area was used 

in combination with the components of yield as a s e lection 

criteria. An increase in storage capacity without an 

increase in assimilate supply would lead to more unfilled 

grains , whereas mor e assimilate without mor e storage capa-

city would result in littl e ga in in yie ld . A progressive 

increase in potential yield of wheat of about one per cent 

per annum, has come from small increases in source and 

sink (Bingham , 1971). 

2 . J . 2 Identifying limitation 

To identify whether source or sink strength is limit ­

ing yield , one approach is to alter one of the processes 

independently of the other and measure the effect on 

yield. As just one approach limits the conclusion that 

can be drawn Fischer and Wilson (1975 ) and Fisher (1977) 

altered both separately. Photosynthesis may be both 

increased (C02 enrichment) and decreased (shading , leaf 

removal) , but usually sink strength can only be reduced . 

However Fisher (1977) increased sink strength on tomato 

plants by increasing the degree of pollination . 

Reductions in yield of the economic sink following 



shading or reduction in leaf area does not necessarily 

imply that at full light or leaf area yield was source­

limi ted, only that it was so when photosynthesis was 
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reduced. Increas e in yi e ld with C0 2 enrichment implies 

that yield is source-l imited at normal C0 2 levels . No 

yield reduction following shading or reduction in leaf 

area implies a sink-l imitation, except where par t ial 

defoliation leaves s uffici ent l ea f area for full light 

interception (Evans, 1975). 

For a greenhouse tomato plant , the removal of one 

truss on a plant with ten trusses resulted in a reduction 

in yield from one to nine per cent depending on the 

position of the truss (Sl ack and Calvert , 1977). The 

removal of the low e r trusses resulted in the greatest 

reduction in yield, whereas removal of the middl e trusses 

resulted in little r eduction. During the early stages 

of fruit d eve lopm e nt on the tomato plant sink appear s to 

be limiting. Fisher (1977) increased fruit yield of young 

unstopped greenhouse tomato plants with C02 enrichment and 

by increasing sink strength with a truss vibrator . The 

two responses were additive. At this stage of d eve lopment 

the tomato plant appears to be source and sink-limited. 

Carbon dioxide enrichment during pod filling of soy­

beans caused a slight increase in pod numb ers and a marked 

increase in pod weight and seed yield (Hardman and Brun, 

1 971 ) . They concluded that the yield of soybeans was 

limited by the supply of assimilates during pod filling. 

FisclBr and Wilson ( 1975) observed an increase in the grain 
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size of soybean up to a certain grain size with increased 

assimilate supply during grain filling . After this there 

was only a small increase in grain size with increased 

assimilate supply , They concl uded that the supply of 

assimilates was the limiting factor at the lower level , but 

of decreasing importance as t11e ~rain size approached the 

maxi mum. There is a n upper lirni t to suc11 irnprovernent , 

beyond whi ch further increase will depend on changes in 

sink numb ers . 

Gifford , Bremner and Jones (197 3 ) devised a method to 

determine to what degree grain yield is limited by the 

production of ass imilates during grain growth ( sourc e -

limit e d). They considered a culm or an area of crop 

during grain filljng . If the net assimilation is 

altered during this period by a small amount (6A) by a 

treatment which primarily effects the rate of photo -

synthesis , then the uptake of assimi l ati on into the grain 

may be altered by (t,..U). 

was defined as 

s 

The degree of source limitation 

= 
6. u 
!::,.A 

This method places the degree of source limitation on a 0 

to 1 scale . When S = all of the extra assimilate is 

taken up by the grain and therefore the plant is source-

limited , and when S = 0 the extra assimilate has no 

influence on grain growth, therefore sink- limited . As 

neither 6.. U or !::..A are easily measured they approximated the 

estimate of S by using dry weight data . U is replaced by 
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the a mo unt of grain growth and A by the increase in total 

crop dry weigh t. It is not essential Lo know the dry 

weights at the time of applyine the treatments , as the 

slope of the plot of final grain yield against final Lotal 

plant dry weight will estimate S . This method is similar 

to the method used by Fischer and Wilson ( 1975) . 

All i son and Watson (1 966) have sllown that when the 

grain sink is removed by preventing pollination i n maize, 

the dry matter that would have passed to the grain , 

accumulates i n the stem and husks . They also I'ound that 

when the source of assimila tcs is restricted by rernov i ng 

leaves , sLcrn weight decreases as previously sLored dry 

matt er moves to the grain . Th e accumulation of mohiliz-

abJe carbohydrate clurinp; the 1~ro,vLl1 or tile econo111ic s ink 

s u g g es t s t 11 a L th c s ink cap a c L Ly i s L i m i t in e y i_ el d . Wi th 

maize the rate of grain filling is rasLcr in hybrids Lhan 

i n inbr eds , whe reas inbreds haye D ld c-her sugar content in 

their ste ms , suggesting that the r ate of sLorage is more 

limiting to yield than is the rate of' photosynthesis 

(Jo h nson and Tanner , 1972 ) . Due to the dry weight 

distribu tion of some maize cultivars and the accumulation 

of s u gars i n stems during grain filling , Goldsworthy ( 1974) 

concl uded that for these cultivars the sink capacity was 

limit i ng yie l d . 

2 . 4 Summa r y 

Us u a l ly t h e regions of assimilate production ( leaves) 

are sep a r ate fro m the region s of consumption (growing 
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regions or storage organs) . These regions of production 

and consumption are referred to as source and sink 

respectively . Usually with a reduction in the so urc e - sink 

ratio of whole plants the net photosynthetic rate of the 

remaining leaves increases . Increasing sink strength by 

some means (e.g. sink temperature, grafting on a larger 

sink) , has also been shown to increase the photosynthetic 

rate . Increasing the source-sink ratio or reducing sink 

strength usually reduces the photosynthetic rate. 

Many have observed a negative correlation between 

soluble sugars or starch levels in the leaf and the photo ­

synthetic rate, and it has been suggested that the build-up 

of these carbohydrates directly inhibits photosynthesis . 

However the product inhibition hypothesis has been 

criticised . The changes in net photosynthesis have been 

associated with changes in leaf and/or residual resist-

ances , and RuDP or PEP carboxylase activity . 

in resistances may be affected by hormones . 

The changes 

One approach to identify whether source or sink is 

limiting yield is to alter one of the processes 

independently of the other and measure the effect on yield . 

Altering just sink or source limits the conclusion that can 

be drawn , but altering both separately gives information on 

the limitation of source and sink . Frequently with an 

increase in the rate of photosynthesis, by increasing the 

level of radiation or with C02 e nrichment, or by increasing 

the source-sink ratio, the growth of the remaining sinks is 

increased indicating a source-l imited situation . If 
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increased sink- strength increases the g rowt h of the sink 

t his i ndi cates a sink limi tation . Th e accumulation o1 

mobi l izabl e c arbohydrate durin g the growth of the economic 

sink suggests that sin k is limi ting. 

Source- sink relaLions hips is an importa nt t opic as 

sink strength in.flue n ces the rate of photo s ynLh es i_ s , the 

p a rtitioning of assimilates a nd t h e r eI'orc crop yield . 



CHAPTER THREE 

THE EFFECT OF TWO AUXIN TRAN SPORT I NHIBITORS ON 

GROWTH AND DEVELOPMENT 

J . 1 Introduc t ion 

The rate of photosynthesis (s ource) can be varied by 

increasin g or decreasin g the PAR or carbon dioxide s u pply , 

but in mo st source - s ink relationship studies sink strength 

has only b een reduced , not increased ( 2 . J . 2) . IIabeshaw 

(1973) and Fisher (1 978 ) increased sink strength by 

i n creas ing the sink temperature of sugar beet plants and 

by improving natural fruit set on tomato plants , 

respectively . 

Auxin transport inhibitors have been shown to increas e 

fruit set in a range of crops , including cucumbers (C ant -

liffe , 1972 ). They are thought to induc e parthenocarpy 

by blocking the natural o u tward flow of auxin from the 

ovary, r es ul ting in an accumulation of auxin within the 

ovary, sufficient to trigger parthenocarpy (Beyer and 

Qu e b edeaux, 1·974 ). Wi th parthenocarpic cultivars only a 

proportion of the flowers s et fruit and fruit s et on 

genetically strong par thenocarpic cultivars has been 

increased with auxin tra nsport inhibitors (Dean, 1978). 

This e xp erim ent was desi gne d to examine the possibili­

ty of increasing sink strength by using two auxin 

transport inhibitors to increase fruit set and growth, on 

a long parthenocarpic cucumber cultivar. 
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J . 2 Materials and methods 

On 21 February 197 8 , seed of the cv . Princess was sown 

in 100 mm plastic pots containing coarse sand and germi -

nated at 25° C . This is a long parthenocarpic cultivar 

which produces few male flowers and frequently severa l 

female flowers per nod e . Emergence occurred in four to 

six days and the seedlings were gro wn on in a greenho us e 

with a minimum temperature of 19° C and ventilation at 

24° C . When two leaves had expanded , the plants we r e 

planted into black polyth e n e bags containing 10 drn 3 of' 

sand . From e mergence the plants were fed once or twice 

daily with a NFT (nu t ri ent film technique) nutrient 

solution (App endix 1). 

On 1 April two gr0\1th substances, chlorflureno l 

(m ethyl - 2 - chloro-9 - hydroxyfluorene) and TIBA ( 2 , J,5 -

triiodobenzoic acid ), at three conc entrations (o, 

100 ppm , 200 ppm) wer e applied in factorial combination to 

two different sites (whol e plant , fruit only) . (Table 

J . 1 ) • Th e growth substanc es were applied only once . 

At the time of application each plant had several flowers 

at anthesis , and several past athesis (Figure J .1). Th e 

growth substances were sprayed on the whole plant to the 

·point of runoff , and applied to the fruit with a brush . 

With application to the fruit only two or three nodes 

above the top node with a flower at anthesis were treated 

as the flowers in the higher nodes were too small for easy 

application . Therefore only seven to nine nodes were 
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treated . A wetting agent, Triton B 1956 at 0 .1 cm 3 /dm 3 

was added to the solution . 

Table J.1 The Treatments 

Growth substances Site Rate 

Chlorflurenol = Chlor. Plant = P control = 0 

TIBA = TIBA Fruit = F 100 ppm = 100 

200 ppm = 200 

Rat e 
Growth 
Substance x Sit e 0 100 200 

Chlor - p Chlor-PO Chlor-Pl OO Chlor-P200 

Chlor - F Chlor-FO Chlor- F100 Chlor-F200 

TIBA - p TI BA-PO TIBA-PlOO TIBA-P200 

TIBA-F TIBA-FO TIBA-F100 TIBA-F200 

The plants were trained up strings and stopped at the 

wires (1 . 8 m from the base of the plant) . All the 

laterals were removed when small , except near the wire 

where two laterals were allowed to develop , which is some-

times referred to as the umbr e lla training system . On 

2 1 April block four was harvested , block one and three on 

22 April and block two on 25 April . The dry weight of the 

individual fruit and the leaves , stem and roots was deter-

mined by drying them in an oven at 80 ° C . 
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This was a 2xJx2 factorial e xp eriment and after 

analysis of vari a nce was carried out on the relevant data 

the treatment means were compared by the Duncan's multiple 

range test . In the table of results treatment means with 

no letter in common are signif'icantly different by this 

test at p <0 . 0 1 (capitals) or p < 0.05 (lower case ). All 

data expressed as a percentage was subjected to the 

arcsine transformation befor e analysis . In the tables of 

results actual p ercentages arc given , not the transformed 

figure. Details of the analysis of variance are given in 

the appendice s . 

J . J . 2 Total plant dry weight and dry we i ght of 

c omponent organs 

There was a significant effect (p < 0 .0 5 ) of site of 

application on fruit dry weight ( Table J . 2) (Appendix 2) . 

Fruit dry weight was less when the growth substance was 

applied to the whole plant in comparison to application to 

the fruit . There was a significant interaction between 

the site of application and rate with respect to total 

plant dry weight and the dry weight of all the component 

organs, except the fruit (Table J.J) (Appendic es J- 6) . 

Application of growth substances to the whol e plant at 

100 ppm or 200 ppm. reduced the dry weight of the total 

plant, leaves, stem and root (p< 0 . 01) . 
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Table 3 . 2 Effect or site of application on fruit dry 

weight ( g/pl) . 

P JY .4 b 

F 45 . 8 a 

Table J . J Interaction between site of application a nd 

rate on LoLal planL dry weight and wei~~t 

of co rnponcn t organs ( c;/p l) . 

~te Site 0 100 ppm 200 ppm 

Total plan L p 107 . 2 a A 85 . 5 b n 81. 6 b B 

F 109 . 8 a A 11 2 . 2 a A 1 12 . 6 a A 

Fruit p 43 . 9 N . S . J8 . 9 35 . 4 

F 44 . 2 N . S . 45 . 6 47 . 8 

L eaves p 4 5 . 1 a A 34 . 8 a A J4 . J b B 

F 46 . o a A 46 . 6 a A 45 . 8 a A 

Stem p 12.4 a A 7 . 9 b B 7 . 6 b B 

F 12 . 9 a A 1J.O a A 12 . 8 a A 

Root p 6 . o a A 4.0 b B 4 . 2 b B 

F 6 . 7 a A 6 . 8 a A 6 . J a A 



Fruit dry weight was significantly less (p < 0 .05) 

with the application of TIBA in comparison to chlor-

flurenol and the reverse applied for stem dry weight 

(Tabl e 3 ,4) (App endice 2 and 5 ). 

Table 3 . 4 Effect of growth substance on fruit and 

3 , 3 , 3 

3 . 3 . 3 . 1 

stem dry weight ( g/pl) 

Growth 
substanc e 

Chlor 

TIBA 

Fruit 

45 . 4 a 

39 , 8 b 

Partitioning of dry weight 

Effect of site of application 

Stem 

10 . 9 b 

11. J a 

so . 

With a pplication of the growth substance to the plant 

the proportion of the dry weight in the roots was less 

( p < 0 . 01) in comparison to application to the fruit 

(Table 3 . 5) (App endix 7). 

Tabl e 3 , 5 Effect of site of application on percent 

total dry weight in roots (%) 

Site 

p 

F 

Root 

5.1 B 

6.0 A 
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J. J . J. 2 Effect of growth s ubs tances 

A greater proportion of the dry weight was partitioned 

into the fruit (p < 0.05) and less into the leaves and stem 

(p < 0.0 1 ) with the application of chlorflurenol in 

compari so n to TIBA ( Table J . 6) ( Appendices 8-1 0) . 

Table J.6 Effect of g rowt h s ubstanc e on percent 

total dry weight in fruit , leaves a nd 

Growth 
substance 

Chlor 

TIBA 

stern ( % ) 

Fruii< 

40. 0 b 

J . J . J . J Interactions 

Leaves 

40 . 5 B 

4J .1 A 

Stem 

10.4 B 

11. 4 A 

There was an int eraction between growth substance and 

site of application for the percent total plant dry 

weight in the leaves ( Table J . 7) (App endix 9 ). TIBA 

applied to the fruit was greater (p< 0 . 05) than the other 

treatments, and TIBA applied to the plant was greater 

(p< 0 . 05) than Ghl orflurenol applied to the fruit . 
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Table J.7 Interaction between growth substance and 

site of application on percent total 

dry weight in leaves (%) 

subs ta; 
Growth ~te 

p F 

Chlor 41. J be B 39 . 7 c B 

TIBA 42.5 b AB 4J . 8 a A 

There was an interaction between the site of applica-

tion and the rate for the percent total plant dry 

weight in the stem (Table J . 8) ( Appendix 10). Th e appli -

cation of growth s u bstance to the plant at 100 ppm and 

200 ppm reduced the percentage in the stem ( p < 0 . 0 1). 

Table J . 8 Int eraction between site of application and 

r ate on percent total dry weight in 

stern ( % ) 

Si~ate 0 100 ppm 200 ppm 

p 1 1 • 7 A 9 . 4 B 9 . 4 B 

F 1 1 • 9 A 11. 8 A 1 1 • 5 A 
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J . J . 4 Fruit set 

J.J . L~ .1 Nodes 1-8 

In this analysis fruit with a dry wei ght 1 g or 

greater was chosen to ensure the fruit had set , as 

abortion nearly always occurred when the f'rui t dry weight 

was less than g . On these nodes there was a site x 

rate and site x growth substance interaction. Fruit set 

was increased (p< 0 . 01) with growth substance application 

to the plant at 100 ppm and 200 ppm (Table J . 9a) . Fruit 

set was less (p < 0 . 01) with TIBA applied to the fruit 

than applied to the plant or chlorflurenol applied to the 

fruit or plant (Tabl e J . 9b) (Appendix 11). 

Table J . 9 Int eractions betw een site and rate , and site 

and growth substance on fruit set on nodes 

1-8 

a . Sit~ate 0 100 ppm 200 ppm 

p 4 . 0 b B s.J a A 5 . 4 a A 

F J . 6 b B J . 7 b B J . 4 b B 

b. Growth ~e 
subs ta= p F 

Chlor 4 . 8 a A 4 . J a A 

TIBA s .o a A 2.8 b B 
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J . J . 4 . 2 Nodes J - 5 and 6 - 8 

With further analysis of only nod es J-5 there was an 

interaction between growth substance and site and an 

effect of rate of application. TIBA applied to the fruit 

reduced fruit set on these nodes ( p < 0 . 05, Table J . 10a) 

as with nod es 1-8 (Tabl e J . 9b). With increasing concen-

tration of growth substance there was a trend of decre as -

ing fruit set but 200 ppm was only significantly l ess than 

the control (P<O~, Tabl e J. 10b) (App end ix 12) . 

Table J .1 0 Effect of treatments on fruit set on 

nodes 3- 5 

G th )\te row 
subs tan~ p F 

a . 

Chlor 2.4 a 2 . 5 a 

TIBA 2 . 6 a 1 . 9 b 

b . Rate 0 100 ppm 200 ppm 

2 . 7 a A 2 . 4 a AB 2 . 0 b B 

F rui t set on n odes 6- 8 was greater ( p< 0 . 05 ) with 

chl o r flu ren ol than T I BA ( Table J . 1 1a ) ( Appendix 1 J ). 

Th e r e was a significant interaction between site and rate 

on t h e s e n odes , With growth s u bstance application to 

t h e p lart t at 100 o r 200 p p m, fruit set was greater 
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(p < 0.01) than the control plants or with application to 

the fruit ( Table 3 . 11b) . In comparison to one of the 

controls fruit set was greater (p< 0.05) with application 

to the fruit (Tabl e 3 . 11b). 

Table 3 . 11 Effect of treatments on fruit set on 

nod es 6 - 8 

a . Growth substance 

Chlor 1 . 56 a 

TIBA 1 • 1 5 b 

b . 0 100 ppm 2UO ppm 

p 0 .44 c B 2 .1 3 a A 2 . 38 a A 

F 0 . 8 1 be B 1 . 25 b B 1.13 b B 

J . J . 4 . 3 Nodes 9 - 16 

For the number of fruit set on nodes 9 -16 there was 

an interaction between growth substance , site and rate. 

TIBA applied to the fruit at 200 ppm was greater (p< 0 . 01) 

than the other treatments (Tabl e J . 12) (App endix 1 L~) • 

TIBA applied to the plant at 100 or 200 ppm was 1 es s (p<O . 01 ) 

than chlorflurenol applied to the plant at 200 ppm (Tabl e 

J . 12 ). Fruit set occurred above node 16 but there was no 

significant difference between the treatments . 



Table J .1 2 

0 

100 ppm 

200 ppm 

J . J . 5 

56 . 

Effect of treatments on the fruit set 

on nodes 9-1 6 

Chlor- P 

1 . 1 be BC 

1 . 2 be BC 

1. 6 b B 

Fruit size 

Chlor- F 

1 . 6 b D 

2.0 b B 

1. 8 b B 

TIBA- P TIBA- F 

1 . 1 b c BC 1 . 6 b B 

0 . 8 c C 1 . 6 b B 

0 . 8 c c J . J a A 

The mean fruit dry weight was significantly greater 

(p < 0 . 0 1) wi th applicat ion to the ~ruit than to the plant 

(Tabl e J . 1J) (App endix 15). 

Table J .l J 

J . J . 6 

Effect of site application on mean fruit 

dry weight ( g ) 

p 

F 

5.9 B 

7 . 1 A 

Di stribution of fruit dry weight on various 

nodes 

There was a greater proportion of the fruit dry weight 

on nodes 1-8 than 9- 16 except with TIBA applied to the 

fruit at 200 ppm where the reverse occurred (Tabl e J .1 4) 

( Appendices 16 and 17 ). TIBA applied to the fruit at 
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200 ppm reduced the proportion of the fruit dry weight on 

nodes 1-8 but on nodes 9 - 16 it was greater (p < 0 . 01) . 

Table J .1 Lt P ercent total fruit dry weight on 

nodes 1- 8 and 9-16 (%) 

Nodes 1-8 Nodes 9 -1 6 

Growth 
0 100ppm 200ppm 0 100ppm 200ppm 

x site 

TIBA- P 77 . 7 A 78 . 5 A 84 . o A 10 . J B 19. 7 B 16.0 B 

TIBA - F 74 . 7 A 67 . 7 A J8 . 1 B 19 . 8 D 29 . 1 B 57 . 0 A 

Chlor- P 76 . 9 A 82.2 A 7J . 8 A 1 Lt • 1 B 17 . 7 B 26 . 2 B 

Chlor- F 70 . 7 A 71 . 1 A 67 . 5 A 25 . 0 B 24 . J B 2J . 9 B 

Exc ept for these significant int eractions the above 

analysis suggested that the growth substances had little 

influence on the dist ribution of fruit dry weight on the 

various nodes , but on grouping nodes J, 4 and 5 , and nodes 

6 , 7 and 8 together further significant effects were found 

( Table J .1 5) ( Appendices 18 and 19) . On nodes J - 5 a 

decreasing proportion of the fruit dry weight occurred with 

an increasing concentration of growth substances. On 

no des 6 - 8 there was an interaction between site and rate, 

and also between growth substance and rate (Table J . 15 b 

and c ). Application to the plant at 100 ppm and 200 ppm 

i ncreased the proportion of the total fruit dry weight on 

t h ese no des , as di d chlorflu renol at 100 ppm and 200 ppm 



and TIBA at 100 ppm (p< 0 . 05) . 

Table 3 . 15 Effect of treatments on percent 

total fruit dry weight on n odes 3- 5 

and nodes 6- 8 ( ~ ) 

58 . 

Rate 0 100 ppm 200 ppm 

a . Nodes 3- 5 55 , 9 a A 35 . 7 b B 28 . 0 c B 

b . Nodes 6- 8 Site p 7,5 c c 43 . 1 a A 41.0 a A 

F 16 . 9 bcBC 25 . 1 b AB 18 . 4 bcBC 

c . Nodes 6- 8 Growth Chlor 9.3 c c 38 . 4 a A 36 , 5 a AB 

Substance TIDA 15 . 0 c CD 29 . 8 abAOC22. 9 bcBCD 

3 , 3 , 7 Mis s h apen :fruit 

The proportion of the fruit dry weight t ha t was in 

misshap en fruit was greater (p< 0 . 01) with the application 

of growth substance to the plant at both rates or to the 

fruit at the 100 ppm rate. The increase was greater 

( p ~ 0 . 0 1) when sprayed on the whole plant (Tabl e 3.16) 

(Appendix 20) . Some of the misshapen fruit , with growth 

s ubstance application to the fruit , was due to a small 

swel ling at the point where the corolla was connected to 

the ovary . With application to the whol e plant the fruit 

o n the upper nodes did not swell at the distal end . Som e 

of the fru it on the lower nodes was also misshap en , due to 

greater swell i ng at the distal end than at the proximal 

end. 
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Table J .1 6 Percent fruit dry weight that was in 

misshapen fru it. 

Sit1atc 0 100 ppm 200 ppm 

J . 4 

J . 4 . 1 

p 

F 

J . 4 .1. 1 

Li • 1 c c 65 . 7 a A 78 . J a A 

4 .o c c 2J.2 b B 16 . 9 be BC 

Discussio n 

Dry wei ght of component organs and parLitioning 

between them . 

Introduction 

Th e effect o.f t h e site of appJication and rate on dry 

weight produ ction a nd on t h e partitioning of the dry weigh t 

will be discussed in J . 4.1. 2 and J . 4 . 1 . J . However the 

difference between the two growth s ubstan ces will not be 

discuss ed until section J . 4 . J as these results relate Lo 

the fruit set data ( J .4 . 2 ) . 

J . 4.1. 2 Dry weight 

Chlorflurenol and TIBA when applied to the whole plant 

at 100 ppm and 200 ppm reduced the total plant dry we i ght 

and the dry we igh t of the leaves, stem and roots (Tab l e 

J . J) . Although the interaction between site and rate for 

the fruit dry weigh t was not significant (Tabl e J . J ) frui t 

d r y weight was l ess with t h e application of growth 
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substance to the p l a nt than to the frui t (Table J . 2) . 

Comparing the mean s for the n on significant interaction 

(Table J . J ) it is more likely that t h e appl ication to t h e 

p lan t reduced the fru~ t d ry \veigh L, rn. thcr than applica-

tion to the fruit increasin g fru i t dry ·weight . Generally 

with applica t ion of chJorf l u ren o l or TIBA to t h e c u c umber 

pla n t there ha s b een an increase in fruit yield (Cant-

liffe , Robinson and Basldorrf , 1972 ; Dean , 1978 ) . Where 

f ruit set h as b een increased to Lal f r u it y i eld has so me ­

times b een r edu ce d \vi th c lllo r :flure n ol , bu t the proportion 

of fruit i n t h e smaller size as r0quLre d ror pick l. in g is 

i n c r eased (Cantliffe , Robinson and Shannon , 1972) . Dean 

(1 978 ) obtained t11e greatest response in y ie ld to ch l or­

f.L urc n ol wilh 111edl uin to strong genetic p arth e n ocarpy 

cul lival's . However in Lhl s experim e nt with a part h cno -

carpic c u ltivar , yi e ld was not i n creased . 

As these growth substances reduce vegetative growth 

and increase frui t set ( J . 4 . 2 ) , yield soon after applica­

tion should b e greater , as found by Dean (1 978 ) when the 

crop was h arv ested whil e most of' the fruit was in t he s mal l 

pickl e sizes . However if left for a longer p e riod before 

harvesting , as i n this e xperiment, non treated plants would 

be able to produce fruit on highe r nodes and would have n e w 

leaves as sou rces for the se fruit . For treated plants 

though, n ew si t e s would no t oc c ur as stem elongation is 

n early nil, and so fur ther fruit set is minimal . Had the 

present e xperime n t b een con tinued larger reductions i n 

yi e lds should have been detected . 
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J .4.1. J P artitioning 

Although application of growth substances to the plant 

reduced the dry weight of the leave s, stem and roots , it 

only reduced the percentage total plant dry wei ght in the 

stem (Table J . 8) and possibly the roots (Table J . 5) . 

Application of growth substanc e s to th e plant almost 

stopped extension growth of th e stem . These plant s we re 

about 1. J m high when harve st e d wh e r e as th e oth e r plants 

had reached the wir e (1 . 8 m) and produced t wo l ate rals 

which were frequently 0 . 5 m each in l e ngth. Th e inhibi -

tion of the growth of th e main shoo t has b een obs e rve d with 

a wide range of plants :following appli c ation o:f TIBA or 

chlorflurenol to th e whol e plan t (Bissaria and Prakash, 

1978; Tann e r a nd Ahm e d, 1 9 74; Di ssaria , 19 7 6 ) . Ass o c i a t e d 

with this is a reduction in a pical d o mina n ce and incr e as e d 

branching (Bissaria and Prakas h, 1978) . How e v e r as all 

laterals had been r e moved when small in this exp e rim ent , 

little dry weight could b e partitione d into th e stem 

following application, thus accounting for the r e duced 

proportion in the stem . A smaller percentage of the dry 

weight was partitioned into the roots with application of 

growth substance to the plant than the fruit (Table J.5). 

This may be due to application to the plant reducing or 

application to the fruit increasing the percentage , or 

both , compared to the controls . 
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J . 4. 2 Fruit data 

Fruit set on nodes 1- 8 was increased with the applica­

tion of growth substances to th e whole plant (Tabl e J . 9) . 

However on nodes 9 - 16 fruit set was not signi:ficantl y 

different to the controls (Table J . 11) . The greater fruit 

set with the application of these growth substances to the 

plant has also been observed by Cantli:ffe (1 972 ) with non­

parthenocarpic cultivars and by Dean ( 1 978) with parth~no­

carpic cultivars . 

The difference in fruit set on nodes 1-8 between 

chlorflurenol and TIBA 1vh e11 apµlied to Lh e f'rui t (Tabl e 

J . 9b) is attributed to a r e duction in fruit set with TIBA . 

It seems unlik e ly tha t chlorflurcnol a ppli ed to the fruit 

incr0C1sccl fru -i t set or c,-ro1v th , C\:-> Lile noel es Lr ca Led w _i_ Lil 

growth substances wer e mainly nodes 1- 8 , and the proportion 

of fruit dry weight on these nodes was not greater (Table 

J . 14) . 

At 200 ppm TIBA applied to the fruit r educed the 

percentage fruit dry weight on nodes 1- 8 (Table J.14) . 

The reduction in fruit set on the lower nodes with TIBA 

applied to the fruit (Tabl e J.9b) was partially compen­

sated by greater fruit set on nodes 9-16 at the 200 ppm 

rate ( Table J . 12) and a greater percentage of the fruit dry 

we i ght on nodes 9 - 16 at this rate (Table J.14) . Although 

the interaction between the three treatments was not 

significant it appears that only at the higher rate (200 

ppm ) fruit set is reduced on nodes 1-8 . No difference was 

observed between 100 ppm and 200 ppm with chlorflurenol 
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(Table J . 9a, J . 12, J . 14) . With application to the fruit 

only the lower nodes were treated with growth substance 

(J . 2 ) , so the increas e d fruit set on nodes 9 - 16 with TIBA 

at 200 ppm is likel y to b e an indirect effect . Two 

explanations are possible for the apparent compensatory 

mechanism following reduced fruit set on the lower nod es . 

Firstly the r e du ce d f'ruit set on the lower nodes may allow 

greater fruit set on higher node s due to the reduction in 

competition for as similat es . Secondly the lower fruit may 

produce an inhibitory factor or u se up a promotory factor , 

which reduces fruit set on t h e higher nodes. Therefore if 

fruit set is r educed on the lower nodes l ess inhibito ry 

factor is produc e d or less promotory factor ls us ed up . 

Application of growth s ub stances to the plant reduc e d 

the fruit size (Tab l e J . 1J) . The fruit on the upp e r nodes 

were fr e quently s mall due to the fruit not swelling at the 

distal end . Most of the fruit were mis s h apen with appli-

cation to the plant (Table J . 16) . However with the short 

type of cucumber cultivars, chlorflurenol and TIBA have 

little influence on the fruit shape (Cantliffe 1972 , 1977 ; 

Cantliffe , Robinson and Bastdorff , 1972) . Application of 

these growth substances to the fruit caused a small swell ­

ing at the point where the corolla was connected to the 

ovar y (Tab l e J .1 6 ). 

J . 4 . J Effect of growth substances 

The lower fru it dry weight , greater stem dry weight 

( Table J . 4 ), and reduced partitioning of the dry weight 
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into the fruit and more inLo the leaves and stem (Table 3 . 6 

and 3 . 7) wi th TIBA application in comparison to chlor­

flurenol appears to be a redisLribution effect beLween the 

frui t and vegetative parts of the plant . The reduction in 

:fruit set on the lower nodes with TIDA applied to the f'ruit 

(Table J . 9) , possibly reduced competition wj Lh the vegeta­

tive componencs until fruit set occurred on the higher 

nodes ( Tabl e J . 12) . FruiL set was greater on nodes 9-1 6 

with chlorflurenol than TIDA applied to the plant at 

200 ppm (Table 3 .1 2 ) even Lhourrl1 fruiL set was the same on 

nodes 1-8 (Table J . 9b) anu this a l so 111ay have increased t;he 

partitioning to Lhe fruit wi.th clllorf'lurenol compared to 

TIBA . 

J . 4 . /~ TicJ n t ionship be Lween s tagc of' flower develop111en L 

and fruit set, 

There was a decreasing trend in .fruit set and per cent 

frui t dry wei~1t on nodes J - 5 with increasing concentration 

of growth substance (Table 3 . 10, J .1 5) . With growLh 

s ubstance application fruiL set a nd per cent fruit dry 

we i ght was greater on nodes 6- 8 except .for TIBA appl i ed to 

the frui t at 200 ppm (Table J .11 and 3 . 15 ). The increase 

on nodes 6- 8 was greater with application to the plant t han 

the fruit . Node 6 . 5 was the mean top node at anthes~s at 

t he time of growth s ubstance application ( Figure 3 . 1) . 

This s uggests that i.'rui t set and growth are reduced on 

flowers past or at anthesis , and i n creased for flowers that 



have not quite reach ed anLhesis at the time o.f growth 

s ubstance application . 

These results are di!I'erent to Cantliffe ' s (1 972 ). 

Wi.th TIBA and chlorf'lurenol at 50 and 100 ppm they 

observed that !ruit developed from flowers thaL reached 

a nthesis approximately Lhree days before spraying. 

However they were using a non- parLhenocarplc cuJtivar . 

This difference in respon!:Se may be due to the higher 

endo{5eno us auxin Levels i.n the ovaries o.f gencLi_cal Ly 

parthenocarpic c ultivars than non- parthenocarpic culti­

vars (Rudlch, Baker and Sell, 1977) . 

J. 5 Sui11111ary 

Dry weigh L of the co111poncn L organs ''as markedly 

reduced with appllcaLi.on or cl1lorf lurcnol or TIBA to the 

\.Jholc planL , but L11c cri·ect on Lltf' dlsLribuLion of Ll1c· dry 

weight between t h e co 111 pone11 L ore-ans wat; sma I l . LlLtlc 

s t e m elon gation occurred after c-row Lh s ubstance application 

to the plant , and this reduced the percentage toLa l plant 

dry weight in the stem . 

Both growth substances when s prayed on the whole 

plant increased fruit set on nodes 1-8 . Chlorflurenol 

applied to the fruit did not influence the number or fruit 

set , but TIBA at 200 ppm reduced it on nodes 1-8 and 

increased it on nodes 9-1 6 . As TIBA was only applied to 

about node 8 , the increas ed fruit set on the higher nodes 

is likely to be an indirect e!fect . The greater fruit set 

on nodes 9-1 6 may be due to a reduced competition for 
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assimilates or a promotory factor , or reduced production of 

an inhibitory factor from the lower fruiL . The reduction 

in frui t set on the lower nodes with TIBA applied to the 

fruit , reduced the fruit dry wci(~l1L a nd the per c.;enL total 

dry weigltL parLiLioned t:o the 1'n1j L . 

These growth substances had an ef'feci; on ll1c position 

where t h e fruit set . Fruit set a n d ~rowth was reduced on 

flowers past or at anthesis , and increased on rJowers that 

had not quite reached anLhesis at the Lime of growth 

substance application . TI1is shift was more marked with 

application to the plant than the rrnit . 

For a n indetern1in aLc crop , h arvested over several 

months , Lile applicaLion of the::;e growlli subsLa!lces Lo tile 

whole plant has no com111 crclal use· , as the growth or Lltc 

apex is markedly reduced and theref'ore la ter frul L sites 

and leaf growth . A L so t.: 11 c .f r u i L 1 H ·a r I. Ii c a p c x \ -I as v c r y 

misshapen. ApplicaLion to the .fruit with chlorflureno l 

did not increase frL1i t set or yi rl cl , and TIUA rf.'cluced :frui L 

set and yield . It is conc l uded that e i t J1C'r or Ll1cse 

growth substances when applied Lo eiLher site , at the 

concenLraLions used in Lh is experiment , have no place in a 

crop harvested over several months. 
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CHAPTER FOUR 

THE EFFECT OF LEAF REMOVAL ON GROWTH 

AND DEVELOPMENT 

Introduction 

The sink strength of the fruit was no t increased by 

the growth substances chlorflurenol or TIBA (Chapt e r J) . 

As there was no other easy method of possibly increas ing 

sink- strength it was d ec ided to study source- sink 

relationships by varying t h e degree of source strength . 

Dy altering Lhe raLc of phoLosynLhesis Lo Lal dry 

matter production will be altered accordingly. However 

yield of the economic sink is influenced not only by total 

dry matter production but a lso by the way this is parti-

tioned between the component organs. There ls little 

information in the literature on Lite in[luence o.f source 

strength on the par ti boning of dry wcit:;h t for i nde terminate 

plants . 

Source strength may be reduced by s hading or deleafing, 

and increased by carbon dioxide enrichment or by 

increasing the total PAR . T e mp erature influences source 

and sink strength . Deleafing is a simple method to reduce 

sou rce strength . In this experiment source strength was 

redu ced by various leaf removal treatments . 

4 . 2 Materials and methods 

On 19 April 1979 seed of the cv . Princess , as us ed in 



68 . 

J . 2 , was sown in 100 plastic pots containing coarse s and, 

and was germinated at 25° C . Fo l lowin~ germination the 

seedl i ngs were transferred to a greenho u se with a min imum 

temperature of 19° C and ventilation at 24° C . On 10 May , 

when the second leaf was expanding the plants we re trans­

ferred to black polythene bags containing 10 ctm 3 of coars e 

san d . 

Th ere were fo u r trea t men ts consistin g of co n tro l and 

t hree levels of l eaf r emoval . The level of leaf removal 

i n creased fro m treatment 1 (control ) to treaLmenL 4. 

Treatments 2 , 3 and 4 h ad ,: , f and -2- of their leaves 

removed respec Lively ( Table 4 .1). T l1 e leaf rc'moval Lreat­

ments commenced on 1 1 May , a nd l ea f '3 number<'d from th e 

bas e o .f t h e pl ant , \v a s th c firs t: l ea f' Lo he re 111 o v e d . Th c 

leaves were removed wh e n s mall , about I 0 - 20 mm in wid Lil . 

At t his si_ze it was possible to remove t h e m wLLltoul: 

damaging the apex , and there wa::; little dry wei g-ltt losL. 

There were four randomi?Pd blocks, with .four plants per 

plot . Each plan t had an area oI' 0 . )4 m2 and a guard row 

was placed around the o u Lside of this experirn enL . 



Table 4 . 1 Leaf removal treatments . 

Treatment Per cent leaves Leaves removed , 
removed numbered :Crom the 

base of' the plant 

1 • Control 0 None 

2 . Every Li Lh leaf 25 J , 7 , 1 1 etc 
removed 

J . Every 2nd leaf 50 J , 5 , 7 , 9 ' 1 1 etc 
removed 

4 . Every 4Lh leaf 75 J , 4 , 5 ; 7, 8 , 9 ; 
retained , the other 1 1 etc 
three removed 

The plants were trained by the umbrella system and 

watered once a day with nutrient soJution as in J . 2 . On 

15 July the plants were harvested and divided into fruit , 

leaves, st.ems and roots , dried at 90° C and their dry 

weights determined . The dry weight of individual fruit 

was recorded as well as tile node number :from which tilcy 

were harvested. 

4.J Results 

4 . J . 1 Introduction 

All data expressed as a percentage was subjected to 

the arcsine transformation b e fore analysing . In the 

tables of results actual percentages are given , not the 

transformed figure . Duncan ' s multiple range test was used 

to test for significant differences between treatment 
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mean s . Details of the analysis of variance are given i n 

app endi ces 2 1-49 . 

4 . J . 2 Nu mber of nodes per plant , total plant dry weight 

and dry weight of component organs . 

The r e was no significance difference between the 

treatments for the number of nodes per plant when the 

p l a n ts were harvested . With increasing degree of leaf 

removal there was a redu ction in total plant, fruit , leaf 

and root dry weight . However the reduction was not always 

significant ( Table L~ . 2 ) ( Appendices 21 - 26) . Stem dry 

weight was litt l e a.ffected by the treatments, and was only 

significantly reduced at the high e st l e af removal treat -

ment . 

Table 4 . 2 Effects of treatments on number of nodes, 

total plant dry weight and dry weight of 

component organs ( g/plant ). 

Treatmen t 2 J 4 

Numb e r o f 27 . 6 N. S . 27 . 6 28 . 9 29 . 9 
nodes 

Total pl a nt 90 . 1 a A 77 . 5 b B 66 . o c B L~O . 1 d c 

Frui t 45.3 a A 37. 1 b AB 31. 6 b B 1 5 . 5 c c 

L eav es 33 .5 a A 29 . 5 b B 24. 1 c c 1 5 . 7 d D 

S tem 8 . J a A 8 . 1 a AB 8 . 0 a AB 7 . 0 b B 

Root J . O a A 2 . 8 a A 2 . J b B 1. 9 c c 
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4. J . J Number and mean dry weight of fruit . 

For the analysis on the fruit data , fruit with a dry 

weight of one gram or g r eater was used to e n s ur e the fruit 

had set . With increasing degre e of l ea f removal the 

number and mean dry weight was reduced , but treatment 4 was 

only significantly less than the other treatments (Table 

4. J ) (Appendic es 27 - 28 ) . 

Table 4 . J 

Treatments 

Number and mean dry weight of fruit with 

various l eaf removal treatments ( per 

plant) . 

2 J 4 

Number of fruit 

Mean dry weight 

4 . J a A 

10 . 6 a A 

J . 8 a A 

9 . 8 a A 

J . 5 a A 

8 . 7 a A 

2 . 0 b B 

7 . 1 b B 

4. J . 4 Partitioning of the dry wei~1t between the 

component organs . 

Although the dry weight of all the component organs , 

except for the stem , was markedly reduced with increasing 

degree of leaf removal , the partitioning of th e dry weight 

was little affected (Fi gure 4. 1) . The proportion of the 

dry weight in the fruit was significantly l ess for treat ­

ment 4 . Howeve r the percentage in the leaves was not 

significantly diff erent between the treatments ( Table 4 . 4) 

(Appendices 29 - 32 ). The proportion in the stem increased 
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with increasing degree of leaf removal , although it was not 

significantly different between treatment 1 and 2 . At the 

greatest leaf removal treatment a significantly greater 

proportion was partitioned into the roots . 

Table 4. 4 

Treatment 

Fruit 

Leaves 

St e m 

Root 

4 . 3 . 5 

4 . 3.5.1 

Percent total dry weight in the component 

organs ( % ) • 

2 3 4 

50 . 1 a A 47 . 6 a A 47 . 8 a A J8 . 6 b B 

37 . 3 N. S . 38 . 3 36 . 5 39 . 3 

9 . 2 c c 10. 5 c c 1 2 . 2 b B 17. 6 a A 

3 . 4 b B 3 . 7 b B 3 . 5 b B L~ . 6 a A 

Fruit data . 

Association between frult and nodes with leaves . 

It was observed that for treatment 3 and 4 the time to 

anthesis was delayed on nodes with no leaf, and that most 

of the fruit set on nodes with a leaf. The percentage of 

the fruit on nodes with a leaf decreased with increasing 

degree of leaf removal (Tabl e 4 . 5) (App endix 3J ). Du e to 

the greater number of leafless nodes with increasing 

degree of leaf removal the chance of being associated with 

a leaf is less (Table 4.5). The number of fruit associat -

ed with a leaf is greater than expected if the distribution 

of fruit was due to chance . 
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Table 4 . 5 Association betwe en a fruit and a node with 

a leaf . 

Treatment 

% fruit on nodes with 
a leaf. 

% fruit expected to be 
at a node with a leaf 
if the distribution 
was random, 

2 

90 . 9 a A 

75.0 

J 4 

80.9 a A 59 . 2 b B 

50 . 0 25 . 0 

4 . J . 5 . 2 Distribution of' fruit dry we i ght and numb e r of 

fruit on th e pl a nt . 

Due to the a ssociati o n b e tween f'ruit a n d nod es with a 

leaf , and as treatments we r e appli e d in groups of four 

nodes , the following nod e s we r e grouped to ge th e r for 

analysis ( 5 to 8, 9 to 1 2, 1 J t o 1 6, 1 7 to 20, and nod e 21 

and above) . There was no significant diffe r e nc e b e twe en 

the treatments for the proportion of the fruit dry weight 

on the various nodes except for nodes 1J to 16 (Table 4.6 ) 

( Appendices J4- J8 ). 
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Tab l e 4 . 6 Distribution of fruit dry weight on the 

various nodes (%) . 

Treatments 2 J J_f 

Nodes 5 - 8 1 8 . 0 N. S . 10 . 7 9 . 1 9 . 6 

Nodes 9 -1 2 20 . 0 N . S . 25.7 19 . 7 2 1 . 6 

Nodes 1 3-1 6 1 6 . 5 a 1 1 . 6 ab 20 .0 a J . 4 b 

Nodes 17 - 20 9 . 5 N. S . 12 . 8 6 . 8 22 . 9 

Node 2 1 and J6 . 1 N. S . J9 .2 44.5 42 . 6 
above 

Al so for the number of f'rui t , '"i tll a dry weight 

greater than one gram, there was no si.gnificant diff e renc e 

between the treatments except for nodes 5 to 8 . (Table 

4 . 7 ( (App endices J9 - 4J) . The distribution of the fruit 

numb ers on various nodes was not significantly different 

between the treatments . 
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Tab l e 4 . 7 Effect of treatments on 1ruit numbers on 

various nodes ( p er plant) . 

T reatments 2 J 4 

Nodes S- 8 0 . 8 a 0 . 4 ab O. J b 0 . 2 b 

Nodes 9-1 2 1. 0 N. S . 0 . 9 0 . 7 o. s 

Nodes 13-1 6 0 . 7 N.S . o . 6 o.6 0 . 2 

Nodes 17- 20 0 . 4 N. S . 0 . L~ O. J O. J 

Node 21 and 1 . J N . S. 1 . 4 1. 5 0 . 8 
above 

4 . J . 6 Sex expression 

No male 1lowers were producerl after node 8 on the 

control plants , but with leaf removal male nodes we re 

produc ed above this node . There was no significant 

difference be tween the treatments on the lower nod es 

(Table 4 . 8) . For nodes 13 to 16 and 17 to 20 the number 

of nodes with male flowers was significantly greater for 

treatment L~ but there was no significant difference for 

nodes 21 to 24 (Table 4 . 8) (Appendices 44- 49) . 



Table 4.8 

Treatments 

1-4 

5-8 

9-1 2 

1 3-1 6 

17- 20 

2 1- 2 4 

Total 

4 . 4 

L;. 4 . 1 

Number of node s with male flowers , on 

various nodes numb ered fro m the base 

of the plant . 

2 3 L; 

2 . 1 N. S . 2 . 1 2 . 1 2 . 2 

2 . 1 N. S . 1 . 9 2 . 3 2 . 1 

0 N. S . 0 . 1 0 . 1 0 . 3 

0 b B 0 . 8 b AB 0 . 8 b AB 2 . 2 

0 b B o . 4 b AB o . 6 b AB 1 . 8 

0 N. S . 0 0 0 . 2 

4 . 2 5 , 3 5 , 9 8 . 6 

Dis c ussi on 

a A 

a A 

Dry weight and partitioning of the dry weight 

between the component organs . 

76. 

The reduction in lear area ( so urc e slze ) witl1 the lear 

removal treatments reduc ed the total plant dry weight and 

the dry weight of the component organs . However the 

reduction in stem dry weight was small compared to the 

other organs and was only significant with the severest 

leaf removal treatment (Tabl e 4.2). The stem was probably 

little affected by the treatments as t his organ is part of 

the basic plant structure t o which the other organs ar e 

attached . With leaf removal the plant produc e d more nodes 

for the d e velopment of each leaf and the treatments had 
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no significant effect on the number of nodes (Table 4 . 2) . 

Except for the severest leaf removal treatment, 

partitioning of the dry weight was little affected by the 

treatments (Table 4. 4) . Th e percentage of the total plant 

dry weight in the fruit was only significantly reduced with 

the severest leaf removal treatment . There was no signi -

ficant differences with respect to the leaves . As the 

number of nodes was not altered by the treatments and leaf 

dry weight was only halved by 75°/o l eaf removal (Table 4 . 2), 

the specific leaf area and/or the area of each leaf must 

have been greater . A greater percentage of the total 

plant dry weight was partitione d into the stern with treat­

ment J and 4 and also the p ercenta~a partitioned into the 

roots inc re as ed Hi tl1 tr ca tm en L l1 . Tile greater percentac;e 

of the total dry weight partitioned into the stem at the 

higher leaf removal treatments, appeared to be at the 

expense of the percentage partitioned into the fruit . 

With the severest leaf removal treatment a signifi ­

cantly greater proportion of the total dry weight was 

partitioned into the roots . In general the destination of 

exported assimilates is primarily to the nearest sink , and 

the lower leaves export primarily to the root (Thaine , 

Ovenden and Turner , 1959 ) . As the two lowest leaves were 

not removed in this experiment , the close proximity of 

these to the roots may have allowed a greater proportion of 

the assimilates to be partitioned to them with the 

severest removal treatment . 



Even with a mark e d r e duction in total plant dry 

weight , r e sulting from l e a f removal, the partitioning 
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between the co mpon e nt organs was little affected . Stan-

hill (197 7 ) has observed an increase in relative rate of 

l eaf g row th and reduc ed relative root growth following 

defoliation of carrot s , to restore the relative size of 

organs to that preceding t h e treatment . Similar results 

have been describ e d for l eaf and root pruning tr e atm e nt s 

with Phas eo lus vulgaris (Brouwer , 1962 ) and Beta vulgaris 

L . (Fick , Williams and Loomis, 197 1) . In t h ese cases 

mature l eav es were r emoved and t h e plant restored the 

balance between the compo n e n t organs , wh e reas in t h is 

e xp erim ent the leaves were removed before they e xpanded, 

but similarly the plant 111aintai.ned a balance b etween the 

component organ s . 

L~. 4 . 2 Frui t data 

The numb e r and mean dry weight of fruit was signifi­

cantly r edu ced by the severest leaf removal treatment only, 

al t11ough the trend was the same :for aJ 1 treatments (Table 

4 . J ) . The r e duction in f"ruit dry weight appears to b e due 

more to a reduction in numb e r than size . Wit t we r and Robb 

( 1964) also observed a reduction in number and mean weight 

of tomato fruit with a lower assimilation rat e , as did 

Clifford (1979) with mung beans . 

Most of the fruit developed at nodes with a leaf . 

The association between a leaf and fruit development at a 

node may be due to tµe close proximity of a source of 
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assimilates or the s upply of other factors from the sub-

tending lear (2 . 2 . 1). Sinks tend to utilize local 

sources or assimilaL es preferentially , but can obtain 

assimilates from more distant sources upon removal of 

nearer sources ( Cook and Evans , 1976; Wardlaw , Carr and 

Anderson , 1965) . The removal or a mature suhLending leaf' 

on mung beans had no measurable effect on f'ruiL number or 

seed weight at that nod e , due to a diversion of' assimilat es 

f'rom oLher sources (Clif'f'ord , 1979) . Flowers at Jeaf'less 

nodes for treatmenL J aHd 4 frequently reached anLhesis 

later and \vere smaller than 11 owcrs at nodes above them 

"Wi th a l eaf . 

Only on nodes lJ- 16 was the di.::;tril;ution of U1c .fruit 

dry wei[~ll L ::;i_c-nificanLly di_C'i't•rc·nt; bc·Lwe<'n Llic: Lreut111e11t::; . 

Treatments and J were greater Llian Lrea tmen t 11 (Table 

L1 . 6) . This may have been due to Lhe larger .Cruit on the 

lo,•er nodes being able to compete Lo a greater extent with 

Lhe fruit on nodes lJ- 16 .for the reduced supply of as::;imi -

!ales in treatment 4 . The experiments of Pee] ancl Ho 

(1 970) with aphid colonies of' various sizes , and Cook and 

Evans (1 976 ) on wheat plants with two ears containing 

differcnL numbers of grains both indicate that the distri­

bution between two sinks of equal activity is not in 

proportion to the relative size of' Lhc two s inks but is 

heavily biased towards the larger sink , far mo re than would 

be expected f'rom the relative sink sizes . With treatment 

4 there may have b een greater compcLition for ass imilates 

a nd as the lower nodes h ave the larger fruit t h ey may have 



80 . 

been able to compete to a greater extent for the assimi -

lates , redu cing the availability to nodes lJ-1 6 . Alter-

natively there may have been a marked r eduction in fruit 

set on these nodes due to competition , and due to the 

r e duced fruit set the proportion of the fruit dry weight 

on these nodes was reduced . How ever there was no 

significant diffe r ence between the treatments for fruit 

set on thes e nodes although the trend was in the same 

direction . Only on nodes 5- 8 was the reduction in fruit 

set significantly different between the treatments (Table 

4 . 7) . How e v er the trend was the same on the other nodes . 

With increasin g degree of lear removal the number of fruit 

that set decreased. 

The distributioll of the fruit dry weight and frui L 

set on the various nodes f'l uc tua t ed in a similar manner 

(Tabl e 4.6 and 4 . 7) . Fruit set is greater on certain 

nod es but four to ei~ 1 t nodes later fruit set decreases. 

TI1e reduction in fruit set for severa l nodes may be due to 

competition for assimilates or the lower fruit may produce 

an inhibitory factor or u se up a promotory factor which 

reduces fruit set . 

L~ . 4 . J Influence of leaf removal treatments on the sex 

expression . 

Although this cultivar is described as "all - female " 

some male flowers developed on the lower nodes (up to node 

8 ), and then only female flowers developed on node 8 to 10 

with all treatments . After this some male flowers 
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developed again with all the leaf removal treatments but 

was only significant for treatment 4 (Table 4-8) . 

The influence of daylength treatments applied to 

seedlings at different ages, designated by the number of 

unfolded leaves, was on nodes just above the last unfolded 

leaf at the time of treatment (Matsuo et al , 1969). In 

the present experiment leaf three was the first leaf to be 

r emoved . When the leaf removal treatments began the 

flow er at nod e thre e had probably not differentiated but it 

was not until node thirteen that the sex expression was 

altered by the leaf removal treatments . In the cucumber 

plant several growth substances may p a rticipate ln t h e 

regulation of sex expression . The ADA level is higher in 

gynoecious cucumber plants than monoccious p:J ants ( 1 . 2 . J . J). 

ABA is produc ed in lll any plants by the older leaves . 

deleafing the plant h as fewer older leaves and so ABA 

production may be less which could account for the 

increased mal eness . 

4.5 Conclusion 

With 

With increasing degree of leaf removal there was a 

reduction in total plant dry weight and dry weight of the 

component organs. The partitioning between the component 

organs was little affected , except for a greater propor­

tion being partitioned into the stem and less into the 

fruit with the s everest leaf removal treatment . The 

increased partitioning to the stem is attributed to the 

plant continuing to develop a basic structural framework . 
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The reduction in fruit dry weight with increasing 

degree of leaf removal was due to a reduction in numb ers 

and weight of fruit. The distribution of the fruit dry 

weight and fruit set on the nodes appeared to occur in 

flushes , particularly with the severest l eaf removal 

treatment . This may have been due to competition for 

assimilates or the lower fruit may produce on inhibitory 

factor or use up a promotory factor which reduces fruit 

set for several nodes . 

Fruits generally set on nodes at which the leaf had 

not been removed . This may have been due to the close 

proximity of the source of assimilates or the supply of a 

growth factor from tl1e leaf . 

Aft e r the plants went into a pi~tiJlat e phase, they 

went back to a monoecious phase \vi th leaf re1noval . This 

is attributed to a shift in the balance between growth 

substances du e to the changed ratio of mature to young 

leaves . 
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CHAPTER FIVE 

THE EFFECT OF SHADING ON GTIOWTII 

AND DEVELOPMENT 

Introduction 

Deleafing appeared to have little influence on the 

partitioning of the dry weight except at "the highest degree 

of leaf removal (4.J . J ) . ThereI'ore the competitive 

ability of the component organs was not altered . Wh en 

studyine- the partitioning of dry weight, delea.fing as a 

method of r educing source sLrenGth has been criticised due 

to its effect on the dlstrlbuLLon of hormones (Wareing , 

Khalifa and Treharne , 1968) . S hading ls anot h er way of' 

reducing source strength . In this experiment Lhe 

lnfJuence of various degrees or s hading wiJl be studlecl 

when applied over different periods of time . 

5 , 2 Materials and 1nethods 

Seed of the cv . Princess was sown on 28 July 1978 ln 

100 mm plastic pots containing coarse sand and was germi­

nated at 28° C . At e mergence ( 2 August) the seedlings 

were transferred to a greenhouse with a minimum temperature 

of' 19° C and it was ventil ated at 24° C . On 18 August 

when the second l eaf was just starting to expand, the 

plants were planted into black polythene bags containing 

15 d m3 of coarse sand . The treatments conslsted of .four 

shading treatments applied over two different fortni gh t ly 
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periods . The first period was :from 16 to JO September and 

these plants were harvested on JO September (H1). The 

second period was .from JO September Lo 14 October a nd these 

were harvest e d on 14 October (H2) . Some plants reached 

anthes~s on 6 September and when the I'Lrst shading Lreat-

ments were applied these fruit were 60 mm long . At the 

first harvest these 1ruit were 200 rnm long and jus t market-

able . The mean daily outdoor solar radiation received 

during the first period was J , 796 w . hr. m- 2 and 4 , 949 w . h r . 

m- 2 during the second period , as meas ured with an Eppley 

pyranometer at Plant Physiology Divi sion, DSIR , Palmerston 

North. 

Di.fferent shading materiaJs were u sed Lo provide 

vario u s degrees or shading . Using a La111bda light meter 

(LI-1 85) with a quantum sen sor the reduction in PAR for Lhe 

materials was measured outdoors ( J5%, 58% , 70% ). The 

f'irst material ( J5% ) was JO% Sarlon shade c l oLh (green 

colour) ; the second material was a black shade cloth but 

t h e brand n a me is unknown; the third s h ading treatment 

(70%) was obtained by u sing two shading ma terials (a white 

on top of a black shading material) . 

Each plant was given an area of O. J4 m2
• A random-

ised complete block design was used . There were three 

b locks with four plants per plot giving thirty- two plants 

per block . A guard row was placed around the outside of 

t hi s experiment . The plants were watered and trained as 

i n the other experime n ts . 
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5 . J . 1 

Results 

Introduc tion 

85 . 

This was a 2 x 4 factorial experiment (two shading 

periods x four shading LreaLrnenLs) and afLer anal ysis of 

variance was carried out on the relevant data the treat­

ment means were compared by the Duncan ' s multiple range 

LesL (J.3 . 1). Actual percenLages arc g iven in the Lablcs 

but the arcsine transformation was used to determine 

significant differenc es . Details or the analysis of 

variance are given i..n the appendices. 

5 . J . 2 Dry weight and partiLioning 

The l eaf dry weight was reduced with increasin g degree 

of shadin g , and wa s grea Lcr a L Lile• second harvest than the 

firsL (Tabl e 5 .1 and 5 . 2) (Appe ndix 50) . 

Table 5 . 1 

Leaves 

Mean dry weight o l' the leaves \vi t h the 

differenL shad in~ Lreatments ( g/plant ). 

81 S2 S3 s4 

42 . 4 a A J7.6 b D 34 . 5 e c 32 . 7 d c 
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Table 5 . 2 Mean dry ·weight of the l eave s at the two 

h arvests ( g/plant) . 

Hl H2 

Leave s 29 . J T3 4 l1. J A 

86 . 

There were signifi cant interac t ions between the har­

vest dates and t he shad ing treatments for t h e total plant 

dry we ight o.f all the component orga ns except the leaves 

(Table 5 . J a n d Figure 5 . 1) (Appendices 51 - 54) . 

Table 5 . J 

H l $ 1 

s2 

SJ 

s4 

H2 S l 

$2 

SJ 

S4 

S i gnificant intcracLions on t,he clry weie-hL 

or t h e co111p o n ent organs ( g/p lant) . 

Total pln.n t Fruit SL e ms TiooLs 

69 . 8 E 211. 4 e D 8 . 5 c c J . 1 b ABC 

59 . J F 17 . 0 f E 8 . 4 c c J . O be BC 

49 . 1 G 10 . 5 g EF 8 . 4 c c 2 . 6 c CD 

40 . 0 H 5 . 6 h F 7 . J c c 2 . 2 c D 

1J9 . 9 A 72 . 6 a A 12 . 5 a A J . 8 a A 

1 1 5 . 5 B 56 . 5 b B 1 1 . 2 b A J . 5 ab AB 

105 . 9 c 50 , 7 c B 10 . 5 b B J . J ab ABC 

92 . 1 D 37 . 1 d c 11. 4 ab A J . 1 b ABC 
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Wi th increasin g degree of shading the percentage of 

the dry weight in the roots increased (Table 5 . Li) . The 

per centage in the roots decreased rrom Hl to H2 (Table 5.5) 

(Appendix 55 ) . 

Table 5 . 4 Percent dry we ich t in the roots wi Lh Lhe 

various shading treatments . 

s 1 S2 SJ s4 

Hoo ls J . 6 c D 4 . 2 a A 

Table 5 . 5 Percent dry wcighL ln the roots aL Lite 

two harvests . 

Hl H2 

Roots 5 . 0 A J . 1 B 

There were sign ificant lnteractlon s between the 

harvest dates and the shading treatments , for the 

proportion of the dry weight in the fruit, leaves and 

stem (Table 5 , 6) (Appendices 56- 58) . 



Table 5 . 6 

Hl S l 

S2 

SJ 

s4 

H2 S l 

S2 

SJ 

s4 

5 . J . J 

88 . 

Significan t interactions on percent 

dry we ight in the compon ent organs . 

Fruit Leaves SL e m 

J4 . 9 c DC 48 . 5 d c 12 . 2 c D 

28 . 6 d c 52 . 1 c B 1 Li . 2 b B 

22 . 0 e D 55 . 7 b B 17 . 0 a A 

14 . 0 f E 62 . 2 a A 18 . 4 a A 

5 1. 9 a A J6 . 1, g E 8 . 9 d c 

119 . 0 a A J8 . 4 !g E 9 , 7 d c 

1,7 . 8 a A J9 . 1 r E 9 , 9 cl c 

Lio . J b B Li J . 9 c D ·1 2 . Ii c D 

Absolute growL I! ancl parLiLioninc; of' t hi s growLh 

over period two . 

By deducLing the dry weight of the control plants at 

the i'irst harvest .from the dry wcigl1L at Lli e second harvesL 

Lhe growth ove r this two week p e riod could b e d etermined 

for the four s hading t r caLmcnt s (Tabl e 5 . 7) (Appendix 59) . 

Also the distribution of this growth between t h e component 

organs was determined . The shading r e duc e d t he growLh 

over this period b u t the distribution of this dry weight 

between the componen t organs was only significantly differ­

ent at t h e highest shading treatment ( Table 5 . 7 ) 

(App endic es 60- 6J ). With the highest shading treatment a 

s maller proporti on of the dry weight was partitioned into 
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the fruit and more lnto the leaves and sterns . There was 

no significant dif:ference between the treatments .for the 

proportion of this dry weight in the roots . 

Table 5 . 7 

AbsoluLe 
growth 
( g/pl) 

Fruit (%) 

Leaves ( % ) 

S t em (%) 

Roots ( % ) 

5 . J . 4 

5 . J . 4 . 1 

The ahsoluLe growth between 11 1 and El2 and 

the partitioning or thls between the 

component organs . 

S1 S2 SJ S4 

70 . 0 A 45 , 7 u J6.2 jj 22 . J 

68 . 8 a A 70 . ;2 a A 72 . 6 a A 57 . 2 

24 . 5 h J\ l:l .?2 . 8 b AB 21 • 1 b 13 29 . 8 

5 . 7 b 5 . 8 b 5 . 7 IJ lJ . O 

1. 0 N. S . 1 . 2 o. 6 1 . 0 

Fruit daLa . 

Fruit set . 

c 

b 

a 

a 

1J 

A 

On nodes 1- 10 the interaction was s ignificant (p <0 . 01 ). 

Fruit set was reduced with increasing degree of shading at 

the first harvest but there was no significant effect at 

the second harvest . (Table 5 . 8 ) (Appendix 64) . With 

increasing degree of shading fruit set was reduced on 

nodes 11-20 and was greater at the second harvest t han the 

first . (Table 5 . 8) (Appendix 65) . 
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Tabl e 5 , 8 Effect of shading on fruit set . 

Nodes 1-1 0 Nodes 11- 20 

H1 S l 

S2 

SJ 

S4 

H2 Sl 

S2 

SJ 

s4 

5 . J .4. 2 

4 . 1 A a S 1 2 . 8 a A 

J . O b A S2 2 . 8 a A 

1 . 7 c B SJ 2 . 0 b AB 

0 . 7 d B s4 1 . 3 c B 

J . 5 ab A 

J . 7 ab A Hl 1 . 4 A 

4 . J a A H2 J . O B 

J . 7 ab A 

Di stribution of fruit dry weight on various 

nodes . 

At the first harvest a decreasing proportion of the 

fruit dry weight occurred on nod e s 1-10, and an increasing 

proportion on nodes 11- 20 with increasing degre e of 

shading . However at the second harvest the opposite trend 

occurr ed but few of the shading treatments were signifi ­

cantly differ ent to each other ( Table 5 , 9 )(Appendices 66 

and 67) , The proportion of the fruit dry weight on nodes 

2 1 and above was significantly greater at the second har­

vest than the first ( Table 5 , 9 ) (Appendix 68) . 



Table 5 . 9 

H1 S l 

S2 

SJ 

s4 

H2 S 1 

S2 

SJ 

SL1 

Percentage of fruit dry we ight on various 

nodes (%) . 

Nodes 1- 10 Nodes 11 - 20 Node 

80 . 5 a A 1 9 . 1 c B l{ 1 1 . 2 B 

68 . 1 ab AD J 1 . 0 be A F3 H2 5 . 8 A 

59 , 8 be ADC J9 . 7 ab AD 

45 . 7 cd BC 5 1. J a A 

41. 4 d c 5 1 . Lf a A 

5 1 . 1 bed BC J9 .9 ab AB 

6 1 . J b e ADC JJ . 2 abc AB 

58 . 8 bed ABC 40 . L1 ab AB 

9 1 . 

2 1 

Using the control pl a nt s from th e fj rst h a1.'vest the 

distribution of the fruit g row th over period t wo was 

calculat ed . There was no s ignifi ca nt difI'erence between 

Sl , S2 and SJ , but SJ was greater t h an S4 ( p <0 . 05 ) on 

nodes 1-10 and S2 and SJ we re l ess than S4 on nodes 11 - 20 

(Table 5 . 10) (App endic es 59- 71). 



Table 5 .1 0 

S1 

S2 

SJ 

s4 

5 . L~ 

5. 4 . 1 

Distribution of the absolute 1ruiL growth 

over period t'vo on tlle various nodes ( %) . 

92 . 

Nodes 1- 10 Nodes 11-20 odes 20 and above 

21 . 1 ab 68 . 5 ab 10 . 4 N. S . 

27 . 4 ab 56 . 5 b 1 6 . 1 

42 . J a L17 . 7 b 10 . 0 

8 . 4 b 90 . 0 a 1 . 6 

Di scus sion 

Dry weight and partitioning or the dry weight . 

Wi th increasing degree of :shading the growth of the 

total plant and the compone nt organs was reduced (Table 

5 . 1 and 5. J) . Wi.th time a greater proportion of the 

plants dry weight was in the fruit and l ess in the vegeta-

tive organs (Tabl e 5, 5) . The reduction in Llte percent 

total dry weight in the fruit with increasing degree of 

shadin g (Table 5.4 and 5 . 6) is attributed to a delay in 

the growth raLe raLher than a smaller percentage of the 

abso lute growth being parLitioned into Lhe fruit , as in 

t h e second period there was no signi:ficant difference in 

t he proportion of the dry weight partitioned into t h e 

various component organs for the three lowest shading 

treatments (Ta bl e 5 , 7 ). However at the highest shading 

( treatment 70% ) a significantly smaller proportion of the 

absolute growth was partitioned into the fruit ( Table 5 . 7) . 



When assimilate supply is low vegetative growth 

appears to hav e a greater priority over fruit growth . 

9J . 

With sugar beet Ulrich (195 2 , 1955) concluded that storage 

beet growth and sugar accumulation r e quir e d an e xcess of 

photosynthat es beyond the needs for respiration and for 

growth of tops and fibrous roots. Fick , Williams and 

Lo omis ' (1 973) simulations agreed we ll with fi e ld observa­

tions when the partitioning was based on a hierarchy of 

priorities . In order of importanc e these priorities were : 

respiration, top growth , fibrous root growth and storage 

root growth . Simulated growth did not match field 

observations if the sequence was changed . How ever with 

Callistephus chi n e n si_s and Cll rysant l1 c mum rnoriFoliurn tlie 

distribution of the absolute gro wth at a cerLain total dry 

plant dry we i ght was not influenced by the carbon dioxide 

l eve l or light int ensity (Hughes and Cockshull , 1969, 

197 1). 

5.4.2 Distribution of fruit dry weight on various 

nod es . 

The reduction in the proportion of the fruit dry 

weight on the lower nodes with increasing degree of shading 

at the first harvest (Table 5 , 9) appeared to be due to a 

greater reduction in fruit set on nodes 1-10 than 11-20 

(Table 5 . 8 ). At the second harvest fruit set was reduced 

on nodes 11- 20 but not on nodes 1-10 as this would have 

been determined before the shading treatments were applied . 
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An increasing proportion of the fruit dry weight occ u rred on 

t h e lower nodes with increasing degree of shading at the 

second harvest ( Table 5 . 9) . There are two possible 

explanations for this . Firstly the delay in development 

with shading may account for this increase , as with ontogeny 

a greater proportion of the fruit dry weight occurs on the 

higher nod e s . The increase in the proportion of the fruit 

dry weight on the higher nodes with ontogeny can be observed 

by comparing the distribution for the control plants at the 

two harvests ( Table 5 . 9 ). 

S econdly wh ere several sinks are co mp eting for a 

limited supply of assimilates , the relative magnitud e of the 

sinks may be of overriding importance with a pronounced bias 

in favour of tlle l arc;c::;L sink ( 2 . 1.1) . Du e to the fruit on 

the lower nodes having developed a high sink stren gth by 

this stage they may marke dly reduce fruit growth on the 

high er nodes when the supply of assi111ilates is reduced by 

the shading treatments . However with the highest shading 

treatment most of the fruit growth occurred on the higher 

nodes (Table 5 . 10 ). Besides the sink strength , the 

proximity of the various sinks , modifi ed to some extent by 

the pattern of vascular connections , d ete rmines the distri -

b u tion of assimilates (Evans , 1975) . With 70% shading the 

lower leav es were probably near the compen sation point , and 

so the proximity of the fruit on the higher nodes to the 

sourc e of assimilates may have determined where the fruit 

g rowth o ccurred . 
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5 . 5 Conclusion 

For a young fruiLing cucumber plant that has developed 

several medium sized fruiL, shatling up to 58% had no effect 

on the partitioning of the absoluLe growth between the 

component organs . However with an i n crease in shading from 

58% to 70% the per cen L alJsolute grO\v th partitioned into L11c 

fruit was reduced . It appears that below a cri Lical level 

of assimilate s upply the vegetative organs have a hi gher 

priority than the fruiL . Above this cri Lical level the 

partitioning of the absoluLe growth between the colllponent 

organs wa s not significantly different . At t:his stage of 

deve l opment about 70% or L h ~ absoJ.ute gro11th was partLtioned 

into the .fruit, 2J7b into Lile' leavPs , 67~ in to t.l 1c• stem ancl 

1% into the roots . lloweYcr "'i. t h 707'0 shading tl1<' propor lion 

of the absolute gro11th partition ed into Llw frui.t 1>•as 

reduced to 57% . 

Over this p e riod the greatest clc c-rcc or shading (70%) 

markedly redu ced fruiL G'rowth on Lhe lower nod es . With 

this degree of shading the lower leaves were probably near 

the co mpensation point and the proximity of the fruit to the 

source of assimi lat es appears to have detennined where the 

fruit growth occu rred . Fruit set was reduced with 

increasing degree of shading . 
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CHAPTER SIX 

THE EFFECT OF CARBON DIOXIDE ENRICHMENT ON 

GROWTH AND DEVELOPMENT 

Introducti on 

In the two previous experiments , source strength was 

reduced by leaf removal or shading , with little influence 

on the partitioning of assimilates, even though the dry 

weight was markedly reduced. The present investigation 

was design ed to study the influence of increasing source 

strength on the partitioning of assimilates and on the 

growth and development of the cucumber plant . Carbon 

dioxide enrichment to 1000 ppm was u sed to increase source 

strength . 

6 . 2 Materials and method s 

On the 16 March 1979 seed of the cv . Princess was 

sown in 100 mm plastic pots containing coarse sand and was 

germinated at 25° C . At emergence the seedlings were 

transferred to a greenhouse with a minimum temperature of 

19 ° C and ventilated at 24 ° C . When the se c ond leaf was 

just expanding ( 4 April ), the plants were planted into 

black polythene bags containing 15 dm 3 of coarse sand . 

These were randomized between two greenhouses on 9 April, 

given an area of O. J4 m2 /plant and with guard rows placed 

arou nd the outside . The minimum temperature of these 
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greenhou ses was 19° C and they were ventll ated at 28° C . 

Th e p l a n ts were wat e r e d once or t wic e daily with a 

nutri ent solution (App e ndix 1) and trained by the um bre l la 

training syslem . 

The fi rsl flower reached an.th esis on 19 Apri l , and 

t h e .first weekly harvest .from each house was taken on 

20 Apr i l . F r om this date onwards Lh e earl.Jon dioxide 

l evel was maintained in one greenh o u se at 1000 ppm from 

dawn to dusk . Th e carbon dioxide was supplied f rom 

pressurised cyl inders and t h e leve l contr ol l ed by a carbon 

dioxide indicator/controller ( Gas - 0 - Mat). This condu c t i ­

metrlc carbon dioxide a nalyser , similar to that 

d escribed by Slack (1 974 ) , is based on the principle of 

measuring the increase in e l ectrical conducLivlLy or 

recircula ted , deioni~ed water , wh e n a salllp le air sLream 

is bubbled thro u gh Lhe water . 

Six weekly h a r vests .from each house were taken , with 

eight plant s on the .first harvest and the .fina l harvest . 

On the other four harvests , two sets of eight plants were 

harves ted weekly . This a ll owed a separat e set of plants 

to be u sed .for calculating t h e growth over the preceeding 

week compare d to the followin g week . The plants were 

taken at random and the remaining p lants moved to fill up 

t h e gaps . A sample of one l eaf in three for the first 

three harves t s a n d on e l ea.f in fo u r for the last three 

h arv ests were taken a nd its leaf area measured with a 

La mbda l eaf are a mach i n e . The total lea.f area was 
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est imat ed by multiplying the sample leaf area by the 

i nverse of t h e proportion of the leaf dry weight in the 

sampl e . The dry weight of the comp onent organs a nd 

individual f'rui L were de tenn.i.. ned a L each harvest . Also 

the number of l eaves with a diameter greater than 20 mm 

was recorded . 

The NATI and RGR were determined from the :following 

formulae (Hunt , 1978 ) : 

NATI = 

RG11 = 

T 
2 

loge2LA - l oge 1LA 

2LA - 1LA 

I:f the leaf' area a L Lite beginning o:f a week is 

multiplied by the reduction in speciI'ic lear weight , 

Lhe leaf' weigh t loss from these Ieaves can be determined . 

This assumes that the speci..fjc leaf' weight of the new 

leaves is the same as the old leaves. 

Leaf weight loss 

from existing leaves = 



6. J 

6 . J . 1 

Result s 

Introdu cLi on 

Th e treatments were not replicated because of the 

l i mit to t h e number of p l ants that could be grown i n 

eac h greenhous c , and L11 crcl'o re du t c! r·rn ina tions o C 

s l gH i...fica11t di.f.feruncc::; were n oL possible . 

6. J . 2 Abso lu te growth raLe 

The absol u te growth rate for t h e Lotal plant and 

t h e f ruit was greater with carbon dioxide e n richment 

for each week ly period (Table 6 .1 ) . It was also 

greate r for all tl1e component organs on week 1, 2 and 

5 , b u t on week J and 4 was ereatc~r f'or Lhc fruit huL 

noL t h e vcgctaLive organ s . 

99 . 
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Table 6. 1 Absolute growth r ate of t otal plant and 

( - 1 - 1) component organs g . pl . day . 

Week 2 J 5 

Control 

Total plant 2 . 12 2 . 05 1. 7 5 1. 82 1. 76 

Fruit 0 . 1 J 0 . 51 o . 80 0 . 89 1 . 28 

Leaf 1 . 21 0 . 59 o.45 0 . 45 O. J8 

P etiol e 0 . 26 O. JO 0 . 18 0 . 1 1 0 . 07 

Stem 0 . 40 o . 43 O. JJ 0 . 25 0. 10 

Root 0 . 12 0 . 22 - 0 . 01 0 . 12 - 0 . 07 

Enrichment 

To La l plant 2 . 76 4 . 72 2 . J7 J . 06 6 . J8 

Frui L 0 . 16 0 . 79 2 . 211 2 . 95 4.45 

Leaf 1. 55 2 . 19 - 0 . 21 0 . 18 1 . JO 

Petiole O. J7 0 . 62 0 . 15 - 0 . 15 0 . 26 

Stem o . 50 0 . 63 0. 18 0 . 07 0 . 28 

Root 0 . 18 0 . 49 0 . 01 0 . 01 0 . 09 

6 . J . J Partitioning of the absolute growth 

Over the first week the partitioning between the 

component organs was similar for the two treatments , but 

in the second week a greater p ercentage of the growth was 

partitione d into the l eaves and l ess into the fruit and 

stem with enrichment ( Ta ble 6 . 2 ) . In the third and 
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fourth week , with enrichment most of the growth was 

partitioned into the fruit and there appeared to b e a 

loss of dry weight from the l eaves in the third week 

10 1 . 

and petiole in the fourth week . Withou t enrichm ent an 

increasing proportion of the g row th was partitioned int o 

the fruit and l ess into the l eaves , stem a nd petiole . 

The perc e ntage part it i oned into the root fluctuated from 

week to week . With enrichm ent the p e rcentage p ar titioned 

into the fruit was 94 . 9 a nd 96 . 0% in week J and 4 

resp e ctive ly but was r edu ce d to 69 . 9% in week 5 . Th e 

p a rti t ioning was very similar for both oI' the treatments 

in week 5 ( Table 6 . 2) . Th e partitioning data is also 

shown in Fi g u re 6 .1 and 6 . 2 . 
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Table 6 . 2 Partitioning of the absolute growth 

( % ) • 

We ek 2 J 5 

Control 

Fruit 6 . J 24 . 8 45 . 9 49 . 0 72 . 8 

Leaf 57 . 2 28.6 25 . 8 24 . 5 2 1. 5 

Petiole 12 . 2 1 4 . 8 10 . J 6 . 2 J . 9 

Stem 18 . 6 20 . 9 18 . 8 1 J . 8 5 . 7 

Root 5 . 6 10 . 9 - 0 . 8 6 . 5 - J . 9 

Enrichment 

Fruit 5 . 7 16 . 9 94 . 9 96 . 0 69.9 

Leaf 56 . 2 46 . J - 9 . 1 6. o 20 . J 

Petiole 1J . 4 1 J . 1 6 . 2 - 4 . 8 4 . 0 

St e m 1 8 . 1 1 J . 4 7 . 6 2 . J 4 . 4 

Root 6 . 7 10 . 4 0 . 4 0 . 5 1 . 5 

6 . J . 4 Fruit data 

6 . J . 4 .1 Fruit growth and set 

The absolute growth rate and the relative growth rate 

of the fruit was greater with enrichment for each week 

(Table 6 .1 and 6 . J ). 
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Table 6 . 3 Relative growth rate of the fruit 

(g/g/day). 

Week 2 J 5 

Control 

Enrichment 

0 . 307 

0.326 

0 . 195 

0 . 234 

0 . 109 

0 . 186 

0 . 061 

0 . 094 

0 .0 55 

0 . 084 

There appeared to be little difference in the 

percentage fruit growth on nodes 1-10 over each weekly 

period except for week five . During this week little 

growth o ccurred on these nodes for the control plants 

(Table 6. 4) . 

Table 6. L~ 

Week 

Control 

Enrichment 

Per cent absoluLe 1'ruiL GTowLh in week 5 

on nodes 1-10. 

89 . 8 

89 . 6 

2 

72 . 9 

81 . 9 

3 

67 . 1 

88 . 8 

4 

75.2 

74 . 2 

5 

8 . 1 

59.2 

At harvest six the number and mean dry weight of 

fruit was greater with enrichment (Tabl e 6.5). Fruit 

with a dry weight of one gram or greater was considered 
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as having set as abortion usually always occurred before 

this weight . 

Table 6 . 5 

Control 

Enrichme nt 

Number and mean dry weight of fruit at 

harvest six . 

Number 

L~. 5 

9 . 9 

Mean dry weight ( g ) 

5 . 7 

6 . 9 

6 . J . 4 . 2 Aborted fruit 

The distribution of the size of t h e aborted fruit at 

harvest six for nodes 1-10 a nd 11 to the wire where the 

plants were stopped (mean 9 . 25 nodes for both treatments ) 

is shown in Figure 6 . J . On node 1-10 for the control 

plan ts most of the fruit abort e d in the 0.15-0 . J5 g siz e 

b ut with enrichment most aborted at a smaller size . 

The numb er of aborted fruit in the small (<0 .1 5 g) and 

larger sizes (> O. J5 g) was not different between the two 

treatments. Also on nodes 11 to the wire there were 

mo r e aborted fr u it with the control plants than with 

enri chment , but there appeared to be little difference 

in the distribution of the sizes between the two treat -

ments (Figure 6 . J) . At harvest six a greater dry weight 

and per cent fruit dry weight occurred in aborted fruit 
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with the control plants than the enriched (Table 6 . 6). 

Table 6 . 6 Dry we ight and per cent total fruit dry 

weight in aborted fruit at harvest six . 

Dry weight ( g /plant) P er cent total 
fruit dry 

weight 

Control J .O 10 . 8 

Enrichm e nt 1 • 7 2 . 5 

6 . 3 . 5 Leaf data 

The l e af area was greater at harv est three to six 

with enrichment , but the numb er of l eav es (> 20 mm width) 

was very similar for the t wo treatments (Tabl e 6 .7), 

At harvest six the leaf area o1 leaf ten and fifteen, 

mea s ur ed from the bas e of the plant , was greater with 

enrichment (Table 6.8) . 
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Table 6,7 

Harvest 

Leai' area a nd numb er of leaves per 

plant . 

2 J 4 5 

106 . 

6 

Leaf Area ( m 2). 

Control O.J4 0 . 58 0 . 93 1 . 1 5 1 . 27 1 . 39 

Enrichment O. J 1 0 . 60 1. J 1 1. J 4 1 . 48 1. 57 

Number of leaves . 

Contro l 

Enrichm e nt 

Tabl e 6 . 8 

Control 

Enrichm en t 

1 1 . 1 16 . 0 19 . 7 25 . 9 J2.2 J6 . 2 

1 1 . 0 16. 2 19 . 9 25 . 8 JO . 1 JJ . 9 

Leai' area of incJj vj dua l I e aves a L harves L 

six (cm 2 /plant ) 

Leaf 10 

6J4 

758 

Leaf 15 

556 

746 

The NAR of the control plants declined markedly 

until week J and then l evelle d off . However t h e NAR for 

the e n riched plants , d ecline d until week three and then 

inc r eased to a l e vel three times the control p l ants on 

week f i v e ( Table 6 . 9 and Figure 6 . 4 ). 
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Tabl e 6 . 9 Net assimi la tion rate ( g/m 2 /day ) . 

Week 2 J 5 

Including senescing leaves 

Control 4 . 80 2 . 82 1 • 65 1 . 57 1 • L~ 1 

Enrichm e nt 6 . 24 5 . 02 1 • 89 2 . 44 4 . 57 

Excluding senescing leaves 

Control 4 . 80 2 . 82 1 • 67 1. 65 1 . 55 

Enrichment 6 . 24 5 . 02 1 . 97 2 . 62 4 . 79 

6 . J . 6 Stem data 

The stem length per plant was very similar for the 

two treatments at each harvest but the stem dry weight 

per length was greater with enrichment ( Table 6 . 10) . 
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Table 6. 10 Stem l ength and sLern wei ght per length 

for each h a rves t . 

Harvest 2 J 5 

Mean stem length (m) 

Control 0.85 1 . Lio 1. 9J 2 . 71 J . L~2 

Enri c hme nt 0 . 77 1 . 35 1 . 90 2. 52 J . 17 

Stem dry weigh t per l e n gth ( g/m) 

Control J . 16 4 . 00 L1. 52 J . 96 J . 70 

Enri c hm ent J . J 1 4 . J8 5 , 35 4. 65 L~ . OJ 

6. J . 7 Redistribution of assirnilaLes 

During week J with the enriched plants there was 

a loss of lea! dry weight (Tab l e 6 . 1) even though the 

leaf area increased (Tabl e 6 . 7 ) . Using Ll1e :formula to 

6 

J . 7J 

J.69 

J . 66 

4 . 05 

determin e leaf' weigh t loss from existing l eaves (6 . 2) it 

was calculat ed that the redi slrihuLion of assimilates 

would h ave contribu ted to 2 4~ or t h e plants growLh . 

With enrichment th e r e was littl e increase i n leaf area 

over this week so if t h e specific l eaf weight o:f the 

new leaves was diffe r ent it would h a v e had littl e 

influence on thi s calcul ation . 
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6 . 4. 1 

Discussion 

Absolute growth rate and partitioning. 

109 . 

As expected carbon dioxide enrichment increased the 

absol u te growth rate of the total plant and the fruit 

over the five weeks ( Table 6 . 1) . However due to the 

partitioning of this growth between the component organs , 

the ab s olute growth rate of the vegetative organs was less 

in week three and fo u r with enrichment ( Table 6 . 1). In 

week two a s maller percentage of the absolute growth was 

partit i oned into the fruit and more into the l eaves with 

enrichment than for the control plant . The increase in 

leaf dry weight over week two was four - fold greater with 

enrichment than t h e control plants , however tile increase 

in leaf area was only twice as {';ren. I (TR11l0 6 .1 and 6 . 7) . 

It appears as thou~1 the mobili sing ability of the growing 

points was limiting plant growth and there was an 

accumulation of assimilates whlch may have caused the 

reduction in NAR ( 2 . 2 . 2) . 

In week three ther e was a reduction in leaf dry 

weight and in we e k four a small reduction in petiole dry 

we i ght . These reductions occurred even though the leaf 

area and number of leaves were still increasing slowly 

(Table 6 . 7 and 6 . 8 ). It appears that there was a 

redistribution of assimilates from the leaves and petioles 

to the fruit over these two weeks . This redistribution 

c o i n cided with a large increase in the absolute fruit 

g rowth rate (Table 6 .1). I t is estimated that 24% of 
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the growth would have relied on stored assimilates . 

Wi tl1 enrichment the absolute fruit growth raLe was even 

greater in week .five but the per cent absolute growth 

partitioned lnto the 1rult was reduced I'rom 96 . 0 (week 

.four) to 69 , 9 (Tabl e 6.2) . Tl1ls suegests Llrn L Lli c s Lored 

assimllates were depleted by this stage . Associated wiLh 

this apparent depleLion or stored assimilates was an 

increase in the NAR (Fig 6 . 4) . With many of lhe grains 

there is a build up o.f reserves in the stem which are 

mobilized during tllc sLorage phase. These contribuLe to 

a relatively small proportion of Lhc final grain yield , 

unless Lhc plant is under sL1'ess (Evans, 1975) . Also 

with soybean , temporary storage oI' carboltydra t:es occurs in 

the pod walls, which is later exported Lo the seeds 

(Thorne, 1978) . Hughes and Cockshull (19 69 ) observed 

some loss o.f lea.f and stern clry weigl1t as 1lowcrs matured 

on Chinese Ast er . They concluded that storccl assimilates 

were translocated from the st<'m or Lhat no 1urlher imports 

occurred and the loss was due to respiraLion . 

For the control plants the parLj tioning data does 

not suggest that there was a redistribuLion o.f assimilaLes . 

An increasing proportion was partiLioned into the fruit 

and less to the vegetative organs over the five week period 

(Table 6 . 2) . 

The partitioning in week .five was similar 1or the two 

treatments . Unfortunately this experiment did not 

continue to see if these figures were maintained over a 



longer period . This is an indet erminat e cucumb e r 

cultivar and pres umably maintains a balan ce between 

vegetative and r eproduct ive growth . 

The root growth nearly ceased from week three 

onwards except in week five there appeared to be some 
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growth with enrichment ( Table G. 1) . This reduction in 

root growth was associated with an i n creasin g proportion 

of the absolute growth being partitioned to the fruit for 

both treatments ( Table 6 . 2 ) . Similarly Van der Po st 

(1 968 ) observed that root growth stopped when cucumber 

fruits we r e developing , but upon removal the root growth 

was stimul ated again . Also with tomato plants , root 

growth ceased one month after a n thesis , and renewed growth 

a month later only replac d roots which had died ( Hurd 

and Gay, 1977 ) . 

6 . 4 . 2 Fruit data 

Ther e was a large loss of the fruit dry weight in 

aborted fruit for the control plants (Table 6 . 6) . With 

enrichment it was l e s s du e to fewer fruit aborting , and 

on nodes 1- 10 most of this fruit was in the smaller sizes 

compared to the control plants (figure 6 . J) . There 

appeared to b e a critical stage the fruit had to r each to 

ensu re fruit set , and this size was l ess on the lower 

nodes with e n richm ent. Wh en fruit set wa s occurring on 

these nodes there was an abundant supply of assimil ates . 



Carbon dioxide enrichment increased the absolute 

fruit growth rate ( Table 6 .1) and the relative growth 
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rate of the fruit (Table 6. J) . Tite large reduction in 

the per cent fruit growth on nodes 1-10 in week five for 

the control plants, and little reduction for the 

enriched ( Table 6 . 4) suggest that the reduction in 

partitioning to the fruit with e nrichm ent from we ek four 

to week five ( Table 6 . 2 ) was not due to the loss in 

growth ability of the older fruit . The s uggestion that 

it is due to the redistribution of mobilizable carbo­

hydrates appears to be mor e feasible ( 6 . 4.1). 

Enrichment increased the number and size of fruit 

(Tabl e 6 . 5 ) . Yi eld of many crops is increased with 

carbon dioxide enrichment , but its effect on the compo -

nents of yield varies between crops . Wi th to ma toes the 

number and size of fruit was increased (W ittwer and Robb, 

1964), but with eggplants and peppers the number of fruit 

was increased but the mean weight was little affected 

( Mi 1 he t and Co s t es , 1 9 7 5 ) . The n umb er of musk melon 

fruit and total weight was increased but mean fruit 

weight was slightly reduced (Milhet and Costes , 1975). 

Similarly with soybean the number of seed was increased but 

the size was reduced (Hardman and Brun , 1971). 

With a commercial greenhous e cucumber crop the fruit 

is harvest ed at a fixed size so only an effect on numbers 

is likely to be observed. Enrichment appeared not to 

influence the numb er of nodes or stem length (Table 6.10) . 



Therefore the number of fruit per node must have been 

greater with enrichment . 

6 . 4 . J Leaf data 
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Carbon dioxide enrichment had little influence on 

the numb er of leaves per plant but increased the area of 

the leaves (Tabl e 6.7 and 6.8) . The NAR declined over 

the five we ek period for the control plants but with 

enrichment it declined over the first three we eks but 

markedly increased over the following two weeks. 

Generally the NAR decreases with ontogeny due to greater 

mutual shading and l eaf ageing . The big reduction in 

NAR in week three and four with enrichment appeared to be 

due to an accumulation of' assim _i_Jates in the leaves 

(6 . 4 .1 ) . Following its depletion the NAR increased. 

6 . 5 Summary 

The growth and partitioning of dry weight of 

cucumber plants maintained at a mbi ent carbon dioxide 

levels in a greenhouse was compared with enrichment to 

1000 ppm from early anthesis . 

Carbon dioxide enrichment increased the absolute 

growth rate of the total plant and the fruit . During 

week three and four , with enrichment there was a loss of 

leaf a n d petiole dry weight even though the leaf area and 

numbers were still increasing . This loss may have been 

d u e to a redistribution of mobilizable reserves . The 
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partit i oning in week five was very similar for the two 

t r eatments . Unfortunately this exp erimen t was not 

co n tinu ed for a longer period to see i1 these partitioning 

figures were maintained over a longer period . 

The NAR was g r eater with carbo n dioxide enrichment in 

e v ery week . It declin e d over the first three weeks for 

the control and enri ched plants, a nd for the contro l 

plants there was littl e diffe r ence b etween weeks three , 

four a nd five . Howe v e r with e nrichm e nt the NAR increased 

from week three . This coincided with an apparent 

redi stribu tion of stored assimil ates . 

Fru it set and to a lesser exten t , size , was increased 

with enrichment . The aborted f'rui t were smaller on the 

lower nod es w_i_ th e nr_i_ cl un c n t . Tl i c critical stage Lhe 

fr u it had to reac h to ens ur e fruiL set appeared to be 

smaller with an abundant supply of assimilates . Enrich-

ment did not appear to influence t h e stem length or numb er 

of leaves but the l eaf area was increased . Little root 

growth occurred from week t hree onwards which was 

associated with a marked increase in the fruit growth . 



CHAPTER SEVEN 

SOURCE- SINK RELATIONSII1PS IN THE CUCUMDEH PLANT 

7 . 1 Partitloning of dry wei~1L 

The partitioning of dry ,,e i git t be Lween the component 

organs is an important factor inf'lucncing crop yield 

(Evans , 1975; Duncan, McCloud, McGraw and Boole , 1978). 

However there is little inrormation in the literature 

about partitioning for indeLcnninate crops and the varia­

tion that occurs beLwcen c ul I ivars and with diLfcrc n t; 

environmen tal condi tions . 

TJ1e per cenL parLi Vionin c; of' dry \veighL in Lhe younr,­

fruiLi11c; c u c 11111l>t !r plant, wa s li.Lllt> ai'f'ccLcd by a ranc-e oi' 

trea tin en ts (grow Lh s ubs La 11 ccs , del ea.fing , shadine and 

carbon dioxide e nric11m c n L) . Although TIBA and cltJor-

flurenoJ had a marke d effect on leaf' production a nd stem 

elongation, per cenL partitioning was little affected . 

The main ef'fect was a rcductjon in the proportion parti­

tioned into the stem with growt h s ubsLance app l ication to 

the whole plant . With the application of TIBA to the 

fruit , fruit set was reduced on the lower nodes and this 

reduced the fruit dry weight and partitioning to the .fruit 

(J . J . J) . Fruit set was greater on the higher nodes 

(J.4 . 2) thus establishing the apparently f'ixed ratio 

between the component organs . 



Similarly with various degrees of leaf removal the 

partitioning of the dry weight between the comp onent 

1 1 6 . 

organs was little affected . With beans (Brouwer , 1962 ), 

sugar beet ( Fick , Willi ams and Loomis , 1971 ) and carrots 

(S tanhill , 1977 ), the plant restored the balance between 

the component organs following leaf and root pruning . 

In the cucumb e r del eafing experiment the leaves were 

removed before they expanded but still the plant main­

tained a balance between the co mponent organs (4. J . 4). 

However with the severest degree of leaf removal a 

greater percentage was partitioned into the stem and less 

into the fruit . The plant continu ed to develop a basic 

structural f'ramework and the nuinber of nodes was not 

altered by the leaf removal treatments . The percentage 

partitioned into the leaves was not altered . Denna 

(1 973 ) conclud ed t ha t the cucumber plant possesses a 

regul atory mechanism that controls the proportion of the 

dry weight that can be devoted to fruit and seed 

production . Wh en h e compared parthenocarpic fruit 

developm ent with fertilised fruits , seed dry weight 

ac cummul ated at the expense of fruit rather than vine 

growth . With d e l eafing partitioning to the st e m was at 

the expense of partitioning to the fruit rather than to 

the l eaves . It appears t h at the cucumber's regulatory 

mechanism ensures the per cent partitioning to the l eaves 

is maintaine d . 

Shading up to 58% for a two week period did n ot alter 

the par t itioning of the absolute growth on a cuc umber 
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plant that had d eveloped several medi um sized fruit 

( 5 . J . 2) . However the partitioning to the fruit was 

reduced when the shading was i n creased to 70% . When 

assimilaLe s upply is low vegeLative growth appears to 

have a greater priority than the .frui.L . The mean 

o u tdoor daily solar rad i_a L i..011 during t hi s period ( f'ar Ly 

October) was 4948 w . h . r . m- 2 • During the winLer months 

the mean outdoor solar radiation would sometimes be l ess 

Lhan 70% of this in N. Z . There.fore Lhe partitioning to 

the .fruit may be reduced durinc- the winter monLlis unl ess 

Lhi s was an adapt i ve response Lo the sudden reduction .in 

irracliance . 

Wi tl1 carbon cl ioxidc enrichrnen t I'rorn f'irs L an Lh es is 

the partiti.oning in tlw f'i.rsL wc'ek was not dii"C"erenL Lo 

the conLrol plants (G . J . 'J) . ll owever in week Lwo , Lllrec 

and .four Lh e partitioning was quite di.f.ferenL . In week 

two there appeared to be an accu111ulaLion of a!::>!:;itnilaLes 

in the l eaves due to the n1obiJ ·j sine- abi l ity of the growing 

regions being ins u.f.ficicnt for Lhe hi gher rate o.f photo -

synthesis . Following Lhis acc u1nula ti on Lh ere was a 

redu ction in the NAR . In week three and four the 

mobilising ability of Lhe growing regions increased a n d 

there appeared to be a redistribution of stored assimilates 

.from the leaves and p etioles . Following this apparent 

redistribution of assimi l ates the NAR recovered (Fi gure 

6 . 4). Many workers have observed a correlation between 

the accumulation of carboh ydrates in leaves and t h e rate 
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of photosynthesi·s . However the idea of a dire6t feedback 

system in controlling the rate of photosynthesis has been· 

criticised ( 2 . 2 . 2). 

Other workers have also observed net dry matter 

transfer from other organs to the :fruit (Hughes and Cock-

shull, 1 971 ; Incolls and Neales, 1970; Moorby, 1 970). 

However Hall (1977) did not detect any net transfer of dry 

matter from other organs to the fruit in pepper plants 

even though the fruit was the major sink . Ho (1979) 

observed a loss of up to one-sixth the leaf's carbon 

within twentyfour hours when tomato leaves were exposed to 

low levels of irradiance. Similarly at low rates of 

assimilation in week three and four with enrichment there 

was a loss of stored assimilates . 

For the control plants the per cent alJsolute 

growth partitioned into the fruit increased from first 

anthesis to 73% :five weeks later . However with the 

enriched plants in week three it was 95% due to a 

redistribution of assimilates from the leaves ( 6 . 4 . 1). 

In the fifth week it decreased to 70%. By the fifth week 

the whole plant appeared to have adapted to the new 

environment . Unfortunately this experiment was not 

continued for several weeks longer to see if the plants 

maintained these partitioning figures . 

The partitioning of the absolute growth in the fifth 

week with and without enrichment (Chapter 6) and with the 

various shading treatments (Chapter 5 ) for plants at a 
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similar stage of development was about 70% into the fruit , 

23% into the leaves, 6% into the stem and 1% into the 

roots . For an indeterminate crop, once a fruit load is 

established on a plant and this is not removed , it is 

likely that the partitioning of the abso lut e growth 

between the component organs will not change . New sinks 

will constantly develop on the plant to replace older 

ones . 

The . cucumber plant appears to possess a regulatory 

mechanism that maintains the partitioning of dry weight 

between vegetative and reproductive growth constant under 

a wid e range o.f e nvironm ental co ndi. tions tlia t alter the 

supply of assimilates . 

7 . 2 Source or sink limitation 

With an increase in irradianc e and witlt carbon 

dioxide enrichment the cucumber pl~nts growth rate and 

the growth rat e of the fruit was increased (5.J . 2 and 

6 . J . 2) . This shows that under these environmental condi -

tions the plant was source limited (Fischer and Wilson , 

1975 ; Fisher , 1978) . 

A reduction in partitioning to the fruit with higher 

rates of assimilation would suggest that the mobilising 

ability of the fruit may be limiting yield ( Gifford , 

Bremner and Jones , 1973 ; Fischer and Wilson, 1975 ). In 

the second week of carbon dioxide enrichment the percentage 

partit i oned into the fruit was less with enrichment than 
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for the control plants (6.J.J). This appeared to be due 

to an accumulation of assimilates in the leaves du e to 

the limited mobilising ability of the growing regions . 

If the plants had b ee n given enrichrnent from an earlier 

stage the mobilising ability oi' the growing regions may 

have been greater ~s this is likely to be partially 

determined by the environment they d eve loped under 

(enrichment was applied f ro m first anthesis ). 

In the third week the partitioning to the fruit was 

greater with enrichment (95%) than for the control 

pl ants ( L1 6%) ( 6 . J . J ) . It appears that followlng an 

adaption period the mobili sin g ability of the gro 1ving 

regions increas ed so that by week five all the avai labl e 

photosynthat es were utilis ed . Th e bulk of the stored 

assimilat es are separated from the transport system and 

c urrent assimilat es are utili sed first (Wardlaw, 1976) . 

The depression of the NAR allowed the stored assimilates J 
to be utili sed . 

When the plant had d eve loped several me dium sized 

fruit it was able to partition about 70~ of the absolute 

growth into the fruit with no shading (Chapter 5) and with 

carbon dioxide enrichment (Chapter 6) . At these higher 

rates of assimilation the percentage partitioned into 

the fruit was not reduced . The ability of the plant to 

partition 70% of the absolute growth into the fruit under 

these environmental conditions does not imply that this 

proportion can be maintained at higher rates of 
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assimilation . However thi s is a gyno ecious cultivar , so 

there is a potential .fruit site at nearly every node . 

The maximum fruit scL occurred on the lower nod es with 

50% of the nodes having a fruit ( J . l~ . 2 and 5 . J.li .1). 

However many of these nodes would have had several .flowers 

but only one .flower set at each node . Therefore Lltis 

cul ti var has many po Len Li al .frui L si Les and \vi_ Lh greater 

assimilate supply fruit set will increase and s h ould be 

capabl e o.f utili sin g the greaLcr supply. 

The method devised by Gifford et al (197J) or Fischer 

and Wil son (1 975) Lo d cLerrnine sink or source limitation 

( 2 . J.2) cannot be used .for indetcrminaLe planLs as it is 

essential thaL vegcLaL i vc growth cont inue s . If a 1 ·1 of' 

Lh e absol u te growth is par Li Lio11ecl into the fruit then 

accordin g Lo thos e me L11ods Lile pl ant is not s ink J i mi Led. 

However if some growth is partitioned into til e vegetative 

organs then the crop is considered to be parLia lly ::;ink 

limit e d . During week Lhree a nd r our 95% - 9676 of Lile 

absolute growLh wa s par titioned inLo the .fruit ( 6 . J . J) . 

According to Gifford et a l' s sca l e tlle plant would mainly 

be source limited and not sink limited. In we e k 5, 70% 

of the absolute growLh was partitioned into the fruit due 

to some growth of vegetaLive organs. This is essent i al 

for an indeterminat e crop that is harvested over several 

months as new leaves are required to supply assimi l ates 

for the fruit that develops later as the efficiency of 

leaves falls soon after .full expansion ( Hopkinson , 1964) . 
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These experiments show that source is limiting yield of 

this cu l tivar . 

To determine if sink is limiting yield, some method 

of altering sink strength is r e quired and studying this 

effect over several months, as incr e ased sink strength 

will reduce vegetative growth and may incre ase fruit yield 

over the first month but due to the reduced vegetative 

growth , yield may be lower in the following month (Anon, 

1969; Denna , 1973). 

Increasing the activity of the fruit would increase 

the competitive ability of th e fruit and presumably 

increase the partitioning to th e fruit . For an indeter-

minate plant the i111portant factor is the parLitioning b e t ­

ween the fruit and v e g e tative organs and it is n e cessary 

to determine the optimum proportion to partition into the 

fruit to maximise yield . Tl1 e r e ls little information in 

the literature about the proportion indeterminate plants 

partition into the fruit and what is the optimum propor-

tion . The optimum proportion may vary with environmental 

conditions that effect the assimilation rate (e . g . level 

of irradiance , carbon dioxide concentration) . 

In the above discussion the optimum proportion is in 

relation to fruit yield . The partitioning of dry matter 

for plants in the wild is likely to be quite different as 

their strategy is to survive (Bidwell , 1979) . 



7 . J Fruit set 

A reduction in the supply of assimilates by leaf 

removal or shading reduced the size of the fruit and 
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fruit set ( number) . An increa s e in assimilate supply by 

carbon dioxide enrichment increased the fruit size and 

fruit set . There appeared to be a critical stage the 

fruit had to reach to ensure fruit set (l ess than 0 . 5 g 

dry weight) . On the lower nodes , with C02 e nrichm e nt , 

this size was less than for the control plants, but this 

pattern did not occur on the higher nod es (Figure 6. J) . 

The abundant supply of assimilates appears to have 

reduced the critical stage n ecessary to e nsur e fruit set . 

On the higher nodes when fruit set was occurring, 

competition for assimilates would h a v e been greater du e 

to increase d fruit growth . 

Even though with enrichment there appeared to be an 

accumulation of assimilates in the first two weeks 

following anthesis , some abortion occurred on the lower 

nodes . 

The mobilising ability of these young fruit appears 

to be very low . Alternatively the ability of these sinks 

to attract assimilates may be limited by poor development 

of the vascular strands . Th e refore the resistance to 

carbohydrate transport into the young fruit would be high. 

An abundant supply of assimilates may be capable of ove r -

coming this resistance . Several reports suggest that in 

s o me circumstances the transport system may restrict 
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transfer of assimilates from source to sink ( Ge i ger , 

Saunders and Cataldo , 1969; J e nn er , 1 9 7 4 ) . 

A r eduction in fruit set on the lower nodes with 

TIBA application to the fruit (J . 4 . 2) was compensated by 

greater fruit set on the hi gher nodes . This reduction 

in fruit set may have reduced competition for assimilates 

thus allowing greater fruit set on hi gh er nodes . 

Alternatively the fruit may produce an inhibitory factor 

or us e up a promotory factor, and with less fruit set on 

the lower nodes greater fruit set occurs on the higher 

nodes as less inhibitory factor would be produced or less 

pro motory factor would be u sed up . With l eaf removal 

most of the fruit d e veloped at nodes with a J ea f (4 . J . 5 .1). 

This may have been due to the close proximity of a source 

of assimilates or the supply of a factor from the sub­

tending l eaf . 

In all of the experi111ents it was notic e d that the 

plant set three to four fruit on cons e cutive nodes on the 

lower nod es , and then for several nodes the fruit aborted . 

The plant appeared to set fruit in flushes and this was 

more marked with a greater degree of leaf removal (4.3 , 5 . 2) . 

With distance the competition for assimilates may be l ess . 

Alternatively the fruit may produce an inhibitory factor 

or consume a promotory factor and the effect of this 

factor is less with distanc e . 

High auxin levels in the ovary appear to be 

responsible for parthenocarpic fruit development in 
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cucumber p lants ( Ru dich , Hal evy and Kedar, 1972; Beyer 

and Quebedeaux, 1974). Howeve r why so me ovaries cease 

growing and others develop lnto fruit is unknown , but is 

presumably associated with t h e regulatory mechanism that 

limits the percentage of the plants dry matter that can 

be devoted to fruit . 

7 . 4 Distribu tion of fruit growth on various nodes 

In t h e shading experim ent (Chapter 5) with up to 58% 

shading mo st of the frui t growt h was on t h e lower nod es . 

Sink size appears to have determined where the growth 

occurred at these rates of assimilation . How eve r with 

the seve r est shading· treat 1n ent (70%) little fruit growth 

occur re cl on t 11 c l o 1v c; r 11 o d cs . Si111i. l<trJy j_J t Lhc carbon 

dioxide experiment ( Chapter 6 ) for the control plants in 

the fift h week littl e fruit growth occurred on the lower 

nod es , whereas with enrichment mo st of the fruit growth 

was sti ll o n th e low er nodes . In these two instances 

the lower leaves were probably near the compensation 

point . It appears that at a low rate of assimilation 

the g rowth of individual fruit ceases at an earlier stage 

and this ma y be du e to the proximity of th e source of 

assimilates . Similarly Bremner a nd Rawson (1978) 

concluded that the major influence on t h e weight of grains 

within a spikelet was the r elative ease with which assimi ­

lates could reach the grains , and the potential for 

growth seemed to play only a minor role. 
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7 . 5 Conclusion 

The partitioning o.f dry rnatLer is a n i mportant facto r 

influencing fruit yield . From t h e presenL invcstigaLion 

it is c lear that the cucumber plant possess es a regulaLory 

mechanism that maintains the partitionin g or dry matter 

between vcgeLaLivc and rcproducli.ve gcowLh con:otnnt under 

a wide r a n ge of treatments thaL alter the supply of assi -

milates . However the per cent partitioned in to the fruit 

\vas l ess a t low rates o.f assimil ation . F u rther studies 

a re r equired to see if there is a r edistribution of dry 

matter in the earl y stages o [ f'ru i L growtl1 when t he plant 

has a hi~1 rate of assimilation as occurred with carbon 

dioxide e nri chment , or wheLhcr tltis was an adapLjve 

response d u e to the plan Ls only rec ci vi n g c11 ri c l 1mcn L .from 

first anthesis . 

Studi es are a l so n ecessary to drLcrmin e the optimum 

prop o r t i on to partition i n to Lhe .fruiL in cucumber plants 

and other indeterminate c rops Lo obtain maximum fru it 

yield . Als o work is required to see if the optimum 

proportion is the same under a wi de ran ge of assimilation 

rates . The plants regulatory mechanism controls the 

proportion partitioned into the .frui t by controlling t h e 

frui t set and growth . One simple way to reduce the 

partitioning to the frui t would be to reduc e fruit set 

by removing flowers a nd leaving v arious numbers of fruit 

to develop on the p lants . However increasing partition-

ing to the fruit is more difficult . Also investiga t i ons 



are necessary to det ermine the meclta ni sm that controls 

t h e degree of fruiL set . 
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Salt 

Potassium nitrate 

Cal cium nitrate 

Magnesium sulphate 

Potassium phosphate 

Iron chelate 

Manganous sulphate 

Boric acid 

Copper sulpha t e 

Zinc sulphat e 

Ammonium molybdate 

Appendix 1 

Nutrient Solution. 

Formula 

KN03 

Ca ( N03 ) 2 . 4H20 

Mg S04 . 7H20 

K H2 P04 . 2H20 

Fe Na EDTA 

Mn S04 4H20 

l-13 BO 3 

Cu S04 SH20 

Zn S04 . 7H20 

(NH4)6 Mo7024 . 

g /100 l 

65 . 8 

98 . 8 

49 . 7 

27 . 2 

7 . 888 

0 . 6154 

0.17 14 

0.0275 

O. OJ0 8 

4H20 0.0092 



App endix 2 

Analysis of' variance of' fru it dry weighL. 

Source SS d.f MS F ResuLi 

Blo cks 1' 238 3 413 5 . 28 * * 
Growth s ubstance 366 J66 4. 69 * 
Rat e 51 2 26 0 . 3J n. s . 

Site 493 493 6 . J l * 
GxR 294 2 147 1. 88 n . s . 

GxS 245 245 J . 1 4 n. s . 

sxn 293 2 147 1. 88 n. s . 

GxRxS 64 2 J2 o . 41 n. s . 

Error 2 , 577 JJ 78 

To tal 5 , 62 1 47 



Ap pendix 3 

Analysis of variance of total plant dry weight. 

Sour c e SS df MS F Result 

Blocks 1 ' 437 3 479 4 . 06 * 
Growth substance 265 265 2 . 24 n . s . 

Rate 1' 237 2 618 5 . 24 * * 
Site 4 , 798 4 , 798 4 . 07 n.s. 

GxR 564 2 282 2 . 39 n . s . 

GxS 248 248 2 . 10 n . s . 

SxR 1 ' 9 12 2 956 8 . 1 1 * * 
GxRxS 97 2 49 0 . 39 n . s . 

Error 3 , 892 33 1 1 8 

Total 14 , 450 47 



Appendix 4 

Analysis of variance of leaf dry weight. 

Source SS df MS F Resul t 

Blocks 41 3 14 1 • 09 n. s . 

Growth substance 7 7 0 . 53 n. s. 

Rat e 289 2 145 1 1 • 57 * * 
Site 78J 783 62 .60 * * 
GxR 20 2 10 0.79 n. s. 

GxS 2 2 0. 14 n. s . 

SxR J05 2 1 52 1 2. 19 * * 
GxRxS 1 4 2 7 0 . 57 n . s . 

Error 4 1 1 JJ 1 2 . 5 

Total 1872 47 



Appendix 5 

Analysis of variance of stem dry weight. 

Source SS df MS F Result 

Blocks 7 . 39 3 2 . 46 4 .7 6 * * 
Growth substance 2 . 52 2 .52 4. 87 * 
Rate 59 . 49 2 29 . 75 57 . 54 * * 
Site 1 51 . 23 151. 2J 292 . 51 * * 
GxR 0 . 05 2 O.OJ 0 . 05 n . s . 

GxS 0 . 19 0 . 19 O.J7 n . s . 

SxR 57 . 21 2 23 . 61 45.67 * * 
GxRxS 0 . 7J 2 0 . 37 0 . 72 n.s . 

Error 17.07 JJ 0 . 52 

Total 295 . 88 47 



Appendix 6 

Analysis or variance of root dry we ight . 

So u rce SS df MS F Result 

Block s J . 25 J 1 . 08 0. 7Lf n . s . 

Growth s u bstance J . J 1 2 . J 1 1. 58 n . s. 

Rate 11 . 86 2 s . 9J 4 . 06 * 
Site 42 . 56 42.56 29.15 * * 
GxR 5 . 76 2 2 . 88 2 . 05 n . s . 

GxS 0 . 27 0 . 27 O.JJ n . s . 

SxR 9 . 61 2 4.8 1 J.29 * 
GxSxR 0 . 09 2 0 . 05 O. OJ n . s . 

Error 48 . 21 JJ 1. 46 

Total 12Lf. 1J 47 



Appendix 7 

Analysis of variance of p ercent plant dry weight 

in roots, 

Source SS df MS Result 

Blocks 12 . 54 J 4 . 18 J . 07 * * 
Growth substance o . 66 o . 66 o . 49 n . s . 

Rate J . 1 4 2 1. 57 1 . 1 5 n . s . 

Site 1J.2 J 1J.2J 9 . 7J * * 
GxR 2 . 1+4 2 1. 22 0 . 90 n . s . 

GxS 2 . 4J 2.4J 1. 79 n . s . 

SxR J.52 2 1. 76 1. 29 n. s . 

GxRxS 1 . 1 0 2 0 . 55 o.4o n . s . 

Error 44 . 72 JJ 1. J6 

Total 8J . 78 47 



Appenuix 8 

Analysis of variance of percent 

in fruit . 

Source SS df MS 

Blocks 104 . 80 J J4 . 9j 

Growth substance l19. 4 1 L19 . 41 

Hate 18 . 'Jh 2 9. 17 

Site 20 . 911 20.911 

GxR 10 . 69 2 5 , 35 

GxS 22.82 22.82 

SxR 11 . 86 2 5 . 9J 

GxRxS L1 . 8 1 2 2 . 41 

Error 240 . 00 JJ 7 . 27 

Total 48J . 67 47 

plant dry weight 

F Result 

L1 . 80 * * 
6 . 80 * * 
1. 26 n . s . 

2 .88 n . s. 

0 . 74 n . s . 

J. 1 4 n . s . 

0.82 n . s . 

O. JJ n.s . 



Appendix 9 

Analysis of variance of percent 

in leaves. 

S ource SS df 

Blocks 5Lt.47 J 

Growth s u bstance 45 . 83 

Rate 4. 51 2 

Site 1 • 1 7 

GxR o .48 2 

GxS 17. 88 

SxR 12 . 64 2 

GxRxS 1 1 . 07 2 

Error 97 . 24 JJ 

Total 245.29 47 

plant dry weight 

MS F Result 

18. 16 6 . 1 6 * * 
45. 83 15.54 * * 

2 . 26 0 . 77 n . s . 

1 . 1 7 o . 4o n . s . 

0 . 24 0 . 08 n . s. 

17.88 6. 06 * * 
6 . 32 2 . 14 n . s . 

5.54 1. 88 n. s . 

2.95 



Appendix 10 

Analysis of variance of' p ercent dry wcjc;lil in stem. 

Source SS d:f MS l" Resu 1 t 

Blocks 23 . 34 3 7 . 78 6 . 48 * * 
Growth substance 8 . 84 8 . 8l1 7 . J7 * * 
Rate 111 . 98 2 7 . 119 6 . 2l1 * * 
Si. le 2l1. 37 211. 37 20 . J 1 * * 
GxH 4 . 66 2 2 . J ~j 1 • <J 1, n . ::; . 

GxS 2 . 90 1 . 115 '1. 21 n. s . 

SxH 9 . 9 1 2 11. 96 h . l J * * 
GxHxS J . 06 2 1. 53 l . 28 n . s . 

Error J9 . 67 JJ 1. 20 

Total 1J 1. 7J 47 



Appendix 11 

Analysis of variance of fruit set on nodes 1- 8. 

Source SS df MS F Result 

Blocks 1 . 1 1 J O. JJ 0 . 52 n . s . 

Growth substance 5.JJ 5.JJ 8 . J2 * * 
Rate 4.20 2 2 . 20 J . Li 3 * 
Site :2 1. JJ 21 . JJ JJ . 28 * * 
GxR 1. 08 2 0.54 0 . 84 11 . s . 

GxS 7 , 55 7 ,55 1 1 . 7 8 * * 
SxR 5 . 99 2 J . 00 Li. 67 * 
GxRxS J . 75 2 1 . 88 2. 9J n . s . 

Error 21. 14 JJ o . 64 

Total 71 . 48 47 



Appendix 12 

An a lysis of variance of fruit set on nod e s J - 5 

Source SS df MS F Res u lt 

Bl o cks 0 . 9 J O. JO 0 . 94 n . s . 

Growth s u bstance o . 4 o . 4o ., . 25 n . s . 

Rate J . 9 2 1 . 9 5 6.09 * 
Site 1 . 4 ·1 • L10 4 . JS * 
GxR 0 2 0 0 n. s . 

GxS 2 . 0 2 . 00 6 . 25 * 
SxR 0 2 0 0 n . s . 

GxRxS 1 . 0 2 0 . 50 1 . 56 n. s . 

Erro r 10 . 6 JJ O. J2 

Total 20 . 2 47 



App endix 13 

Analysis of varianc e of fruit set on nodes 6-8 , 

Sourc e SS df MS F Re sult 

Blocks 1. 27 3 o .42 1 . 21 n . s . 

Growth substance 2 . 0 8 ? . 08 5 . 93 * 
Rat e 12 . 79 ') 

"- 6 . L~O 18 . 19 * * 
Slte 4.08 Li . 08 1 1 . G 1 * * 
GxTI 1. 79 2 0 . 90 2 . 55 n . s . 

GxS 1 . 02 1. 02 2 . 90 n . s . 

SxR 5 . 79 2 2 . 90 8 . 24 * * 
GxSxR 0 . 5L~ 2 0 . 27 0 . 77 n . s . 

Error 11 • 60 33 0 . 35 

Total 40 . 98 47 



App endix 14 

Analysis of varianc e of fruit set on nodes 9-16 , 

Source SS df MS F Res u lt 

Blocks 10 . 94 3 3 , 65 22.81 * * 
Growth substanc e 0 . 08 0 . 08 0.50 n . s . 

Rate 1. 64 2 0 . 82 5 . 1 3 * 
Site 8 . JJ 8 . JJ 52 . 06 * * 
GxR 0 . 82 2 0 . 41 2 . 56 n . s . 

GxS 1. 70 1. 70 10 . 62 * * 
SxR 0 . 95 2 0 . L18 J.00 n . s . 

GxRxS 2 . 84 2 1. 42 8 .87 * * 
Error 5 . 18 JJ 0. 1 6 

Total J2 . 48 47 



Appendix 15 

Analysis of variance oi' mean i'ru it dry Hcic-ht. 

Source SS df MS F Result 

Blocks J5 . 81 J I 1 . 9 l~ 4 . 87 * * 
Growth substance 2 . 71 2 . 71 1 . 1 1 11 . s . 

Rate 1J . J9 2 6.70 2 . 7J ll . s . 

Sit e 19 . 00 19 . 00 7 . 76 * * 
GxR 15 . 4J 2 7 . 72 J . 1 3 Il . s . 

GxS 0 . 12 0 . 12 0 . 05 n . s . 

SxR 2 . 48 2 1 • 2Li 0 . 51 n . s . 

GxRxS 2 . 89 2 1. 45 0.59 11 . s . 

Error 80 . 93 JJ 2 . L15 

Total 172 . 76 47 



Appendix 16 

Ana lysis of' variance o_f percent 

on n odes 1- 8. 

Sou rce SS d_f MS 

Dlocks 462 J I 5l1 

Growth substance 150 1 50 

Ra Le 88 1 2 Ii l i 1 

Site 23 12 ;n 12 

GxR 287 ?.. 14J 

GxS Li Li 1 li l.i 1 

SxR 98J 2 49 1 

GxRxS 1 1 5 1 2 575 

Error 4094 JJ 1 2 Li 

To tal 1076 1 47 

.fru i_ t dry weight 

F Result 

I . 2l.i n . s . 

1 • 2 1 n . s . 

J . 55 * 
18 . 6'l * * 

1. 16 n . s . 

'3 . 5 5 n . s . 

J . 96 n . s . 

li . 6l1 * 



Appendix 17 

Analysis of variance of perc ent 

on nodes 9-16 . 

Source SS df MS 

Blocks 28 1 3 94 

Growth substance 60 60 

Rate 713 2 356 

Site 995 995 

GxR 220 2 1 1 0 

GxS J21 321 

SxR 120 2 60 

GxRxS 551 2 276 

Error 2474 33 75 

Total 5735 47 

.fruit dry weight 

F Result 

1 . 25 n . s . 

0 . 80 n.s . 

4 . 75 * 
13 . 27 * * 

1 . 47 n. s . 

4 . 28 * 
0 . 80 n . s . 

3 . 68 * 



Appendix 18 

Analysis of variance of per cent fruit dry weight 

on nodes J - 5. 

Source SS df MS F Result 

Blocks 119 . 9J J J9 . 98 0 . 97 n . s . 

Growth substance 7 . 60 7.60 0 . 18 n . s . 

Rate 2350 . 55 2 1265 . 28 J0 . 79 * * 
Site 0 . 16 0 . 16 0 n . s . 

GxR ·17. 82 2 8.91 0 . 22 n.s . 

GxS JS . SJ J8 . 5J 0 . 9L~ n . s . 

SxR 17 5 . 2J 2 87 . 62 2 . 1 J n . s . 

GxRxS 1 9 1 . 49 2 95 . 75 2 . JJ n. s. 

Error 1356 . 01 JJ 41 . 09 

Total 44J7.J2 47 



Appendix 19 

Anal ysis of variance of per cent fruit dry weight 

on nodes 6- 8, 

Source SS df MS F Result 

Blocks 202. 11 3 67.37 0 . 94 n. s . 

Growth substances 180.58 180. 58 2 . 51 n . s . 

Rate 2154.63 2 1077 . 32 14. 98 * * 
Site 522 . 06 522 . 06 7 . 26 * 
GxR 605 . 56 2 302 . 78 L1. 2 1 * 
GxS 124. L18 124 . 48 1. 73 * 
SxR 1J94 . 24 2 697 .1 2 9 . 69 * * 
GxRxS 202 . 06 2 101 . 0J 1. '-11 n . s . 

Error 2373 .1 4 33 7 1. 9 1 

Total 7758 . 86 47 



App endix 20 

Analysis of variance of per cent fruit dry weight 

in misshapen fruit_ 

Source SS df MS F Res u lt 

Blocks 733 3 244 1. 87 n . s . 

Growth substance 6 6 0.05 n . s . 

Rate 10,954 2 5477 4 1. 97 * * 
Site 6 , 843 6843 52 . 44 * * 
GxR 24 2 1 2 0 . 09 n. s . 

GxS 163 163 1 . 2 '5 n . s . 

SxR 3 ,709 2 1855 1 4 . 2 1 * * 
GxSxR 27 2 14 0 . 10 n . s . 

Error 1+, 307 33 1 3 1 

Total 26 , 766 47 



Source 

Blocks 

Treatments 

Error 

To Lal 

Appendix 21 

Analysis of' variance of' number of nodes , 

SS 

8 . 58 

14 . 70 

J7 . 40 

60 . 69 

df 

J 

J 

9 

1 5 

Appendix 22 

MS 

2 . 5J 

4 . 90 

4. 16 

0.62 

1 . 21 

ResulL 

n . s . 

n . s . 

Analysis of variance of toLal plant dry weight. 

Sou rce SS d:f MS F ResulL 

Blocks 2 ' 177 J 726 1. 6J n . s . 

Treatments 87 , 503 J 29 ' 168 65 , 52 * * 
Err or 4 , 007 9 445 

Total 93,687 15 



Appendix 2J 

Analysis of variance or fruit dry wci~1L~ 

Sou rce 

Blocks 

Treatments 

Error 

Total 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

I , 25 1 

JO , J9l~ 

2 , 8 19 

J4 , 46J 

df MS 

J 417 

J 10 , I J I 

9 JlJ 

15 

Appendix 24 

F 

1. JJ 

J2 . J5 

Analysis o.f variance or leaf dry we i ghL . 

SS 

4 1 

11 , 4 1 2 

267 

11, 720 

d:f MS 

J 1 4 

J J , 804 

9 JO 

1 5 

F 

0 . 46 

128 . 25 

Result 

n . s . 

* * 

Hcsu I L 

n . s . 

* * 



Source 

Blocks 

Treatments 

Error 

Total 

Source 

Blocks 

Treatments 

Error 

Total 

Appendix 25 

Analysis of variance of sLcm dry weigh t. 

SS 

47 . 05 

70 . 39 

41 . 22 

158 . 66 

di' 

J 

J 

9 

1 5 

Appendix 26 

MS 

15 . 68 

2J . 46 

4 . 58 

Analysis of variance of rooL dry wclghL . 

SS 

0 . 78 

50 . 99 

J . 95 

55 , 72 

df 

J 

J 

9 

15 

MS F 

0 . 26 0.59 

17 . 00 J8 . 64 

0 . 4L~ 

Hesult 

n . s . 

* * 

Res ult 

n . s . 

* * 



Source 

Blocks 

Treatme n Ls 

Error 

To Lal 

Appendix 27 

Ana l ysis o.f variance oI' number of' I'ruit. 

SS 

11. 19 

145 . 69 

39 . 56 

196 . 44 

df' 

J 

J 

9 

15 

Appe11cllx 28 

MS Ii' 

J . 7J 0 . 85 

48 . 56 11. 05 

It • ltO 

Hesul t 

n . s . 

* * 

Analysis or variance of' mean fruit dry weieh L 

Source 

Blocks 

Treatments 

Error 

T otal 

SS 

0.29 

J5 . 66 

14.51 

50 . 46 

df 

J 

J 

9 

1 5 

MS 

0 . 10 

1 1 • 89 

1 • 61 

F 

0.06 

7.J7 

Resul L 

n . s . 

* * 



Appendix 29 

Analysis of variance of per cent dry weight in fruit, 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

7 . 97 

105.24 

2J . 01 

136 . 22 

df 

J 

J 

9 

1 5 

Appendix JO 

MS F 

2 . 66 1.04 

J5 . 08 13 . 70 

2 .56 

Result 

n . s . 

* * 

Analysis of variance of per cent dry weight in leaves . 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

4 . 96 

6 . 1 4 

1 4 . 90 

26 . 00 

df 

J 

J 

9 

15 

MS 

1. 65 

2 .0 5 

1. 66 

F 

0 . 99 

1 . 24 

Result 

n . s . 

n . s . 



Appendix 31 

Analysis of variance of percent dry we i ght in stem, 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

1. 84 

113,59 

5 , 65 

1 21 • 08 

df 

3 

3 

9 

1 5 

App endix J2 

MS F 

0.61 0,97 

37 , 87 60 .11 

0 . 63 

Resu..Lt 

n. s. 

* * 

Analysis of variance of p er c e n t plant tl r y we i e ht in roots. 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

1 • 1 J 

8. 19 

2.08 

11 • 40 

df 

J 

3 

9 

1 5 

MS F 

0 . 38 1.65 

2 .73 11.87 

0.2J 

Result 

n. s. 

* * 



Appendix JJ 

Analys i s of variance of per cent fru it on nodes 

with a leaf. 

Sou rce 

Blocks 

Treatments 

Error 

Total 

SS 

252 . 15 

1254 . oo 

199 , 74 

di' MS 

J 84.05 

2 627.00 

6 JJ.29 

1 1 

Appendi.x JL~ 

F 

2 . 52 

18 . 8J 

nes u lt 

11 . s . 

* * 

Analysis oi' variance of per cent fruit dry weight 

on nodes 5- 8. 

So u rce 

Bl ocks 

Treatm enLs 

Error 

To tal 

SS 

185 . Jli 

256 . 12 

6JO . JJ 

107 1 . 78 

df 

J 

J 

9 

15 

MS 

61 . 78 

85 . J7 

70.04 

F 

0 . 88 

1 . 22 

Result 

n . s. 

n . s . 



Appendix 35 

Analysis of variance of per cenL I'ruit dry wei~1t 

on nodes 9- 12, 

Source 

Blocks 

Treatments 

Error 

To Lai 

SS 

828 . 15 

1 2 1 • 49 

109 I . 48 

20L11 . 1 2 

df 

J 

J 

9 

15 

App e ndix )6 

MS F 

276 . 05 2 . 28 

40 . 50 O. JJ 

1 21 • 28 

nesu1-t 

n . s . 

n . s . 

Analysis o.f vari.ance of p(•r cenL fnli L dry wc i c-ht 

on nodes 1 J - 1 6 • 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

1J5 . 89 

775 , 74 

577 . 21.i 

1488 . 86 

df MS 

J 45.JO 

J 258 , 58 

9 6 4. 14 

1 5 

F Result 

l) . s . 

* 



Appendix J7 

Analysis of variance of per cent fruit dry weight 

on nodes 17- 20. 

Source 

Blocks 

Treatments 

Error 

To La 1 

SS 

4J.24 

722.32 

1308.04 

2073 . 59 

df 

J 

J 

9 

1 5 

Appendix J8 

MS 

14.41 

240 . 77 

145 . JL~ 

F 

0. 10 

1. 66 

Result 

n . s . 

n . s . 

Ana l ysis of variance of per ccn~ f ruit dry weight 

on nodes 2 1 and above . 

So u rce 

Blocks 

Treatments 

Error 

Total 

SS 

1 8 5 . L~2 

7.0 1 

618 . 97 

811 • 48 

df 

3 

3 

9 

15 

MS 

61 • 81 

2 . J4 

68 . 77 

F 

0 . 89 

O. OJ 

Result 

n . s . 

n . s . 



Appendix 39 

Analysis of variance of fruit numbers on nodes 5- 8 , 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

1 . 25 

15 . 25 

10.24 

26 ,73 

df 

3 

3 

9 

1 5 

Appendix Lio 

MS 

0 . L~2 

5 . 08 

1 • 1 4 

F 

0 . 37 

4.47 

Result 

n. s . 

* 

Analysis o f variance of fruit numbers on nodes 9-12-

Source 

Blocks 

Treatments 

Error 

Total 

SS 

29.49 

10 . 79 

22 . 78 

63 . 06 

df 

3 

3 

9 

1 5 

MS 

9 , 83 

3 . 60 

2 . 53 

F 

J . 88 

1 . 42 

Result 

* 
n . s . 



Appendix 4 1 

Analysis of varianc e of fruit numb e rs on nodes l J -1 6 , 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

2 . 22 

12 . 36 

9 .7 5 

24 . JJ 

df 

J 

J 

9 

15 

App endix L12 

MS 

0 . 74 

4 . 12 

1. 08 

F 

o.68 

J . 80 

Result 

n. s . 

n.s . 

Analysis of varianc e of fruit numb ers on nodes 17 - 20. 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

4 . 19 

0 . 23 

18 . 50 

22 . 92 

df 

3 

J 

9 

1 5 

MS 

1.40 

0.08 

2 .06 

F 

o . 68 

0 . 04 

Re sult 

n . s . 

n . s . 



Appendix 4J 

Analysis of variance of fruit numbers on nodes 2 1 and 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

J46 , 9L~ 

261.L~J 

99J .4 J 

1601 . 80 

above, 

df 

J 

J 

9 

1 5 

App endi x 4L~ 

MS 

115 . 65 

87 .1 4 

1 1 O . JS 

F 

1. 05 

0 .7 9 

Result 

n.s . 

n.s. 

Analysis of variance of number of male nodes on nodes 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

14.75 

0 . 75 

14.25 

29 . 75 

1-4. 

df 

J 

J 

9 

1 5 

MS 

4 . 92 

0 . 25 

1. 58 

F 

J . 1 1 

0 . 1 6 

Result 

n. s. 

n. s. 



Appendix 45 

Analysis of variance of number of male nodes on nodes 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

6.69 

4.69 

6 . 56 

5-8 , 

df 

J 

J 

9 

1 5 

App e ndix 46 

MS 

2 . 2J 

1 • 56 

0 . 7J 

F 

J.05 

2. 1 4 

Result 

n . s . 

n . s . 

Analysis of variance of numb e r of mal e nodes on nod es 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

2 . 19 

J . 44 

4 .J1 

9 . 94 

9-12 -

df 

J 

J 

9 

1 5 

MS 

0.73 

1 • 1 5 

o .48 

o . 66 

F 

1. 52 

2 . 40 

Result 

n . s . 

n . s . 



Appendix 117 

Analysis of variance of number of mal e nodes on 

nodes lJ- 16 ~ 

So u rce 

Block s 

Treatments 

Error 

Total 

SS 

12 . 5 

159 . 5 

6J.O 

235 . 0 

df 

J 

J 

9 

1 5 

Appcndlx 118 

MS 

4 . 2 

53 . 2 

7 . 0 

F 

6. oo 

7 . 60 

Result 

* 

* * 

Analysis of varianc e 0£ numb e r of mal e nodes on node s 

So u rce 

Bl ock s 

Treatme n ts 

Err or 

T o tal 

SS 

29 . 69 

11 7 . 69 

79 . 06 

226 .44 

17- 20. 

df 

3 

3 

9 

15 

MS 

9 . 89 

J9 . 2J 

8.78 

1 5 . 10 

F 

1. 1 J 

4 . 47 

Resul t 

n . s . 

* 



Appendix 49, 

Analysis of variance of' numl>cr of' male node::; o n 

noc.lcs 2 1- 2L1 -

Source 

BJ ocks 

Treatments 

Error 

Total 

SS 

o . 69 

1. 69 

2 . 06 

LL 44 

df' 

J 

3 

9 

1 5 

MS 

0 . 23 

0 . 56 

0 . 23 

F 

1 . 00 

2 . 4J 

Resul t 

n . s . 

n . s . 



Appendix 50 

Anal ysis of vari ance or lea.f dry weip,-ht . 

So urce S S df MS F Resu lt 

Bl ock s 6 . 61 2 J . JO 1. 95 n . s . 

Harvest 1 J 48 . 50 1348 . 50 797 . 93 * * 
Shad ing J2 S. 42 J 1 08 . l17 6'-l . 18 * * 
HxS l J . 08 J 4 . J6 2 . 58 n . s . 

Error 23 . 66 1 11 1 . 69 

Total 17 17 . 27 2J 



Appendix 51 . 

An a lysis of variance of total plant dry weight , 

Sourc e SS df MS F Result 

Blocks 0 . 90 2 o . 45 0 . 04 n.s. 

Harvest 20,732 . 88 20 , 732 . 88 1705.01 * * 
Shading 4 , 866 . 64 3 1, 622 . 2 1 133.41 * * 
HxS 273 , 23 3 91.08 7 . 49 * * 
Error 170 . 27 1 4 1 2 . 1 6 

Total 26 , 043 . 92 23 



Appendix 52 

Analysis of variance of fruit dry weight. 

Source SS df MS F Result 

Blocks 29 .48 2 1 4 . 74 5 . 05 * 
Harvest 1169.01 11 69 .01 400 . J4 * * 
Shading 370 .6 5 J 123 . 55 L~2 . J 1 * * 
HxS 57 . 80 J 19.27 6 . 60 * * 
Error 40 . 92 1 4 2 . 92 

Total 1667.86 2J 



Appendix 5J 

Analysis of variance of stem dry weight. 

Source SS df MS F Result 

Blocks 4 . 25 2 2. 1 2 5.05 * 
Harvest 62 . 40 62 . 40 148.57 * * 
Shading 4 . 7J J 1. 58 J . 76 * 
HxS 4 . JO J 1. 4 J J . 40 * 
Error 5 . 8J 1 4 o . 42 

Total 81 . 50 2J 



Appendix 54 

An alysis of variance o~ root dry weight. 

Source SS d.f MS F Result 

Blocks 0 . 36 2 0 . 18 2 . 25 n . s . 

Harvest J . 08 J . 08 J8 . 5 * * 
Shad.ing 2 . JO J 0 . 77 9 . 63 * * 
HxS 0 . 1 9 J o.GJ 7.88 * * 
Error 1 . 1 4 14 0 . 08 

Total 7 . 07 2J 0 . J 1 



Appendix 55 

Analysis of va.riance o.f per cent dry weight in roots. 

Source SS df MS F Result 

Blocks 1. 66 2 0 . 8J J . 95 * 
Harves t 49 . 02 49 . 02 2JJ .4 J * * 
Shading 5 . 24 J 1 . 7 5 8 . JJ * * 
HxS 0 . 19 3 0 . 06 0 . 29 n . s . 

Error 2 . 89 14 0 . 2 1 

Total 59 . 00 23 



Appendix 56 

Anal ysis of' variance of' per cenL dry weight in fruit~ 

Source SS df MS F Result 

Blocks 29 . 48 2 1L1.7L1 5 . 05 * 
Harvest 11 69 . 0 1 1 169 . 0 1 Lioo . Jli * * 
Shading 370 . 65 J 12J . 55 l12 . JI * * 
HxS 57 . 80 J 19 . 27 6 . 60 * * 
Error li-0 . 92 1 Li 2 .92 

Total 1667 . 86 2J 



Appendix 57 

Analysis of var iance of per cent dry weight in leaves. 

Source SS df MS F Res ult 

Blocks 5 . 96 2 2 . 98 4 . 45 * 
Harvest 467 . 28 467 . 28 697 . 43 * * 
Shading 124 . 85 3 4 1 . 62 62 . 12 * * 
HxS 1 1 . 68 3 J . 89 5 . 8 1 * * 
Error 9 . 35 1 4 0 . 67 

Total 6 19 . 12 2J 



Appendix 58 

Analysis of variance of per cent dry W(dght in stem . 

Sourc e SS df MS F Result 

Blocks 6 , 53 2 3 . 26 4 . 79 * 
Harvest 119 . 71 119 . 71 176 , 04 * * 
Shading 54 , 95 3 18 . 32 26 . 94 * * 
HxS 7 , 93 J 2 . 64 3 . 88 * 
Error 9 , 53 1 4 o . 68 

Total 198 . 65 2J 



Appendix 59 

Analysis of variance o] the absolute growth . 

So u rce 

Blocks 

Treatments 

Error 

Total 

SS 

34 . 53 

3637 . 25 

37 . 27 

3709 . 05 

df 

2 

J 

6 

1 1 

MS 

17 . 27 

12 12 . 42 

6 . 2 1 

Appendix 60 

F 

2 . 79 

195 . 55 

Hesult 

n . s . 

* * 

Analysis of' variance of per cent absolute growth 

partiLioned inLo fru.i.L · 

Sou rce 

Blocks 

Treatments 

Error 

Total 

SS 

26 . 75 

155 . 72 

45 . 60 

228 . 07 

df 

2 

J 

6 

1 1 

MS 

1J . J8 

51 . 91 

7.60 

F 

1. 76 

6. 83 

Result 

n . s . 

* * 



Appendix 61 

Analysis of variance of per cent absolute growth 

partitioned into leaves, 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

10.53 

53 . 56 

12 . 83 

76.92 

df 

2 

J 

6 

1 1 

MS 

5.27 

17 . 85 

2 . 1 4 

Appendix 62 

F 

2 . 46 

8 . J4 

Result 

n . s . 

* * 

Analysis of variance of p e r cent absolute growth 

partitioned into stem. 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

J . 96 

11 4 . 06 

62.95 

180 . 97 

df 

2 

J 

6 

1 1 

MS 

1. 98 

J8 . 02 

10.49 

F 

0 . 19 

J . 62 

Result 

n. s . 

* 



Appendix 63 

Ana lysis o~ variance of per cent absol u te growth 

partitioned into roots , 

Source 

Blocks 

Treatme n ts 

Erro r 

Total 

SS 

17J . JO 

25 . 46 

93 . 17 

29 1. 9J 

df 

2 

J 

6 

1 1 

NS 

86 . 65 

8 . L19 

15 . 53 

F 

5. 58 

0 . 55 

Result 

* 
n • .s . 



Appendix 64 

Analysis of variance of fruit se t on nodes 1-1 0 . 

Source SS df MS F Result 

Blocks 0 . 25 2 0 . 1 J 0 . 56 n . s . 

Harvest 12 . 05 12 . 05 52 . 39 * * 

Shading- 8 , 5 1 3 2 . 8 4 12 . 35 * * 
HxS 12 . 64 3 4 . 21 18 . JO * * 
Error 3 . 21 1 4 0 . 2J 

Total J6 . 66 23 



Appendix 65 

Analysis of variance of fruit set on nodes 1 1 - 20 ~ 

Sou rce SS df MS F Resu lt 

Block s 1. 88 2 0 . 9li J . OJ n. s . 

Harvest 15 . 44 15 . 44 49 . 81 * * 
Sh adin g 9 . 57 J J . 19 10 . 29 * * 
IIxS 0 . 82 3 0 . 27 0 . 87 n . s . 

Error L~ . 29 1 4 0 . J 1 

Total J2.00 2J 



Appendix 66 

Analysis of variance of per cent fruit dry weight 

on nodes 1-1 0. 

Source SS df MS F Result 

Blocks 136 . 83 2 68 . 42 2.27 n. s . 

Harvest 241.94 241 . 94 8 . 0 1 * 
Shading 1 1 1 . 99 J 37 . 33 1 . 24 n . s . 

HxS 842 . 66 J 280 . 89 9 .30 * * 
Error 422 . 76 1 4 30 . 20 

Total 1756.18 23 



Appendix 67 

Analysis of variance of per cent fruit dry weight 

on nodes 11-20, 

Source SS df MS F Result 

Blocks 182 . 74 2 91 . 37 2 . 75 n.s . 

Harvest 84 . oo 84 . oo 2.53 n. s . 

Shading 170 , 75 J 56 . 92 1 . 71 n . s . 

HxS 614 . 87 3 204.96 6 . 1 8 * * 
Error 464 . 63 1 4 33 . 1 9 

Total 1516 . 99 23 



Appendix 68 

Analysis o:f variance of per cent .fruit dry weight 

on nodes 21 and above. 

So u rce SS df MS F Result 

Blocks J9 . J4 2 19.67 o . 66 n . s . 

IIarvesL JJJ . 76 JJJ . 76 1 1. 18 * * 
Shading 49 . 52 J 1 6 . 51 0 . 54 n . s . 

HxS 235 , 99 J 78 . 66 2. 61~ n . s . 

Error L1 17 . 9J 1 L1 29 . 85 

Total 1076 . 54 23 



Appendi.x 69 

Analysis of variance of per cent absolute fruit growth 

on n odes 1- 10, 

Source 

Dlocks 

Treatments 

Error 

To Lal 

SS 

98 . JO 

1080 . 96 

427. 12 

1606 . JS 

df 

2 

J 

6 

1 ·1 

MS 

L.i9 . 15 

J60.J2 

7 1. 19 

Appendix 70 

F 

0 . 69 

5.06 

Result 

n . s. 

* 

Analysis of variance of p e r cent absolute fruit growth 

on n odes 11 - 20. 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

1. 49 

1553 . 96 

588 . 46 

214J . 91 

df 

2 

J 

6 

1 1 

MS 

0 . 74 

517.99 

98 . 08 

F 

0 . 01 

5 . 28 

ncsuJt 

n . s . 

* 



Appendix 7 1 

Analysis of variance of per cent absolute fruit growth 

on nodes 21 and above. 

Source 

Blocks 

Treatments 

Error 

Total 

SS 

1 40 . 1 7 

J75 . 58 

485 . J2 

100 1. 07 

df 

2 

3 

6 

1 1 

MS 

70 . 09 

125 . 19 

80.89 

F 

0.87 

1. 55 

Hesult 

n . s . 

n . s. 




