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ABSTRACT

Safflower plants were grown from seed in controlled environment rooms,
The light and dark period temperatures were 23°%¢ and 18% respectively.
Plant water deficits of =8 to =10 bar were imposed for 20 days during
each of the periods floral initiation, inflorescence development,
flowering, the post flowering period, and for 12 days during secondary
head flowering. Water stress during floral initiation or inflorescence
development significantly reduced yield over water stress at any other
stage of growth. Seed yield was reduced 46% and 57% by water stress
during floral initiation and inflorescence development respectively,

compared with well watered plants.

Of the sequentially developing traits of seed yield, number of seeds
per head accounted for most variation in seed yield, followed by number
of heads per plant. Seed weight had relatively little effect on

variation in seed yield.

Water stress at floral initiation reduced seed yield due to a 32%
reduction in head number per plant at final harvest. Fewer florets
developed in each head, contributing to a 53% reduction in the potential
seed number per plant. Water stress during inflorescence development
reduced the number of heads per plant by 30% and the number of seeds per
head by 34%. Water stress during the flowering period reduced seed

weight by 23%. This was attributed to a 38% reduction in seed hull weight.
Water stress after flowering reduced seed hull content by up to 15% and
was associated with a higher seed oil content of 26,5% compared with

22.3% for well watered plants.

It was concluded that safflower should be planted early to minimise the
risk of water stress during inflorescence development, and that seed
quality may be improved by dry conditions after flowering. From the
results it was suggested that safflower may not necessarily be dependant on
an extensive root system for its independence of late season rainfall.



5

ACKNOWLEDGEMENTSE

The author gratefully acknowledges the assistance given by
the following people:

Mr N.J. Withers, for supervision and guidance throughout the

duration of this thesis

A1l other members of the Agronomy Department, Massef University

who generously gave their time for advice at various stages

The Plant Physiology Division, D.S.I.R., Palmerston North, for
providing the facilities, equipment and technical assistance

required to carry out the experiment

The many members of the Plant Physiology Division who gave

technical advice during the planning and running of the experiment
Mr G. Halligan for preparing the figures and plates
Mrs F.,S., Wicherts for her prompt typing of this thesis

Aspak Corp (N.Z.) Ltd., Auckland, for their financial support



iii

TABLE OF CONTENTS PAGE NUMBER

INTRODUCTION 1
CHAPTER ONE - LITERATURE REVIEW 2
10 Uncertainty in water deficit quantification 2
1.1.2 Problems in plant response interpretation for yield 3
12,1 Water stress and leaf growth L
122 Water stress and Photosynthesis 5
1:2:5 Water stress and translocation

1.3 Significance of water stress at different stages 8

of growth to yield formation

1:9:1 Water stress at floral initiation i 9
1.3:.2 Water stress during floral development 12
1.3.3 Water stress at anthesis 16
1.3.4 Water stress and seed filling 18
1.4 Safflower 22
lakial Origins and uses 22
lehe2 Varietal resources 23
lehe3 The general pattern of growth and yield formation 2L -
145 Environmental and agronomic aspects of safflower 27
production
1.5.1 Water 28
1.5:2 Disease and water relations 34
1.5.3 Temperature and photoperiod 36
1.5.4 Soils and nutrition L1
CHAPTER TWO - METHODS 47
2.1 Environmental conditions L7
2424 Treatments L7

i i | Definition of growth stages L7



LSl
24243
243

2k

Treatment implementation
Measurement of treatments
Measurement of plant response

Statistical analysis

CHAPTER THREE - RESULTS

3.1
3.2
33
3ek
3ekel
3eke?
3443
3eliels
3eke5
3e5
3.6
3.7
3.8
349
3.10
3.11
3.12
3.13
3413.1
3e1342
3e13.3

Soil water status

Plant water status

Plant dry weight

Components of plant dry weight
Stem

Leaf

Head

Bracts

Dead matter

Plant height

Green leaf number

Green leaf area

Bract area per head

Visible bud number per plant
Developing head number per plant
Phasic development

Seed yield per plant

Components of seed yield

Number of heads per plant
Potenti#l number of seeds per head

Number of seeds per head

L9
50
53
5k

56
56
56
58
58
58
60
60
61
61
67
67
67
7
71
75
75
76
77
77
78
78

iv

PAGE NUMBER



PAGE NUMBER

3.13.4 Potential and actual seed number per plant 79
Fed el Seed weight 80
314 Relationships between yield and components 82
3.15 Seed hull and kernel weights 83
3.15.1 Seed hull and kernel weights at final harvest 83
3¢15.2 One thousand seed and hull weights at 95% 85

flower fade
3.16 Seed composition ‘ 86

3.16,1 Seed hull, kernel and percentage oil composition 87

3.16.2 Seed oil quality g7

3.17 Harvest index . 89

CHAPTER FOUR -~ DISCUSSION 90

Lel Stress severity 90

by Stress duration 91

Le3 Stage of growth 92

Le3el Water stress during floral initiation (Tl) 92

Le3e2 Water stress during inflorescence development 94
(T2)

Le343 Water stress during flowering (T3) 98

Le3el Water stress during secondary head flowering 99
(Ty,)

Le3s5 Water stress during the post flowering period 102
(T5)

Lel Effects of water stress on the sequentially 104

developing traits of seed yield

Le5 Implications to Agricultural production 107



LIST OF TABLES: PAGE NUMBER
Table 1 Mean gravimetric soil moisture content 56

(% g/g) at harvests

Table 2 Phasic development 76
Table 3 Mean seed yield per plant 76
Table L Mean number of productive heads per 7

plant at final harvest

Table 5 Mean potential seed number per head 78
Table 6 Mean seed number per head - 79
Table 7 Mean potential and actual seed number 79

per plant and percentage seed set

Table 8 Comparison of treatments for mean seed - 80
number per head, and mean percentage seed
set

Table 9 One thousand seed weight at 95% flower 81
fade (Harvest 4)

Table 10 One thousand seed weight 81

Table 11 Summary for multiple regression of seed 83
yield on seed yield components

Table 12 Percentage kernel 85

Table 13 Sample seed and hull weight of primary 86

head seed at 95% flower fade (Harvest L)

Table 14 Mean proportion of hull in seed, and mean hull 86
weight as % of final hull weight

Table 15 Sample seed and hull weight, % kernel, and 87
% oil

Table 16 Percentage oil composition 88

Table 17 Seed protein content a8

Table 18 Harvest index 89



PAGE NUMBER
LIST OF FIGURES Sl

Figure 1 Soil moisture retention curve 51

Figure 2 Changes in leaf and head water potential 57

Figure 3 Mean dry weight per plant 59

Figure 4 Cumulative changes in mean dry weight 62
per plant for T1

Figure 5 Cumulative changes in mean dry weight per 62
plant for T2

Figure 6 Cumulative changes in mean dry weight 63
per plant for T3

Figure 7 Cumulative changes in mean dry weight 63
per plant for Th

Figure 8 Cumulative changes in mean dry weight by
per plant for T5

Figure 9 Cumulative changes in mean dry weight 64
per plant for control

Figure 10 Mean primary stem dry weight per plant 65

Figure 11 Mean secondary stem dry weight per plant 66

Figure 12 Mean plant height 68

Figure 13 Mean green leaf number per plant 69

Figure 14 Mean leaf area per plant 70

Figure 15 Mean bract area per head 72

Figure 16 Mean bract area per primary head 73

Figure 17 Mean visible bud number per plant 7L

Figure 18 Mean developing head number per plant Th

Figure 19 Mean primary head seed hull and kerrel 8l
weight

Figure 20 Mean secondary head seed hull and 81,

kernel weight

Figure 21 Comparison of sequentially developing 106
traits in standardized form



viii

APPENDICES:

Appendix 1 Effects of water stress on plant growth (1)
Appendix 2 Effects of water stress on plant growth (2)

Appendix 3 Effects of water stress on plant growth (3)

Appendix 4 Effects of water stress on seed deveslopment

Appendix 5 Different stages of Apical development in safflower

Appendix 6 Different stages of Inflorescence development in
safflower

Appendices 7 - 43 Statistical Analyses

BIBLTOGRAPHY:



INTRODUCTION

Safflower (Carthamus Tinctorius L ) is an oilseed crop traditionally

adapted to fairly low altitude, semi-arid regions. Introductions

to America from the old centres of culture were initially grown in
California and Mexico where they were best adapted. Successful
development was attributable largely to the efforts of plant breeders
through increased seed o0il content and resistance to disease,

Success from improvements of this nature may have been to the
detriment of production research, since poor adaptation of varieties
to the environment continues to limit seed yields in new areas of
production (Cutting 1974). Better information is needed about how
safflower responds under environmental stress in order to improve

production practices and increase seed yields,

Crop yield has been limited by lack of water in most areas, although
safflower is particularly responsive to irrigation. Much of the
information relating to drought effects on safflower has in general,
been of limited value as it has been almost entirely location and
season specific, This experiment was designed to quantitatively
determine the effects of water stress on seed yield of safflower

under controlled environmental conditions,



