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ABSTRACT

Two years of field trials with lucerme (Medicago sativa L.), cv.
Grasslands Oranga, were used to determine plant vegetative and reproductive
responses to the effects of row spacing and sowing rate, application of two
plant growth regulating chemicals, and weed control.

For an autumn (March 15) sowing, seedling number per metre of row
increased as sowing rate (1 to 12 kg/ha) and row spacing (15 to 60 cm)
increased. However the number of seedlings was not directly proportional to
the number of seeds sown, and percentage establishment six months after
sowing was highest (73%) at the lowest sowing rate of 1 kg/ha. Overall mean
establishment for all treatments was 57, 46, and 34% for 1, 6, and 18 months
after sowing respectively. Dry matter production at 6 months after sowing was
greatest at the 15 and 30 cm row spacings and 12 kg/ha sowing rate, but there
were no significant differences in dry matter among treatments at later
assessments. In the first year seed yield from the 15 cm row spacing was
significantly lower than from the 30, 45 and 60 cm row spacings, while sowing
rate had no effect on seed yield. In the second year, row spacings did not
significantly affect seed yield, but the seed yield from the 1.0 kg sowing rate
was significantly increased because harvestable racemes/m” and thousand seed
weight were significantly increased. Seed yield over the two years of the
experiment was highest at the 1 kg/ha sowing rate and for the 30 and 45 cm
row spacings. The average seed yield for all treatments was 127.2 and 186.9
kg/ha for the first and second year respectively. Neither row spacing nor
sowing rate had any effect on the quality of harvested seed. There were no
interactions between row spacing and sowing rate for plant establishment, dry
matter production, or seed production.

In the 1991/1992 season, the effect of two plant growth regulators,
paclobutrazol at 1.0 kg a.i/ha (applied on 1 November or 1 December), and
cycocel at 3.0 kg a.i/ha (applied on 1 December, 23 December, 1991 or 1
January 1992), on vegetative and reproductive growth was examined.
Paclobutrazol applied during active vegetative growth (1 November)
significantly altered vegetative shoot development by inhibiting apical
dominance, thus inducing lateral branches which subsequently increased
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reproductive sites, and increased seed yield by 37%. This seed yield increase
was due to an increased number of racemes/m? (+36%) and pods per raceme
(+72%). Paclobutrazol applied at first flower bud appearance (1 December) had
no effect on seed yield or seed yield components because it did not alter shoot
production or the number of racemes. Cycocel application did not retard plant
height or increase racemes per unit area. However while application on 23
December (at first flowering) had no significant effect on seed yield, cycocel
applied in early December (first flower bud appearance) or early January (at
peak flowering) significantly decreased seed yield, because of a reduction in
the number of flowers/m? and/or harvestable racemes/m?.
In the following season (1992/93), paclobutrazol at 0.5 kg a.i/ha and 1.0
kg a.i/ha was applied during active vegetative growth on 25 October 1992.
Both rates significantly reduced plant height by 8 weeks after application, but
this effect had disappeared by final harvest. As in the previous year,
paclobutrazol at 1.0 kg a.i/ha significantly increased seed yield, but the increase
(+153%) was much greater than in the previous year. This increase in seed
yield was associated with an increase in the number of harvestable racemes/m?
(+126%), pods per raceme (+36%) and thousand seed weight (+11%).
Paclobutrazol at 0.5 kg a.i/ha had no significant effect on seed yield.

In 1992/1993 the effect of hand weeding and the application of three
herbicides (hexazinone 1.0 kg a.i/ha, simazine 2.25 kg a.i/ha plus paraquat 0.6
kg a.i/ha) on seed yield in a second year crop was investigated. Hand removal
of weeds, predominantly white clover but also Poa annua L. and broad leaved
species increased seed yield from 0.7 to 21.3 g/m? mainly because racemes
increased from 89 to 1230/m? Increases in pods per raceme and seeds per pod
were also recorded. Hexazinone applied during active vegetative growth in
early spring eliminated white clover from lucerne plots and increased seed
yield to 14.3 g/m%. However this treatment did not control Rumex obtusifolius
L. Simazine plus paraquat applied in winter before active spring growth
controlled many annual weeds but, although initially checking white clover, did
not control it. As a consequence, seed yield did not differ from that of the
untreated control. Although hexazinone effectively removed white clover from
a second year lucerne seed crop, it is recommended for use only on mature
stands. Harvested lucerne seed viability did not differ among treatments, but
hand weeding and herbicide treatments significantly reduced the percentage of
hard seed.



iii

ACKNOWLEDGEMENTS

In the name of God

There are many people I wish to thank for their support and contribution of the
compelition of this thesis. Even though I can only mention a few I do

appreciate and thank them all.

Firstly, I would like to thank God for his love, blessing and his guidance

enabling me to complete my study.

I wish to express my sincere and heartfelt thanks and deep gratitude to
Professor John G. Hampton, my chief supervisor for his understanding, sincere
concern, help and kind encouragement throughout my study, and who

cheerfully found time from his busy schedule to edit this manuscript.

I am also greatly indebted to Professor Murray J. Hill my co-supervisor for his
warm encouragement, constructive criticisms, expert guidance understanding

and helpfulness in many ways.

My sincere thanks are also extended to:

Dr Karry Harrington for his valuable help and guidance in weed control.

Dr Hugo Varela for his valuable advice in statistical analysis in this study.
Assoc. Prof. P. Fenemore and Dr P.G. Long from the Plant Health Group for
identification of pests and pathogens.

Drs Michael Hare and John Caradus of AgResearch, Grasslands for supplying

seed used in this study.



iv
Mr Robert Southward, Mr Craig McGill, and Daniel Hampton for their

technical assistance during the field trials.

Mrs Karen Hill for her advice in conducting seed germination test.

All other staff of Seed Technology Centre: Dr Peter Coolbear and Mrs Colette

Gwynne for providing and assistance in many ways.

My Iranian friends especially Majid Dehghanshoar for his help.

All postgraduate students in the Seed Technology Centre for their friendship

and for making my stay in New Zealand pleasant.

The Ministry of Culture and Higher education, and the Ministry of Jihad-e-

Sazandegi of Iran for financing my study and living expenses in New Zealand.

Finally I would like to express my deep gratitude to my father for his love,
understanding and encouragement. I also wish to thank my wife, Sima, and my
children, Amin and Behnam for their love, sacrifices, patience and

understanding. To them, I dedicate this thesis.



TABLE OF CONTENTS

Page
ABSTRACT o oo I 66 - ]+ « Fl i menlilins + « + Sl Eisle i
ACKNOWLEDGEMENTS ... ... iiiiiiitiieensensnnnnns iii
TABLE OF CONTENTS .......cittttieeeeceeecesccccnnns v
LISTOFTABLES .. ... ittt teeteencescccosnnsonons xii
LISTOFFIGURES ........0iiitttiiteereceoecenssncnnns Xvi
LISTOF PLATES . ... ...t iiiittiieteenesssasscannns xviii
LISTOF APPENDICES . .......cititiitiiteieeeecesncnnns xix
CHAPTER 1 INTRODUCTION ......cciiiitiennencnnns 1
CHAPTER 2 LITERATUREREVIEW . .................. 3
2:Introduction . . . .. .. e e e 3
2.1. General description of luceme . ..................... 3
2.1.1 History and distribution .................... 3
212 Botany .. .......i ittt e e 4
2.12.1 Lucerne species . .. ........covuunn.. 5
2.1.3 Morphology, growth and development of the
lucerne .. ... ... ... 7
2.1.3.1 Vegetativegrowth .................. 7
2.1.3.2 Reproductive development . ...... 7
2.1.4 Importanceand use .............ccuuuun.n.n 8
2.1.5 Lucemmeiniran ...............0cienunn.. 9
2.1.6 Lucermeinnew zealand ................... 10
2.1.7 "Grasslands Oranga " luceme (Medicago sativa
5 12
2.2. Environmental conditions for seed production ........ 13
22.1 Temperature ...........cccuiiiiennnnenn. 13
2.2.1.1 Effect on germination and seeding
EMEIZENCE . .. vt v v v vt v e v e nennns 14
2.2.1.2 Effect on vegetative growth and plant
survival . ....... ... L L oL, 16
2.2.1.3 Effect on reproductive growth . . . ...... 16
2.2.1.4 Effect on pollination and seed set . ..... 16
2.2.1.5 Effect on seed production . ........... 17
222 Rainfall ........... ... ... ... ... ... ... 18
223 Soilmoisture . ..............c ... 19
224 Light ... ... e 2l

225 Soilconditions ............cciiiiiiiunn. )



2.3. Effect of crop management on seed production and
quality . ...... ... e e e e

24.

2.5.

25

23.2
233
234

2385
2.3.6
276

238

23.9

2.3.10
2311
2802
2.3.13
23.14
23.15
2.3.16
23.17

Choosing the correct site for seed
production ............. ...,
Seedbed preparation for seed production .......
Sowingdate .................. ... .. ...,
Effect of spacing and sowing rate on seed
production . ............. i iiiiiiaee...
Depthof sowing ........................
Seedquality ................. ... ......
Soil fertility .............. .. ... ... ....
2.3.7.1 Effect on plant establishment and growth .
2.3.7.2 Effect on seed production ............
Immigation ............... ... .0t
Weeds and theircontrol . ..................
Insect pests and insectcontrol . .............
Disease . ..........0 i,
Grazing and cutting .....................
Pollination ...........................
Seed yield components . ..................
Seed harvesting. .......................
Seedcleaning ................. ... .....
Seedstorage ............cciiiiiieinnn..

Plant growthregulators . .......................

Main obstacles for seed production and seed yield . . ...

CHAPTER 3

3.1
3.2
8.3

EFFECT OF ROW SPACING AND SOWING
RATE ON ESTABLISHMENT AND SEED
PRODUCTION IN LUCERNE. ...........

Introduction . ......... .. ittt
Definition of termsused . ............c00itutn..
Materialsandmethods . ............. ... .. ....

3ed.4
33.2
333
334
335
3.3.6

Experimental site and seed source ............
Treatments and experimental design . .........
Experimental management .................
Environment during emergence . .............
Weeds and theircontrol . ..................
Pollination ................ .. o,



34.

3.3.7 Establishment .......................... 64
3.3.8 Plant morphology ....................... 65
3.3.9 Dry matter production .................... 68
3.3.10 Flowering pattern . .. .. ........cuuueun... 68
3.3.11 Seed yield and yield components . ........... 69
33.12 Germination . . ..... ... 71
3.3.13 Thousand seed weight and seed moisture content . 71
3.3.14 Statistical analysis ...................... 72
RESULTS ... ... it ie e 72
3.4.1 Meteorological data ...................... fi)
3.42 Effectsofrowspacing .................... 76
3.4.2.1 Effects on plant establishment . .. ...... 76
3.4.2.2 Effects on plant growth ............. 80
34.2.2.1 Mainshoots ................ 80

3.42.2.2 Primary lateral shoots ......... 80

3.4.2.2.3 Secondary lateral shoots . ....... 85

3.4.2.2.4 Tertiary lateral shoots ......... 85

3.42.25 Total branches .............. 85

3.4.2.2.6 Dry matter production ......... 86

3.42.2.7 Plantheight ................ 86

3.4.2.3 Effect on flowering pattern . .......... 89

3.4.2.4 Effects on open flowers, flower buds and
harvestable racemes ten days after peak
flowering. . ........... ... ... .. .... 91
3.4.2.5 Effects on seed yield components ... ... 91
3.4.2.6 Effects on seed yield, potential harvestable
seed yield, seed yield relative to potential

seed yield, and harvest index ......... 92

3.43 Effectof sowingrate ..................... 98
3.43.1 Effect on plant establishment ......... 98
3.43.2 Effects on plant growth ............. 102
3432.1 Mainshoots ............... 102

3.43.2.2 Primary lateral shoots ........ 105

3.43.2.3 Secondary lateral shoots . ...... 105

3.43.2.4 Total branches ............. 105

3.43.2.5 Dry matter production ........ 106

343.2.6 Plantheight ............... 106

3.43.3 Effect on open flowers, flower buds, and
harvestable racemes . ............... 106



3.4.3.4 Effects on number of flowers and

flowering pattern . ................. 110
3.43.5 Effects on seed yield components . ..... 110
3.4.3.6 Effects on seed yield, potential harvestable

seed yield, percentage of actual seed yield

to potential seed yield, and harvest index . 115

3.43.7 Effect on seed germination ........... 115

3.5 DISCUSSION .. ... iiiiieiennnn. 118
3.5.1 Lucemne establishment .................... 118

3.5.2 Dry matter production . ................... 121

3.53 Flowering pattern . ...................... 122

354 Seedyield ........... ... .. . ... 124

3.5.5 Yieldcomponents ....................... 125

3.6 CONCLUSION . ......iiiiit ittt 127

CHAPTER 4 EFFECT OF THE PLANT GROWTH

REGULATORS PACLOBUTRAZOL

(PP333) AND CYCOCEL (CCC) ON
SEED PRODUCTION OF LUCERNE. .. 128

4.1Introduction . ........ ...ttt 128
4.1.1 Paclobutrazol (PP333) .................... 129
4.1.2 Chlormequat (cycocel or CCC) .............. 132
4.13 Objectives: ... .. vivi ittt 135
4.2 Materialandmethods .. ......................... 135
4.2.2 Experimental site and layout . ............... 135
4.2.3 Plant growth measurement ................. 141
4.2.4 Seed yield and its components .............. 141
425 Germination tests . . . .. ... ...ttt ... 143
43 RESULTS ... .. .. i it i e 144
43.1 Climatedata ...............couuueunnn.. 144
4.3.2 Effect of PGR on plant growth .............. 144
433 Effect on flowers/m2, flower buds/m2, open
flowers/m2, flowering pattern. . ............. 147
4.3.4 Effect on number of floret buds per raceme, florets
per raceme and floret abortion .............. 153

4.3.5 Effect on seed yield components ............. 153



ix

4.3.6 Effect on actual seed yield and thousand seed

WEIBhL . .. . cwcpmme e oo v cnmprs o o o 156
4.3.7 Relationship between seed yield and its
COMPONENLS . .t v e ve e ene e eeneeneenenns 156
4.3.8 Effect on seed germination ................. 157
4.4 DISCUSSHON arinsriwens o folisl o [Siansrenanowny bl ddiereeronsts B8 160
44.1 Plant growth .......................... 160
4.4.2 Flowering period, flowering pattern and
flowersnumber ......................... 162
4.43 Seed yield and seed yield components . ........ 163
444 Seedquality ................ ... .. ...... 167
45 CONCLUSION .. ...ttt e 168
CHAPTER 5 EFFECT OF PACLOBUTRAZOL ON
LUCERNE SEED YIELD AND SEED
YIELD COMPONENTS. ............ 169
5.1. Introduction ............. ...t iiiinrnn... 169
52. Materialandmethods . ......................... 170
5.2.1 Experimental site . ....................... 170
5.2.2 Treatment and experimental design ........... 170
5.23 Datacollection .................c0..... 172
5231 Leafarea ....................... 172
5232 Flowernumber ................... 172
5.2.3.3 Plant height and stem length . .. ....... 172
5.2.3.4 Number of floret buds and
florets/inflorescence . ............... 173
5.23.5 Plant growth analysis ............... 173
5.23.6 Plantlodging .................... 175
5.2.3.7 Ovules per ovary (carpel) ............ 175
5238 Podsperraceme .................. 175
5239 Seedsperpod .............. ... ... 175
523.10 Seed harvest .................... 177
5.23.11 Germinationtest ................. 177
53 RESULTS . ... ittt 178
53.1 Effectsonplantgrowth ................... 178

5.3.1.1 Effectonmainshoots .............. 178



5.3.1.2 Primary lateral shoots .............. 178
5.3.1.3 Secondary and tertiary lateral shoots .... 178
5.3.1.4 Total number of branches . ........... 180

5.3.1.5 Effect on number of open flowers, flower buds,
and harvestable racemes/m2 eight days after

peak flowering .................... 180
5.3.1.6 Internode length and lodging score ... .. 180
5.3.1.7 Effect on dry matter and plant height . . . . 180
53.2 Effectonleafarea ....................... 185
5.3.3 Effect on total number of flowers/m2 and flowering
022141 o 1 185
5.3.4 Effect on seed yield components . ............ 188
5.3.5 Effectonseedyield ...................... 191
5.3.6 Effect on seed germination ................. 191
S4. DISCUSSION ......iiiiiiiitinrennnnnnonsnes 197
S5 Conclusion ............ ... .. ... 203
CHAPTER 6 THE EFFECT OF WEEDS, PARTICULARLY
WHITE CLOVER, ON SEED PRODUCTION
INLUCERNE. .........ciiiiiennnn 205
6.1 Introduction .............. .. ...t iiiin.n. 205
611 Weeds ............0iiiiiiiiniinnnnn.. 206
6.12 Herbicides: ........... ... ... ... .. ..., 207
6.1.3 Herbicide information .................... 209
6.13.1 Simazine ....................... 209
6.1.3.2 Paraquat (gramoxone) .............. 210
6.1.3.3 Hexazinone (velparl) ............... 211
6.14 Weedspecies ...........cviviiuuenennn. 212
6.1.5 Objectives ..........ciuiiiinennnennnnn. 213
6.2 Materialand methods . .. ........................ 213
6.2.1 Experimental design and statistical analysis . .... 214
6.2.2 Datacollection ...............cvuvun.. 214

63 RESULTS: .........c0iiiiiiiiiiiiinnnnns 218



6.4

x1i

6.3.1 Effect of herbicides and hand weeding on plant
ground cover and its components. . ........... 218

6.3.2. Effect of herbicides and hand weeding on dry matter

(g/m® of lucerne and weeds . ............... 221
6.3.3 Effect of herbicides and hand weeding on lucerne
seed yield components, and seed yield ....... 221

6.3.4 Relationship between seed yield and its
COMPONCILS & s & 5 o vrasicms s e s e 224

6.3.5 Relationship between seed yield and dry matter of

weeds/m2 . ... ... e 227
6.3.6 Effect on seed germination ................. 227
DISCUSSION . ...t iitiiiiineennnseannnnns 230

CHAPTER 7 GENERAL DISCUSSION, CONCLUSION AND

7.1.
72
78"
7.4.

1.5

RECOMMENDATIONS ................. 235
Plant establishment . ............. . ... . . ..... 235
Seed production ................ ... ..., 237
Effect of plant growth regulators ................. 239
Weeds and herbicides ......................... 243
Conclusions and recommendations .........cccc.. 244

REEERENCES ¢ 606093 ¢ o6 o oaisioiae s1os omsions os14 o8 Basioslsss 1o 247



Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 3.9

Table 3.10

xii
LIST OF TABLE

Agronomic management and experimental detail,
1991/1992; and 1992/1998: . .v o & & & s v o wose wissia o 67

Effect of row spacing on plants per meter of row 1, 2, 6,
and 18 months after sowing. .................... 81

Effect of row spacing on above ground and root dry
matter, and plant and root length on 12 June 1991 .. ... 82

Effect of row spacing on the number of reproductive shoots,
vegetative shoots, primary lateral shoots, secondary lateral shoots,
tertiary lateral shoots, and total branches/m2 10 days after peak
flowering in 1991/1992 . .. ... ... ... ... .. ... ..., 83

Effect of row spacing on the number of main shoots, primary
lateral shoots, secondary lateral shoots, tertiary lateral shoots and
total branches/plant 10 days after peak flowering in
1992/1993. . . . . . e 84

Effect of row spacing on the number of open flowers, flower
buds, and developing racemes/m2, and dry matter/m2 ten days
after peak flowering in 1991/1992. ... ............. 87

Effect of row spacing on number of open flowers, flower
buds, developing racemes, dry matter per plant, and plant
height ten days after peak flowering in 1992/1993. .. ... 88

Effect of row spacing on the number of harvestable racemes/m2
pods/raceme, seeds/pod, and thousand seed weight in
1991/1992. . . . ... e 94

Effect of row spacing on number of harvestable racemes/m2 and
pods per racemes, seeds/pod, and thousand seed weight at final
harvest in 1992/1993. ... ...... .. ... ... ... ..., 95

Effect of row spacing on seed yield, potential harvestable
seed yield/ha, seed yield relative to potential seed yield,
and harvest index in 1991/1992 .................. 96



Table 3.11

Table 3.12

Table 3.13

Table 3.14

Table 3.15

Table 3.16

Table 3.17

Table 3.18

Table 3.19

Table 3.20

Table 3.21E

xiii

Effect of row spacing on seed yield, potential harvestable seed
yield and seed yield relative to potential seed yield, and harvest
index in 1992/1993. . ...... .. ... .. .. .. .. ..., 97

Effect of sowing rate on plants per meter of row 1, 2, 6, and 18
months after sowing. . ......... .. ... .. .. L L., 100

Effect of sowing rate on above ground and root dry matter
and plant and root length on 12 June 1991. . ......... 101

Effect of sowing rate on the number of reproductive main shoots,
vegetative main shoots, primary lateral shoots, secondary lateral
shoots, and tertiary lateral shoots/m2 ten days after peak
flowering in 1991/1992 .. ... ... ... ... .. ... ... 103

Effect of sowing rate on the number of main shoots, primary
lateral shoots, secondary lateral shoots, tertiary lateral shoots, and
total branches per plant ten days after peak flowering in
1992/1993. . .. ... e 104

Effect of sowing rate on the number of open flowers,
flower buds, harvestable racemes, and dry matter ten days
after peak flowering in 1991/1992. ... ............. 108

Effect of sowing rate on the number of open flowers,
flower buds, harvestable racemes, dry matter per plant,
and plant height ten days after peak flowering in
1992/1993. . .. ... 109

Effect of sowing rate on the number of harvestable racemes/m2,
pods/raceme, seeds/pod, and thousand seed weight, in
1991/1992 . .. . ... e 113

Effect of sowing rate on the number of harvestable
racemes/m2, pods/raceme, seeds/pod, and thousand seed
weight, in 1992/1993 . ........ ... ... ... ... ..., 114

Effect of sowing rate on seed yield, potential harvestable
seed yield, seed yield relative to potential seed yield, and
harvest index in 1991/1992 ... .................. 116

Effect of sowing rate on seed yield, potential harvestable
seed yield seed yield relative to potential seed yield, and
harvest index in 1992/1993 ..................... 117



Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 5.1

Table 5.2

Table 5.3

Table 5.4

xiv

Cultural management and experimental detail for the plant

growth regulator trial, 1991/1992. . ................ 138
Effect of paclobutrazol and cycocel on number of shoots at final
harvest. . .. ... ... ... .. e 146
Effect of paclobutrazol and cycocel on plant height and dry
matter/m2 at final harvest . ..................... 148
Effect of paclobutrazol and cycocel on leaf area, leaf dry
matter, specific leaf area, and specific leaf weight two
weeks after peak flowering. ..................... 149
Effect of paclobutrazol and cycocel on number of buds
and open flowers/m2, at final harvest and total number of
flowers/m2 produced over the whole season. ......... 152
Effect of paclobutrazol and cycocel on number of
racemes/m2, number of floret buds per raceme,
florets/raceme, and percentage floret abortion. ........ 154
Effect of paclobutrazol and cycocel on number of
pods/raceme, % florets retained as pods, seeds/pod, and
%pods containing seed at final harvest. . ............ 155

Effect of paclobutrazol and cycocel on actual seed yield,
potential seed yield, actual seed yield as a percentage of potential
seed yield, harvest index and thousand seed weight. . ... 158

Effect of paclobutrazol and cycocel on seed germination . 159
Experimental detail ........................... 171

Effect of paclobutrazol on the number of shoots/m2 eight
days after peak flowering

Effect of paclobutrazol on the total number of branches/m2, and
lodging score eight days after peak flowering. ........ 182

Effect of paclobutrazol on the number of flower buds,
open flowers, and harvestable racemes/m2, eight days
after peak flowering and the total number of flowers/m2
produced over the whole season.



Table 5.5

Table 5.6

Table 5.7

Table 5.8

Table 5.9

Table 5.10

Table 6.1

Table 6.2

Table 6.3

Table 6.4

Table 6.5

Table 6.6

Table 6.7

XV

Effect of paclobutrazol on plant height on 20 December

and stem length and dry matter at final harvest ....... 184
Effect of paclobutrazol on leaf area, leaf dry matter,
specific leaf area, and specific leaf weight 14 days before
flowering(1), 10 days after flowering started(2), and 10
days after peak flowering(3). .................... 186

Effect of paclobutrazol on number of harvestable racemes/m?2 at
final harvest, number of floret buds per raceme, florets/raceme,
and percentage floret abortion. . .................. 193

Effect of paclobutrazol on number of ovules per ovary at peak
flowering, pods/raceme, % florets retained as pods, and
seeds/pod, at final harvest. . .. ................... 194

Effect of paclobutrazol on seed yield/ha, potential
harvestable seed yield, thousand seed weight, and actual

seed yield as a percentage of potential seed yield. .. ... 195
Effect of paclobutrazol on seed germination . ......... 196
Cultural management and experimental details. ....... 217
Effect of herbicides and hand weeding on percentage plant
ground cover and its components, 1 November, 1992. ... 219
Effect of herbicides and hand weeding on percentage plant
ground cover and its components, 1 February, 1993. . ... 220
Effect of herbicides and hand weeding on dry matter of
weeds and lucerne, 1 December 1992. . ............. 222
Effect of herbicides and hand weeding on lucerne, and
weed dry matter (g/m2) at final harvest on 25 March
OB, ........% - BE - - BT - 223

Effect of herbicides and hand weeding on lucerne seed yield

COMPONENLS. . .« v vt et et vt et e e eneaeeeeneenns 228
Effect of herbicides and hand weeding on lucerne seed
germination . ............. ..ttt 229



Figure 3.1a

Figure 3.1b

Figure 3.1c

Figure 3.1d

Figure 3.2

Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 4.1
Figure 4.2

Figure 5.1

Figure 5.2

Figure 5.3

xvi

LIST OF FIGURES

Sixty year average rainfall, and rainfall during the 1991/1992 and
1992/1993 cropping season at Palmerston North . ... .... 74
Minimum and maximum air temperature during the two cropping
seasons (1991-1993) and the sixty year average for Palmerston
North 74

Sunshine hours during the two cropping season (1991-1993) and

sixty year average at Palmerston North .............. 75
Wind run/km during the two cropping seasons
(1991-1993) and sixty year average at Palmerston
North ........ ... . . .. 75

Effect of row spacing on vegetative dry matter of lucerne on 8

October 1991 .. ... ... .. i, 79
Effect of row spacing on flowering pattern in 1991/1992 . 90
Effect of row spacing on flowering pattern in 1992/1993 . 90
Effect of row spacing on total seed yield, 1991/1993 .93

Effect of sowing rate on vegetative dry matter of lucerne on 8
October 1991 99

Effect of sowing rate on flowering pattern in 1991/1992 . 111
Effect of sowing rate on flowering pattern in 1992/1993 . 111

Effect of sowing rate on total seed yield 1991/1993 .... 112

Effect of cycocel on flowering pattern 1991/1992
Effect of paclobutrazol on flowering pattern 1991/1992 . . 151

Effect of plant growth regulators on the internode length of
lucerne 181

Effect of paclobutrazol on flowering pattern in the 1992/1993
Crop season 187

Effect of paclobutrazol on number of florets/raceme . ... 189



Figure 5.4

Figure 5.5
Figure 5.6

Figure 6.1

Figure 6.2

Figure 6.3

xvii

Relationship between number of harvestable racemes and seed
7L (¢ 190

Relationship between pods per raceme and seed yield . .. 190
Relationship between thousand seed weight and seed yield 192

Effect of herbicide application and hand weeding on lucerne seed

FIBM . . g e e e e e e e e e B GG g 225
Effect of racemes/m2 (x) on lucerne seed yield (y) . . ... 226
Effect of weed dry matter on lucerne seed yield . .. .. .. 226



Plate 3.1

Plate 3.2

Plate 3.3

Plate 3.3a

Plate 3.4

Plate 3.5

Plate 3.6

Plate 3.7

Plate 3.8

Plate 4.1

Plate 5.1

Plate 5.2

Plate 6.1

Plate 6.2

xviii

LIST OF PLATE

The Frewen’s block, Pasture and Crop Research, Massey
University, Palmerston North ... .................. 53

White fringed weevil A. Adult, B. Larvae, C. Lucerne damaged
bylarvae .......... ... ... . . e, 62

Stem branching A. Main stem, B. Primary lateral shoot, C.
Secondary lateral shoot, D. Tertiary lateral shoot . ...... 66

Lucemne is an indeterminate legume. The plant can have flower
buds, fully-opened flowers, young and mature pods all on the

SAME SIEIM . . ot vt it it te ie e et e e eeeaeae e 70
Lucerne sown ata 15 cmrow spacing . ............. 77
Lucerne sown at a 30 cm row spacing . ............. 77
Lucerne sown ata45cmrow spacing .............. 78
Lucerne sown at a 60 cm row spacing .............. 78
Stage of development of lucerne racemes ........... 107
Knapsack application of a plant growth regulator . .. ... 137
October treated luceme plant ... ................. 174
Stem with contrasting pod set ................... 176

Handweeded plot with quadrat used to assess percentage ground
COVET & ottt ettt ettt ettt e e et ieeaeaeaenns 215

Unweeded plot demonstrating white clover incidence ... 215



Appendix 3.1
Appendix 3.2

Appendix 3.3

Appendix 3.4

Appendix 3.5

Appendix 3.6

Appendix 3.7

Appendix 3.8

Appendix 3.8

Appendix 4.1

Appendix 4.2

Appendix 4.3

Appendix 5.1

xix

LIST OF APPENDICES
Soil description . .............c00uiu... 303
Soil analysis ............... ... .. ..., 304

Mean, maximum and minimum air and soil temperature
during the first two weeks after sowing ........ 305

Effect of row spacing on lucerne seed germination and
viability in 1991/1992. ... ................. 306

Effect of row spacing on lucerne seed germination and

viability in 1991/1992. . .. .......... .. ... .. 307
Effect of row spacing on lucerne seed germination and
viability in 1992/1993. . .. .......... . ... ... 308
Effect of row spacing on lucerne seed germination and
viability in 1992/1993. . .. .......... ... . ... 309
Effect of row spacing and sowing rate on seed yield
(Kgha) in 1991/1992. . ................... 310
Effect of row spacing and sowing rate on seed yield
(Kgha) in 1992/1993. ... ..... ... .. ... ... 310
Soil description . .............ccuiin... 311

Sixty year average for temperature (minimum and
maximum), sunshine hours and rainfall at Palmerston
North, and deviation from these average during
1991/1992. . ... . . 312

Mean, minimum and maximum air temperature during
December 1991 and January 1992. ........... 313

Weekly rainfall and temperature during January and
February 1993. ........................ 314





