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ABSTRACT

Water soluble germination inhibitors located in the pericarp of Beta vulgaris fruits have
historically been reported to be one of the causes of seed dormancy in fruit of this species.
Dormancy can lead to low and non-uniform germination, which is a problem in the seed
production system. Dormancy-breaking treatments that have been applied to B. vulgaris fruit
include steeping, priming, rubbing the fruit coat or scarification, and washing and soaking the
fruits prior to sowing as a way of leaching out the inhibitors. Anecdotal evidence suggests
that soaking the fruits is as effective as the washing dormancy-breaking treatment

recommended by the International Seed Testing Association (ISTA).

In this study, the presence or absence of dormancy in 18 B. vulgaris (11 vegetable beet, 4
fodder beet, and 3 sugar beet) seed lots was assessed by conducting germination tests on
fruits in the absence of dormancy-breaking treatments. There was little or no dormancy in the
seed lots tested. Six seed lots had over 90% germination, another six seed lots had more than
80% germination. Four seed lots had germination ranging from 76 to 79% while two seed lots
had germination lower than 67%. These low germination percentages were due to empty
fruits rather than dormancy. This suggests that dormancy may no longer be a problem in

modern B. vulgaris cultivars.

Two B. vulgaris seed lots were identified as having some residual dormancy as indicated by a
high percentage of ungerminated viable fruits. These were Flores sugar beet and an
“unnamed” (Kings Seeds) sugar beet cultivar. These had 14% and 16% ungerminated viable
fruits respectively. Two other seed lots identified had less than 90% germination, Brigadier
and Kyros fodder beets, and had high percentages of ungerminated viable fruits (5%)
compared with other seed lots in the same germination range. Dormancy-breaking treatments
were conducted on the four seed lots. The dormancy-breaking treatments were 1) fruits
washed in running water at 25 °C for two hours, and ii) fruits soaked in 25 °C water for two
hours, changing the water every 30 minutes. The aim of this experiment was to compare the
effectiveness of the two treatments in removing residual dormancy by leaching inhibitors
from the fruit coat. The effectiveness of these dormancy-breaking treatments was determined
by measuring the germination percentage, time to 50% germination and the uniformity of
germination. No significant differences were found between the germination of soaked or

washed fruits compared with the control i.e. 84%, 89%, and 89% for Flores sugar beet, 77%,
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80%, and 71% for the Kings Seeds sugar beet, 75%, 80%, and 73% for Brigadier fodder beet,
and 93%, 91%, and 91% for Kyros fodder beet for control, soaking and washing treatments
respectively. This suggested that water soluble germination inhibitors are absent from the
fruit coats as the water treatments did not alleviate the residual dormancy. There were no
significant differences in the time to 50% germination (Tso) of the seed lots following the
treatments, except in Flores sugar beet where the soaking slowed down germination (49.9,

72.26, and 71.17 hours for the control, soaking, and washing treatments respectively).

Tetragonia tetragonioides was the only other species in the ISTA Rules for which the two
hour washing treatment was recommended as a dormancy-breaking technique. The same
dormancy-breaking treatments were applied to fruits of a T. tetragonioides seed lot. There
were no significant differences in germination for the control, washing and soaking
treatments (72%, 63%, and 70% respectively). The high percentages of ungerminated viable
fruits of 26%, 32%, and 28% remaining for untreated, soaked, and washed fruits respectively
indicated high levels of dormancy and inability of the dormancy-breaking treatments to
alleviate this. A follow up experiment following an ISTA Rules change in 2011 that changed
the two hour washing treatment to soaking the fruits for 24 hours was conducted to assess the
effectiveness of the new 24 hour soaking recommendation in alleviating dormancy. The 24
hour soaking treatment gave a significantly lower germination (40%) and high percentage of
ungerminated fruits (60%) compared with the control, two hour soaking, and two hour
washing treatments. Cutting the endocarp of ungerminated fruits at the end of the 35 days
germination period alleviated the dormancy in all remaining fresh viable fruits. The study
also suggests that T. tetragonioides germination is inhibited by the presence of excess water

past the early stages of imbibition, but further work is required to confirm this.



il

ACKNOWLEDGEMENTS

I would firstly like to thank my supervisors, Mr Craig McGill and Mr Robert Southward, for

their guidance and much appreciated criticism throughout this study.

I would also like to thank Mrs Diane Bell and all the staff at AsureQuality National Seed
Laboratory, Palmerston North, for kindly allowing me to carry out most part of the

experiments on their premises and for their much appreciated assistance.

I would also like to sincerely thank Mrs Kay Sinclair, Institute of Natural Resources, Massey
University, for her assistance with the experiments. My sincere thanks also go to staff at Seed

Technology Centre, Massey University, for their assistance.

Lastly, I would like to thank my family for their support throughout this study.



v

TABLE OF CONTENTS

Page
TITLE ettt ettt ettt et e a e bt ea e e s et e en b e e st e bt enteesee bt enteeneenbeentenseenseeneens i
ABSTRACT ...ttt ettt h ettt et e b e e st e bt entees e e st enteeneebeensesseenteeneens i
ACKNOWLEDGEMENTS ...ttt sttt ettt st sae e il
TABLE OF CONTENT ..ottt ettt ettt et st sae et snee e e v
LIST OF TABLES ...ttt sttt et sttt st ix
LIST OF FIGURES ..ottt sttt sttt st X
CHAPTER 1 INTRODUCTION ....cooiiiiiiiiitiieiierit ettt sttt st 1-2
L1 BELA VUIGANIS. ..ottt ettt ettt e aeease e 1
1.2. Tetragonia tetragOniOIUES. ..........ccueeivieieeriete ettt ettt ettt ettt seeaaeeae s 2
CHAPTER 2 LITERATURE REVIEW......oooiiiiiiiieeee et 3-27
2.1 INEEOAUCTION. ¢ttt e ettt et st e et e st e b sarean 3
2.2. The B. VUIQANTS fIUIt....c.eoiiiiiiiiciiceceee ettt ae e 4
2.2.1. Multigerm and monogerm B. vUIQaris fruit.............cccocvvevieiiiiieniicieceeeeeeee e 4
2.2.2. Structure of the individual B. vulgaris fruit............ccccoeviiiiiiiienieiecieeceeeee e 6
2.3. Seed dormancy in B. VUIQAKIS. ........ccveoiiiiiiiieieeieeeeceeee et 7
2.3.1. What 1s s€ed dOIMANCY? ......ccouiiiiiiiieeiiieiie ettt ettt e et eebeesseeenseesaesnseesseeennas 7
2.3.2. Types 0f $€ed dOTMANCY .......cccuiiiiiiiiiiiie ettt ettt ettt et et bee st eeaeeennas 7
2.3.2.1. Coat IMPOSEd AOTTNANCY .......ecruieriiieiieeiiieiie ettt ettt site et et e sateebeeenseenseeenneas 7
2.3.2.1.1. Pericarp IMpermeability........c.cccccuiiiiiiiiriiieeiiieeiiee et e et e e steeeeeeesaee e s eaeesseeesneeees 8
2.3.2.1.2. The pericarp as physical constraint of radicle protrusion............ccceeeveeevveeriieercnnenns 8
2.3.2.1.3. Germination inhibitors in the PeriCarP.........ccceervieriieriieiieeieeie et 9
2.3.2.2. Embryo imposed dOTMANCY...........ceceeriieriieniieiiie ittt ettt ettt et sieeeaee e 9
2.3.3. Importance Of dOTMANCY.......cccuieeiiiieeiieeeiieeceeeeeeeeiee et e e e esreeesereeeeaaeeenseeesseeennns 10
2.3.4. Problems caused by seed dOrmancy...........ccccueeeriieeiiieeniieeiee e 10
2.3.5. Role of germination inhibitors in B. vulgaris fruits.............ccocoeivinieiieneneneneeeeeen 10

2.3.5.1. Where are the inhibitors in the frUItS?......oooiiiiiiiiii 10



2.3.5.2. What are the inhibitors?.........cccueiiiiiiiiiieieeieieee e 11
2.3.6. Role of the operculum in germination inhibition..........ccccoeeviriiniininienienecceecee 13
2.3.7. The physical structure of B. vulgaris fruits and its role in germination inhibition........ 13
2.3.8. The role of the basal pore of the sugar beet fruit...........cccveeviiieiciieieieeeeee e, 14
2.3.8.1. IMpOrtance Of OXYZEN......coueiuiiiiriiiienierieeeet ettt ettt 15
2.3.8.2. SUIMIMATY ...tteeitie ettt ettt ettt e ettt e st e e sttt e sabbeesabeeesabeeesabeeesabeeesabeeenabeeennneeens 15
2.4. Differences in B. VUIGATIS..........oouiiiiiiiicieeeeeeeeee et 16
2.5. Breeding in B. VUIGANIS.......cc.ooiiiiieiieieeieeeeeee ettt 17
2.5.1. General B. vUIQAriS breeding............covevuieieiieiieiesie ettt 17
2.5.2. What is the current state of B. vulgaris seed dormancy?............cceccevvvevieienienieeceennnnns 18
2.5.2.1. Dormancy and SEIECHION. ........ccuuieiierieeiieiiie ettt ettt ettt bee e eaeeenaeenne 18
2.6. Treatments for improved germination prior t0 SOWING........cc.eerveerveeriieriveereeenieennreeseenens 19
2.6.1. Effects of the pre-sowing treatments on B. vulgaris seed germination.......................... 19
2.6.2. How pre-treatment methods achieve improved germination..............ccceeecveerieeeveennnnne. 20
2.6.3. Standard pre-SOWING treatMeNLS. .......cecveeiuieriieiieiie ettt eeeeeeieeeee et ee e e seeesseeieeens 22
2.6.3.1. Factors affecting soaking or Washing.............ccocceeviiiiiiiniiiiiieiieeeee e 22
2.6.3.1.1. Time as a factor affecting pre-sowing treatments............cceeeeeeveeenieenieeniieenieesneene 22
2.6.3.1.2. Water sensitivity in B. VUIGAFTS frUits.........ccovveiiieiieniniiinceeeeee e 23
2.7 INEEOAUCTION. ...ttt ettt ettt et nbe e eaees 24
B T TSSO 24
2.7.2. The T. tetragonioides frUit.........cocvviiuieirieieciiecieeee ettt 25
2.8. Germination issues and pre-soaking treatments..........c..eeecveeeecieeeriieeesieeesieeeceeeevee e 27
2.8.1. Breeding of T. tetragOniOIdesS.........c.ooovieiiiieiieieeeee ettt 27
CHAPTER 3 MATERIALS AND METHODS........ v oveeoeeeeeeeeeeeeeeeeseeseeeeseseeeseeeeseeees 28-42
3.1. Preliminary @XPeriMENt.......c..cccevieeruieeeiieeeieeesteeesiteeeieeeessaeeeseeesseeessseeessseeessseeesssesenssens 28
31,1, S 10tS USEA.. .ottt 28
3.1.2. Seed CharaCteriStICS. ...eeuuiruieiieieeiteeieet ettt ettt sttt 30
3.1.2.1. Thousand seed WeIht..........cccuiiriiiiiiiiieiiee et 30
3.1.2.2. Seed MOIStUIE CONMEENL. ... .eeriiiiiiiiiieiie ettt ettt ettt ettt ettt e et st esaeeeas 31
3.1.3. GEIMINATION TESTS....eeiutieiiiiitieitie ettt ettt ettt et ettt e sttt et e s it e et esateebeesabeebeesareens 31

31301, Bu VUIGAIIS. ...ttt ettt ettt ettt e eae s 31



Vi

3.1.3.2. T tetragONIOIUES. ... ..eieieeereeceee ettt ettt ettt e e teeeaeeeareeeaeeeaseeeneeenneens 31
3.2, MIN EXPETIMENL. ... eieutieeiiietieeiteesteeeteesseeeteesteeeseesseeeseessseenseessseeseessseesseessseenseessseenseenses 32
3.2.1. Pre-washing treatMent..........c.eecvieriiieiieniieeieeeiie ettt ettt eeseesnaeenaesneees 32
3.2.2. Pre-soaking treatmMent........ccccuieiiuiieiiieeeieeeciee et e esiteeereeeeeeeeaaeesbeeesnseeessseeennseesnneeens 35
3.2.3. Seed MOISTUIE COMEENL. .. ..iitiiiiiieiieiieeite ettt ettt ettt ettt et e st e e sbeeenbeeseeeenneans 36
3.2.4. Final germination, mean germination time and uniformity of germination................... 36
3.2.5. Tetrazolium (TZ) TSt ...eiicuiiieeiie ettt ettt et e e etb e e e abe e e aseeeaaeeeaaeeeans 37
3.2.5. 1. BuVUIGAIIS. ...ttt ettt e et eae e e e e eaeeeaeeereeeneeeaeeens 37
3.2.5.2. T tetragONIOIUES. ....oouvieiiieieie ettt ettt te e e be s e saeseesaesaeennas 38
3.3. Experiment 3: T. tetragonioides follow up eXperiment...............cceeeevveeeeereenreeveeeennnnnn. 40
3.4, Data ANAlYSIS..cccuuieeeiiieiitiieeiieeeieeeeiee e eee et e et e e e et e e et e e e tb e e e ta e e e baeeetbeeeenaeeennreeennaenn 42
CHAPTER 4 RESULTS ...ttt ettt sttt eneenneenseeneens 43-60
4.1. Preliminary experiment: Sreening seed lots for dormancy............cccccevevenieniincnicnnenne. 43
A1 1. B VUIGAIIS ..ottt ettt et e e aeeete e e b e eseeeaseeseeeaseeneeeaseennaens 43
4.1.2. T HeLrAgONIOIUES. ....c.eeeceeeeeeee ettt et e e et eaae e eteeeaveeeaeeeaaeeaeeennas 48
A\ B3 1 WS4 o1 0001 0| USSR 48
A.2.1. B VUIGAIIS. ..ottt ettt ettt e e et ae et e eaeeeaeenne e 48
4.2.1.1. Selection of seed lots with the highest possible dormancy...........cc.cccccvvercivierreeennenn. 48
4.2.1.2. MOISEUIE CONTENL.....eeutiiitieiieiieiesitete ettt ettt ettt sttt et sbe et st e bt e e saeenaes 49
4.2.1.3. Germination and tetrazolium test reSUILS..........ceeviiriiiiiiiiiieiiiee e 55
4.2.1.4. Mean germination time and Uniformity...........cccceveuierieeiiienieiiienie e 55
4.2.2. T teLrAgONIONURS. .....eeevieiieiiieee ettt ettt ettt ettt e et et e e e e saeesseessesteeseensesseenseas 56
4.2.2.1. MOISEUTE COMEENL.......eiiitiiiieiiiietie ettt ettt ettt ettt ettt et e sbeesabeesase e bt e saeeeneens 56
4.2.2.2. Germination and tetrazolium test reSUltS..........oeoviiriiiiiiiiiiiiiiiee e 56
4.2.2.3. Mean germination time and uniformity.........c..ccoceeverieriiniiienieinenieeceeese e 56
4.3. Experiment 2: T. tetragOnioides. .......ccoeiiiiiriirieriieieieeeieeiteee ettt 58
4.3.1. MOTSTUIE COMERIL. ....eetentieitieiieieeie ettt ettt ettt st ettt sae e bt st e sbe et e eseesbe et e eseesbeenteeaeenees 58
4.3.2. Germination and tetrazolium test TeSUILS.........cceriiriiriirieniie e 58

4.3.3. Mean germination time and uniformity..........cccoccveeriiiieriiieeniie e 59



vii

CHAPTER 5 DISCUSSION....c.otiitiiiiiiieieststesieeieetet ettt 61-77
5.1. Preliminary experiment: Screening of seed lots for dormancy.........c..cceceeveevieneenennennn. 61
S L L B VUIGANIS ..ttt ettt be e s e ste e eeseesteenaeeneenns 61
S5.1.1.1. TSW and germination.........c..eeeueeeriieerieeeiieeeiieeeieeeeieeesreeesreeeneseeesreeeaneesseeesnseens 61
5.1.1.2. The question of dormancy in B. vulgaris fruits: Does dormancy exist?..................... 62
5.1.1.3. Why is dormancy no longer a problem in B. vulgaris fruits?.............cccccoevveevrenennne. 62
5.1.1.3.1. Seed multiplication PUIPOSES........eerueerrieriieeiieriieeieeriee et estee et sieeeteesaeeebeeneeeeneeas 63
5.1.1.3.2. Breeding for Other traitS..........cccuieriieriieiiieiieeiiecte et 63
5.1.1.3.3. SEEA PrOCESSINEG....eevveeiiieeieeiieeiieetieeiteesteestteeteeeaeeseessseesseessseenseessseenseessseeseessseenns 64
5.1.1.4. Possible dormancy mechanisms in B. VUIQAIIS.............ccooovieiiiiiiiiiiiiieieceeeee 65
5.1.1.4.1. The mucilaginous layer and germination inhibitors............cceeriiieeriieeriiieeniee s 65
5.1.1.4.2. The tightness of the Operculum.............cccvieiiiieiiiiceeeee e 66
5.1.2. T. tetragonioides germination and its possible dormancy mechanisms...............c......... 67
5.2, MAIN @XPETIMEIIL. ....eeuiieiiieitieitieeiteeite et e etee et e eetteeteesateesbeesaaeeseessseenseesnseenseesnseenseesnseenseas 67
5.2 1 Bu VUIGANIS ..ottt ettt be b s e te e e sa e beenaeeneens 67
5.2.1.1. MOISTUIE CONTENL. . ..eiuiiiiiiiiiieeiiieiie ettt ettt ettt e e st e e e saees 67
5.2.1.2. Germination and tetrazolium test reSUlLS...........cceeviiiiiiniiiiiiiiceeeeeee e 68
5.2.1.2.1. The effect of initial moisture content on B. vulgaris germination........................... 69
5.2.1.2.2. The effect of washing and soaking fruits prior to sowing on germination.............. 69
5.2.1.2.3. What does this mean for the use in the ISTA Rules of the washing procedure to
AlleViate dOTMANCY?.......eiiiieiieiiiieieecee ettt ettt et e e e esaeenbeenseeenne 71
5.2.1.2.4. Why the different responses in Tso of B. vulgaris fruits?............cccocveevieieeeeneennenne. 71
5.2.2. T. teIrAQONIOIAES. ......eveeeeeieeeeeee ettt ettt as e e eereesseeaaenas 72
5.2.2.1. MOISTUIE CONENL. ....uviiierieeireeeiteeeiteeeiteeeieeesteeessseeessseeensseeessseeesseessseeessseeessseesssseeans 72
5.2.2.2. Germination and tetrazolium test TeSUILS........ccceeviriiriiiiiiiiniereeeeeeeeeen 72
5.2.2.2.1. Possible ways of breaking T. tetragonioides dormancy............c.ccccevvererererenennnnn 72
5.3. Experiment 2: T. tetragOniOidesS. ......cccveiiiieiiieiieieete ettt saaens 73
5.3. 1. MOISTUIE COMEEML.....ueuiiiieniieiieitiete ettt ettt sttt et sbe ettt e sbe et eseesbeebesatesaeenneas 74

5.3.2. Germination and tetrazolium tEST TESULLS. ...cevvummeeee ettt e e e eeees 74



5.3.2.1. The effect of water on germination decrease in T. tetragonioides..............cccccevvennee. 74
5.3.2.2. The effect of cutting T. tetragonioides fruits..........cceveevveeierieriieiese e 75
5.3.2.3. The effect of water on Tsy and uniformity of germination.............cccceeeveeriverieenneennen. 76
54 CONCIUSION. ..ttt ettt et e s h e et e s bt e e bt e s ab e et eesateeabeeeaeeenee 76
541 B VUIGANIS ..ottt ettt et ettt et ettt et teeaeearenas 76
5.4.2. T.AetrAQONIOIAES. .....cuveveeieeeeeete ettt ettt ettt ettt e aeeaeeaae e 76
5.5. ReCOMMENAALION. ....couiiiiiiiiiiieiteeit ettt sttt ettt e 77
REFERENCES ... .ottt ettt ettt ettt ettt nsesbesbeeneeneas 78-86
APPENDICES. ...ttt ettt ettt et ettt ae b st et e e se s ee 87-95

Appendix 1: Preliminary experiment data collected for four replicates of each

B. vulgaris seed lot and the T. teragonioides seed 10t ............cceeeeeuieiieieiieeieeeecee e 87

Appendix 2: Main experiment data collected for four replicates of the four B. vulgaris

seed lots and the T. teragonioides SEed 10t ..........c.oouvevuieieiiieiieiecieee e 90

Appendix 3: T. tetragonioides follow up experiment data collected for four replicates of

the four pre-sowing treatments applied tO frUILS........cooueeriiiiiiiiie i e, 95



Table 1

Table 2

Table 3

Table 4

Table 5A

Table 5B

Table 6A

Table 6B

Table 7A

Table 7B

LIST OF TABLES

Numbered seed lots used, B. vulgaris types, fruit types, year

X

harvested and source of the seeds 10tS.........cccovvveriiriniiiniiniiiieccee .30
TSW (g), mean germination (%), and tetrazolium (TZ) test results for
the T. tetragonioides seed 10t ..........ccovveeviieiieciiieieeeecee e A48
Relative seed quality of the B. vulgaris four seed lots that showed the
highest percentage of dormant fruits in the screening experiment ............. .50
Effect of soaking and washing dormancy-breaking treatments on the
four B. vulgaris seed lots that showed the highest percentage of
dormant fruits in the screening eXperiment..........ceeecveeerveeerveeerveesnveennnnn. Sl
Changes in the moisture content of the four selected B. vulgaris seed
lots as a result of washing or soaking treatments.............c.cccceevevrerureeneenen. 52
Changes in the moisture content of the single T. tetragonioides seed
lot as a result of washing or soaking treatments .............cccccecveverienienennne. 52
Effect of soaking and washing dormancy-breaking treatments on
each B. vUIQAriS SEed 10t .........cceeviiuiiiiieiicieeceeceeeeee e .53
Effect of soaking and washing dormancy-breaking treatments on the
single T. tetragonioides seed 10t. ........coeeeiuieiiieieciieie e 54
Mean germination time (Tso) and spread of germination (uniformity)
of the four B. vulgaris seed lots without treatment and after washing
ANA SOAKING ..vvieiiiie e e e e e e e e e e e enns 57

Mean germination time (Tso) and spread of germination (uniformity)

of the single T. tetragonioides seed lot without treatment and after

Wwashing and SOAKING. ......cceeeiiiieriiiieiiie et

Y



Table 8

Table 9

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

The effect on seed quality of two soaking and one washing

dormancy-breaking treatments on a single T. tetragonioides seed lot........ .60

Mean germination time (Tso) and spread of germination (uniformity)

of the single T. tetragonioides seed 10t. .........ccevieeiirieriieiecieieeieeeeeeee 60

LIST OF FIGURES

A multigerm B. vulgaris fruit cluster (external features showing two

fruits With OpPercula). ......c.oocviiiiieiieie e 5
Internal features of a B. vulgaris fruit showing one seed..........c..cceeevveuvennennn. 5
Structure of a monogerm B. vulgaris fruit in longitudinal section ............... .6
T. tetragonioides fruit (external features) ...........cceeveveeeievieeviecieceeieeee, 26
T. tetragOnioides frUit.........covieieieieicee ettt e 26
Washing fruits in organza bags with running water..............ccceeeeveeeeveeenneen. 33

The washed fruits weighed down by sieves to ensure complete

SUDIMETSION 111 WALET .o eeeeeeeeeee e e e e e et e e e e e e e e e e eeeeeeeeeeeanenaaeeeeeeeeaannns 34

Mean temperature of running water used for pre-washing every 30

ITHIITULES .o 34

Pre-soaking the five seed lots in a germinator set at 25 “C............cccuueeeeee. 35



Xi

Figure 10 Tetrazolium stained embryo of a B. vulgaris fruit indicating viability....... 38
Figure 11 A diagonally cut T. tetragonioides fruit showing stained
(tetrazolium) embryos and a single unstained (non-viable) embryo........... .39
Figure 12 T. tetragonioides seeds showing stained (tetrazolium) embryos and
NON-StaiNed ENAOSPEIIN ....veieiiieeiiieeiiee et e s 40
Figure 13 Germination (%) of 18 B. vulgaris seed lots screened for dormancy......... 45
Figure 14 Dead and empty fruits (%) and tetrazolium (TZ) test results for

remaining apparently healthy but non-germinated fruits (viable and

non-viable fruits) of 18 B. vulgaris seed lots screened for dormancy ......... 46

Figure 15 Thousand seed weight (TSW) (g) of the initially screened B. vulgaris



