RESPONSE OF ONION (Allium cepa L.) TO SOWING DATE AND
PLANT POPULATION

by

GAGOPALE BOSEKENG

Submitted in the fulfilment of the requirements

for the degree of Magister Scientiae Agriculturae (Horticulture)

in the

Department of Soil, Crop and Climate Sciences
Faculty of Natural and Agricultural Sciences
University of the Free State
BLOEMFONTEIN

June 2012

Supervisor: Dr G.M. Engelbrecht
Co-supervisor: Dr J. Allemann



RESPONSE OF ONION (Allium cepa L.) TO SOWING DATE AND
PLANT POPULATION

GAGOPALE BOSEKENG



Table of Contents

DECLARATION ... v

DEDICATION ..ot Vi

ACKNOWLEDGEMENTS ..ottt vii

ABSTRACT L iX
CHAPTER 1

MOTIVATION AND OBJECTIVES

1.1 MOTIVATION. ettt e e e e e e ettt r e e e e e e eeeabba e e e e aaeeesennnn 1

L1.20BJIECTIVES ..o 4

1.2.1 MaiN ODJECHIVE .. uuuiiiiiii s 4

1.2.1.1 SUD-0DJECTIVES ..coiiiiiii e 4

REFERENCES. ... 5
CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION. ....ceititiitite ettt e ettt sttt eesate e e steeeateeeanaeeesnseeanseeeanteeesnseeennees 8
2.2 CLIMATIC REQUIREMENTS ...ttt ettt nne et e e snae e neee e 8
A N =T ¢ 1 01T = LU = RPN 8
2.2.2 Photoperiod ... 8
2.2.3 Relative humMidity ..., 10
2.3 PLANT STRUCTURE ...ttt ettt et enee et e snae e e nneeeenes 11
2.4 GROWTH STAGES ...ttt ettt e ee e et e e snaeeenneee e 12
2.5 EFFECT OF SOWING DATE ...ttt ettt ettt 14
2.5.1 Growth and deVeloOpMENT ...t 14
2.5.1.1 Germination and EMErgeNCEe........ccuuuiiiiieeei ittt sriirieee e e e 14



2.5.1.2 Seedling and vegetative growth .........cccccoiiiiiiiiiiiiniiieeeee e 14

2.5.1.3BOIING i 16

2.5.1.4 BUID INIALION ©eeiiiiiiiiieiie ettt 17

2.5. 1.5 BUID groWEN i 19

25 1.6 BUIb Yield .coooiiiiiiiiii 20

2.5 2 BUID QUATTTY ceeieeeeeee ettt 21
2.5.2.1 Bulb and Neck diameter.......cccccviiiiiiiiiiiiiee i 21

2.5.2.2 BUID fIFMNESS ..oviiiiiiiiiiiiiiie ettt 23

2523 BuUlb Shape....ccooviii 24

2.6 INFLUENCE OF PLANT POPULATION .....ouiiiiiieiiie et 26
2.6.1 Growth and developmENt .....cccoooiiiii i, 26
2.6.1.1 Germination, emergence and seedling growth ..........ccccccceieeennnns 26

2.6.1.2 Vegetative growth ........ccccc 27

P2 T G T =T 01 1 o Lo SRR 28

2.6.1.4 Bulb initiation, growth and maturity...........cccccccciiiiiie, 29

2.8.2 YIEld (E NA™) oo 29
2.6.3 BUID QUAITTY cooeeee e 30
2.6.3.1 Bulb and neck diameter........ccccooiiiiiiiiiiiiie e 30
2.6.3.2SPlit bUIDS .coviiiii 30

2.6.3.3 BUID SNAPE ... 31

2.7 STORAGE ...ttt ettt ettt e et e sttt et e e snbe e e sbbe e e nbeeeenes 31
2.8 CONCLUSIONS . .. .ci ettt ettt se et te ettt e et e e st e e st e e ssteeessseeanseeesnseeesneeenans 34
REFERENCES. ... oottt e e e e e ettt a e e e e e e e e abbanaaeees 35

CHAPTER 3
MATERIALS AND METHODS

3.1 INTRODUGCTION. ..ttt ittt e e e e et s e e e e e eeeaaab e e e e e e eeeeennnnnes 46
B2 FIELD TRIALS ...ttt ettt ettt ettt et e e et e e ente e e anaeesnteeesnbeeenneeeenes 47



3.2.1 Cultivar and SOWING aLE........ccouiiiiiiiiiiiiee e
3.2.2 Sowing date and plant population ..........cccoev i,
3.3 FIELD PROCEDURES ...ttt ettt sttt tee e nne e ntee e neee e
3.4 DATA COLLECTION ..ottt ittt ettt ettt e e e st e e eneee e
3.4.1 GrOWLN PAr@mELEIS ...

3.4.1. 1 Plant height....oo
34,02 LAl NMUM BT et e

3.4.2 Bulb yield and quality parameters .......cccccceeeeiii
3.4.2.1Bulb fresh mass and yield.................cccccoiiiiii

3.4.2.2 BUID di@MELET ..eiiiiiiiiie it
3.4.2.3 NECK QIAMELET ...ccciiiiiiii ittt
3.4.2.4 BUID dEFECTS ...ttt
3425 BUID SNAPE ...
3.4.2.6 BUID fIFMNESS ..o

S5 STORAGE ..o
3.6 STATISTICAL ANALYSIS ... .o
REFERENGCES. ... .. e

CHAPTER 4

RESPONSE OF ONION (Allium cepa L.) TO SOWING DATE

4.1 INTRODUCTION. .. .ctitiiittitte sttt ettt e st e s e e e
4.2 RESULTS AND DISCUSSION ...coiiitiiieiitiite ettt sttt
4.2.1 Growth Parameters ....ccoooeiii i

4.2.21.2 0NI0N gGrOWEN c.coiviiiiiiiiie
4.2.1.2 Plant NeIght.....ooi i
4.2. 1.3 Leaf NUMDEI ...

4.2.2 Bulb yield and quality parameters..........ccccccciiiiiie

4.2.2.1 Bulb fresh mass and yield.......cccccccviiiiiiiiiiiiee e

4.2.2.2 Bulb diameter (SIZ€) ....ccciii it



G B N1 o] Qo L= 11 4 1<) (< ST 75

4.2.2.4 BUID FIFMNESS .ottt 76

ST = Yo | g Yo 77

4.2.2.6 BUID ShaP@. oo 78

4.3 SUMMARY AND CONCLUSIONS ..ottt eeeeaaaas 79

REFERENCES ... .ottt ettt e e e e et e et e e e e e e e e eeabaa e e aaaaees 80
CHAPTER 5

RESPONSE OF ONION (A/lium cepa L.) TO SOWING DATE AND PLANT

POPULATION
5.1 INTRODUCTION. ....coittiiiitite ittt sttt ettt et e e et e e st e e ssteeesmeeesnbeeesnbeeesneeeenes 85
5.2 RESULTS AND DISCUSSION ..ottt eeiii s e e e e eeananns 87
5.2.1 GroWLN Parameters .oooiii i 87
5.2.1.1 ONION grOWEN c..uuiiiiiiic e e e e e 87
5.2.1.2 Plant height.....iii 89
5.2. 1.3 Leal NUMDEI.....cuiiiiiiiiei e 90
5.2.2 Bulb yield and quality parameters .........cccooviiiiiiiiiieei e 94
5.2.2.1 Bulb fresh mass and yield...........ccciiiiiiie 94
5.2.2.2 Bulb diameter (Siz€) ..o 96
5.2.2.3 NECK QIBMELET .....ciiiiiieiiiiee ettt 97
5.2.2.4 BUID fIFMNESS .ooiiiiiiiiei e 98
5.2. 2.5 BOIING ittt 99
5.2.2.6 BUID SNAPE ... 99
5.3 SUMMARY AND CONCLUSIONS ....coiiiiieiiie et see et tee e e eeeeseee e 99
L N [ s TP 101



CHAPTER 6

STORAGE LIFE OF DIFFERENT ONION CULTIVARS AS AFFECTED
BY PLANT POPULATION AND PLANTING DATE

6.1 INTRODUGCTION. ..ottt itiee ettt ettt ettt e seee e e et e e emteeesmbeeesneeesnneeesnneeesnneens 106

6.2 RESULTS AND DISCUSSION ....oiiiiiiiiiiieiiiee sttt siee ettt e seneesnneee s 108

6.2.1 Influence of cultivar and sowing date on storage of onions................ 108

6.2.1.1 Storage duration .........ccovviiiiiii 108

6.2.1.2 Black mould (Aspergillus NIger).......ccccuveeiiieeiiiiiiiiiieee e 110

6.2.1.3 SPrOULING «oeeeei ittt e e e e s e e e e e s s e e e s 113

6.2.1.4 BUID MOISTUIE 0SS ..eiiiiiiiiiie it 116

6.2.2 Influence of sowing date and plant population on storage of ‘Jaquar’

DUIDS e 117

6.2.2.1 StOrage dUTatioN .......oooiiiiiiiiiiei et 117

6.2.2.2 Black mould (Aspergillus Niger).......ccccvverrreeeiiiiiiiiieeee e 118

6.2.2.3 SPIOULING coeeeei ittt e e e e s e s e e e e e s s e eeeees 119

6.2.2.4 BUID MOISTUIE 10SS coiiiiiiiitiiiee et 120

6.3 SUMMARY AND CONCLUSIONS ..ottt e e eeees 121

REFERENGCES ...ttt ittt ettt ettt et e et e e et e e smte e e eneeeeneeeeaneeeenneeeennes 122
CHAPTER 7

SUMMARY AND RECOMMENDATIONS

T. L SUMMARY ...ttt ettt e st e e e e st e e e e et b e e e e e eabe e e e s sateeeesatbaeeeennbeeas 127
7.1.1 Response of onion cultivars to different sowing dates...........cccccvveee.... 127
7.1.2 Response of onion (cv. Jaquar) to sowing date and plant population 128

7.1.3 Storage of onion bulbs as influenced by plant population and sowing
(o b= 1 (= 128

7.2 RECOMMENDATIONS ...ttt 129



7.3 SCOPE FOR FUTURE RESEARCH

APPENDICES

Appendix 1

Appendix 2

Vi



DECLARATION

| declare that this dissertation is hereby submitted by me for the Magister Scientiae
Agriculturae degree (Horticulture) at the University of the Free State. The work contained
in this dissertation has not been previously submitted in any other educational institute. To
my best of knowledge and belief, the dissertation contains no material previously
published or written except where due reference is made. | furthermore concede copyright
of the dissertation in favour of the University of the Free State.

Signature.............coeeeeeeeee L June 2012
Gagopale Bosekeng Date

Vii



DEDICATION

| dedicate this dissertation to my sons; Gagopale, Mothokhumo and Segolame who
endured the absence of their father during their first months of life. To my loving wife,
Chabo thank you for your patience of caring for the family in my absence and for

encouragement that you gave me during my study. Your support is overwhelming.

viii



ACKNOWLEDGEMENTS

First and foremost, | would like to thank JEHOVAH-NISSI for protecting me under his
wings all the time when | was travelling to and fore to execute this study. Were it not for

him, this work would neither have begun nor ended.

| am greatly indebted to my supervisor, Dr G.M. Engelbrecht for her valuable advice,
insight and direction right from the proposal stage to the end of the research work. Her
great interest in my research area and constructive comments that consolidated my

arguments will never be forgotten.

| am very grateful to my co-supervisor, Dr J. Allemann as he allowed the Almighty to use
him as a fountain of ideas which were critical for steering this work to its precious

destination, perhaps to the beginnings of academic world. Credit to you mighty man.

| would like also to express my sincere gratitude to the Government of Botswana for
providing the funding for tuition fee, research and other expenses.

My appreciation is beyond measure to my colleagues (Mrs L.C. Bosekeng, Mr B.A.
Keotshabe, Mr E. Ndlovu and Mr Z.A. Bello) who selflessly sacrificed their time, mind and
strength for a good cause. Mr P.F. Loke, you are also counted.

| also remain thankful to Mr. S. Boer who assisted in executing field work with patience,
commitment and dedication. Fellow students; G. Rantao, M. Nthejane, M.R. Lebenya, E.
Tembwe, K. Kemoabe-Nyeku to you | say labour under the correct knowledge.

| would like to thank Dr G.C. Wiles for his devotional and precious time in assisting me.

To the librarians (Mrs E. Pretorius and Mr M. Sephoko) you made my work smooth.

| am grateful to Mr W. Hoffmann and Mr G. du Toit who responded positively with patience

and gave basic information in their field of expertise.



Above all, my special thanks to the servant of God, Pastor T. Masole for his spiritual
leadership and kind encouragement he gave to me throughout my study period. | say

Ebenezer!



ABSTRACT

RESPONSE OF ONION (A/lium cepa L.) CULTIVARS TO
SOWING DATE AND PLANT POPULATION

Field trials were conducted on the West Campus facility of the Department of Soil, Crop
and Climate Sciences of the University of the Free State in Bloemfontein during 2009 and
2010. The first trial during 2009 investigated the response of onion (Allium cepa L.)
cultivars to sowing date. Cultivars namely; Charlize, Jaquar, Python and South Wester
were used in 2009. Onions were sown on 31 April, 7 May and 21 May during 2009. The
second trial was conducted during 2010, where cultivar Ceres Gold was used to replace
South Wester as the latter was no-longer available in the market and sowing was done on
11 May, 25 May and 8 June. In both seasons, experiments were laid out as a randomized
complete block design with each treatment combination replicated three times. During
2009, plant population of 41 plants m? was used, while in 2010 plant population of 61
plants m? was used. Plots of 1.8 m? were used with each plot having five rows. Each row
had fifteen plants during 2009 and twenty two plants during 2010. Before planting, soil
sampling and analysis were made, thereafter, fertilizers were applied as per soil analysis

results.

A third field trial was conducted in 2010 to evaluate the three sowing dates (11 May, 25
May and 8 June) with a combination of five plant populations (95, 83, 74, 67 and 61 plants
m™?) using one onion cultivar (‘Jaquar’). The experiment was laid out as a randomized
complete bock design, with three replications having 1.8 m? plots. In each plot there were
five rows. A bulb storage trial was also conducted under room (+25°C) and cold room

temperatures (£5°C). This was done for all field trial in both seasons.

In a trial investigating response of cultivars to sowing date, better plant height, number of
leaves, bulb fresh mass, and yield were observed when sowing was done from the end of
April to the end of May. Sowing date significantly influenced bulb and neck diameters only
during 2009. Bulbs were becoming more firm as sowing date was delayed, and the
opposite was observed for bolting. Cultivar South Wester bolted more, followed by cultivar
Jaquar while other cultivars did not bolt. The shape of bulbs was not significantly
influenced by sowing date but it showed to be cultivar authentic. No split bulbs were
observed.

Xi



In a trial of sowing date and plant population, significantly taller plants were obtained with
early sowing date than the two later sowing dates. Leaf production was not significantly
influenced by sowing date. Sowing date and plant population affected bulb fresh mass,
yield, bulb and neck diameters as well as firmness. Sowing date did not influence bulb

shape while plant population did. None of the bulbs bolted from this trial.

Mid-intermediate day cultivars (‘South Wester’ and ‘Ceres Gold’) recorded the shortest
duration (105 days and 63 days respectively), while on average other cultivars were
stored for 126 days in 2009 and 105 days in 2010. Storage disease (black mould),
sprouting and loss of moisture from the bulbs were the contributing factors for reduction in
storage duration. These factors were promoted by both field and storage conditions.

Onion producers should have adequate information on the cultivars and the production
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CHAPTER 1
MOTIVATION AND OBJECTIVES

1.1 MOTIVATION

Onions (Allium cepa L.) belong to the family Alliaceae or Liliaceae. Other members
belonging to the same family include shallot (A. cepa L. var. aggregatum G. Don.),
common garlic (A. sativum L.), leek (A. ampeloprasum L. var. porrum L.) and chive (A.
schoenoprasum L.) (Griffiths et al., 2002). According to Hasegawa et al. (2001) onions
originated from central Asia, and are cultivated in many countries around the world. In
terms of income onions are the second most important vegetable crop after tomatoes in
the world (Griffiths et al., 2002; Mallor et al., 2011). In South Africa, onions are considered
to be the third most important vegetable crop after potatoes and tomatoes (Department of
Agriculture, Forestry and Fisheries, 2010; The National Agricultural Directory, 2011).
Onions sold on the twenty major fresh produce markets in South Africa earning an income

of R 12.5 billion per annum (Department of Agriculture, Forestry and Fisheries, 2010).

The estimated area under onion production in South Africa varies between 6 500 and
7 000 ha. Of the 2 500 ha planted to intermediate day onion cultivars, the majority is
planted in the Western Cape Province. Short day onion cultivars are planted on roughly
3 900 ha with the largest area north of the 28’S latitude (Hygrotech, 2010). Both short and
intermediate day onion cultivars can be planted in the Free State Province. The sowing
date in the Free State for short day onion cultivars ranges from March to April and for
intermediate day cultivars from middle April to the end of May. These onions will be
harvested from the end of October to December for short day cultivars and from
December to February for the intermediate day cultivars (Joubert & Van Der Klashorst,
1997; Joubert & Van Niekerk, 1997).

The twenty major fresh produce markets are strategically situated all over the country and
remain a critical important channel for marketing onions in South Africa. Approximately
471 708 tons of onions were produced during the 2008/09 season in South Africa, and
during the 2009/10 season production was 3.6% higher (488 797 tons). However, sales of
onion for the same period on the fresh produce markets increased with 1.3% from
293 740 to 297 459 tons (Department of Agriculture, Forestry and Fisheries, 2010). A total
of 6 633.95 and 6 113.66 tons of onions were sold on the Mangaung Fresh Produce
Market in Bloemfontein during 2008 and 2009, respectively (Department of Agriculture,

Forestry and Fisheries, 2009).
-1-



The price of onions on the local fresh produce markets fluctuates from month to month
and also from one year to the next. Market prices are mainly determined by supply and
demand (Herregods, 2000). The fresh produce markets normally experience an over
supply of onions from October to February and as a result, prices systematically decline
during this period. For example, on the local fresh produce market of the Mangaung
municipality in Bloemfontein during 2009, onions were sold at R 2 637.39 ton” in
December and R 2 217.80 ton” in January where after it increased, peaking in May
(R 5 016.58 ton™). During June and August of the same year, prices were still high
ranging between R 4 790.52 ton™ and R 3 659.27 ton™ (Department of Agriculture,
Forestry and Fisheries, 2009).

The export of onions from South Africa to neighboring African countries and beyond Africa
increased by 73.5% from 15 410 tons in 2008/09 to 26 732 tons in 2009/10 (Department
of Agriculture, Forestry and Fisheries, 2010). Table 1.1 show the quantities of onion
South Africa exported in 2009 and higher quantities were exported to Mozambique

(10 059 tons) (Department of Agriculture, Forestry and Fisheries, 2010).

Table 1.1: The quantity (tons) and percentages of onion exported from South Africa to
various destinations in 2009 (Department of Agriculture, Forestry and
Fisheries, 2010)

Importer Share in South Africa’s Exported quantity
exports (%) (ton)
Mozambique 40.90 10 059
Netherlands 16.80 4 975
Zimbabwe 13.00 2904
Angola 5.20 909
France 4.00 578
Belgium 3.90 1293
Mauritius 3.30 401
Ship Stores and bunkers 3.20 260
United Kingdom 2.90 1043
Zambia 2.70 1766
Congo 1.20 141
Brazil 0.80 1
Saint Helena 0.70 68
Ireland 0.60 200
Democratic Republic of Congo 0.50 134

Export of onions to Europe is relatively small (8 000 tons per annum) in comparison with
other countries such as New Zealand, Australia and Argentina each exporting 160 000,
80 000 and 20 000 tons per annum, respectively (The National Agricultural Directory,
2007 & 2011). The export potential for onions to Europe is high provided that competitive

cultivars are planted and strict quality control measures are taken into consideration (The

-2.



National Agricultural Directory, 2009). This therefore calls for research and developing of

new high yielding onion cultivars that produce quality bulbs.

Onions are grown primarily for their use as food, adding flavours to food and taste as well
as being used for processing such as pickling, freezing, dehydration, oil extraction. Young,
healthy green leaves with their white bases are also eaten raw in salads. Randle &
Bussard (1993) and Randle et al. (1998) emphasize the importance of cultivar choice
when growing onions for consumption as cultivars differ in flavour. Onions are not grown
only for consumption but are useful for medicinal purposes such as prevention and
treatment of blood and heart diseases (Van der Meer, 1997; Cheema et al., 2003). Onions
are also a source of Vitamin C and E (Made et al., 1994; Griffiths et al., 2002; Tabor et al.,
2004; Block, 2005; El Assi & Abu-Rayyan, 2007). All these characteristics of onions have

been found to contribute to the high demand for onions.

The increasing demand for onions both for consumption (El Assi & Abu-Rayyan, 2007;
Biswas et al., 2010) and medicinal purposes (Griffiths et al., 2002; Block, 2005) increased
the need for breeding new cultivars with a high yield and quality for a specific production
area (Currah, 2002). High yielding onion cultivars and appropriate agronomic practices
can help to meet the ever increasing demand for onions (Cheema et al., 2003;
Msuya et al., 2005). Sowing date and plant population has a profound effect on the
performance of onions. Sowing date is limited by the climate of a specific area that is
determined by its geological location (latitude). The higher the latitude, the shorter the
growing season and ultimately, it may be insufficient for onions to produce a larger leaf
area and to bulb before the end of the growing season (Brewster, 2008). Early sown
onions tend to have a longer growing season before bulb initiation resulting in larger
plants and larger bulbs. However, large plants are more likely to reach the size at which
they become sensitive to a cold stimulus causing bolting. Large plants are also associated
with split bulbs. High onion yields are obtained when onions are sown early (Brewster,
1994) and when plant population ranged between 50 and 80 plants m™ (Hatridge-Esh &
Bennett, 1980).

For every new cultivar released there is a need to determine optimum sowing date and
plant population for a specific onion production area. The objective of the current study
was therefore to evaluate the performance of onion cultivars in view of their response to
sowing date and plant population under the existing climatic conditions of Bloemfontein in
the Central Free State, South Africa.



1.2 OBJECTIVES

1.2.1 Main objective

The main objective of the study was to determine the response of onions to sowing date
and plant population.

1.2.1.1 Sub-objectives

» To determine the influence of sowing date on growth, yield and quality of different
onion cultivars (Chapter 4).

» To determine the effect of plant population on the growth, yield and quality of the

onion cv. Jaquar (Chapter 5).

» To determine the effect of sowing date and plant population on the bulb storage of

different onion cultivars (Chapter 6).
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CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

Growth and development of onions are mainly affected by environmental factors such as
photoperiod and temperature. The performance of an onion cultivar depends on the
interaction between genotype and the environment (Jilani & Ghaffoor, 2003). This
interaction mainly determines cultivar selection for a specific area. On the other hand,
agronomic practices such as sowing date, fertilization, irrigation and plant population
among others, also have an effect on the growth, yield and quality of onion bulbs
(Brewster, 2008).

This literature review will focus on climatic requirements, plant structure and growth
stages of the onion plant. The influence of sowing date and plant population on growth,

yield and quality of onions will also be discussed.

2.2 CLIMATIC REQUIREMENTS
2.2.1 Temperature

Temperature controls the development and the performance of the onion plant in all its
growth phases (Coolong & Randle, 2003; Abu-Rayyan & Abu-Irmaileh, 2004; Ansari,
2007). To obtain germination percentage of at least 70% a temperature between 7.5 and
30°C is needed (Abu-Rayyan et al., 2012). The optimum temperature for germination is
24°C, with 2 and 35°C the minimum and maximum temperatures, respectively (Comrie,
1997). According to Shanmugasundaram & Kalb (2001), onion seedlings grow the best at
temperatures between 20 and 25°C. For optimum vegetative growth a temperature of
between 18 and 22°C is needed, however plants will still grow at temperatures as low as
10 and as high as 27°C (Comrie, 1997). From bulb initiation up to harvesting, higher
temperatures of between 25 and 28°C are required. When low temperatures (8 and 13°C)

occur at the time of bulb initiation, bolting will occur instead of bulbing (Comrie, 1997).

2.2.2 Photoperiod

Photoperiod (day length) refers to the daily duration (hours) of light a plant is exposed to
(Denisen, 1979). Onions react to day length for bulb initiation and the leaves of the plant

are the photoperiodic stimulus receptor (Okporie & Ekpe, 2008). As the photoperiodic
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stimulus is received, formation of bladed green leaves near the apical meristem ceases
and only bladeless leaves are formed. The photoperiodic stimulus favours carbohydrate
accumulation exported from the leaf blade to the leaf sheath (Mondal et al., 1986b;
Mettananda & Fordham, 1999), causing the sheaths of the leaves to thicken and enlarge.
These thickend leaf sheaths will develop into a storage organ, the bulb. As the bulb
matures, the outer (oldest) one to four leaf scales dry out and become protective skin
(Brewster, 1994).

The day length requirement for bulb formation differs according to cultivar type, ranging
between 12 and 16 hours (van den Berg et al., 1997). Adaptation of onion cultivars to a
certain production area is largely dependent on the day length of that area and the day
length requirement of the specific cultivar (Wiles, 1989). Short day onion cultivars require
a day length of 11-12 hours for bulb formation, and can be planted in the tropics (30'N and
S from the equator) (Figure 2.1) (Wiles, 1989). The day length in this area remains close

to 12 hours throughout the year.
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Figure 2.1: Adaption of onion cultivars to different latitudes (Hygrotech, 2010)

Intermediate day cultivars require a day length of 12-14 hours for bulbing and can be
planted in areas between 30" and 45’ latitude (Figure 2.1) as a winter or spring sown crop.
Long day onion cultivars requiring a day length of 16 or more hours for bulbing are well
adapted to areas between 45 to 60 latitude (Figure 2.1) (Hemy, 1984; van den Berg et
al., 1997). In South Africa, only intermediate day cultivars such as Jaquar and Python and
short day cultivars such as Charlize can be planted. The reason for this being that the

longest average day length in South Africa is only about 14.33 hours. Table 2.1 is a
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summary of different onion cultivars indicating their day length requirement and sowing

dates for specific areas in South Africa.

Table 2.1: Summary of some onion cultivars classified according to their day length
requirement for bulbing, cultivar type and sowing date for specific areas in
South Africa (Comrie, 1997; Joubert & Van Niekerk, 1997; Messiaen &
Rouamba, 2004; Hygrotech, 2009a & b)

Day length
Cultivar requirement Type Sowing date Province
(hours)

Charlize <12 Short February-March Limpopo & Northern

Pyramid <12 Early-short March-April Gauteng

Hojem <12 Late-short March-April Free Sta(t;aageNorthern

Python 12-14 Early-intermediate May Northern Cape

Ceres Gold 12-14 Mid-intermediate  Late May-June Northern Cape

Australian Brown 12-14 Late-intermediate May Free State & Northern
Cape

Caledon Globe 12-14 Late-intermediate May Free State & Northern
Cape

If an onion cultivar is exposed to day length shorter than what is required, plants will
continue to form leaves without forming bulbs (Wiles, 1994) and a high percentage bolting
accompanied with thick bulb necks may also occur (Gonzalez, 1997). Other studies
showed that onion plants can revert to leaf production, even if bulb formation is far
advanced, when plants are re-exposed to short photoperiods (Steer, 1980). On the other
hand, a cultivar sown in areas where the photoperiod is longer than required, premature
bulb formation is enhanced, bulb development and maturity rates increase, and this will
result in smaller bulbs and low yields (Wickramasinghe et al., 2000). Photoperiod of a
specific production area at the time of bulb initiation will therefore influence cultivar

selection.

2.2.3 Relative humidity

Under high atmospheric water vapour the rate of photosynthesis and water absorption by
the plant roots is reduced because of the partial or complete closure of the stomata
(Brewster, 2008). Warm, dry atmospheric conditions are important for bulb formation. Dry
conditions reduce the occurrence of leaf diseases such as leaf blight (Botrytis squamosa)
(Msuya et al., 2005). Warm and dry conditions during harvesting promote the rapid drying
of the leaves, causing the neck of the bulb to dry off quickly that will prevent moisture loss

from the bulb and maintaining the firmness of the bulb.
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2.3 PLANT STRUCTURE

The structure of the onion plant in the vegetative stage before bulb formation has been
outlined by Jones & Mann (1963) and Brewster (2008) (Figure 2.2) as follows:

The stem is a flattened disc at the base of the plant and occur below the soil surface. At
the center of the stem is the shoot apex from which all new leaves and roots are
produced. Each leaf is made up of a blade and sheath. It is the leaf sheath that appear to
be the stem of the plant above the soil level but is in fact a false or pseudo stem. As the
leaf sheath develops, it surrounds the growing point and forms a tube enclosing the

youngest developing leaves.

Leaf Blade”
|
Leaf Sheaths ———__ False
s % Shoot Stem
-~ Apex
J
Root —_ -5
Initial = True
I Stem
Leaf Scars < N "
— Adventitious
~x Root

/ ' S
Stem of \ Pri
Seedling | Pagciw

Figure 2.2: Plant structure of a young onion plant in the vegetative growth stage
(Brewster, 1994)

Newly formed leaves can be seen at the junction of the leaf blade and sheath. As new
leaves are formed and expand near the shoot apex, older sheath bases get pushed away
from the apex. It is from the stem, near the base of young leaves where new roots form,
except for the primary root that emerged from the seed. New roots always arise from the

stem and the older ones get pushed further away from the shoot apex.
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Onions have a tendency of producing lateral branches that can result in multiple growth
points and split bulbs. These lateral branches can arise from the buds in the leaf axils. As
soon as the photoperiod is long enough and the temperature is high enough bulb initiation
will occur and the young developing leaves cease to form bladed leaves but only

bladeless leaves will form. It is these swollen bladeless sheaths that form the onion bulb.

2.4 GROWTH STAGES

Compared to many other crops, onion has a fairly complex life cycle which can be divided
into three main stages (Brewster, 1990 cited by Bosch Serra & Casanova, 2000). These
developmental stages (Figure 2.3) are the seedling, vegetative and bulb stages (Bosch
Serra & Casanova, 2000). According to Brewster (1994), during the first growth phase
onion seed will start to germinate after sowing (Figure 2.3 A). During germination, the
primary root will start to grow downwards (Figure 2.3 B), while the cotyledon pushes
upwards through the soil surface as a loop or a hook and this stage is referred to as the
loop stage. During the first leaf or flag stage (Figure 2.3 C), the first true leaf appears
while the cotyledon is still sharply bent in a whip shape. The cotyledon starts to wither and
falls following progressive desiccation during the cotyledon senescence stage
(Figure 2.3 D) and the second and third true leaf appear. During the fourth leaf or leek
stage, leaf four appears, the neck of the plant starts to thicken (Figure 2.3 E) and the first

leaf starts to shrivel.
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Figure 2.3: Different growth stages of the onion plant from seed up to bulb ripening
(Brewster, 1994)

As the first leaf falls, the second leaf becomes detached at the sheath and starts to
senescence from the tip, at the same time the fifth, sixth and seventh leaves appear. This
stage is referred to as the fall of the first leaf stage (Figure 2.3 F). During the so-called
bulbing stage (Figure 2.3 G) the bulb starts to form and the second and third leaf
desiccate while leaves eight up to thirteen appear and the plant also reaches its maximum
height.

As the onion bulb swells rapidly during the bulb swelling stage (Figure 2.3 H), the

progressive desiccation of leaves four to six occur together with the tips of the younger

leaves. Leaves start to bend or fold under their own weight. One or two more short leaf

blades may still appear, while the dry outer bulb skin begins to form. During the fall-down

or soft neck stage (Figure 2.3 1) the neck becomes hollow as new leaf blades cease to

grow within it, and the neck tissues lose turgidity and soften, this leads to the foliage
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collapsing under its own weight and the bulb reaches its final size. During bulb ripening
phase (Figure 2.3 J) the outer skin of the bulb dries out, cure and set while foliage

senescense is complete and desiccation occurs.

2.5 EFFECT OF SOWING DATE
2.5.1 Growth and development
2.5.1.1 Germination and emergence

Onions are a cool season crop and tolerant to frost. Onion seed can germinate at
temperatures as low as 1.4 to 3.5°C. However, for a germination and emergence
percentage of more than 70%, temperatures between 7.5 and 30°C are needed (Abu-
Rayyan et al.,, 2012). In Germany, an emergence percentage of 90% and more was
obtained with soil temperatures ranging between 10 to 25°C (Kretschmer, 1994). Ansari
(2007) reported that a delayed sowing date accelerated the emergence of onion seedlings
in Iran. Onion seedlings from seed sown in January emerge after 22 days experiencing an
average temperature of 17.7°C, whereas seedlings of February sown seed emerge after
only 10 days experiencing an average temperature of 24.7°C. Seedlings emerge after
only 7 days when onion seed was sown in March when much higher average temperature
(34.7°C) was experienced than for the earlier sowing dates. These results indicated that
higher temperatures can shortened the number of days from germination to emergence.
Onions therefore, can germinate at a wide temperature range with the highest germination

percentage and seedling emergence between 15 to 25°C.

2.5.1.2 Seedling and vegetative growth

The seedling phase of onions (from the loop up to the cotyledon senescence stage,
Figure 2.3 B-D), is a long and slow period of growth and can be as long as 2 to 3 months
(Sullivan et al., 2001; Brewster, 2008). The relative growth rate (RGR) of onion seedlings
(1.00) is almost half of that of other cool season crops such as lettuce (1.91) and cabbage
(1.96) and is temperature dependent. However, onion seedlings are the fastest growing of

most edible alliums (Brewster, 2008).

Leaf growth and leaf canopy development during the vegetative growth phase (from the
cotyledon senescence up to the fall of the first leaf stage (Figure 2.3 D-F) are temperature
related. For leaf growth and leaf canopy development a minimum or base temperature of

6°C is required and at temperatures below 6°C leaf growth will cease. The relative leaf
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growth rate (RLGR) increase linearly with an increase in temperature from 6 to 20°C. With
a further increase in temperature, growth rate will start to slow down and at temperatures

above 26°C it will cease (Figure 2.4).

Relative leaf growth rate can be predicted by the equation:
RLGR =0.0108 (T — 6)
RLGR = relative leaf growth rate per day
T = temperature (°C)

6 = base temperature (°C)

—o— Onion
—o-—Leek

--¢--Japanese bunching onion

1
J

Relative leaf growth rate (day ')

10 18 26 34
Temperature ("C)

Figure 2.4: Relationships between relative leaf growth rate (RLGR) and temperature for
onion showing high growth rate, leek and Japanese bunching onion seedlings
growing under 12 h day lenghts (Brewster, 1994)

At the start of bulbing (Figure 2.3 G), the second and the third leaf desiccate while leaves
eight to thirteen appear, and the plant reaches its maximum height. One or two more
bladed leaves may still form before the soft neck stage (Figure 2.3 1) is reached (Brewster,
1994). Late sown onion plants tend to be small with the onset of bulbing, due to the short

growth period allowed for the plant (Al-Moshileh, 2007). Bulb initiation for early and late
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sown onion plants of the same cultivar will occur at more or less the same time because
the plant reacts mainly to daylight length for bulb initiation. The production of new leaves
cease as soon as bulbing starts, implying that early sown plants will develop more, and
larger leaves resulting in a larger leaf area compared to late sown plants (Brewster, 1994)
(Table 2.2).

Table 2.2: The effect of sowing date on bulb yield, leaf area index (LAI) and light
interception for onion cv. Augusta (Brewster, 1994)

Parameters Sowing date

15 March 21 April
Bulb yield (kg m™ of dry matter) 1.04 0.73
Leaf Area Index during bulbing 3.70 1.50
Percentage light interception by leaf canopy during bulbing 69.00 45.00

It is therefore, critical that plants acquire adequate leaf growth before the onset of bulbing
(Mulungu et al., 1998). This will result in a higher leaf area index for more light interception
enabling the plant to photosynthesize more efficiently (Mondal et al., 1986¢; Sobeih &
Wright, 1987). As leaf area index increases, bulb scale initiation and maturity are

accelerated.

2.5.1.3 Bolting

Bolting is the development of a seed stalk, important for onion seed production but not
bulb production (Voss et al., 1999). Bolting will also reduce the marketable yield of onion
bulbs. Un-timely bolting occurs when the onion plant is exposed to low temperatures
(8-13°C) when plants are ready to start forming bulbs (Figure 2.3 F, start of bulbing
phase). The sensitivity to low temperatures increases with an increase in plant age
(Cramer, 2003). The number of leaves has been used to determine a critical plant size at
which bolting will be induced under low temperature conditions. Khokhar et al. (2007)
reported that the sensitive plant size is when 7 to 10 leaves have formed (at the end of the
first leaf fall and the beginning of bulbing stage (Figure 2.3 F and G). When sowing is
done too early in the season, the onion plant will reach the minimum plant size for bulbing
when temperatures are still low and will bolt instead of forming bulbs. Sowing date
therefore needs to be at a time to prevent plants receiving a cold spell when reaching a
minimum plant size resulting in bolting instead of bulbing. However, with late sowing the
occurrence of bolting is lower, but plants are still small when bulb formation starts

resulting in small bulbs of a poor quality (Cramer, 2003). Therefore, cultivar selection and
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sowing date are important production factors that need to be taken in to consideration in

preventing bolting to occur.

Agic et al. (2007) reported that bolting was enhanced by early sowing in the Republic of
Macedonia. Late sown onions (1 September) had the lowest bolting percentage (13.12%)
for all cultivars planted (‘Sidra’, ‘Aldobo’, ‘Ranger’ and ‘Julio’) compared to plants sown
earlier on 10 and 25 August (34.81 and 27.00%) respectively. Temperatures ranged
between 6.4 and 14.95°C when plants were at bulb initiation phase, and these
temperatures are known to induce bolting instead of bulb initiation. Cultivars also differ in
terms of bolting and in this study ‘Aldobo’ (7.02%) showed more resistance to bolting than
‘Julio’ (8.56%), ‘Sidra’ (23.69%) and ‘Ranger’ (60.64%). Al-Moshileh (2007) reported that
early planted onions under central Saudi Arabian conditions resulted in a higher

percentage of bolting than late plantings (Table 2.3).

Table 2.3: Effect of sowing date on bolting and yield of onions in Saudi Arabia
(Al-Moshileh, 2007)

Planting date Bolting (%) Total yield (t ha™)
15 August 14.3 22.5
1 September 26.3 26.3
15 September 8.7 27.7
1 October 3.5 23.1

It is evident that sowing date influenced bolting and that onion cultivars also differ
regarding bolting tendency. Therefore, cultivar selection and planting date for a specific

area are important production management aspects.

2.5.1.4 Bulb initiation

Bulb initiation of onions are the result of a combination of factors such as cultivar,
temperature, light quality (red:far-red ratio), plant size (Mondal et al., 1986¢) and fertilizer
(Sinclair, 1989). Onion bulb initiation commences as soon as the day length period is
more than the minimum required by a specific cultivar (Quadir & Boulton, 2005). The
leaves of the onion plant respond to day length and as soon as the required minimum
length is reached the apical meristem no longer form bladed leaves but will now only form
leaves with sheaths without blades (Brewster, 1997). The leaf sheaths will swell and form
the bulb, contributing to the yield of onions (Quadir & Boulton, 2005). As stated earlier in
Section 2.2.2, cultivars that need long days for bulb initiation will not form bulbs when
sown in areas experiencing short days. This was supported by Bok et al. (2003) who
reported that, although ‘Australian Brown’ an intermediate day cultivar (>14 hours)
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performs well in South Africa, it was not the case in Botswana, with the longest day length

of only 13.40 hours.

As soon as the day length requirement is adequate, onion cultivars will form bulbs at more
or less the same time even if they are sown on different dates. Given that the leaves
receive the signals of solar radiation, sufficient leaf area index is therefore an important
variable (Bull, 1968). Factors such as environmental conditions, nutrients, moisture
(Hegde, 1986) and plant population influence the leaf area of a plant. The maximum
projected leaf area per unit ground surface area is referred to as leaf area index (LAI)
(Nock et al., 2008). It is a determinant factor in radiation interception, photosynthesis,
biomass accumulation, transpiration and energy transfer by the crop canopy
(Akram-Ghaderi & Soltani, 2007). Leaf area index can be calculated using the following
equation:

leaf area/plant
Leaf area index =

land area/plant

Any factor decreasing the leaf area such as diseases, pests, hail, low plant population,
sowing date, stress, insufficient nutrients or water during the growth period contribute to a
lower yield of poor quality bulbs (Brewster, 1994). Therefore, to achieve a high yield of
marketable onion bulbs, sowing should be done at an appropriate time to develop

sufficient leaf area for interception of a high portion of incident light (Brewster, 1990).

A high percentage of radiation interception by onion plants due to an increase in plant
population and earlier sowing advances bulb initiation (Mondal et al., 1986a). The yield of
late sown onion plants is reduced and might be attributed to a lower leaf area index and
reduced leaf canopy light interception (Brewster, 1994). Leaf area index has an effect on
the red:far-red (R:FR) ratio of light in the leaf canopy playing an important role in the rate
of bulb development (Sobeih & Wright, 1987). Bulbing rate in a particular photoperiod
depends on red:far-red ratio of light. Studies showed that bulb development accelerates
as the red:far-red ratio decrease (Mondal et al., 1986b). The red:far-red ratio decreases
with an increased LAl accelerating bulb initiation (Mondal et al., 1986¢). Phytochromes (a
pigment necessary for the response in photoperiodims) (Chen & Ni, 2006) absorbs much
more red than far-red wavelengths, the red to far-red wavelength ratio decreases deeper
into the leaf canopy. As a result, earlier bulb formation occurs as LAl increases. The

maximum light absorption determines the rate of bulb development (De Visser, 1994) and
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under high LAI, maximum light is absorbed, resulting in earlier cessation of leaf production

and advance bulbing.

Temperature also influences bulb formation. High temperatures between 25-27°C are
favourable for bulbing and enhance earlier bulb initiation and maturity. Onions will start
with bulb formation at a slightly shorter day length during warm weather conditions. Onion
plants must accumulate thermal time (growing degree days above 5°C) from emergence
of approximately 600 degree days (Lancaster et al., 1996). Formation of bulbs will not
commence if a minimum thermal time of 600 degree days is not met even if the critical
photoperiod requirement is reached. However, plants may reach 600 degree days thermal
time before the required day length is reached causing bulb initiation to start earlier. The

calculation to determine thermal time (D) is:

TR g, bR

D By [~ TL']
where: D = thermal time

T™* and T™" = daily maximum and minimum temperature

Ty = base temperature

n = number of days between emergence and bulb initiation

Base temperature = 5°C

The plus sign indicates that the summation only included days when

temperature exceeded the base temperature

From the literature reported above, it is clear that onions will only form bulbs if the day
length and temperature requirements of the plant are met. Larger plants and warmer
temperatures cause onion plants to start forming bulbs earlier. As bulbing is initiated when
the day length exceeds a certain minimum number of hours, plants of the same onion
cultivar tend to mature more or less at the same time in a particular area, regardless of
sowing date. Early sown plants therefore, have a longer growth period resulting in larger
plants and larger bulbs. However, marketable yield is not always high as early sown
plants tend to produce larger plants that are prone to bolt or to form split bulbs that lower

with the quality of the bulbs.

2.5.1.5 Bulb growth

The final bulb size depends on the physiological process regulating the development of
bulbs and is also related to the thermal time accumulated before bulbing (Lancaster et al.,
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1996). The number of leaves produced before bulbing is also regarded as key to the
process of bulb growth since they are the main suppliers of assimilates for bulb expansion
(Mettananda & Fordham, 1999; Valenzuela et al., 1999). The time taken for leaves to
develop and mature influences the leaf area and hence efficient photosynthetic capacity
and potential for bulb growth (Lancaster et al., 1996). Photosynthesis is the production of
sucrose which will be transported and stored in the structural and storage tissue of the
plant. During bulb development, soluble invertase converts sucrose to reducing sugars
namely, glucose and fructose. This increase the osmotically active solutes in the outer
sheath cells, and as water moves in, cell expansion takes place (Brewster, 2008).
Therefore, if an onion cultivar is sown on a date which allows for long duration of
vegetative growth, the better the growth of bulbs will be and ultimately better yield will be

attained.

2.5.1.6 Bulb yield

Onion yield is affected by several factors including sowing date, plant population, light
interception, soil fertility and cultivar. Enough vegetative growth before bulb initiation is
important (Adjei-Twum, 1980 cited by Ibrahim, 2010) to obtain a high yield. When sowing
is delayed, the plant completes the vegetative growth phase early and starts to bulb when
it is still small, resulting in small bulbs and lower yields. The smaller leaf canopy of smaller
plants intercept less light than larger plants resulting in lower yields compared to larger

plants.

Cramer (2003) evaluated four onion cultivars (Daybreak, NuMex Mesa, NuMex Sweetpak
and Texas Early White) during 1999 and 2000 in New Mexico. Onion seed was sown on
9, 23, and 30 September 1999 and on 8, 15, 22, and 29 September 2000. Bulb yield
increased with a delayed sowing date from 9 September to 30 September for all the
cultivars. Early sown plants (9 September) tend to bolt and it varied between 1.9 and
34.2% for the different cultivars, whereas for late sown (30 September) onions less bolting

occurred in all the cultivars (0.3-1.7%).

Madisa (1994) reported that onions sown during mid-March in Botswana, yielded higher
(43 t ha™") than those sown earlier in February (31 t ha™) and those sown later in April
(23.6 t ha™). A high percentage of onion plants bolted (24%) in the February planting,
while 7% of plants bolted with the March planting and no plants bolted in the April
planting. The late planting (April) produced lower yields than the March planting due to a
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reduction in bulb size. Onion plants sown late (April) did not bolt because when low
temperatures responsible for bolting prevailed, the plants were still small and had not yet

reached minimum plant size.

In Nigeria, onion yield declined from 40 to less than 20 t ha” when the transplanting of
seedlings was delayed from November to March in 2001/02. The same trend was
observed during the 2002/03 season where the yield declined from 48 to less than
20 t ha™ with a delayed transplanting date from December to March (lbrahim, 2010).
Lower yields caused by late transplanting forced plants to switch from leaf blade to bulb
production while the leaf area index was still small and leaf canopy light interception was

low compared to the earlier-sown plants.

The effect of sowing date (7 July, 21 July, 5 August, 20 August and 4 September) was
evaluated on the yield of three onion cultivars (‘Valencia’, ‘Valenciana-INIA’ and
‘Valcatorce’) in Chile (Gonzalez, 1997). The highest yield was obtained by ‘Valcatorce’
(26.30 t ha'), followed by ‘Valenciana’ (20.90 t ha”) and’ then Valenciana-INIA’
(16.67 t ha™). For the three onion cultivars, the best yield was obtained when sowing was
done on 21 July (52.42 t ha™) and the lowest when sowing was done on 4 September
(0.84 t ha™). Onion plants that were sown first (7 July) were subjected to low (<10°C)
temperatures, causing the plants to bolt and small bulbs were harvested from this
planting. Plants sown late (September) produced bulbs with thick necks and poor bulb
initiation occured due to insufficient photoperiods.

Sowing date for a specific onion cultivar should be selected to ensure sufficient leaf
growth before bulb initiation occurs to obtain high yields. However, a too long growth
period before bulb initiation can also lead to bolting because this results in large plants

exposed to low temperatures just before bulb initiation and split bulbs can also occur.

2.5.2 Bulb quality

A high bulb yield on its own does not guarantee the success of onion production, unless
the quality of the bulbs (bulb diameter, neck diameter, firmness and bulb shape) meets

the market demand.
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2.5.2.1 Bulb and neck diameter

Bulb and neck diameter are important quality characteristics of onions. Consumers prefer
medium size onions (40-69 mm) (Bosch Serra & Currah, 2002) that will attain higher
prices on the market than the extra small (10-34 mm), small (35-39 mm), large (70-89
mm) and extra-large (>90 mm) bulbs. The average price per 10 kg bag is approximately R
16.00 for small, R 28.00 for medium and R 14.29 for large bulbs (M. Klashorst, personal

communication)’

Bulbs with thin necks store longer than bulbs with thick necks (Gautam et al., 2006). Thick
bulb necks take longer to dry off after harvesting and provide a high risk for infection of
post-harvest storage diseases such as bacterial soft rot (Pseudomonas gladioli pv.
alliicola Burkholder) (Peters et al., 1994; Wright & Grant, 1997).

Onion neck diameter increased significantly with a delayed sowing date from July to
September in Chile (Gonzalez, 1997). The experiment consisted of five sowing dates
(7 July, 21 July, 5 August, 20 August and 5 September) and three cultivars (Valenciana,
Valenciana-INIA and Valcatorce). Eighty one percent (81%) of the plants produced bulbs
with thick necks when sown late (4 September) compared to 45.3% when sown early
(7 July). Bulbing did not occur in the late sown (4 September) plants, due to a reduced

leaf area index contributing to a delayed initiation of bulb scales (Brewster, 1990).

Ud-Deen (2008) planted onions on three different dates (30 October, 15 November and
30 November) in Bangladesh to examine the effect thereof on bulb growth (size) (Table
2.4). Larger bulbs (5.11 cm) were obtained with the earliest planting (30 October),
followed by the bulbs of 15 November (4.81 cm) and then 30 November (4.50 cm)
plantings. Small bulbs recorded for the late planting were due to lower temperatures and

shorter day lengths.

The aim of any onion producer is to produce onions for a specific market. In producing for
the fresh market, the aim should be to produce medium size bulbs to ensure a good price
(Bosch Serra & Currah, 2002) with thin necks for possible long storage life (Mohanty &
Prusti, 2001). However, there are also markets for other bulb sizes such as small and

large in South Africa although the prices obtain for these classes are lower. The prices for

' Mr M. Klashorst, 2011. Interaction market services Free State (Pty) Ltd t/a RSA market
agents, P. O. Box 435, Bloemfontein, 9300
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onions on the fresh produce market are mainly determined by supply and demand. When
there is over supply on the market the price can drop to R 2 217.80 ton™ and when onions
are scarce prices can rise to R 5 016.58 ton™ (Department of Agriculture, Forestry and
Fisheries, 2009). Storage ability of an onion cultivar is therefore important for the producer
so that he can store onions till there is a high demand and price is high for onions on the
market (Joubert, 1997). Other than bulb size and good keeping quality, bulb shape is also

essential. For example, in South Africa round bulbs are preferred (Eksteen et al., 1997).

2.5.2.2 Bulb firmness

Bulb firmness is among the qualities that contribute to the consumer’s perception of bulb
quality. Bulb firmness has also been associated with the storability of onions
(Mallor et al., 2011). The physical and chemical composition of the cell walls influence
bulb firmness. At harvest, dry matter content and total soluble solids (TSS), plays a role in
bulb firmness. The differences in dry matter content, which may be due to differences in
fructan concentration, could lead to an increase in cell water content and cell turgor which
results in firmer plant tissue (Coolong et al., 2008). Changes in the firmness during
storage of bulbs are influenced by the activities of pectinases which control the
composition of pectic polysaccharides. Pectin methylesterase (PME) is responsible for
demethylesterfication of polygaacturonic acid chains. Once polygalacturonic acid is
demethylestrified, they can bind to free calcium ions, resulting in increased bulb firmness.
But, if polygalacturoneses (PG) are present, the galacturonic acid chains may be
hydrolyzed, causing depolymerization of pectin and consequently softening of the bulbs.

Coolong et al. (2008) used refrigerated storage, 6.6+1.4°C and 82+4.2% relative humidity
to evaluate the influence of firmness on bulb storage life of three onion cultivars (Pegasus,
MSU 4535B and MBL 87-WOPL) in the USA. The short day cv. Pegasu recorded
significantly softer bulbs (2.96 N) than the other two long day cv’'s. MSU 4535B and
MBL87-WOPL (4.17 and 3.75 N, respectively). The difference in bulb firmness was
attributed to the difference in dry matter content of the bulbs which was influenced by the
fructan concentration in the cells, leading to an increase in cell water potential and cell
turgor. ‘MBL87-WOPL'’ had a higher dry matter content which ranged from 15 to 18% than
‘Pegasus’ (9 and 10.5%). After twelve weeks of storage, bulbs lost their firmness. Cultivar
MSU 4535B lost its firmness by 14.93%, followed by cultivar Pegasus with 14.86% and
MBL87-WOPL with 8.15%. The change in bulb firmness after 12 weeks of storage was
attributed to water loss and change in bulb turgor. The authors also reported that the

concentration of uronic acid in pectin had an influence on bulb firmness. Pectine accounts
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for about 30% of the polysaccharides in the primary cell wall and middle lamella (Coolong
et al., 2008). Cultivar MBL87-WOPL had the highest uronic acid concentration at harvest
and the firmest bulbs, while cultivar Pegasus had the lowest uronic acid concentration and
produced the softest bulbs. The differences in water soluble pectin uronic acid
concentration at harvest might have led to differences in bulb scale firmness of different

cultivars.

Firmness of onion bulbs is influenced by fertilizers such as sulphur (Lancaster et al.,
2001a) or copper (El-Tantawy & EI-Beik, 2009). These fertilizers play a role in the
accumulation of dry matter (Nasreen et al., 2003) and strengthening bulb cells and in
return increase onion bulb storability. Onions grown under low sulphur supplies produced
softer bulbs than those grown with adequate sulphur (Lancaster et al., 2001b). Irrigation
and the size of the bulbs (Larsen et al., 2009) also influence bulb firmness. Larger bulbs
are less firm than smaller bulbs (Larsen et al., 2009). The sizes of onion bulbs are
dependent upon the size of the plants which can also be influenced by date of sowing
(Cramer, 2003). Late sown plants produce small plants which yield too small bulbs
(Brewster, 1994) that are firmer than larger bulbs (Larsen et al., 2009).

Cramer & Corgan (2010) conducted an experiment in New Mexico during 2006/07,
2007/08 and 2008/09, to determine the firmness of two onion cultivars (NuMex Serenade
and NuMex Starlite) sown on different dates. The different sowing dates in 2006/07 used
were 13 September, 22 September, 25 September and 2 October. During 2007/08 three
different sowing dates used were 14 September, 17 September and 20 September and
during 2008/09 only one sowing date was used (30 September). Firmness was
determined by squeezing bulbs by hand at two separate points at the vertical center and
bulbs were rated on a scale of (1) soft to (9) hard. Their results showed that during
2006/07, harder bulbs were recorded from cultivar NuMex Serenade sown on 25
September (7.5) whereas, softer bulbs (5.7) were measured on cultivar ‘NuMex Starlite’
sown on 2 October. During 2007/08, hardest bulbs (7.5) were recorded on ‘NuMex
Serenade’ sown on 14 September and the softest (6.3) recorded on ‘NuMex Starlite’ sown
on 20 September. ‘NuMex Serenade’ was still harder (6.0) than ‘NuMex Starlite’ (4.4)
during 2008/09 season. Result indicates that as sowing date is delayed, bulbs tend to be
softer and that cultivars also differ in firmness. Firmness of onion bulbs is an important
trait influencing the storage life of bulbs. Firmer bulbs can be stored for up to one month
longer that softer bulbs (The National Agricultural Directory, 2009).
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2.5.2.3 Bulb shape

The shape of onion bulbs is cultivar related and an important marketing characteristic. In
South Africa and for export market, onion bulbs with a round shape are consumer’s
preference (Eksteen et al., 1997; Bosch Serra & Currah, 2002). Bulb shape can be
identified visually by comparing the shape of bulbs (Figure 2.5) with previous researcher’s

description and identification, or through the use of the bulb shape index.

(

N

(9) (h) (i) () (k)

Figure 2.5: Different onion bulb shapes (a) deep round (Spanish) (b) round (c) rombic (d)
broad egg shaped (globe) (e) egg shaped pointed (f) egg shaped (g)
horizontal elliptic (h) road reversed (top shape) (i) flat (flat elliptic) (j) elliptic (k)
cylindric (Van den Berg et al., 1997)

The bulb shape index is described as the ratio of bulb height to diameter. Bulb height is
measured from the base of the neck to the bottom of the bulb. The measurement of
diameter is taken at the widest circumference of the bulb perpendicular to the neck and
root axis (Grant & Carter, 1997; Hasegawa et al., 2001). An onion bulb with a shape index
of 1.1 + 0.02 is classified as a globe bulb, while a bulb with a 1.8 + 0.03 index as a flat
bulb. Those with a 1.3 + 0.05 index as a flatten shape and those with a 1.1 + 0.02 index
as nearly complete spherical bulb shape (Hasegawa et al., 2001). Round bulbs have a
shape index of 1.00 (Madalageri, 1993 cited by Mallikarjun, 2006).

Leilah et al. (2003) conducted an experiment in Egypt, evaluating the influence of planting
date on the shape of onion bulbs using nine cultivars (El-Nobareia, El-Fayoum, EI-
-25.



Gemmeiza, El-Mansoureia, Moshtor, Namol, New Nuclesus, Santrees and South EI-
Tahrir) and three transplanting dates (20 December, 10 January and 1 February) during
1996/97 and 1997/98. The author reported that a delayed transplanting date from 20
December to 1 February resulted in bulbs changing from flat towards a more rombic
shape bulb, whereas the differences between early season transplanting (20 December)
and mid season transplanting (10 January) were not significant. The change in bulb shape
was attributed to an increase in neck size resulting from early bulbing in late transplanted
plants. In both seasons, ‘Nomal' and ‘EI-Gemmeiza’ had the highest shape index of 0.91
and 0.92, respectively, and ‘Moshtohor’ recorded the lowest index of 0.82 which was due

to the genetic variation between the cultivars.

2.6 INFLUENCE OF PLANT POPULATION

Selection of an optimum plant population is one of the critical production decision that
onion producers must address before planting. Plant population refers to number of plants
per square meter (plants m™) or hectare (plants ha™) and is important in onion production

since it has an influence on growth, yield and quality of onion bulbs (Brewster, 1994).

Onion bulb size can be controlled to a certain extend by plant population. According to
Brewster (1994) in order to produce large bulbs (>70 mm in diameter) a plant population
of between 25 and 50 plants m? is required, for medium bulbs (25-50 mm) between 50

and 100 plants m2and for small bulbs (<50 mm) more than 100 plants m™ are required.

2.6.1 Growth and development
2.6.1.1 Germination, emergence and seedling growth

Germination is primarily dependent upon temperature and soil moisture. No literature was
found on the response of onion germination and emergence to plant population. However,
seeding density can influence onion seedling growth. Mettananda & Fordham (1999)
investigated the influence of four different sowing densities (10, 20, 30 and 40 g m?) on
the growth of onion seedlings in the United Kingdom. Seeds were sown in trays and were
kept in a glass house to produce seedlings for transplanting. Number of leaves produced
by seedlings under the lower seeding densities (10 and 20 g m™) was significantly greater
than under the higher densities (30 and 40 g m™). Leaf number increased from 3.7 at the
high seeding density (40 g m?) to 5.1 at the lowest density (10 g m?). The same trend
was observed for leaf area of the seedlings.
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An experiment was conducted in the United Kingdom to observe the effect of plant
population on onion seedling growth before transplanting (Weerasinghe & Fordham,
1994). The experiment consisted of two onion cultivars (‘Hygro’ and ‘Hyfast’) in multi
celled modular seed trays providing for four plant populations. In each cell (3.7 cm®) either
1, 2, 4 or 6 seedlings were planted. When transplanting, the transplants were planted in
their clusters at a constant spacing of 10 x 10 cm to provide the original number of
seedlings per module and final plant population were; 100, 200, 400 and 600 plants m=.
The authors reported that the number of seedlings per cell had a significant influence on
the growth of the seedlings at the time of transplanting. The number and size of leaves
reduced significantly with an increasing number of plants per cell. More leaves (4.0) were
recorded on plants that were single planted per cell and less (2.4) for plants that were
planted at six seedlings per tray. They stated that an interplant competition during

seedling growth reduced seedling size (leaf number).

2.6.1.2 Vegetative growth

Plant population has a major influence on plant growth and development of onions
(Kanton et al., 2002). The effect of plant population (56, 42 and 33 plants m?) on the
growth of onion plants (‘Red Nask’) that was investigated in Pakistan did not have any
effect on the number of leaves being produced by the plants (Khan et al., 2002). Jilani
(2004) also studied the effect of plant population on the number and length of onion
leaves using plant populations of 20, 30 or 40 plants m? and five different cultivars
(Naurang Local, Panyalla Local, Phulkara, Shah Alam Local and Swat-1) during two
seasons (2000/01 and 2001/02) in Pakistan. The same trend was observed in the first
season where number of leaves produced by the plants was not significantly influenced by
plant population. In the second season, however, the number of leaves of plants planted
at a population of 20 plants m? (12.05) was significantly more than the number of leaves
per plant planted at 40 plants m? (9.99). Onion plants from the lowest plant population
(20 plants m?) recorded the highest number of leaves (12.11) and the lowest number of
leaves (10.97) were produced by plants planted at the highest plant population (40 plants
m?) during 2000/01. The same trend was observed for leaf length where significantly
longer leaves (37.99 cm) were recorded for plants planted at a plant population of 20
plants m? than 40 plants m? (33.43 cm) in 2001/02. This was attributed to increased

competition for nutrients and water at the higher plant population.

In another experiment, also conducted in Pakistan by Faroog-Ch et al. (1990), using more
or less the same plant populations (20, 30 and 40 plants m'z), also showed that plant
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population had no significant effect on the number of leaves produced by onion plants.
Plants from the lower populated (20 and 30 plant m'2) plantings produced the most leaves
(12.67 from both plant populations) compared to plants from the denser populated
plantings of 40 plants m? (11.67).

The proportion of light intercepted by the leaf canopy of plants increased with an increase
in plant population (Mondal et al., 1986b). Brewster (1994) observed that as plant
population increased from 25 to 400 plants m?, light interception increased. The highest
percentage of light was intercepted by the leaf canopy (59.4%) of plants planted at 400
plants m? compared to 46.0% by plants planted at 100 plants m? and 30.0% of plants
planted at 25 plants m?. The increased light interception under high plant populations is
due to an increased LAI.

2.6.1.3 Bolting

In an experiment conducted by Brewster & Salter (1980) on the effect of plant population
(43, 86, and 129 plants m?) and sowing date (2, 14 and 29 August in 1973, and 15 August
in 1974) on two onion cultivars in United Kingdom, plant population did not significantly
influence bolting. It was only sowing date and cultivars that significantly influenced bolting.
Their results show that bolting can be minimized when sowing is delayed and by the use
of cultivars which are not prone to bolting. In other studies (Bosch Serra & Domingo Olive,
1999), results showed that with an increase in plant population, from 20 to 160 plants m?2,
the number of bolters increased. However, for bolting, a cold temperature spell (6 to 15°C)
is needed and plants that are more sensitive are those that reached a minimum size of
between 7 and 10 leaves (Khokhar et al., 2007).

Bosch Serra & Domingo Olivé (1999) in Spain conducted two experiments, one under
natural light condition and another one under black neutral shade, with the aim of
investigating an influence of plant population (20, 40, 80 and 160 plants m™) on bolting
using a long day cultivar (Valenciana de Grano). Under natural light condition, as plant
population increased from 20 to 160 plants m?, number of bolters significantly increased
from 8 to 75.

2.6.1.4 Bulb initiation, growth and maturity

Bulb initiation is dependent upon red:far red ratio within a crop canopy which modifies the

crop’s response to photoperiod (Sobeih & Wright, 1987). With an increasing plant
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population, leaf area index (LAIl) increases, influencing light interception by the plant
(Section 2.5.1.4) and accelerating bulb initiation (Mondal et al., 1986c¢; Brewster, 2008).

According to McGeary (1985), an increase in plant population will result in the reduction in
the duration of bulb maturity due to higher leaf area index (LAI). As LAI increases with
plant population, percentage of light interception also increases (Mondal et al., 1986a).
Brewster (1994) studied three plant populations (25, 100 and 400 plants m?) and reported
that the lowest plant population (25 plants m?) had the lowest LAl (0.82) followed by 100
plants m? (1.5) and then 400 plants m? (2.3). He further reported that plants under a high
LAI (2.3) matured 10 days earlier than plants with LAl of 1.5 and 22 days earlier than
plants with LAl of 0.82.

Rumpel & Felczynski (2000) reported that onions were harvested (50% neck fall stage) 10
days earlier at a plant population of 140 plant m? compared to onions planted at a
population of 20 plants m2. Bulbs harvested from a plant population of 100 plants m™
were harvested 12 days earlier than bulbs harvested from plants planted at 25 plants m?
(Table 2.4) (Brewster, 2008). This is associated with a high leaf area index (LAl), that
leads to a high percentage of light interception by the leaf canopy which will accelerate
bulb maturity (Mondal et al., 1986a). Optimum plant population is a key to attainment of

good yields.

2.6.2 Yield (t ha™)

Selection of plant population is an important management decision as onion yield can be
influenced by plant population. It is critical to know the optimum plant population to
achieve high yields of a good quality. However, the yield attained at a specific plant
population is also influenced by growing conditions, in particular soil conditions and water

availability.

Rumpel & Felczynski (2000) conducted a study to investigate the effect of plant
populations (20, 40, 60, 80, 100 and 140 plants m™?) on the yield of onions in Poland from
1991 to 1993 as well as during 1996. From trials conducted during 1991 to 1993, bulb
yield increased from 20.5 to 32.8 t ha™ as plant population increased from 20 to 80 plants
m~2. They reported a similar trend from the 1996 trial, where yield increased from 48.9 to
59.0 t ha™ as plant population increased from 40 to 80 plants m™. During a relatively warm
season (16.6°C) with inadequate soil moisture (160.2 mm), onion yields were lower than

during a cool season (14+1°C) with adequate soil moisture (250-340 mm), which was the
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case for 1992, 1993 and 1996. As plant population increased, bulb yield also increased.
Results of other studies however also showed an increase in yield when plant population
increased from 60 to 100 plants m? but with a further increase in plant population yield
started to decline (Dellacecca & Lovato, 2000; Kanton et al., 2002).

2.6.3 Bulb quality
2.6.3.1 Bulb and neck diameter

The management of plant population is important as it influences bulb size and neck
diameter. The bulb size and neck diameter play an important role in bulb quality. Faroog-
Ch et al. (1990) studied the relationship between plant populations (20, 30 and 40 plants
m2) and bulb diameter in Pakistan. They reported that bulb diameter decreased as plant
population increased from 20 to 40 plants m?, although the difference was not significant.
The reason for the reduction in bulb diameter as plant population increased was due to

the fact that less populated plants utilized the larger space available for bulb formation.

An experiment was conducted in Peshawer during 2003, to study the influence of plant
population (40, 60 and 80 plants m™?) on the neck diameter of onions (Dawar et al., 2005).
The authors reported that as plant population increased from 40 to 80 plants m™ onion
neck diameter declined significantly from 20.9 to 18.3 mm. The thickest necks (20.9 mm)
were produced by plants planted at a population of 40 plants m?, followed by the medium
plant population of 60 plants m? (19.3 mm), while the thinnest necks (18.3 mm) were
measured at the highest plant population (80 plants m'z). Bulb necks become thinner as

plant population increased because of the small plants attained at high plant population.

2.6.3.2 Split bulbs

Split bulbs is a result of lateral bud development. During the vegetative phase, lateral
buds either remain dormant or they develop into multihearted bulbs which often double,
i.e. divide into shoots. Eventually such plants produce more than one bulb (Chipman &
Thorpe, 1977; Rabinowitch, 1979). This phenomenon is refered to as apical dominance
(Tanaka et al., 2006). If the axillary bud is not inhibited, it grows and produces a split bulb.
This malformation can result from excessive soil moisture during bulb ripening or
excessive nitrogen application during vegetative growth phase (Valenzuela et al., 1999;
Abdissa et al., 2011), or temperature and day length (Steer, 1980). Splitting of bulbs also
is found to be influenced by cultivar, with some cultivars being more susceptible to
splitting (Steer, 1980; Jilani & Ghaffoor, 2003). Split bulbs are unmarketable (van den
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Berg et al., 1997). In an experiment that was conducted in Bangladesh by Khan et al.
(2003), plants from a low plant population (48 plants m™) produced more split bulbs
(24.34%) compared to those from a higher population of 162.8 plants m?(14.38%). Plants
in lower plant population produced larger bulbs which were prone to splitting (Hassan &
Ayoub, 1978; Rabinowitch, 1979).

2.6.3.3 Bulb shape

As was mentioned earlier in Section 2.5.3.3, one of the quality characteristics of onion
bulbs influencing the market is bulb shape (Figure 2.5). Consumers prefer onions that are
round in shape (Figure 2.5b) (Kimani et al., 1993; Bosch Serra & Currah, 2002). An
optimum plant population does not only address the issue of bulb size and yield, but also
bulb shape (Grant & Carter, 1997). Apart from being a cultivar trait, bulb shape can be
influenced by plant population. As plant population increased from 50 to 100 plants m? the
percentage bulbs rejected on their shape increased from 7.9 to 15.3%. The same trend
was observed when plant population increased from 65 to 130 plants m™, bulbs rejected
also increased from 9.1 to 14.2% (Grant & Carter, 1997). An increase in plant population
results in an elongated bulb with a shape index greater than 1.2 which is not considered
as having desired shape by consumers (Eksteen et al., 1997).

McGeary (1985) investigated the effect of plant population (178, 400, 625, 816, 1 111 and
1 600 plants m?) on bulb shape of pickled onions for the market in Australia. Onions for
the pickled market should be small (25-45 mm) and round (Figure 2.5b). The results
showed that as plant population increased, the number of irregular shaped bulbs also
increased. The percentage of round bulbs declined by 13.3% as plant population

increased from 178 to 1 600 plants m™.

2.7 STORAGE

The aim of onion bulb storage is to sustain quality and prolong the marketing period.
Onions can be stored for up to seven months (Adamicki, 2005) provided the correct
cultivar was selected, and bulbs were treated correctly during and after harvesting.
Storage conditions play a major role in maintaining quality of onion bulbs (Adamicki,
2005).

Onion bulbs can be stored under different conditions such as non-refrigerated (field and
room storage) and refrigerated storage. During field storage, onions are stacked in heaps,

covered with straw or plastic sheet to protect the bulbs from sunburn or occasional rain
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(Gubb & MacTavish, 2002). Onions can be stored in this manner for 1 to 3 weeks. Onion
bulbs can also be stored by means of tying the leaves in bunches and hanging them on
wires, either suspended from the roof beams or from poles of store rooms (Joubert, 1997).
Care should be taken that they are not exposed to moisture (rain) and that the store room
is dry and well ventilated (Joubert, 1997). In this way onions can be stored for a period of
three months if they were well cured (Ko et al., 2002). Onions can also be stored in cold
rooms (refrigerated) for periods of up to six to seven months. The cold room temperature
should be kept at 0.5°C and a relative humidity of 75%. Relative humidity higher or lower
than 75% increase post-harvest diseases of onion bulbs in the cold room (Brice et al.,
1997 cited by Ramin (1999). Where it is not possible to maintain a relative humidity of
75%, an endeavour must be made to prevent it from bulding up further. This can be
achieved by ventilation. Ventilation helps to keep the outer layer of onions dry and the
bulbs dormant (Gubb & MacTavish, 2002).

Sprouting of bulbs will affect the shelf life of onions (Hurst et al., 1985; Benkeblia et al.,
2002; Gautam et al., 2006). After maturation of bulbs and neck fall, bulbs enter a state of
dormancy, or rest period (Brewster, 1994). Sprouting is controlled by the amount of
growth inhibitors (Grevsen & Sorensen, 2004) formed in the leaves. For example, the
growth inhibitor allyl disulphide, is formed in the leaves and transported to the bulb before
bulbs maturity (Hygrotech, 2010). Therefore, physiological maturity at harvesting
influences the degree of sprouting during and after storage of onion bulbs. Brewster
(1994) described physiological maturity as the degree of “top fall-down” or also called “leaf
or neck fall’. Onion bulbs store better if plants reached 50 to 90% physiological maturity
before harvesting (Gubb & MacTavish, 2002). Harvesting too early (before 50% neck fall),
results in insufficient growth inhibitor being translocated to the bulbs to prevent sprouting
at an early stage of storage (Joubert, 1997). More matured bulbs will have high levels of
allyl disulphide, resulting in an increased storing potential. Sprouting is also influenced by
storage temperatures that range between 10 and 20°C (Benkeblia et al., 2002). No
sprouting occurred when bulbs were stored at 1°C (Brewster, 1987) or between 25 and
30°C (Miedema, 1994). Genetic composition (Miedema, 1994), time of harvesting
(Grevsen & Sorensen, 2004) and application of nitrogen fertilizer close to harvesting
(Sorensen & Grevsen, 2001; 2002) are also known to affect sprouting. Sprouted bulbs are
of low quality and are not allowed in first class graded onions (Grevsen & Sorensen,
2004).

According to Gubb & MacTavish (2002), maleic hydrazide (MH) treatment can lengthen

onion dormancy. It is a systemic plant regulator or inhibitor with some herbicidal activity
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whose mode of action is to inhibit cell division (Kubilius & Bushway, 1998). Maleic
hydrazide inhibits mitosis in the meristematic region in order to prevent the development
of sprouts and inhibiting bulb respiration (Benkeblia, 2004). The MH-treatment is done in

the field as a pre-harvest treatment (EI-Otmani et al., 2003).

Cultivars differ in their storage ability because of their different genetic composition
(Peters et al., 1994; Sorensen & Grevsen, 2001; 2002). Short day cultivars can be stored
for up to four months while intermediate day cultivars can be stored for up to 6-7 months
(Hygrotech, 2009a & b). Therefore correct cultivar selection is essential for successful
storage. Genetic factors such as dry matter content and dormancy influence bulb shelf
life. Sugar metabolism is linked to onion bulb dormancy (Hurst et al., 1985). Changes in
the sugar content of bulbs is influenced by storage temperature, and sugar content
increases as temperature increases (Benkeblia et al., 2002). Hurst et al. (1985) reported
that storing onion bulbs at 1°C resulted in onions becoming dormant after four weeks of
storage since there was no change in the sugar content of the bulbs. However, when
bulbs were stored at 4°C, the sugar content increased rapidly. This is attributed to
hydrolytic activity of fructans in to carbohydrates (Benkeblia et al., 2002).

Curing is a post harvest practice whereby the outer bulb skins, roots and neck tissue of
harvested bulbs are allowed to dry. The outer skins of the bulbs serve as a protective
barrier during handling and storage. According to Wright & Grant (1997), curing can be
done in the field by ‘wind rowing’ or artificially with forced heated air. Curing is completed
when the neck of the bulb dried out completely and is tightly closed (Gubb & MacTavish,
2002). This will lengthen the shelf life of bulbs and reduce infection of the bulbs by post-
harvest pathogens (Wright & Grant, 1997).

Since bulb formation is influenced by day length, an onion cultivar sown on different dates
will be harvested at approximately the same time. However, bulbs of onions sown earlier
will have a better storage life (Galvan et al., 1997). This is due to a longer growth period
(Section 2.5.1.2) that will result in a larger leaf area, better photosynthesis and

accumulation of assimilates and eventually result in larger bulbs that will store longer.

Moisture losses of bulbs caused by factors such as dehydration, rotting and sprouting,
also limit storage life. The moisture loss of bulbs in storage is through the outer surface of
the scales and the neck. Generally, the rate of moisture loss is lower in cultivars with a
long storage life than in cultivars with a short storage life. The loss of moisture from bulbs
may be prevented by maintaining relative humidity of between 65 to 75% in the storage

atmosphere (Ramin, 1999).
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Cultivar choice, physiological maturity, curing and storage conditions are all factors
contributing to storage life of bulbs. Harvesting too early (before 50% neck fall), should be
avoided since it results in insufficient translocation of growth inhibitors to the bulbs,

causing early sprouting during storage.

2.8 CONCLUSIONS

Sowing date and plant population are among the critical factors determining the yield and
quality of onions. Since bulbing in onions is enhanced as soon as photoperiod exceeds a
certain critical minimum number of hours, a specific onion cultivar in one specific area will
reach maturity at more or less the same time, regardless of sowing date. The earlier sown
onions will have a longer growth period before bulb initiation, resulting in larger plants
producing large bulbs. This, however, does not mean that the yield will be higher, because
larger plants are inclined to produce a high percentage of unmarketable split bulbs. Larger
plants are a result of early sowing and have a tendency to bolt when exposed to low
temperatures. Therefore, the optimum sowing date for a specific area for a specific
cultivar should be determined to avoid quality problems associated with either too early or

too late sowing dates.

Another contributing factor to bulb size and yield is plant population (plants ha™). Plants
that are highly populated tend to produce a high yield of small bulbs, whereas plants at a
low population produce larger bulbs but with low yield. Densely populated plants mature
earlier than not so dense populated plants. One optimum plant population can not be
recommended because plant population is influenced by factors such as the market, the
bulbs needed, climate, soil and cultivar. However, Brewster (1994) suggested that for
medium bulbs (50-70 mm) a population of 50 to 100 plants m?, for large bulbs (>70 mm)

25-50 plants m™? and for small bulbs (<50 mm) more than 100 plants m? is needed.
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CHAPTER 3
MATERIALS AND METHODS

3.1 INTRODUCTION

Trials were conducted on the West Campus facility of the Department of Soil, Crop and
Climate Sciences, University of the Free State in Bloemfontein during 2009 and 2010.
Bloemfontein (29°06’'S and 26°18'E, 1395 m above sea level) is located in the Central
Free State on the southern edge of the Highveld. The area is located within the semi-arid
climate of the revised Koéppen Climate Classification (Kruger, 2004), with hot summer
days (annual average maximum temperature of 24.4°C) and cold dry winters (annual
average minimum temperature of 7.5°C) often with severe frost. It is a summer rainfall
area with an annual average rainfall of 559 mm. Table 3.1 shows a summary of weather
conditions during the two production seasons. Daily climate conditions of both seasons

are given in Appendix 1.

Table 3.1: Monthly average maximum and minimum temperatures, photoperiod and total
rainfall from weather station for 2009 and 2010 (Department of Metrological
Services, 2010; South African Astronomical Observatory, 2009 & 2010;
Weather Underground, 2010)

Temperatures (°C) ) Rainfall

Month Maximum Minimum Photoperiod (hours) (mm)
2009
January 30.28 16.60 13.45 120.90
February 26.67 16.15 13.31 97.80
March 27.17 13.60 12.05 21.30
April 24.97 10.55 11.24 11.90
May 20.00 5.84 10.39 20.60
June 16.38 418 10.18 27.40
July 15.71 -0.15 10.29 10.90
August 20.31 4.80 11.30 9.70
September 24.98 8.33 12.11 0.00
October 25.72 11.93 12.58 70.60
November 26.12 12.41 13.34 85.10
December 31.90 15.67 14.13 54.40
Average 24.18 9.99 12.03 44.23
Total Rainfall 530.60
2010

January 27.86 17.13 13.45 131.10
February 29.07 16.73 13.31 124.70
March 27.78 14.74 12.06 77.70
April 22.96 10.58 11.22 48.50
May 20.75 6.63 10.39 39.90
June 16.96 1.64 10.18 20.10
July 18.44 4.04 10.28 0.30
August 21.05 3.84 11.30 0.00
September 26.35 9.14 12.11 0.30
October 27.10 10.96 12.57 20.60
November 28.47 13.19 13.34 30.20
December 28.51 14.65 14.13 113.00
Average 24.61 10.27 12.03 50.53
Total Rainfall 606.40
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3.2 FIELD TRIALS

3.2.1 Cultivar and sowing date

In the first experiment, conducted during 2009, four onion cultivars and three sowing dates
were evaluated (Table 3.2). This was repeated in 2010 (Table 3.2) using the same
number of cultivars and sowing dates. However, seed of ‘South Wester was no longer
available and was replaced with ‘Ceres Gold’, which is also a mid-intermediate day
cultivar (Hygrotech, 2009). Sowing dates were delayed in 2010 due to heavy rainfall and

the availability of seed.

Table 3.2: Different onion cultivars and sowing date treatments used in 2009 and 2010

Cultivar Type SoDWing Plant spacing (cm) Plarlt populatign Plot size (m?)
ate In row Between row m ha gross net
2009
Charlize Short day 30 April 8.0 30 41 416 667 1.8 0.79
Jaquar Early-intermediate 07 May
Python Early-intermediate 21 May
South Wester Mid-intermediate
2010
Charlize Short day 11 May 5.5 30 61 606 061 1.8 0.88
Jaquar Early-intermediate 25 May
Python Early-intermediate 08 June

Ceres Gold Mid-intermediate

Both experiments were laid out in a randomized complete block design (Figure 3.1), with
each treatment combination replicated three times. Plant population, spacing and plot size
used in these two trials are indicated in Table 3.2. In each plot there were five rows and
each row had fifteen plants during 2009 and twenty two plants during 2010. Plot lay out for
2009 is presented in Appendix 2, Figure 1 and for 2010 in Figure 2.

3.2.2 Sowing date and plant population

A field trial to evaluate three sowing dates and five plant populations (Table 3.3) using a
single onion cultivar (‘Jaquar’) was conducted during 2010. This cultivar was selected as it
gave the best performance during the 2009 season’s experiment. The experiment was
laid out as a randomized complete block design (Figure 3.2), with three replications. Plant
spacing and plot dimensions are indicated in Table 3.3. In each plot there were five rows
and each row had the number of plants as per required plant population (Table 3.3).

Appendix 2, Figure 3a-e shows the lay out of plants in each plot.
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C4 = Charlize, C, = South Wester, C; = Python and C, = Jaguar.
SD; = sowing date 30" April, SD, = sowing date 7" May and SD; = sowing date 21 May
Figure 3.1: Field trial layout to investigate the influence of sowing date and cultivar on
onions
Table 3.3: Different sowing dates and plant population treatments
Plant spacing (cm) Sowing Plant population Plot size (m?) Plants
In row Between row date m? ha™ gross net row’
35 30 95 952 381 1.8 0.95 34
4.0 30 11 May 83 833333 1.8 0.94 30
4.5 30 25 May 74 740 741 1.8 0.92 26
5.0 30 08June 67 666 667 1.8 0.90 24
5.5 30 61 606 061 1.8 0.88 21
A a 1.5m 1.5m A
y 1.2 m ‘m e a < > p b d ¢ > e b e
1.5m
I o G I GO e GO o S O O e S G O
e c e a a c b a b 10m
d a b e c a d e d
c b d c d e c c c
v
SD, SD; SD;y SD; SD, SD; SD; SD, SD;
225m

SD;= sowing date 30" April, SD, = sowing date 07" May and SDs = sowing date 21% May

a = 95 plants m?, b = 83 plants m?, ¢ = 74 plants m?, d = 67 plants m?, e = 61 plants m*

Figure 3.2: Field trial layout to investigate the influence of sowing date and plant

population on onion cv. Jaquar
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3.3 FIELD PROCEDURES

Soil samples were collected from the top soil to a depth of 15 cm prior to land preparation.
This was done following a zig-zag pattern over the trial area and thereafter samples were
mixed, dried and send for analysis. This was done for 2009 and 2010. Soil analyses were
conducted by the ARC Small Grain Institute (laboratory) at Bethlehem. The analyses were
carried out according to standard methods of The Non-Affiliated Soil Analysis Work
Committee (1990). Some chemical and physical properties of the soil of the two trial areas
used in 2009 and 2010 are indicated in Table 3.4.

Table 3.4: Some chemical and physical characteristics of the experimental sites

Property 2009 2010
pH(KCI) 55 4.7
Nutrients (mg kg™)
P (Bray 1) 20.2 28.1
K (NH40A(¢) 154.7 233.8
Ca (NH40Ac) 1653 531
Mg (NH;OA() 456.7 156.3
Na (NH,OA() 18.1 10.7
CEC (cmolckg™) 12.48 4.73
Particle size distribution (%)
Sand 54 67
Clay 15 12
Loam 31 21

Results of the analyses were used to determine nutrient requirements according to the
nutrient withdrawal amounts for onions (FSSA, 2007) at a targeted yield of 70 t ha™. In
2009, phosphorus (94 kg P ha') and nitrogen (282 kg N ha™) were broadcast and
incorporated into the soil before sowing using 3:1:0 (30). All the potassium (280 kg K ha™)
was applied before sowing as KCI. A split application of the residual nitrogen was done
using urea at 6 (34 kg ha”) and 12 weeks (34 kg ha™) after sowing. During 2010,
phosphorus (46 kg ha™) and nitrogen (138 kg N ha™) were broadcast and incorporated
into the soil before sowing using 3.1.0 (28). All the potassium (280 kg K ha™') was applied
before sowing using KCI. A split application of the residual nitrogen was done using urea
at 6 (106 kg ha™') and 12 weeks (106 kg ha™) after sowing.

The soil was loosened to a depth of 30 cm with a disc plough, where after the seedbed
was prepared using a rotovater. Further leveling was done manually with a rake for a fine
and even seedbed. Before sowing the soil was watered to field capacity. Seeds were
sown by hand and covered with soil to a depth of 2 cm. A light irrigation was applied after
sowing, using a surface drip system with emitters spaced 30 cm in the line and with a
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delivery capacity of 2.1 L H,O hr™. Irrigation (1.78 mm) was done on a daily basis, except
on days that it rained, to prevent soil from forming a crust that would delay emergence
(Mondal et al., 1986). After emergence, irrigation (3.25 mm) was done every second day
during the vegetative phase and daily (2.33 mm) from the start of bulb development until

maturity.

Thinning plants to the required plant population took place three weeks after emergence.
Weeds were controlled manually every week throughout the season. Sodium fluosilicate
(Cutworm Bait) was broadcast at a rate of 10 g m? over the planting area after damage
was noted during 2009. In 2010 the bait was applied as soon as the first seedlings
emerged. Mercapthothin (Malasol) was applied at a rate of 17.5 ml 10 L™ H,O using a

knapsack sprayer whenever aphids or thrips were noticed on the onion plants.

Onions were lifted by hand when 100% of the foliage top per plot had collapsed. If
necessary, the soil was first loosened using a garden fork (Galmarini, 2000; Rumpel &
Felczynski, 2000; Msuya et al., 2005; Ibrahim & Adesiyun, 2009).

3.4 DATA COLLECTION
3.4.1 Growth parameters

Growth parameters were measured on eleven randomly selected plants located in the
center of each plot. Data was collected every three weeks starting from the third week

after emergence until 10% of the foliage collapsed.

3.4.1.1 Plant height

Plant height was measured from the ground level up to the tip of the highest leaf using a

standard ruler.

3.4.1.2 Leaf number

The number of fully developed leaves (El Assi & Abu-Rayyan, 2007) were counted.
Counting was done only on the active green leaves during data collection.

3.4.2 Bulb yield and quality parameters

Bulb yield (t ha™) and quality parameters were assessed on bulbs from the net plot size

(Tables 3.2 and 3.3) of the middle rows in each plot. After harvesting, leaves and roots
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were cut from the bulbs, and bulbs cleaned by washing with water and dried with tissue

paper.

3.4.2.1 Bulb fresh mass and yield

After harvesting, bulbs were weighed separately to obtain fresh mass per bulb of eleven
randomly selected bulbs harvested from the net plot. The fresh mass of all bulbs
harvested from net plot size will be expressed as g m?, and then converted to t ha” in

order to indicate onion yield.

The same eleven bulbs randomly selected used for determining fresh mass were now

used to measure the following quality parameters;

3.4.2.2 Bulb diameter

The diameter of bulbs was measured at right angles to the longitudinal axis at the widest
circumference of the bulb using a digital caliper. Thereafter, the bulbs were graded

according to South Africa’s grading system (Table 3.5).

Table 3.5: Grading of onions in South Africa (Joubert & van der Klashorst, 1997)

Grade Size (mm)
Extra small (XS) 10-34
Small (S) 35-39
Medium (M) 40-69
Large (L) 70-89
Extra large (XL) >90

3.4.2.3 Neck diameter

The neck diameter was measured, 5 mm above the top of each bulb using a digital

caliper.

3.4.2.4 Bulb defects

Bulb defects such as decay, split and mechanical damage were observed to aid in
determining marketable bulbs. A scoring system used by the local fresh produce market
was followed, i.e. Class 1 (excellent quality) no decay, no splits and no cracks; Class 2

(good quality) no decay, 5% splits and no cracks; Class 3 (fairly good) no decay, 5%
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splits, 5% cracks and Class 4 (unmarketable) decay, exceeds 5% splits and severe cracks

(M Klashorst, personal communication)?.

3.4.2.5 Bulb shape

Bulb shape was determined by observation and classifying according to the description of

Van den Berg et al. (1997) as shown in Figure 3.3.

Figure 3.3: Different onion bulb shapes (1) Flattened (2) Globe (3) High globe (4) Spindle
(5) Spanish (6) Flat (7) Thick flat (8) Granex (9) Top (Boyhan & Kelley, 2008)

3.4.2.6 Bulb firmness

Bulb firmness was measured using a Seta-Matic penetrometer controller (Model 1720),
automatically controlled with a constant load penetrometer (Model 1719 of Stanhope seta
Ltd., England) on the eleven bulbs selected. Onion bulbs were sliced in half from the neck
to the base so that they would be stable when placed on the penetrometer table. The
dryer outer scales of the bulbs were removed before puncturing bulbs. A constant load of
50 g was used to puncture the bulbs for 10 seconds and the depth of penetration
recorded. Onion bulbs were punctured with the needle at three equidistant points around
the largest circumference. The softer the bulbs, the deeper the needle penetrated the

2 Mr. M. Klashorst, 2011. Interaction market services Free State (Pty) Ltd t/a RSA market
agents, P. O. Box 435, Bloemfontein, 9300
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bulbs. The mean of the three measurements was used for statistical analysis
(Charron et al., 2001; Moretti et al., 2005).

3.5 STORAGE

Twenty two randomly selected bulbs harvested from the net plot were used for the storage
treatments. Bulbs were packed in knitted vegetable bags. Half (11 bulbs) were stored in a
cold room (5°C) and the other half (11 bulbs) at room temperature (+ 25°C). During 2010,
before the storage process started, each bag was weighed. Thereafter, bulbs were
weighed every three weeks to determine the amount of moisture lost. All diseased and
sprouted bulbs were removed from the bags and recorded, and this was done to avoid
contamination of the healthy bulbs (Chung, 1989; Getahun et al., 2003; Msuya et al.,
2005). The final number of bulbs or bulb mass obtained at the last date of data collection
was subtracted from the initial bulb number or mass. Thereafter, the difference was
calculated as percentage lost. Storage of bulbs was terminated as soon as all the bulbs in

the bag were no-longer consumable (visual appearance) and marketable.

3.6 STATISTICAL ANALYSIS

Analysis of variance was done on all measured parameters using the NCSS 2000
statistical program (Hintze, 1999), except where stated. Significance of differences
between means of treatments was evaluated using Tukey’s test for the LSD < 0.05
(Turkey, 1953).
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CHAPTER 4

RESPONSE OF ONION (AZlium cepa L.) TO SOWING DATE

4.1 INTRODUCTION

Onion is a biennial plant but it is commonly grown in South Africa as an annual crop. The
production cycle of onions involves vegetative growth, bulbing, flowering and seed
production. Compared to other vegetable crops, onions grow very slowly during the
seedling phase and can be as long as 2 to 3 months (Sullivan et al., 2001; Brewster,
2008). During early growth and development, onions require cool temperatures (6-20°C)
but during bulb initiation and development, warmer temperatures (25-27°C) are required
(Comrie, 1997a; Ansari, 2007). Onions can be established through either transplanting of
seedlings, sowing seed directly or planting onion sets. According to Brewster (2008) the
yield of any crop is determined through the quality of light absorbed by the leaves, the
efficiency with which the absorbed light is converted by photosynthesis into sucrose and
the proportion of photosynthetic output transferred to the harvested fraction of the plant,

which are the bulbs of onions.

Environmental conditions such as photoperiod and temperature control the progress from
one developmental stage to another and also the growth rate and the number of days to
maturity of onions. Lancaster et al. (1996) indicated that for bulb initiation a double
threshold need to be attained. First a minimum day length for a specific cultivar is
necessary but also the plant need to accumulate thermal time of approximately 600
degree days (growing degree days above 5°C) from emergence. Both these requirements
need to be met before bulb initiation will occur. The leaves of the onion plant reacts on
day length and as soon as the minimum day light length is reached the apical meristem no
longer form leaves consisting out of a sheath and a blade but only sheaths (Brewster,
1994). It is these leaf sheaths that will swell and form the bulb contributing to the yield of
onions (Quadir & Boulton, 2005). Onion cultivars classified as short day (SD) plants
require a day length duration of 11-12 hours to initiate bulbs. Whereas onions classified as
intermediate day (ID) cultivars start to initiate bulbs when day length is between
12-14 hours. Long day (LD) cultivars require a day length of more than 14 hours for bulb
initiation and cannot be planted in South Africa because the longest average maximum
day length is only 14.33 hours (Smith, 2006).

Even though photoperiod is vital for onion bulb initiation, plant size and temperature (Agic

et al., 2007) also influence bulb initiation. Although there is no minimum plant size for
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bulbing, larger plants tend to initiate bulbs earlier even though the required photoperiod is
not met (Smittle, 1993). Very small plants do not respond to the bulbing stimulus as
rapidly as larger plants (Butt, 1968 cited by Brewster, 1977). Larger plants are also more
prone to the production of split or double bulbs which contribute to poor quality (Comrie,
1997a). High temperatures (25-27°C) accelerate bulb initiation causing it to occur at a
slightly shorter day length than required for a specific cultivar (van den Berg et al., 1997).
Wurr et al. (1998) reported that bulbing was accelerated at 18°C and delayed at 12°C,
suggesting that warmer climate causes earlier bulb formation. However, if bulbing is
stimulated when plants are still small, leaf senescence will occur rapidly and small bulbs
will be produced due to a small leaf area (Wickramasinghe et al., 2000). Low
temperatures (9-13°C) close to bulb formation will cause plants to bolt instead of forming
bulbs even though day length is long enough for bulbing. This will result in lower yields of
a poor quality (Richwine, 1990; Comrie, 1997a; Khokhar et al., 2007).

Timing of sowing date is therefore important so that every developmental phase may
occur at times when temperature is favourable for crop performance and high yields can
be obtained. Msuya et al. (2005) reported that sowing date and cultivar selection play an
important role in onion crop performance. When onions are sown too late, defects such as
bolting, thick necks and double bulbs occur. On the other hand, onions that are sown too
early will have a long growth period resulting in larger plants and when exposed to low
temperatures (9-13°C) just before bulb formation will result in bolting instead of bulb
formation. The best sowing date for onions in the Free State Province is early to mid-April
for short day, and end April to mid-May for intermediate day cultivars (Comrie, 1997b;
Hygrotech, 2009a & b).

New onion cultivars are released annually and such need to be evaluated for sowing date,
yield, and quality in different production areas. It is also important for producers to be
informed of new potential onion cultivars that may improve production. Therefore, the
current study was carried out in order to determine the optimum sowing date for different
onion cultivars under the existing climatic conditions of Bloemfontein, in the Central Free
State.
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4.2 RESULTS AND DISCUSSION

4.2.1 Growth parameters

Plant height and leaf number were recorded to determine the growth of onion plants as
influenced by different sowing dates. Measurements were taken every three weeks
commencing three weeks after emergence, and are presented in both table and graph
form. Tables were used to indicate the LSDr(s) values for each week of measurement,

while figures illustrate the growth response over the trial period.

4.2.1.1 Onion growth

The growth period of the different onion cultivars used in the two field trials are presented
in Table 4.1. The expected bulb initiation date according to the day length requirement
and also the date when the thermal time of 600 degree days was reached is indicated in
Table 4.1. Thermal time was calculated from the emergence date using the equation
discussed in Chapter 2, Section 2.5.1.4 (Lancaster et al., 1996).
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Table 4.1: Summary of the growth period of the different onion cultivars as influenced by sowing date during 2009 and 2010

Required day _ Thermal Earliest Emergence maﬁivnfLan?%ay ) .
. . length for . Emergence Sowing to time (600 expected  to expected temperature  Final plant Final leaf Harvesting Sowmg to Yield
Cultivar  Cultivar type bulb Sowing date date emergence oo bulb bulb from emergence height (cm) number date harvesting (t ha)
initiation a (days) d 9 initiation initiation 9 g (days)
(hours) ays) date (days) to_ e_x_pepted obulb
initiation (°C)
2009
30 Apr (end Apr) 25 May 26 07 Sep 13 Aug 81 16.9 58.58 9.00 11 Nov 196 30.76
Charlize Short day 11-12 07 May (early May) 02 Jun 26 11 Sep 13 Aug 73 16.7 51.06 7.67 18 Nov 196 26.37
21 May (end May) 18 Jun 28 20 Sep 13 Aug 57 16.5 55.07 7.67 22 Nov 186 24.09
Early- 30 Apr (end Apr) 11 May 11 29 Aug 19 Sep 132 18.9 72.11 9.33 11 Nov 196 32.73
Jaquar intermediate 12-14 07 May (early May) 18 May 1" 02 Sept 19 Sep 125 18.8 64.35 8.35 18 Nov 196 29.56
21 May (end May) 11 Jun 21 15 Sept 19 Sep 101 18.9 63.22 8.67 22 Nov 186 29.83
Early- 30 Apr (end Apr) 11 May 11 29 Aug 19 Sep 132 18.9 74.26 8.67 16 Nov 201 23.22
Python intermediate 12-14 07 May (early May) 18 May 11 02 Sep 19 Sep 125 18.8 67.60 9.00 23 Nov 201 20.68
21 May (end May) 11 Jun 21 15 Sep 19 Sep 101 18.9 82.86 9.00 23 Nov 187 22.72
South 30 Apr (end Apr) 13 May 13 30 Aug 19 Sep 130 18.8 54.67 8.35 12 Jan 258 32.09
Wester Mid-intermediate 12-14 07 May (early May) 22 May 15 05 Sep 19 Sep 121 18.8 57.31 7.67 12 Jan 251 31.09
21 May (end May) 14 Jun 24 17 Sep 19 Sep 98 18.9 68.93 8.67 12 Jan 237 19.95
2010
11 May (early May) 24 May 13 31 Aug 13 Aug 82 18.1 47.64 7.33 08 Nov 182 40.13
Charlize Short day 11-12 25 May (end May) 14 Jun 20 10 Sep 13 Aug 61 18.1 51.99 7.67 08 Nov 167 38.65
08 Jun (early Jun) 06 Jul 28 17 Sep 13 Aug 39 18.7 43.00 7.33 15 Nov 161 26.28
Early- 11 May (early May) 24 May 13 31 Aug 19 Sep 118 20.1 54.97 7.33 08 Nov 182 40.45
Jaquar intermediate 12-14 25 May (end May) 14 Jun 20 10 Sep 19 Sep 97 20.5 57.35 8.00 08 Nov 167 37.76
08 Jun (early Jun) 06 Jul 28 17 Sep 19 Sep 76 21.6 44.58 7.33 15 Nov 161 31.10
Early- 11 May (early May) 24 May 13 31 Aug 19 Sep 118 20.1 56.21 8.00 22 Nov 196 42.47
Python interme{iiate 12-14 25 May (end May) 14 Jun 20 10 Sep 19 Sep 97 20.5 60.15 8.00 22 Nov 182 29.71
08 Jun (early Jun) 06 Jul 28 17 Sep 19 Sep 76 21.6 53.64 8.00 26 Nov 172 29.10
Ceres 11 May (early May) 24 May 13 31 Aug 19 Sep 118 20.1 42.48 7.00 05 Jan 240 40.79
Gold Mid-intermediate 12-14 25 May (end May) 14 Jun 20 10 Sep 19 Sep 97 20.5 48.39 7.75 05 Jan 226 30.06
08 Jun (early Jun) 06 Jul 28 17 Sep 19 Sep 76 21.6 39.00 7.00 05 Jan 212 26.32
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4.2.1.2 Plant height

2009 season

The interaction between cultivar and sowing date did not significantly influence the height

of onion plants over the entire period. Both cultivar and sowing date affected the plant

height of onions significantly at three weeks after emergence (Table 4.2). ‘Charlize’ plants

were significantly shorter (3.30 cm) than ‘Python’ (4.69 cm) and ‘Jaquar’ (4.66 cm). Plant

height of ‘South Wester’ however, did not differ significantly from the other cultivars.

Table 4.2: Influence of sowing date on plant height (cm) of different onion cultivars from 3

to 18 weeks after emergence during 2009

Sowing Date (SD)

Cultivar (C) 30 Aprl 7 May 21 May Average (C)

3 weeks after emergence
Charlize 3.19 3.19 3.51 3.30
Jaquar 5.00 4.33 4.64 4.66
Python 5.15 4.67 4.24 4.69
South Wester 4.81 4.11 3.12 4.01
Average (SD) 4.54 4.08 3.88
L SDr.05) C=0.82 SD =0.64 CxSD=ns

6 weeks after emergence
Charlize 7.63 5.39 4.33 5.78
Jaquar 11.70 7.92 6.43 8.68
Python 10.44 9.43 7.33 9.07
South Wester 9.44 7.00 5.73 7.39
Average (SD) 9.80 7.44 5.96
LSDr(.05 c=111 SD =0.78 CxSD=ns

9 weeks after emergence
Charlize 9.22 8.09 8.22 8.51
Jaquar 11.83 9.74 9.93 10.50
Python 13.01 10.72 12.57 12.10
South Wester 11.73 8.97 10.49 10.40
Average (SD) 11.45 9.38 10.30
LSDr(.05 c=197 SD=1.54 CxSD=ns

12 weeks after emergence
Charlize 10.95 9.60 14.70 11.75
Jaquar 13.86 10.29 18.18 14.11
Python 15.78 13.13 22.97 17.29
South Wester 13.58 9.70 19.85 14.38
Average (SD) 13.54 10.68 18.93
L SDr(0.05) C=3091 SD = 3.06 CxSD=ns

15 weeks after emergence
Charlize 21.32 37.72 39.87 32.97
Jaquar 22.35 4215 55.34 39.95
Python 26.52 46.24 60.08 44.28
South Wester 27.25 36.39 48.60 37.41
Average (SD) 24.36 40.63 50.97
LSDr(.05) c=10 SD =7.83 CxSD=ns

18 weeks after emergence
Charlize 58.58 51.06 55.07 54.90
Jaquar 72.11 64.35 63.22 66.56
Python 74.26 67.60 82.86 74.91
South Wester 54.67 57.31 68.93 60.30
Average (SD) 64.91 60.08 67.52
LSDr(.05 C=14.08 SD =ns CxSD=ns
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Onion plants sown at the end of May, three weeks after emergence, were significantly
shorter (3.88 cm) than those sown earlier on at the end of April (4.54 cm), but the height
of onion plants sown in early May did not differ significant from plants sown on the other

two dates.

The results obtained six weeks after emergence indicated that ‘Charlize’ plants were now
not only significantly shorter than ‘Python’ and ‘Jaquar’ but also ‘South Wester' plants.
Onion plants sown early (30 April or 7 May) were significantly taller (9.80 cm or 7.44 cm)
than those sown later on the 21" May (5.96 cm).

‘Python’ and ‘Jaquar’ plants were still significantly taller than ‘Charlize’ plants nine weeks
after emergence, and plant height of ‘South Wester’ were no longer different from any of
the other cultivars. Onion plants sown on 30 April were no longer significantly taller than
those sown on 21 May. Interestingly, onion plants sown on 7 May were now significantly

shorter than those sown on 30 April.

At 12 weeks after emergence, the height of plants from the different onion cultivars still
differed significantly from each other, although ‘Charlize’ plants were now only significantly
shorter (11.75 cm) than those of ‘Python’ (17.29 cm). This was also true for the next few

weeks up to the final week of data collection (18 weeks after emergence).

Onion plants that were sown late (21 May) were now significantly taller (18.93 cm) than
plants from earlier plantings, 30 April (13.54 cm) or 7 May (10.68 cm) at 12 weeks after
emergence. At 15 weeks after emergence, onion plants sown on 21 May (50.97 cm) or on
7 May (40.63 cm) both were now significantly taller than those plants sown on 30 April
(24.36 cm). However, onions that were sown 30 May were now also significantly shorter
than those sown on 7 May. This significant difference in plant height between onion plants
sown on different dates was no longer evident late in the growing season (18 weeks after

emergence).

2010 season

The interaction between cultivar and sowing date did not affect onion plant height over the
entire data collection period (Table 4.3). Sowing date had a significant effect on onion
plant height over almost the entire season and plant height of the cultivars only differed

significantly from each other from week nine onwards.
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Plant height of the different onion cultivars did not show a clear trend towards their

response to different sowing dates over the entire measuring period (Table 4.3). ‘Python’

plants were significantly taller than ‘Ceres Gold’ plants from 9 to 12 weeks after

emergence, whereas the other cultivar’'s plant heights did not differ from each other.

‘Jaquar’ and ‘Python’ plants were significantly taller than ‘Ceres Gold’ plants 15 weeks

after emergence, while ‘Charlize’ plants were significantly shorter than ‘Python’ plants. At

18 weeks after emergence, ‘Charlize’, ‘Python’ and ‘Jaquar’ plants were significantly taller

than those of ‘Ceres Gold'.

Table 4.3: Influence of sowing date on the plant height (cm) of different onion cultivars

from 3 to 18 weeks after emergence during 2010

Sowing Date (SD)

Cultivar (C) 11 Vay 25 May 8Jone Average (C)
3 weeks after emergence
Charlize 4.12 3.84 3.00 3.65
Jaquar 4.00 3.88 3.03 3.64
Python 4.42 4.06 3.09 3.86
Ceres Gold 4.06 3.79 3.00 3.62
Average (SD) 4.15 3.89 3.03
LSDr(0.05 C=ns SD =0.22 CxSD=ns
6 weeks after emergence
Charlize 7.73 5.76 6.70 6.73
Jaquar 8.21 5.76 7.79 7.25
Python 9.21 5.73 8.36 7.77
Ceres Gold 6.64 4.88 7.76 6.43
Average (SD) 7.95 5.53 7.65
LSDT[O_OE) C=ns SD=1.11 CxSD= ns
9 weeks after emergence
Charlize 9.45 8.18 9.00 8.88
Jaquar 9.73 7.9 9.88 9.17
Python 11.09 8.12 10.00 9.74
Ceres Gold 8.21 6.33 9.94 8.16
Average (SD) 9.62 7.64 9.71
LSDT(O 05) Cc=1.28 SD =1.00 CxSD=ns
12 weeks after emergence
Charlize 14.03 11.97 11.57 12.52
Jaquar 12.18 12.92 11.91 12.34
Python 14.48 13.45 11.48 13.14
Ceres Gold 10.79 11.30 11.67 11.25
Average (SD) 12.87 12.41 11.66
LSDr(0.05) Cc=177 SD =ns CxSD=ns
15 weeks after emergence
Charlize 27.06 27.31 21.49 25.28
Jaquar 25.64 33.88 23.94 27.82
Python 31.03 33.88 24.30 29.74
Ceres Gold 22.43 28.57 19.70 23.57
Average (SD) 26.54 30.91 22.36
LSDr0.05 C=4.02 SD =3.15 CxSD=ns
18 weeks after emergence
Charlize 47.64 51.91 43.00 47.52
Jaquar 54.97 57.33 44.58 52.29
Python 56.21 60.15 53.64 56.67
Ceres Gold 42.48 48.39 39.00 43.29
Average (SD) 50.33 54.45 45.05
LSD+(.05 C=272 SD =2.13 CxSD=ns
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Significantly taller onion plants were recorded when sown on 11 May (4.15 cm) or 25 May
(3.89 cm) than those plants sown on 8 June (3.03 cm) at three weeks after emergence.
However, at 6 and 9 weeks after emergence, onion plants that were sown on 25 May
were now significantly shorter than those sown earlier (11 May) or later (8 June). Late in
the season (15 and 18 weeks after emergence) the picture somewhat changed again.
Onion plants sown on 25 May were now significantly taller than plants sown on 11 May or
8 June, 15 weeks after emergence. Both early sowings (11 May and 25 May) produced
onion plants that were significantly taller than plants that were sown late (8 June) at the

end of the data collection period (18 weeks after emergence).

4.2.1.3 Leaf number
2009 season

The interaction between cultivar and sowing date was only significant three weeks after
emergence (Table 4.4) showing that onion cultivars reacted differently to sowing date. It
was only ‘Charlize’ plants that produced significantly less leaves when sown 21 May than
on 7 May (1.33) or 30 April (1.00). All the other onion cultivars produced the same number
of leaves (2.00), irrespective of the sowing date. Neither cultivar nor sowing date had a
consistent effect on the number of leaves produced by onion plants. At 6 and 12 weeks
after emergence, significantly more leaves were produced by onion plants sown early (30

April) or late (21 May) than those sown on the 7" May.

‘Jaquar’ plants produced significantly more leaves (2.56) than ‘South Wester' (2.00) and
‘Charlize’ (2.00) plants six weeks after emergence. The number of leaves produced by
‘Charlize’ (2.00), ‘South Wester’ (2.00) and ‘Python’ (2.33) plants however, did not differ
from each other. Fifteen weeks after emergence only ‘Python’ plants produced
significantly more leaves (7.89) than ‘Charlize’ (6.45) and the number of leaves produced
by the other cultivars did not differ significantly from each other. At the final measuring
date (18 weeks after emergence), the number of onion leaves produced was not

significantly influenced by either cultivar or sowing date.
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Table 4.4: Influence of sowing date on leaf number of different onion cultivars from 3 to 18
weeks after emergence during 2009

Sowing Date (SD)

Cultivar (C) 30 April 7 May 21 May Average (C)

3 weeks after emergence
Charlize 1.33 1.00 2.00 1.44
Jaquar 2.00 2.00 2.00 2.00
Python 2.00 2.00 2.00 2.00
South Wester 2.00 2.00 2.00 2.00
Average (SD) 1.83 1.75 2.00
LSDr0.05 C=0.22 SD=0.71 Cx SD=0.50

6 weeks after emergence
Charlize 2.00 2.00 2.00 2.00
Jaquar 3.00 2.00 2.67 2.56
Python 2.33 2.00 2.67 2.33
South Wester 2.00 2.00 2.00 2.00
Average (SD) 2.33 2.00 2.34
LSDr (.05 C=0.39 SD =0.30 CxSD=ns

9 weeks after emergence
Charlize 2.33 2.33 2.00 2.22
Jaquar 3.00 2.33 3.00 2.78
Python 3.00 2.33 3.00 2.78
South Wester 2.33 2.33 2.67 2.44
Average (SD) 2.67 2.33 2.67
LSDr(0.05 C=ns SD =ns CxSD=ns

12 weeks after emergence
Charlize 3.00 2.67 3.67 3.1
Jaquar 3.67 3.00 3.67 3.45
Python 3.67 3.00 4.00 3.56
South Wester 3.67 3.00 3.67 3.45
Average (SD) 3.50 2.92 3.75
LSDr0.05) C=ns SD =0.46 CxSD=ns

15 weeks after emergence
Charlize 6.67 6.67 6.00 6.45
Jaquar 8.67 7.00 6.33 7.33
Python 8.00 8.00 7.67 7.89
South Wester 7.33 6.67 7.33 7.11
Average (SD) 7.67 7.09 6.83
LSDr(.05) Cc=141 SD =ns CxSD=ns

18 weeks after emergence
Charlize 9.00 7.67 7.67 8.11
Jaquar 9.33 8.33 8.67 8.78
Python 8.67 9.00 9.00 8.89
South Wester 8.33 7.67 8.67 8.22
Average (SD) 8.83 8.17 8.50
L SDr(0.05) C=ns SD =ns CxSD=ns

2010 season

From data collected it is clear that the interaction between cultivar and sowing date did not
significantly influence the number of leaves produced (Table 4.5). Sowing date also did
not have such a major effect on the number of onion leaves produced per plant. It was
only at 12 weeks after emergence that the early sown plants (11 May) produced
significantly more leaves (3.75) than those sown later (25 May or 8 June) with 3 or 3.08
leaves respectively. This trend, however, did not continue later on in the growth season.
Late in the vegetative growth phase (15 and 18 weeks after emergence) cultivar

differences in the number of leaves produced per plant came to the fore.
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Table 4.5: Influence of sowing date on leaf number of different onion cultivars from 3 to 18
weeks after emergence during 2010

Sowing Date (SD)

Cultivar (C) Average (C)

11 May 25 May 8June

3 weeks after emergence
Charlize 1.00 1.67 1.00 1.22
Jaquar 1.33 1.33 1.33 1.33
Python 1.67 1.67 1.67 1.67
Ceres Gold 1.00 1.00 1.67 1.22
Average (SD) 1.25 1.42 1.42
LSDr(0.05 C=ns SD =ns CxSD=ns

6 weeks after emergence
Charlize 1.67 1.67 1.67 1.67
Jaquar 2.00 1.67 1.33 1.67
Python 2.00 1.67 1.67 1.78
Ceres Gold 1.33 1.33 2.00 1.55
Average (SD) 1.75 1.59 1.67
LSDro0s) C=ns SD=ns CxSD=ns

9 weeks after emergence
Charlize 2.33 2.67 2.67 2.56
Jaquar 2.33 2.67 2.67 2.56
Python 3.00 2.33 2.67 2.67
Ceres Gold 2.67 2.33 2.33 2.44
Average (SD) 2.58 2.50 2.59
LSDr(.05) C=ns SD =ns CxSD=ns

12 weeks after emergence
Charlize 3.67 3.00 3.33 3.33
Jaquar 4.00 3.00 3.00 3.33
Python 4.00 3.00 3.00 3.33
Ceres Gold 3.33 3.00 3.00 3.1
Average (SD) 3.75 3.00 3.08
LSDr(.05 C=ns SD =0.28 CxSD=ns

15 weeks after emergence
Charlize 6.00 5.67 6.67 6.11
Jaquar 5.67 5.00 5.33 5.33
Python 7.00 6.00 5.33 6.11
Ceres Gold 5.33 4.33 5.00 4.89
Average (SD) 6.00 5.25 5.58
L SD+(0.05) C=0.99 SD =ns CxSD=ns

18 weeks after emergence
Charlize 7.33 7.67 7.33 7.44
Jaquar 7.33 8.00 7.33 7.55
Python 8.00 8.00 8.00 8.00
Ceres Gold 7.00 7.33 7.00 7.11
Average (SD) 7.42 7.75 7.42
L SD10.05) C=0.55 SD =ns CxSD=ns

At 15 weeks after emergence, ‘Charlize’ and ‘Python’ plants produced significantly more
leaves (6.11 each) than those of ‘Ceres Gold’ (4.89), while the number of leaves produced
by ‘Jaquar’ plants (5.33) did not differ significantly from any of the other cultivars. ‘Python’
plants produced significantly more leaves (8.00) than ‘Ceres Gold’ (7.11) and ‘Charlize’

(7.44) plants 18 weeks after emergence.
The phenomenon that onions grow very slowly during the early seedling phase, almost

twice as long as cabbage or lettuce (Brewster, 2008) was also observed in this study for

all the onion cultivars during both seasons (2009 and 2010). Plant height (Figure 4.1) and
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leaf number (Figure 4.2) increased at a slow rate during the first 12 weeks after

emergence.
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Figure 4.1: Plant height as influenced by sowing date of different onion cultivars when
sown on (a) 30 April, (b) 7 May and (c) 21 May during 2009 and on (d) 11
May, (e) 25 May and (f) 08 June during 2010, from 3 up to 18 weeks after
emergence
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Figure 4.2: Leaf number of different onion cultivars as influenced by sowing date when
sown on (a) 30 April, (b) 07 May and (c) 21 May during 2009 and on (d) 11
May, (e) 25 May and (f) 08 June during 2010, from 3 up to 18 weeks after
emergence

The average maximum temperature for this period (May to July) ranged between 15.7°C
and 20.8°C (Table 3.1). A sharp increase in onion plant height (Figure 4.1) and leaf
number (Figure 4.2) was observed from week 12 after emergence (October for 2009 when

sown on 30 April or 7 May and November when sown 21 May). The same trend was
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noted at week 12 after emergence during 2010 (October when sown on 11 May and
November when sown on 25 May or 8 June). The average maximum temperature

increased during this period and ranged between 20.3-31.9°C (Table 3.1).

A positive correlation between temperature and onion plant height were obtained ranging
between 75% and 79% in 2009 and 64% and 69% in 2010. A somewhat weaker, but still
positive, correlation was observed between temperature and onion leaf number, ranging
between 63% and 80% in 2009 and 67% and 77% in 2010. The average maximum day
temperature from emergence to expected onion bulb initiation (Table 4.1) was higher
during 2010 (18.1-21.6°C) than during 2009 (16.5-18.9°C) and may be the reason for the
weaker correlations during 2010. As was indicated earlier, onions prefer a cooler

temperature (<20°C) for vegetative growth.

Literature indicates that photoperiod is associated more with bulbing of onions (Steer,
1980; Mondal et al., 1986; Wickramasinghe et al., 2000) than with vegetative growth
(Okporie & Ekpe, 2008). However, the current results revealed a strong positive
correlation between photoperiod and onion plant height and leaf number. In 2009 the
correlation between onion plant height and photoperiod ranged between 82 and 90%, and
64 and 68% in 2010. For onion leaf number correlations of between 69 and 85% in 2009
and 67 to 78% in 2010 were obtained.

According to Brewster (1994) as soon as the required minimum day length of an onion
cultivar is met and temperatures start to increase, bulbs will be initiated. Therefore, when
the same cultivar is sown at different times in the same area, plants will start forming
bulbs at more or less the same time. Thus, those that are sown earlier will have a longer
vegetative growth period than those sown later. This was also true in the current study as
the growth period of onions sown late was shorter than those sown early (Table 4.1). This
then results in larger plants with more leaves for early sown plants (Comrie, 1997b).
Lancaster et al. (1996) reported that ‘Pukekohe Longkeeper and ‘Early Longkeeper’
produced more leaves (16.5 and 16.1, respectively) when sown early, and when sown late
the number of leaves decreased to 12.9 for ‘Pukekohe Longkeeper’ and 10.8 for ‘Early
Longkeeper’. However, in the current study sowing date did not significantly influence

production of leaves (Table 4.4 and 4.5).

Planting date did not have such a prominent effect on final plant height and number of

leaves of onions in this study. In 2009, only ‘Jaquar’ plants showed a decline in plant
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height with a delay in sowing date (Table 4.2), although this was not significant. ‘Jaquar’
plants that were sown on 30 April had a growth period from emergence to expected bulb
initiation of 132 days with an average day temperature of 18.9°C. ‘Jaquar’ plants sown on
the 7 or 21 May had a growth period of 125 and 101 days, respectively and the average
maximum temperature ranged between 18.8°C and 18.9°C. ‘Charlize’ plants on the other
hand also produced the highest plants when sown early (30 April) having a growth period
of 81 days from emergence to expected bulb initiation. ‘Charlize’ sown late on 21 May,
had the shortest growth period (57 day) but were taller than those plants sown earlier on
7 May with a longer growth period of 73 days. The average maximum day temperatures
for these different sowing dates were almost the same and ranged between 16.5°C and
16.9°C. ‘South Wester’ and ‘Python’ performed the best when sown later on 21 May,
although these plants had the shortest growth period of 98 and 101 days, respectively.
The average maximum temperatures for the different sowing dates were almost the same
and ranged between 18.8°C and 18.9°C (Table 4.1).

Plants of all the onion cultivars were tallest when sown on 25 May, followed by 11 May
and 8 June in 2010. Although early sown plants (11 May) had a longer growth period,
between 82 and 118 days from emergence to bulb initiation, and the average maximum
temperature ranged between 18.1°C and 20.1°C, plants were not taller than those plants
sown on 25 May. These plants experienced a shorter growth period of between 61 and 97
days and average maximum temperatures of between 18.0°C and 20.5°C which was
almost the same as for plants sown earlier. Interestingly, in most cases the tallest plants
also produced the most number of leaves during both seasons (Table 4.1). Aliyu et al.

(2007) also reported that onion plant height correlate with leaf number.

Msuya et al. (2005) and Brewster (2008) reported that the growth of various onion
cultivars differs, and will not be the same due to differences in genotype. Present results
also indicated that cultivars performed differently regarding their growth habit. ‘Python’
(early-intermediate day cultivar) produced significantly taller plants than ‘Charlize’ (short
day cultivar), ‘South Wester and ‘Ceres Gold’ (two mid-intermediate day cultivars) in both
seasons. However, ‘Python’ plants were also significantly taller than those of ‘Jaquar’
during 2010 but not in 2009. The same trend was observed for the number leaves,
although during 2009 there was no significant difference in leaf number of plants from
different cultivars. In 2010, ‘Ceres Gold’ plants were significantly shorter plants than those

of all the other cultivars.
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When considering the growth parameters, the recommended sowing date for the
Bloemfontein area for all the cultivars studied, will therefore be from the end of April up to
the end of May. However, the question now arises as to whether this same recommended
dates will also be applicable when considering yield and quality data for the different onion

cultivars.

4.2.2 Bulb yield and quality parameters
4.2.2.1 Bulb fresh mass and yield
2009 and 2010 seasons

None of the factors studied significantly affected onion bulb fresh mass (g bulb™) and total
yield (t ha™) during 2009 (Tables 4.6 and 4.7). Even though there was no significant
differences in bulb fresh mass between onion cultivars, ‘Jaquar’ bulbs were the heaviest
(73.51 g) followed by ‘South Wester’ (66.35 g), ‘Charlize’ (64.82 g) and then ‘Python’
(53.16 g) (Table 4.6). Bulb fresh mass of onion plants sown the earliest on 30 April were
the heaviest (71.11 g) followed by those bulbs of plants sown on 7 May (64.45 g) and 21
May (57.82 g), although not significant (Table 4.6). As can be expected, onion yield

showed the same trend as for bulb fresh mass (Table 4.7).

In 2010, however, both yield parameters were significantly influenced by sowing date
(Tables 4.6 and 4.7). Even though there were no significant differences in bulb fresh mass
between onion cultivars, ‘Jaquar’ bulbs were again the heaviest (63.59 g) followed by
‘Charlize’ (61.12 g), ‘Python’ (58.92 g) and ‘Ceres Gold’ (56.52 g) (Table 4.6). Onion bulb
fresh mass tended to be lower with delayed sowing dates, although the difference was not
always significant. Significantly heavier onion bulbs were harvested when plants were
sown early (11 May) than when sown later (25 May or 8 June). Onion bulb fresh mass of
plants sown on the two later dates did not differ significantly from each other. As shown in
Table 4.7 bulb yield followed the same trend.

Onion bulb mass and yield did not differ significantly between the different onion cultivars
in both seasons. Sowing date also had no significant effect on these parameters during
2009 when sowing started on 30 April and ended on 21 May. During 2010, however,
sowing date did have a significant effect on bulb fresh mass and yield when sowing
started on 11 May and ended later on 8 June. It is clear that a delayed sowing date, from

mid May to beginning of June, affected onion yield negatively.
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Table 4.6: Influence of sowing date on bulb fresh mass (g bulb”) of different onion

cultivars during 2009 and 2010

. Sowing Date (SD) Average
Cultivar (C) 30 April 7 May 21 May ©)

2009
Charlize 73.67 63.12 57.68 64.82
Jaquar 78.35 70.77 71.41 73.51
Python 55.59 49.50 54.40 53.16
South Wester 76.84 74.43 47.77 66.35
Average (SD) 71.11 64.46 57.82
L SD+(0.05) C=ns SD =ns CxSD=ns

2010

11 May 25 May 8 June

Charlize 70.02 67.46 45.86 61.11
Jaquar 70.59 65.90 54.27 63.59
Python 74.12 51.85 50.78 58.92
Ceres Gold 71.17 52.46 45.94 56.52
Average (SD) 71.48 59.42 49.21
LSD1.05) C=ns SD = 11.60 CxSD=ns

Table 4.7: Influence of sowing date on bulb yield (t ha™) of different onion cultivars during
2009 and 2010

. Sowing Date (SD) Average
Cultivar (C) 30 April 7 May 21 May ©)

2009
Charlize 30.76 26.37 24.09 27.07
Jaquar 32.73 29.56 29.83 30.71
Python 23.22 20.68 22.72 22.21
South Wester 32.10 31.09 19.95 22.71
Average (SD) 29.70 26.93 24.15
L SD+(.05) C=ns SD =ns CxSD=ns

2010

11 May 25 May 8 June

Charlize 40.13 38.65 26.28 35.02
Jaquar 40.45 37.76 31.10 36.44
Python 42.47 29.71 29.10 33.76
Ceres Gold 40.79 30.06 26.32 32.39
Average (SD) 40.96 34.05 28.20
LSDr0.05 C=ns SD =6.64 CxSD=ns

The average fresh mass per onion bulb in 2009 (64.46 g) and 2010 (60.04 g) did not differ
much from each other but the average yield between 2009 (25.68 t ha”) and 2010
(34.40 t ha™) differed by nearly 10 t ha™. This may be attributed to the fact that two
different plant populations were used during the two seasons, with approximately 190 000
more plants ha™ being planted in 2010 (Table 3.2). The best sowing date for all the
cultivars when considering yield parameters was late April to early May. ‘Charlize’, (short
day cultivar), yielded 35.02 t ha™ in 2010 (606 061 plants ha™) which was 7.95 t ha™ more
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than what was harvested in 2009 where a different plant population was used (416 667
plants ha™). When comparing the four intermediate day onion cultivars, ‘Jaquar’ bulbs
were the heaviest and yielded the highest in both seasons. The lowest yield in 2009 was
obtained from ‘Python’ (22.21 t ha™") and in 2010 from ‘Ceres Gold’ (32.39 t ha™). Cheema
et al. (2003) reported that onion cultivars vary in terms of yield since they differ in their

genetic composition.

As indicated in Table 4.1, ‘South Wester’ bulbs were all harvested on the same date,
irrespective of sowing date in 2009. This was also true for ‘Ceres Gold’ (mid-intermediate
day onion cultivar) in 2010 (Table 4.1). The two early intermediate day onion cultivars
were harvested two months earlier (November) than the mid-intermediate day onion
cultivars (January). With the two early-intermediate day onion cultivars (‘Jaquar’ and
‘Python’) a trend was observed that the bulbs of plants sown on 7 May were harvested
when they had reached the same growth duration with those sown early (30 April). This
may have an important effect on the price obtained on the fresh produce markets.
‘Charlize’ (short day cultivar) responded differently during the two seasons (Table 4.1).
‘Charlize’ bulbs were harvested earlier in 2010 than in 2009. This may be due to higher
average maximum day temperatures (Table 3.1) experienced during 2010 than in 2009
resulting in growing degree days of 600 being reached earlier. When considering the
number of days from sowing to harvesting (Table 4.1) a trend can be noticed that late

sown onions have a shorter growth period, resulting in lower yields.

Different cultivars perform differently even if they are sown on the same date (Mondal et
al., 1986) and is attributed to their different genetic makeup. Leilah et al. (2003) also
reported that the yield of different cultivars differ due to their different genetic composition.
However, the current study indicated that bulb fresh mass and yield of different cultivars

did not differ significantly from each other (Table 4.6 and 4.7).

The results on yield indicated that the best sowing date for all cultivars studied for the
Bloemfontein area are from the end of April up to the end of May. These is within the
range of sowing times (mid-April for short day and end April to mid-May for intermediate

day cultivars) suggested by Comrie (1997b).
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4.2.2.2 Bulb diameter (size)

Bulb sizes of onion cultivars differed significantly from each other in 2009 (Table 4.8).
‘Python’ bulbs (72.20 mm) were significantly smaller than ‘South Wester’ (82.51 mm) and
‘Jaguar’ (80.50 mm) bulbs. ‘Charlize’ bulbs (79.78 mm) did not differ significantly in size
from any of the other cultivars. Sowing date did not significantly affected bulb size
(Table 4.8).

Table 4.8: Influence of sowing date on bulb diameter (mm) of different onion cultivars
during 2009 and 2010

. Sowing Date (SD) Average

Cultivar (C) 30 April 7 May 21 May ()

2009
Charlize 80.83 81.34 77.16 79.78
Jaquar 84.77 74.35 82.38 80.50
Python 67.59 77.29 71.72 72.20
South Wester 82.43 81.05 84.05 82.51
Average (SD) 78.91 78.51 78.83
LSDy(0.05 c=8.14 SD=ns CxSD=ns

2010

11 May 25 May 8 June

Charlize 52.59 57.01 51.37 53.66
Jaquar 56.21 63.95 52.76 57.64
Python 56.85 53.41 52.57 54.28
Ceres Gold 63.79 57.94 58.44 60.06
Average (SD) 57.36 58.08 53.79
LSDT(0.05) C=5.22 SD =4.09 CxSD=ns

Bulb diameter was significantly influenced by both cultivar and sowing date during 2010
(Table 4.8). ‘Ceres Gold’ bulbs (60.06 mm) were significantly larger than those of
‘Charlize’ (53.66 mm) and ‘Python’ (54.28 mm) bulbs. No significant difference occurred in
bulb size between ‘Jaquar’ and ‘Ceres Gold’. Bulb diameter of onions sown on the 25 May
(568.08 mm) was significantly greater than that of bulbs from plants sown late on 8 June
(53.79 mm).

Bulb size ranged between 72.20 and 82.51 mm in 2009 and from 53.66 to 60.06 mm in
2010. According to the local grading system used on the fresh produce markets all the
bulbs from 2009 graded as large (70-89 mm), while in 2010 they were medium bulbs
(40-69 mm) (Joubert & Van der Klashorst, 1997). According to Kanton et al. (2002)
medium bulbs are more desirable than large bulbs by the consumers and higher prices
are consequently obtained on the fresh produce markets for medium bulbs. The difference

in bulb size between the two seasons may be attributed to the different plant populations
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used between the two seasons (416 667 plants m? in 2009 and 606 061 plants m? in
2010). Khan et al. (2002), Rahman et al. (2002), Khan et al. (2003), Shock et al. (2004)

and Russo (2008) also reported that bulb diameter corresponded with plant population.

Results indicated that none of the cultivars produced medium or small bulbs where a less
dense plant population was used (416 667 plants m?) during 2009. However, during 2010,
when a denser plant population (606 061 plants m'2) was used, almost all bulbs produced

were of medium size.

4.2.2.3 Neck diameter

Both cultivar and sowing date affected neck diameter of onion bulbs significantly during
2009 (Table 4.9). ‘South Wester' plants produced bulbs with significantly thicker necks
(22.55 mm) than plants from all the other cultivars. The thinnest necks (15.20 mm), also
significantly thinner than the bulb necks from ‘Python’ plants, were produced by plants of

the cultivar Charlize.

Table 4.9: Influence of sowing date on neck diameter (mm) of different onion cultivars
during 2009 and 2010

. Sowing Date (SD) Average

Cultivar (C) 30 April 7 May 21 May ©)

2009
Charlize 16.71 15.47 13.43 15.20
Jaquar 20.51 17.45 15.05 17.67
Python 19.26 16.12 21.03 18.80
South Wester 23.48 21.41 22.76 22.55
Average (SD) 19.99 17.61 18.07
LSDr(0.05 c=3.01 SD =2.36 CxSD=ns

2010

11 May 25 May 8 June

Charlize 7.46 8.63 7.42 7.84
Jaquar 9.10 9.95 8.23 9.09
Python 13.17 13.83 14.43 13.81
Ceres Gold 19.18 19.22 18.49 18.96
Average (SD) 12.23 12.91 12.14
L SD1(0.05) Cc=1.12 SD =ns CxSD=ns

Plants sown on 30 April produced bulbs with significantly thicker necks compared to those
sown on 7 May. However, the necks of onions from plants that were sown on 21 May did
not differ significantly from those at the other two sowing dates. In 2010, neck diameter of
onion plants from different cultivars differed significantly from each other (Table 4.9).

‘Ceres Gold’ plants produced significantly thicker necks (18.96 mm) than those of ‘Python’
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(13.81 mm), ‘Jaquar’ (9.09 mm) and ‘Charlize’ (7.84 mm). Sowing date did not affect neck

diameter at all during this year.

Onion bulbs with thinner necks have a better storage life than bulbs with thicker necks
(Mohanty & Prusti, 2001; Jilani & Ghaffoor, 2003). Different onion cultivars often differ with
regard to neck size (Jilani & Ghaffoor, 2003). This was also observed in the present study
in the two consecutive years (Table 4.9). In both seasons plants of the mid-intermediate
day cultivars (‘South Wester’ and ‘Ceres Gold’) had thicker necks, followed by those of the
two early-intermediate day cultivars (‘Python’ and ‘Jaquar’), while plants from ‘Charlize’

(short day cultivar) had the thinnest necks.

The overall bulb neck diameter was much smaller in 2010 than in 2009. Bulbs with thinner
necks originated from smaller plants due to a more dense plant population in 2010 than in
2009. Dawar et al. (2005) also reported that bulbs with thinner necks were obtained from
more dense plant populations in Peshawar. The thickest onion bulb neck diameter
(2.09 cm) was recorded from a plant population of 40 plants m? and it steadily decreased
to 1.93 cm and 1.83 cm as plant population increased from 60 to 80 plants m?,
respectively. Sowing date did not have such a pronounced affect on bulb neck diameter,
but the thinnest necks (17.61 cm) were obtained with the mid sowing date of 7 May in
2009 and the late sowing date of 8 June in 2010 (12.14 cm). Jilani (2004), reported that
the thickest onion bulb necks were obtained with early plantings (27 October) compared to
late plantings (26 December) in Pakistan. Attainment of a thinner neck with later planting
is associated with small plants caused by earlier bulb initiation for late planted plants than

for earlier plantings.

4.2.2.4 Bulb firmness

Different sowing dates did not significantly influence onion bulb firmness but bulbs from
different cultivars differed significantly in their firmness in both seasons (Table 4.10). In
2009, ‘South Wester bulbs were significantly softer (87.02 mm) than all the other
cultivars. ‘Python’ bulbs were significantly firmer than all the other cultivars. During 2010,
bulbs of ‘Charlize’ (70.99 mm) were significantly firmer than those of ‘Jaquar’ (83.88 mm)
but were not significantly firmer than of those bulbs of ‘Python’ (74.70 mm) and ‘Ceres
Gold’ (77.84 mm). Although sowing date did not significantly affect bulb firmness, firmer
bulbs were obtained from onion plants sown on 8 June (68.85 mm) followed by 30 April
(73.41 mm) and then 7 May (74.56 mm) in 2009. In 2010 the firmest bulbs were harvested
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from plants sown on the 21 May (73.22 mm) followed by 25 May (78.19 mm) and then 11
May (79.15 mm). Onion cultivars differ with regards to bulb firmness due to their genetic
makeup (Lancaster et al., 2001; Chope et al., 2006; Larsen et al., 2009). This was
confirmed by the current study as the firmness of the different onion cultivars bulbs

differed from each other during both seasons (Table 4.10).

Table 4.10: Influence of sowing date on bulb firmness (mm) of different onion cultivars
during 2009 and 2010

. Sowing Date (SD) Average

Cultivar (C) 30 April 7 May 21 May ©)

2009
Charlize 70.08 70.95 64.18 68.40
Jaquar 79.89 72.47 69.08 73.81
Python 56.76 66.22 56.58 59.85
South Wester 86.90 88.61 85.55 87.02
Average (SD) 73.41 74.56 68.85
L SD+(.05) C =8.26 SD =ns CxSD=ns

2010

11 May 25 May 8 June

Charlize 77.57 74.10 61.29 70.99
Jaquar 87.13 86.96 77.56 83.88
Python 74.70 73.02 76.38 74.70
Ceres Gold 77.18 78.68 77.66 77.84
Average (SD) 79.15 78.19 73.22
L SD1(0.05) C=17.87 SD =ns CxSD=ns

No literature cited associated bulb firmness with sowing date. Results of the current study
indicated that later sown onions produced firmer bulbs, although this was not significant.
This may be due to more rain occurring during bulb formation of the later sown onions
than the earlier sown onions. Chung (1989) in Australia reported that bulbs receiving more
water tend to be firmer. Softer bulbs were harvested from dryland than irrigated planting
treatments. On the other hand, Gubb & MacTavish (2002) reported that wet condition
towards or during harvesting is a disadvantage as it prolongs the drying of bulbs and

promotes high percentages of rotting during storage.

4.2.2.5 Bolting

Bolting percentages of onion were not statistically analyzed. In 2009, ‘South Wester’ and
‘Python’ bolted whereas ‘Charlize’ and ‘Jaquar’ did not show any sign of bolting. No

bolting occurred during 2010.
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With an early sowing of ‘South Wester’ (30 April), 30.30% of the plants bolted and as
sowing date was delayed to 7 or 21 May, the percentage of bolters decreased to 24.24
and 18.18%, respectively. Only 12.12% of ‘Python’ plants bolted when sown on 30 April

and none of the plants bolted when sown later.

First incidences of bolting were noted on ‘South Wester and for ‘Python’ during early
August in 2009 on plants sown on 30 April. Results indicate that bolting of these cultivars
was clearly influenced by temperature and cultivar. The minimum temperatures at the
start of bolting ranged from -2.3°C to 11.9°C. ‘Python’ and ‘South Wester’ sown on 30
April had reached the sensitive stage for bulbing (thermal time of 600 degree days), but
the occurrence of low temperatures may have been the reason for bolting taking place.
However, ‘South Wester’ sown on 7 May and 21 May had not yet reached the thermal
time of 600 degree days (Table 4.1) when day length was sufficient for bulbing and started
to bolt, thus indicating that ‘South Wester’ may be more susceptible to bolting (van den

Berg et al., 1997) than other cultivars.

4.2.2.6 Bulb shape

Hasegawa et al. (2001) and Jilani & Ghaffoor (2003) indicated that every cultivar has a
typical bulb which varies from flattened, globular and spherical shape. Bulb shape in this
study was visually determined using the norms of Boyhan & Kelley (2008) (Section
3.4.2.5). The results showed that sowing date did not affect bulb shape in any of the
seasons. ‘Charlize’ produced globular bulbs, ‘South Wester round bulbs, ‘Python’ and
‘Jaquar’ top shaped bulbs which were cultivar authentic. Grant & Carter (1994) stated that
agronomic practices such as sowing date and plant population may affect bulb shape.
They reported that if plant population increased from 50 to 100 plants m? and if sowing
date was delayed from June to September, the bulb shape index changed (Section 2.4.4)
from 1.02 to 1.06, meaning that the bulbs getting more oblate in shape. This trend was not
obtained in this study, and this may be due to the much lower plant populations (41 and

61 plants m™ during 2009 and 2010, respectively) used.

From the current results, it can be noted that bulb shape was affected by the cultivar and
not the sowing date. Onions sown early produced large bulbs, thickest necks and high
bolting percentage. When sown late, bulbs tended to be more firm. Intermediate day

cultivars (‘South Wester’, ‘Ceres Gold’ and ‘Python’) produced large firm bulbs with large
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necks. Moreover, ‘South Wester’ and ‘Python’ were the only cultivars that had bolted. The

shape of onion bulbs was influenced by the type of cultivar rather than sowing date.

4.3 SUMMARY AND CONCLUSIONS

Two field experiments on the response of onion cultivars to different sowing dates were
conducted in 2009 and 2010. ‘Python’ plants developed more vigorously (plant height and
leaf number) than of all the other cultivars during both seasons. Sowing date did not have
a significant influence on growth of onions in 2009 and it was only during 2010 that a

delayed sowing date caused onion plants to be shorter.

Neither bulb fresh mass nor yield differed significantly between cultivar, although ‘Jaquar’
tended to produce the heaviest bulbs and the highest yield. Sowing from the end of April
to the middle of May made no significant difference to bulb fresh mass and yield, but with

a delayed sowing date (later than end May) both parameters decreased significantly.

Significant differences in bulb quality characteristics were noted between cultivars. The
mid-intermediate day cultivars (‘South Wester and ‘Ceres Gold’) produced the largest
bulbs (82.51 and 60.06 mm, respectively) with the thickest necks (22.55 and 18.96 mm,
respectively) during both seasons. Although ‘Jaquar’ also produced large bulbs (80.50 in
2009 and 57.64 mm in 2010), it had thinner necks (17.67 mm in 2009 and 9.09 mm in
2010). During 2010, medium bulbs (58.08 mm) with thin necks (12.91 mm) were obtained
when sowing was done towards the end of May. Bulb firmness and shape were not
significantly influenced by sowing date, however, ‘Python’ produced the firmest bulbs.
‘South Wester’ and ‘Python’ were susceptible to bolting when sowing was done early (30
April or 7 May).

From the data, it is clear that onion cultivars differ from each other with respect to growth,
yield and quality. Sowing date did not have a significant effect on all of the parameters
measured, but a reduction in growth and yield of onions was observed when sowing was
delayed to the end of May. Cultivars tested can be sown from early to late May in the
Bloemfontein area, although the best results are obtained from sowing in middle May.
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CHAPTER 5

RESPONSE OF ONION (Allium cepa L..) TO SOWING DATE AND
PLANT POPULATION

5.1 INTRODUCTION

Onion (Allium cepa L.) growth is greatly influenced by environmental factors (photoperiod
and temperature) and agronomic practices. Cultivar selection, sowing date and plant
population are among the critical agricultural practices influencing onion production. Plant
population is described as the number of plants per square meter (plants m?) or per
hectare (plants ha™) and has been reported to influence growth, quality and yield of onion
bulbs (Hatridge-Esh & Bennett, 1980; Brewster, 1994; Dellacecca & Lovato, 2000).

According to Adjei-Twum (1980) cited by Ibrahim (2010) the primary objective of any
producer is to attain high yields and for onions the final yield depends on the amount of
vegetative growth before bulb initiation. Two major factors influencing vegetative growth
are sowing date and plant population. Early sowing of onions results in more vegetative
growth (leaf length and number of leaves) (Brewster, 1994; Mulungu et al., 1998), which
ultimately reflects in the leaf area index (LAI) (Brewster, 1994). Leaf area index is made
up of the amount of leaves per plant on a given unit area (Amanullah et al., 2007). Both
early sowing and an increase in plant population will increase the LAI (Mondal et al.,
1986). Leaf area index influences the amount of light absorbed by the leaves and this is
influenced by an increase in plant population (Gardner et al., 1985). Healthy leaves are
needed by plants for interception of sunlight for photosynthesis and for the conversion of
carbohydrates to sucrose, which will be transported to the harvestable organs. Jilani
(2004) and Jilani et al. (2009) reported that thinly populated plants (20 plants m™) produce
a greater number of longer leaves than more densely populated plants (40 plants m?). As
plant population increased, onion bulb yield also increased as results of a higher

percentage light intercepted by the leaf canopy (Brewster, 2008).

The vyield of late sown plants will be lower as a result of switching from leaf blade
production to bulb initiation while the LAI and light interception are still low compared to
earlier sown plants (PakyuUrek et al., 1994; Brewster, 2008). Therefore, sufficient time is
needed for production of leaves before bulb initiation. As plant population increases, more
sunlight will be absorbed, resulting in more vegetative growth before bulbing with a
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concomitant increase in yield. However, research on different plant populations indicated
that a yield of between 31 and 59 t ha™' can be expected with a plant population ranging
between 80 and 100 plants m™. However, with a plant population lower than 60 plants m™
or more than 100 plants m? onion yield will decrease (Dellacecca & Lovato, 2000; Rumpel
& Felczynski, 2000; Kanton et al., 2002).

Bulb size is an important quality characteristic and different markets require different bulb
sizes. The fresh produce markets in South Africa prefer medium bulbs (40-69 cm)
(Comrie, 1997) and for exporting to Europe, bulbs ranging between 40 and 60 mm are
required (Lai et al., 1994; Rumpel & Felczynski, 2000; Bosch Serra & Currah, 2002).
Comsumers in the United States of America (USA) prefer large (>76 mm) (Leskovar &
Vavrina, 1999) and extra-large bulbs (>108 mm) (Shock et al., 2004). The processing
industry (canning, oil extraction, freezing and dehydration), can use bulbs ranging from
extra small (10-34 mm) to extra-large (>90 mm), but no split bulbs are excepted
(McGeary, 1985; Shock et al., 2005). According to Brewster (1994), a plant population
between 50-100 plants m? will produce bulbs that are between 50-70 mm in diameter,
which are preferred in most markets, while at a plant population of 25-50 plants m™ large

bulbs (>70 mm), which are suitable for the processing industry, will be produced.

Although earlier sowing produces larger plants, these start to form bulbs at a shorter day
length than smaller plants. This increases the possibility for larger plants to enter the
sensitive bulb initiation stage when temperatures are still low (Khokhar et al., 2007), thus
promoting bolting (Richwine, 1990). To avoid or minimize bolting, sowing should be
arranged in such a way that the size at which plants are susceptible to bolting is avoided

before bulbing.

Split bulbs are one of the quality parameters that result in downgrading of onion bulbs.
These are common in large bulbs, normally resulting from larger plants, and this is also
associated with a lower plant population. In Bangladesh, Khan et al. (2003) reported that
at a low plant population (48 plants m?), 24.34% of the total bulb yield split whereas only
14.38% of bulbs split from more dense plant population of 163 plants m™. Larger plants
easily form split bulbs because of the development of more leaf bases further away from

the apical meristem and eventually producing split bulbs (Rabinowitch, 1979).

Plant population also influences the shape of onion bulbs. Bulb shape is also among the

quality characteristics determining the marketability of onions and round bulbs are
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preferred in South Africa (Eksteen et al., 1997). An increase in plant population leads to
elongated bulbs (Hygrotech, 2010).

Plant population also affects the time of bulb maturity (Weerasinghe & Fordham, 1994;
Rumpel & Felczynski, 2000; Tarpaga et al., 2011). When bulbs reach maturity, production
of leaves cease, implying that bulb yield and quality attained depends on the leaves
already produced (lbrahim, 2010). Bulbs of densely populated plants mature earlier than
those of less populated plants (Mondal et al., 1986; Weerasinghe & Fordham, 1994).
Brewster (1990) reported a 20 day delay in maturity with a plant population of

25 plants m? compared to 100 plants m™.

The current study was aimed at assessing the effect of sowing date and plant population
on the growth, yield and quality characteristics of onion cv. Jaquar under field conditions

at Bloemfontein in the Central Free State.

5.2 RESULTS AND DISCUSSION
5.2.1 Growth parameters

Plant height and leaf number were recorded to determine the growth of onion plants as
influenced by sowing date and plant population. Measurements were taken every three
weeks from emergence, and are presented in both table and graph forms. Tables were
used to indicate the LSD+os5 values for each week of measurement, while figures

illustrate the growth response over the trial period.

5.2.1.1 Onion growth

The growth period of the onion cv. Jaquar used in this trial is presented in Table 5.1. The
expected bulb initiation date according to the minimum day length requirement and also
the date when the thermal time of 600 degree days was reached is indicated in Table 5.1.
Thermal time was calculated from the emergence date using the equation discussed in
Chapter 2, Section 2.5.1.4.
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Table 5.1: Summary of the growth period of ‘Jaquar’ (early-intermediate day cultivar) as influenced by sowing date and plant population during

2010
Earliest Emergence Ayerage .
Plant . Sowing to _Thermal expected to expected , maximum day ’ ) Sowing to . ) Grading (%)
. Sowing Emergence 9 time (600 P P temperature from Final plant Final leaf 9 Harvesting Yield
Population emergence bulb bulb } harvesting 1
(plants m?) date date (days) degree initiation initiation emergence height (cm) number (days) date (tha™)
P y days) d to expected bulb Y XS S M L X
ate (days) L o
initiation (°C)
11 May 24 May 13 31 Aug 118 20.1 50.33 8.00 181 8 Nov 3745 333 27.3 394 0.0 0.0
95 25 May 14 June 20 10 Sept 19 Sept 97 20.5 41.48 7.67 167 8Nov 4324 303 21.2 485 0.0 0.0
8 June 6 July 28 17 Sept 76 21.6 47.39 7.00 153 8 Nov  27.31 15.2 212 636 0.0 0.0
11 May 24 May 13 31 Aug 118 20.1 52.55 7.67 181 8 Nov 36.12 9.1 182 727 0.0 0.0
83 25 May 14 June 20 10 Sept 19 Sept 97 20.5 45.33 7.33 167 8 Nov  44.20 9.1 333 545 31 0.0
8 June 06 July 28 17 Sept 76 21.6 50.00 7.67 153 8 Nov  29.82 6.1 212 727 0.0 0.0
11 May 24 May 13 31 Aug 118 20.1 53.46 7.33 181 8Nov  41.15 0.0 6.1 84.8 9.1 0.0
74 25 May 14 June 20 10 Sept 19 Sept 97 20.5 50.03 7.67 167 8 Nov  41.17 9.1 9.1 81.8 0.0 0.0
8 June 6 July 28 17 Sept 76 21.6 49.91 7.67 153 8 Nov 37.65 0.0 0.0 93.9 6.1 0.0
11 May 24 May 13 31 Aug 118 20.1 54.24 7.33 181 8 Nov  45.38 0.0 0.0 424 576 0.0
67 25 May 14 June 20 10 Sept 19 Sept 97 20.5 52.42 7.00 167 8 Nov  33.26 0.0 0.0 758 242 0.0
8 June 6 July 28 17 Sept 76 21.6 49.97 7.33 160 15 Nov  32.88 0.0 3.0 758 212 0.0
11 May 24 May 13 31 Aug 118 20.1 57.91 7.33 181 8 Nov  40.90 0.0 0.0 515 485 0.0
61 25 May 14 June 20 10 Sept 19 Sept 97 20.5 55.54 7.33 167 8 Nov  36.86 0.0 3.0 758 212 0.0
8 June 6 July 28 17 Sept 76 21.6 51.76 7.33 160 15 Nov  39.32 0.0 0.0 788 212 0.0
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5.2.1.2 Plant height

The interaction between plant population and sowing date did not significantly affect plant
height over the entire period (Table 5.2). Plant height was not affected by plant population
during the first 12 weeks after emergence, but later in the season, from week 15 after
emergence onwards, it was affected significantly. Sowing date, however, significantly

affected onion plant height over all measuring times.

Table 5.2: Influence of sowing date and plant population on plant height (cm) from 3 to 18
weeks after emergence

Plant population  (PP) Sowing Date (SD) Average
(plants m™) 11 May 25 May 8 June (PP)

3 weeks after emergence
95 418 4.03 3.18 3.80
83 4.09 4.09 3.00 3.73
74 4.09 4.06 3.06 3.74
67 4.03 4.00 3.12 3.72
61 4.12 4.09 3.00 3.74
Average (SD) 4.10 4.05 3.07
LSDro.05) PP =ns SD =0.06 PP x SD =ns

6 weeks after emergence
95 8.15 5.57 6.88 6.87
83 7.91 6.48 7.12 717
74 7.76 5.94 6.97 6.89
67 7.94 6.70 6.97 7.20
61 8.18 6.09 6.82 7.03
Average (SD) 7.99 6.16 6.95
LSDr(.05 PP =ns SD =0.54 PP x SD =ns

9 weeks after emergence
95 10.00 7.91 7.58 8.50
83 9.88 7.79 7.48 8.38
74 9.30 7.73 7.79 8.27
67 9.73 8.09 8.27 8.70
61 10.30 7.58 8.88 8.92
Average (SD) 9.84 7.82 8.00
LSDT(0_05) PP =ns SD =0.71 PP x SD =ns

12 weeks after emergence
95 14.91 15.57 12.46 14.31
83 14.00 14.94 11.85 13.60
74 15.21 14.97 12.82 14.33
67 15.27 14.40 12.29 13.99
61 17.58 14.42 14.09 15.36
Average (SD) 15.39 14.86 12.70
LSDr(.05 PP =ns SD =1.26 PP x SD =ns

15 weeks after emergence
95 31.85 31.55 27.33 30.24
83 32.57 33.94 27.48 31.33
74 34.85 34.00 28.75 32.53
67 38.39 37.09 31.39 35.62
61 42.36 41.24 36.42 40.01
Average (SD) 36.00 35.56 30.27
L SDr(.05) PP = 4.62 SD =3.04 PPx SD=ns

18 weeks after emergence
95 50.33 41.48 47.39 46.40
83 52.55 45.33 50.00 49.29
74 53.46 50.03 49.91 51.13
67 54.24 52.42 49.97 52.21
61 57.91 55.54 51.76 55.07
Average (SD) 53.70 48.96 49.81
LSDr(0.05) PP =4.62 SD =3.04 PP x SD =ns
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Although not always significant, plant height decreased as plant population increased
during week 15 and 18 after emergence (Table 5.2). At week 15 after emergence, denser
planted plants (74, 83 and 95 plants m?) were significantly shorter than the less denser
(61 plants m™?) planted plants. Plants planted at a density of 67 plants ha” were also
significantly taller (35.62 cm) than plants from the denser planting of 95 plants m? (31.33
cm). At week 18 after emergence, plants planted at 95 plants m? were again significantly
shorter (46.40 cm) than plants from the three lowest populated plantings of 61, 67 and 74
plants m? (55.07, 51.13 and 52.21 cm, respectively). However, plants planted at lower
densities of 61, 67 or 74 plants m? did not significantly differ in height from each other.

Plants from the early sowing (11 May) were taller than later sown plants over the entire
period of measuring, although this was not always significant. No clear trend was
observed for onion plant height and sowing date over the first 18 weeks after emergence.
Three weeks after emergence, onion plants sown on 11 May (53.70 cm) were significantly
taller than plants sown later on 25 May (48.96 cm) or 8 June (49.81 cm). At week six after
emergence, onion plants sown early (11 May) or late (8 June) were significantly taller
(7.99 or 6.95 cm) than those plants sown 25 May (6.16 cm).

Significantly taller onion plants (9.84 cm) were obtained with an early sowing date (11
May) than with the two later sowing dates of 25 May (7.82 cm) or 8 June (8.00 cm), at
week nine after emergence. At 12 and 15 weeks after emergence, onion plants sown late
(8 June) were significantly shorter than those plants sown earlier (11 May or 25 May).
Interestingly, at the final plant height (18 weeks after emergence) onion plants sown early
(11 May) were significantly taller than plants sown on 25 May but not than those plants

sown later (8 June).

5.2.1.3 Leaf number

It is clear from Table 5.3 that the interaction between plant population and sowing date did
not significantly influence the number of leaves produced during the entire period, and this
was also true for plant population. Sowing date only affected the number of leaves
produced from week nine after emergence. Later sown plants (8 June) produced the most
leaves (2.80), significantly more than early sown plants (11 May) with 2.33 leaves.
However, 12 weeks after emergence the early sown plants (11 May) had significantly

more leaves (4.00) than those plants sown later on 25 May (3.07) or 8 June (3.53). This

-90 -



trended however continued later in the growth season where early sown plants still tend to

produce more leaves than the two later sowing dates, although not significantly more.

Table 5.3: Influence of plant population and sowing date on the number of leaves from 3
to 18 weeks after emergence

Plant Population (PP) Sowing Date (SD) Average
(plants m™) 11 May 25 May 8 June (PP)

3 weeks after emergence
95 1.33 1.33 1.33 1.33
83 1.00 1.67 1.33 1.33
74 1.67 1.33 1.67 1.56
67 1.00 1.67 1.67 1.45
61 1.33 1.33 1.67 1.44
Average (SD) 1.27 1.47 1.53
L SD1(0.05 PP =ns SD =ns PP x SD =ns

6 weeks after emergence
95 1.33 1.67 1.33 1.44
83 1.33 2.00 1.67 1.67
74 2.00 1.33 2.00 1.78
67 1.33 1.67 1.67 1.56
61 1.67 1.33 2.00 1.67
Average (SD) 1.53 1.60 1.73
L SD1(0.05) PP =ns SD =ns PP x SD =ns

9 weeks after emergence
95 2.67 2.67 3.00 2.78
83 2.00 3.00 2.33 2.44
74 2.33 2.67 2.67 2.56
67 2.33 2.67 3.00 2.67
61 2.33 2.33 3.00 2.55
Average (SD) 2.33 2.67 2.80
LSDr(0.05 PP =ns SD =0.44 PP x SD =ns

12 weeks after emergence
95 4.00 3.00 3.67 3.56
83 4.00 3.00 3.67 3.56
74 4.00 3.00 3.33 3.44
67 4.00 3.00 3.67 3.56
61 4.00 3.33 3.33 3.55
Average (SD) 4.00 3.07 3.53
L SDr(0.05) PP =ns SD =0.34 PP x SD = ns

15 weeks after emergence
95 7.33 6.33 6.00 6.55
83 6.00 6.00 6.33 6.11
74 7.00 6.33 6.33 6.55
67 7.00 6.33 6.33 6.55
61 6.33 6.33 5.67 6.11
Average (SD) 6.73 6.26 6.13
L SDr(0.05 PP =ns SD = ns PP x SD =ns

18 weeks after emergence
95 8.00 7.67 7.00 7.56
83 7.67 7.33 7.67 7.56
74 7.33 7.67 7.67 7.56
67 7.33 7.00 7.33 7.22
61 7.33 7.33 7.33 7.33
Average (SD) 7.53 7.40 7.40
L SDr(0.05) PP =ns SD =ns PP x SD =ns

The effect of plant population on the vegetative growth of onions has been studied in the
past by numerous researchers. Jilani et al. (2009) reported taller plants from the less
dense population (20 plants m?) than the denser populated planting (40 plants m?) and

this was associated with competition between onion plants for available water and
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nutrients. However, Dawar et al. (2007) reported that as plant population increased from
40 to 80 plants m?, plant height (leaf length) also increased significantly from 47.79 to
52.51 cm. Plants compete for light and tend to grow taller to exploit light up to a maximum
in denser plant populations. In the current study, however, plant height decreased and

number of leaves increased as plant population increased.

The total number of onion leaves produced (18 weeks after emergence) was not
significantly influenced by either plant population or sowing date and corresponded with
the results of both Faroog-Ch et al. (1990) and Kanton et al. (2002). Faroog-Ch et al.
(1990) stated that number of leaves produced by an onion plant is a genetic characteristic,
and it is not influenced by plant population. However, other factors such as stress due to
lack of nutrients or water during seedling growth, hail damage, damage from herbicides,
pests and diseases can also affect the number of leaves produced by the onion plant
(Brewster, 1990; Brewster, 1994; Bosch Serra & Currah, 2002; Khan et al., 2002).

Results of the present study also showed that early sowing played a prominent role in final
plant height. Early sown plants (11 May) were significantly taller than late sown plants.
The reason for this may be due to a longer growth period of 118 days for early sown
plants compared to 97 and 76 days for the late sown plants (Table 5.1). The average
maximum temperatures during the different growth periods for the different sowing dates
did not differ much from each other, and ranged between 20.1 and 21.6°C. These results
are in agreement with those of Cramer (2003) who reported that early sown plants were

taller than late sown plants due to a longer vegetative growth period.

The typical slow seedling growth phase of onions was also evident in this study on
‘Jaquar’ (Figure 5.1). Plant height and leaf number increased slowly during the first 12
weeks after emergence where after it sharply increased. The number of leaves showed a
decline from 15 weeks after emergence and might be attributed to the fact that no more

new leaves formed after bulb initiation (Jones & Mann, 1963).

A positive correlation between plant population and plant height for early sown (11 or 25
May) plants of 67 and 89% was observed compared to a weak correlation of only 22% for
late sowing plants (8 June). Temperatures during this growth periods for the plants varied
between 20.1 and 21.6°C (Table 5.1) and could not have had a major effect on the growth
of the plants. A negative correlation between plant population and leaf number of 43 and

41% was observed indicating that leaf production is negatively influenced by plant
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population. Rahman et al. (2002) also reported a weak correlation of 8% between plant

population (33-100 plants m?) and leaf number.
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Figure 5.1: Plant height and number of leaves as influenced by seeds sown on different
dates (a & d) 11 May, (b & e€) 25 May and (c & f) 8 June, from 3 to 18 weeks
after emergence

Considering plant height and number of leaves, the best sowing date for ‘Jaquar’ was 11

May at a plant population of between 61 and 74 plants m2
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5.2.2 Bulb yield and quality parameters
5.2.2.1 Bulb fresh mass and yield

The interaction between plant population and sowing date did not significantly influence
onion bulb fresh mass and yield. Plant population, however, significantly influenced bulb
fresh mass but not the yield while sowing date significantly affected both (Table 5.4). Bulb
fresh mass decreased as plant population increased, with the bulbs from plants at a
density of 61 plants m™ being significantly heavier than those of plants planted at 83 or 95
plants m™?. Bulbs harvested from plants planted at the lowest population (61 plants m?)
were 38.46 and 28.29% heavier than bulbs of plants planted at 95 or 83 plants m?,
respectively. Fresh mass of bulbs harvested from plants planted at a density of between
61 and 74 plants m? did not differ significantly from each other. Kanton et al. (2002) also
reported a decrease in bulb fresh mass as plant population increased from 37.04 to
156.25 plants m™. Bulbs of plants planted at 37.04 plants m? were 128% heavier than
bulbs from the highest plant population (156.25 plants m™). This was associated with

sufficient leaf growth and space for bulb development with less populated plantings.

Table 5.4: Influence of plant population and sowing date on bulb fresh mass (g) and yield
(t ha™") of onion cv. Jaquar

Sowing Dates (SD)

Z)'mttgﬁ’.‘zj)'a“o” (PP) 11 May 25 May 8 June A"(grs)ge
Bulb fresh mass (g)

95 39.32 45.40 28.67 37.80
83 43.35 53.05 35.79 44.06
74 53.74 53.76 49.17 52.22
67 68.07 49.89 49.33 55.76
61 64.42 58.00 61.94 61.45
Average (SD) 53.78 52.02 44.98
LSDy(0.05 PP =10.34 SD =6.80 PP x SD =ns

Yield (t ha™)
95 37.45 43.24 27.31 36.00
83 36.12 44.20 29.82 36.71
74 39.81 39.82 36.42 38.68
67 45.38 33.26 32.88 3717
61 39.04 35.15 37.53 37.24
Average (SD) 39.56 39.13 32.79
L SD+.05) PP =ns SD =5.08 PP x SD =ns

Even though plant population did not significantly influence yield, the highest yield was
obtained from a plant population of 74 plants m™ (38.68 t ha™') and the lowest from a plant
population of 95 plants m™ (36.00 t ha'1). Interestingly, yield increased as plant population
decreased from 95 to 74 plants per m?, but with a further decrease in plant population

bulb yield also decreased, although not significantly. Various researchers reported on the
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increase in bulb yield with an increase in plant population (de Visser & van den Berg,
1998; Rumpel & Felczynski, 2000). Rumpel & Felczynski (2000) reported that onion yield
increased from 29.8 to 32.6 t ha™ when plant population increased from 60 to 100 plants
m2. With a further increase to 140 plants m?, however, yield decreased to 31.1 t ha™. With
a plant population lower than 60 plants m™ onion yield also decreased from 26.4 to 20.5 t
ha™. As plant population increased onion bulb yield decreased, possibly due to early
maturity of bulbs. As bulbs mature earlier the period for leaf growth is also short resulting

in a smaller LAI with less efficient light interception (de Visser, 1994).

As sowing date was delayed bulb fresh mass and yield decreased (Table 5.4). This
difference in yield may be due to the fact that later sown plants switched from leaf blade
production to bulb initiation almost at the same time as early sown plants resulting in a
smaller leaf area index (LAI) with less light interception by the leaf canopy, than earlier
sown plants (Brewster, 1994). In the current study plants sown late were harvested at
almost the same time as early sown plants. Leilah et al. (2003) in Egypt, reported that a
yield of 46.95 t ha” was obtained with the December planting, followed by 38.10 t ha™ for
the January and 31.80 t ha™ for the February one.

The period from sowing to harvesting was shortened from 181 to 153 days by delaying the
sowing date from 11 May to 8 June (Table 5.1). The growth period was between 21 and
28 days shorter for the late sown plants (25 May or 8 June) than for the early sown plants
(11 May). The growth periods for the two lowest populated plantings (61 and 67
plants m?), sown late (8 June) were 7 days longer than that of the more densely
populated plants sown on the same date (153 days). Rumpel & Felczynski (2000) also
reported that neck-fall occurred 8 to 10 days earlier for the more densely populated

planting of 140 plants m2 than for the less densely populated planting of 20 plants m=.

Sowing date and plant population had a significant effect on bulb mass, eventually also
influencing yield. The best sowing date for bulb mass from this experiment was from early
May up to the end of May which was also true for ‘Jaquar’ in the earlier study reported in
Chapter 4, Section 4.2.2.1. The highest bulb yield (38.68 t ha™') was obtained with a plant
population 74 plants m? (Table 5.4). A plant population between 61 to 74 plants m? is
therefore recommended for ‘Jaquar’. This falls within the plant population range of 57-89

plants m™? recommended by Hygrotech (2010).
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5.2.2.2 Bulb diameter (size)

The interaction between plant population and sowing date significantly affected onion bulb
diameter (Table 5.6). As plant population increased from 61 to 95 plants m? the size of
bulbs decreased, irrespective of sowing date. All the bulbs were graded as medium size
bulbs (40-69 cm), with the exception of bulbs harvested from plants sown on 11 or 25 May
at the highest population planting of 95 plants m. Bulb diameter responded differently to
sowing date and plant population. Significantly larger bulbs were produced by plants at a
density of between 61 and 74 plants m? and sown on either 11 May or 8 June than that of
bulbs from plants sown at a density of between 83 and 95 plants m2. Bulbs harvested
from the two lowest densities (61 or 67 plants m™) were significantly heavier than bulbs at
the three highest populated plantings (74, 83 or 95 plants m™) when sowing took place on
25 May.

Table 5.6: Influence of plant population and sowing date on bulb diameter (mm)

Plant Population (PP) Sowing Dates (SD) Average
(plants m™) 11 May 25 May 8 June (PP)
95 39.22 39.74 42.68 40.55
83 44.45 44.29 45.02 44.59
74 55.47 46.98 54.33 52.26
67 64.97 59.61 54.14 59.57
61 68.94 63.96 59.24 64.05
Average (SD) 54.61 50.92 51.08

L SD+(.05) PP =5.16 SD=3.39 PP x SD = 11.66

Prior research indicated that as plant population increased, bulb size declined (Faroog-Ch
et al.,, 1990; Islam et al., 1999; Kanton et al., 2002; Khan et al., 2002). Hatridge-Esh &
Bennett (1980) planted onions at four different plant populations (7, 40, 80 and 100
plants m?) in California and reported that bulb diameter decreased from 99 to 63 mm as
plant population increased from 7 to 100 plants m™. This is caused by competition for
nutrients and insufficient space restricting bulb enlargement when plant population
increases. As indicated in Table 5.1, the highest percentage of medium bulbs (81.8-
93.9%) occurred at a plant population of 74 plants m™ for all three planting dates. When
the two less dense populations are considered a lower percentage of medium bulbs occur
with more extra small and small bulbs. The opposite was also true when plants are

spaced closer, when more large bulbs occurred.
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Although the average bulb size for all plant populations studied was between 40 to 64 mm
(medium bulbs) (Table 5.6), the highest percentage of medium bulbs (86%) was obtained
at a plant population of 74 plants m, irrespective of sowing date.

5.2.2.3 Neck diameter

Neck diameter of ‘Jaquar’ bulbs was not significantly influenced by the interaction
between plant population and sowing date (Table 5.7). Plant population and sowing date
however, significantly affected neck diameter. Bulb neck diameter increased from 6.93 to
10.49 mm as plant population decreased from 95 to 61 plants m2. Significantly thicker
necks were produced from plants sown at 61 or 67 plants m? than for necks of bulbs
harvested from plants sown at 74, 83 or 95 plants m™. However, the necks of bulbs from
plants sown at 61 or 67 plants m? did not differ significantly from each other and this was
also true for bulbs of plants that were sown at a density of 83 or 95 plants m™. Onion
plants sown late (8 June) produced bulbs with significantly thinner necks than those from

earlier plantings (11 or 25 May).

Table 5.7: Influence of plant population and sowing date on neck diameter (mm)

Plant Population (PP) Sowing Dates (SD) Average
(plants m™) 11 May 25 May 8 June (PP)
95 7.09 7.39 6.31 6.93
83 8.16 8.17 6.69 7.67
74 10.25 9.35 7.15 8.92
67 10.62 11.18 8.42 10.07
61 11.36 12.11 8.01 10.49
Average (SD) 9.50 9.64 7.32

LSDr0.05 PP =1.26 SD =0.83 PP x SD =ns

Onion bulbs with thinner necks (6-9 mm) can be stored for a longer period (Mohanty &
Prusti, 2001; Jilani & Ghaffoor, 2003) as they dry and close up quickly, so minimizing
pathogen infection (Brewster et al., 1991) and moisture loss from the bulbs and
maintaining bulb turgidity (Thamizharasi & Narasimham, 1991). Plant population (Dawar
et al., 2005, 2007), fertilizers such as phosphorus and nitrogen (Brewster et al., 1987;
Shaheen et al., 2007), soil type as well as delayed maturity (Brewster et al., 1987) and
cultivar (Naz & Amjad, 2004) all influence neck diameter. As onion plant population
increased from 20 to 40 plants m? neck diameter decreased significantly from 19 to
16 mm (Faroog-Ch et al., 1990). The reason for the increase in neck diameter as plant
population decreases may be due to larger plants that occur at lower plant populations.
Current results showed that neck diameter of bulbs decreased with a delayed sowing date
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and according to Brewster (1994) late sown plants will start initiating bulbs at the same
time as early sown plants, but the later sown plants will still be small, resulting in thinner

bulb necks.

From the results, it is evident that plant population and sowing date influenced final neck
size of onion bulbs. The thinnest necks were obtained with plant populations ranged from
74 to 95 plants m?2 and a sowing date of 8 June. In the previous study, Chapter 4, Section
4.2.2.3, ‘Jaquar bulbs harvested from plants sown late (21 May) also produced the
thinnest necks, thinner than those from earlier sowing dates (30 April or 7 May). As plant
population declined from 61 plants m™ in 2009 to 41 plants m? in 2010 (Chapter 4,
Section 4.2.2.3), neck size also declined from 17.69 to 9.09 mm.

5.2.2.4 Bulb firmness

Bulb firmness was significantly affected by both plant population and sowing date. The

interaction between these two factors was, however, not significant (Table 5.8).

Table 5.8: Influence of plant population and sowing date on bulb firmness (mm)

Plant Population (PP) Sowing Dates (SD) Average
(plants m?) 11 May 25 May 8 June (PP)
95 104.00 105.68 90.65 100.11
83 100.91 102.66 74.48 92.68
74 77.55 85.82 56.57 73.31
67 77.95 73.30 66.35 72.53
61 80.70 72.90 63.27 72.29
Average (SD) 88.22 88.07 70.26

LSDr0.05 PP =9.21 SD =6.06 PP x SD =ns

As plant population decreased from 95 to 62 plants m?, bulbs got firmer. Bulbs harvested
from plants sown at a density of 95 or 83 plants m? produced significantly softer bulbs
than those harvested from plants at 74, 67 or 61 plants m?. Plants sown late (8 June)
produced significantly firmer bulbs than when sown earlier (11 May or 25 May). This can
be attributed to fact that rain occurred just before harvesting bulbs of the late sown plants
(8 June). The same trend was observed on this cultivar in the earlier study (Chapter 4,
Section 4.2.2.4). Chung (1989) reported that when bulbs receive water close to harvesting

bulb firmness will increase.

A plant population of between 61 and 74 plants m? and a late sowing date (8 June)

resulted in the firmest bulbs.
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5.2.2.5 Bolting

No bolting occurred and corresponded to results of the previous study (Chapter 4, Section
4.2.2.5), although low temperatures (3.8-9.1°C) (Chapter 3, Table 3.1) occurred during the
expected bulb initiation period. This again indicates that ‘Jaquar’ is less sensitive to low

temperatures than other cultivars (Agic et al., 2007).

5.2.2.6 Bulb shape

‘Jaquar’ is known for its globe shaped bulbs (Hygrotech, 2009). As indicated in Section
2.5.3.3, bulb shape in this study was visually determined using the norms of Boyhan &
Kelley (2008). From the current results, none of the plant populations or sowing dates
produced globe shaped bulbs, and this was also true for the earlier study reported on in
Chapter 4, Section 4.2.2.6. Bulb shape changed with plant population. At a population of
95 or 83 plants m? bulbs were spindle shaped (epllitic) and changed to oval shape as
plant population decreased to 74 or 67 plants m™. Bulb shape changed from oval shape to
a broad reversed (top) shape with a further decrease in plant population to 61 plants m™.
The reason for the change in bulb shape was the limited space available for each bulb to
develop in. Elongated bulbs are the result of squeezing against each other (Hygrotech,
2010). McGeary (1985) reported a decline in number of round bulbs (13.3%) when
population increased from 178 to 1 600 plants m?. Current results showed that all the

bulbs (100%) changed shape as plant population changed.

5.3 SUMMARY AND CONCLUSIONS

The manipulation of plant population is a sensitive agronomic practice which cannot be
ignored as it influences growth, yield and bulb quality (bulb mass, size, firmness and
shape) of onions. Plant height was found to decrease significantly as plant population
increased, although plant population did not significantly influence the number of leaves
produced by onion plants. Less dense plant populations (61 and 67 plants m?) produced
significantly taller plants, while denser plant populations (74-95 plants m'2) produced more
leaves, although not significantly more. Sowing date significantly affected plant height but
not the number of leaves. The best vegetative growth was attained when plants were

sown during the middle of May.

Plant population significantly affected bulb fresh mass, with the bulb mass decreasing as

plant population increased, but not bulb yield. The highest bulb yield was obtained at 74
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plants m? and declined as plant population increased further. Both bulb fresh mass and
yield were significantly reduced by the late sowing date (8 June). Onions produced the

highest bulb fresh mass and yield when sowing was done during May.

It is evident that plant population influences growth, bulb yield and quality. Sowing date
significantly influenced most parameters measured, with the exception of leaf number and
bulb shape. Although late sowing (end May to beginning of June) tended to improve some
bulb quality parameters (neck diameter and firmness), the best yield was obtained from

plants sown from early to mid May at a plant population of 74 plants m=.
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CHAPTER 6

STORAGE LIFE OF DIFFERENT ONION CULTIVARS AS
AFFECTED BY PLANT POPULATION AND PLANTING DATE

6.1 INTRODUCTION

Onion storage is a valuable practice that provides bulbs for marketing when there is an
undersupply on the market and prices are high. There is a high demand for onions
throughout the year but prices fluctuate according to supply. The statistics from the
Bloemfontein Fresh Produce Market during 2009, indicated that during periods of over-
supply the market price is as low as R 2 738.97 ton™", but as soon as there is an under-
supply prices increased to R 4 790.52 ton” (Department of Agriculture, Forestry and
Fisheries, 2009). Successful storage of onions is therefore a challenge for producers so
that they can market bulbs at times when prices are high on the market. The aim of
storing onions is to maintain quality for as long as possible and to extend the availability of
onions (Hansen, 1999). Onion bulbs are naturally suited for storage as they are dormant
after harvesting. Studies conducted by Ramin (1999) and Grevsen & Sorensen (2004)
indicated that onion bulbs can be stored for 8 to 9 months without sprouting. However,
storability depends on a number of factors such as storage structure and conditions
(temperature, humidity and ventilation) (Brewster, 2008), cultivar type (Msuya et al., 2005)
and environmental conditions during growth (Abbey et al., 2000), as well as pre- and post-
harvest treatments (Toledo et al., 1984). According to Adamicki (2005) onions can be

stored for a long period at 0.5°C and a relative humidity of 75%.

Various storage methods exist for onion bulbs. In countries with a dry climate, such as
Argentina and Egypt, onions are stored in the field, which is a cheap and effective storage
method (Gubb & MacTavish, 2002). Onions are heaped and covered with straw or plastic
sheet to protect the bulbs from sunburn or occasional rains. In Thailand, onion bulbs are
stored by tying leaves in bunches and hanging them from poles either under the farmer’s
house or in sheds (Peters et al., 1994). Refrigerated storage is a more expensive but

effective way of storing onion bulbs for a long period (Smittle, 1988).

The major problem during storage is the loss of bulbs, which may be due to several
factors, the most important one being post-harvest diseases (Wright & Grant, 1997).
Losses due to post-harvest diseases during storage can range from 10 to 50%

(Rajapakse & Edirimanna, 2002). Various pathogens such as Botrytis allii (Prithiviraj et al.,
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2004; Geary et al., 2006), Erwinia carotovora subsp. carotovora (Mohan, 1995) and
Aspergillus niger (Abd-Alla et al., 2006; Ullah et al., 2008) are responsible for post-harvest
rotting. Warm storage conditions (24-30°C) and a high relative humidity (78-81%) can be
the cause of black mould (Aspergillus niger) infection during storage (Sumner, 1995).
Cultural practices such as harvesting time, topping and moisture present in the neck of the
bulb at harvesting can influence rotting of bulbs by Pseudomonas marginalis and
Pseudomonas carotovorum subsp. carotovorum during storage (Schroeder & Du Toit,
2010). The level of rotting during storage varies from season to season due to prevailing
weather conditions during growth and harvesting, curing and storage conditions (Wright &
Grant, 1997; Adamicki, 2005).

Sprouting can also cause bulb losses during storage (Hurst et al., 1985; Benkeblia et al.,
2002; Gautam et al., 2006). Storage temperatures ranging from 10-20°C (Benkeblia et al.,
2002) influence the development and rate of sprouting. No sprouting occurs at storage
temperature between -1 and 1°C or between 25 and 30°C (Miedema, 1994). Genetic
composition (Miedema, 1994), time of harvesting (Grevsen & Sorensen, 2004) and
application of nitrogen fertilizer close to harvesting (Sorensen & Grevsen, 2001, 2002) are
also known to affect sprouting. Sprouted bulbs are of a low quality and are not allowed in

first class graded onions (Grevsen & Sorensen, 2004).

Any loss in mass during storage of onion bulbs causes a reduction in marketable mass
(Mozumder et al., 2007). High storage temperatures (25°C to 39°C) and a high relative
humidity (90%) promote rotting, transpiration and respiration which influence bulb mass
(Msuya et al.,, 2005; Biswas et al., 2010). The loss of moisture from bulbs may be
prevented by maintaining a relative humidity of between 65 to 75% during storage (Ramin,
1999). The rate of water loss is higher in short day cultivars causing them to have a poor
storage compared to long day cultivars (Kopsell & Randle, 1997; Ramin, 1999). Storage
of onion bulbs is also associated with the type of cultivar (Fustos et al., 1994). Long day
cultivars have a potential for longer storage, 1 to 2 months longer than short day cultivars
(Hygrotech, 2009a & b). However, some new short day cultivars can be stored for longer
periods, almost the same as some intermediate day cultivars. For example, the short day
cultivar ‘Red Creole’ can be stored for up to six months. Currah & Proctor (1990) as cited
by Ko et al. (2002) reported that ‘Violet de Galmi’ and ‘Yod Aleph’, both short day

cultivars, can be stored for up to seven months.
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Long term storage of onion bulbs is desired for continuous supply to the market and has a
great influence on market value (Suzuki & Cutcliffe, 1989; Department of Agriculture,
Forestry and Fisheries, 2009). This experiment was, therefore, conducted to evaluate the

storage capability of different onion cultivars sown on different dates.

6.2 RESULTS AND DISCUSSION

Bulbs used in this experiment were those harvested from the three trials reported

previously in Chapters 4 and 5. The methods are discussed in Chapter 3, Section 3.5.

The storage of onion bulbs were terminated as soon as the bulbs were no longer visually
attractive and marketable. Storage data was taken every three weeks up to 18 weeks
after commencement of storage in 2009, and up to 15 weeks in 2010. Moisture loss from

bulbs was only measured during 2010.

6.2.1 Influence of cultivar and sowing date on storage of onions
6.2.1.1 Storage duration

The storage duration of onion bulbs stored under different conditions was not affected by
sowing dates in either 2009 or 2010 (Figure 6.1a-d). Interestingly, ‘Charlize’ (short day
cultivar), ‘Jaquar’ and ‘Python’ (two intermediate day cultivars) lasted 126 days under both
storage conditions, whereas ‘South Wester’ (mid-intermediate day cultivar) only lasted
105 days in the cold room and 98 days under room temperature conditions during 2009
(Figure 6.1a & b). During 2010, the mid-intermediate day cultivar Ceres Gold, also only
lasted 63 days compared to 105 days for ‘Charlize’, ‘Jaquar’ and ‘Python’ under both

storage conditions (Figure 6.1c & d).

Different researchers indicated that climate conditions during the growth season
influenced the storage duration of onion bulbs and may also influence the growth period
before harvesting the bulbs (Rutherford & Whittle, 1982; Adamicki, 2005; Mallor et al.,
2011; Tarpaga et al., 2011). The current study indicated that the storage duration for the
same cultivar differed between the two seasons (Figure 6.1). The growth period (from
sowing to harvesting) for ‘Charlize’, ‘Jaquar’ and ‘Python' was between two and four

weeks longer in 2009 than in 2010 (Table 4.1) allowing bulbs to accumulate
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carbohydrates over a longer period in 2009 than in 2010 that may have enabled bulbs to

be stored for 21 days longer.
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Figure 6.1: Storage duration of different onion cultivars sown at different dates stored
under different conditions: (a) room temperature (+25°C) and (b) cold room
temperature (5°C) during 2009; (c) room temperature (+25°C) and (d) cold
room temperature (5°C) during 2010

The large bulbs with thick necks produced by the two mid-intermediate day cultivars
(‘South Wester’ and ‘Ceres Gold’) may be the reason for their shorter storage periods
compared to other cultivars. In Chapter 4, Section 4.2.2.2, it was reported that ‘South
Wester’ bulbs were larger (82.51 mm) than the other cultivars in 2009, while in 2010
‘Ceres Gold’ had larger bulbs (60.06 mm). Necks of ‘South Wester and ‘Ceres Gold’ were
thicker (22.55 and 18.96 mm, respectively) compared to other cultivars (Chapter 4,
Section 4.2.2.3). Ward (1979) reported that small (45-50 mm) or medium (50-60 mm)

bulbs lasted better than large bulbs (60-70 mm) under storage. Onion bulbs with thinner
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necks have a better storage life (Mohanty & Prusti, 2001; Jilani & Ghaffoor, 2003) due to
the fact that stored bulbs lose more moisture through the thicker than thinner necks

(Thamizharasi & Narasimham, 1991).

The storage period of ‘Charlize’ (short day cultivar) and ‘Jaquar’ (early-intermediate day
cultivar) ranged between 2 and 3 months whereas ‘Python’ (early-intermediate day
cultivar) ranged between 3.5 and 4.5 months, and ‘South Wester and ‘Ceres Gold’ (two
mid-intermediate day cultivars) ranged between 2 and 3.5 months (Figure 6.1a-d).
However, ‘South Wester’, ‘Ceres Gold’, ‘Python’ and ‘Jaquar’ are known for long storage

periods of up to five and seven months (Hygrotech, 2009b).

6.2.1.2 Black mould (Aspergillus niger)

A number of bulbs were lost due to black mould (A. niger) infection (Figure 6.2) during
both 2009 and 2010 trials (Table 6.1 & 6.2). During 2009, disease incidence occurred
after as little as three weeks of storage (Table 6.1), while in 2010 it was only visible at the
end of the storage period (15 weeks of storage). All bulbs stored under room temperature

were infected (Table 6.2), but none of the bulbs stored in the cold room were infected.

Figure 6.2: Onion bulbs infected with black mould (A. niger)

Onions sown late (21 May) and stored under room temperature after harvesting in 2009,
showed a much higher infection percentage of black mould than all the other sowing
dates, irrespective of cultivar (Table 6.1). The same trend was observed for bulbs stored
in the cold room, but the percentage infection was much lower for all sowing dates.
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A much higher percentage of ‘South Wester’ bulbs were lost due to black mould infection
compared to the other cultivars when stored under room temperature, in 2009. When
sowing was done on 30 April, 69.70% of ‘South Wester’ bulbs were lost, followed by
9.09% of ‘Jaquar’ and ‘Charlize’ and then 3.03% of ‘Python’ bulbs. When onions were
sown on 7 May, 57.58% of ‘South Wester’ bulbs were lost due to black mould infection
followed by 30.30% of ‘Jaquar’ and 15.15% of both ‘Charlize’ and ‘Python’. When sowing
was done on 21 May, ‘South Wester’ and ‘Jaquar’ showed a higher percentage bulb loss
due to black mould compared to ‘Charlize’ and ‘Python’ in both storage conditions.

Table 6.1: Number and total percentage bulb loss due to black mould (A. niger) infection
of different onion cultivars sown on different dates in 2009 (n=33)

Sowing . Storage period (weeks) Total
Storage = ie Cultivar 3 6 9 12 15 18 loss (%)
Charlize 0 0 0 0 1 2 9.09
. Jaquar 2 0 0 1 0 0 9.09
30 April Python 0 0 0 0 o 1 3.03
South Wester 16 0 2 5 0 0 69.70
Charlize 0 0 0 2 3 0 15.15
Jaquar 0 7 0 1 0 2 30.30
Room 7 May Python 1 0 3 0 1 0 1515
South Wester 10 3 4 2 0 0 57.58
Charlize 0 7 2 1 1 0 33.33
21 May Jaquar 0 13 1 2 1 3 60.60
Python 0 0 0 0 10 0 30.30
South Wester 18 0 0 4 0 0 66.67
Charlize 0 0 0 0 0 0 0.00
. Jaquar 0 0 0 0 0 1 3.03
30 April Python 0 0 0 0 0 o0 0.00
South Wester 0 0 2 0 0 0 6.06
Cold Charlize 0 0 0 0 0 0 0.00
room- 7 May Jaquar 0 2 4 0 0 0 18.18
Python 0 0 0 0 0 0 0.00
South Wester 2 2 0 0 0 0 12.12
Charlize 0 2 2 2 0 0 18.18
21 May Jaquar 0 0 0 5 0 2 21.21
Python 0 0 0 0 0 2 6.06
South Wester 2 2 0 0 0 0 12.12
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Table 6.2: Number and total percentage bulb loss due to black mould (A. niger) infection
of different cultivars sown on different dates in 2010 (n=33)

Sowing . Storage period (weeks) Total
Storage date Cultivar 3 6 9 12 15  loss (%)
Charlize 0 0 0 0 33 100
11 May Jaquar 0 0 0 0 33 100
Python 0 0 0 0 33 100
Ceres Gold 0 0 0 0 33 100
Charlize 0 0 0 0 33 100
Jaquar 0 0 0 0 33 100
Room 25 May Python 0 0 0 0o 33 100
Ceres Gold 0 0 0 0 33 100
Charlize 0 0 0 0 33 100
8 June Jaquar 0 0 0 0 33 100
Python 0 0 0 0 33 100
Ceres Gold 0 0 0 0 33 100
Charlize 0 0 0 0 0 0
Jaquar 0 0 0 0 0 0
11 May Python 0 0 0 0 0 0
Ceres Gold 0 0 0 0 0 0
Cold Charlize 0 0 0 0 0 0
Room 25 May Jaquar 0 0 0 0 0 0
Python 0 0 0 0 0 0
Ceres Gold 0 0 0 0 0 0
Charlize 0 0 0 0 0 0
8 June Jaquar 0 0 0 0 0 0
Python 0 0 0 0 0 0
Ceres Gold 0 0 0 0 0 0

Black mould infection increased with delayed sowing dates (7 and 21 May) when bulbs
were stored under cold room temperatures. ‘South Wester' and ‘Jaquar showed the
highest infection percentage of black mould with 12.12 and 21.21%, respectively. Results
indicated that late sowing increased the incidence of black mould and that some cultivars

such as Charlize and Python showed some resistance to black mould.

The intensity of black mould infection between the two seasons was not the same,
indicating the climate conditions during harvesting may have played a role. Black mould
infection was reported as early as the third week of storage in 2009 and only during the
last week of storage (week 15) in 2010. During 2009, more rain occurred five days prior to
harvesting (42 mm) than during 2010 (18 mm), and this may have led to the earlier
infection during storage. According to Thamizharasi & Narasimham (1991) rain can lead
to increased ambient relative humidity and also the susceptibility of onion bulbs to black
mould infection. Onion cultivars also differ in their susceptibility to black mould infection
and this was particularly evident in 2009. ‘Charlize’ and ‘Python’ showed more resistance
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to black mould infection than ‘South Wester and ‘Jaquar’ (Table 6.1). The average
temperature in room storage was 26°C, and in the cold room 5°C. It has been reported
that temperatures ranging from 28 to 34°C (Tyson & Fullerton, 2004) enhance the
germination of black mould spores and may explain the lower infection rate in the cold

room.

It is clear from this data that rainfall during harvesting may have had an influence on black

mould infection during storage but that storage temperatures may also play a role.

6.2.1.3 Sprouting

Another minor cause of bulb losses during storage was sprouting (Figure 6.3). Onion
bulbs are dormant after harvesting and sprouting can occur during storage after dormancy
is broken and leaves will emerge and grow from the bulbs (Yasin & Bufler, 2007; Nam et
al., 2011).

Figure 6.3: Onion bulbs that sprouted during storage under both room and cold room

conditions

No clear trend could be detected between the two seasons (Tables 6.3 & 6.4). Sprouting
varied between cultivars, sowing dates and storage conditions. From the current study,
sprouting was first noted after 42 days of storage for bulbs under room conditions,
whereas in the cold room it was first noted after 63 days, during 2009. ‘South Wester’
(9.09%) and ‘Python’ (3.03%) bulbs harvested from plants sown on 7 May and stored
under room temperature sprouted. In the cold room, only ‘Charlize’ and ‘Jaquar’ bulbs

harvested from plants sown on 7 May or 21 May sprouted (Table 6.3).
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Table 6.3: Number and total percentage of bulbs lost due to sprouting of different onion
cultivars sown on different dates during 2009 (n=33)

Sowin . Storage duration (weeks) Total
Storage g0 Cultivar 3 6 9 12 15 18 loss (%)
Charlize 0 0 0 0 0 0 0.00
. Jaquar 0 0 0 0 0 0 0.00
30 April Pyct‘hon 0 0 0 0 0 0 000
South Wester 0 0 0 0 0 0 0.00
Charlize 0 0 0 0 0 0 0.00
Jaquar 0 0 0 0 0 0 0.00
Room 7 May Python 0 0 1 0 0 0 303
South Wester 0 3 0 0 0 0 9.09
Charlize 0 0 0 0 0 0 0.00
21 May Jaquar 0 0 0 0 0 0 0.00
Python 0 0 0 0 0 0 0.00
South Wester 0 0 0 0 0 0 0.00
Charlize 0 0 0 0 0 0 0.00
. Jaquar 0 0 0 0 0 0 0.00
30 April Python 0 0 0 0 0 0 000
South Wester 0 0 0 0 0 0 0.00
Charlize 0 0 1 0 0 0 3.03
Cold 7 May Jaquar 0 2 0 0 0 0 6.06
Room Python 0 0 0 0 0 0 0.00
South Wester 0 0 0 0 0 0 0.00
Charlize 0 0 0 2 0 0 6.06
Jaquar 0 0 1 0 0 0 3.03
21 May Python 0 0 0 0 0 0 000
South Wester 0 0 0 0 0 0 0.00

During 2010, no visible sprouting was noticed on any of the cultivars stored under room
temperature (Table 6.4). Onion bulbs stored in the cold room differed in the percentage of
sprouting that occured between the different cultivars. Only ‘Python’ and ‘Jaquar’ bulbs
harvested from plants sown early (11 May) sprouted and only for ‘Jaquar’ bulbs (6.06%)
when sowing was delayed to 25 May. When sowing was further delayed to 8 June, both
‘Python’ (42.42%) and ‘Jaquar’ (24.24%) bulbs sprouted in the cold room.
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Table 6.4: Number and total percentage of bulbs lost due to sprouting of different onion
cultivars sown on different dates during 2010 (n=33)

Sowing . Storage period (weeks) Total
Storage " Cultivar 3 6 9 12 15 loss (%)
Charlize 0 0 0 0 0 0.00
11 May Jaquar 0 0 0 0 0 0.00
Python 0 0 0 0 0 0.00
Ceres Gold 0 0 0 0 0 0.00
Charlize 0 0 0 0 0 0.00
Jaquar 0 0 0 0 0 0.00
Room 25May  piihon 0 0 0 0 0 0.00
Ceres Gold 0 0 0 0 0 0.00
Charlize 0 0 0 0 0 0.00
8 June Jaquar 0 0 0 0 0 0.00
Python 0 0 0 0 0 0.00
Ceres Gold 0 0 0 0 0 0.00
Charlize 0 0 0 0 0 0.00
11 May Jaquar 0 0 1 2 0 9.09
Python 0 0 3 0 0 9.09
Ceres Gold 0 0 0 0 0 0.00
Charlize 0 0 0 0 0 0.00
Cold 25 Ma Jaquar 0 0 0 2 0 6.06
Room Y Python 0 0 0 0 0 0.00
Ceres Gold 0 0 0 0 0 0.00
Charlize 0 0 0 0 0 0.00
8 June Jaquar 0 0 2 6 0 24.24
Python 0 0 7 7 0 42.42
Ceres Gold 0 0 0 0 0 0.00

From the result of this study it is apparent that sprouting was more evident in bulbs from
late sown plants and particularly when stored in the cold room (5°C). This may be due to
the fact that bulb dormancy is broken at temperatures ranging between 5 and 20°C, while
storage temperatures of between 25 and 30°C are known for inhibiting sprouting of bulbs
(Gubb & MaTavish, 2002). Ramin (1999) reported that temperature of 25°C during

storage induces dormancy in bulbs.

Ward (1979) reported that the commencement of sprouting in onion is not related to the
bulb size. As bulb size had no effect on the initiation of sprouting, other factors such as
storage temperature or sowing date may be the cause of sprouting. From this experiment,
bulbs of late sown plants sprouted more than bulbs from early sown plants. This could be
due to a shorter growth period of 186 days compared to 200 days of the earlier sown
plants (Table 5.1), as previous studies have shown that natural growth inhibitors are
transported from the leaves to the bulbs during bulb growth and maturation (Thomas,

1968; Hygrotech, 2010). A longer growth period available for the production and
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accumulation of growth inhibitors in the bulbs, resultied in a longer storage period without

sprouting.

6.2.1.4 Bulb moisture loss

The percentage moisture lost from onion bulbs during storage was significantly influenced
by the interaction between sowing date and storage type (Table 6.5). Bulbs harvested
from plants sown on 25 May lost significantly less moisture (10.90%) when stored in the
cold room than bulbs stored under room temperature conditions (25.17%). Interestingly,
bulbs of early sown plants (11 May) stored under room temperature, did not lose as much
moisture (11.33%) as bulbs stored in the cold room (18.54%).

Table 6.5: Percentage moisture loss of onion bulbs as influenced by sowing date and
storage temperature in 2010

Moisture loss (%)

Storage (S) Sowing Date (SD) Average (S)
11 May 25 May 8 June

Room 11.33 2517 22.19 19.56

Cold Room 18.54 10.90 16.26 15.23

Average (SD) 14.94 18.04 19.23

L SD1(0.05(SDXS) 13.95

Cultivars also differed significantly in the percentage moisture lost during storage (Table
6.6). ‘Ceres Gold’ lost significantly less moisture than ‘Python’. ‘Charlize’ and ‘Jaquar’ did

not differ significantly from either ‘Ceres Gold’ or ‘Python’.

Table 6.6: Percentage moisture loss of onion cultivars stored under room and cold room
temperatures in 2010

Cultivar (C) Moisture loss (%)
Charlize 15.71
Jaquar 20.26
Python 22.19
Ceres Gold 11.42
LSDr(0.05(C) 10.21

From this data moisture loss (10.90%) of bulbs harvested from plants sown on the 25 May
and stored in the cold room were the closest to the percentage of moisture loss (10%) as
seen acceptable during storage (Robinson et al., 1975; Burton, 1982). Bulbs harvested
from plants sown on 11 May and stored under room conditions were also only 11.33%.
‘Ceres Gold’ and ‘Python’ lost more moisture than ‘Charlize’ and ‘Jaquar’ and this

corresponded with their neck diameter (Chapter 4, Section 4.2.2.3). ‘Ceres Gold’ and
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‘Python’ recorded significantly thicker necks (18.96 and 13.81 mm, respectively)
compared to ‘Charlize’ and ‘Jaquar’ (7.84 and 9.09 mm, respectively). Thamizharasi &
Narasimham (1991) reported that moisture is mainly lost through the neck of the onion
bulb during storage. The relative humidity was not controlled during the study and ranged
between 48 and 50% in the room and 84 and 86% in the cold room. Both were outside the
recommended humidity of 75% for onion storage. According to Brewster (2008),
temperature and relative humidity influence moisture loss from the bulbs. Although a low
temperature was maintained in combination with a high relatively humidity in the cold
room, bulbs still lost a relative high percentage of moisture. The loss of moisture was also
not attributed to bulb firmness.

6.2.2 Influence of sowing date and plant population on storage of ‘Jaquar’ bulbs
6.2.2.1 Storage duration

The storage duration of ‘Jaquar’ bulbs was not influenced by sowing date, plant population
or storage conditions (Figure 6.4a-b). Interestingly, the number of storage days for
‘Jaquar’ bulbs for both field trials done in 2010 was 105 days (Chapter 6, Section 6.2.1.1,
Figure 6.1c & d).
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B 67 plants m™ 61 plants m™

Figure 6.4. Storage duration of ‘Jaquar bulbs as influenced by sowing date, plant
population and stored under (a) room or (b) cold room conditions during
2010

The storage period for ‘Jaquar’ was 105 days (3 months) under both storage conditions.
This correspond with a storage potential of 2 to 3 months reported by Hygrotech (2009a),
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confirming that the genetic compositions of a cultivar will also determine its storability

(Adamicki, 2005).

6.2.2.2 Black mould (Aspergillus niger)

Black mould infection of ‘Jaquar’ bulbs was affected by storage conditions but not sowing

date or plant population (Table 6.7). All the ‘Jaquar’ bulbs stored under room temperature

conditions were lost due to black mould which was first noticed after 15 weeks of storage

but none were lost when stored in the cold room (Table 6.3).

Table 6.7: Number and total percentage bulb lost due to black mould (A. niger) of ‘Jaquar’
sown on different dates and at different plant populations during 2010 (n=33)

Plant

Storage period (weeks)

Storage Sowing population | Tota(!
date (plants m?) 3 6 9 12 15 0ss (%)
95 0 0 0 0 33 100
83 0 0 0 0 33 100
11 May 74 0 0 0 0 33 100
67 0 0 0 0 33 100
61 0 0 0 0 33 100
95 0 0 0 0 33 100
83 0 0 0 0 33 100
Room 25 May 74 0 0 0 0 33 100
67 0 0 0 0 33 100
61 0 0 0 0 33 100
95 0 0 0 0 33 100
83 0 0 0 0 33 100
8 June 74 0 0 0 0 33 100
67 0 0 0 0 33 100
61 0 0 0 0 33 100
95 0 0 0 0 0 0
83 0 0 0 0 0 0
11 May 74 0 0 0 0 0 0
67 0 0 0 0 0 0
61 0 0 0 0 0 0
95 0 0 0 0 0 0
Cold 83 0 0 0 0 0 0
Room 25 May 74 0 0 0 0 0 0
67 0 0 0 0 0 0
61 0 0 0 0 0 0
95 0 0 0 0 0 0
83 0 0 0 0 0 0
8 June 74 0 0 0 0 0 0
67 0 0 0 0 0 0
61 0 0 0 0 0 0

The reason why bulb losses due to black mould were more for bulbs stored at room

temperature (+25°C) than at cold room temperature (5°C) may be due to the fact that
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black mould infection occurs under warmer temperatures (24-30°C) while cooler

conditions are not conducive for development of the disease (Sumner, 1995).

6.2.2.3 Sprouting

None of the ‘Jaquar’ bulbs sprouted when stored under room temperature conditions,
irrespective of sowing date or plant population. Only bulbs harvested from plants sown on
25 May and stored in the cold room sprouted. Bulbs of plants that were sown at a lower
plant population (61 or 74 plants m®) sprouted more (12.12%) than bulbs of plants planted
at a higher plant population of 95 plants m? (9.09%) (Table 6.8).

Table 6.8: Number and total percentage of sprouted ‘Jaquar bulbs sown on different
dates and plant population during 2010 (n=33)

Plant Storage period (weeks)

Storage Sowing population Total
date -2 3 6 9 12 15 lost (%)
(plants m™)

95 0 0 0 0 0 0.00

83 0 0 0 0 0 0.00

11 May 74 0 0 0 0 0 0.00

67 0 0 0 0 0 0.00

61 0 0 0 0 0 0.00

95 0 0 0 0 0 0.00

83 0 0 0 0 0 0.00

Room 25 May 74 0 0 0 0 0 0.00
67 0 0 0 0 0 0.00

61 0 0 0 0 0 0.00

95 0 0 0 0 0 0.00

83 0 0 0 0 0 0.00

8 June 74 0 0 0 0 0 0.00

67 0 0 0 0 0 0.00

61 0 0 0 0 0 0.00

95 0 0 0 0 0 0.00

83 0 0 0 0 0 0.00

11 May 74 0 0 0 0 0 0.00

67 0 0 0 0 0 0.00

61 0 0 0 0 0 0.00

95 0 0 0 3 0 9.09

Cold 83 0 0 0 0 0 0.00
Room 25 May 74 0 0 1 3 0 12.12
67 0 0 0 0 0 0.00

61 0 0 1 3 0 12.12

95 0 0 0 0 0 0.00

83 0 0 0 0 0 0.00

8 June 74 0 0 0 0 0 0.00

67 0 0 0 0 0 0.00

61 0 0 0 0 0 0.00

Bulbs of onions sown on 25 May at low plant populations of 61 or 67 plants m™ recorded

larger bulbs (59.57 and 64.05 mm, respectively) compared to bulbs of plants sown at
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higher populations of 95 or 83 plants m™ (40.55 and 44.59 mm, respectively). Large onion
bulbs contain low dry matter and it has been reported that high dry matter content prolong
dormancy due to more growth regulators it contain (Ward, 1979; Chung, 1989; Sorensen
& Grevsen, 2001; Tarpaga et al., 2011). Comparing results of this experiment with those
reported earlier in Chapter 6, Section 6.2.1.3 Table 6.4, ‘Jaquar is more prone to
sprouting and bulbs stored at 5°C sprouted irrespective of sowing date. Room
temperature does not encourage sprouting because of temperatures above 25°C which
stimulate growth inhibitors that inhibit sprouting (Miedema, 1994; Sorensen & Grevsen,
2001).

6.2.2.4 Bulb moisture loss

The percentage moisture loss of ‘Jaquar’ bulbs during storage was significantly influenced
by only sowing date and plant population. ‘Jaquar’ bulbs harvested from plants sown early
(11 May) lost significantly more moisture than bulbs of later sown plants (25 May or 8
June) (Table 6.9). As sowing date was delayed, moisture loss from the bulbs during

storage also decreased, although not always significant.

Table 6.9: Percentage moisture loss during storage of onion bulbs as influenced by
sowing date in 2010 (n=33)

Sowing date (SD) Moisture loss (%)
11 May 23.84
25 May 15.06
8 June 13.20
LSDr(0.05) (SD) 7.01

‘Jaquar’ bulbs harvested from plants planted at a population of 95 plants m? lost
significantly less moisture (9.83%) than bulbs of plants planted at a population of 61 or 67
plants m? (22.67% or 21.79%, respectively) (Table 6.10).

Table 6.10: Percentage moisture loss during storage of onion bulbs as influenced by plant
population in 2010 (n=33)

Plant populations (plants ha™) (PP) Moisture loss (%)
95 9.83
83 17.65
74 18.28
67 21.73
61 22.67
LSD10.05 (PP) 10.60
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Bulb moisture loss decreased as plant population increased from 61 to 95 plants m?,
although not always significant. The loss of bulb moisture decreased from 23.84% to
13.20% as sowing date was delayed (Table 6.9) and decreased from 22.67% to 9.83% as
plant population increased (Table 6.10). As sowing date was delayed, neck and bulb
diameter also declined (Chapter 5, Section 5.2.2, Table 5.6 & 5.7) together with also
decreasing moisture loss from the bulbs. It was also observed that as plant population
increased, bulb and neck diameter decreased (Chapter 5, Section 5.2.2.3, Table 5.7) and
percentage of moisture loss decreased (Table 6.10). This supports earlier reports that the
amount of moisture loss from onion bulbs is influenced by the neck diameter and outer

area of the bulbs (Thamizharasi & Narasimham, 1991).

6.3 SUMMARY AND CONCLUSIONS

Mid-intermediate day cultivars (‘South Wester’ and ‘Ceres Gold’) had a shorter storage life
(2-3 months) than those of the short (‘Charlize’) or early intermediate (‘Jaquar’ and
‘Python’) day cultivars (3-4 months). ‘South Wester’ and ‘Jaquar’ were more susceptible to
black mould than the other cultivars, with a higher rate of infection under room than cold
room storage. During 2009 more bulbs of later sown onions (21 May) were infected with
black mould due to the occurrence of rain prior to or during the harvesting period.
Sprouting was more common in the intermediate day cultivars (‘South Wester’, ‘Python’
and ‘Jaquar’) than the short day cultivar Charlize when sown late. ‘Python’ and ‘Jaquar’

lost significantly more moisture under room storage than all the other cultivars.

Onions performed well under both storage conditions. It should however, be noted that
black mould was more common at room temperatures while sprouting was more under
cold room storage. Although sowing date did not have an impact on parameters

measured, delayed sowing resulted in a high rate of black mould infection and sprouting.

Cultivars differ from each other with regard to their storability, susceptibility to black
mould, sprouting and moisture loss. Although sowing date did not significantly influence
bulb storability, black mould infection, sprouting and moisture loss were more common in
bulbs from plants that were sown late. ‘Charlize’, ‘Python’ and ‘Jaquar’ bulbs could be
stored for between three and four months, while those of ‘South Wester’ and ‘Ceres Gold’
only lasted for two to three months. Plant population did not influence bulb storage.
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CHAPTER 7
SUMMARY AND RECOMMENDATIONS

7.1 SUMMARY

Three field trials and a storage trial were conducted. Two field trials were carried out to
determine the effect of different sowing dates (30 April, 7 May, 21 May in 2009 and 11
May, 25 May, 8 June in 2010) on different cultivars (‘Charlize’, ‘Jaquar’, ‘Python’, ‘South
Wester’ and ‘Ceres Gold’). The third field trial in 2010 evaluated different plant populations
(61, 67, 74, 83 and 95 plants m?) using one onion cultivar (‘Jaquar’). The storage
experiment was used to determine the effect of different storage temperatures (5°C and

1+25°C) on onion bulbs.

7.1.1 Response of onion cultivars to different sowing dates

In this study it was observed that onion cultivars sown on different dates differed
significantly regarding plant height but not leaf number. ‘Python’ plants grew more
vigorously than of other cultivars. When sown late, shorter plants were produced. Cultivar
did not significantly influence bulb fresh mass and yield, although, ‘Jaquar’ plants
produced the heaviest bulbs and highest yield. When sowing was done from the end of
April to mid May no significant difference in the fresh mass and yield was formed, but
delaying sowing to the end of May to early June resulted in a significant decrease in bulb

fresh mass and yield.

Bulb qualities of the different cultivars also vary, with plants of ‘South Wester’ and ‘Ceres
Gold’ producing larger bulbs (82.51 and 60.06 mm, respectively) than those of other
cultivars. Plants of these cultivars also produced bulbs with thicker necks (22.55 and
18.96 mm, respectively) than those of other cultivars, while ‘Python’ plants produced
significantly firmer bulbs (59-74 mm) than the other cultivars (68.40-87.02 mm). Maximum
bolting percentage occurred in ‘South Wester and ‘Jaquar’ plants sown on 30 April or 7
May significantly more than that noted in other cultivars at other planting dates. Best

sowing date for all cultivars in Bloemfontein would, therefore, appear to be during May.
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7.1.2 Response of onion (cv. Jaquar) to sowing date and plant population

Plant height was found to decrease as plant population increased, but leaf production was
not significantly affected. Plant population also significantly influenced bulb fresh mass,
although it did not have a significant influence on bulb yield. Although the difference was
not significant, bulb yield reached a peak at a plant population of 74 plants m? and
decreased with a further increase in plant population. Both bulb fresh mass and yield
decreased significantly as sowing date was delayed. Neck diameter, bulb firmness, bolting
and bulb shape were all significantly influenced by plant population, with bulb and neck
sizes decreasing with increasing plant population, and firmer bulbs being produced as

plant population decreased.

It was evident that plant population influenced growth, bulb yield and quality. A plant

population of 74 plants m™? sown during May gave the best results.

7.1.3 Storage of onion bulbs as influenced by plant population and sowing date

Mid intermediate cultivars had a shorter shelf life (2-3 months) than the short or early-
intermediate day cultivars (3-4 months). Factors such as disease infection, sprouting and
moisture loss were associated with cultivar as well as storage conditions. The duration of
the plants growth period also played a role in bulb storage. The longer the growth period,

associated with early sowing, the longer the storage period attained.

It was evident that plant population did not influence bulb storage. Bulbs from plants
planted at a density of 61 and 74 plants m? were susceptible to black mould, sprouting
and moisture loss. Black mould and sprouting were more associated with storage
conditions than plant population. Sprouting only occurred when sowing was done on 25

May. Moisture loss decreased as sowing was delayed.

When considering all the storage results, it is clear that cultivars differed from each other
regarding shelf life, susceptibility to black mould, sprouting and moisture loss. High black
mould infections, sprouting and moisture loss occurred when sowing was delayed to end

of May.
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7.2 RECOMMENDATIONS

» The cultivar ‘Jaquar’ can be recommended for planting in this area since it out
performed all the other cultivars in both seasons, although cultivars did not differ
significantly in yield, which is the primary objective of any producer.

» The best sowing date in the Bloemfontein area is from the end of April to the end
of May for all the cultivars studied, as this result in the best vegetative growth and
yield. This date is however, not suitable for cultivars that are susceptible to bolting.

> A plant population of 74 plants m? is recommended for higher yields and a high
percentage of medium sized bulbs. However, for the production of extra small (10-
34 mm) and small (35-39 mm) plant population of 83-95 plants m? is

recommended and between 67 and 61 plants m™ for large bulbs (70-89 mm).

7.3 SCOPE FOR FUTURE RESEARCH

» More field experiments should be carried out to determine the planting date, with
planting taking place at seven day intervals commencing from April to the end of

May.

» Different maturity at harvesting should be considered when evaluating the storage

of onions in the future research.

» An important relationship exist between temperature and relative humidity during
storage and different combinations of these two factors should be considered in

future research.
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APPENDICES
Appendix 1

Table 1: Daily weather information for 2009 and 2010 season (South African Astronomical Observatory, 2009 & 2010; Department of
Metrological Services, 2010; Weather Underground, 2010)

-0€1L -

2009
January February March April
Day Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain
Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm)

1 30.8 16.2 13.58 5.8 29.4 18.1 13.26 0.0 28.3 15.0 12.41 0.0 28.3 15.3 11.46 0.0
2 304 147 13.57 18.8 29.1 18.1 13.25 0.0 26.7 15.9 12.39 0.0 28.2 14.4 11.44 0.5
3 29.7 143 13.57 1.0 314 18.0 13.23 0.0 27.8 15.5 12.37 48 26.8 13.8 11.43 0.0
4 298 119 13.56 0.3 30.2 15.0 13.22 0.0 27.9 13.9 12.35 0.0 26.4 14.1 11.41 0.0
5 324 138 13.56 0.0 26.4 14.7 13.20 4.6 271 14.4 12.34 0.0 26.7 13.6 11.39 0.5
6 336 159 13.55 1.8 29.2 16.2 13.19 0.0 27.4 15.0 12.32 0.0 275 12.8 11.37 0.0
7 35.1 13.7 13.55 0.0 29.2 17.3 13.17 11.4 27.9 14.8 12.30 0.0 27.8 12.6 11.36 0.0
8 341 207 13.54 0.0 28.8 16.8 13.16 0.3 27.9 12.8 12.28 0.0 25.9 13.8 11.34 0.0
9 323  20.1 13.53 0.3 29.1 17.2 13.14 25 27.7 16.2 12.27 9.1 25.6 11.7 11.32 0.0
10 288 187 13.52 0.3 27.9 17.5 13.13 0.5 26.0 14.5 12.25 0.0 27.2 10.7 11.31 0.0
11 320 177 13.51 22.9 23.6 16.6 13.11 25 27.6 14.6 12.23 0.0 27.4 13.7 11.29 0.0
12 277 1741 13.50 5.8 16.7 14.1 13.09 6.6 26.9 15.0 12.21 0.0 28.3 8.1 11.27 0.0
13 28.7 16.9 13.49 0.0 20.0 14.0 13.08 9.4 23.7 16.2 12.20 1.5 26.2 10.0 11.26 0.0
14 328 193 13.48 0.0 24.9 16.1 13.06 8.4 24.8 14.7 12.18 3.3 271 8.4 11.24 0.0
15 316 193 13.47 0.0 24.3 13.8 13.04 30.2 25.8 15.1 12.16 0.0 27.5 8.7 11.22 0.0
16 338 213 13.46 0.0 25.5 10.4 13.03 0.0 26.8 13.9 12.14 0.0 27.6 9.3 11.21 0.0
17 348 197 13.45 0.0 30.4 10.7 13.01 0.0 253 12.2 12.12 0.0 27.3 11.7 11.19 0.0
18 339 171 13.44 0.0 28.7 15.7 13.00 0.0 252 8.5 12.11 0.0 259 13.3 11.18 0.0
19 33.1 17.3 13.43 0.0 24.8 17.7 12.58 1.3 23.8 12.2 12.09 0.0 26.4 9.2 11.16 0.0
20 333 16.7 13.42 0.0 27.7 18.3 12.56 25 24.3 10.2 12.07 0.0 23.6 8.3 11.14 0.0
21 323 173 13.41 0.0 26.6 18.1 12.54 0.0 26.4 6.0 12.05 0.0 211 8.1 11.13 0.0
22 276 164 13.40 0.0 235 17.2 12.53 0.8 26.9 7.8 12.04 0.0 211 9.6 11.11 0.0
23 28.7 13.0 13.38 0.0 25.6 16.6 12.51 0.3 28.4 10.8 12.02 0.0 19.8 10.8 11.10 0.0
24 314 135 13.37 0.0 25.5 16.0 12.49 0.0 28.2 11.2 12.00 0.5 22.3 12.8 11.08 5.6
25 322 16.1 13.36 16.3 26.1 16.3 12.48 0.3 28.7 15.0 11.58 0.0 21.6 10.4 11.07 2.0
26 212 1741 13.35 2.0 28.1 17.5 12.46 8.9 29.3 13.9 11.56 0.0 171 5.7 11.05 0.0
27 25.1 16.3 13.33 0.8 26.7 17.2 12.44 6.9 29.6 13.9 11.55 0.0 21.4 3.5 11.04 0.0
28 19.0 147 13.32 33.8 27.3 17.0 12.42 0.5 30.1 17.3 11.53 0.0 24.0 4.1 11.02 0.0
29 225 148 13.30 5.1 28.8 17.3 11.51 2.0 23.8 9.4 11.01 0.0
30 294 159 13.29 0.0 28.1 16.0 11.49 0.0 19.2 9.0 10.59 3.3
31 30.7 17.0 13.28 0.0 28.9 11.7 11.48 0.0

Temp = Temperature, Max = Maximum, Min = Minimum, and Photo = Photoperiod
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Table 1: Continued

May June July August
Day Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain
Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm)
1 19.3 3.7 10.58 0.0 16.3 0.8 10.23 0.0 15.8 12.0 10.18 0.0 9.4 6.6 10.44 8.4
2 20.7 5.8 10.56 0.0 19.3 0.3 10.22 0.0 15.2 11.7 10.19 0.0 17.3 5.4 10.46 0.3
3 21.6 7.9 10.55 2.0 18.2 0.1 10.22 0.0 16.3 11.4 10.19 0.0 18.7 3.1 10.47 0.0
4 219 111 10.53 6.1 18.3 3.8 10.21 0.0 15.9 10.6 10.19 0.0 19.5 2.7 10.48 0.0
5 19.4 108 10.52 8.4 19.4 1.1 10.21 0.0 14.2 9.9 10.20 0.0 21.1 7.9 10.50 0.0
6 21.3 9.8 10.51 0.0 18.9 6.3 10.20 0.0 15.7 11.1 10.20 0.0 21.3 2.4 10.51 0.0
7 21.0 7.8 10.49 0.3 16.7 6.7 10.20 0.0 17.9 10.3 10.21 0.0 21.9 4.1 10.52 0.0
8 19.6 7.4 10.48 0.0 12.2 6.5 10.19 0.0 17.4 10.1 10.22 0.0 22.3 8.4 10.54 0.0
9 19.5 6.7 10.47 0.0 16.7 5.2 10.19 0.0 17.4 9.8 10.22 0.0 21.8 7.9 10.55 0.0
10 19.5 7.2 10.45 0.0 11.2 8.0 10.18 6.6 17.8 10.1 10.23 0.0 23.3 6.9 10.56 0.0
11 20.4 5.6 10.44 0.0 14.3 9.1 10.18 1.5 19.3 74 10.24 0.0 24.6 7.2 10.58 0.0
12 22.3 5.8 10.43 0.0 17.2 6.4 10.18 0.0 12.4 10.3 10.24 0.5 22.2 4.6 10.59 0.0
13 21.3 8.4 10.42 0.0 19.6 6.3 10.17 8.6 15.3 114 10.25 0.3 13.2 1.3 11.01 0.0
14 21.0 6.9 10.40 0.0 15.8 34 10.17 1.3 9.7 13.3 10.26 0.0 18.9 0.7 11.02 0.0
15 21.2 9.9 10.39 2.5 20.6 2.3 10.17 0.0 10.4 13.7 10.27 0.0 20.7 2.1 11.04 0.0
16 21.2 9.1 10.38 1.3 18.8 9.2 10.17 0.3 14.8 13.6 10.27 0.0 21.6 4.6 11.05 0.0
17 11.6 3.0 10.37 0.0 19.7 6.3 10.16 0.0 18.1 11.9 10.28 0.0 18.8 8.8 11.07 0.0
18 17.6 1.2 10.36 0.0 20.9 5.0 10.16 0.0 17.4 10.6 10.29 0.0 20.4 7.7 11.08 0.0
19 21.1 1.8 10.35 0.0 19.2 6.4 10.16 0.3 18.2 10.9 10.30 0.0 13.2 1.6 11.10 0.0
20 21.7 3.6 10.34 0.0 16.7 6.5 10.16 0.0 17.3 9.7 10.31 0.0 13.5 0.7 11.11 0.0
21 19.7 7.7 10.33 0.0 19.0 10.2 10.16 0.0 17.2 10.7 10.32 0.0 17.3 2.3 11.13 0.0
22 21.6 8.1 10.32 0.0 19.6 8.9 10.16 8.6 16.8 10.1 10.33 0.0 20.3 -0.6 11.14 0.0
23 21.8 9.0 10.31 0.0 11.7 6.0 10.16 0.0 9.6 12.7 10.34 0.0 20.8 4.1 11.16 0.0
24 214 6.8 10.30 0.0 10.3 0.6 10.16 0.3 10.9 14.3 10.35 0.0 21.2 3.9 11.17 0.0
25 21.8 6.9 10.29 0.0 10.4 -0.4 10.17 0.0 14.1 13.6 10.36 0.0 22.9 71 11.19 0.0
26 22.1 3.1 10.28 0.0 8.7 -1.6 10.17 0.0 17.8 11.9 10.37 0.0 23.8 8.2 11.21 0.0
27 21.2 3.0 10.27 0.0 15.0 0.3 10.17 0.0 18.1 10.7 10.38 0.0 19.6 5.8 11.22 1.0
28 22.1 2.7 10.26 0.0 14.7 -1.8 10.17 0.0 16.8 9.3 10.40 0.0 21.0 0.8 11.24 0.0
29 19.4 3.0 10.25 0.0 17.1 1.1 10.17 0.0 18.1 8.6 10.41 0.0 24.6 4.9 11.25 0.0
30 116 -0.5 10.25 0.0 15.0 2.3 18.18 0.0 17.9 7.5 10.42 0.0 26.5 11.9 11.27 0.0
31 14.1 -2.3 10.24 0.0 13.3 9.2 10.43 10.2 27.9 10.4 11.29 0.0
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Table 1: Continued

2009
September October November December

Day Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain

Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm)
1 286 10.5 11.30 0.0 25.9 13.2 12.22 5.8 247 12.6 13.14 7.1 31.5 13.9 13.51 0.0
2 253 104 11.32 0.0 25.2 11.1 12.24 5.1 23.2 12.3 13.15 0.0 313 15.7 13.52 0.0
3 241 5.2 11.34 0.0 23.1 12.8 12.25 2.0 25.7 13.3 13.17 0.0 31.2 13.0 13.53 0.0
4 27.4 35 11.35 0.0 211 12.8 12.27 6.1 20.1 12.1 13.19 17.0 324 12.3 13.54 0.0
5 287 105 11.37 0.0 23.9 11.5 12.29 0.0 26.3 10.6 13.20 0.3 32.8 15.0 13.54 0.0
6 287 117 11.39 0.0 28.2 10.7 12.30 0.3 28.7 10.1 13.22 0.0 32.7 16.9 13.55 10.9
7 29.1 14.0 11.40 0.0 28.1 14.4 12.32 0.0 28.9 16.4 13.23 9.1 31.1 16.1 13.56 0.5
8 20.8 8.7 11.42 0.0 252 6.3 12.34 0.0 28.7 16.4 13.24 6.1 28.6 16.8 13.56 10.9
9 20.1 41 11.44 0.0 27.8 5.6 12.36 0.0 21.7 10.6 13.26 3.3 27.9 16.3 13.57 7.4
10 20.2 8.8 11.45 0.0 30.1 8.8 12.27 0.0 21.8 71 13.27 0.0 30.3 14.9 13.57 0.0
11 18.6 4.1 11.47 0.0 20.0 14.1 12.39 1.7 25.6 8.6 13.29 0.0 29.2 15.3 13.58 0.0
12 23.8 2.1 11.49 0.0 18.6 9.9 12.41 15.5 29.7 11.3 13.30 0.0 31.8 16.0 13.58 0.0
13 26.6 10.2 11.51 0.0 21.7 5.1 12.43 0.0 27.8 15.2 13.31 0.0 33.0 16.0 13.59 0.0
14 27.6 6.2 11.52 0.0 27.3 9.6 12.44 0.0 253 9.3 13.33 0.0 25.9 15.4 13.59 21.8
15 26.7 127 11.54 0.0 271 15.1 12.46 0.0 24.9 9.1 13.34 0.0 31.5 15.0 13.59 0.0
16 235 115 11.56 0.0 23.9 14.8 12.46 2.8 26.1 10.3 13.35 0.0 29.6 141 14.00 0.0
17 23.8 9.8 11.57 0.0 26.1 13.7 12.48 0.3 20.9 9.9 13.37 0.0 32.7 11.9 14.00 0.0
18 19.0 6.3 11.59 0.0 24.9 9.8 12.49 0.0 19.6 9.7 13.38 37.8 32.9 13.9 14.00 0.0
19 22.8 0.4 12.01 0.0 25.4 8.7 12.51 0.0 22.4 8.7 13.39 0.0 33.9 15.2 14.00 0.0
20 24.4 5.3 12.03 0.0 27.0 10.7 12.53 0.0 18.8 8.7 13.40 43 34.1 16.6 14.00 0.0
21 26.4 94 12.04 0.0 31.0 12.7 12.56 0.0 19.9 11.7 13.41 0.0 32.9 18.6 14.00 2.0
22 27.8 7.3 12.06 0.0 31.3 14.4 12.58 0.0 26.5 10.1 13.43 0.0 34.5 17.2 14.00 0.0
23 26.7 113 12.08 0.0 31.0 15.7 12.59 0.0 29.6 12.9 13.44 0.0 314 20.2 14.00 0.8
24 28.7 8.9 12.10 0.0 30.2 15.7 13.01 15 29.2 17.0 13.45 0.0 33.9 17.3 14.00 0.0
25 257 8.8 12.11 0.0 239 14.9 13.03 2.3 30.7 17.5 13.46 0.0 34.2 17.5 14.00 0.0
26 28.1 8.2 12.13 0.0 25.1 14.8 13.04 0.8 324 15.8 13.47 0.0 32.2 17.9 14.00 0.0
27 29.9 9.8 12.15 0.0 25.1 15.2 13.06 0.0 30.4 14.1 13.48 0.0 31.2 14.6 14.00 0.0
28 25.7 8.6 12.17 0.0 25.7 14.3 13.08 71 31.4 13.6 13.49 0.0 33.7 14.8 13.59 0.0
29 19.8 107 12.18 0.0 23.8 12.4 13.09 0.0 32.1 19.7 13.50 0.0 32.0 13.9 13.59 0.0
30 20.8 10.8 12.20 0.0 25.1 8.3 13.11 0.0 30.4 17.7 13.51 0.0 34.3 15.4 13.59 0.0
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Table 1: Continued

2010
January February March April

Day Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain

Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm)
1 302 184 13.58 0.3 28.0 15.3 13.27 0.3 28.7 16.5 12.41 0.0 237 15.1 11.46 0.0
2 199 164 13.57 13.2 29.7 13.2 13.25 0.0 29.6 15.8 12.39 43 26.8 13.6 11.45 0.0
3 288 171 13.57 0.0 29.9 16.3 13.24 1.0 28.2 15.9 12.38 0.0 26.9 13.2 11.43 0.0
4 303 175 13.56 1.8 30.0 13.5 13.22 0.3 26.7 16.9 12.36 25 27.2 13.7 11.41 13.2
5 29.1 15.2 13.56 0.0 29.9 17.3 13.21 0.0 27.8 16.6 12.34 1.0 24.4 13.9 11.40 18.1
6 294 16.0 13.55 0.0 30.3 16.0 13.19 0.0 30.2 16.0 12.32 0.0 23.1 14.2 11.38 0.0
7 30.1 207 13.54 0.0 314 17.4 13.18 0.0 28.9 16.8 12.31 0.0 24.6 12.2 11.36 0.0
8 29.3 16.0 13.54 13.5 31.9 18.2 13.16 15 28.7 15.4 12.29 0.0 255 8.7 11.34 0.0
9 30.7 170 13.53 11.4 30.6 17.3 13.15 0.0 29.1 14.7 12.27 0.0 26.7 11.6 11.33 0.0
10 266 17.8 13.52 0.8 30.1 20.6 13.13 0.0 30.7 16.1 12.25 0.0 23.8 10.1 11.31 0.0
11 242 156 13.51 1.8 30.1 19.0 13.11 0.3 31.2 16.2 12.23 0.0 26.1 8.3 11.29 0.0
12 276 16.4 13.50 0.3 32.5 18.8 13.10 1.3 31.6 15.3 12.22 0.0 271 10.7 11.28 0.0
13 286 17.2 13.50 0.0 33.6 20.7 13.08 0.0 29.3 17.6 12.20 1.0 28.6 10.1 11.26 0.0
14 29.0 16.9 13.49 3.6 32.2 18.9 13.07 0.0 29.4 15.7 12.18 0.0 28.0 11.5 11.24 0.0
15 314 229 13.48 0.0 29.0 16.4 13.05 27.2 28.5 15.7 12.16 0.0 27.2 10.8 11.23 0.0
16 312 16.1 13.47 0.0 24.6 15.9 13.03 13.2 28.5 13.3 12.15 0.0 20.7 14.2 11.21 1.0
17 337 165 13.46 0.0 26.4 15.4 13.02 0.0 25.9 13.9 12.13 3.0 24.3 13.5 11.20 0.5
18 329 196 13.44 0.8 28.8 14.6 13.00 0.0 27.2 13.9 12.11 0.0 24.3 12.9 11.18 1.3
19 227 16.9 13.43 16.3 29.8 14.6 12.58 0.0 29.1 12.7 12.09 0.0 22.2 121 11.16 9.1
20 26.1 16.8 13.42 0.0 29.7 18.2 12.57 0.0 28.2 15.1 12.08 1.5 19.0 4.8 11.15 0.0
21 246 16.9 13.41 2.8 30.4 17.6 12.55 0.0 27.3 14.1 12.06 0.0 20.6 6.2 11.13 0.0
22 19.7 16.8 13.40 9.9 29.2 18.6 12.53 0.0 28.2 14.2 12.04 46 20.1 7.3 11.12 0.0
23 258 16.3 13.39 25 28.1 17.7 12.51 3.0 26.9 13.8 12.02 2.0 19.2 4.7 11.10 0.0
24 29.3 169 13.37 0.0 18.2 15.0 12.50 71.9 27.2 14.2 12.01 0.0 19.2 7.3 11.09 0.5
25 26.7 16.9 13.36 17.8 26.6 15.5 12.48 4.8 259 16.0 11.59 234 20.0 9.3 11.07 0.0
26 208 16.7 13.35 14.0 26.3 15.0 12.46 0.0 242 16.8 11.57 19.8 17.6 8.5 11.05 0.3
27 29.8 16.1 13.34 0.0 28 15.2 12.45 0.0 22.4 10.4 11.55 8.4 14.7 9.8 11.04 2.0
28 309 16.5 13.32 0.0 28.6 16.2 12.43 0.0 241 6.3 11.53 0.0 17.9 11.6 11.02 1.8
29 299 158 13.31 0.0 27.2 9.2 11.52 0.0 21.8 8.7 11.01 0.0
30 279 1741 13.29 0.0 27.8 15.6 11.50 6.1 17.6 8.7 11.00 0.0
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Table 1: Continued

May June July August
Day Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain
Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm)
1 234 122 10.58 8.1 18.3 1.9 10.23 0.0 19.5 5.1 10.18 .0 20.6 4.4 10.44 0.0
2 220 114 10.57 0.0 18.6 0.9 10.23 0.0 18.7 5.0 10.18 0.0 21.5 4.5 10.45 0.0
3 170 11.8 10.55 28.2 17.3 -0.6 10.22 0.0 17.9 10.3 10.19 0.0 221 34 10.47 0.0
4 20.9 9.7 10.54 0.3 18.9 4.2 10.21 0.0 18.8 7.3 10.19 0.0 21.3 48. 10.48 0.0
5 18.6 5.0 10.52 0.0 18.7 1.3 10.21 0.0 16.2 7.8 10.20 0.0 21.4 4.2 10.49 0.0
6 20.2 44 10.51 0.0 21.7 0.4 10.20 0.0 20.4 4.4 10.20 0.0 221 3.8 10.51 0.0
7 21.8 48 10.50 0.0 23.3 24 10.20 0.0 21.8 8.3 10.21 0.0 21.2 7.2 10.52 0.0
8 259 8.8 10.48 0.0 17.6 71 10.29 0.0 17.9 7.2 10.21 0.0 23.8 7.7 10.53 0.0
9 251 10.4 10.47 0.5 13.8 25 10.19 0.0 16.7 7.3 10.22 0.0 11.4 2.6 10.55 0.0
10 17.9 5.4 10.46 0.0 9.2 1.9 10.18 5.8 19.9 8.0 10.23 0.0 14.2 -0.3 10.56 0.0
11 15.6 5.1 10.44 0.0 17.2 8.1 10.18 14.0 12.4 2.3 10.23 0.0 16.0 3.1 10.58 0.0
12 18.6 1.9 10.43 0.0 18.8 6.0 10.18 0.3 10.4 -03. 10.24 0.0 15.7 22 10.59 0.0
13 241 5.2 10.42 0.0 15.9 25 10.17 0.0 131 -1.3 10.25 0.0 18.7 -0.8 11.00 0.0
14 242 121 10.41 0.0 16.4 1.3 10.17 0.0 15.3 4.7 10.26 0.0 213 -0.1 11.02 0.0
15 16.7 9.8 10.40 1.0 7.5 -1.1 10.17 0.0 10.5 1.9 10.26 0.0 21.8 0.9 11.03 0.0
16 214 108 10.38 1.8 71 -4.1 10.17 0.0 11.8 -0.6 10.27 0.0 25.2 0.8 11.05 0.0
17 22.4 9.3 10.37 0.0 12.2 -1.1 10.17 0.0 18.6 -25 10.28 0.0 23.2 7.2 11.06 0.0
18 22.3 7.1 10.36 0.0 14.3 -1.4 10.16 0.0 19.7 0.9 10.29 0.0 25.2 5.6 11.08 0.0
19 23.2 6.4 10.35 0.0 14.2 -1.5 10.16 0.0 19.9 -0.6 10.30 0.0 18.2 3.0 11.08 0.0
20 22.6 5.7 10.34 0.0 16.9 -1.6 10.16 0.0 21.2 -0.1 10.31 0.0 18.9 -1.0 11.11 0.0
21 221 5.9 10.33 0.0 18.2 -0.7 10.16 0.0 20.1 0.9 10.32 0.0 21.7 54 11.12 0.0
22 21.9 49 10.32 0.0 18.5 0.6 10.16 0.0 191 4.2 10.33 0.0 25.5 5.6 11.14 0.0
23 222 45 10.31 0.0 14.9 -0.7 10.16 0.0 20.3 1.9 10.34 0.0 14.9 0.2 11.16 0.0
24 221 3.6 10.30 0.0 17.8 -2.9 10.16 0.0 20.4 6.7 10.35 0.0 20.3 -1.1 11.17 0.0
25 22.4 4.7 10.29 0.0 22.1 -1.2 10.17 0.0 21.7 6.0 10.36 0.0 21.9 9.3 11.19 0.0
26 22.6 7.2 10.28 0.0 22.4 -0.6 10.17 0.0 22.2 4.2 10.37 0.3 21.2 5.7 11.20 0.0
27 214 10.0 10.27 0.0 22.7 2.0 10.17 0.0 22.8 3.9 10.38 0.0 20.2 -0.7 11.22 0.0
28 13.6 0.9 10.26 0.0 17.4 7.7 10.17 0.0 23.9 4.4 10.49 0.0 26.9 3.1 11.23 0.0
29 16.7 -04 10.26 0.0 17.9 9.1 10.17 0.0 23.1 43 10.40 0.0 28.4 5.3 11.25 0.0
30 17.9 2.1 10.25 0.0 18.9 6.7 10.18 0.0 18.2 8.4 10.42 0.0 26.5 11.8 11.27 0.0
31 16.3 4.7 10.24 0.0 19.1 5.1 10.43 0.0 26.1 11.3 11.28 0.0
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Table 1: Continued

2010
September October November December

Day Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain Temp (°C) Photo Rain

Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm) Max Min (hours) (mm)
1 28.2 121 11.30 0.3 30.2 16.3 12.21 0.0 31.9 15.0 13.14 0.0 321 16.6 13.51 0.0
2 24.3 9.9 11.32 0.0 31.3 13.8 12.23 0.0 32.2 16.4 13.15 0.5 29.1 16.3 13.52 1.0
3 23.0 22 11.33 0.0 31.6 14.5 12.25 0.0 29.7 16.5 13.17 2.0 26.3 14.1 12.53 9.9
4 26.7 1.6 11.35 0.0 30.4 8.8 12.27 0.0 27.7 13.8 13.18 0.0 27.4 8.9 13.54 0.0
5 28.8 5.2 11.37 0.0 28.9 15.4 12.28 0.3 28.9 13.3 13.20 0.0 28.4 11.5 13.54 0.0
6 29.1 7.7 11.38 0.0 324 17.4 12.30 0.0 28.6 9.9 13.21 0.0 27.6 12.6 13.55 0.0
7 256 8.3 11.40 0.0 304 15.8 12.32 0.5 30.8 10.2 13.23 0.0 29.8 12.8 13.56 0.0
8 28.3 8.9 11.42 0.0 28.9 11.8 12.34 0.0 32.3 16.2 13.24 10.4 31.9 15.5 13.56 0.0
9 20.6 12.3 11.43 0.0 30.8 7.5 12.35 0.0 17.2 15.1 13.26 2.0 32.9 15.5 13.57 1.0
10 42.2 6.4 11.45 0.0 31.1 9.9 12.37 0.0 21.0 9.0 13.27 0.0 32.1 16.9 13.57 0.3
11 25.6 4.7 11.47 0.0 245 9.6 12.39 0.0 28.0 8.0 13.28 0.0 29.5 17.2 13.58 0.0
12 27.8 7.2 11.48 0.0 247 71 12.40 0.0 27.0 8.0 13.30 0.0 27.2 13.6 13.58 7.9
13 29.1 9.0 11.50 0.0 213 14.3 12.42 8.6 31.0 6.0 13.31 0.0 24.8 13.4 13.59 2.0
14 29.2 10.4 11.52 0.0 19.9 7.3 12.44 0.0 32.0 10.0 13.32 0.0 27.3 14.2 13.59 10.7
15 29.5 15.2 11.54 0.0 18.3 71 12.46 0.0 29.0 14.0 13.34 0.0 19.2 141 13.59 9.1
16 255 10.6 11.55 0.0 21.7 6.0 12.47 0.0 25.0 14.0 13.35 15.0 26.6 16.0 14.00 4.8
17 28.3 13.0 11.57 0.0 25.3 9.1 12.49 0.0 26.0 12.0 13.36 0.0 28.6 11.9 14.00 0.0
18 26.1 13.3 11.59 0.0 28.3 11.4 12.51 0.0 24.0 13.0 13.38 23.0 31.5 15.7 14.00 0.0
19 28.3 16.5 12.00 0.0 27.8 11.3 12.52 0.0 27.0 12.0 13.39 0.0 29.2 16.7 14.00 0.0
20 252 16.5 12.02 0.0 30.4 7.0 12.54 0.0 31.0 12.0 13.40 0.0 27.6 14.0 14.00 0.0
21 17.1 7.6 12.04 0.0 30.2 9.6 12.56 0.0 31.0 15.0 13.41 5.0 21.8 13.4 14.00 32.8
22 214 23 12.06 0.0 259 13.6 12.57 1.0 31.6 18.9 13.42 1.5 31.3 14.3 14.00 0.0
23 27.7 34 12.07 0.0 255 13.9 12.59 6.6 29.9 16.6 13.43 0.3 31.0 15.8 14.00 0.0
24 30.9 9.4 12.09 0.0 26.8 13.4 13.01 3.6 29.5 16.4 13.45 0.0 30.0 1.4 14.00 0.0
25 30.8 11.4 12.11 0.0 20.6 5.6 13.02 0.0 25.1 14.3 13.46 0.0 29.2 13.8 14.00 0.0
26 294 15.0 12.13 0.0 235 6.7 13.04 0.0 28.1 14.3 13.47 6.6 29.8 15.3 14.00 0.0
27 221 8.4 12.14 0.0 27.2 11.9 13.06 0.0 28.8 15.0 13.48 6.9 31.3 16.8 14.00 6.3
28 23.3 5.0 12.16 0.0 23.9 9.7 13.07 0.0 31.6 16.2 13.49 0.0 32.6 15.9 13.59 2.3
29 25.3 11.1 12.18 0.0 26.5 10.1 13.09 0.0 28.4 12.9 13.50 0.0 26.6 18.2 13.59 3.3
30 29.2 9.7 12.20 0.0 30.6 8.8 13.10 0.0 30.1 13.8 13.50 0.0 275 16.0 13.59 3.8
31 31.3 15.0 13.12 0.0 23.7 15.8 13.58 17.8

January 2011

Day Temp (°C) Photo Rain

Max Min (hours) (mm)
1 220 16.0 13.55 19.0
2 250 15.0 13.55 7.0
3 240 17.0 13.54 21.0
4 250 16.0 13.53 3.0
5 28.0 17.0 13.53 1.0




Appendix 2

1.2m

A 0.3m * *
* * *
dl | -
A A
* * *
* f 008m *
* * * /
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
v, R
- Ll
* * *
A
* * *
<«
1.5m

Harvested area (0.79 m?)

Figure 1: Plot layout indicating number of plants and the harvested area during 2009
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Appendix 2: continued
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Figure 2: Plot layout indicating number of plants and the harvested area during 2010

-137 -



Appendix 2: continued
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Figure 3a: Plot layout for a plant population of 61 plants m?, indicating number of plants and the
harvested area during 2010
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Appendix 2: continued
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Figure 3b: Plot layout for a plant population of 67 plants m?, indicating number of plants and the
harvested area during 2010
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Appendix 2: continued

A m* * * *
2
* * * * * Harvested area (0.92 m?)
7'\
* * * * *
* i‘ 0.045m * * *
* * *
* * * / *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
1.2m * * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *
Ve R4
- Ll
* * * * *
v
* * * * *
gl »
>
1.5m

Figure 3c: Plot layout for a plant population of 74 plants m? indicating number of plants and the
harvested area during 2010
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Appendix 2: continued

Harvested area (0.94 m?)

\/

E

v

1.2m

1.5m
Figure 3d: Plot layout for a plant population of 83 plants m™ indicating number of plants and the

harvested area during 2010
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Appendix 2: continued
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Figure 3e: Plot layout for a plant population of 95 plants m? indicating number of plants and the

harvested area during 2010
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