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Foreword

This report is the result of two years work, initial planning began in early 1991 and the project officer
commenced work in January 1992, The project was a co-operative venture between several groups: growers
and packers who raised a voluntary levy, the Department of Agriculture who employed the project officer
and provided daily supervision of the project and the Horticultural Research and Development Corporation
who provided 50 per cent of the funding.

My thanks go to the project committee, Norm Eaton (Chairman), Brad Wren, John Ryan and Ed Rose and
Dennis Phillips who provided general supervision of the project

This project and this report is a concrete achievement brought about by the cooperation of the above
participants. I hope it will provide the basis for continuing development within the industry.

I wish all involved in the export cauliflower industry all the best for the future.

Mike Shellabear
EXPORT CAULIFLOWER PROJECT OFFICER




1.

SUMMARY
(A) Industry

The results from this project will be of enormous benefit to the export cauliflower industry and
ultimately Australia’s competitive position for this crop in Asian and other world markets.

The project confirmed that losses between wansplanting in the field and export shipment were arcund
36.4%. Most of that loss was caused by crop protection and harvest maturity factors within the
control of the grower. This provides an opportunity for productivity improvement with changes in
management techniques.

Future research, extension and development work can now be targeted at this area to identify the
management changes necessary to recover cost effectively some or all of this loss.

The effects of variable seedlings on harvest maturity and the role seed piays in this have been
identified as priority areas for future research by this study.

The yield advantage inherent in the variety Sirente over current practice could be worth as much as
$615,000 per annum in extra profit if fully adopted by growers in the Manjimup/Pemberton district.
The marketing advantage of a whiter caunliflower will also give Australia an extra edge in the market
place over competing suppliers from other countries,

Adoption of the variety Granite for July barvest could remrn an additional $150,000 to the industry.

Plant nutrition results provide the foundation upon which the industry could develop a set of "best
practice” guidelines to maximise yield and quality, utilising simple, objective, targeted plant tissue
and sap nitrate tests.

Results atready show that potassivm rates could be reduced in commercial practice and that
phosphorus rates commonly used in the district are in the right "ball park”.

The tissue test results and methods for phosphorus will allow crops with mild nutrient deficiencies to
be identified. The work has shown that identification of crops mildly deficient for phosphorus by up
to 50% is almost impossible by visual diagnosis alone.

If other plant parts are to be sampled for plant analysis this wouid best be done by a trained operator,
due to problems in standardising the plant part sampied. Whole tops are the most reliable plant part
to sample for nutrient analysis.

Beuer guidelines for nitrogen will allow diagnosis of under performing crops in commercial practice
with consequent yield and quality improvements. The potential for improvement is unknown but
1510 25% increase in yield through better nitrogen management in the field is thought to be
possible.

Finally, more precise harvest scheduling will allow for better planning of harvest across the district
leading to less supply flucwation and better market servicing. The practical "ready reckoner” and
computer disk produced from the project will also allow growers (o time other farming operations so
as not to clash with expected cauliflower barvest thereby increasing the chances of increased field
recovery from the crop.

From its inception, the Export Cauliflower Improvement project has had a dual focus of applied
research and industry development through industry participation.

Major findings of the work have been made available o the cauliflower industry through monthly
meetings between the project officer, supervisor and an industry commitiee comprising (wo growers
and two packer/exporters elected by their peers. Other forums used for extension include two monthly
meetings of a grower group (Cauliflower Improvement Group) and regular media releases in the local
newspaper and Horticulwral trade journals including "Good Fruit and Vegetables™.

Extension and industry development were also facilitated by most of the work being conducted on
farms and in commercial packing bouses.




Every grower in the district who contributed to the project through the voluntary carton levy will be
given a copy of the final report of the project and its contents will be the subject of on-going
extension by the Deparmment of Agriculture and the basis for future research projects.

(B) Technical

The objective of the project was to improve the quality, yield and scheduling of cauliflower for
export from the Manjimup/Pemberton district by:

* identifying causes of yield loss and recommending management changes;
* changing varieties grown where appropriate;
+ providing better guidelines for plant nutrition backed up by targeted plant tissue testing;

+ collecting reliable harvest maturity data from commercial crops and using it to develop a
rudimentary harvest predictor for established varieties employing mathematical fits to the data.

‘The objective has been fully satisfied by the outcomes of the project within the time frame set for its
completion. Major findings of the work which have implications for future development of the
industry include:

Yield loss

+  Seed treatments used by commercial seedling nurseries (bot water and Apron®) bad no
significant adverse effects on germination of the industry standard variety "Plana” and other
vanieties and hence no contribution to yield loss.

+  Seasonal trends in the size of seedlings at uransplanting were found with largest size from
November to February and smallest from June o August.

+ A consistent variation between seedlings in any commercial baich was found from three seedling
nurseries suggesting a common factor such as seed may be responsible rather than particular
nursery management.

+  Seedling deaths in commercial nurseries were low with "wire stem” being the most common
reason for death,

»  Plant losses in commercial crops while growing in the field were low at 4.3% overall in the
season the study was conducted. Wire stem was the most common reason for death (2.21%).

+  Most losses in commercial practice were curd rejections in the field at barvest {9.2%) and plants
"not harvested” (15.3%). Factors under the growers management control, “pink”, "yellow™ and
“over mature” curds were the most comnon canses of loss (10%),

» Rejection in the packing (7.6%) shed was less than in the field but the major reasons for
rejection were the same as those in the field at harvest, with the addition of bruising.

+  Overall crop loss by number was 36.4% between transplanting in the field and export (May 1993
- May 1994)

Better varieties

+ The variety Sirente was identified as being superior to the industry standard variety Plana. It bad
a high level of adaptability to climate and was shown to be suitable for planting throughout the
year.

+  Varieties suitable for niche plantings were also identified, including Granite for July harvest,
Prestige and Beauty.

+  Screening of new experimental varieties and numbered lines failed to produce a prospect superior
to the industry standard. Only Henderson $345 showed promise for August/September harvest
and Royal Sluis 91011 for autumn harvest..




Plant nutrition

» Cauliflower was shown to be unresponsive to applied potassinm fertiliser on a soil with a low
soil test for K (77 mg/kg - HCO3 extraction).

+  The petiole of the most recently matured leaf was found to be a suitable plant part for reliable
plant analysis for potassium as were whole tops from 45 days after transplanting (14 - 16 leaves)
for both potassium and phosphorus.

+ The crop was shown to be highly responsive to applied phosphorus with an economic optimum
of 124 kg/ha (P) on low phosphorus soil (23 ppm(P) - Colwell}.

+ Plant "wholetops” were the most reliable indicator of crop phosphorus status from 45 days after
planting (14 - 16 leaves) where banded phosphorus was applied on a high fixing soil.

*  Plant critical phosphorus levels varied more between sampled leaves above the youngest fully
expanded (FYEL) than between consecutive dates of sampling (14 day intervals),

»  Cauliflower was highly responsive to nitrogen. Optimum yield for a summer crop of cauliflower
was achieved at 300 kg/ha N applied as half banded pre planting with two top dressings.

+  Quality and shelf life of curds were unaffected by nitrogen rate except where none was applied.

+  Similar results were obtained with devices used (o test sap nitrate. Data on the reliability of these
devices could not be determined at the date of preparing this report due t0 a delay in receiving

laboratory data.

Harvest maturity

+ A predicior of harvest maturity suitable for use by commercial growers and exporters was
developed using historic maturity data. The predictor allows harvest time to be estimated as well
as the 95% confidence interval within which it may fall in any year, or on different sites in the
district, subject to micro climatic variation. '



RECOMMENDATIONS
(A & B) Extension and directions for future research

The findings of this study have been extended throughout the course of the project so that there is
wide spread awareness among growers of the causes of yield loss and new variety recommendations.

Further work needs to be done with growers in groups and individually to clarify the logistical
reasons for high losses from discolouration and over maturity of curds. Having done this, amended
management stralegies for crop covering and harvest need to be costed and tested 10 increase harvest

TeCOVErY Percentages

Further research work needs to be done on the role of seed and seedling variability on uniformity of
harvest and the impact this has on grower harvesting costs and strategies.

Further research is required to identify the cause of wire stem and develop effective wreatment to
minimise its effects in the nursery and field.

Bruising and consequent browning were identified as a problem from field to packing shed and further
work needs to be done on reducing these,

No attempt was made in this study to examine the effects packing shed and field bandling practices
have on final outtumn in the market place. This study needs to be extended beyond the packing shed in
the future.

The cause of curd pitting and browning need o be identified and methods of minimising it developed.

Variety recommendations need to be written for the whole season and monitored in commercial crops

to ensure thorough large scale field testing and fine tuning is done. Trial work needs to be extended o

cover the July/August and September to November barvest period which was largely missed by this
study,

The extent of undiagnosed crop loss resulting from sub optimal nitrogen and phosphorus nutrition in
commercial practice needs to be tested by using piant nutrition guidelines derived by this study as a
benchmark.

Following that, a routine testing service could be implemented, possibly funded by the industry.
The effects of late applications of nitrogen on curd quality needs further study.

The harvest scheduling guidelines need to be distributed widely within the industry and their vse
pattern monitored.

Actual field data could be collected from commercial crops to test the reliability of the predictor, and
fine wme it for geographic differences within the district.

Financial/commercial benefits of adoption of research findings

The full benefit of all the aspects of this project are difficult to quantify but variety adoption alone
could recoup in the order of $750,000 per annum.

A recovery of half of the cauliflowers which are fost through discolouration and over maturity would
return the industry an exiwra $300,00 at current production levels but the cost of recovery is yet to be
determined.

More work is required to determine the magnitude of gains through better nutrition management and
adoption of routine plant and soil testing.

Returns from better harvest scheduling may come more in continued growth in demand through
continnity of supply than in any cost savings. An extra 1% annual growth through better supply
management would be worth $60,000 per annum at current production levels.



Yield loss in export cauliflower production
M. Shellabear
Department of Agriculture, Manjimup, W.A. 6258, Australia

Introduction

Cauliflower growers and packers in the Manjimup district had been aware for a number of
years that a significant number of cauliflower seedlings programmed for planting in the
district did not go on to produce exportable curds. Comparisons of nursery production
records with district export figures, using an estimate of fifteen curds per export carton,
suggested that as many as haif of all seedlings planted did not produce exportable curds.

Various explanations for the discrepancy had been advanced but no firm evidence was
available on the reasons for the apparent loss nor its true size. There was a need to find out
more about the loss as a first step towards understanding the problem and how it could be
managed to increase the productivity and efficiency of the industry.

It was decided that the best way to do this was to undertake an intensive survey of all
aspects of the cauliflower production cycle from seedling nursery to export packing shed.

The survey consisted of four components:
1. seedling survey;
2. transplanted seedling losses in the ficld;
3. harvest losses in the field;
4, packing shed rejects.

The aims of the survey were to quantify the losses at each stage of the process, in the
nursery, in the field and in the packing house as well as identify the most common reasons
for loss at each stage. Other information was also to be collected on seed germination,
seasonal seedling maturity characteristics, seedling uniformity, cauliflower yields, plant
populations in the field and planting programs.

Material and methods
Seed germination

Hot water treatment and the fungicide Apron® were tested for their effects on germination
of four varieties of commercial cauliflower seed; Plana, Sirente, Beauty, Freda. Seed was
subjected to:

+ hot water treatment at 51°C for 20 minutes,

* hot water treatment at 51°C for 20 minutes and seed dusted with Apron® 12 hours

prior to sowing, _
* no treatments to the control seed.

Seed was sown as part of a commercial operation. Using one 90 cell seedling tray as a
replicate, 3 replicates of 4 varieties were selected at random and germination counted four
weeks after sowing.

Seedling Survey

Commencing in March 1993 and concluding in May 1994, samples of randomly selected
commercial consignments of Royal Sluis Superfrax ™ Plana seedlings, ready for dispatch
to growers, were taken weekly from each of the nurseries servicing Manjimup growers.
Measurements were made of;



*» seedling height (Cotyledonary node to tip of longest leaf),
* fresh weight (whole seedling including roots),

* leaf number (all fully unfurled leaves),

* secdling age,

+ downy mildew score (Table 1).

Table 1. Downy mildew scoring system

Score % leaf area affected

aone
1-5
6-10
11-25
26-50
51-75

e b= D

(adapted from O'Brien 1992)
Seedling sampling method

At each date of sampling, 5 seedlings were taken on a diagonal grid across the width of
each of 10 nursery seedling trays holding 90-198 plants each. A total of 50 seedlings were
collected in this way. The 50 seedlings were taken from trays spread evenly across a batch
of seedlings sown at the same date and grown in the same area of the nursery. The
seedlings were then taken to a laboratory, washed thoroughty to remove potting mix and
measurements of intact plants recorded.

Field survey

Seedlings

Four to six weeks after transplanting a field visit was made to the farm where the sampled
batch of seedlings had been planted (most cauliflower farms were surveyed over the period
of the study). Seedling deaths and reasons for death were identified and recorded by
counting 5 consecutive plants every 10 metres in rows spread evenly across the crop, up to
a total of 150 plants. Results were recorded on a 'tick-box' sheet and later transferred to a
computer spreadsheet.

Decisions about causes of death were made on the basis of field experience and by
consultation with the grower where possible. In some cases pathology tests were used 10
assist in the development of loss categories.

Additional field measurement of the crop were also taken to confirm planting program
details as follows:

number planted

planting density

cropped area

roadway area

number ordered from nursery
number programmed

actual ransplant date
programmed transplant date

. " % & % 8 & »

Not all the above information was available for each crop.




Harvest

Crops were typically harvested in more than one operation at about 3 day intervals. The
number of harvests varied with the time of year from about 3 to 9. A mid harvest in this
sequence usually represented a significant proportion of the crop. A visit to each farm was
made during one of these mid harvests. During the period that 150 curds were harvested
from a randomly selected land'(10-20 rows wide) the reason for rejection of each curd
harvested was recorded on a 'tick-box' sheet.

Non harvested curds

The final stage of loss estimation was a field visit after the last harvest to estimate curds not
harvested and the reason for non harvest. The same method of assessment was used as for
the first field inspection.

Packing shed survey

Curds which were considered marketable in the field from the same consignment were
monitored while being packed in the packing shed 1 to 3 days later. Numbers rejected by
packing house staff during routine packing operations and reasons were again recorded for
150 randomly selected curds. While in the packing shed, the number of curds in six cartons
and the net weight of the same six cartons was also recorded for mean curd weight
estimation. Data was supplied by the packing shed on crop yield for some of the monitored
CIOPS.

Field sampling design

In field and pack house stages 150 seedlings or curds were used for loss estimation. The
sampling intensity rate of 150 was chosen because 150 sampies from a crop of 10,000
plants will estimate a 2% disease level or fault with an error of #2% and a 10% disease
fevel or fault with an ervor of £5%.

In cases where the crop size exceeded 20,000 plants the sampling number was doubled. A
total of 56 crops were used to collect data. The first field visit taking place on 16 April,
1993 and the last count of unpicked curds occurred 3 Sept, 1994.

Data processing

Survey data was transferred onto a computer spreadsheet to allow graphic presentation of
aggregate and seasonal rends.

The raw data from the nursery stage showed large fluctuations so that in graphs presented
here (Figs 1 and 2) each point is an average of three samples taken on consecutive dates.
This smoothing of the data shows the important trends.

Statistical analysis

The data was analysed by 't test’, using Microsoft Excell, version 4.

Results

Seedling Survey - Seed germination

Hot water treatment of seed and hot water treatment plus dusting with Apron® could not be
shown to significantly reduce germination percentage of the four caulifiower varieties
(Table 2).




Table 2. Effect of seed treatment on germination of four cauliflower varieties.

Variety Germination % Germination % Germination %
without hot with hot water with hot water
water treatment treatment treatment and
Apron®
Freda 04 91.8 88.9
Beauty 97 04 96.6
Plana 96.3 936 96.6
Sirente 90.7 92.1 88.6
mean 94.5 929 92.7

No significance difference (p<0.05) between the means
Seasonal trend

A consistent seasonal trend in plant height and fresh weight characteristics was observed
from all seedling sources with peaks in November to February and troughs in June to
August (Figs 1 and 2). There was no difference between the seedling sources when the two
measures of plant vigour are compared. Seedling weight showed the greatest range in
values. The pooled average for the 3 seedling sources, ranged from 1.58g to 2.95g, a
variation of 87%. Differences between seedling sources in leaf number and time to
transplantable size were observed. These differences were small and unlikely to affect field
performance

160
140 -~
£
E 120 -
et
£
o
£ 100 -
Fig. 1. Height of seedlings
80 (variety Plana) at transplant-ing
from three different commercial

1 I 1 T . . K |
' sources in the Manjimup district

I i I I ¥ I 1 I I
AMJ JASONDJI FM AM o0nMarch 1993 o May 1994,
Time of Transplant

Weight (g)

—
|

Fig. 2. Weight of seedlings
(variety Plana) at wransplant-ing
o ——— T from three different commercial
sources in the Manjimup district

AMUJ JA SONDJ FM AM  gonMarch 1993 to May 1994,

Time of Transplant




Seedling uniformity

Early investigations of this characteristic at the beginning of the project showed that
variation in seedling weight or height was greater within the central area of the tray than
between inner and outer seedlings.

At the conclusion of 12 months of systematic sampling, all of the variation in seedling
heights and weights between seedling sources was compared. All sources had very similar
vanation (Table 3). The mean standard deviation of the heights and weights within any
baich of plants was not significantly different. This suggests that variation within any batch
of seedlings is not caused by seedling raising methods because each nursery used their own
unique methods and achieved similar outcomes. There was a tendency for variation to
increase as weight increased.

Table 3. Comparison of height and weight variation between batches of
commercial cauliflower seedlings

Seedling source Mean standard deviation Mean standard deviation
of height (mm) of weight (g)
A 12.5 046
B 12.0 0.455
C 11.4 0.528

No significant difference (p<0.05) between the means
Seedling deaths
Seedling deaths prior to transplanting were uncommon with a mean death rate overall of
1.78%. The most common cause of death was wire stem followed by Botrytis (Table 4).
Wire stem symptoms may be due to several factors including Rhizoctonia solani.

Table 4. Major nursery seedling deaths by category

Wire stem Botrytis Total No. seedlings
examined
44 (1.22%) 2 (0.25%) 53 (1.47%) 3600

Field Survey

Most rejection of curds occurred in the field. The estimated percentage of seedlings
producing an export curd was 63.6% and the estimated total loss by number was 36.4%
(Fig. 3).

The most important finding of the field study was the amount of loss due to wire stem
while the crop was establishing. Although Rhizocronia solani causes wire stem symptoms
there is no certainty that it is the major or only cause of these symptoms in this study (Table
5, Fig. 4). Deaths due to wire stem was the most consistent cause of seedling loss with
75% of sampled crops affected. Losses while the crop was growing were low at 4.3%
overall.

Harvest rejects and not harvested were the two largest categories of rejection (Fig. 3).
These two areas of production are under the control of the grower indicating a level of
quality control. Pink, yellow and over mature were the most common causes of rejection at
harvest and in the packing shed and the second most frequent reason for plants remaining
unharvested (Figs 5,6,7). The category small heads only slightly eclipsed Pink, yellow and
over mature as a reason for non-harvest.(Fig. 7).

Figures 4-7 contain the categories of loss recorded at each stage.
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1994,
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Fig. 5. Harvest rejects by category for the variety Plana in surveyed crops around the
Manjimup district from September, 1993 to August 1994,
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Fig. 7. Non-harvested rejecis by category for the variety Plana in surveyed crops around
the Manjimup district from June, 1993 w August 1994,

The category light and open (Table 5, Figs 5-7) most likely included genetically different
plants (sibs). These were underweight curds not true to variety type for compactness and
weight. The category stain refers to a grey shadow that appears on curds in the spring, as
yet its cause is undetermined. Downy mildew types (Table 5, Figs 5-7) refers to curd
symptoms and include downy mildew (Peronospora parasitica), leaf spot (Alternaria spp.),
Pseudomonas spp. and possibly Phoma lingam.

The category ‘genetic’ (Table 5), should include all sib (inbred) types. At 4.2% this is close
to the stated sib levels by Lefroy Valiey Seed Company of 4% for Superfrax ™ Plana seed
delivered in 1993.

The category ‘Management/genetic’ (Table 5), implies less serious genetic defects which
potentially could yield exportable curds. These may be plants that are on the lower end of
the range of normal plant vigour. Small curds and immature plants were another category of
high losses.

The category 'deformed’ refers to a curd with an area of rough grainy texture also often
called ricy' (Table 5).

Other information collected during the field survey of relevance to the industry included the
observation that nurseries are not supplying more than is ordered by the grower(Table 6).
Only 0.8% was planted above what growers ordered. However, there was a 5.6% increase
in the number planted above what packing sheds had programmed.




Results from packing shed assessments showed that the average number of curds per
carton was 19.9.

Table 5. Crop loss by categories in the field

Cause of Loss % of crop lost
wire stem 221
soft rot 6.79
downy mildew types 0.67
mould 0.02
total micro-organisms loss 3.7
insect 2.54
slug 0.8
total macro-organisms loss 3.34
ducks 1.82
rat 0.75
rabbits 0.01
total by small animals loss 2.58
light/open/blind (sibs) 3.23
grossly immature (.82
fiarry 0.19
total genetic loss 4.24
small beads 382
immature 1.33
split 0.33
shape 0.08
total management/genetic loss 5.56
pink yellow over mature 9.97
bruise 1.81
miss 1.40
dirt 0.54
picker damage 0.21
total management loss 13.93
seedling heat stress 0.49
hail 048
erasion/flood 0.36
total management/environment loss 1.33
stain 1.18
deformed 0.27
total unknown loss 1.45

Table 6. Features of cauliflower production in Manjimup

Production features measured survey estimate no. of crops sampled
Difference; no. ordered from nursery to no planted + 0.8% 54
Difference; no. programmed to no. planted + 5.6% 35
Difference; programmed transplant date to actual transplant date + 4.2 days 38
Average area of land used per crop 6935m2 49
Average area of roadways 811m?2 49
Average no. of plants per hectare 28,400 49
Average no. of curds per carton 19.9 39
Average carton weight 18.8 kg 19
Average curd weight 0.982 kg 39
Average export yield per Ha 15,578 kg i7
Average no. of carons per crop 829 17

2 crops (26,0000 plants) out of the 56 sampled were most likely not programmed.
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Mean curd weight followed a constant pattern with curd weight of 750 g (approx.) in July
to November and a peak of 1.2 kg (approx.) in February to April (Fig. 8).

The number of plants per hectare maintained a constant range throughout the year (Fig. 8).
The four arrowed points are the same two crops. These two crops had lower planting
densities and higher curd weights than other monitored crops at that time.

Another surprising observation was that there was a slight tendency for loss % to decrease
with increasing numbers of plants planted (Fig. 9 ).
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Fig. 8. Trends in plant population density at transplanting (o) and mean
curd weight {») at barvest for the variety Plana in surveyed crops around the
Manjimup district from June 1993 to August 1994,
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Packing shed survey

Results of rejections in the four packing sheds where produce was surveyed are shown in
Figure 6.

Losses in the packing shed were usually less than in the field but the most common reasons
for rejection at this level were defects within the grower's control including pink, yellow
and over mature curds.

Bruising losses in the packing shed were most likely caused by handling and transport from
the field to the packing shed and also constituted a significant loss.

Discussion

Seedling survey - seed germination

Hot water treatment and dusting of seed with Apron® continue to be important methods of
disease control. Significant reduction in germination percentage could not be demonstrated
but may have been shown with a greater replication. Even if losses could be shown they
would be small based on results from this work. A small loss in germination % is important
to nursery profitability but this must be balanced with reduction in disease spread within
and beyond the nursery.

Seasonal trends

Experiments conducted in the UK by Hiron and Paterson (1990) using a range of N
(nitrogen) treatments with the variety Cervina resulted in a large range in seedling heights
and weights. They created a range of plant heights from 37 mm to 233 mm and fresh
weights from 1.4 g to 53.9 g. The lowest N rates and feeding frequency together with the
highest N rates and feeding frequency reduced the spread of harvest by 3 days. The lowest
N rate and feeding frequency slightly increased maturity time by 4 days.

Decreased percentage of plants with marketable curds could only be linked to plants given
the lowest nitrogen rates and least frequent feeding. There was no significant affect on yield
or on the percentage of plants that established after transplant. Other research in England
indicates that differences created in seedling dry matter by different N regimes in the
nursery disappear soon after transplanting and there are few significant effects on the time
of 50% maturity and marketable yield (Wurr, Cox and Fellows 1986). Research in Holland
confirms that differences created in the nursery by increasing N application almost
disappeared within 3 weeks of transplanting and that no significant affects on time of
harvest, duration of harvest or yield could be detected (Booij 1992).

Results from this stedy showed that there was a seasonal trend in seedling height and
weight at transplanting but not of the magnitude examined in overseas research. Overseas
research suggests that any effects of seasonal variability in seedling size are likely to be
small but this needs to be tested under local conditions.

As the seasonal trends in height closely followed those for weight it would be possible for
nurserymen to use a standard height to select seedlings as being ready for transplant. By
using a standard height a more uniform transplant weight could be maintained throughout
the year. A standard height of 100 mm may be suitable, but this would mean a shortened
time between sowing and transplant in summer.

Trials conducted in England with varietics White Fox and White Rock, held seedlings in the

nursery for up to 6 weeks beyond their normal transplant date. Six of 10 comparisons

showed no significant difference in percentage seedling establishment, percentage

marketable curds, yield or spread of harvest. The effect of older transplants appeared to be

i1119090613istent, influenced by variety and possibly time of the year (Hiron and Paterson
).
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The small differences observed in our study between nurseries and seasons in the age of
seedlings at transplanting are unlikely to be of significance.

Seedling uniformiry

Reasons for variation in height and weight, within batches of seedlings, throughout the
year were not identified in our study. The consistency of variability over one season, from
all sources suggests a common factor may be involved such as seed.

The effect of seed size on yield and maturity time has been identified in broccoli where final
yield has been shown to increase with seed size (Heather and Sieczka 1991). Cabbage
seedlings originating from larger seeds are larger than seedlings from smaller seeds
(Shanmugantha and Benjamin 1992). Using a test for seed vigour it has been possible to
establish that low vigour cauliflower seeds result in shorter seedlings (Powell, Thornton &
Mitchell 1991). In onions, plant height and yield increases with seed size and larger seeds
result in reduced time between emergence and harvest (Salvestrin 1994).

Downy mildew control varied between the nurseries, however rejection of mature curds
due to downy mildew during the 1993/4 season was small.

As the crop monitoring section of the project has noted wire stem is the major cause of
seedling death after transplant (2.2%}), therefore nursery control of wire stem diseases is
important.

Field survey

Average losses of 36.4% across the industry are unacceptably high but they present an
opportunity for significant productivity improvement through improved management..
Reduction in curd yellowing is the major area where there are opportunities to reduce loss
with minimum cost. Each 1% recovery represents $62,000 extra return to the industry.

Losses from wire stem is another area where gains could be made. As well as the 2.2%
loss another 1.8% of plants (based on 10 crops) survive seedling infection but due to
reduced growth do not produce a curd. Therefore losses due to wire stem may be as high as
4%. The consistent loss due 1o wire stem in crops suggests treatments are not being used or
are not working.

Reduced growth in plants with wire stem sympioms. All plants
transplanted on the same day. Unaffected plant on theleft.

Small curds and immature plants may be the result of low vigour seedlings and possibly
seed. This requires further testing but if so, this category of loss could be reduced by
culling out low vigour seedlings at transplant and using more uniform seed.
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Increased stress on plants such as water stress or under/over fertilising disadvantages
weaker plants (o a greater extent. Therefore crop stress is likely to increase the number of
small curds and immature plants.

There is an opportunity for greater manipulation of planting densities to maintain uniform
curd weights throughout the year and meet the market requirement for consistency of size.

Planting at lower densities from March to August would increase curd weights in June to
October or alternatively and perhaps more importantly, higher planting densities in
December and January would decrease curd weights for February to April harvesis.

The average yield was based on a small number of crops which included more winter than
summer crops. Average cartons per crop was based on the same small number of crops.
Industry estimates of 15 curds per carton used for earlier estimates of loss were less than
the figure of 19.9 found in this study (Table 6).

Increased planting size does not result in increases in losses rather there is a slight
indication that losses are reduced in larger plantings (Fig. 9 ). The low number of crops
with plant numbers above 20,000 make a companison of % loss between small (below
20,000} and large plantings (above 20,000) unreliable. However there is no indication that
losses are higher in large crops. The more important finding was that within smaller
plantings {10-15,000) loss rate varied from 15-50%. This suggests that growers planting
crops of less than 15,000 have more room for improvement than growers of larger crops.

Future research

* A cost benefit analysis of better leaf covering to reduce discolouration and more
frequent harvesting to reduce over mature curds would be useful.

» Tests of methods of reducing wire stem deaths.

* A study to investigate the relationship of seed size/vigour to seedling uniformity and
field performance.
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Commercial cauliflower variety evaluation

M. Shellabear
Department of Agriculture, Manjimup, W.A. 6258, Australia

Introduction

The Royal Sluis variety Plana was first cultivated commercially in the mid 1980s and has
since become the industry standard. Many new introductions since then have been on the
fringe of commercialisation without formal evaluation, Grower confusion has resulted
regarding the yield and quality of these varieties due to fragmented and anecdotal
information. There was a need to quantify performance of these new varieties against Plana
and the local industry desired that they be tested under real life commercial conditions on
their farms. A series of variety trial was planned to address these concerns.

The aims of the variety trials were; to gain an independent assessment of the best varicties
to grow, when to grow them, to establish a ranking of the best yielding varieties and to
identify a high yielding variety for the July to October period. Although variety trials have
been conducted in other geographic regions, results are usually not transportable due to
unique climatic conditions.

A secondary aim was to establish differences in storage ability of the varieties as a measure
of their suitability for export.

Material and methods

With the co-operation of the three commercial seedling nurseries in Manjimup, plants for
trials were grown at each nursery and when ready trial seedlings were transplanted as a part
of commercial plantings.

The 11 vaneties trialed were;

Fairbanks Granite Henderson Freda

Fairbanks Platinium Henderson Tucson

Royal Sluis Beauty Henderson Hawkesbury (replaced by White Crest)
Royal Sluis Plana Yates Hunter

Royal Sluis Prestige Northrup King Pegasus

Royal Sluis Sirente

Eleven plantings of cauliflower varieties were established during 1993 and 1994 (Table 1).
The winter varieties Granite and Tucson were only planted in trials 2-4.

Table 1. Sowing and transplant dates

Trial no. Sowing date Transplant date
1 17/12/92 25-29/01/93
2 14/01/93 16-18/02/93
3 18/02/93 24/03/93

4 16/03/93 20-23/04/93
5 21/04/93 21-23/06/93
6 17405193 15-26/07/93
7 01/07/93 1-8/09/93

8 12/08/93 11-14/16/93
i0 2/11/93 8-10/12/93
11 30/11/93 7-12/0154
12 30712493 9-10/02/94
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At each time of planting the set of varieties tested was repeated at up to 5 sites in
commercial cauliflower crops. Sites finally harvested varied for each time of planting from
2-5 due to various field problems. All plantings were established using seed of the same
origin for each variety throughout the trial series. Seedlings for each planting were raised
under commercial conditions by commercial seedling nurseries. During the course of the
trials each of the commercial nurseries produced seedlings for 3-4 consecutive trials.

At each grower site the 11 varieties were planted in a single row in the grower's crop using
commercial transplanting methods. In most cases no more than 5 days elapsed between
planting the first and last of the 5 sites.

At buttoning, leaf samples were taken of the youngest mature leaf for tissue testing to
benchmark sites for nutritional status.

Harvesting was conducted on each site at 3 & 4 day alternating intervals. From 3 to 6
harvest were required at each site, (depending on the time of the year) until all curds were
removed. Curds were cut from the plant and packed into plastic crates in the field with foam
liners to prevent bruising. Crates were then taken to the Manjimup Horticultural Research
Station for yield and quality assessment. Difficulties with the logistics of harvesting field
sites resulted in only 10 plantings being used for final yield assessment.

Measurements made were:

Yield - individual heads weighed.

Fresh quality score (Table 2).

Density score (Table 3).

Cool storage quality score (Table 2).

Warm storage quality score (Table 2).

Time to 50% harvest calculated for each variety from field data.
Primary and secondary faults.

Weight loss after storage.

A 7 point scoring system was established with curds having to reach a score of 6 to attain
export quality. Defects such as rot, splits and mild sunburn excluded curds from export
quality. Curds were individually rated using this system.

Table 2. Quality scoring system

Quality score Market standard

reject

reject _

local market

local market

local market

export standard

excellent export standard

e R NP R N

From the 4th trial (August harvest) a scoring system for compactness {density) was also
established so that loose and open curds received a score of 1 whereas tight and compact
curds received a score of 3 (Table 3).

Table 3. Density scoring system

Score Curd characteristic

1 loose, open, long floret stalks, flat base
2 moderately compact
3 compact, short floret stalks, curled base
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Design of field wrials and data treatment

Varieties planted in a single row were ramdomised at each site and 25 plants per variety
used for assessment. Each of the 2-5 sites was treated as a replicate for statistical analysis.
Plana was used as the control as it was the dominant commercial variety.

Storage trials and data treatment

After harvest measurements were completed the 5-7 curds per variety were subjected to 21
days of cool storage at 1.5°C and 75% relative humidity. Following cool storage, curds
were subjected to 72 hours warm storage at 21°C and 85-95% relative humidity. At the
conclusion of cool and warm storage, quality score measurements were made as well as
primary and secondary defects for each curd.

Weight loss

In the final trial, weight loss was recorded for each curd at the end of cool and warm
storage.

Leaf numbers
Leaf numbers were counted on 6 plants at one site per trial.
Ring spot

Ring spot (Mycosphaerella brassicola) was rated vsing a scoring system from 0 (low) to 5
(high). Two sites were rated on 18/8/93 (site A) and 14/10/93 (site B).

Statistical analysis

Data was analysed by Genstat 5, release 2.2. using analysis of variance.
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Fig. 1. Seasonal yield trends of bigh yielding cauliflower varieties (Plana as
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May 1994. Each point represent means of 2-5 sites.

20




N
[=]

-
oo
1

—l e b
] b [+)]
i I i

Export Yield {(kg/plot)
=
i

T 1 I T ! I 1 T 1 L 1
M J J A 8 O N D J F M A M
50% Harvest Date

Fig. 2. Seasonal yield trends of medium yielding cauliflower varieties (Plana as
control), harvested on growers sites around the Manjimup district from May 1993 to
May 1994, Each point represent means of 2-5 sites,
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control), harvested on growers sites around the Manjimup district from May 1993 10
May 1994. Each point represent means of 2-5 sites.
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Results

* Yields of all varieties fluctuated through the season possibly due to differences in trial
management caused by placing trials at different sites. The trials with the most
variation, and therefore the most unreliable trials, were the November and February
harvests (trials 7 & 10).

* No trials were harvested in July and August or September to November due to
increasing maturity times extending the harvest intervals.

* Low yields from the December harvest were associated with splitting and furriness of
curds.

Despite the varied number of trial sites, changing location of trials and management
differences, some important conclusions can be drawn from these trials:

*» The variety Sirente was a significantly (p<0.05) higher yielding than Plana from late
November to February harvests (21 June to 10 December transplants). Mean plot yield
for this period were Plana 9.07 kg and Sirente 12.02 kg (Appendix 1) There was no
evidence to show Sirente performed any worse than Plana at any time of the year. Apart
from its yield, Sirente is also superior in quality due to its whiteness (Fig 1).

+ Granite was a significantly (p<0.05) higher yielding than Plana when harvested in July
(24 March transplant) (Fig. 1).

* The variety trials were not able to confidently identify a superior variety to Plana for a
harvest in August to September. Of the varieties trialed Hunter, performed best in this
period but it was not significantly better than Plana (Fig. 2).

*» There was no significant difference in the storage abilities of the varieties(Appendix 3
and 4).

* Differences in curd density of varieties were identified, Prestige being superior to Plana
from October to May and Beauty from August to December.(Figs 6 and 7) (Appendix
5).

* Most weight loss occurred in cool storage rather than warm storage with a mean of 52.2
gfcurd and 11.5 g/curd respectively.

* The major fault after cool storage was pitting. After warm storage the major fault was
browning around the already pitted area.

* Tissue sodium levels increased markedly with the use of irrigation (Fig. 8).

» Sirente and Prestige needed significantly (p<0.05) more harvests in two trials, March
1993 and April 1994.

» Plana and Sirente produced their highest yields at their highest leaf number whereas
Granite produced its highest yield near its lowest leaf number (Fig. 9).

» Plana appears to be slightly more resistant to ring spot than Sirente or Prestige (Table 4)

Leaf samples taken at each trial site were mostly within guidelines for healthy crops (Weir
and Cresswell 1993). Sodium and chloride levels were the exception (Fig. 8). Peaks in
sodium levels were in summer indicating irrigation water was the source. Out of the 53 trial
sites, 12 (23%), mostly in summer, showed levels that by current known standards were in
the excess range (above 1.2%).
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Curd after 21 days of cool storage and 3 days warm storage. Balckened
areas gre usually preceded by pitting.

Table 4. Ring spot rating

Variety Site A Site B Mean

Beauty
Freda
Granite
Hawkesbury
Hunter
Pegasus
Plana
Platinum
Prestige
Sirente
Tucson
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Discussion

Extra profit

A mean productivity increase of 32.5% above Plana can be expected by growing Sirente for
harvests between November and February. This represents an increased return of
$3,550/Ha (based on average yield of 15,600 kg @ 70c/kg). Sirente shows promise as an
all year round variety as it was not significantly worse than Plana at any time of the year.
Sirente also has the added advantage of being whiter than Plana and other varieties.

The potential return to Manjimup district growers from 100% adoption of Sirente for
harvests between November and February could be as much as $615,000 per annum based
on Manjimup’s estimated production of 8100 tonnes in 1993 (@ 70c/kg).

A mean increase of 32% above Plana can be expected by using Granite for harvests in July.
This represents an increased return of $3,500/Ha (based on average yield of 15,600 kg @
70c/kg). However Granite takes approximately 130 days to mature in July compared with
approximately 115 days for Plana.
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Fig. 6. Seasonal trends in mean denstiy score (1-3, low-high) of cauliflower
varieties (Plana as control). Each point represent the mean of 5-7 curds from 2-5
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Fig. 7. Seasonal trends in mean denstiy score (1-3, low-high) of cauliffower
varieties (Plana as control). Each point represent the mean of 5-7 curds from 2-5
sites harvested on growers sites around the Manjimup district from August 1993 to
May 1994,
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The potential return to Manjimup district growers from 100% adoption of Granite for July
harvesting could be as much as $154,000 per annum based on Manjimup's estimated
production of 8100 tonnes in 1993 (@ 70c/kg).

Further testing of Granite is required to confirm its most productive time. From interstate
and overseas experience it will most likely have a narrow time slot.

The higher curd density of Prestige and perhaps Beauty may have advantages of reduced
freight cost per tonne through increased weight per carton. This could increase profitability
for exporters. Retailers would also appreciate more curds per carton.

Although Sirente may be more susceptible to ring spot, this disease was not a significant
problem during the trial period.

The future

* Further variety trials may be required as new potentially higher yielding varieties
become available. However, ways of reducing trial losses, through site and
management variation need to be found if varietics are to be tested on grower sites.

* A high yielding and high quality variety is still required for the August to October
period.

» Pitting after cool storage and browning around the pits after warm storage was the most
common storage fault for all varieties . Ways of reducing these disorders need to be
further investigated.

*+ The effects of high sodium levels in plant tissue on yield and quality need to be
examined further,
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Experimental cauliflower variety evaluation

M., Shellabear and D, Phillips
Department of Agriculture, Manjimup, W.A. 6258, Australia

Introduction

As new varieties continue to become available an appraisal of potentially better yielding
varieties was considered important by the local industry. Companies marketing cauliflower
varieties in Australia were invited to include potential new commercial varieties in a
screening trial as part of Export Cauliflower Improvement Project. Six companies
responded and their varieties were included for assessment.

Material and methods

Four plantings of experimental cauliflower varieties were planted in sandy loam soils of the
Manjimup Horticultural Research Centre Manjimup Western Australia on 28/1/93, 28/4/93,
26/7/93, and 9/12/93 respectively. The Royal Sluis variety Plana, currently the industry
standard was included for comparison. The first planting had 24 plants per variety while the
other plots were mainly plantings of 40 seedlings. Some plots in the 2nd, 31d gng 4tb
plantings had reduced seedling numbers due to poor germination but all data for harvest
presented in Tables 3-6 has been calculated for 40 plants per planting,

With the co-operation of the three commercial seedling nurseries in Manjimup, plants for
trials were grown at each nursery and when ready trial seedlings were transplanted as a part
of commercial plantings. During the course of the trials each of the commercial nurseries
produced seedlings for consecutive trials.

Table 1 shows the guantities of major nutrients applied to each planting. All the P and K,
approximately 130 kg/ha N and the essential nutrients were applied at planting. No variety
showed any visible signs of nutrient deficiency and the leaf analysis (taken on Plana)
conducted by CSBP laboratories showed that all nutrients were within the known

acceptable range with the exception of high chloride levels in the 4% planting.

Table 1. Total fertiliser application (kg/ha) of four transplantings

Transplanting N P K No. of N
date applications
28/1/93 167 140 121 planting + 1
28/4/93 225 140 199 planting + 2
26/1193 274 140 199 planting + 4
912193 215 140 199 planting + 2

Irrigation was 100% replacement of class A pan evaporation. Curds were covered when the
curd first became visible by breaking two to three mature leaves over the curd to exclude
sunlight. Further covering was performed only during the harvest operation.

Curds were harvested when they had expanded to the point where the lower florets were
just beginning to loosen. Curds were transported in tubs to a packing shed where harvest
date, weight, density, quality and any abnormalities were recorded. Each curd was rated for
quality according to the following system (Table 2).
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T able 2. Quality scoring system

Quality score Market standard

reject

reject -
local market

local market

local market

export standard

excellent export standard

=1 Oh A B LD D e

Results
Table 3-6 show the results of the 4 plantings.

Table 3. Performance of 12 experimental varieties transplanted on 21/1/93 and
harvested during April and May 1993,

Variety Mean Plot Mean Plot Days to Most commeon
quality gross export curd export 50% primary fault and

score yield weight yield harvest rejection %
(1-7) (kg) (kg) (kg)

Henderson 343 54 384 1.03 239 92 yellow 33%

Henderson 344 4.7 45.6 0.95 8.0 81 over mature 25%

Henderson 345 5.0 423 1.26 6.6 116 furry 58%

Henderson 346 58 273 0.78 23.3 95 fow density 8%

Henderson White Crest 5.0 36.6 0.94 143 89 split 42%

R.S. 91011 6.0 354 1.09 27.4 85 deformed 4%

R.S. 91012 53 329 0.65 220 95 split 21%

R.S. 91013 49 26.5 0.85 85 a8 split 21%

R.S. Plana 58 326 1.08 23.3 98 yellow 13%

South Pacific 664 5.1 279 0.93 215 98 split 13%

South Pacific 665 5.7 321 0.91 244 92 split 8%

South Pacific Telstar2 5.9 393 1.14 247 89 yellow 17%

Table 4. Performance of 14 experimental varieties ¢ransplanted on 28/4/93 and
harvested during Avugust and September 1993

Variety Mean Plot Mean Plot Days to Most common
quality gross  export curd export 50% primary fault and
score yield  weight yield harvest rejection %
1-7) (kg) (kg) (kg)
Henderson 343 37 21.2 0.67 1.3 106 yellow 25%
Henderson 344 _4.7 286 0.77 55 120 over mature 48%
Henderson 345 5.6 355 0.88 20.4 138 yellow 30%
Henderson 346 34 12.7 .70 14 110 ricy 25%
Henderson White Crest 4.6 334 0.83 83 124 over mamre 27%
R.S. 86358 45 235 0.68 49 120 over mature 33%
R.S. 91011 43 251 0.67 6.1 120 yellow 40%
R.S. 91012 45 217 0.68 27 104 yeliow 45%
R.S. 91013 47 18.6 0.72 35 120 over matre 4%
R.S. Plana 53 335 0.75 129 113 yellow 35%
South Pacific 664 39 253 0.65 2.6 118 ricy 45%
South Pacific 665 4.1 18.3 0.72 3.7 124 over mature 45%
South Pacific Telstar 2 4.9 278 0.64 48 118 over mature 50%
Fairbanks selection 29 4.2 321 0.78 5.6 110 yellow 35%
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Table 5. Performance of 16 experimental varieties transplanted on 26/7/93 and
harvested during November 1993

Variety Mean Plot Mean Plat Days to Most common
quality gress export curd export 50% primary fault and
score yield weight yield harvest rejection %
(1-7) (kg) (kg) (kg)

Henderson 343 4.1 30.6 0.80 7.2 115 yellow 33%
Henderson 345 35 343 0.96 2.9 126 yellow 45%
Henderson 346 3.8 279 0.70 49 115 yellow 20%
Henderson White Crest 4.6 30.3 0.81 8.9 119 yellow 30%
R.S. 86358 33 26.2 0.76 3.1 115 furry 28%

R.S. 91011 50 253 0.75 134 115 yellow 305

R.S. 91012 37 226 0.70 4.9 115 low density 18%
R.S. 91013 4.5 222 0.81 11.3 115 yellow 25%

R.S. Plana 5.4 33.2 0.86 24.0 112 yellow 20%
“New World 156 39 29.9 0.86 8.6 115 split 40%

New World Hotham 34 24.2 0.80 3.2 108 yellow 38%
South Pacific 664 35 311 0.80 32 119 yellow 33%
South Pacific 665 4.6 235 0.87 8.7 115 yellow 28%
South Pacific Telstar 2 3.3 33.2 0.90 17.0 115 yellow 25%
Fairbanks selection 29 3.5 28.5 0.71 21 115 yellow 48%
Yates Atlantis 2.7 21.7 0.00 0.0 126 split 45%

Table 6. Performance of 16 experimental varieties transplanted on  9/12/94 and
harvested during February and March 1994.

Variety Mean Plot Mean Plot Days to Most comimion
guality gross export curd export 50% primary fault and

score yield weight yield harvest rejection %
(1-7)  (kg) (kg (kg)

Henderson 343 4.8 286 0.87 6.9 67 yellow 40%

Henderson 345 42 378 1.52 30 91 furry 43%

Henderson 346 34 253 127 3.8 77 leaf in curd 33%

R.S. 86358 4.8 374 1.14 21.6 85 furry 13%

R.S. 91011 5.2 316 0.97 10.7 71 yellow 25%

R.S. 91012 49 448 1.01 10.1 67 yellow 40%

R.S. 91013 48 358 0.96 12.5 71 low density 18%

R.S. Plana 5.0 323 0.91 11.8 mn yellow 33%

New World Hotham 35 21.8 0.51 0.5 67 yellow 53%

South Pacific 664 4.7 39 122 11.0 77 split 25%

South Pacific 665 50 40.1 1.07 10.7 m furry 40%

South Pacific Telstar 2 4.1 26.1 1.08 6.5 ! furry 18%

Fairbanks selection29 4.1 38 0.74 1.5 7 yellow 40%

These trials were unreplicated and therefore represent a general indication of a varieties
performance rather than real differences between varieties. There is a general agreement
between quality score and export yield. Varieties that had poor covering ability or showed a
high degree of abnormalities such as splits furriness or deformity are not considered worthy
of further trialing at that time of planting,

21/1/93 transplanting
Royal Sluis 91011 was the best performing variety at this time of planting and 1s worthy of

further testing. Henderson 344 did not receive a fair trial as it was the earliest to mature and
was most likely picked too late.
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28/4/93 mansplanting

Henderson 345 was the best performing variety at this time of planting producing an export
yield well above Royal Sluis Plana. Its mean export curd weight was also the highest. Its
only disadvantage appears to be its long maturity time. The industry is looking for a vanety
that performs well in June -September and will therefore be interested in further trials of
this variety.

26/7/93 transplanting

Royal Sluis Plana excelled at this time of planting but South Pacific Telstar 2 also
performed well and is therefore worthy of consideration for further trialing.

9/12/93 transplanting
Royal Sluis 86358 performed well however its quality score was not the highest. This was

due to the non export curds being of low quality (i.e. scores 2-4). Royal Sluis 91011 was
the only other vanety worthy of further testing. _

Conclusion

Royal Sluis Plana remains a consistent high performing variety in comparison to the trialed
varieties Henderson 345 has potential for winter/spring harvest. Royal Sluis 91011 my be
a suitable variety for autumn harvest. Royal Sluis 86358 gave a conflicting message as to
its quality and therefore it's suitability.

31




Prediction of cauliflower maturity time

M. Shellabear
Department of Agriculture, Manjimup, W.A. 6258, Australia

Introduction

Historically, predicting the time for caunliflowers to mature has not been accurate wherever
the crop has been grown, Development of the crop is greatly affected by weather conditions
leading to variation within and between seasons in maturity time.

Research in England and Holland has developed improved systems for harvest prediction
which are based on the diameter of curds which have reached the buttoning stage. The use
of the buttoning stage as the basis for predicting maturity is because the period between
transplanting and floral initiation is less predictable than the period between floral initiation
and maturity (Wurr, Fellows and Hiron 1990). This system can predict accurately when
curds will reach a specific harvestable size. The method has limited value because harvest is
only a few weeks away by the buttoning stage and it requires prediction of the accumulated
day degrees beyond the buttoning stage.

Commercial systems for predicting harvest are used in the U.K. These are based on well
documented historical temperatures (Wurr ef al. 1990). However this still has the problem
of beginning with curd initiation.

International research is continuing into mechanisms which determine maturity time, It is
clearly driven by temperature but relationships using mathematical models to explain the
effect of temperature on leaf numbers and floral initiation and the vernalisation requirement
have not been very successful (Grevsen and Olesen 1994).

Until a practical method of predicting maturity is available the use of historical data remains
the best broad guide for planning cauliflower plantings to maintain a continuous supply for
export

One aim of the Cauliflower Improvement project was to develop a harvest predictor using
historical data.

Materials and methods

Verifiable data on maturity times for the Royal Sluis variety Plana was available from
variety trials conducted at the Manjimup Horticultural Research Centre since 1987 and new
data was generated during 1993 and 1994 part of the variety trial and crop monitoring
phases of this project. All data recorded the time when the accumulated proportion of the
harvested crop first exceeded 50% (mid harvest) from a range of transplanting times in the
field.

The data was pooled and used to derive lines of "best fit" for the relationships between day
of transplanting vs day of harvest and day of transplanting vs days to maturity. As the data
was denved from different sites around the Manjimup district, it allows an estimate of the
average time to harvest as well as the likely range of times which may be encountered due
to the combined effect of season and siie.

Results
The line of best fit for the relationship between day of transplanting and day harvesied was

described by a mathematical formula. Most points from the collected data fall within the
confidence limits (Fig. 1.)
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Fig. 1. Relatioaship between transplant day and harvest day, for the variety
Plana with upper and lower 95% confidence limits for the fitted line, Fitted line
based on 1987-1994 trial data (+) from the Manjimup district. The formuia for
the fitted line is;
day of barvest = transplant day + exp [1.955 + 0.05411 Sin (25 x transplant day)]

365
- 0.10646 Cos (22t x transplant day)
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(R?=0.99)
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Fig. 2. Seasonal trend in transplant day 1o 50% maturity day for the variety
Plana with upper and lower 95% confidence limits. Fitted line based on
1987-1994 trial data (+) from the Manjimup district. The formula for the
fitted line is;

log10 (days to harvest) = 1,955 + 0.05411 Sin (2 x transplant day)

365
- 0.10646 Cos (21 x transplant day)
365
®2=085)
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The curve gives a means of predicting harvest day from transplant day within 95%
confidence limits (Fig. 1).

Harvest can be predicted with 95% confidence within 22 days in summer to 38 days in
winter (Fig. 1).

The line of best fit for the relationship between day of transplanting and days to 50%
harvest was also described by a mathematical formula (Fig, 2.).

According to the model for crops transplanted after day 350, i.e. 16 December
{(approximately) maturity times begin to increase very slowly. For crops ransplanted after
day 155 i.e., 4 June maturity times begin to decrease slowly (Fig. 2).

Discussion

The harvest predictor described is as accurate as it is possible using the available historical
data. The large variation in maturity times is inherent in the use of historical data. As the
Manjimup cauliflower industry develops there may be a need to fine tune harvest predicting
using curd diameter and temperature methods.

Knowing the approximate turning points for increasing and decreasing maturity times will
help growers decide when to increase and decrease the intervals between consecutive
planting.

Time between plantings should be shorter between 20 January and 4 May (approximatety)
to counter increasing maturity time. Time between plantings should be further apart for
plantings between 24 June and 1 November (approximately) to counter decreasing maturity
times.

The fitted curve is not flexible enough to account for the harvest flush which traditionally
occurs in November. An unknown climatic effect shortens maturity times in November and
therefore growers should temporarily increase the time between plantings for harvest
expected in November to avoid short term oversupply and the logistical and marketing
problems this can bring,

Although the predictor is based on Plana, the varieties Sirente and Prestige have very
similar maturity times. Given the amount of variation in the data, this predictor should
predict maturity times for these varieties with almost the same accuracy.
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Appendix 1.

Variet

evaluation vield data (kg/plot

)

Harvest
week

Trial
no.

Beauty

Freda

GranitdHawkesbury

Hunter

Pegasus

Plana

Platinum| Prestige

Sirentd

Tucson|

White
Crest

LS 5%

17 (1993)

3

5.24

18

9.39

6.51

11.10

7.15

11.32

7.31

9.82

11.78

20

1.9

23

9.2

443

25

5.01

12.43

26

10.83

1122

9.64

27

10.92

6.15

13.07

11.35

28

12,58

29

*16.38

106

33

11.51

34

7.78

4.87

7.28

3183

35

6.82

315

4.60

6.48

28

4.76

44

11.90

917

1.91

447

1091

11.02

14.39

455

45

6.50

5.81

*15.99

482

45

14.15

10.07

6

12.74

6.72

8.07

8.75

4.81

3.62

12.09

4.77

a8

3.37

0.89

1.94

7.25

240

6.14

1.87

49

4.56

*11.91

31.54

51

6.21

8.68

5.51

439

52

ol ol | IOl b b ] W] W] W] a2

4.58

7.50

7.40

11.75

10,60

5.27

58
(1994)

—
L=

1.07

6.63

5417

59

10

5.51

322

10.85

8.35

13.21

9.52

6.12

64

|}

11.27

6.29

5.82

1097

13.34

7.95

12.11

791

4.69

69

12

11.40

12.85

13.08

7.09

70

12

9.42

15.32

13,49

1211

71

12

15.12

4.2

* Significantly beiter than Plana (P<0.05
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Appendix 2. Fresh quality score data (1-7, low-high).
Harvest Trial [Beauty|Freda Granite’l-lawkesbury Hunter|Pegasus [Plana [Platinum [Prestige{Sirente [Tucson {White
week no. Crest
17 (1993) 2 4.79
18 2 524 | 516 3.37 491 525 4.72 5.27 5.51
20 2 *3.47
23 2 *4.35
25 3 *4.55 517
26 3 525 5.3 524
27 3 5.22 *4.93 5.52 5.39
28 3 5.38
29 3 5.86
33 4 5.58
34 4 514 4.68 4.57 493 4381
35 4 4.86 453 498 5.25 441
44 5 545 | 5301 *4.1 490 5.28 532 570 4.59
45 5 5.03 4.635 6.07
45 6 526 534
46 6 532 ] *4.73 499 3.25 *4.39 496 5.66
48 7 *4.147 | *3.77 4.45 513 *3.79 5.01 *398
49 7 4.66 5.33
51 8 5.03 4.79 452 : 4,72
52 8 4.39 5.14 505 5.32 495
58(1994)1 10 *4.19 4,55 *4.23
59 10 4.63 4.8 525 497 527 5.07
64 1 *5.07 | 481 *4.59 5.1 5.57 *4.76 533 492 4.46
69 12 5.13 5.34 536 4.40
70 12 4.86 551 5.34 535
n 12 3.44

*Significantly worse than Ptana (P<0.05)

No varicties were signifcantly better than plana (P<0.03)

bold type = highest scores
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Appendix 3. Coolstore quality score data (1-7, low-high)

Trial ne. 2 3 4 5 6 7 8 10 11 12
Beauty *4.61 54 5 395 443 LY 34 LY 3.74 431
Freda LY #4.52 4.18 4.07 4.53 LY LY 368 LY 4.59
Granite *5.56 4.35 *5.65 LY
Hawkesbury LY LY LY LY 4
Hunter 36 5 416 422 39 LY 3.61 3.75 LY 4.51
Pegasus LY LY LY LY 4 388 34 372 3.68 4.36
Plana 3.44 5.44 4.57 342 19 4.14 3.76 3.94 4.01 4,51
Platinum LY LY 4.5 LY 3.59 Ly 34 347 LY 425
Prestige 3.2 5.18 424 4.2 ENK) n 3.61 3.61 389 433
Sirente 3.9 49 4.04 3.75 4.68 3.78 322 3.63 384 4.62
Tucson LY #4.48 LY LY
White Crest LY LY 3.19 LY LY

* better than Plana (p<0.05) # worse than Plana (p<0.05) LY =low yield, insufficient curds 1o assess
Appendix 4. Warm storage quality data (1-7, low-high)
3 4 5 6 7 12

Beauty 2.64 3.31 246 3.24 LY 3.07

Freda 244 275 2.36 3.07 LY 3.39

Granite 268 3.65 LY

Hawkesbury | LY LY LY 2.92

Hunter 3.08 2.8t 2.58 2.73 LY 118

Pegasus LY LY LY 299 i 3.5

Plana 31 294 2.65 3 2.65 124

Platinum LY 2.1 LY LY LY 3.18

Prestige 2.88 296 2.54 26 2.95 3.35

Sirente 3 276 2.62 3.49 2.89 1.63

Tucson 272 LY LY

White crest LY

No significant difference (P<0.05)

LY=low yield i.e. insuficient curds to assess
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Appendix 5. Densit

data (1-3, low-high)

Harvest | Trial{Beauty|Freda {Granite]Hawkesbury [Hunter [PegasusiPlana [Platinum|[Prestige [Sirente [Tucson|White
week no. Crest
33 (1993) 4 2.03
34 4 *2.56 1.39 1.52 194 1.95
35 4 170 1.38 2.03 1.58 1.98
44 5 ¥2.64 | 229 1.52 2.25 225 224 284 232
45 5 1.88 243 2.13
45 6 2.11 2.08
46 6 *2.57 | 207 1.94 179 2.28 *2.84 222
48 7 *2.05 | 237 227 209 *2.39 *2.84 228
49 7 2.13 235
51 3 *2.34 203 *2.35 | 213
52 8 *2.39 *2.36 1,81 *286 2,08
58 (1994) 10 2.40 *247 2.23
59 10 2.8 2.23 2.05 2.11 *2.96 224
64 11 208 | *2.08 *2.15 1.99 1.99 *2.09 *275 20! 2.00
69 12 207 | 2.23 2.14 202
70 12 224 203 2.25 2.04
71 12 *2.96

~ *Significantly more dense than Plana (P<0.05)




Effect of phosphorus on yield and quality of cauliflower

D. R. Phillips®, A. Galat®®, R. C. Jeffery® and J. Doust®

:Depanment of Agriculture, Western Australia
Chemistry Centre, Western Australia

Introduction

Cauliflower (Brassica oleracea L. Botrytis group) is an important export vegetable for
Westem Australia. The state produced 81 % of the Australian total, valued at $16.3
million (fob) in 1992-93. Our major export markets include Singapore, Malaysia and
Hong Kong.

The south-west of Western Australia, in particular, the Warren agricultural distnct
(Manjimup and Pemberton) provides ideal conditions for the year round production of
brassicas such as cauliflower. The Warren district produced 73 % of Western Australia’s
total cauliflower exports in 1992-93,

Cauliflower production is undertaken on the Karri and Jarrah loamy sands. Fertiliser
practises on these soils are based on local experience and some soil testing. Phosphorus
is a major nutrient that can limit yield and quality of brassicas. Phosphorus deficiency in
cauliflower is often subtle and can cause drastic reductions in growth associated with
scarcely noticeable symptoms. Poor or slow growths, lustreless or abnormally stiff and
erect leaves, purple unting in older leaves, and in severe cases, the development of red
curds, are reported symptoms of phosphorus deficiency in caulifiower (Scaife and
Turner 1983; Weir and Cresswell 1993).

Manjimup soils often have high concentrations of phosphorus. However, these soils
have a high buffering capacity compared with other horticultural soils which can bind up
phosphorus to an extent that it is unavailable to planis (Allen and Jeffery 1990; Hegney
and McPharlin pers. comm). There has been no experimental work conducted on the P
requirement of cauliflower in this region.

Current recommendations for P in the Warren district are to band 180 kg P/ha on low
phosphate (less than 30 mg/kg) status soils and 80 kg P/ha on high phosphate (over 100
mg/kg) status soils (Burt ef al. 1989). These rates are somewhat higher than those
reported elsewhere. For instance, rates for maximum yield of cauliflower ranged from 28
to 56 kg P/ha (Saimbhi ez al. 1969), 26 kg P/ha (Arora et al. 1970) and 22 kg P/ha
(Balyan et al. 1988). Peck and McDonald (1986) reported that 70 kg P/ha was required
for the caulifiower variety Imperial 106 for maximum yield. Phosphorus rates used in
cauliflower crops according to a Californian survey were among 28 to 49 kg P/ha
(Rauschkolb and Mikkelsen 1978). About 50-100 kg P/ha was recommended for
cauliflower grown on Canadian soils (Cutcliffe and Munro 1976). McPharlin et al.
(1994) reported that 103 and 152 kg P/ha was required for 95 and 99 % of maximum
yield on the sandy soils on the Swan coastal plain.

To clarify the situation for Manjimup soils, an experiment was undertaken to determine:

+ the rate of P required for 95, 99 and 99.9 % of maximum yield on a site with a known
soil P level,

+ the critical concentration of P required for maximum yield at different growth stages,

+ the most appropriate plant part to sample (o develop a reliable prognostic and
diagnostic test for P status in the crop,

* the effect of P on cautiflower quality at harvest and in cool storage.
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Materials and methods

The experiment was conducted on the Jarrah/Marri loamy sands at the Manjimup

Horticultural Research Centre, 310 km south of Perth (34°18'S, 1167'E). The soil is

classified as a duplex soil type Dy 5.31 (Northcote 1979). The characteristics of the soil

were soil bicarbonate extractable phosphorus and potassium of 23 mg/kg and 87 mg/kg,

glcéwell 1963) respectively, electrical conductivity of ¢.061 dS/m and pH (1:5 0.01M
aCl,) 5.94. -

Six rates of phosphorus (0, 20, 40, 80, 160 and 320 kg P/ha) were arranged in a
randomised block design with 4 replicates. Treatment plots were 4.5 m wide by 9 m
long, and consisted of 4 harvest rows and 2 buffer rows. Plants were spaced 0.5 m
apart, and planting rows were 0.75 m apart.

Dolomite (2 tha) and gypsum (2 t'ha) was broadcast and incorporated with a rotary hoe.
Muriate of potash (600 kg/ha), trace elements (100 kg/ha of Essential minerals) and
phosphorus treatments were double banded (10 cm apart) to a depth of 5 cm below
?';(r;s‘.;gl?led seedlings. Phosphorus was applied in the form of tniple superphosphate

).

Roundup (glyphosate) at 3 L/ha was sprayed across the site to eradicate pasture species.
A tank mix of Lorsban {chlorpyriphos) at 6 L/ha and Treflan (trifluralin} at 2.8 L/ha was
sprayed and cultivated into the site for pre-emergent insect and grass weed control,
respectively. Goal (oxyfluorfen) at 2 L/ha was applied for pre-emergent weed control.

Rovral at 1 ml/L (iprodione) was applied as a seedling drench for fungal disease control.
Lontrel (clopyralid) at 300 ml/ha was applied for posi-emergent weed control. Ambush
(permethrin) at 100 ml/ha was applied when necessary for insect control.

Cauliflower seedlings (Superfrax Plana) supplied by a local nursery, were transplanted
on 2 August 1993, Nitrogen, applied as urea (46 % N) was topdressed to a total of 560
kg urea/ha (260 kg N/ha) over the life of the crop in § applications.

The experiment was rain fed from planting until 27 September 1993, when irrigation was
scheduled according to tensiometer readings at 20 cm depth. About 20 mm of irrigation
was applied at -25 kPa soil moisture potential (tensiometer). Total water (rain+ irrigation)
from 12 July 1993 until 24 November 1993 was 595 mm, which replaced 154 mm of
class A pan evaporation.

Six to 10 plants per plot were destructively sampled for nutrient analysis. At 31 days
after transplanting (DAT), 10 plants per plot were sampled, 8 plants were sampled at 45,
59 and 73 DAT, and 6 plants were sampled 87 DAT. Whole tops were washed and
leaves below the growing point along with leaf nodes (excluding cotyledonary nodes)
were counted. Leaves were then removed below the growing point of each plant
sequentially. The stem and growing point was separated from leaves. Equivalent plant
parts from each plant sampied were then bulked for analysis. The resultant parts sampled
are given in Table 1. Plant parts were air dried at 70°C in an oven, and then forwarded to
the Chemistry Centre of WA for analysis. Samples were digested with sulfuric acid and
hydrogen peroxide, and measured as the molybdo-vanadate complex by autoanalyser
(Yuen and Pollard 1954; Anon 1977). Four whole plants were harvested from each plot
and were divided into curds, leaves and stems and roots to determine P uptake at 107
DAT.



Table 1. Resultant plant samples for P nutrient analysis

Plant sample Plant parts Subdivision
New growth Stem + growing point + balance of

leaves o sample 1
Sample 1 Third leaf above YFEL blades and midribs
Sample 2 Second leaf above YFEL blades and midribs
Sample 3 ' Leaf above YFEL blades and midribs
Sample 4 Youngest fully expanded leaf (YFEL) blades and midribs
Old growth Remaining leaves on the plant -

below YFEL bulked

ANew and old growth analysed then combined with other leaf parts to give ‘whole tops’. Whole leaf
consisted of blade and midrib. BBalance of icaves in new growth sample ranged from 2-5 as crop matured.
CYoungest fully expanded leaf.

“Twenty cauliflowers was sampled at harvest maturity commencing on 11 November until
30 November 1993 (101 to 120 DAT). The weight and number of curds harvested
during each sampling date were recorded. Each cauliflower was graded according to a
quality scale: (1 to 3, reject.grade; 4 to 5 local market grade; 6 to 7 export market grade,
minimum weight greater than 500g). Curd density, on 2 scale of 1 1o 3 (1, loose curd; 3,
tight curd) was recorded.

Curds of export quality were individually wrapped in tissue paper, placed into cardboard
boxes and cool stored at 1°C. Curds were reassessed and graded according to the quality
scale after 3 weeks in cool store. A further assessment was made after curds were left for
3 days in a ‘warm room’, which typified conditions of our major export markets (25°C,
95% relative humidity).

An analysis of variance, using GENSTAT software was carried out on total yield,
marketable yield (local + export), rejects (curd score less than or equal to 3) and quality
scores. A Mitscherlich (exponential) function was fitted against total yield and applied P
using GENSTAT software. Optimum rates of applied P at 95, 99 and 99.9 % of maximum
yield were determined using YIELDFIT software (Barreto and Westerman 1985). The
critical concentration range of P in plant paris was determined by fitting inverse
polynomials to the relationship of applied P versus P concentration in the plant part at 95,
99 and 99.9 % of maximum yield. Inverse polynomials were fitted to the relationship
between P uptake by cauliflower versus rate of applied P using GENSTAT software.

Results

Total yield of cauliflower increased significantly (P<0.001) with rate of applied P (Table
2). A Mitscherlich function best described the relationship between total yield and applied
P (R?=0.979). The rate of P required for 95 % of maximum yield (20.66 tha) was 52
kg P/ha, for 99 % of maximum yield (21.53 vha) was 82 kg P/ha and 124 kg P/ha was
required for 99.9 % of maximum yield (21.73 t/ha).

Marketable yield was significantly (P<0.001) affected by the rate of applied P (Table 2).
Only 3.4 % of curds were considered marketable in the nil P treatment. In contrast, over
80 % of the yield was marketable in P applied treatments (Table 2).

Average curd weights at harvest were significantly affected by P (P<0.001). The average

curd weight in the nil P treatment was only 132 g, compared to 878 g in the 160 kg P/ha
treatment (Table 2).
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Fig. 1. The effect of applied phosphorus on yield of the cauliflower cultivar Plana.

Fitted function Y = 21.751 - 18.09 exp “0-054x 2 = 0.979 where Y = to1al yield (t/ha) and
x = P rate (kg/ha).

Table 2. The effect of applied P on average curd weight, total and marketable yield
and rejecits of the cauliflower cultivar Plana

P applied Average Total Marketable Rejects Marketable Rejects

(kg/ha)  curd weight yield yield (t/ha)A yield (%)
(g) (t/ha) (t/ba) (%)
0 132 3.52 0.21 3.30 34 96.6
20 617 16.45 12.18 428 73.6 264
40 697 18.58 15.08 3.51 81.2 18.8
80 790 21.06 17.15 3.90 80.8 19.2
160 878 23.40 19.61 3.79 83.8 16.2
320 787 20.99 18.40 2.60 87.0 13.0
Slgﬂlﬁcance ko *k ¥ kK ns E3 13 * ¥k
Lsd (P=0.05) 100 27 349 . 129 12.9

AMajor rejects include curd yellowing, misshapen and undersized curds.

Curd density was also significantly affected by the rate of applied P (P<0.001). Low
rates of P produced curds with lower density scores (Table 3). Phosphorus also affected
quality scores (Table 3). The nil and 20 kg P/ha treatments produced the lowest curd
quality scores at harvest maturity. Low or no phosphorus rates produced curds that were
loose, small and misshapen,
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Table 3. The effect of applied P on curd density and quality scores (at harvest, and
after cool and warm storage) of the cauliflower cultivar Plana

Quality scores™
P applied (kg/ha) Curd density score Harvest Cool storage  Warm storage

0 1.01 1.57 - -

20 1.88 379 21 1.3
40 - 193 4.01 4.1 2.6
80 2,16 4.31 4.1 24
160 230 4.75 4.1 24
320 2,16 4.44 38 23
Significance ik ok ns ns
Ls.d (P=0.05) 0.3 0.44 - -

ACurds in nil P reatment unsuitable for exporn and therefore not cool/warm stored.

Quality scores after cool and warm storage were unaffected by applied P (Table 3).
However curd quality, as measured by quality scores decreased from harvest until the
end of warm storage. The major cause for curd down grading was due to cell
blackening/breakdown that was exacerbated by 3 days in warm storage.

Table 4. Percentage of curds harvested (cumulative) of the
cauliflower cultivar Plana

% curds harvested

Papplied 101 DAT® 105DAT  108DAT  112DAT 114 DAT
(kg/ha)

0 0 3 17 30 49
20 4 18 76 83 100
40 1 40 84 93 100
80 0 18 7 92 100
160 4 62 100 100 100
320 1 49 89 98 100
Signiﬂcance ns * kR *k¥ ok
Ls.d (P=0.05) - 36 25 23 23

2100 % curds harvested by 120 DAT for all treatments First harvest at 100 DAT less than 4
% of total barvest.

Table 4 presents the camulative % of curds harvested from 101 to 114 DAT. Lack of
applied P delayed harvest maturity, with only 30 % of curds at harvest maturity at 112
DAT, compared to over 80 % of curds in treatments containing P (Table 4). The higher P
rates {160 and 320 kg P/ha) matured significantly faster than other treatments at 105
DAT. In the 160 kg P/ha treatnent, 62 % of curds matured within four days of
commencement of harvest and 100 % of curds matured within 8 days (Table 4).

Fig. 2 presents the P uptake by cauliflower in whole plants and other plant parts. Inverse
polynomials were fitted to the relationship of applied P (kg/ha) versus P uptake. Uptake
of P by various plant parts increased significantly (P<0.001) with rate of applied P
(Table 5). P uptake by curds was 12.7 kg P/ha at 95 % of maximum yield, 15.7 kg P/ha
at 99 % of maximum yield, and 18.5 kg P/ha at 99.9 % of maximum yield.

The recovery efficiency (RE) of P (P uptake by curds/P applied) was determined. The
RE ranged from 0.4 at 20 kg P/ha to 0.07 at 320 kg P/ha (Table 5). The RE at 95 % of
maximum yield was 0.24, at 99 % of maximum yield was 0.19, and 0.15 at 99.9 % of
maxirnum yield.
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Table 5. Phosphorus uptake by whole plant, tops, curds and roots and P recovery
efficiency of the cauliflower cultivar Plana.

P uptake (kg/ha)

P applied (kg/ha) Recovery Whole plant Tops Curds Roots
efficiencyA (leaves + stem)
0 - 3.64 0.58 2.79 0.28
20 041 11.05 4,50 8.21 0.76
40 0.25 16.25 541 10.05 0.80
80 0.20 25.04 6.17 16.25 1.17
160 0.13 31.38 10.55 20.12 1.08
320 0.07 34.01 8.61 23.76 1.64
Slgnl.ﬁm *k* *k¥ *k% *kk
1.s.d (P=0.05) 6.3 30 5.33 0.43

AP recovery efficiency of curds = P uptake by curds (kg/ha)/P applied (kg/ha) according to Novoa and
Loomis {1981).

Cntical concentration range for P in plant parts which corresponded to 95-99.9 % of
maximum yield across sampling dates is presented in Table 6. Inverse polynomials were
fitted for the relationship between the rate of applied P versus P concentrations in plant
parts. P concentrations ranged from 0.23 to (.58 % across the various plant parts (Table
6). Table 7A presents the regression equations and correlation coefficients (R?) for each
relationship between plant part and P applied at each sampling date.

Table 8A shows the concentration of P in plant parts 45 DAT across all P rates. There
were highly sigrificant differences among plant parts (P<0.001). An analysis of variance
showed highly significant differences in P concentrations among plant parts and P rate
(results not presented). Generally, across all P rates, younger plant parts had higher
portihcentlrations of phosphorus than older plant parts, because P is a highly mobile nutrient
in the plant.

To determine the suitability of plant parts for P analysis, inverse polynomials were fitied
1o the relationship between yield and P concentrations at 45 DAT. Table 9A presents the

equations and correlation coefficients (R2) for each relationship between P in plant parts
and yield at 45 DAT. All plant parts were highly correlated (R?=0.91-0.93) with yield,
and were therefore suitable for P analysis.

Table 6. Critical concentration range of P (%) in various plant parts for
95.99.9 % of maximem yield of the cauliflower cultivar Plana over time

Critical concentration range of P (%) in plant part
for 95.99.9 % of maximum yield

DAT Leaf Wheole tops Midrib of Blade of YFELA

number YFEL YFEL
31 10 0.47-0.54 0.23-0.29 0.38-0.46 0.35-042
45 14-16 0.51-0.58 0.30-0.38 0.51-0.58 0.46-0.53
59 14-16 0.38-0.42 0.30-0.38 0.44-0.54 0.41-0.50
73 15-19 0.38-047 0.27-0.34 0.34-0.43 0.32-0.40
87 >20 0.34-0.41 0.25-0.31 0.31-0.39 0.28-0.36
Ay oungest fully expanded leaf
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Fig. 2. P uptake by cauliflower curds, sops (leaves and stem), roots and whole plant (curd,
leaves, stem and roots). -

Curds: Y = 29.78 - 26.99/(1 + 0.01119 x) R = 0.99

Tops: Y = 10.57 - 9.91/(1 + 0.0257 x) R = 0.829

Roots: Y = 1.78 -1.443/(1 + 0.0134 x) R = 0.834

Whole plant: Y = 42.01 - 38.92/(1 + 0.01439 x) R® = 0.987

Discussion

Phosphorus rates from 52-124 kg P/ha are considered to be adequate for achieving 95-
99.9 % of maximum yield of cauliflower on this soil type at Manjimup. Phosphorus
significantly increased total and marketable yield of the cauliflower variety Plana. At
current costs for phosphorus fertiliser, the highest rate of P giving 99.9 % of maximum
yield is recommended.

Quality scores at harvest were affected by P, and P fertiliser rates above the amount
required for optimum yield had no effect on quality in this experiment. Greenwood et al.
(1980) conducted experiments in England on vegetable crops including cauliflower and
reporied the effects of P on quality were negligible. P fertilisation had no effect on the
storage or shelf life of vegetables except through its effect on maturity and quality at the
time the produce is stored (Greenwood er al. 1980). Cutcliffe and Munro (1976) and
Thakur et al. (1991) also found that maturity of cauliflower curds was slightly delayed by
a lack of phosphorus. Our results also agree with these workers.

Critical concentrations for P were developed for plant parts at 95-99.9 % of maximum
yield. McPharlin et al. (1994) found that 0.45 % P in the YML at buttoning was required
for maximum yield. Our results at buttoning (59 DAS, 14-16 leaves) show that the
critical concentration of P for 95-99.9 % maximum yield ranged from 0.41-0.5 %. Weir
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and Cresswell (1993) reported that 0.3-0.7% P in YML at buttoning was considered
adequate for cauliflower. Lorenz and Vittum (1980) a reported somewhat higher
concentration of 0.5-0.7 % for cauliflower at 'heading'.

McPharlin et al. (1994) reported that 24-27 kg/ha P was removed by curds at 95-99 % of
maximum yield. In this experiment about 13-19 kg P/ha were removed from soil by
curds at 95-99.9 % of maximum yield. However, Lorenz and Vittum (1980) found that
about 8.9 kg/ha of P was removed by cauliflower curds. Recovery efficiency of P
decreased with increasing rates of P.

Purpling of older leaves has been described as one of the symptoms of P deficiency in
cauliflower (Scaife and Tumer 1983). This symptom was not observed in this
experiment. However, cauliflower plants with low or no phosphorus were generally
stunted in size compared to high P treatments in this experiment.

Visual symptoms of deficiency are not suitable for diagnosing P deficiency in
-cauliflower. Leaf analysis could be used in crops showing reduced growth rates and thus
suspected P deficiency.

However, P deficiency is difficult to correct once a crop is established. Scaife and Turner
(1983) suggest that a ‘cure’ for P deficiency is not practical as foliar sprays can be
phytotoxic. NPK type fertilisers could be used but these are expensive for the amount of
P they contain (5 %). Ideally, recommendations for P should be based on soil testing and
checked, if necessary, with leaf analysis at an early stage of crop development.
Phosphorus concentrations in all of the plant parts sampled at 45 DAT correlated with
final yield. Whole tops would be the simplest to sample, as there is no confusion as to
which is the correct leaf. However, sampling whole tops for tissue analysis means a loss
of a potential exportable curd. In addition, the volume of material sampled for whole tops
is large compared with a single leaf and this could lead to problems for drying matenial,
soil contamination and for freight cost for analysis. It is more efficient and economical to
sample 20-30 leaves from a crop. Sampling 20-30 whole tops may create some problems
with handling. Greenwood er al. (1980b) conducted experiments with NPK in vegetables
and used whole tops for analysis. However, there is a general rend to select for ‘the
youngest mature leaf’ because this leaf reflects the current nutritional status of the plant.
With adequate training and practice (with appropriate diagrams or photos) other plant
parts, such as the YFEL could be sampled by growers.
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Appendix

Table 7A. Critical concentration range of P in plant parts for 95, 99 and 99.9 % of
maximum yield over time, regression equations and correlation coefficients

Critical concentration of P
Plant part DAT (%) in plant part for 95, 99 Equation® R?
and 99.9 % of maximum
yield
95 99 99.9

Whole tops 31  0.4657 0.5068 0.5379 Y =0.6226-0.4082/(1+0.03079°x) 0.980
45  0.5133 0.5531 0.5819 Y =0.6553-0.4358/(140.0398°x)  0.960

59 0.3785 0.4209 0.4578 Y =0.588-0.3742/(1+0.01512*x)  0.997
73 0.3779 0.4201 0.4572 Y =0.5907-0.3724/(1+0.01443*x) 0.997
87 0.3402 0.3770 0.4133 Y =0.5883-0.3553/(1+0.00831*x) 0.964
Midrib of YFEL 31 0.2329 0.2660 0.2942 Y =03891-0.2931/(1+0.01685*x) 0.953
45 0.3022 0.3456 0.3824 Y=05055-0.384/(1+0.0171*x)  0.802
59 03012 0.3416 0.3752 Y =0484-0.3591/(1+0.01855*x)  0.996
73 02705 0.3084 0.3417 Y =04627-0.3342/(1+0.01421*x) 0.992
87 0.2532 0.2855 0.3154 Y =0.4381-0.2918/(1+0.01112*x) 0.963
Blade of YFEL. 31 0.3810 0.4247 0.4594 Y = 0.5625-0.4032/(1+0.02348*x) 0.979
45  0.5082 0.5489 0.5776 Y =0.6483-0.4824/(1+0.047*x)  0.863
59 0.4384 0.4963 0.5431 Y =0.6858-0.5268/(1+0.02171*x) 0.997
73 0.3368 0.3843 0.4283 Y = 0.6061-0.4287/(1+0.01138*x) 0.997
87 03082 0.3474 0.3853 Y =0.5584-0.3688/(1+0.00912*x) 0.954
YFELE 31 03472 0.3890 0.4228 Y =05258-0.3798/(140.02167*x) 0.974
45 0.4643 0.5049 0.5341 Y =0.6079-04535/(1+0.0415°x)  0.852
59 0.4059 0.4599 0.5037 Y =0.63864-0.48804/(1+0.0211*x) 0.999
73 03188 03630 0.4031 Y =0.5583-0.3945/(1+0.01244*x) 0.9%4
87 0.2894 0.3259 (.3612 Y =0.5223-0.3435/(1+0.00913*x} 0.953

" where y = critical concentration of P (%), x = 52 kg P/ha at 95 % of maximum yield, 82 kg P/ha 8t 99 %
and 124 kg P/ba a1 99.9 % SYoungest fully expanded jeaf.
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Table 8A. Concentration of P in plant parts of the cauliflower variety Plana at 45

DAT across P rates

Position P (%)
Third ieaf blade above YFEL 0.768
Second leaf blade above YFEL 0.634
Leaf blade above YFEL 0.540
Blade of YFEL 0.467
Third leaf midrib above YFEL 0.491
Second leaf midrib above YFEL 0.422
-| Leaf midrib above YFEL 0.348
Midrib of YFEL 0.302
Third leaf above YFEL 0.697
Second leaf above YFEL 0.585
Leaf above YFEL 0.498
YFEL 0.430
Whole tops 0.482
Significance i
Ls.d (P=0.05) 0.0116

Table 9A. Correlations coefficients and regression equations for the relationship
between concentration of P in plant parts versus yield at 45 DAT

Plant part Equation R2

Third blade above YFEL y = 22.60 - 241exp-5.729 x 0.930
Second blade above YFEL y = 22.08 - 126¢xp-6.266 x 0.910
Biade above YFEL y = 22.4 - 57.8exp-5.655 x 0.915
Blade of YFEL y =22.46 - 54.9exp-6337x 0909
Third midrib above YFEL y =21.34 - 240exp-11.314x 0925
Second midrib above YFEL.  y=21.40-885exp-8343x  0.924
Midrib above YFEL y=21,78-91.5exp-11.711x  0.927
Midrib of YFEL y =21.78 - 79.6exp-13.074x  0.921
Third leaf above YFEL y =22.50 - 18lexp-5.972 x 0.929
Second leaf above YFEL y =22.30-1013exp-6.235x  0.910
Leaf above YFEL y =22.24 - 59.1exp-6.371 x 0.916
YFEL y = 22,35 - 57.0exp-7.119 x 0.911
Whole tops y=23.89-71.8exp-5.714x  0.938

where y = yield (t/ha) and x = P concentration (%) in plant part
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Effect of potassium on the yield and quality of cauliflower
A. Galati®, D. R. Phillips®, R. C. Jeffery® and H. P. Hoffmann"

ADepartment of Agriculture, Western Australia
B Chemistry Centre, Western Australia

Introduction

Cauliflower is an important export commodity for the vegetable industry of Manjimup.
Adequate fertiliser regimes are important if the industry is to continue to supply a good
quality product without reducing yield.

Current recommendations for the element potassium (K) for cauliflowers grown in the
district are to apply K if soil test levels are below 150 mg/kg bicarbonate exwractable K. Soils
regularly fertilised in previous crops, may have soil test concentrations over 250 mg/kg and
therefore may not require additional K. On soil with low K, the current recommendation is
to band a source of K, usually Muriate of Potash (KCl) at 800 kg/ha (equivalent to 400 kg
K/ha) (Burt et al. 1989). On the sandy soil of the Swan coastal plain, 350 to 450 kg K/ha is
suggested for cauliflower growing (Webb and Phillips 1986).

These rates appear quite high compared to overseas research, For instance, Cutcliffe and
Munro (1976) recommended 90 kg K/ha for cauliflowers in Canadian soils, whereas Arora
et al. (1970) recommended only 17 kg K/ha in India. A survey of Californian cauliflower
crops revealed that the rates of K applied ranged from 18 10 43 kg K/ha (Rauschkolb and
Mikkelson 1978). Peck and McDonald (1986) suggested a range among 140 and 560 kg
K/ha for cauliflowers grown on sandy loams in New York State.

Potassium deficiency in cauliflower is recognised by marginal and interveinal scorch of older
leaves. Consequently, the scorching often cause leaves to curl upwards (Scaife and Tumner
1983; Weir and Cresswell 1993).

Luxury concentrations of K may appear not to effect yield, but have a subliminal effect of
depressing uptake of other cations such as magnesium and calcium, causing deficiency
symptoms in the plant (Marschner 1986). Peck and McDonald (1986), for instance, found
that increasing K (0, 35, 140, 560 kg K/ha) increased concentrations of K and zinc, but
decreased calcium and magnesium in cauliflower leaf blades. In addition, they found that
increasing rates of KCl led to a significant (up to 30 % of the yield) increase in the quality
defect, hollow stem in cauliflower.

The objective of this experiment was to determine:

+ the rate of K required for 95, 99 and 99.9 % of maximum yield on a site with a known
soil K level,

» the critical concentration of K required for maximum yield at different growth stages,

+ the most appropriate plant part to sample to develop a reliable prognostic and diagnostic
test for K status in the crop,

« the effect of K on cauliflower quality at harvest and after cool storage.

Materials and Methods

The experiment was conducted at the Manjimup Horticultural Research Centre (34°18'S,
116°7'E) in the south-west of Western Australia. The soil type was a loamy sand with pre-
plant P and K concentrations averaging 26 mg/kg and 77 mg/kg (Colwell 1963)
respectively, pH (1:5 water) of 5.9 and a phosphorus retention index of 290.
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The trial site was sprayed with Roundup® (glyphosate) at 3 L/ha, two weeks before disc
cultivation to a depth of 15 cm. Dolomite (2 v'ha) and gypsum (2 vha) was applied manually
and incorporated with a rotary cultivator after a boom spray application of Treflan
(trifluraiin} at 2.8 L/ha and Lorsban {chlorpyriphos) at 6 L/ha.

Treatments were 0, 50, 100, 150, 200, and 400 kg/ha of potassium, banded pre-planting as
muriate of potash (KCl, 41.5 % K), mixed with 1 t/ha of diammonium phosphate (DAP)
and 100 kg/ha of trace elements (Essential Minerals®).

The experiment was arranged as a randomised block with 4 replications. Plant rows were
(.75 m apart and plants were spaced at 0.5 m. Each plot was 4.5 m wide by 9 m long
consisting of 4 harvest rows buffered by 2 outside rows. There were 72 plants per plot
consisting of 24 plants for final harvest, 8 buffer plants and 40 plants that were destructively
harvested for nutrient analysis.

Total pre-plant fertiliser consisted of 200 kg P/ha, 175 kg N/ha, 244 kg Mg/ha, 2 kg Mn/ha,
6 kg Zn/ha and 0.5 kg B/ha. Fertiliser bands were applied manually in double bands, 10 cm
apart and 5 cm deep, on 12 July 1993, Cauliflower (Brassica oleracea) cv. Plana seedlings
were transplanted between the two fertiliser bands on 3 August 1993,

Chlorthal (Dacthal® at 10 kg/ha) and cypermethrin (Dominex® at 0.1 L/ha) were sprayed
shortly after planting and methiocarb (Mesurol® at 5 kg/ha) applied manually for the control
of snails and slugs.

Weed infestations were controlled through post plant applications of clopyralid (Lontrel at
0.3 L/ha), sethoxydim (Sertin at 1 L/ha) and fluazifop-P, butyl (Fusilade® at 2 L/ha).

Insect control was achieved using permethrin (Ambush® at 0.1 L/ha} as necessary.

The trial was rain irrigated from planting until the 27 September 1993, when irrigation
through a semi-permanent sprinkler system was scheduled according to tensiometer readings
at 20 cm depth. Approximately 20 mm of imigation water was applied at - 25 kPa soil
moisture potential. Total water applied from 12 July 1993 till 24 November 1993 including
rainfall was 595 mm, which replaced 154 mm of class A pan evaporation.

Additional N (129 kg/ha) was applied as Urea in four applications at 43, 65, 77 and 86 days
after transplanting.

Six to 10 plants per plot were destructively sampled for nutrient analysis at 30, 45, 59, 73
and 87 days after transplanting (DAT). At 30 DAT, 10 plants per plot were sampled, 8
plants were sampled at 45, 59 and 73 DAT, and 6 plants were sampled 87 DAT. Plant parts
were washed and leaves below the growing point in addition to leaf nodes (excluding
cotyledonary nodes) were counted, Leaves were then removed below the growing point.
The stem and growing point was separated from leaves. Equivalent plant parts from each
plant in the plant sample were combined. The resultant parts sampled are given in Table 1.
Plant parts were air dried at 70°C in an oven, and then forwarded to the Chemistry Centre of
WA for analysis.

Curds were harvested at maturity from 11 November 1993 until 24 November 1993. Curds
were weighed, rated for quality, density and any faults noted. Each curd was graded
according to a quality rating scale (1 to 3 reject grade; 4 to 5 local market grade; 6 to 7 export
market grade, minimum weight of greater than 500 g). Curd density, on a scale of 1 t0 3 (1,
loose curd, 3 tight, compact curd) was recorded for each curd. Curds of market quality were
then wrapped in paper and stored in cardboard boxes at 1C for 21 days, then placed into
warm storage at 25C and 95 % relative humidity for 3 days. Curds were rated for quality
and faults after cool and warm storage. Four whole plants were harvested from each plot and
were divided into curds, leaves and stems and roots to determine K uptake.
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Table 1. Resultant plant samples for nutrient analysis

Plant sample” Plant parts Subdivision
New growth Stem + growing point + balance -

of leaves to sample 1B
Sample 1 Third leaf above YFEL blades and midribs
Sample 2 Second leaf above YFEL blades and midribs
Sample 3 Leaf above YFEL blades and midribs
Sample 4 YFELC blades and midribs
Otd growth Remaining leaves on the plant -

below YFEL bulked

ANew and old growth analysed, then combined with other leaf parts 10 give ‘whole tops’. Whole leaf
consisted of blade and midrib. BBatance of leaves in new growth sample ranged from 2-5 as crop matured.
CYoungest fully expanded leaf.

An analysis of variance, using GENSTAT software was carried out on yield data and quality
scores. Inverse polynomials were fitted to the relationship between K uptake by cauliflower
versus rate of applied K using GENSTAT software,

Results and discussion

Total yield of cauliflower was not influenced by rate of K applied in this experiment (Table
2). The average total yield across treatments was 25.8 tha. Marketable yield was also
unaffected by the rate of K applied (Table 2).

Table 2. The effect of applied K on total and marketable yvield and rejects of the
cauliflower cultivar Plana at harvest

K applied Total Marketable RejectsA Marketable Rejects
(kg/ha) yield yield (t/ha) yield (%)
{t/ha) {t/ha) _ (%)

0 25.8 20.59 5.17 79.6 204

50 26.7 2395 3.69 86.8 13.2

100 254 2190 345 86.6 134

150 233 2205 1.29 94.5 5.5

200 276 26.30 1.25 95.3 47

400 26.2 22.48 3.75 85.8 14.2

Significance ns ns ns ns ns
Ls.d (P=0.05) - - - - -

AMajor rejects include curd yellowing, misshapen and undersized curds.

Quality scores of curds at harvest were significantly different (P<0.05) across K treatments.
The nil treatments had lower curd guality scores at harvest, and after cool and warm storage
(Table 3).

Average curd weights at harvest, were not affected by K rate (P>0.05). The average curd
weight across treatments was 974 g (Table 4). Whole plant and top (curd + leaves) dry
weights were unaffected by K applied. However, both whole plant and top dry weight
generally increased with increasing rates of K (Tabie 4).
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Table 3. The effect of applied K on curd density and quality scores (at harvest,
and after cool and warm storage} of the cauliflower cultivar Plana

Quality scores

K applied Curd Harvest Cool storage Wamn storage
(kg/a) density

score
0 252 424 3.78 2.07
50 2.59 4.88 4.19 249
100 2.39 4.66 430 2.68
150 220 470 435 2.68
200 2.57 7503 4,28 254
400 2.14 4.71 4.26 2.61
Significance  * * ns *
Ls.d (P=0.05) 0.2 0.4 - 04

Table 4. The effect of applied K on whole plant dry weight, top dry weight (curd +
leaves), average curd fresh weight at harvest and % curds harvested by 104 DAT for the
caulifiower cultivar Plana

K applied Whole Top dry Average Curds

(kg/ha) plant dry weight curd fresh harvested by
weight (g) weight (g) 104 DAT (%)

(g)

0 697 596 966 84.7

50 800 688 1037 47.5

100 802 752 951 525

150 1090 983 875 47.0

200 1070 1034 1033 492

400 1129 1042 984 60.0

Significance ns ns ns *

Ls.d (P=0.05) - - - 227

At 104 days after transplanting, 85 % of curds were harvested in the nil plots compared to
about 50 % of curds across K applied treatments (Table 4).

Figure 1 presents K uptake by caulifiower curds, tops, roots and whole plants across
applied K. Uptake of K by plant parts increased significantly with rate of applied K (Table

5)

Table 5. Potassium uptake by whole plant, tops, curds and roots

K uptake (kg/ha)

K applied Whole plant Tops Curds Roots
(kg/ha) {leaves+stem)
0 60.1 29.2 278 32
50 117.7 52.6 46.7 6.7
100 1144 71.3 388 4.3
150 1520 97.8 538 9.2
200 175.7 124.3 58.5 54
400 236.6 1520 74.0 10.6
Signi_ﬁm £ 13 ek * k%
Lsd (P=0.05) 499 43.6 215 3.5
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Fig. 1. Uptake of K by cauliflower curds, tops (leaves and stem), roots and whole plant
(curd, leaves, stem and roots).

Curds: Y = 134.0 - 103.8(1 + 0.0018 x), R = 0.840.
Tops: Y =275.6 - 249.7/(1 + 0.0027 x), R® = 0.967.
Roots: Y = 4.219 + 0.0156 x, R = 0.595.

Whole plant: Y =490.0-423.0/1 + 0.00166 x), R> = 0.949.

The critical concentration range of K in plant parts which corresponded to 95-99 % of
maximum yield could not be determined because applied K had no effect on total or
marketable yield in this experiment. In general, K concentration in leaves, blades, midribs
and whole tops increased with increasing K rate. Table 6A presents the effect of K rate on
conﬁcte]nmﬁons of K in the midrib and blade of the YFEL, the YFEL and whole tops of
cauliflower.

Table 7A shows the concentration range of K from the 50 to 400 kg K/ha treatments in piant
parts over time. These concentrations were sufficient to grow a cauliflower crop to maturity
and generally correspond with published leaf levels. For instance, Piggott (1986)
recommends that 4 % K was adequate in the midrib of the YFEL at buttoning. We observed
3.5-6.8 % K in the midrib of YFEL at the same growth stage (Table 7A). Weir and
Cresswell (1993) quote values of 3.0-4.0 % K in the YFEL at buttoning, whereas we
observed concentrations of 2.2-4.9 % K. Symptoms of deficiency were evident at a level of
1.1 % in our experiment in the YFEL at this growth stage (Table 7A).

It was not possible to determine the most appropriate plant part for K analysis from this
experiment, since leaf K concentrations could not be correlated to total yield. However, a
comparison of K concentrations between the YFEL and other leaves (first, second and third
leaf above YFEL) showed that there was little difference in K concentrations (results not
shown). The YFEL would be a suitable plant part 1o sample to determine K concentration for
cauliflower, with little loss of accuracy from sampling errors related to different
interpretations of plant part up to 3 leaves above the YFEL.
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In this soil type, 77 mg/kg of bicarbonate extractable K was adequate to produce a
marketable crop in the conirol weatments. Although there were no significant yield
differences between the nil K and other treatments, leaf scorching in older leaves were
observed in the nil K treatments as early as 49 DAT, In addition, the nil K treaunents had
lower curd quality scores at harvest, which was mainly due to curd yellowing. It is possible
that underdeveloped wrapper leaves caused excessive curd yellowing. Dry weight data tends
10 support this contention as the top yields in the nil K treatments were generally smaller than
those treatments containing K.

It would appear that about 50 kg K/ha would be sufficient to grow the cultivar Plana in soils
with 77 mg/kg of extractable potassium and above, without loss of yield or quality.
However, there is a need to repeat this work to determine the critical K rate for similar soils
with a bicarbonate extractable potassium of below 77 mg/kg.
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Appendix

Table 6A. The effect of K rate on concentrations of K in the blade and midrib of
YFEL, the YFEL and whole tops of the cauliflower cultivar Plana at 59 DAT
(buttoning)

% K

K applied Blade Midrib YFEL Whole

(kg/ha) of of tops
YFEL YFEL
0 0.96 1.49 1.06 1.40
50 1.73 3.50 2,22 2.51
100 2.77 5.04 3.67 3.37
150 345 5.85 4.10 399
200 3.84 6.19 4.46 432
400 4.15 6.87 4.86 4.59
Signiﬁca_nce ok ok ek ok Aok ok e oo
ls.d 0.29 0.51 0.34 0.29
(P=0.05)

Table 7A. Concentration range of K (%) in plant parts of the cauliflower cultivar
Plana for 50-400 kg K/ha treatments

Concentration range of K (%) from 50-400 kg K/ha
freatments
DAT  Leaf  Wholetops Midrib of Biade of YFELA
number YFEL YFEL

31 10 3.03-428 3.44-586 2.29-3.65 2.54-4.13
45 14-16 3.28-5.53 5.69-9.35 2.63-4.99  3.27-5.90
59B 14-16 2.51-4.59  3.50-6.87 1.73-4.15  2.22-4.86
73 15-19 2.00-3.60 2.51-4.57 1.33-3.26  1.68-3.75
87 >20 1.80-3.17 2.08-3.56 1.11-2.31 1.46-2.78

AYoungesl fully expanded leaf. BBuuoning

57




Effect of nitrogen on yield and quality of cauliflower
A. GalatiA, D. R. PhillipsA, R. C. JefferyB, H. P. Hoffmann? and J. Doust?

ADepartment of Agriculture, Western Australia
BChemistry Centre, Western Australia

Introduction

Nitrogen (N) is an essential element for plant growth. Improved N management
recommendations for export cauliflower are required due to its reported effects on quality,
shelf life in storage and growing concerns about leaching of nitrates into water supplies.

Nitrogen demand is particularly heavy in brassica vegetables. Balyan ez al. (1988) reported
that cauliflower curd compactness and marketable yields increased significantly vp to 120 kg
N/ha, without further improvement at 160 kg N/ha. Arora er al. (1970) reported that 150 kg
N/ha was required for maximum yield of cauliflower in India.

Increasing rate of N (80 to 240 kg/ha) delayed curd maturity and increased dry matter content,
gross plant weight, leaf number, curd yield and incidence of stalk rot (Thakur et al. 1991).
Yield, curd diameter and compactness increased with increasing nitrogen rate and yield was
optimised at 100 kg N/ha (Roy ez al. 1981). Cutcliffe and Munro (1976) found that maximum
yields of cauliflower were obtained in Canadian soils when N was applied at rates of 112 to
224 kg N/ha. Yields of the varieties Snowball and Imperial were maximised at rates of about
200 kg/ha (Markovic and Djurovka 1990).

About 150 to 200 kg N/ha is suggested for growing cauliflower in the Manjimup district,
depending on previous cropping history, time of year and soil type (Webb and Phillips 1986).

High rates of nitrogen fertiliser can lead to bacterial breakdown in brassicas, such as broccoli
{Canaday and Wyatt 1992) and Chinese cabbage (Kikumoto 1981). Curd yellowing
(Greenwood et al. 1980) and hollow stem (Hipp 1974; Scaife and Wurr 1990) has been
attributed to high rates of nitrogen fertiliser,

Nitrogen deficiency in cauliflower is characterised by pale green leaves, which may become
yellow to bronze, pink or purple as they age. Older leaves in particular may yellow and die off
prematurely. Growth rates are drastically reduced by inadequate N (Scaife and Turner 1983;
Weir and Cresswell 1993).

Nitrogen deficiency can lead to the development of premature heads (Cutcliffe and Munro
1976) and to the production of small, loose and misshapen curds (Dufault and Waters 1985)
in brassica species.

Leaf tissue analysis can be useful in modifying N fertiliser programs during the life of a crop.
Sap nitrate concentration has been regarded as a sensitive indicator of plant nitrogen status.
Rapid sap analysis technigues have been used successfully in vegetables such as potatoes
(Williams and Maier 1990). A simple technique for monitoring nitrate concentrations in the
plant cgilld predict impending deficiency in time to apply N fertiliser and prevent loss in yield
and quality.

The objectives of this experiment were to:

determine the rate of N required for 95 and 99% of maximum yield,

* determine the critical concentration of N required for maximum yield at different growth
stages,

* determine the most appropriate plant part to sample to develop a reliable prognostic and
diagnostic test for N status in the crop,
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* evaluate rapid sap analysis techniques (Merkoquant®, Horiba®) compared to laboratory
analysis for measuring nitrate status in cauliflower.
* determine the effect of N on cauliflower quality at harvest and after cool storage.

Materials and methods

The experiment was conducted on the Jarrah/Marri loams of the Manjimup Horticultural
Research Centre, 310 km south of Perth, The soil is classified as a duplex soil type Dy 5.31
(Northcote 1979), with soil bicarbonate extractable phosphorus of 48 mg/kg (Colwell 1963),
soil pH (1:5 0.01M CaCl,) 5.7, total soil N of 0.166 %, soil ammonium of 5 mg/kg and soil
nitrate of 17 mg/kg.

Six rates of nitrogen (0, 100, 200, 300, 400 and 500 kg N/ha) were arranged in a randomised
block design with 4 replicates. Treatment plots were 4.5 m wide by 9 m long and consisted of
4 harvest and 2 buffer rows. Plants were spaced 0.5 m apart and planting rows were 0.75 m
apart,

Roundup® (glyphosate) at 3 L/ha was sprayed across the site before cultivation to a depth of
15 cm. Dolomite (2 tha) and gypsum (2 vha) was broadcast across the site. A tank mix of
chlorpyriphos (Lorsban® at 6L/ha) and trifluralin (Treflan® at 2.8 L/ha) were sprayed on the
stte for pre-emergence insect and grass weed control, respectively. Soil amendments and
pesticide were incorporated into soil using a rotary hoe.

Muriate of potash (600 kg/ha), trace elements (100 kg/ha of Essential Minerals®), triple
superphosphate (1 t/ha) and nitrogen treatments were double banded (10 cm apart) to a depth
of 5 cm. Nitrogen was applied in the form of Agran (34 % N). Half of the nitrogen from each
treatment was banded, whilst the remaining half was applied as topdressings on 3 March 1994
(29 days after transplanting, DAT) and 24 March 1994 (50 DAT).

Dominex® (cypermethrin) at 100 ml/ha was applied for insect control at planting. Iprodione
(Rovral® at 1 ml/L) was applied as a seedling drench for fungal disease control. Lontrel®
(clopyralid) at 300 ml/ha was applied for post emergent weed control. Ambush® (permethrin)
at 100 ml/ha was applied for insect control when necessary.

The site was irrigated from planting according to tensiometer readings at 20 cm depth. Total
water (rain-+irrigation) from transplanting until harvest was 357 mm, which replaced 122 mm
of class A pan evaporation. Irrigation was applied when soil moisture potential was measured
at -25 kPa.

Cauliflower seedlings (Superfrax Plana) were supplied by the local nursery and were
transplanted on 2 February 1994, Six 1o 10 plants per plot were destructively sampled for
nutrient analysis at 14, 35, 42, 49 and 56 DAT. At 14 DAT, 10 plants per plot were sampled,
8 plants were sampled at 35, 42 and 49 DAT and 6 plants were sampled at 56 DAT. Whole
tops were washed and leaves below the growing point along with leaf nodes (excluding
cotyledonary nodes) were counted. Leaves were then removed below the growing point of
each plant sequentially, The stem and growing point was separated from leaves. Equivalent
plant parts from each plant sampled were then bulked for analysis. The resultant parts sampled
are given in Table 1. Plant parts were air dried at 70°C in an oven and then forwarded to the
Chemistry Centre of WA for analysis. Four whole plants were harvested from each plot and
were divided into curds, leaves and stem, and roots to determine N uptake at harvest.

In addition, midribs of the YFEL (Table 1) were sampled at 28, 42, 56, 70 and 84 DAT for
sap nitrate testing. The midribs were chopped, mixed, and about one quarter by weight of the
sample was set aside for sap testing. The remaining sample was air dried for laboratory
analysis by the Chemistry Centre. Sap was expressed from the midribs by a garlic press. Sap
(0.1 m}) was then diluted (1:20) in distilled water (1.9 ml).
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Table 1. Resultant plant parts for N nutrient analysis

Plant sample® Plant parts Subdivision
New growth Stem + growing point + balance

of leaves to sample 1B
Sample 1 Third icaf above YFEL blades and midribs
Sample 2 Second leaf above YFEL biades and midribs
Sample 3 Leaf above YFEL blades and midribs
Sample 4 YFELC blades and midribs
Old growth Remaining leaves on the plant -

below YFEL bulked

ANew and old growth analysed then combined with other leaf parts to give ‘whole tops’. Whole leaf consisted
of blade and midrib. BBalance of leaves in new growth sample ranged from 2-5 as crop matured. CYoungest
fully expanded leaf.

Nitrate standards (1000, 2000, 4000, 6000, 8000 and 10,000 mg NOy/kg) were diluted
(1:20) in distilled water and were used to calibrate the Nitrachek® and Cardy Horiba® meters.

Diluted sap (0.1 ml) was applied to the nitrate sensitive square of a Merkoquant® test strip
and after 1 min (allowing for colour development), the strip was placed into the Nitrachek®
meter for a nitrate reading. Two to 3 readings were taken per treatment.

Diluted sap (0.1 ml) was also placed on the electrode sensitive square of the Cardy Horiba
meter. Measurements were repeated twice per plot and readings were taken after 1 min. On 2
sampling dates, sap was measured by the rapid sap testing methods and by an autoanalyser.
Twenty cauliflower curds were sampled at harvest maturity commencing from 75 DAT unitil
84 DAT. The weight and number of curds during each harvest were recorded. Each
cauliflower was graded according to a quality scale (1 to 3, reject grade; 4 to 5 local market
grade; 6 to 7 export grade, minimum weight greater than 500 g). Curd density, on a scale of 1
to 3 (1, loose curd; 3 tight curd) was recorded.

Curds of export quality were individually wrapped in tissue paper, placed into cardboard

boxes and stored at 1°C. Curds were reassessed and graded according to the quality scale after

3 weeks in cool store. A further assessment was made after curds were left for 3 daysina

I‘lwan'l('ll room’, which typified conditions of our major export markets (25°C, 95 % relative
umidity).

An analysis of variance was performed on yield data and quality scores using GENSTAT
software. A rational function was fitted to the relationship between total yield and applied N
using GENSTAT software, Exponential and linear functions were fitted to the relationships
between applied N and sap NO3-N concentrations.

Results

Nitrogen significantly increased total yield of cauliflower from 18.9 t/ha with no nitrogen to
33.5 t/ha with 400 kg N/ha (Table 2). A rational function (quadratic/linear) best described the
relationship between total yield and applied N (R2=0.84). From this function, the rate of N
required for 99 % of maximum yield (32.76 t/ha) was 303 kg N/ha, whereas 243 kg N/ha
was required for 95 % (31.43 t'ha) of maximum yield (Fig. 1).

Marketable yield responded similarly (P<0.001) o applied N (Fig. 1). Only 34 % of curds
were considered marketable with O N whereas 86 % of the total yield was marketable at 400
kg N/ha (Table 2). Total and marketable yield, and average curd weight was significantly
reduced in the 500 kg N/ha treatment (Table 2).
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Fig. 1. Yield response of the cauliflower cultivar Plana to nitrogen.
Fitted function Y = 49.3 - 29.5/(1-0.001158x) + 0.0954x, RZ = 0.34, where
Y = total vield (tha) and x = N rate (kg/ha).

Table 2. The effect of N on average curd weight, total and marketable yield and rejects
for the caulifiower cultivar Plana

N applied Average Total Marketable Rejects® Marketable Rejects
(kg/a) amd yield yield (t/ha) yield (%)
weight (g) (t/ha) {tha) {%)

0 700 18.90 7.05 11.84 344 65.6
100 1038 27.67 20.69 6.98 74.2 258
200 1093 29.15 23.76 539 80.9 19.1
300 1190 31.73 23.09 8.63 72.0 280
400 1257 33.51 28.68 4.83 85.7 143
500 1007 26.85 21.35 5.50 78.5 21.5
Slgmﬁcance ko Wk *% * kkxk Fok¥
Ls.d (P=0,05) 153 4.1 6.87 3.83 18.0 18.0

AMajor cause for rejection was curd yellowing, misshapen and undersized curds

Average curd weight at harvest maturity was significantly affected by N (P<0.001). The
average curd weight in the 0 N treatment was 709 g, compared to 1257 g in the 400 kg N/ha
treatment (Table 2).

Nitrogen rate had no effect (P<0.05) on the curd density scores at harvest (Table 3). Harvest
quality scores were affected by rate of N, with curds in the 400 N treatrnent producing curds
with the highest quality (Table 3). However, rate of N had no effect on quality scores after
cool or warm storage. Curd quality scores were reduced by warm storage across all
treatrnents. The major cause for down grading curds was due to the occurrence of cell
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blackening/breakdown. After cool storage, cell blackening was only a minor problem. The
condition was exacerbated by 3 days of warm storage.

Table 3. The effect of N on curd density and quality scores {(at harvest, and after cool
and warm storage) for the cauliflower cultivar Plana

Quality scores

N applied (kg/ha) Curd density score Harvest Cool storage Warm storage
0 1.95 4.0 47 3.1

100 2.20 48 4.6 3.3

200 230 4,7 4.7 31

300 226 4.7 4.7 3.0

400 2.36 5.1 49 3.1

500 206 4.4 438 28
Significance ns b ns ns

Ls.d (P=0.05) - 0.39 - -

Nitrogen treatment had no effect on weight loss of curds in storage (results not presented). On
average, curds lost 4.5 % of their weight from harvest until the completion of cool storage.
Curd weight was reduced a further 1.5 % across all treatments from cool storage to the
completion of warm storage. A total weight loss of 6 % from original curd weights occurred
by the end of warm storage.

Table 4 presents the percentage of curds harvested from 75 to 83 DAT. In the mI N
treatments, 85 % of curds were harvested at 79 DAT, compared to 17 % of curds in the 500
kg N/ha treatment. High rates of nitrogen delayed harvest maturity. However all curds were
harvested across all treatments by 86 DAT.

Table 4. Cumulative percentage of curds harvested® from 75
until 83 DAT for the cauliflower cultivar Plana

% curds bharvested

N applied 75 DAT 77 DAT 79 DAT 83 DAT
(kg/ha)

0 8 22 85 100
100 9 21 69 100
200 4 16 52 93
300 10 20 60 95
400 2 12 52 96
500 4 6 17 76
Significance ns ns bk *
Ls.d (P=0.05) - - 17.6 13.1
A100 % harvest by 86 DAT

Figure 2 shows the sap NO3-N concentrations in the midrib of the YFEL from 28 to 84 DAT
as measured by the Nitrachek meters for each N treatment. The Horiba meter showed a similar
response {resuit not presented). Sap NO3-N concentrations declined rapidly until buttoning
(56 DAT), and then fell slowly until harvest.
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Fig. 2. Sap NO3-N concentrations as measured by the Nitrachek
metcr.in the midrib of the YFEL of the cauliflower cultivar Plana
over time.

Table 6A shows that there were highly significant (P<0.001) differences in sap NO3-N
concentrations across N rates from 56 DAT (buttoning) until harvest (84 DAT) for both
meters. Before buttoning, there was very litile separation among rates of applied N and
concentrations of sap NO;-N (Table 6A). )

Sap NO;-N was plotted against N rate at each sampling time to determine critical NO3-N
concentrations at 95 and 99 % of maximum yield. Table 5 presents the critical concentration
range of sap NO3-N in the midrib of the YFEL for 95-99 % of maximum yield. The
corresponding average leaf number and leaf range at each sampling date are also presented. At
28 DAT sap NO3-N was poorly correlated against N rate, which suggests that sampling was
too early for sap testing to be useful,

Table 5. Critical range of sap NO;;--NA in the midrib of YFEL
for 95-99 % of maximum yield for the cauliflower cultivar

Plana

NO3-N (mg/L} for 95-99 % of

maximum yield
DAT Average leal Leaf Nitrachek Horiba
number range

28 7 69 - .
42 13 11-15 1443-1529 2266-2306
56 17 14-19 930-1072 1689-1811
70 19 17-21 380480 611-694
84 20 18-22 398-504 642-144

Amultiple NO3-N value by 4.43 (o convert to NO3 values

At 42 and 56 DAT, an exponential function accounted for most of the variation in the data
(Table 7A). By 70 and 84 DAT, the relationship between yield and Sap NO3-N was linear.
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Discussion

Nitrogen rates from 245-300 kg N/ha are considered to be adequate for achieving 95-99 % of
maximum yield of cauliflower transplanted in February in Manjimup. At current costs for
nitrogen fertiliser, the highest rate of N is recommended to maximise yield.

Nitrogen had no effect of curd quality after cool or warm storage. Curds with nil N had lower
quality scores at harvest, which was mainly due to curd yellowing. However, nitrogen had a
significant effect on curd weight and crop maturity.

The critical concentrations of N as measured by laboratory techniques in plant parts could not
be determined as the results were unavailable at the time of writing this report.

The rapid sap analysis techniques we evaluated were found to be simple and quick to use.
However, their reliability needs to be compared and comrelated to conventional laboratory
techniques before they can be recommended to industry.

~Thus, the optimum range for sap NO;-N 1n cauliflower determined in this experiment will
require further confirmation on other sites,
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Appendix

Table 6A. Sap NO3-N concentrations in the midrib of the YFEL measured by
Nitrachek and Cardy Horiba meters from 28 to 84 DAT.

Sap NO3-N (mg/L) Sap NO3-N (mg/L)
Niuachek Horiba
N applied (kg/ha}28 DAT 42 DAT 56 DAT 70 DAT 84 DAT 28 DAT 42 DAT 56 DAT 70DAT 84 DAT
0 1787 790 45 0 0 2166 1330 309 176 197
100 1739 1240 470 82 151 2436 1859 1013 387 1’
200 2080 1372 1016 276 429 2611 227 1722 628 714
300 1873 1594 1136 614 601 2282 2591 1882 822 739
400 1819 1448 964 556 560 2363 2255 1628 873 715
500 2190 1453 1316 822 794 2505 2181 264" 1036 918
Signiﬁcance * * ek R kg ¥ wek * * ok ok ®kk sk ke

Ls.d (P=0.05) 274 432 2n 162 169 227 520 388 164 139

Table 7A. Correlation coefficients and equations for the relationship between
sap NO;-N and applied nitrogen across sampling times

Nitrachek Hornba
DAT Equation R2 Equation R2
28 - -
42 y=1498.4-711.8exp-001049x 0913 y=2352-1047exp-001029x  0.766
56y =1295-127dexp0-00574 x 0.878 y =2077.4-1789exp-0.00629x  0.883
70 y=-27.619+ 1677 x 0.939 y=228.95+ 1.701 0.969
84 y=39.524 +1.533x 0.934 y=276.95+1375x 0.890

y = sap NO3-N (mg/L} and x = N rate (kg/ha) at 95 and 99 % of maximum yield



Commercial cauliflower variety evaluation
P 23. Additional information on weight loss,
Weight (g) of cauliflower curds after: i) harvest, ii) 21 days cool storage @ 1.5°C and 75%

relative humidity, iif) cool storage plus 72 hours warm storage @ 21°C and 85-95% relative
humidity. Cuards were harvested in April and May 1994 from four grower sites arcund the

Manjimup district.
mean meancool mean warm meancool %fresh % fresh % fresh
Variety - fresh storageloss storageloss +warm  weight wenght weight lost
weight *sd +sd. storage lostin  lostin  incool +
- &) ® ®) loss (8) _cool store warm store warm store
Beanty 1089 7203307 1651904 88.5. 6.61 1.51 8.12
Freda 1013 4451265 1101258 55.5 4.40 1.09 548
Hunter 8338 7531662 11.8+250 87.0 9.03 1.41 104
Pegasus 8798 4481106 113%1.89 56.0 509 1.28 6.37
Plana 8720 408:506 95100 50.3 4.67 1.09 5.76
Platinum 9488 48.0%523 113+206 59.3 5.06 1.19 6.25
Prestige 8815 5381169 1181386 65.5 6.10 1.33 7.43
Sirente 8648 433+£222 1001216 53.3 5.00 1.16 6.16
White Crest 876.7 440+%3.00 100173 4.0 5.02 1.14 6.16
Mean 9177 518 114 63.25 5.66 1.24 691
significance
between varieties  n.s. n.s. n.s. 1.8,
(P=<0.05)

Each entry is the mean of the same 21-30 curds per variety.

P 27, OBrien, R.G. (1992). Control of downy mildew in the presence of phenylamide-
resistant strains of Peronospora destructor (Berk.) Caspary. Australian Journal of
Experimental Agriculture 32, 669-674.

Prediction of cauliflower maturity time

P 33, Fig. 1. Fitted line based on 1987-1994 (rial data from the Manjimup district. The corrected
formula for the fitted line is;
day of harvest = transplant day + exp [4.502 + 0.2451 Sin (2% x transplant day)

365

= 0.2451 Cos (25 x transplant day)]
365
®2=0.99)

P 33, Fig. 2. Fiuted line based on 1987-1994 trial data from the Manjimup district. The corrected
formula for the fitted line is;
loge (days to harvest) = 4.502 + 0.1246 Sin (2n_x qansplant day)
365
- 02451 Cos (2x x transplant day)
365

(R2 =0.85)




ADDENDUM

Yield loss in export cauliflower production

P 11. Additonal information on fig 3.
Loss %, 95% confidence limits of mean loss and no. of crops sampled, from the Manjimup
district from April 1993 to September 1994,

Mean loss % + 95 % confidence limit No. of crops
Sample stage sd. of mean sampled
Seedling deaths 434 £5.04 1.46 48
Harvest rejects 9.1629.16 3.14 35
Packing shed rejects 7.63£8.31 2.81 36
Non-harvest 153+104 3.63 34
Total loss 36.45

NB Industry losses may be overestimated on a volume basis because the sampling
procedure was not weighted to take account of the greater contribution in volume by
growers of larger crops. Losses tended to be greater in smaller crops. The results
accurately represent individual grower losses (fig 9, page 14).

P 13, Table 6. Features of cauliflower production in Manjimup

Production features measured survey estimate o, of crops sampled
Difference; no. ordered from nursery to no planied +0.8% 54
Difference; no. programmed to no. planted +5.6% 35
Difference; programmed transplant date to actual transplant date + 4.2 days 38
Average area of land used per crop (including roadways) 6935m2 49
Average area of roadways 811m2 49
Average no. ofea of roadw hectare (including roadways) 25,000 49
Average no. of plants per hectare {excluding roadways) 28,400 49
Average no. of curds per carton 19.9 39
Average carton weight 18.8 kg 39
Average curd weight 0.982 kg 39
Average export yield per Ha 15,578 kg 17
Average no, of cartons per crop 829 17

2 crops (26,0000 plants) out of the 56 sampled were most Likely not a part of packing shed



Harvest Predictor for the variety Plana
(Predicts day of the year harvested from day of the year transplanted)

Mid harvest Date *

Mid harvest Date *

T"’gg‘;’f’“ Average  Eariest Lotest T’“S:g‘“" Average  Earlest  Latest
Date Date Date Date Date Date

Janwewy 2 Mar-14 Max-4 Mor-26 July 4 Oct-27 Qct-10 Nov-15
5 Maoe-17 Mas-7 Mar-29 7 Oct-29 Qct-i2 Nov-17

8 Mor-21 Mar-11 Apr-2 10 Oct-31 Qct-15 Nov-19

11 Mar-25 Mar-14 Apid 13 Now-2 Oct-17 Nov-21

14 Mar-28 Mor-18 Apr-1Q 15 Nowd Qct-19 Nov-23

17 Apr-1 Mar-21 Apr-13 19 Nov-6 Oct-2] Nov-25

20 Apr-b Mar-25 Apr-17 y /] Nov-8 QOct-23 Nov-26

2 Apr9 Mar-29 Apr-21 25 Nov-10 Oct-25 Nov-28

26 Apr-12 Apr-i Apr-25 28 Nov-11 Oct-27 Now-30

2 1 Aprlb Apr-5 Apy-29 3 Nov-13 Oct-29 Dac-1
Febmary | Apr20 Apr9 May-3 August 3 Nov-15 Oct31 Dec-3
4 Apr-24 Apr-13 May-7 & Now-17 Nowv-2 Dec-4

7 Api-28 Apr-17 May-12 9 Nov-18 Nov-4 Dac-4

0 May-2 Apr-21 May-16 12 Nov-20 Nov-6 Dec-7

13 May-6 Apr-24 May-20 15 Now-22 Nov-7 Dec®

14 Moy-10 Apr-28 Moy-24 18 Nov-23 Nov@ Dec-10

19 Moy-15 May-2 Maoy-2¢ 21 Nowv-25 Nov-11 Dec-11

2 May-19 May-6 Jun-2 24 Nov-27 Nov-13 Dec-13

25 May-23 May-10 Jun-7 27 Nov-28 Nov-15 Dec-14

2 May-27 Maty-15 Jun-11 30 Nov-30 Nov-17 Dec-16
March 3 May-§1 May-19 Junr-1§ Seplember 2 Dec-2 Nov-1¢ Dec-17
8 Jurn5 May-23 Jun-20 5 Dec-4 Nov-21 Dac-19

9 Jun9 May-27 Jun-24 8 Dec5 Nov-22 Dec-20

12 Jun-13 May-31 Jun-29 11 Dec-7 Nov-24 Dec-22

15 Jur-18 Jur4 Jukl 14 DecH Nov-26 Dec-23

18 Jun-22 Jun§ Jui-8 7 Dac-1 Nov-28 Dec-25

21 Jun-246 Jur-12 Juk13 20 Dec-13 Now-30 Dec-27

Yl Jul-1 Jun-16 Ju7 2 Dec-14 Pec-2 Dec-28

27 Juk-5 Jun-21 Juk22 ] Dac-16 Dec-4 Dec-30

E YT TS 326 2 | Docis T Decy Jor:!
Apil 2 Jul-14 Jun-29 Ju-31 October 2 Dac-20 Dec-£ Jor3
§ Jul-18 Juk-3 Aug 5 Dec-22 Dec-11 Jon-6

8 Ju-22 Juk-7 AugH 8 Dec-24 Dec-13 Jan-7

1 Jul-24 Juk11 Aug-13 11 Dec-26 Dec-15 Jar-8

14 Jul-31 Juk-15 Aug-18 14 Dec-29 Dec-18 Jan-11

17 Aug-4 Jul-19 Aug-22 7 Dec-31 Dec-20 Jan-13

2 Aug-8 Juk23 Aug26 2 Jan-2 Dec-22 Jan-16

2 Aug-12 Jul-27 Aug30 2 Jan-4 Dec-25 Jar:17

25 1 Augld Juk31 Sep4 25 Jar-? Dec-27 Jorr19

2 1 Aug20 Augd _Sep8 2 Jono Doc-30 Jan-21
Moy 2 Aug-24 Aug-7 Sep-12 November | Jan-12 Jan-1 Jan-24
5 Aug-28 Aug-11 Sep-16 4 Jar-14 Jan~4 Jar-26

8 | Augll Aug-15 Sep-20 7 Jar-17 Joné Jon-29

{1l Sep4 Aug-18 Sep-24 10 Jon-19 Jor-9 Jan-31

4 ' Sepr8 Aug-22 Sep-27 13 Jan-22 Jan-12 Feb-3

17 Sep-11 Aug-25 Qct-1 16 Jon-24 Jan-14 Feb-5

20 Sep-15 Aug-29 Ot 19 Jan-27 Jon-17 Fetr-8

yx) Sep-18 Sep-1 Qct-8 2 Jar-30 Jan-20 Feb-11

26 Sep-21 Sep-d Qct-1 28 Feb-2 Jan-23 Feb-13

9 Sap-25 7 Oet-15 28 Fab-5 Jar-26 Feb-16
June 1 Sep-28 Sep-11 Qct-18 December 1 Feb-8 Jorr29 Fab-19
4 Qet-1 Sep-14 Oct-21 4 Feb-1} Feb-i Fab-22

7 Oct-d Sep-i7 Oct-24 7 Feb-14 Fab-4 Feb-25

10 Qct-7 Sep-19 Oct-27 10 Feb-17 Feb-7 Feb-28

13 Qct-y Sep-22 Oct-2¢ 13 Feb-20 Feb-10 Mar-3

14 Qct-12 Sep-25 Nov-1 §6 Fab-23 Feb>11 May-7

19 Oct-15 Sep-28 Nov-4 Lk Feb-26 fab-14 Maor-10

2 Oct-17 Sep-30 Nov-b 22 Mar-1 Feb-19 Mar-13

y ) Qct-20 Qct-3 Nov§ 25 Mar-§ Fab-23 Mar-17

28 Oct-22 Qct-5 Nov-11 28 Mar-8 Fet>-25 Mar-20

Juy 1 | Oct-24 QOct-8 Nov-13 31 | Mor12 Ma-1 Mar-24

*Mid harvest = the day on which the accumulated total number of curds harvested first exceed 50%




