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• The potential of new agronomic methods for reducing number of crop harvests for 
cauliflower and broccoli crops. 
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1 Media Summary 
 
This project investigated agronomic methods that could be used to increase the uniformity of 
crop maturity in cauliflower and broccoli.  Typically, both crops require several harvests to 
remove them, leading to an increase in both the cost of labour and the cost of sourcing 
suitable labour.  This situation is aggravated during times of shortage in labour markets.  An 
increase in crop uniformity would allow one pass harvesting to be conducted, either manually 
or, if the farm scale was large, by mechanical harvesting.  This would assist in reducing costs 
for producers. 
 
An agronomic program has been developed from this project, which will allow cauliflower and 
broccoli crops to be removed in one harvest.  Using the new agronomic program, it was 
possible to remove both a cauliflower and broccoli crop in one harvest.  It was not possible to 
get 100% of a crop mature at the same time, due to the influence of both genetic and 
uncontrolled, environmental factors however the removal of the crops at 80% maturity gave a 
satisfactory yield and return to producers, particularly if processing facilities are available. 
 
A key component to the agronomic program is to ensure that growth of the plants is as even 
as possible from transplanting through to harvest.  Nitrogen fertiliser and irrigation in particular 
must be carefully monitored and applied.  The agronomic program developed is most suitable 
for crops grown on loam soils during the summer months, with aspects of the program also 
being useful for increasing the uniformity of growth in winter crops. 
 
An irrigation program which used less water, increasing the water use efficiency of cauliflower 
by 30.4% and broccoli by 17% was an additional benefit of this project.  Reducing the water 
usage, without affecting crop yield or quality is beneficial to producers, particularly in times of 
water restrictions. 
 
Cauliflower and broccoli producers could benefit from using the agronomic program to 
increase crop uniformity although they would need to test it on their own soil type prior to large 
scale introduction of the recommendations.  Producers should use a sample of plants from 
existing crops to gain experience in assessing when the crop is ready for a one pass harvest. 
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2 Technical Summary 
 
The vegetable brassicas, cauliflower and broccoli, are mainly hand harvested in Australia as 
several harvests are required to remove the crops, primarily due to the uneven maturity of the 
crops.  This leads to an increase in the direct cost of labour and in the indirect costs 
associated with sourcing suitable labour.  An increase in crop uniformity would allow one pass 
harvesting to be conducted, either manually or, if the farm scale was large, by mechanical 
harvesting.  This would reduce costs for producers. 
 
Research in the past aimed at increasing the uniformity of crop maturity although this has 
tended to focus on individual areas of crop growth such as defining the period of crop juvenility 
and the crop vegetative and reproductive periods.  This project developed an agronomic 
program that can be used throughout the crops’ life, which will assist in improving crop 
uniformity.  Agronomic practices that were examined included the use of nutrients (nitrogen, 
phosphorus and potassium) early in the crops life to assist in overcoming transplant shock, the 
application of nitrogen throughout crop growth and the impact of altering irrigation programs on 
crop growth.  An initial study of plant growth regulators on crop uniformity was also conducted. 
 
It was not possible to get 100% of a crop mature at the same time, due to the influence of both 
genetic and uncontrolled environmental factors however the removal of the crop at 80% 
maturity gave a satisfactory yield and return to producers, particularly if processing facilities 
are available.  It is recommended that producers use a sample of plants from existing crops to 
gain experience in assessing when the crop is ready for a one pass harvest prior to 
commencing the agronomic program. 
 
A key aspect of the agronomic program is to ensure that growth of the plants is as even as 
possible from transplanting through to harvest.  Nitrogen fertiliser and irrigation in particular 
must be carefully monitored and applied.  The agronomic program developed is most suitable 
for crops grown on loam soils during the summer months, with aspects of the program also 
being useful for increasing the uniformity of growth in winter crops.  Using the new agronomic 
program, it was possible to remove both a cauliflower and broccoli crop in one harvest, 
compared to three harvests for cauliflower grown using current commercial methods.  The 
broccoli grown using current commercial methods was also removed in one harvest although 
other benefits were gained from the new agronomic program such as reduced water use. 
 
An irrigation program which used less water, increasing the water use efficiency of cauliflower 
from 91.4 kg product/ha/mm of water applied using the current commercial growing methods 
to 131.5 kg product/ha/mm of water applied when using the new agronomic package was an 
additional benefit of the project (equating to a 30.4% increase).  The water use efficacy for 
broccoli increased by 17% to 52.3 product/ha/mm of water applied when the new agronomic 
package was used. 
 
Future research aimed at increasing the uniformity of crop harvest should focus on improving 
seed uniformity and plant breeding to reduce the genetic impact on maturity.  Compactness of 
plant maturity should be given importance in breeding programs in addition to factors 
traditionally selected for such as yield, plant structure and disease tolerance.  Consideration 
should be given to funding on-farm demonstration crops of the new agronomic package, which 
producers could use to assist in their decision making process for when a crop is ready for a 
one pass harvest. 
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3 General Introduction 
 
The vegetable brassicas, cauliflower and broccoli, are mainly hand harvested in Australia as 
several harvests are required to remove the crops, primarily due to their uneven maturity.  
Approximately 40% of variable costs for the production of cauliflower and broccoli crops is due 
to labour required for harvest (P. Gartrell, pers com.).  A reduction in the labour component is 
essential for producers to remain cost competitive in the domestic market and also to improve 
cost competitiveness in export markets against low cost producers such as China.  
Additionally, it is becoming increasingly difficult for vegetable brassica producers to access 
suitable and adequate labour to harvest crops with casual labourers often requesting a full 
day’s work in preference to smaller harvests, which may only provide a few hours work. 
 
The Australian export cauliflower industry was valued at $23.4 million in 2002/2003, with 87% 
(14,313 tonnes) of total export cauliflower production originating in Western Australia (ABS, 
2007).  Over the past four years, the export cauliflower industry has been subjected to 
extensive competition in the traditional markets of Singapore and Malaysia, which has seen 
the value of the industry fall to $1.5 million in 2006/2007 (ABS, 2007).  The main competitor to 
Australian cauliflower in these markets is China. 
 
This project commenced prior to the fall in value of the industry and in response to the industry 
adjustment, the project in its later stages focused on reduced pass harvesting of broccoli. 
Australian exports of broccoli were valued at $8.0 million in 2006/2007 (ABS, 2007). 
 
The agronomic techniques which have been identified in this project as reducing the number 
of harvests to remove a cauliflower and broccoli crop will help to reduce variable production 
costs for vegetable brassica producers.  A reduction in the number of harvests will facilitate the 
introduction of mechanical harvesting for cauliflower and broccoli, which is not widely used in 
Australia due to the highly variable maturity period of the crops. 
 
There has been substantial work conducted overseas on reducing the number of harvests in 
vegetable brassica crops (in particular cauliflower).  Much of this work has focused on 
identification of the crop stage when vegetable brassicas move from being juvenile vegetative 
to adult vegetative to reproductive.  The application of growth regulators, a vernalisation period 
or other methods to force the entire crop to change from vegetative to reproductive has been 
extensively discussed in the literature (Salter, 1969; Booij, 1987).  There have been relatively 
few reports of making changes to existing management practices to increase the uniformity of 
crop maturity in the vegetable brassicas. 
 
The aims of the project were; 
• Investigate crop agronomy techniques which may reduce the number of harvests required 

to remove a cauliflower or broccoli crop. 
• Economic assessment of the impact of agronomic management changes in cauliflower 

and broccoli, when grown using a reduced pass harvest system. 
• Demonstration of reduced pass harvesting agronomic techniques to cauliflower and 

broccoli producers. 
 
The implication for the cauliflower and broccoli industries from this research is an increased 
potential for cost competitiveness due to reduction in labour costs (both actual on-ground 
costs and costs involved in sourcing adequate labour).  The research can be used as a basis 
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for producers to increase the uniformity of crop maturity, leading to a reduction in the number 
of harvests required to remove a cauliflower or broccoli crop.  This will impact on the likelihood 
for mechanical harvesting to be introduced for a range of different sized vegetable brassica 
farming operations. 
 
The investigation into reducing the number of harvests for cauliflower and broccoli is reported 
as a series of experiments, the results of which are outlined in the following chapter. 
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4 Research Program 
 
A research program into crop agronomy aimed at increasing the uniformity of crop maturity 
and reducing the number of harvests required was conducted throughout the life of the project.  
The experiments mainly concentrated on plant nutrition, in particular the impact of additional 
applications of nitrogen, phosphorus or potassium and irrigation management, with a small 
investigation into the manipulation of the vegetative period using plant growth regulators. 
 

4.1 Nutrition Experiments 
 
Introduction 
Experiments conducted prior to the start of this project indicated that plant nutrition plays an 
important role in reducing the spread of vegetable brassica crop maturity, leading to a more 
evenly harvested crop.  This was first noted in fertiliser application experiments, where 
fertiliser was incorporated into the soil in a narrow strip surrounding the transplanted seedling.  
This is in contrast to the traditional method of two, narrow bands, which are off set and below 
the transplanted seedling (Figure 4–1).  The incorporation of fertiliser led to a slight increase in 
yield, a reduced growing time and a reduction in the number of harvests.  This work was 
reported in the final report for project VG98014 - An industry driven process to promote the 
expansion of a competitive Australian export cauliflower industry (Lancaster et al., 2003). 
 

Figure 4–1:  Side view of incorporated fertiliser (left) surrounding the roots of the transplanted 
seedling, while banded fertiliser (right) is located approximately 5 cm below and off set from 
the transplanted seedling 

The fertiliser incorporation technique reported in project VG98014 is used routinely within the 
experimental program and by vegetable brassica producers that grow on loam soils.  It is an 
important part of the modified agronomic program.  The role of additional applications of 
nitrogen, potassium and phosphorus, in combination with incorporated basal fertiliser, on plant 
growth was investigated in this project. 
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4.1.1 Nutrition experiments 2003 (Manjimup) 

 
Introduction 
Anecdotal evidence on several experiments prior to the start of this project indicated the 
application of Nitraphoska Blue within 48 hours after transplanting helped to reduce the 
spread of harvest.  It was suspected the main factor causing the reduction in the spread of 
harvest was the increased phosphorus which the plants were receiving but this was not 
confirmed.  Experiments were designed to determine if either additional phosphorus or 
nitrogen was having an impact on the uniformity of plant maturity. 
 

4.1.1.1 Nitrogen experiment 

Methods  
The experiment was established on a loam soil at Manjimup Horticultural Research Institute, 
Western Australia on 27 May 2003.  The Institute, approximately 300 km south west of Perth, 
is located on red earth soils which consist of a sandy loam surface changing gradually to a red 
clay subsoil.  The soil is generally porous and well drained with ironstone gravel often present.  
The soils have a high water holding capacity but are highly weathered and usually deficient in 
phosphorus, nitrogen, zinc, molybdenum and occasionally copper.  High levels of aluminium 
and iron oxides and a neutral to acid soil pH results in phosphorus being easily fixed in this soil 
(P. Tille pers comm.). 
 
There were 12 treatments, which are listed in Table 4–1.  The experiment was designed as a 4 
rates of nitrogen by 3 times of application factorial in a randomised block design, with four 
replicates.  Each plot was soil sampled prior to transplanting and the samples were analysed 
for background nitrogen, phosphorus and potassium. 
 
Ammonium nitrate was used to apply additional nitrogen to the seedlings at each of the post-
transplant treatment days (1, 7 or 14 days after transplanting).  The fertiliser was applied in a 
granular form, in keeping with commercial methods for post-transplant fertiliser application, by 
spreading it evenly along the transplanted seedling row. 
 

Cauliflower (cv Virgin) was planted in each plot using Summit Spud® at 1485 kg/ha as a basal 
fertiliser, applied in an incorporated strip.  Cauliflower seedlings were purchased from a 
commercial nursery at 6 weeks of age and transplanted 40cm apart within a row, with 80cm 
between rows, giving a plant density of 31,250 plants/ha.  Normal commercial practice for the 
maintenance of the plants was conducted, with insects, weeds and diseases being controlled 
as necessary.  Fertiliser to maintain growth, including nitrogen, was applied from 17 days after 
transplanting to all plots (Table 4–2).  This was after the treatment program was completed. 



VG02051 Agronomic packages for reduced pass  

 harvesting of cauliflower and broccoli 

 

 8 

Table 4–1:  Additional nitrogen applied to cauliflower seedlings post-transplant 

Treatment Number Rate of nitrogen applied 
(kg/ha) 

Time of nitrogen application 
(DAT)* 

1 0 1 

2 10 1 

3 20 1 

4 40 1 

5 0 7 

6 10 7 

7 20 7 

8 40 7 

9 0 14 

10 10 14 

11 20 14 

12 40 14 

*DAT = days after transplanting 

Note: the control was deemed to be normal commercial practice which is no nitrogen 
application immediately post transplanting (ie: treatments 1, 5 and 9). 

 

Table 4–2:  Post-treatment fertiliser application 

Days after 
transplanting 

Fertiliser applied post treatment 
application 

Rate (kg/ha) 

17 Ammonium nitrate 75 

23 Potassium sulphate 100 

24 Boron 12 

24 Zinc sulphate 28 

24 Sodium molybdate 1 

34 Ammonium nitrate 75 

44 Ammonium nitrate 75 

55 Calcium nitrate 150 

64 Calcium nitrate 50 

76 Calcium nitrate 100 

91 Ammonium nitrate 50 

98 Ammonium nitrate 25 

105 Ammonium nitrate 50 
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Cauliflower curds were harvested at maturity, by hand cutting individual curds when they were 
deemed mature.  Data collected at harvest included curd weight, harvest date, curd quality 
and curd density.  The number of harvests required to fully remove the crop was recorded.  
Data was analysed in Genstat (Windows v6.1) using analysis of variance and regression 
analysis. 

 

The marketable yield was determined by removing all curds from the analysis which were not 
suitable for either the domestic or export markets.  This included curds that were not between 
600 g to 1500 g in weight and / or those curds which were deemed to have a low quality score. 

 
Results 
The rate of nitrogen applied influenced the yield (Table 4–3), with significant differences being 
obtained for the total and marketable yields.  The linear trend was increasing, with the total 
and marketable yield increasing as the rate of additional nitrogen applied post transplant 
increased (Figure 4–2 and Figure 4–3).  Every one kilogram increase of nitrogen applied, gave 
an estimated increase in marketable yield of 85 kg and for total yield of 56 kg.  The 
background nitrogen was included as a covariate for all analyses to assess the influence of 
this factor on the measurements; however this did not have a significant effect on the yield.  
The time of application of nitrogen fertiliser post transplant did not have a significant effect on 
the total or marketable yield. 
 

Table 4–3:  Harvest data in response to additional nitrogen and time of application 

Treatment 
Number 

Rate N 
applied 
(kg/ha) 

Application 
time (DAT)* 

Total yield 
(t/ha) 

Marketable 
yield (t/ha) 

Number of 
harvests  

Average curd 
weight (g) 

1 0 1 21.86 15.80 4.24 875.8 

2 10 1 22.70 17.27 3.72 874.9 

3 20 1 26.71 21.97 4.16 931.2 

4 40 1 23.72 18.59 4.33 928.0 

5 0 7 24.13 16.33 3.58 885.0 

6 10 7 23.19 16.93 4.41 916.9 

7 20 7 23.48 15.33 4.42 883.1 

8 40 7 25.72 20.57 3.49 916.8 

9 0 14 22.13 15.01 4.20 870.8 

10 10 14 23.12 18.45 4.71 896.8 

11 20 14 22.67 15.57 3.78 908.4 

12 40 14 25.01 19.09 4.20 899.5 

lsd (5%)   1.867 3.082 ns ns 

*  DAT = days after transplanting 
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The rate of fertiliser application did not have a statistically significant effect on the average 
curd weight although curd weight tended to increase as the rate of nitrogen applied post 
transplant increased.  The day of application did not significantly affect the average curd 
weight.  The days to first harvest was not significantly influenced by either the rate or time of 
nitrogen application.  There was no significant difference between treatments in the number of 
harvests required to remove the entire cauliflower crop. 
 

 

Figure 4–2:  Total yield in response to 
increasing applied nitrogen (with 5% 

confidence levels) 
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Figure 4–3:  Marketable yield in response 
to increasing applied nitrogen (with 5% 

confidence levels) 
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Discussion 
There was no effect on the number of harvests required to remove the crop, suggesting that 
additional nitrogen applied in a granular form is not influencing the uniformity of crop maturity.  
The increase in yield may justify the increase in fertiliser costs for applying nitrogen additional 
to the normal fertiliser program.  The increase in total and marketable yield with additional 
post-transplant nitrogen suggests the nitrogen can be applied up to 14 days after 
transplanting.  The extra yield is due to the trend for increasing curd weight that occurs as 
nitrogen application rate increases. 
 

4.1.1.2 Phosphorus experiment 

Methods 
The experiment was established on a loam soil at Manjimup Horticultural Research Institute, 
Western Australia on 27 May 2003.  There were 12 treatments, which are listed in Table 4–4.  
The experiment was designed as a 4 rates of phosphorus by 3 times of application factorial in 
a randomised block design, with four replicates.  Each plot was soil sampled prior to 
transplanting and the samples were analysed for background nitrogen, phosphorus and 
potassium. 
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Additional phosphorus as AllPhos was applied to the seedlings at each of the post-
transplanting treatment days (1, 7 or 14 days after transplanting).  The fertiliser was applied in 
a granular form, in keeping with commercial methods for post transplant fertiliser application, 
by spreading it evenly along the transplanted seedling row. 

 

Table 4–4:  Post-treatment fertiliser application 

Treatment Number Rate of phosphorus applied (kg/ha) 
Time of phosphorus 
application (DAT)* 

1 0 2 

2 20 2 

3 40 2 

4 80 2 

5 0 7 

6 20 7 

7 40 7 

8 80 7 

9 0 14 

10 20 14 

11 40 14 

12 80 14 

*DAT = days after transplanting 

Note: the control was deemed to be normal commercial practice which is no additional 
phosphorus application immediately post transplanting (ie: treatments 1, 5 and 9). 

 

Cauliflower (cv Virgin) was planted in each plot using Summit Spud® at 1485 kg/ha as a basal 
fertiliser, applied in an incorporated strip.  Cauliflower seedlings were purchased from a 
commercial nursery at 6 weeks of age and transplanted 40cm apart within a row, with 80cm 
between rows, giving a plant density of 31,250 plants/ha.  Normal commercial practice for the 
maintenance of the plants was conducted, with insects, weeds and diseases being controlled 
as necessary.  Fertiliser to maintain growth, excluding additional phosphorus, was applied 
after transplanting to all plots (Table 4–5). 

 

Cauliflower curds were harvested at maturity, by hand cutting individual curds when they were 
deemed mature.  Data collected at harvest included curd weight, harvest date, curd quality 
and curd density.  The number of harvests required to fully remove the crop was recorded.  
Data was analysed in Genstat (Windows v6.1) using analysis of variance and regression 
analysis. 
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The marketable yield was determined by removing all curds from the analysis which were not 
suitable for either the domestic or export markets.  This included curds that were not between 
600 g to 1500 g in weight and / or those curds which were deemed to have a low quality score. 

Table 4–5:  Post-treatment fertiliser application 

Days after 
transplanting 

Fertiliser applied post treatment 
application 

Rate applied (kg/ha) 

17 Ammonium nitrate 75 

20 Potassium sulphate 100 

24 Boron 12 

24 Zinc sulphate 28 

24 Sodium molybdate 1 

34 Ammonium nitrate 75 

44 Calcium nitrate 150 

55 Calcium nitrate 100 

76 Calcium nitrate 100 

91 Ammonium nitrate 50 

98 Ammonium nitrate 25 

105 Ammonium nitrate 50 

 

Results 
The background phosphorus was included as a covariate for all analyses to assess the 
influence of this factor on the measurements.  The background phosphorus had a significant 
influence on all harvest factors reported. 
 

There was no significant difference in the total yield, marketable yield or average curd weight 
for any of the treatments.  The number of harvests required was significantly different between 
the treatments, with a quadratic relationship for the rate of phosphorus applied being detected.  
There was no significant effect of the time of application or a significant interaction between 
phosphorus rate applied and the time of application on the number of harvests required to 
completely remove the crop (Table 4–6). 
 

Discussion 

The application of additional phosphorus within 14 days after transplanting did not improve the 
yield of the crop.  There was an influence of the phosphorus on the number of harvests 
required, although the desired response of reduced number of harvests, as the phosphorus 
application rate increased was not achieved.  The significant effect of the background 
phosphorus may have influenced the growth of the plants in the experiment, which has made 
the differentiation between the treatments for yield and harvests required difficult to achieve.  It 
would not be commercially viable for producers to apply additional phosphorus after 
transplanting on loam soils.  It is likely most of the additional phosphorus, being applied in a 
granular form, would have become unavailable to the plants as the soil type in the 
experimental area is known to strongly adsorb phosphorus. 
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Table 4–6:  Harvest data in response to additional phosphorus and time of application 

Treatment 
Number 

Rate 
(kg/ha) 

Application 
time (DAT)* 

Total yield 
(t/ha) 

Marketable 
yield (t/ha) 

Number of 
harvests  

Average 
curd 

weight (g) 

1 0 1 25.22 17.85 2.94 923.0 

2 20 1 25.84 17.46 3.72 935.5 

3 40 1 24.66 16.18 4.40 891.6 

4 80 1 26.32 20.53 3.65 946.3 

5 0 7 24.81 17.11 3.51 922.1 

6 20 7 24.61 17.62 3.61 877.8 

7 40 7 23.48 16.24 3.33 873.2 

8 80 7 24.11 14.29 2.87 889.7 

9 0 14 25.22 15.67 3.17 933.7 

10 20 14 24.64 16.11 3.39 888.9 

11 40 14 24.94 16.72 3.65 933.1 

12 80 14 23.58 13.40 3.26 889.8 

lsd (5%)   ns ns 0.5579 ns 

*  DAT = Days after transplanting 
 

4.1.2 Nutrition experiments 2004 (Manjimup) 

 
Introduction 
The nutrition experiments were repeated in 2004 with an increase in the rate of applied 
nitrogen and phosphorus to better reflect the needs of the crop.  The nitrogen was also applied 
as a foliar application, as this was becoming more common practice for commercial crops.  
Foliar application allowed the fertiliser to be targeted at the crops, reducing wastage and the 
impact of extra fertiliser on weed growth in spray paths and other non-cropping areas. 
 

4.1.2.1 Nitrogen experiment 

Methods 
The experiment was established on a loam soil at Manjimup Horticultural Research Institute, 
Western Australia on 20 April 2004.  There were 12 treatments, which are listed in Table 4–7.  
The experiment was designed as a 4 rates of nitrogen by 3 times of application factorial in a 
randomised block design, with six replicates.  Each plot was soil sampled prior to transplanting 
and the samples were analysed for background nitrogen, phosphorus and potassium. 
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Urea was used to apply additional nitrogen to the seedlings at each of the post-transplanting 
treatment days (2, 7 or 14 days after transplanting).  The urea was dissolved in water and 
foliar applied using a boom sprayer. 

 

Table 4–7:  Additional nitrogen applied to cauliflower seedlings post-transplant 

Treatment Number 
Rate of nitrogen applied 

(kg/ha) 
Time of nitrogen application 

(DAT)* 

1 0 2 

2 50 2 

3 100 2 

4 150 2 

5 0 7 

6 50 7 

7 100 7 

8 150 7 

9 0 14 

10 50 14 

11 100 14 

12 150 14 

*DAT = Days after transplanting 

Note: the control was deemed to be normal commercial practice which is no nitrogen 
application immediately post transplanting (ie: treatments 1, 5 and 9). 

 

Cauliflower (cv Omeo) was planted in each plot using Summit Spud® at 1600 kg/ha as a basal 
fertiliser, applied in an incorporated strip.  Cauliflower seedlings were purchased from a 
commercial nursery at 6 weeks of age and transplanted 40cm apart within a row, with 80cm 
between rows, giving a plant density of 31,250 plants/ha.  Normal commercial practice for the 
maintenance of the plants was conducted, with insects, weeds and diseases being controlled 
as necessary.  Fertiliser to maintain growth was applied from 21 days after transplanting, once 
the treatment program was completed as outlined in Table 4–8. 
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Table 4–8:  Post-treatment fertiliser application 

Days after transplanting 
Fertiliser applied post 

treatment 
Rate applied (kg/ha) 

21 Ammonium nitrate 75 

27 Boron 15 

27 Zinc sulphate 28 

27 Sodium molybdate 1 

36 Ammonium nitrate 75 

49 Ammonium nitrate 75 

59 Calcium nitrate 150 

69 Calcium nitrate 150 

 

Cauliflower curds were harvested at maturity, by hand cutting individual curds when they were 
deemed mature.  The first harvest date was 4 August 2004. Data collected at harvest included 
curd weight, harvest date, curd quality and curd density.  The number of harvests required to 
fully remove the crop was recorded.  Data was analysed in Genstat (Windows v6.1) using 
analysis of variance and regression analysis. 

 

The marketable yield was determined by removing all curds from the analysis which were not 
suitable for either the domestic or export markets.  This included curds that were not between 
600 g to 1500 g in weight and / or those curds which were deemed to have a low quality score. 

 
Results 
The rate or timing of nitrogen application did not have an impact on the spread of harvest, with 
all plots being removed in two commercially viable harvests (Table 4–9).  The different 
treatments also had no significant impact on the yield or the average curd weight.  The 
average curd weight was lower than expected.  The length of the growing period was 
unaltered by the rate or timing of nitrogen application, with plants in all treatments ready for 
first harvest at 104 days. 
 

Harvest factors such as total yield, marketable yield and average curd weight were statistically 
analysed with the inclusion of covariate data.  The covariate data contained the pre-existing 
levels of total nitrogen, ammonium nitrogen and nitrate nitrogen in the soil.  The pre-existing 
nitrogen level in the soil had a highly significant (P<0.001) effect on total and marketable yield 
and on the average curd weight.  The total and marketable yield and the average weight of 
curds increased as the level of total nitrogen in the soil increased. 
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Table 4–9:  Harvest data in response to additional nitrogen and time of application 

Treatment 
Number 

Rate of N 
applied 
(kg/ha) 

Application 
time 

(DAT)* 

Total yield 
(t/ha) 

Marketable 
yield (t/ha) 

Number 
of 

harvests 

Average 
curd 

weight (g) 

1 0 2 22.51 16.84 2 837 

2 50 2 23.61 15.75 2 890 

3 100 2 22.51 15.14 2 849 

4 150 2 20.72 14.50 2 797 

5 0 7 21.01 14.02 2 872 

6 50 7 21.32 14.35 2 848 

7 100 7 22.47 14.79 2 840 

8 150 7 21.80 15.46 2 822 

9 0 14 21.56 13.79 2 841 

10 50 14 23.81 16.90 2 814 

11 100 14 21.31 14.40 2 811 

12 150 14 23.16 15.89 2 887 

Significance 
(main effects) 

  ns ns ns ns 

* DAT = Days after transplanting 
 
Discussion 

Uniformity of curd maturation within the crop was not improved by the additional application of 
nitrogen within 14 days after transplanting.  This confirms what was found in the experiments 
conducted during 2003, where lower rates of additional nitrogen application also had no 
impact on the spread of harvest.  Despite the rates of nitrogen applied being much greater 
than those applied during the 2003 experiment, the increase in yield with increasing nitrogen 
rate recorded in the previous experiment, was not noted during this experiment.  Previous 
research (Galati et al.,1994) has indicated that positive responses in yield can be observed 
with the application of nitrogen up to 400 kg/ha. As the basal rate of nitrogen applied in this 
experiment was 125 kg/ha, it was expected that with additional nitrogen application post 
transplant, increases in yield would be observed.  The background nitrogen, which was found 
to have a highly significant effect on the experimental results, may be contributing to the early 
growth of the seedlings, allowing an even growth pattern throughout the life of the crop.  
Commercial producers should check the background levels of all major nutrients prior to 
developing fertiliser programs and account for these, helping to reduce the amount of fertiliser 
that may be applied unnecessarily. 
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4.1.2.2 Phosphorus experiment 

Methods 

The experiment was established on a loam soil at Manjimup Horticultural Research Institute, 
Western Australia on 20 April 2004.  There were 12 treatments, which are listed in Table 4–10.  
The experiment was designed as a 4 rates of nitrogen by 3 times of application factorial in a 
randomised block design, with six replicates.  Each plot was soil sampled prior to transplanting 
and the samples were analysed for background nitrogen, phosphorus and potassium. 
 
Phosphorus, as AllPhos was applied to the seedlings at each of the post-transplanting 
treatment days (2, 7 or 14 days after transplanting).  The phosphorus was in a granular form 
which was applied evenly along the seedling rows. 

 

Table 4–10:  Additional phosphorus applied to cauliflower seedlings post-transplant. 

Treatment Number 
Rate of phosphorus applied 

(kg/ha) 
Time of phosphorus 
application (DAT)* 

1 0 2 

2 100 2 

3 200 2 

4 400 2 

5 0 7 

6 100 7 

7 200 7 

8 400 7 

9 0 14 

10 100 14 

11 200 14 

12 400 14 

*DAT = days after transplanting 

Note: the control was deemed to be normal commercial practice which is no additional 
phosphorus application immediately post transplanting (ie: treatments 1, 5 and 9). 

 

Cauliflower (cv Omeo) was planted in each plot using Summit Spud® at 1600 kg/ha as a basal 
fertiliser, applied in an incorporated strip.  Cauliflower seedlings were purchased from a 
commercial nursery at 6 weeks of age and transplanted 40 cm apart within a row, with 80 cm 
between rows, giving a plant density of 31,250 plants/ha.  Normal commercial practice for the 
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maintenance of the plants was conducted, with insects, weeds and diseases being controlled 
as necessary.  Fertiliser to maintain growth was applied from 21 days after transplanting, once 
the treatment program was completed (Table 4–11). 

 

Table 4–11:  Post-treatment fertiliser application 

Days after transplanting 
Fertiliser applied post 

treatment 
Rate applied (kg/ha) 

21 Ammonium nitrate 75 

27 Boron 15 

27 Zinc sulphate 28 

27 Sodium molybdate 1 

36 Ammonium nitrate 75 

49 Ammonium nitrate 75 

59 Calcium nitrate 150 

69 Calcium nitrate 150 

 

Cauliflower curds were harvested at maturity, by hand cutting individual curds when they were 
deemed mature.  The first harvest date was 4 August 2004.  Data collected at harvest included 
curd weight, harvest date, curd quality and curd density.  The number of harvests required to 
fully remove the crop was recorded.  Data was analysed in Genstat (Windows v6.1) using 
analysis of variance and regression analysis. 

 

The marketable yield was determined by removing all curds from the analysis which were not 
suitable for either the domestic or export markets.  This included curds that were not between 
600 g to 1500 g in weight and / or those curds which were deemed to have a low quality score. 

 
Results 

There was no significant difference in total yield, marketable yield or average curd weight for 
any of the treatments examined (Table 4–12).  The number of harvests required was 
significantly different between the treatments, with a quadratic relationship detected for the day 
of phosphorus application.  Crops which received phosphorus on day 7 required significantly 
less harvests than crops which had received phosphorus on day 2 or 14.  The rate of 
phosphorus application did not have a significant effect on the number of harvests required. 
The time taken for the crop to mature was not affected by the treatments with all plants ready 
for first harvest at 104 days after transplanting. 

 

Covariate data was included for all analyses of harvest factors.  This data contained the pre-
existing levels of potassium, total nitrogen, nitrate nitrogen (NO3-N), ammonium nitrogen (NH4-
N) and phosphorus in the soil before the experiment commenced.  The pre-existing levels of 
potassium in the soil was shown to have a highly significant (P<0.001) effect on total yield, 
marketable yield and the average curd weight.  This effect was positive with increasing levels 
of potassium in the soil resulting in increased yield and curd weight.  The pre-existing levels of 
NH4-N in the soil also had a significant effect on marketable yield, total yield and average curd 
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weight. This positive linear relationship resulted in higher yield and weight at increased soil 
levels of NH4-N. 

 

Table 4–12:  Harvest data in response to additional phosphorus and time of application 

Treatment 
Number 

Rate P 
applied 
(kg/ha) 

Application 
time 

(DAT)* 

Total Yield 
(t/ha) 

Marketable 
Yield (t/ha) 

Number of 
harvests  

Average 
curd weight 

(g) 

1 0 2 23.34 18.35 2.17 836.9 

2 100 2 22.10 16.41 2.33 850.6 

3 200 2 21.17 15.03 2.33 801.3 

4 400 2 22.22 17.94 2.33 810.8 

5 0 7 24.96 19.82 2.17 921.5 

6 100 7 20.80 14.48 2.17 830.4 

7 200 7 22.23 15.52 2.00 816.8 

8 400 7 21.72 15.19 2.00 840.4 

9 0 14 21.86 17.29 2.33 816.0 

10 100 14 20.87 15.83 2.17 778.7 

11 200 14 21.97 17.06 2.50 790.1 

12 400 14 21.19 16.17 2.33 786 

lsd (5%)   ns ns 0.19 ns 

*  DAT = Days after transplanting 
 

Discussion 

The application of additional phosphorus within 14 days after transplanting did not improve the 
yield of the crop, which was similar to the conclusion found in the previous year’s experiments.  
The rate of phosphorus required to reach near maximum yield has been previously calculated 
for this soil type as 124 kg P/ha (Phillips et al., 1994).  An increase in yield was not observed 
with increasing rates of phosphorus application post transplant, indicating the amount of 
phosphorus applied basally at transplant was likely to have met the needs of the crop.  The 
plants were not limited in their growth by phosphorus as the levels in the plant leaves for all 
treatments were high at both 6 and 11 weeks after transplanting. 

 

Phosphorus was shown to influence the number of harvests required, although this related 
more to the timing of application rather than the rate.  Previous experiments have indicated 
that additional phosphorus applied soon after transplanting assists in reducing the number of 
harvests.  The major costs in vegetable brassica production are associated with harvest labour 
and a reduction in the number of harvests is beneficial for the economic viability of the farming 
operation.  There may have been a greater influence on the spread of crop maturity if the 
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phosphorus had been applied in a different form.  The phosphorus was applied as a granular 
product, which is not the best application method on loam soils.  The soils in the Manjimup 
area are known to adsorb phosphorus strongly ((Hegney et al., 2000), leaving little available 
phosphorus for plant growth.  It was necessary to use a granular form of phosphorus, so 
commercial practice could be replicated as closely as possible.  There may have been a more 
significant effect on reducing the spread of crop maturity if the phosphorus was applied in an 
alternative form. 

 

Previous experiments on this soil type have indicated that potassium applied in a granular 
form did not affect the yield or average curd weight (Galati et al., 1994).  The interaction 
between phosphorus, nitrogen and potassium was not investigated in the current experiment.  
The interaction between these nutrients may be an important relationship for early seedling 
growth, contributing to more even crop maturity.  Potassium deficiency during the early 
development of the experimental crop (measured at six weeks after transplanting) may be one 
of the reasons why a greater reduction in the spread of crop maturity was not observed. 

 

4.1.3 Nutrition experiments 2005 (Manjimup) 

Introduction 
The potential contribution of potassium towards condensing the spread of cauliflower crop 
maturity was investigated, to complement the phosphorus and nitrogen experiments that had 
been conducted in previous years.  Previous studies in lettuce (Phillips et al. 2007) have 
determined that the application of a potassium drench can increase the yield by up to 23% 
when combined with various nitrogen treatments.  The purpose of this investigation was to 
determine if the application of additional potassium, either close to transplanting or later in the 
plants’ growth, assists in reducing the spread of crop maturity. 
 

4.1.3.1 Potassium  

Methods 
An experiment to examine the role of additional potassium application on reducing the spread 
of harvest was established on 13 September 2005 on a light loam soil at Manjimup 
Horticultural Research Institute.  There were 12 treatments, which are listed in Table 4–13.  
The treatments consisted of applying potassium on 5 different days after transplant, either as a 
granular application banded close to the side of the transplants (Figure 4–4) or as a liquid 
application through a boom sprayer.  A treatment consisting of a potassium drench which was 
applied immediately prior to transplanting was included in the experiment, to investigate if this 
method of application of potassium had an affect on crop maturity. 



VG02051 Agronomic packages for reduced pass  

 harvesting of cauliflower and broccoli 

 

 21 

 

Table 4–13:  Application rates and times for potassium 

Treatment 
Number 

Rate of 
potassium 
applied at 
transplant 

(kg/ha) 

Rate of 
potassium 

applied post 
transplant 

(kg/ha) 

Time of 
potassium 

application post 
transplant 

(DAT)* 

Method of 
application 

1 163.2 0 na** na** 

2 163.2 40g/L 0 Drench*** 

3 81.6 81.6 2 Banded 

4 81.6 81.6 7 Banded 

5 81.6 81.6 14 Banded 

6 81.6 81.6 28 Banded 

7 81.6 81.6 42 Banded 

8 81.6 81.6 2 Sprayed 

9 81.6 81.6 7 Sprayed 

10 81.6 81.6 14 Sprayed 

11 81.6 81.6 28 Sprayed 

12 81.6 81.6 42 Sprayed 

* DAT = days after transplanting 

** na = Not applicable 

*** = Potassium applied as potassium nitrate by drenching over trays of seedlings immediately 
before transplanting 

 

Each plot was soil sampled prior to transplanting and the samples were analysed for 
background nitrogen, phosphorus and potassium. Cauliflower seedlings (cv. Monarch), 
purchased from a commercial nursery at 6 weeks of age, were transplanted 40 cm apart within 
a row, with 80 cm between rows, giving a plant density of 31,250 plants/ha.  The basal 
fertiliser used for all plots, except those allocated to treatments one and two consisted of 
Summit Spud at 800 kg/ha, Allphos at 425 kg/ha and ammonium nitrate at 184 kg/ha, applied 
in an incorporated strip.  Treatments one and two had a basal fertiliser of 1600 kg/ha Summit 
Spud and 50 kg/ha AllPhos, applied in an incorporated strip.  Normal commercial practice for 
the maintenance of the plants was conducted, with insects, weeds and diseases being 
controlled as necessary.  Fertiliser to maintain growth was applied throughout the experiment 
(Table 4–14), however no additional potassium (apart from the treatments) was applied to the 
experimental plots. 
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Figure 4–4:  Banded application of granular potassium (a), potassium applied next to 
transplanted seedlings (b) 

 

 

 

 

 

Table 4–14:  Fertiliser program post treatment application for the experiment to maintain 
growth of cauliflower plants to harvest 

Days after transplanting 
Fertiliser applied post 
treatment application 

Rate applied (kg/ha) 

3 Ammonium nitrate 75 

10 Boron 18 

10 Zinc sulphate 28 

10 Sodium molybdate 1 

13 Ammonium nitrate 100 

20 Urea 150 

30 Calcium nitrate 200 

41 Calcium nitrate 150 

51 Calcium nitrate 100 

61 Calcium nitrate 50 

 

Cauliflower curds were harvested at maturity, by hand cutting individual curds when they were 
deemed mature.  The first harvest date was 19 December 2005.  Data collected at harvest 
included curd weight, harvest date, curd quality and curd density.  The number of harvests 
required to fully remove the crop was recorded.  Data was analysed in Genstat (Windows v 
9.1) using analysis of variance.  The marketable yield was determined by removing all curds 

a b
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from the analysis which were not suitable for either the domestic or export markets.  This 
included curds that were not between 500 g to 1500 g in weight and / or those curds which 
were deemed to have a low quality score. 

 

Results 

There was no significant difference in the total yield or the marketable yield for any of the 
treatments (Table 4–15).  When potassium was included as a covariate, there was no 
significant difference in the yield between the treatments.  The method or timing of application 
of potassium did not have an affect on the total or marketable yield.  The percentage of the 
crop harvested at each harvest date was significantly different between the treatments (Table 
4–16), with the plots being removed in either two or three harvests. 

 

Table 4–15:  Harvest characteristics in response to additional potassium application 

Method of fertiliser 
application 

Time of 
application 

(DAT)* 

Total yield 
(t/ha) 

Marketable yield 
(t/ha) 

Average curd 
weight (g) 

Control 0 22.31 17.60 1106.16 

Drench 0 22.44 16.27 1173.64 

Banded 2 21.03 17.53 1061.72 

Banded 7 21.97 18.06 1066.98 

Banded 14 18.97 15.61 990.92 

Banded 28 20.54 15.23 1038.48 

Banded 42 20.22 16.80 1007.61 

Sprayed 2 20.57 16.29 1055.76 

Sprayed 7 19.82 16.89 989.43 

Sprayed 14 20.11 15.77 1011.92 

Sprayed 28 20.56 16.94 992.45 

Sprayed 42 20.35 17.05 1027.98 

lsd (all treatments)  1.976 (ns) 2.228 (ns) 71.27 
lsd (method of 

application x time of 
application)** 

 1.959 (ns) 2.429 (ns) 71.34 (ns) 

* DAT = days after transplanting 
** compares spraying and banding only, not the drench or control 
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Table 4–16:  Percentage of curds removed at each harvest time. 

Method of fertiliser 
application 

Time of 
application 

(DAT)* 

% of total yield 
at harvest 1 

% of total yield 
at harvest 2 

% of total yield 
at harvest 3 

Control 0 56.73 43.27 0.00 

Drench 0 62.22 37.78 0.00 

Banded 2 18.85 81.15 0.00 

Banded 7 20.35 70.80 8.84 

Banded 14 12.93 83.20 3.87 

Banded 28 19.81 68.73 11.46 

Banded 42 23.93 66.15 9.92 

Sprayed 2 25.65 71.02 3.33 

Sprayed 7 21.19 73.04 5.78 

Sprayed 14 20.16 72.54 7.29 

Sprayed 28 42.55 52.23 5.21 

Sprayed 42 21.16 78.83 0 

lsd (all treatments)  22.78 22.05 15.89 (ns) 
lsd (method of 

application x time of 
application)** 

 23.81 (ns) 22.83 (ns) 17.65 (ns) 

* DAT = Days after transplanting 
** compares spraying and banding only, not the drench or control 
 

Discussion 

The application of additional potassium is not an effective method for increasing yield in 
cauliflower.  Additional potassium application may be useful for manipulating the percentage of 
the crop that is removed at each separate harvest time, as those plots that had received 
additional potassium had a single large harvest, with one or two smaller harvests.  The control 
plots were removed over two separate harvest days however the percentage of crop 
harvested on each day was much more even, compared to the plots that received additional 
potassium.  Mechanical harvesting of cauliflower crops would require most of the crop to be 
ready on a single day, reducing the amount of crop that would be out of the desired 
specifications for size and maturity.  The application of potassium could be used to influence 
the crop maturity however it is likely this will need to be done in conjunction with other 
agronomic methods such as crop irrigation or strictly controlled general nutrition programs. 
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4.1.4 Nutrition experiments 2004 (Medina) 

Introduction 

The placement of basal fertiliser in a strip about 20 cm wide, into which the seedling is planted 
improved the growth, yield and uniformity of maturity of cauliflower crops grown on the loam 
soils in the south west region of Western Australia (Lancaster et al., 2003).  It was unknown 
whether these effects would be achieved on the sandy costal soils if the same fertiliser 
placement was used.  Traditionally, fertiliser on the coastal sand plain soil is either broadcast 
prior to transplanting and incorporated into the soil as beds are formed or applied immediately 
post transplanting.  This spreads the fertiliser around the plant roots, however it is also 
wasteful as large areas of unused soil receive fertiliser.  The excess fertiliser can contribute to 
weed growth and also to environmental pollution which is a significant issue on the coastal 
sands in Western Australia.  The reduction of the area of fertiliser application to a narrow strip 
around the plant roots would be beneficial although it would have to not impact on the current 
yield being achieved using the current fertiliser application method.  This experiment assessed 
the impact of changing fertiliser application method on cauliflower yield and the uniformity of 
crop maturity. 

 

4.1.4.1 Fertiliser placement 

Method 
The experiment was established on a sandplain soil at Medina Research Station, Perth, 
Western Australia on 10 March 2004.  Medina Research Station is approximately 40 km south 
of Perth, situated on Spearwood sands which are highly permeable, deep siliceous medium 
grained sands, with a low clay content.  This soil type is suitable for crop production and 
irrigation with careful management. The soil generally has a neutral to slightly acid pH (P. Tille, 
pers comm).  There were 5 treatments (Table 4–17) and the experiment was a randomised 
block design, with fourteen replicates. 
 

Table 4–17:  Fertiliser treatments applied to cauliflower seedlings 

Treatment Placement of fertiliser Rate of application 

1 Broadcast pre-transplanting Full rate in one application 

2 
Incorporated at transplanting (23 cm 

wide strip) 
Full rate in one application 

3 
Banded immediately after 

transplanting next to plants 
Full rate in one application 

4 
Broadcast (0.5 full rate) pre-planting 

and banded (0.5 full rate) immediately 
post-planting 

Split application – half of full rate for each 
application method 

5 
Incorporated (0.5 full rate) at planting 
and banded (0.5 full rate) immediately 

post-planting 

Split application – half of full rate for each 
application method 
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Cauliflower (cv Monarch) was planted on raised beds in each plot using a fertiliser mix of 
AllPhos at 561 kg/ha and trace elements (Mg, Mn, B, Cu, Zn, Mo) at 147 kg/ha.  Cauliflower 
seedlings, purchased from a commercial nursery at 6 weeks of age, were transplanted 40cm 
apart within a row, with 80cm between rows, giving a plant density of 31,250 plants/ha.  
Normal commercial practice for the maintenance of the plants was conducted, with insects, 
weeds and diseases being controlled as necessary.  The same post-planting fertiliser program 
to maintain growth was applied to all plots after treatment application was completed (Table 4–
18). 

 

Cauliflower curds were harvested at maturity, by hand cutting individual curds when they were 
deemed mature.  Data collected at harvest included curd weight, harvest date, curd quality 
and curd density.  The number of harvests required to fully remove the crop was recorded.  
Data was analysed in Genstat (Windows v 9.1) using analysis of variance.  The marketable 
yield was determined by removing all curds from the analysis which were not suitable for either 
the domestic or export markets.  This included curds that were not between 500 g to 1500 g in 
weight and / or those curds which were deemed to have a low quality score. 

 

Table 4–18:  Fertiliser applied post treatment to maintain growth 

Days after 
transplanting 

Potassium 
nitrate 
(kg/ha) 

Ammonium 
nitrate 
(kg/ha) 

Calcium 
nitrate 
(kg/ha) 

Magnesium 
sulphate 
(kg/ha) 

Borax 
(kg/ha) 

Sodium 
molybdate 

(kg/ha) 

2 45 40 0 0 0 0 

7 55 40 0 0 0 0 

14 65 50 0 15 0 1 

21 65 50 0 15 0 0 

28 75 60 0 15 15 0 

35 80 60 0 15 0 0 

42 85 70 0 15 0 0 

49 85 0 150 15 0 0 

56 80 0 100 15 0 0 

63 75 0 100 15 0 0 

70 65 50 0 15 0 0 

77 65 0 30 15 0 0 

84 65 0 30 15 0 0 

 
Results 

There was no significant difference (p>0.05) detected in total yield, marketable yield and the 
curd weight (Table 4–19) in response to the different treatments.  The total number of harvests 
for the experiment was seven, with 4 of these being considered commercially viable (Table 4–
20).  Between 84% and 90% of all curds were removed in the second, third and fourth 
harvests, with the fifth harvest time recovering the next greatest percentage of curds. 
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Table 4–19:  Harvest results in response to different fertiliser application methods 

Method of fertiliser 
application 

Number of 
fertiliser 

applications 

Total yield 
(t/ha) 

Average curd 
weight for total 

yield (g) 

Marketable 
yield (t/ha) 

Broadcast One 17.01 819.78 14.21 

Incorporated One 17.17 833.61 14.43 

Banded One 17.05 831.81 14.05 

Broadcast and 
banded 

Two 17.18 833.23 13.83 

Incorporated and 
banded 

Two 17.47 842.76 15.10 

lsd (5%)  0.5811 (ns) 25.08 (ns) 1.004 (ns) 
 

Table 4–20:  Percentage of curds removed at each harvest time 

Method of 
fertiliser 

application 

Number of 
fertiliser 

applications 

H1* 
(%) 

H2* 
(%) 

H3* 
(%) 

H4* 
(%) 

H5* 
(%) 

H6* 
(%) 

H7* 
(%) 

Broadcast  One  2.9 20.1 44.6 20.2 10.4 2.1 0.0 

Incorporated One 4.0 22.3 48.1 20.4 3.6 0.0 0.0 

Banded One 3.1 20.9 38.9 26.1 7.7 0.4 0.0 

Broadcast 
and banded 

Two 4.1 16.5 43.9 23.7 4.6 5.0 0.1 

Incorporated 
and banded 

Two 3.2 28.5 38.1 19.8 8.4 0.0 0.0 

* Harvest number 
 
Discussion 

Cauliflower crops are commonly harvested in three passes on the Swan Coastal Plain and this 
is reflected in this experiment, where the majority of the crop was removed in three harvests, 
with the placement and application time of the fertiliser having no influence on harvest number 
or yield.  The practice of applying post transplant fertiliser in both a granular form and by 
fertigation may have masked any effect from the initial application of the fertiliser.  Plants 
grown on the very sandy coastal soil on which the experiment was located need regular 
applications of post transplant fertiliser to maintain growth, due to leaching of fertiliser through 
the soil profile.  On loam soils, where a reduction in the number of harvests was noted when 
the fertiliser was placed in a strip (Lancaster et al., 2003), regular applications of a range of 
post transplant fertiliser is not as critical, reducing the likelihood of the effects of the application 
method and time of application being masked. 

 

Although there was no influence on yield or a reduction in the number of harvests, it may still 
be beneficial for cauliflower producers to change from broadcasting fertiliser prior to 
transplanting, to a strip incorporation method.  The strip incorporation method required one 
less pass of machinery over the soil, reducing the risk of compaction and providing savings in 
labour, application time and machinery costs to the producer.  The area the fertiliser is applied 
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is targeted closely to where the plants are growing, reducing the waste of fertiliser in non - 
target areas (e.g. on headlands) and requiring less fertiliser to be applied per hectare.  This 
reduces the adverse impacts of broadcasting fertiliser such as increased weed growth and an 
increased risk to the environment due to fertiliser leaching. 

4.1.4.2 Fertiliser application rate 

Method 
The experiment was established on a very sandy soil at Medina Research Station, Perth, 
Western Australia on 11 March 2004.  There were 6 treatments, which are listed in Table 4–
21.  The experiment was a randomised block design, with eight replicates. 
 

Table 4–21:  Fertiliser placement treatments for the experiment conducted at Medina 
Research Station 

Treatment 
Phosphorus applied pre-

transplant* (kg/ha) 
Phosphorus applied at 

transplant (kg/ha) 

1 50 (Additional P) 115 (Standard) 

2 50 (Additional P) 80 (Reduced) 

3 50 (Additional P) 150 (Increased) 

4 0 (No additional P) 115 (Standard) 

5 0 (No additional P) 80 (Reduced) 

6 0 (No additional P) 150 (Increased) 

*Additional phosphorus applied pre-transplant was drenched over the seedlings in the trays as 
MAP.  Urea was applied to treatments 4, 5 and 6 to compensate for the extra nitrogen applied 
in the MAP on treatments 1, 2 and 3. 

 

Cauliflower (cv Monarch) was planted on raised beds in each plot using a fertiliser mix of 
AllPhos at 561 kg/ha and trace element mixture (Mg, Mn, B, Cu, Zn, Mo) at 147 kg/ha.  
Cauliflower seedlings, purchased from a commercial nursery at 6 weeks of age, were 
transplanted 40cm apart within a row, with 80cm between rows, giving a plant density of 
31,250 plants/ha.  Normal commercial practice for the maintenance of the plants was 
conducted, with insects, weeds and diseases being controlled as necessary.  The same post-
planting fertiliser program (Table 4–22) to maintain growth was applied to all plots after 
treatment application was completed. 
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Table 4–22:  Post treatment application of fertiliser to maintain growth of the crops 

Days after 
transplanting 

Potassium 
nitrate KNO3 

(kg/ha) 

Ammonium 
nitrate 

NH4NO3 
(kg/ha) 

Calcium 
nitrate 
CaNO3 
(kg/ha) 

Magnesium 
sulphate 
MgSO4 
(kg/ha) 

Borax 
(kg/ha) 

Sodium 
molybdate 

(kg/ha) 

2 45 40 0 0 0 0 

7 55 40 0 0 0 0 

14 65 50 0 15 0 1 

21 65 50 0 15 0 0 

28 75 60 0 15 15 0 

35 80 60 0 15 0 0 

42 85 70 0 15 0 0 

49 85 0 150 15 0 0 

56 80 0 100 15 0 0 

63 75 0 100 15 0 0 

70 65 50 0 15 0 0 

77 65 0 30 15 0 0 

84 65 0 30 15 0 0 

 

Results 

The total and marketable yield in this experiment was not influenced by the application rate of 
phosphorus (Table 4–23).  This was also the case for the average curd weight (Table 4–24).  
There was no significant difference in percentage of marketable yield (Table 4–25) recovered 
at each harvest time, for any of the treatments. 
 

Table 4–23:  Total and marketable yield after application of phosphorus treatments 

Treatment 
Number 

Treatment 
Total yield 

(t/ha) 
Marketable 
yield (t/ha) 

1 Additional P over seedlings + standard P at transplanting 27.48 22.52 

2 Additional P over seedlings + reduced P at transplanting 26.98 23.10 

3 Additional P over seedlings + increased P at transplanting 26.89 23.01 

4 Standard P at transplanting only 27.16 23.57 

5 Reduced P at transplanting only 27.54 22.48 

6 Increased P at transplanting only 26.93 21.85 

 lsd (5%) 1.209 (ns) 1.772 (ns) 
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Table 4–24:  Average curd weight for total and marketable curds 

Treatment 
Number 

Treatment 
Average total 

curd weight (g) 

Average 
marketable curd 

weight (g) 

1 
Additional P over seedlings + standard P at 
transplanting 

821.74 824.15 

2 
Additional P over seedlings + reduced P at 
transplanting 

795.21 820.37 

3 
Additional P over seedlings + increased P at 
transplanting 

804.82 822.27 

4 Standard P at transplanting only 834.08 843.43 

5 Reduced P at transplanting only 813.70 821.76 

6 Increased P at transplanting only 819.74 831.88 

 lsd (5%) 35.72 (ns) 30.73 (ns) 

 

 
 
 

Table 4–25:  Percentage of marketable yield recovered at each harvest time 

Treatment 
Number 

 H1* (%) H2* (%) H3* (%) H4* (%) H5* (%) 

1 
Additional P over seedlings 
+ standard P at transplanting 

16.67 19.35 39.19 17.31 7.47 

2 
Additional P over seedlings 
+ reduced P at transplanting 

12.64 15.21 41.89 19.54 10.72 

3 
Additional P over seedlings 
+ increased P at 
transplanting 

16.64 21.22 32.67 21.49 7.99 

4 
Standard P at transplanting 
only 

20.32 25.69 28.46 15.33 10.20 

5 
Reduced P at transplanting 
only 

15.77 25.49 29.64 21.25 7.84 

6 
Increased P at transplanting 
only 

13.43 15.14 28.89 28.64 13.91 

 lsd (5%) 
10.64 
(ns) 

8.99 
(ns) 

10.39 
(ns) 

11.73 
(ns) 

6.57 
(ns) 

* Harvest number 
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Discussion 
The manipulation of phosphorus application rates either over the top of seedlings prior to 
transplanting or in the basal fertiliser at transplanting did not effect the harvest characteristics 
of cauliflower on sandy soil.  This is not a suitable method for influencing the uniformity of curd 
maturation. 
 
The similarity in yield results for the three different rates of phosphorus application (without 
any additional phosphorus applied over the seedlings) indicates that commercial producers 
may be able to reduce the amount of phosphorus applied in basal fertiliser prior to 
transplanting.  As the sandplain soil is highly prone to leaching of fertiliser, a reduction in the 
amount of phosphorus being applied has environmental benefits additional to the direct cost 
savings made by the producer.  Sandplain soils have to be irrigated several times per day, as 
they have poor water holding capacity, making the careful management of fertilisers essential. 
 
Future research should focus on other nutrients (eg: nitrogen and potassium), applied either at 
transplanting or soon after transplanting.  It may be more beneficial to apply fertiliser post - 
transplanting, when it can be targeted at the actual planting area, rather than being spread 
across a large area prior to bed forming.  The environmental effects of manipulating fertiliser 
programs must be considered on this soil type as well as the effect on input costs. 

4.1.5 Nitrogen replacement experiment 

 
Introduction 

Nitrogen is a critical nutrient for the production of vegetable brassicas. In Western Australia on 
loam soils, ammonium nitrate has been used on winter vegetable brassica crops, with 
applications occurring approximately every 10 to 15 days throughout the life of the crop.  
Changes to Australian Government regulations have made the sourcing of ammonium nitrate 
more difficult and the price of the product has increased.  Other nitrogen sources are also 
used in conjunction with ammonium nitrate to produce vegetable brassicas.  These typically 
include urea, calcium nitrate and potassium nitrate. There are also liquid based nitrogen 
fertilisers which are increasingly being used in the production of crops.  Liquid fertilisers are 
perceived to offer benefits to producers through lack of restrictions on handling, availability and 
ease of use in comparison to granular fertilisers. 

 

Manipulation of the time of application was investigated early in this project, with the results 
indicating there was no significant effect on reducing the spread of harvest.  However, the 
nitrogen applied was in a granular form which may have not been the most effective method 
for plants to rapidly access the nutrient.  The source of nitrogen applied to cauliflower plants 
was investigated to determine if there was an effect on reducing the number of crop harvests 
or an improvement in the percentage of yield removed at each harvest.  The experiment also 
identified alternative nitrogen sources which can be used to replace ammonium nitrate in the 
fertiliser program. 

 

Methods 

An experiment was established on a sandy loam soil at the Manjimup Horticultural Research 
Institute, Western Australia on 5 July 2006.  The experiment had 8 treatments (Table 4–26) 
which allowed a comparison between ammonium nitrate and other forms of nitrogen which 
could be applied to vegetable brassica crops.  Broccoli, (cv Ironman) and cauliflower (cv 
Virgin) were transplanted in a randomised block design, with three replicates. 
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Table 4–26:  Nitrogen sources applied as treatments 

Treatment 
number 

Nitrogen source 
applied (kg/ha) 

Nitrogen 
composition (%) 

Product type 
Application 

method 

1 Ammonium nitrate 34.0 Granular Boom spray 

2 Calcium nitrate 15.5 Granular Boom spray 

3 
Calcium 

ammonium nitrate 
27.0 Granular Granular 

4 Urea 46.0 Granular Boom spray 

5 Spurt N® 42.2 Liquid Boom spray 

6 Summit UAN® 42.2 Liquid Boom spray 

7 NitroGold® 27.0 Granular Granular 

8 Safe N® 35.6 Liquid Boom spray 

 

The applied nitrogen rate was calculated based on the rate of nitrogen normally applied when 
using ammonium nitrate.  This varied depending upon the number of days after transplanting 
(Table 4–27).  The actual rate of product to be applied for each treatment was calculated from 
the rate of nitrogen required. 

 

All treatments except calcium ammonium nitrate and NitroGold® were applied as a liquid or in 
a soluble form through a boom spray, with 1100 L/ha water.  Irrigation (1.5 mm/ha) was 
applied to reduce the risk of phytotoxicity from the products.  Calcium ammonium nitrate and 
NitroGold® were applied in a granular form, using a fertiliser applicator which dropped the 
fertiliser next to the plants, similar to that displayed in Figure 4–4. 

 

Table 4–27:  Rate of nitrogen applied at different days after transplanting 

Days after transplanting Rate of nitrogen applied (kg/ha)* 

7 23.8 

14 34.0 

21 34.0 

28 34.0 

* Actual rate of product applied varies according to nitrogen component 

 

Cauliflower and broccoli seedlings were purchased from a commercial nursery at 6 weeks of 
age.  Cauliflower was transplanted in a parallel pattern at 40 cm apart within a row and 80cm 
between rows, with 2 rows per bed, giving a plant density of 31,250 plant/ha.  Broccoli was 
transplanted in a diamond pattern at 50cm apart within a row and 35cm between rows, with 4 
rows to a bed, giving a plant density of 57,142 plants/ha.  Each plot was soil sampled prior to 
transplanting and the samples were analysed for background nitrogen, phosphorus and 
potassium.  The seedlings were planted in each plot using Summit Spud at 1400kg/ha and 
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AllPhos at 300 kg/ha as a basal fertiliser, applied in an incorporated strip.  Normal 
commercial practice for the maintenance of the plants was conducted with insects, weeds and 
diseases being controlled as necessary.  Non–nitrogen fertiliser (apart from the treatments) 
was applied between 16 and 84 days after transplanting (Table 4–28).  Additional post-
treatment nitrogen (from 35 days after transplanting) was applied to all treatments as either 
potassium nitrate or calcium nitrate.  This was necessary to ensure the plants continued to 
grow and reflects normal commercial practice where potassium nitrate and calcium nitrate are 
commonly used as plants mature. 

 

Table 4–28:  Fertiliser program, additional to nitrogen treatments, for cauliflower and broccoli 

Days after transplanting 
Fertiliser applied additional to 

treatment applications 
Rate applied (kg/ha) 

At transplanting Summit Spud 1400 

At transplanting Allphos 300 

16 Sodium molybdate 1 

16 Borax 10 

16 Zinc sulphate 14 

35 Potassium nitrate 150 

37 Borax 10 

37 Zinc sulphate 14 

40 Calcium chelate 1 

44 Calcium nitrate 100 

54 Calcium nitrate 100 

64 Calcium nitrate 100 

74 Calcium nitrate 100 

84 Calcium nitrate 50 

 

The cauliflower curds and broccoli heads were harvested at maturity and the yield and number 
of harvests required to fully remove the crop were recorded.  The data was analysed by 
Genstat (Windows v9) using analysis of variance. 

 

Marketable yield of product was determined by the weight of the cauliflower curd or broccoli 
head, a quality grade score and the density of the curd or head. Colour of the curd and head 
was also taken into account. An acceptable weight for cauliflower was a curd between 0.5 kg 
and 2.0 kg. The curd should be a round, domed shape and creamy white to white in colour. 
For cauliflower curds to be of market standard, it must have a quality score of five or greater 
(with no visible defects or markings) and a density score of two or greater. 
 
An acceptable size for broccoli heads was between 5 cm and 20 cm in diameter or between 
100 g and 800 g in weight. The head should be a green colour with no purple tinges. The 
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quality score for broccoli must be five or greater and density score two or greater, with no 
major defects or markings. 
 

Results 

Cauliflower:  

There was no significant difference in any of the harvest factors measured when the different 
nitrogen sources where compared.  Calcium nitrate produced the lowest yield while the 
highest yield was achieved when calcium ammonium nitrate was applied (Table 4–29).  The 
liquid fertiliser NitroGold® also had a higher yield than ammonium nitrate, although it was not 
significant.  The average curd weights were a reflection of the yield results, with calcium 
ammonium nitrate and NitroGold® producing the highest curd weights, while calcium nitrate 
produced the lowest average curd weight.  The curds for all treatments matured at the same 
time, allowing the curds to be removed in one harvest. 

 

Broccoli: There were no significant differences between the different nitrogen products on the 
yield and average head weight for broccoli (Table 4–30 and Table 4–31).  The total yield 
achieved was very similar for all nitrogen sources examined.  The broccoli crop was removed 
in two harvests, with most heads maturing for the second harvest. 

 

Table 4–29:  Cauliflower harvest results using different nitrogen sources 

Nitrogen source 
Average 
total curd 
weight (g) 

Total yield 
(kg/ha) 

Average 
marketable 
curd weight 

(g) 

Total 
marketable 
yield (kg/ha) 

Ammonium nitrate (control) 942.93 26.43 1008.32 22.46 

Calcium nitrate 786.40 21.71 862.64 18.77 

Calcium ammonium nitrate 1144.77 32.15 1175.21 30.33 

Urea 829.33 24.19 894.10 20.74 

Spurt N® 1029.88 27.77 1069.73 23.78 

Summit UAN® 940.61 25.14 986.64 23.57 

NitroGold® 1148.89 31.75 1173.72 27.02 

Safe-N® 908.71 26.87 961.22 25.38 

lsd (5%) 242.30 (ns) 7.44 (ns) 214.40 (ns) 8.34 (ns) 
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Table 4–30:  Results of all broccoli plants treated with different nitrogen sources (total heads) 

Nitrogen source 
Average 

total floret 
weight (g) 

Harvest 1 
Total yield 

(kg/ha) 

Harvest 2 
Total yield 

(kg/ha) 

Total yield 
(kg/ha) 

Ammonium nitrate (control) 260.53 2.19 9.03 11.22 

Calcium nitrate 252.68 1.22 9.83 11.05 

Calcium ammonium nitrate 250.01 2.49 8.20 10.69 

Urea 263.39 1.66 8.95 10.61 

Spurt N® 223.44 2.20 8.06 10.25 

Summit UAN® 257.50 2.03 9.32 11.35 

NitroGold® 250.30 2.12 8.81 10.93 

Safe-N® 254.37 1.96 8.94 10.90 

lsd (5%) 45.83 (ns) 0.88 (ns) 2.46 (ns) 2.36 (ns) 

 
 

Table 4–31:  Results of marketable broccoli plants treated with different nitrogen sources 

Nitrogen Source 

Average 
marketable 
floret weight 

(g) 

Harvest 1 
Total 

marketable 
yield (kg/ha) 

Harvest 2 
Total 

marketable 
yield (kg/ha) 

Total 
marketable 
yield (kg/ha) 

Ammonium nitrate (control) 301.95 1.98 8.16 10.14 

Calcium nitrate 291.72 0.96 8.82 9.78 

Calcium ammonium nitrate 298.24 2.28 7.02 9.29 

Urea 287.96 1.20 7.60 8.80 

Spurt N® 282.69 1.40 6.37 7.77 

Summit UAN® 289.34 1.54 7.55 9.09 

NitroGold® 282.80 1.86 7.70 9.55 

Safe-N® 280.30 1.59 8.15 9.75 

lsd (5%) 48.76 (ns) 0.88 (ns) 2.66 (ns) 2.93 (ns) 
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The relative cost differences between the various sources of nitrogen were calculated for both 
broccoli and cauliflower (Table 4–32).  Safe-N® was the most expensive product to use as a 
source of nitrogen, while Summit UAN® and urea were the cheapest forms of nitrogen. 
 

Table 4–32:  Cost comparison of nitrogen sources for cauliflower and broccoli* 

  Cauliflower Broccoli 

Nitrogen source 

Cents per 
kilogram or 

L of 
nitrogen 
product 

Cost per 
hectare ($) 

Cost per 
kilogram 

curds 
(cents) 

Cost per 
hectare ($) 

Cost per 
kilogram 
heads 
(cents) 

Ammonium nitrate 88 457.60 1.7 413.60 3.7 

Calcium nitrate 84 958.14 4.4 866.01 7.8 

Calcium 
ammonium nitrate 

82.5 540.22 1.7 488.28 4.6 

Urea 65 249.83 1.0 225.80 2.1 

Spurt N® 66 331.80 1.2 299.91 2.9 

Summit UAN® 54.8 248.54 1.0 224.64 2.0 

NitroGold® 44.99 358.70 1.1 324.22 3.0 

Safe-N® 475.9 2979.78 11.1 2693.26 24.7 

* The cost comparisons are for product cost only and do not include costs associated with 
transport and application. 
 

Discussion 

All of the nitrogen sources examined could be used as an alternative to ammonium nitrate 
during the winter months.  The slightly higher yield achieved when using the granular fertilisers 
calcium ammonium nitrate and NitroGold® indicates that leaching of the foliar applied forms of 
nitrogen may have occurred.  Winter rainfall, in combination with irrigation may have reduced 
the availability of the nitrogen to the plants while the granular forms may have provided a more 
regulated supply of nitrogen that could be utilised by the plants. 

 

The choice of nitrogen source to replace ammonium nitrate will be mainly dependant upon the 
cost of the products.  Urea, Spurt N®, Summit UAN® and NitroGold® all cost less per kilogram 
harvested product for cauliflower and broccoli than ammonium nitrate.  However, producers 
should incorporate transport and application costs before deciding upon an appropriate 
replacement nitrogen source. 

 

The cauliflower was removed in a single harvest in this experiment however as there was no 
significant difference between the treatments, the nitrogen source was not impacting upon the 
number of harvests.  It is likely that a single harvest was achieved due to the nitrogen being 
applied regularly at seven to ten day intervals throughout the life of the crop.  Traditional 
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practice in the lower south west region of Western Australia has been to apply nitrogen at less 
regular intervals (every 10 to 20 days depending upon the producer), at much higher rates per 
application time, giving approximately 350kg/ha total nitrogen post transplant.  This method is 
not satisfactory as much of the nitrogen can be lost due to irrigation and heavy rainfall events, 
particularly during the wet winter months. 

 

The use of regular applications of low rates of nitrogen especially within the first five weeks 
after transplanting may be a useful technique for managing the spread of harvest.  This should 
be investigated further on a range of soil types, using a range of rates (from a very low rate to 
a high rate per application time) and times of application (from every few days to up to 21 days 
apart) of the nitrogen. 
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4.2 Irrigation Experiments 
 
Introduction 
An initial study during 2002 into improving the water use efficiency of cauliflower crops 
indicated there was no significant difference in total yield or crop quality when irrigation was 
supplied to plants at 100% evaporation replacement or when the amount of water supplied to 
the crop was reduced.  Tensiometers were used to assess the moisture status of the soil and 
irrigation only applied when the tensiometers reached 15 centibars, 25 centibars or 40 
centibars.  The maturity of the cauliflower crop was more even in the areas where the plants 
had been subjected to moisture stress, although as the moisture stress was applied 
throughout the crop life there was a severe reduction in yield and crop quality.  High moisture 
stress during the vegetative growth phase of cabbages did not affect crop yield or quality and 
regular irrigation from the time of head formation to harvest, counteracted any previous 
adverse effects of the moisture stress (Nortjé and Henrico, 1988).  A detailed investigation of 
the impact of moisture stress on the growth of cauliflower and its harvest characteristics 
(including yield, quality and uniformity of harvest) was developed based on the initial water use 
study. 
 

4.2.1 Irrigation experiment – 2003 

 
Methods 
An experiment was established on 31 December 2003 at the Manjimup Horticultural Research 
Institute, Western Australia to assess the impact of different irrigation regimes on the yield, 
quality and uniformity of maturity of cauliflower.  The treatments, which are listed in Table 4–33 
were chosen based on an initial study conducted during the summer of 2002.  Cauliflower 
seedlings were obtained from a commercial nursery at 6 weeks of age.  Two different plant 
spacing’s for the cauliflower variety Summer Love were included in the experiment, to assess 
if planting density had any impact on crop maturity in conjunction with the irrigation program.  
The cauliflower seedlings were planted at either 35 cm or 40 cm between plants within a row, 
with 80 cm between rows, giving a plant density of 35,714 plants/ha or 31,250 plants/ha 
respectively.  The irrigation treatments were applied using Nelson Rotator sprinklers with a 
Red WF 16 plate and #16 Red nozzles, configured in a 12m diamond pattern.  To ensure the 
sprinklers did not overlap onto adjoining treatments, buffer areas were included in the 
experiment.  The output of the sprinklers was 3 mm/hour at a pressure of 350 kPa.  Rain 
gauges were placed at strategic positions throughout the crop, to ensure the watering pattern 
of the sprinklers was even. 
 
Two tensiometers for each tensiometer station were installed within a row between two plants 
at 20 cm and 45 cm.  There were 12 tensiometer stations spread evenly throughout the 
experimental crop.  The irrigation regime was implemented when the specified reading in 
centibars (cb) on the shallow tensiometer was reached.  Irrigation was maintained until field 
capacity was reached, with a longer irrigation time required on hot days.  For all treatments, a 
short period of irrigation was also applied when the air temperature exceed 30°C and on very 
windy days.  The purpose of this irrigation was to cool the plants to help prevent nutrient 
deficiencies and curd dehydration, not to provide them with additional soil water.  If rainfall 
occurred, water was not applied to the crop if the tensiometers readings indicated that 
irrigation was not required. 
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Table 4–33:  Irrigation and crop spacing treatments 

Irrigation Regime 
Treatment 

number Transplant 
to 28 DAT* 

29 DAT to 
44 DAT 

45 DAT to 
60 DAT 

61 DAT to 
start of 
harvest  

During 
harvest 

Plant 
spacing 

(cm) 

1  
(100% 
evap) 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

35 

2  
(sliding 
scale) 

100% pan 
evaporation 

10 cb 20 cb 30 cb 30 cb 35 

3  
(40cb) 

100% pan 
evaporation 

40 cb 40 cb 40 cb 40 cb 35 

4  
(100% 
evap) 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

40 

5  
(sliding 
scale) 

100% pan 
evaporation 

10 cb 20 cb 30 cb 30 cb 40 

6  
(40cb) 

100% pan 
evaporation 

40 cb 40 cb 40 cb 40 cb 40 

*  DAT = days after transplanting 
 
The crop was managed according to local commercial practice with fertiliser, pests and 
diseases being applied and controlled as required.  The cauliflower curds and broccoli heads 
were harvested at maturity and the yield and number of harvests required to fully remove the 
crop were recorded.  The data was analysed by Genstat (Windows v9) using analysis of 
variance. 

 

Marketable yield of product was determined by the weight of the cauliflower curd, a quality 
grade score and the density of the curd.  Colour of the curd was also taken into account.  An 
acceptable weight for cauliflower was a curd between 0.5 kg and 2.0 kg.  The curd should be a 
round, domed shape and creamy white to white in colour.  For cauliflower curds to be of 
market standard, it must have a quality score of five or greater (with no visible defects or 
markings) and a density score of two or greater. 
 
Results 
Crop uniformity was not influenced by modifying the irrigation regime, with all plots being 
removed in either two or three harvests (Table 4–34).  There was a significant difference in the 
water use efficiency of the crop, with the ‘sliding scale’ irrigation program for both crop 
spacing’s producing the most yield per millimeter of water applied.  The 40cb irrigation 
program had the second best water use efficiency however the curds were of poor quality 
leading to reduced yield.  Plants grown at 35 cm spacing , under the ’sliding scale’ irrigation 
program produced the highest total yield.  Cauliflower curds grown under the ‘sliding scale’ 
and 40cb irrigation programs had curds that were of poor quality, especially for the second and 
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third harvests.  The curds became ‘rubbery’, suffering from dehydration.  The lowest yields 
were obtained when the soil was allowed to dry out to 40cb before irrigation. 
 

Table 4–34:  Cauliflower harvest results after application of different irrigation programs 

Irrigation 
regime 

Plant 
spacing 

(cm) 

Total Yield 
(t/ha) 

Marketable 
Yield 
(t/ha) 

Average 
curd 

weight (g) 

Number of 
harvests 

WUE* 
(kg/ha/mm 

water applied) 

100% 
evap 

35 31.30 28.42 948.25 3 59.02 

Sliding 
scale 

35 35.54 33.29 1016.50 2 84.78 

40 cb 35 26.79 25.35 869.75 3 65.05 

100% 
evap 

40 34.32 32.26 1110.75 3 64.72 

Sliding 
scale 

40 34.63 31.27 1097.00 3 82.59 

40 cb 40 31.14 29.14 986.5 2.75 75.59 

Irrigation p-value 
(5%) (lsd) 

<0.001 
(2.31) 

<0.001 
(2.28) 

0.003 
(70.60) 

ns 
<0.001 
(20.31) 

Spacing p–value 
(5%) (lsd) 

0.028 
(1.88) 

0.049  
(1.86) 

<0.001 
(57.60) 

ns 0.028 (16.58) 

Interaction 
(irrigation*spacing)  
p-value (5%) (lsd) 

ns 
0.021  
(3.22) 

ns ns 0.037 (28.72) 

* = Water use efficiency 
 
 
Discussion 
The sliding scale for water application is a useful technique for reducing the amount of water 
required to produce a crop, however it does need modification to improve curd marketability 
and maintain turgidity in the curds immediately prior to harvest.  Even though there will be a 
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reduction in water use efficiency, producers should increase irrigation application to 100% 
daily evaporation as soon as curd formation commences (approximately 2 to 3 weeks prior to 
harvest) and maintain this irrigation program until harvest is completed.  This will ensure that 
harvested cauliflowers will be turgid for storage and will help to prevent curds cut during later 
harvests, suffering water stress.  The current commercial practice of irrigating to 100% 
evaporation replacement could be modified to reduce the amount of water applied, if the 
correct amount of water was applied once small curds became visible.  Irrigating the crops to 
field capacity when the soil moisture potential reached 40 cBars, did not improve the WUE 
compared to the sliding scale due to the need to apply irrigation for a long period after the soil 
had dried to ensure that water reached the root zone.  The plants were subjected to more 
water stress in this treatment leading to reduced yield, curd weight and quality score compared 
to the other treatments. 
 

4.2.2 Irrigation experiment – 2004 

 
Methods 
A second irrigation experiment was established on 21 December 2004 at the Manjimup 
Horticultural Research Institute, Western Australia to assess the impact of different irrigation 
regimes on the yield, quality and uniformity of maturity of cauliflower.  This experiment was 
very similar to the one conducted during the summer of 2003, with the main difference being 
the reduction in the number of treatments to the 100% evaporation replacement and the 
‘sliding scale’ irrigation regime (Table 4–35).  An adjustment was also made to the ‘sliding 
scale’ irrigation regime as the water applied was increased to 100% evaporation replacement, 
once curds had started to form.  The 100% evaporation replacement is normal commercial 
practice for vegetable brassica crops.  Cauliflower seedlings (cv Summer Love) were obtained 
from a commercial nursery at 6 weeks of age.  Two different plant spacing’s were included in 
the experiment, to assess if planting density had any impact on crop maturity in conjunction 
with the irrigation program.  The cauliflower seedlings were planted at either 35 cm or 40 cm 
between plants within a row, with 80 cm between rows, giving a plant density of 35,714 
plants/ha or 31,250 plants/ha respectively.  The irrigation treatments were applied using 
Nelson Rotator sprinklers with a Red WF 16 plate and #16 Red nozzles, configured in a 12m 
diamond pattern.  To ensure the sprinklers did not overlap onto adjoining treatments, buffer 
areas were included in the experiment.  The output of the sprinklers was 3 mm/hour at a 
pressure of 350kPa.  Rain gauges were placed at strategic positions throughout the crop, to 
ensure the watering pattern of the sprinklers was even. 
 
Two tensiometers for each tensiometer station were installed within a row between two plants 
at 20 cm and 45 cm.  There were 12 tensiometer stations spread evenly throughout the 
experimental crop.  The irrigation regime was implemented when the specified reading in 
centibars (cb) on the shallow tensiometer was reached.  Irrigation was maintained until field 
capacity was reached, with a longer irrigation time required on hot days.  For all treatments, a 
short period of irrigation was also applied when the air temperature exceed 30°C and on very 
windy days.  The purpose of this irrigation was to cool the plants to help prevent nutrient 
deficiencies and curd dehydration, not to provide them with additional soil water.  If rainfall 
occurred, water was not applied to the crop if the tensiometers readings indicated that 
irrigation was not required. 
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Table 4–35:  Irrigation and crop spacing treatments 

Irrigation Regime 
Treatment 

number 
Transplant 
to 28 DAT* 

29 DAT to 
44 DAT 

45 DAT to 
60 DAT 

61 DAT to 
start of 
harvest 

During 
harvest 

Plant 
spacing 

(cm) 

1 
(100% 
evap) 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

35 

2 
(sliding 
scale) 

100% pan 
evaporation 

10 cb 20 cb 
30 

centibars 
100% pan 

evaporation 
35 

3 
(100% 
evap) 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

100% pan 
evaporation 

40 

4 
(sliding 
scale) 

100% pan 
evaporation 

10 cb 20 cb 
30 

centibars 
100% pan 

evaporation 
40 

*  DAT = days after transplanting 
 
The crop was managed according to local commercial practice with fertiliser, pests and 
diseases being applied and controlled as required.  The cauliflower curds and broccoli heads 
were harvested at maturity and the yield and number of harvests required to fully remove the 
crop were recorded.  The data was analysed by Genstat (Windows v9) using analysis of 
variance. 

 

Marketable yield of product was determined by the weight of the cauliflower curd, a quality 
grade score and the density of the curd.  Colour of the curd was also taken into account.  An 
acceptable weight for cauliflower was a curd between 0.5 kg and 2.0 kg.  The curd should be a 
round, domed shape and creamy white to white in colour.  For cauliflower curds to be of 
market standard, it must have a quality score of five or greater (with no visible defects or 
markings) and a density score of two or greater. 
 

Results 

Alteration of the irrigation program from the 100% evaporation replacement method to the 
‘sliding scale’ program did not result in a significant improvement to the total yield, average 
curd weight, number of harvests or water use efficiency of cauliflower.  The only major 
difference was observed for marketable yield which was significantly lower when plants were 
irrigated according to a ‘sliding scale’ program (Table 4–36).  Decreasing the within row plant 
spacing from 40 cm to 35 cm for each irrigation treatment resulted in crops producing 
significantly higher total and marketable yields, heavier average curd weights and increasing 
water use efficiency.  The number of harvests was not significantly affected (Table 4–36). 
There were problems with the irrigation system that occurred throughout the experiment (see 
discussion section). 

 

Those plants grown at a within row spacing of 40 cm matured more uniformly than plants 
grown at a spacing of 35 cm.  This trend was observed for both irrigation programs.  A within 
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row spacing of 40 cm and the ‘sliding scale’ program allowed 90% of the total crop to be 
removed in the first harvest (Table 4–37). 

Curds were rendered unmarketable primarily due to yellowing and insect damage.  This 
damage appeared to be exacerbated when plants were irrigated according to the sliding scale 
program (Table 4–38). 
 

Table 4–36:  Cauliflower harvest results after application of different irrigation programs 

Irrigation 
regime 

Plant 
spacing 

(cm) 

Total yield 
(t/ha) 

Marketable 
yield (t/ha) 

Average 
curd 

weight (g) 

Number of 
harvests 

WUE* 
(kg/ha/mm 

water 
applied) 

100% evap. 
replacement 

35 38.99 33.02 1147.22 2.00 60.87 

Sliding scale 35 33.71 27.42 1062.75 2.00 58.23 

100% evap. 
replacement 

40 30.81 25.53 1017.75 1.67 48.10 

Sliding scale 40 30.05 18.66 1015.94 1.33 51.91 

lsd 
(irrigation 
treatment) 

 ns 4.80 ns ns ns 

lsd (spacing 
treatment) 

 3.72 4.80 73.40 ns 6.14 

significance 
(interaction) 

 ns ns ns ns ns 

* WUE = Water use efficiency 
 

Table 4–37:  Percentage of total yield removed at each harvest 

Irrigation regime Plant spacing (cm) 
% removed 
harvest 1 

% removed 
harvest 2 

100% evap. 
replacement 

35 48.55 51.45 

100% evap. 
replacement 

40 64.70 35.30 

Sliding scale 35 77.25 22.75 

Sliding scale 40 90.45 9.55 

lsd (irrigation 
treatment) 

 ns 9.14 

significance 
(spacing treatment) 

 ns ns 

significance 
(interaction) 

 ns ns 
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Table 4–38:  Main reasons for curds not being marketable 

Irrigation 
regime 

Plant 
spacing (cm) 

% yellow 
curds 

% ‘too small’ 
curds 

% insect 
damage 

% off type or 
sib curds 

100% evap. 35 11.62 2.53 7.07 1.52 

100% evap. 40 5.56 5.56 12.78 1.67 

Sliding scale 35 14.65 0.51 12.12 1.52 

Sliding scale 40 19.44 5.56 22.22 0.00 

 

Discussion 

Using the ‘sliding scale’ irrigation program to influence harvest characteristics was not effective 
in this experiment, with there being no significant difference in the total yield, curd weight, 
water use efficiency and uniformity of harvest between the irrigation treatments.  This was in 
contrast to the results obtained during the 2003 summer when the ‘sliding scale’ irrigation 
program had greater yield and improved water use efficiency compared to crops that were 
irrigated at 100% evaporation replacement. 

 

The similarity between the two irrigation regimes in this experiment may have been due to 
difficulties with an automatic irrigation system that was installed at the Manjimup Horticultural 
Research Institute immediately prior to experiment.  During the 2003 experiment, irrigation 
applications were scheduled manually and controlled as required to ensure the correct amount 
of water was applied to each treatment.  During this experiment, there were difficulties with the 
automatic system applying the correct amount of water during the first six weeks of crop 
growth, when all treatments were receiving the 100% evaporation replacement.  The problems 
associated with the automatic irrigation system were solved when the experimental crop was 
six weeks old, with no further issues arising about the functioning of the irrigation system.  The 
‘sliding scale’ treatment, post 6 weeks after transplanting was applied correctly, however the 
application of water that was applied prior to the ‘sliding scale’ being implemented was 
insufficient, placing the ‘sliding scale’ treatments at a disadvantage later in the experiment. 

Neither irrigation program had an effect on the number of harvests, with two harvests being 
required however the amount of crop being removed at each harvest was significantly 
different.  Crops subjected to the ‘sliding scale’ treatment had more of the crop removed at the 
first harvest, with at least 77% being removed.  Although not directly measured in this 
experiment, the plants subjected to water stress under the ‘sliding scale’ treatment, may have 
had an increase in the endogenous production of ethylene.  Ethylene increases in plants that 
are subjected to stress including insufficient water or water logging, plant pathogens, air 
pollution and physical stress (Salisbury and Ross, 1985).  Vernalisation in cauliflower, which 
after the completion of a juvenile period, is necessary to stimulate curd initiation (Sadik, 1967, 
Booij, 1990, Aditya and Fordham (1995).  Applied ethylene can be used as a substitute for a 
vernalisation period and has been used (as the commercially available product ethephon), to 
assist in the achievement of a uniform harvest period for tomatoes (Nevins, 1995). 
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The increase in ethylene that would have occurred in the water stressed plants may have 
substituted for the vernalisation period required to induce curd initiation.  Natural vernalisation 
would have been low due to the experiment being grown during the summer months, although 
the variety used (cv Summer Love) has been commercially bred specifically for the summer 
period.  Further detailed studies would be required to confirm if there is an increase in ethylene 
production in the water stressed plants, leading to curd initiation however it appears that the 
‘sliding scale’ technique shows potential for use in the field to increase crop uniformity.  A large 
number of curds that are ready in one harvest would allow mechanical harvesting to be used 
as the amount of smaller curds that may not be suitable for market specifications (i.e. those 
that would normally be left for a later harvest) is minimised. 

 

Reduction of the within row spacing during this experiment was beneficial, with crops spaced 
at 35cm producing higher yields with improved WUE compared to those spaced at 40cm.  
Decreasing within row spacing may be beneficial for summer crops, although caution should 
be used if increasing plant density in winter crops as reduced air flow within the crop may 
contribute towards an increase in diseases severity. 

 

4.3 Plant Growth Regulators 
 
Introduction 
The length of the maturity period of a cauliflower crop is strongly correlated with the duration of 
the curd initiation period of that crop (Salter, 1969).  Conditions prior to curd initiation may 
influence between individual plants the variability in time of curd initiation.  Environmental and 
cultural conditions at very early stages of plant growth, as well as weather during the actual 
maturity period, can influence the harvest characteristics of a crop.  Cauliflower and broccoli 
crops grown in the field are subject to a range of environmental conditions which may not 
always meet the vernalisation requirements necessary for curd or head initiation, resulting in 
periods of staggered or delayed cauliflower curd and broccoli head initiation.  If curd or head 
initiation across a commercial crop could be influenced to improve uniformity, then variability in 
curd or head maturity and the harvest period would be reduced.  The application of plant 
growth regulators (PGR’s) such as ethylene and gibberellic acid may be a method for 
improving the uniformity of cauliflower curd or broccoli head maturation by influencing the curd 
or head initiation time.  Increased uniformity in curd or head maturation is likely to reduce the 
harvest period of cauliflower and broccoli, which currently limits the viable application of 
mechanical harvesters. 
 
The cauliflower curd can be considered to be a large, immature inflorescence which forms at 
the tip of the stem after a period of vegetative growth (Sadik, 1962).  The vegetative period 
consists of a juvenile phase during which the plant is unable to initiate a curd and a mature 
phase when it can initiate curds.  During the juvenile period the plant is unable to respond to 
environmental stimuli.  The duration of juvenility is determined primarily by growth rate and 
genotype whilst the duration of development after juvenility is determined by these same 
factors and also by a quantitative vernalisation (period of chilling) response in most cauliflower 
cultivars (Atherton et al., 1986).  The vernalisation requirement for flowering in cauliflower 
varies widely, with the exact inductive temperatures and duration differing with cultivar.  For 
some cauliflower varieties, vernalisation is necessary for both curd initiation and subsequent 
floral initiation to occur.  For these varieties the curd is considered to be physiologically a 
reproductive structure.  However for other varieties vernalisation is required for floral initiation 
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to occur but not for curd initiation, which will occur without a period of chilling.  In these 
varieties the curd is considered a vegetative structure.  If plant growth regulators are applied to 
varieties which produce curds that are considered vegetative, a response to PGR application 
may not be observed. 
 
For PGR application to be effective, the product must be applied when plants have completed 
juvenility and are receptive to external stimuli.  This phase will be immediately prior to the 
period of natural curd or head initiation.  Leaf number was found by Booij (1987) and Salter 
(1969) to be an effective and reliable method for marking the developmental stages of 
cauliflower.  The number of leaves present at curd or head initiation varies significantly 
between varieties and therefore needs to be established for each individual variety grown.  
The final number of leaves present at curd or head initiation remains fixed for each variety and 
is not altered by environmental influences.  However the time taken for the number of leaves 
to form will be influenced by external influences such as temperature.  By determining the final 
leaf number at curd or head initiation and the time taken to reach initiation it will be possible to 
apply PGR’s to the crop at a time when it is likely to have the greatest influence on curd or 
head initiation. 
 
Ethylene 
Ethylene has been used in a number of different crops such as pineapple and tomato to 
artificially induce floral initiation.  When applied, the product increases the production of 
endogenous ethylene within the plant resulting in the start of floral differentiation.  By artificially 
inducing the plants, rather than allowing natural floral initiation to occur, initiation is 
synchronised resulting in a more uniform and shorter flowering period.  Ethephon is the most 
commonly used synthetic ethylene generator in agriculture and has the advantage of only 
needing to be applied to the crop once.  The application of ethephon to crops such as 
pineapple and tomato works well as these plants are sensitive to the effects of ethylene.  The 
sensitivity of cauliflower and broccoli crops grown in Australia to ethylene is not known and its 
success is likely to depend on the vernalisation requirement of the variety. 
 
The response of cauliflowers to ethylene has been investigated with varying success.  
Ethylene resulted in a more uniformly maturing cauliflower crop compared to the control in an 
initial experiment (Salter and Ward, 1972), however in a subsequent experiment, ethylene was 
found to have no effect on curd maturation.  This result was confirmed by Booij (1989) who 
found that ethylene had no effect on curd initiation and hence the maturity period.  The 
varieties tested are likely to have an influence on the success of this product.  A greater effect 
of ethylene on curd initiation may be seen with varieties normally grown during the winter 
period, since the application of ethylene in conjunction with high temperatures has been 
shown to cause bracting (Booij, 1990).  The most effective rate and time of ethephon 
application to influence reproductive initiation on cauliflower and broccoli are not known for 
varieties commonly grown in Australia. 
 
Gibberellic Acid 
Temperature is a principal factor affecting the timing of curd initiation and could be used to 
synchronise curd initiation, improving the uniformity of curd maturation.  Low temperatures are 
required by the majority of cauliflower varieties to satisfy a vernalisation requirement, with high 
temperatures at the end of the juvenile phase delaying curd initiation (Booij, 1987).  
Cauliflowers grown during summer and autumn periods may experience extended maturity 
periods due to insufficient periods of chilling which have failed to or have only partially satisfied 
the vernalisation requirement.  Gibberellic acid (GA) has been shown to effectively act as a 
substitute for low temperature requirements in some brassicas (Leshem and Steiner, 1968).  
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The application of GA may therefore be a method for improving the uniformity of curd 
maturation in summer and autumn grown cauliflower crops by influencing curd initiation. 
 
It is likely that the type of gibberellin used to influence flowering in cauliflower and broccoli will 
be important.  Success at improving curd maturation uniformity using GA3 has been varied 
however research conducted by Booij (1989) finding the application of GA4+7 resulted in earlier 
curd initiation.  It is currently not known what concentration of GA4+7 is likely to be most 
effective at influencing cauliflower curd or broccoli head initiation in Australia. 
 

4.3.1 Manipulation of curd maturation using ethephon 

 
Methods 
The experiment examined if ethylene applied as ethephon can artificially induce curd initiation 
in cauliflower reducing the inherent variability present in natural curd initiation and was 
conducted on a loam soil at the Manjimup Horticultural Research Institute, Western Australia.  
The experiment was planted on 19 July 2005.  There were 10 treatments (Table 4–39), which 
were organised in a randomised block design of four replicates. 
 

Table 4–39:  Ethephon treatments applied during experiment 

Treatment Number Rate of ethephon applied (mg/plant) Time of ethephon application* 

1 (control) Nil Not applicable 

2 3.6 1 

3 3.6 2 

4 3.6 3 

5 10.8 1 

6 10.8 2 

7 10.8 3 

8 18.0 1 

9 18.0 2 

10 18.0 3 

* The actual timing of the ethephon application was determined by the physiological stage of 
the crop. 

 

Ethephon was applied using a tractor mounted boom spray at three dates, with spray 
equipment modified to minimise spray drift between plots.  The three application dates were 
determined by collecting samples of the cauliflower variety ‘Virgin’ grown prior to this 
experiment and dissecting them to determine the leaf number at which the plant’s initiated 
curd formation.  The leaf number was used to determine for the experiment the best dates on 
which to apply the ethephon.  Ethephon was applied to the experimental crop both prior to and 
during natural curd initiation period. 
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Ethephon was applied as the commercially available product ‘Ethrel’, which contains 480 g/L 
of ethephon.  The time of application of ethephon was dependent upon the physiological stage 
of the cauliflower.  Approximately one week after each spray event, plants from within the 
treated plots were dissected and the number of leaves and the reproductive status of the 
apical meristem determined. 
 
Cauliflower (cv Virgin) was planted in each plot using Summit Spud® at 1600 kg/ha and 
AllPhos® at 50 kg/ha as a basal fertiliser, applied in an incorporated strip.  Cauliflower 
seedlings were purchased from a commercial nursery at 6 weeks of age and transplanted 40 
cm apart within a row, with 80 cm between rows, giving a plant density of 31,250 plants/ha.  
Normal commercial practice for the maintenance of the plants was conducted, with insects, 
weeds and diseases being controlled as necessary.  Additional fertiliser including nitrogen, 
copper, zinc, boron and molybdenum was applied throughout the life of the crop, to ensure 
continued growth as per normal commercial practice. 
 
Cauliflower curds were harvested at maturity, by hand cutting individual curds when they were 
deemed mature.  Data collected at harvest included curd weight, curd diameter, harvest date, 
curd quality and curd density.  The number of harvests and the percentage recovered at each 
harvest was also recorded.  The data was analysed in Genstat (Windows v9) using a 3 by 3 
factorial plus control analysis of variance. 
 
The marketable yield was determined by removing all curds from the analysis which were not 
suitable for either the domestic or export markets.  This included curds that were not between 
600 g to 1500 g in weight and / or those curds which were deemed to have a low quality score. 
 

Results 

Plants within the experiment were regularly sampled during the initial period of growth to 
determine the number of leaves formed and the reproductive status of the apical meristem.  
This information, combined with data previously collected on the rate of development of 
cauliflower cv. Virgin plants, was used to determine the application dates.  The three 
application dates were timed to occur just prior to and at curd initiation. The crop was sprayed 
at three different rates of ethephon (3.6 mg/plant, 10.8 mg/plant and 18.0 mg/plant) at 30, 37 
and 43 days after transplanting.  The first evidence of curd initiation within the control 
treatment was observed at 43 days after transplanting.  After the first application date there 
were a higher percentage of initiated curds in the treated plants compared with the control 
(Table 4–40).  However after the second and third applications there was not a large 
difference in the percentage of curd initiation between the treated and un-treated plants.  The 
number of leaves present within each treatment after each spray event was not substantially 
different which indicated the treated plants were not initiating curds at an earlier stage than 
those which were not treated. Immediately prior to harvest, plants from within all treatments 
were sampled again to confirm the final leaf number.  There was not a large difference 
between treatments in the final number of leaves initiated prior to curd initiation (Table 4–41). 
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Table 4–40:  Number of leaves and percentage of curd initiation subsequent to each spray 
event 

Time of application 
(DAT)* 

Rate of Application 
(mg/plant) 

Number of leaves 
formed 

Curd initiation within 
treatment (%), post 

ethephon application 

36  0 23 0 

36  3.6 23 0 

36  10.8 23 40 

36  18 22 10 

43  0 27 40 

43  3.6 27 20 

43  10.8 28 50 

43  18 26 30 

50  0 28 100 

50  3.6 27 100 

50  10.8 28 100 

50  18 27 100 

* Actual time of application determined from leaf number and changes to apical meristem 
morphology in sample plants.  DAT = Days after transplanting. 
 
 
 
The treatment of cauliflower plants with ethephon at all application rates and times did not 
improve curd maturation uniformity.  The number of harvests required to completely remove 
the crop was significantly higher in those plants treated with ethephon.  The majority of the 
untreated crop was removed in two harvests, while the treated plants were more evenly 
harvested over three cuts (Table 4–42).  The percentage of crop which weighed between 0.4 
kg and 2.0 kg was similar between all treatments indicating that most of the crop was removed 
at the correct maturity during the harvest period (Table 4–43). 
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Table 4–41:  Final leaf number at harvest 

Rate of ethephon application 
(mg/plant) 

Time of Application (DAT)* Final leaf number at harvest 

0 0 28 

3.6 30 28 

3.6 37 27 

3.6 43 28 

10.8 30 28 

10.8 37 29 

10.8 43 27 

18 30 27 

18 37 28 

18 43 28 

* DAT = Days after transplanting 
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Table 4–42:  Number of harvests and percentage of total yield removed at each harvest 

Rate of 
application 
(mg/plant) 

Time of 
application 

(DAT)* 

Number of 
harvests 

Harvest 1 
(% removed) 

Harvest 2 
(% removed) 

Harvest 3 
(% removed) 

0 0 2.3 20.27 77.19 2.55 

3.6 30 2.5 13.04 77.55 9.41 

3.6 37 3 15.00 65.10 19.90 

3.6 43 2.8 17.96 66.37 15.68 

10.8 30 2.8 14.08 68.23 17.68 

10.8 37 2.8 24.08 64.24 11.67 

10.8 43 3 17.84 60.53 21.64 

18 30 2.8 17.22 68.15 14.63 

18 37 3 11.58 60.97 27.45 

18 43 2.8 23.62 64.46 11.93 

Significance 
(rate by time) 

 ns ns ns ns 

* DAT = Days after transplanting 
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Table 4–43:  Percentage of total harvest within various weight categories 

Rate of 
application 
(mg/plant) 

Time of 
application 

(DAT)* 

Curds below 
400 g (%) 

Curds between 
400 g and 2000 g 

(%) 

Curds above 
2000 g (%) 

0 0 0.67 98.89 0.00 

3.6 30 1.00 98.33 0.00 

3.6 37 2.00 95.56 0.00 

3.6 43 1.00 98.33 0.00 

10.8 30 1.00 98.33 0.00 

10.8 37 0.67 98.33 0.30 

10.8 43 1.00 96.11 0.70 

18 30 1.33 97.78 0.00 

18 37 3.67 91.67 0.00 

18 43 0.33 99.44 0.00 

* DAT = Days after transplanting 

 

 

Total and marketable yield was not significantly different between treated and untreated plants 
(Table 4–44 and Table 4–45).  A linear rate effect was observed where total yield decreased 
by 1.0 t/ha for every 10 mg/plant increase in rate of ethephon application.  The average curd 
diameter was not significantly different between treatments.  The average curd weight was not 
significantly different between the treated and untreated plants however a significant linear 
rate effect was observed within the treated plants where the average curd weight decreased 
with increasing rate of ethephon application.  Loss of marketable yield was predominately due 
to pest damage and yellowing however there was no significant difference in the level of yield 
loss between treatments (Table 4–46). 
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Table 4–44:  Total yield, average curd weight and diameter 

Rate of 
application 
(mg/plant) 

Time of 
application 

(DAT)* 
Total yield (t/ha) 

Average curd 
weight (g) 

Average curd 
diameter (cm) 

0 0 30.44 1034.91 15.74 

3.6 30 30.35 1032.01 15.71 

3.6 37 30.52 1046.53 15.68 

3.6 43 30.87 1049.43 15.90 

10.8 30 29.19 992.50 15.53 

10.8 37 30.46 1035.65 15.88 

10.8 43 29.25 1002.58 16.29 

18 30 30.49 1036.60 15.78 

18 37 27.02 933.14 15.14 

18 43 29.58 1005.68 15.68 

main treatment 
significance 

 ns ns ns 

linear application 
rate significance 

(contrast) 
 

0.05 
(-0.01) 

0.04 
(-3.5) 

ns 

* DAT = Days after transplanting 
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Table 4–45:  Marketable yield, average curd weight and diameter 

Rate of 
application 
(mg/plant) 

Time of 
application 

(DAT)* 

Marketable yield 
(t/ha) 

Average curd 
weight (g) 

Average curd 
diameter (cm) 

0 0 24.29 1015.31 15.57 

3.6 30 26.28 1037.93 15.73 

3.6 37 24.97 1046.11 15.75 

3.6 43 25.53 1047.93 15.87 

10.8 30 24.96 1010.13 15.65 

10.8 37 24.53 1015.00 15.72 

10.8 43 24.32 982.03 16.38 

18 30 24.51 1033.35 15.77 

18 37 23.16 971.82 15.41 

18 43 25.57 986.49 15.58 

main treatment 
significance 

 ns ns ns 

linear application 
rate significance 

(contrast) 
 ns 

0.03 
(-3.2) 

ns 

* DAT = Days after transplanting 
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Table 4–46:  Primary rejection reasons of cauliflower curds 

Rate of application 
(mg/plant) 

Time of application 
(DAT)* 

Slug/snail damage Yellow curds 

0 0 10.00 7.08 

3.6 30 7.08 5.42 

3.6 37 5.83 5.83 

3.6 43 6.67 9.58 

10.8 30 3.33 7.50 

10.8 37 7.08 13.75 

10.8 43 3.33 6.25 

18 30 9.58 10.42 

18 37 4.58 7.08 

18 43 7.08 10.00 

main treatment 
significance 

 ns ns 

linear application rate 
significance 

 ns ns 

* DAT = Days after transplanting 
 
Discussion 
The uniformity of cauliflower curd maturity did not improve with the addition of ethephon to 
plants.  After the first application of ethephon, plants which received the two highest 
concentrations had a higher percentage of curd initiation compared to plants which received 
no ethephon.  This indicated the treated plants may have been artificially induced.  
Subsequent to the second and third application, there did not appear to be a substantial 
difference in the level of curd initiation between treated and untreated plants.  The final 
number of leaves formed was similar for both treated and untreated plants indicating that curd 
initiation occurred at around the same time for all plants. 
 
Regular dissection of plants during the initial stages of crop growth did provide a guide as to 
the reproductive development of the cauliflower plants during growth.  Determination of the 
final leaf number at this stage can be difficult with early leaf development easily being 
confused with bract development.  While regular dissection of plants does provide a 
reasonably accurate guide for timing of ethephon application prior to and at curd initiation, 
accurate predictions of the final leaf number at curd initiation is probably not possible during 
the early stages of crop growth. 
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The increase in curd initiation within treated plants after the first application date may indicate 
that for ethephon to be effective, application is required at an earlier stage of maturity.  The 
effectiveness of ethephon is also likely to be influenced by a number of other factors such as 
temperature, plant variety and concentration of product.  Further testing of this product with a 
range of varieties and at different times of application may be required during alternative 
seasonal periods to comprehensively assess its effectiveness at improving curd maturation 
uniformity in brassica crops. 
 

4.4 Comparison of harvest methods 
 
Introduction 
The agronomic factors assessed during this project such as irrigation, nitrogen application and 
plant spacing, were combined to assess the interaction of these factors on reducing the 
uniformity of crop harvest.  Initially, most of the experimental work was conducted on 
cauliflower, however changing export market conditions have made broccoli an attractive crop 
for reduced pass harvesting.  There was very little experimental work conducted throughout 
this project on broccoli but most of the treatments applied to cauliflower are directly 
transferable to broccoli.  As broccoli tends to be more uniform in its maturity, the techniques 
used to increase cauliflower crop uniformity, may also be useful for further improvements in 
broccoli harvest uniformity. 
 
Methods 

An experimental crop of cauliflower (cv: Monarch) and broccoli (cv: Ironman) was planted on 
17 October 2006 at the Manjimup Horticultural Research Institute.  The experiment assessed 
one pass harvesting compared to selective harvesting.  There were two treatments (one pass 
harvest or selective harvest) for both the cauliflower and broccoli, which were replicated four 
times. 

 

Both the broccoli and cauliflower crops were grown using commercial practice with an 
adjustment to the fertiliser program (Table 4–47) to better reflect the nutritional requirements of 
the crop.  Insect pests, weeds and disease were controlled as necessary as per normal 
commercial practice.  The irrigation was applied at 100% evaporation replacement, as this is 
current commercial practice.  The cauliflower was planted in 2 rows per bed in a parallel 
spatial pattern, with 35 cm between plants within a row and 80 cm between rows, giving a 
plant density of 35,714 plants/ha.  The broccoli was planted in 3 rows per bed in a diamond 
spatial pattern, with 45 cm between plants within a row and 53 cm between rows, giving a 
plant density of 41,928 plants/ha. 
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Table 4–47:  Fertiliser program applied to the harvest method demonstration crop 

Days after 
transplanting 

Fertiliser applied post treatment 
application 

Rate (kg/ha) 

At transplant Summit Spud 1500 

At transplant AllPhos 150 

6 Ammonium nitrate 75 

10 Boron 10 

10 Zinc sulphate 14 

10 Sodium molybdate 1 

14 Ammonium nitrate 100 

21 Potassium nitrate 150 

22 Ammonium nitrate 100 

24 Boron 10 

24 Zinc sulphate 14 

27 Calcium chelate 1 

31 Calcium nitrate 100 

41 Calcium nitrate 100 

50 Calcium nitrate 100 

60 Calcium nitrate 75 

71 Calcium nitrate 75 

 

Cauliflower curds and broccoli heads were harvested when mature for the selective harvest 
treatment.  For the one pass harvest, an assessment on crop maturity of 20 sample plants was 
made once curds or heads had started to form.  When 80% of the sample plants were judged 
to be mature for harvest, then all curds or heads were removed from the treatment.  All curds 
and heads for both the selective and one pass treatments were hand cut and placed in bulk 
storage bins, with the aid of a mechanical platform. 

 

After harvest, the curds or heads were assessed for weight, diameter, quality and density.  
The number of harvests was noted and the percentage of mature curds for the one pass 
plants was recorded. 

 

Results 

An estimate of the harvest date for the one pass plots was made by checking a sample of 20 
plants as they reached maturity.  This was done regularly and when at least 80% of the 
sample plants reached maturity, all curds or heads in the plot were removed, regardless of 
actually maturity (Table 4–48).  Both the broccoli and cauliflower quickly become greater than 
80% mature, so daily checking is essential. 
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Table 4–48:  Estimate of percent maturity of broccoli and cauliflower to determine optimum 
harvest date for face cut 

 
Check date of sample 

(DAT)* 
Number mature in 20 

sample plants 
Sample curd / head 

maturity (%) 

Broccoli 65 16.5 82.5 

Broccoli 66 19.5 97.5 

Cauliflower 80 0.75 3.75 

Cauliflower 83 6.75 33.75 

Cauliflower 84 9.75 48.75 

Cauliflower 85 13.75 68.75 

Cauliflower 86 17.75 88.75 

*DAT  = Days after transplanting 

 

There was no significant difference in the cauliflower total or marketable yield for either the 
one pass or selective harvest methods (Table 4–49).  Similar tonnage of waste cauliflower 
occurred for both cutting methods.  The average curd weights and curd diameter measured 
were also not significantly different between the one pass and selective harvests.  The 
selective harvest required three commercial sized harvests to remove the crop (four harvests 
in total), while the one pass harvest was removed at single harvest time, when 88% of the crop 
was deemed to be mature (Table 4–50). 

 

The largest difference between the one pass harvest and the selective harvest was in the 
relative time to remove the crop, with it taking about one third longer to completely remove a 
crop when it is being selectively harvested (Table 4–50). 

 

Table 4–49:  Harvest data for cauliflower cut either selectively or in one pass 

Harvest 
method 

Total yield 
(t/ha) 

Marketable 
yield (t/ha) 

Waste 
yield 
(t/ha) 

Average 
diameter 
(cm) of 

marketable 
yield 

Average 
curd 

weight 
(g) of 

total yield 

Average 
curd 

weight (g) 
of 

marketable 
yield 

One pass 26.30 22.56 3.74 152.48 1060.0 1089.0 

Selective 25.74 22.16 3.58 151.00 988.0 1056.0 

lsd 
(significance) 

5.06 
(ns) 

5.38 
(ns) 

6.93 
(ns) 

2.91 
(ns) 

134.9 
(ns) 

112.0 
(ns) 
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Table 4–50:  Cauliflower – Percentage removed at each harvest 

Harvest 
method 

Harvest 1 (%) Harvest 2 (%) Harvest 3 (%) Harvest 4 (%) 
Relative time 
to complete 
harvest (%)* 

One pass 0 0 100.00 0 63.4 

Selective 2.84 35.70 38.67 22.79 100.0 

*  The relative percentage for each treatment has been calculated using the selective harvest 
as the base value.  The one pass time comparison is made back to this base value (e.g. it took 
63.4% of the time to conduct a one pass harvest compared to a selective harvest) 

 
There was no significant difference in any of the harvest factors measured between the one 
pass and the selective harvest for broccoli (Table 4–51).  Effectively, there was no selective 
harvest on the broccoli as the heads matured on the same day as the one pass plots. 

 

Table 4–51:  Harvest data for broccoli cut either selectively or in one pass 

Harvest 
method 

Total yield 
(t/ha) 

Marketable 
yield (t/ha) 

Waste 
yield 
(t/ha) 

Average 
diameter 
(cm) of 

marketable 
yield 

Average 
curd 

weight 
(g) of 
total 
yield 

Average 
curd weight 

(g) of 
marketable 

yield 

One pass 10.45 9.00 1.45 123.5 359.4 366.4 

Selective 10.60 9.18 1.42 128.9 363.5 378.3 

lsd 
(significance) 

1.52 
(ns) 

3.07 
(ns) 

2.43 
(ns) 

7.1 
(ns) 

49.9 
(ns) 

57.7 
(ns) 

 

Conclusion 

It is viable to remove a cauliflower or broccoli crop in one pass, as there was no significant 
difference in the yield for either harvesting method.  Care must be taken to assess the one 
pass crop daily as crop maturity approaches, to prevent the crop suddenly becoming over 
mature.  A total crop maturity of approximately 80% appears to be a useful gauge for when the 
crop should be harvested, as this allows a small margin for error if the crop can not be 
removed on the estimated harvest day.  Reducing the number of harvests provides vegetable 
brassica producer’s savings in labour, as both the direct cost and the cost of sourcing labour is 
reduced. 
 
An estimate of the relative time to conduct each harvest method indicates that a one pass 
harvest would be time saving for producers, again reducing the direct cost of labour.  The 
large difference in time between the two harvesting methods is mainly due to a reduction in the 
decision making process required by harvesting crews.  In a selective harvest, all curds must 
be looked at and a decision made whether to leave the curd or remove it.  This takes several 
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seconds and no yield may be recorded for the investment of time in the decision.  When a crop 
is harvested in one pass, there is no investment of time in the decision about whether 
individual curds should be removed.  The harvesting crews save several seconds for each 
curd as they only have to cut a curd and trim the leaves, gaining valuable yield for every 
cutting action made throughout the crop.  If mechanical harvesting was to be introduced, the 
cost of the machinery would need to be included in the overall cost saving calculations.  To be 
effective, the cost of mechanical harvesting would need to be off set against the labour 
savings made by one pass harvesting.  This may make mechanical harvesting unviable for 
smaller operations however those farms that employ many staff and have large economies of 
scale, may find mechanical harvesting of cauliflower and broccoli a viable option. 
 

4.5 Reduced pass harvest demonstration crop 
 

Background 

A demonstration crop, which incorporated the best practice techniques developed throughout 
this project was conducted to enable producer’s to compare the current commercial method of 
cauliflower production against the newer agronomic techniques.  The focus of the 
demonstration crop was to determine the number of harvests required to remove the crop and 
also to demonstrate that the removal of the crop in one harvest is viable, even if 100% of the 
crop is not at its ideal maturity.  The influence of the agronomic changes on the yield, crop 
quality and water usage were also assessed.  The focus of this project was modified during its 
duration to better reflect changes in the export market place for cauliflower.  As there has been 
a reduction in export cauliflower and increase in production of broccoli, the agronomic 
techniques developed for cauliflower were determined to be directly transferable to broccoli 
and a demonstration crop of broccoli was also established. 

 

Method 

An experiment was established on a sandy loam soil at the Manjimup Horticultural Research 
Institute, Western Australia on 10 January 2007.  The experiment had 8 treatments (Table 4–
52) which allowed a comparison between cauliflower and broccoli grown using current 
commercial practice and the new agronomic method developed within this project.  The 
broccoli cultivar ‘Viper’ and the cauliflower cultivar ‘Summer Love’ were transplanted using a 
commercial ‘finger’ planter.  The demonstration plots were not replicated due to the plots being 
large, providing a more accurate assessment of the different techniques for commercial 
producer to examine. 
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Table 4–52:  Treatments conducted on the cauliflower and broccoli demonstration crops 

Treatment Crop Irrigation regime Harvest method 
Demonstration 

type 

1 Broccoli 
100% 

evaporation 
replacement 

Selective at 
maturity 

Current practice 

2 Broccoli 
100% 

evaporation 
replacement 

One pass 
harvest 

Current practice 

3 Cauliflower 
100% 

evaporation 
replacement 

Selective at 
maturity 

Current practice 

4 Cauliflower 
100% 

evaporation 
replacement 

One pass 
harvest 

Current practice 

5 Broccoli Sliding scale 
Selective at 

maturity 
New method 

6 Broccoli Sliding scale 
One pass 
harvest 

New method 

7 Cauliflower Sliding scale 
Selective at 

maturity 
New method 

8 Cauliflower Sliding scale 
One pass 
harvest 

New method 

 
The cauliflower was planted in 2 rows per 1.6 m, with 35 cm between plants within a row and a 
parallel spatial lay out.  Broccoli was planted in 3 rows per 1.6 m with 45 cm between plants 
within a row and a parallel spatial lay out.  This gave a plant density for cauliflower of 35,714 
plants/ha and for broccoli, 41,928 plants/ha.  Different fertiliser programs were used depending 
upon whether the crop was grown as current practice or by the new method (Table 4–53).  
Weed, insect and disease control for the whole demonstration crop area were as per normal 
commercial practice. 
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Table 4–53:  Fertiliser applied to the demonstration cauliflower and broccoli crops, either using 
the current commercial practice or the mew method 

 New method Current practice  

Fertiliser Rate (kg/ha) 
Days after 

transplanting 
Rate (kg/ha) 

Days after 
transplanting 

Summit Spud 1400 At planting 1400 At planting 

Allphos 150 At planting Not applied 

Potassium sulphate 200 3 Not applied 

Urea 37 7 37 7 

Boron 10 10 20 10 

Zinc sulphate 14 10 28 10 

Sodium molybdate 1 10 1 10 

Urea 75 19 120 19 

Calcium chelate 1 26 Not applied 

Urea 75 31 120 31 

Urea 75 38 131 55 

Potassium nitrate 100 41 Not applied 

Boron 10 45 Not applied 

Zinc sulphate 14 45 Not applied 

Urea 75 48 Not applied 

Urea* 75 55 Not applied 

Calcium nitrate* 150 62 150 65 

Calcium nitrate* 100 69 100 75 

* applied to cauliflower only 
 

The irrigation regime was either ‘100% evaporation replacement’ for the current practice or 
utilised the ‘sliding scale’ irrigation regime.  For the ‘sliding scale’ irrigation regime, irrigation 
was applied when tensiometers, placed within a row between two plants, reached a specified 
reading.  The crop was irrigated to field capacity when the soil moisture potential (SMP) 
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reached 10 cBars from day 34 to day 47, 20 cBars from day 48 to day 60 and 30 cBars from 
day 61 to the formation of curds or heads.  Once curds or heads had formed, the irrigation was 
returned to 100% evaporation replacement until the crop was harvested.  When the air 
temperature reached 30°C, additional water (approximately 15 minutes per application) was 
applied for both the ‘sliding scale’ and ‘100 % evaporation replacement’ plots.  The purpose of 
this irrigation was to cool the plants under hot conditions, not to provide additional irrigation 
water. 

 

As the crop became close to harvest, a sample of both cauliflower and broccoli plants were 
assessed regularly for maturity.  When the one pass harvest crops reached 80% maturity, they 
were removed.  Selectively harvested crops were removed as they matured over several days, 
which is normal commercial practice.  The time taken to remove each plot and place it into a 
bulk storage bin was recorded for each treatment. 

 

Marketable yield of product was determined by the weight of the cauliflower curd or broccoli 
head, a quality grade score and the density of the curd.  Colour of the curd was also taken into 
account.  An acceptable weight for cauliflower was a curd between 0.5 kg and 2.0 kg.  The 
curd should be a round, domed shape and creamy white to white in colour.  For cauliflower 
curds to be of market standard, it must have a quality score of five or greater (with no visible 
defects or markings) and a density score of two or greater.  For broccoli to be of market 
standard, they must be of a green colour with no purple tinges and weigh between100 g and 
800 g in weight.  The quality score for broccoli must have been at least four (having only with 
minor defects and markings) and a density score of at least two. 
 
Results 
The data was not statistically analysed as there were no replications in the demonstration 
plots.  The cauliflower curds that were harvested in one pass (at 80% maturity) were heavier 
and larger than those that were selectively harvested, regardless of the irrigation regime.  The 
removal of unmarketable product from all the cauliflower harvested also indicated that one 
pass harvest curds were larger and heavier than those selectively harvested (Table 4–54).  
The total yield for the broccoli was greater for the plot harvested in one pass although this was 
not reflected in the marketable yield.  The yield, weight and size of broccoli heads for each 
treatment were very similar (Table 4–55). 
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Table 4–54:  Cauliflower demonstration crop – yield and head data 

Treatment 
Total 
yield 
(t/ha) 

Average 
curd 

weight 
(g) 

Average 
curd 

diameter 
(cm) 

Marketable 
yield (t/ha) 

Mkt 
average 

curd 
weight 

(g)* 

Mkt 
average 

curd 
diameter 

(cm)* 

Non-
mkt 

curds 
(t/ha)* 

100% 
evaporation 
replacement  
(One pass) 

39.72 1209.48 16.63 36.22 1207.84 16.65 3.50 

100% 
evaporation 
replacement  

(Selective 
harvest) 

33.18 1007.27 15.49 32.37 1047.88 15.87 0.81 

‘Sliding 
scale’ 

irrigation 
(One pass) 

41.95 1285.82 16.89 34.73 1303.05 17.02 7.22 

‘Sliding 
scale’ 

irrigation 
(Selective 
harvest) 

32.82 987.67 15.35 31.69 1007.79 15.47 1.13 

*  Mkt = Marketable 
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Table 4–55:  Broccoli demonstration crop – yield and head data 

Treatment 
Total 
yield 
(t/ha) 

Average 
head 

weight 
(g) 

Average 
head 

diameter 
(cm) 

Marketable 
yield (t/ha) 

Mkt 
average 

head 
weight 

(g)* 

Mkt 
average 

head 
diameter 

(cm)* 

Non-mkt 
curds 
(t/ha)* 

100% 
evaporation 
replacement  
(One pass) 

13.25 344.98 127.18 10.68 355.86 130.16 2.57 

100% 
evaporation 
replacement  

(Selective 
harvest) 

12.76 330.54 142.97 10.92 360.27 129.42 1.84 

‘Sliding 
scale’ 

irrigation 
(One pass) 

13.94 363.70 131.44 12.56 390.80 137.69 1.38 

‘Sliding 
scale’ 

irrigation 
(Selective 
harvest) 

13.91 362.66 130.50 13.18 386.56 135.70 0.73 

*  Mkt = Marketable 
 
 
 
There was no effective selective harvest for the broccoli as all the crop was ready to be 
removed on the same day as the one pass treatment for both irrigation regimes.  Crops that 
were irrigated using the ‘sliding scale’ regime were ready for harvest marginally earlier than 
the crops receiving ‘100% evaporation replacement’ (Table 4–56).  The selectively harvested 
cauliflower was removed in three cuts, with the harvest commencing 7 days earlier than the 
one pass harvest.  The amount of cauliflower removed at each of the selective harvests was 
spread across the three harvest dates for the ‘sliding scale’ irrigation regime, while those 
plants subject to the ‘100% evaporation replacement’ irrigation regime had more curds 
removed in the last harvest (Table 4–57). 
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Table 4–56:  Harvest characteristics for cauliflower and broccoli demonstration crop 

 Cauliflower Broccoli 

Treatment 
Number of 
harvests 

First harvest 
(DAT)* 

Number of 
harvests  

First harvest 
(DAT)* 

100% evaporation 
replacement  
(One pass) 

1 82 1 58 

100% evaporation 
replacement  

(Selective harvest) 
3 75 1 58 

‘Sliding scale’ irrigation 
(One pass) 

1 82 1 57 

‘Sliding scale’ irrigation 
(Selective harvest) 

3 75 1 57 

* DAT = Days after transplanting 
 
 

Table 4–57:  Amount removed (%) at each harvest for selectively harvested cauliflower and 
broccoli 

Treatment 
Harvest 1 

(% removed) 
Harvest 2 

(% removed) 
Harvest 3 

(% removed) 
Cauliflower 

100% evaporation 
replacement 

13.56 23.04 63.40 

Cauliflower 
‘sliding scale’ 

irrigation 
27.99 28.82 43.19 

Broccoli 
100% evaporation 

replacement 
100 0 0 

Broccoli 
‘sliding scale’ 

irrigation 
100 0 0 

 
 
 

The relative time to remove each treatment was calculated, with cauliflower subjected 
to the ‘100% evaporation replacement’ irrigation regime and a selective harvest taking 
the longest ( 

Table 4–58).  For cauliflower, the one pass harvest took less time, particularly when combined 
with the ‘sliding scale’ irrigation.  For broccoli, the plants with the ‘sliding scale’ irrigation 
regime were harvested marginally faster than those with the ‘100% evaporation replacement’ 
regime, noting that all treatments for the broccoli were removed in one harvest (both one pass 
and selective) as they matured together. 
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Table 4–58:  Relative time required to remove broccoli or cauliflower for different harvest 
methods and irrigation regimes 

Treatment 
Relative time to conduct 

selective harvest 
(%)* 

Relative time to conduct one 
pass harvest 

(%)* 
Cauliflower 

100% evaporation 
replacement 

100.0 65.5 

Cauliflower 
‘sliding scale’ irrigation 

89.4 54.7 

Broccoli 
100% evaporation 

replacement 
100.0** 100.0 

Broccoli 
‘sliding scale’ irrigation 

97.1 99.4 

*  The relative percentage for each treatment has been calculated using the selective harvest / 
‘100% evaporation replacement’ treatment as the base value.  All time comparisons are made 
back to this treatment value for either cauliflower or broccoli (e.g. it took 65.5% of the time to 
conduct a one pass harvest compared to a selective harvest, with both receiving ‘100% 
evaporation replacement’ irrigation). 
**  Only one harvest was required for the selective harvest for broccoli.  Three harvests were 
conducted for the selective harvest for cauliflower. 
 
 
The ’sliding scale’ irrigation regime used less water than the ‘100% evaporation’ regime, as 
well as having less numbers of applications.  This provided a better water use efficiency for 
both cauliflower and broccoli when the ‘sliding scale’ irrigation regime was used (Table 4–59). 
 

Table 4–59:  Water application for demonstration crop of cauliflower and broccoli 

Water use efficiency 
(kg/ha/mm water applied) 

Treatment 
Selective 
harvest 

One pass 
harvest 

Water 
applied 
(mm) 

Number of 
irrigation 

applications 

Cauliflower 
100% evaporation 

replacement 
91.44 109.47 362.83 59 

Cauliflower 
‘sliding scale’ irrigation 

102.85 131.47 319.08 48 

Broccoli 
100% evaporation 

replacement 
43.32 44.98 294.58 47 

Broccoli 
‘sliding scale’ irrigation 

52.23 52.34 266.31 41 
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Discussion 
Cauliflower 
The yields obtained for both the cauliflower and broccoli demonstration crops were relatively 
high compared to commercial practice.  The demonstration crops were exceptionally healthy, 
with plants growing large frames and very little damage due to insect pests or diseases.  
Careful agronomic management of the crops ensured that fertiliser and irrigation were applied 
at the correct time in the amount required by the plants, reducing wastage and the impact of 
excessive applications on the environment. 
 
The demonstration crop indicated that cauliflower can be removed in one pass.  Removing the 
crop in one harvest caused a reduction in yield of between 8% and 17% for the ‘100% 
evaporation replacement’ and ‘sliding scale’ irrigation regimes respectively.  This is in 
comparison to a reduction in yield of between 2% and 8% for the selectively harvested ‘100% 
evaporation replacement’ and ‘sliding scale’ irrigation regimes respectively.  The largest barrier 
to one pass harvesting is the accurate selection of when to remove the crop.  It is important to 
monitor the crop closely near harvest to select the best day for a one pass harvest, based on a 
sample of plant maturity from the crop.  In the demonstration, the one pass crop was removed 
7 days after the start of the selective harvest, however leaving the curds longer in the field, 
increased their average weight and size, leading to more yield.  The selective harvesting of 
crops is highly subjective, with people tending to take the curd slightly earlier due to a fear of it 
becoming over mature.  This is a real possibility that must be considered when practicing one 
pass harvesting making it important to critically study the crop for maturity in the lead up to the 
expected harvest date.  With practice, it is possible to successfully ‘call’ when the crop is ready 
for one pass harvesting, assuming that a crop maturity level of 80% is used, which allows for a 
small margin of error in the harvest date. 
 
The relative time to conduct a one pass harvest is substantially less compared to the selective 
harvest, which was expected.  Plants subjected to the ‘sliding scale’ irrigation treatment took 
less time to harvest than crops which had the ‘100% evaporation replacement’ irrigation 
regime for both selective and one pass harvest.  Some of the increase in harvest time was due 
to the plants in the ‘100% evaporation replacement’ crops having a much larger frame, which 
reduced the speed of the harvesting crew as they had to make their way though more 
vegetative material compared to the plant frames in plots with the ‘sliding scale’ irrigation.  The 
slowest removal time for the crop was achieved when ‘100% evaporation replacement’ 
irrigation regime was combined with a selective harvest, as there were more curds removed in 
the third harvest, meaning the harvesting crew had to walk through substantial amounts of 
vegetative matter twice prior to the removal of about 63% of the crop.  The crew would also 
have been looking at each curd and if it was not mature, covering it with leaves to prevent the 
curds going yellow.  This is an operation that takes time, without adding any direct contribution 
to the yield.  In the one pass plots, with ‘sliding scale’ irrigation, the plant frame was smaller 
and the entire crop was removed at once, meaning the harvesting crew was not slowed down 
by excessive vegetative matter in their path.  The crew also did not have to conduct a harvest 
covering operations, saving several seconds per plant. 
 
The reduction in yield caused when the crop was harvested in one pass for both irrigation 
regimes must be offset against the savings made in reducing labour inputs, irrigation 
requirements and water availability.  Crops subjected to a one pass harvest had the best water 
use efficiency, where the most yield was gained for the amount of water applied.  This was 
primarily due to the increased yield for the one pass harvest as the curds increased in weight 
as they were left as long as possible prior to harvesting.  The one pass harvest, combined with 
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the ‘sliding scale’ irrigation regime, provided the highest water use efficiency.  In locations 
around Australia where the quantity or quality of the water supply is limited, reducing the 
amount of water used by the crop is beneficial.  Savings will also be made in reduced pumping 
costs. 
 
Broccoli 
Broccoli naturally tends to be more uniform in its maturity compared to cauliflower and the 
demonstration crop broccoli was all harvested at one time, with there being very little 
difference in yield between the selectively harvested and one pass harvest treatments. 
 
There was little difference in the time to remove the broccoli crop due to there being no 
effective selective harvest, although the plants grown using the ‘sliding scale’ irrigation 
treatment were slightly faster to harvest compared to those grown using the ‘100% 
evaporation replacement’ irrigation regime.  Like the cauliflower plants, the broccoli grown 
using the ‘sliding scale’; irrigation had less vegetative bulk, making it easier for the harvesting 
crew to move through the crop.  Overall, the broccoli was faster to harvest due to the relatively 
little leaf matter compared to cauliflower crops and not needing to conduct a covering 
operation during early harvests. 
 
The water use efficiency was highest in the broccoli for plants grown using the ‘sliding scale’ 
irrigation regime.  The greater yield obtained for these treatments (regardless of harvesting 
method), combined with reduced irrigation costs, would help to make broccoli crops grown 
using the ‘sliding scale’ irrigation regime more profitable. 
 

5 Economic analysis of new agronomic package for 
cauliflower 

 
Economic analysis of the yield from the cauliflower and broccoli demonstration crops was 
conducted to determine if changing the method of harvesting and the irrigation regime was 
cost effective for producers.  Four treatments were analysed, these being; 1) selective harvest, 
with ‘100% evaporation replacement’ irrigation regime, 2) selective harvest with ’sliding scale’ 
irrigation regime, 3) one pass harvest with ‘100% evaporation replacement’ irrigation regime 
and 4) one pass harvest with ’sliding scale’ irrigation regime. 
 
The economic analysis was conducted so variable and some fixed costs were taken into 
account, providing an enterprise margin for each treatment.  Costs such as opportunity cost 
were not included in the enterprise margin.  The enterprise margin is the ‘gross margin’ for the 
crop with the inclusion of an overhead allocation in the costs.  The overhead allocation 
includes costs such as plant replacement, repairs and maintenance and general overhead 
costs (i.e. rates, insurance, licenses, telephone etc.). 
 
The enterprise margin for the cauliflower and broccoli was calculated using three different 
scenarios.  For each treatment a percentage of the marketable yield was allocated to one of 
six different market categories (premium, domestic large, domestic small, gourmet, processing 
and waste).  However three different sub-categories were developed for the processing 
category, dependent upon whether producers have access to processing facilities in their local 
area.  The percentage of marketable yield that went to each market category for each 
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treatment varied, dependent upon the quality of the cauliflower curds or broccoli heads 
harvested from the demonstration crops. 
 

The enterprise margin calculated for the demonstration crops are a single snapshot in time of 
the possible returns keeping in mind that large fluctuations in market categories, quality 
requirements in the categories and price can occur. 
 

The enterprise margins are calculated by subtracting the production costs from the total 
income received by the producer.  Production costs and income for each of the three 
scenarios (related to the percentage of produce that goes to processing) for cauliflower have 
been calculated on two different plant densities.  The first is based on the demonstration crop 
yield data, where the plant density was 35,714 plants/ha (Figure 5–1).  The second production 
costs and income calculation was based on the demonstration crop yield results, with the plant 
numbers (and yield results) adjusted to reflect a plant density of 26,000 plants/ha ( 
Figure 5–2).  This production costs and income for broccoli have been calculated using the 
demonstration crop planting density of 41,928 plants/ha (Figure 5–3). 
 

The enterprise margin for cauliflower using the yield from the demonstration crop at 35,714 
plants/ha was greatest ($11,945/ha) when the crop was harvested in one pass using the 
‘sliding scale’ irrigation regime (Table 5–1).  This is a reflection of the high yield achieved for 
the demonstration crop.  There is a large processing component to the yield for this treatment, 
with 16.9% being suitable for processing.  If the processing component is reduced to 50% and 
zero of the current price allocated, then the enterprise margin is reduced to $10,119 /ha and 
$8,292 /ha respectively.  For these two scenarios, the greatest enterprise margin for this 
planting density is achieved when the crop is selectively harvested, using the ‘100% 
evaporation replacement’ irrigation regime.  This reflects the greater percentage of the crop 
from this treatment being suitable for the premium market, which commands a higher price. 
 

Figure 5–1:  Income and production costs for cauliflower planted at about 35,700 plants/ha 
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Table 5–1:  Enterprise margins for cauliflower based on plant number (35,700 plants/ha) and 
yield from demonstration crop 

Treatment 
Enterprise margin 

(100% of processing 
price) ($/ha) 

Enterprise margin 
(50% of processing 

price) ($/ha) 

Enterprise margin 
(no processing) 

($ha) 

Select harvest 
100% evaporation 

replacement 
11,378 10,977 10,576 

Select harvest 
‘sliding scale’ 

irrigation 
10,748 10,155 9,562 

One pass harvest 
100% evaporation 

replacement 
11,228 9,922 8,615 

One pass harvest 
‘sliding scale’ 

irrigation 
11,945 10,119 8,292 

The enterprise margin is the difference between income and production costs. 
 

 

Figure 5–2:  Income and production costs for cauliflower planted at 26,000 plants/ha 
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When plant number is adjusted to 26,000 plants/ha, the greatest enterprise margin ($6,641/ha) 
is again achieved when the crop was harvested in one pass using the ‘sliding scale’ irrigation 
regime (Table 5–2).  As the amount of crop sent for processing from the one pass harvest 
treatment is reduced, the enterprise margins of the selectively harvested treatments become 
more attractive as the greater percentage of crop suitable for the premium market becomes 
more prominent in the overall income calculations. 

 

Table 5–2:  Enterprise margins for cauliflower based on adjusted plant number (26,000 
plants/ha) and yield from demonstration crop 

Treatment 
Enterprise margin 

(100% of processing 
price) ($/ha) 

Enterprise margin 
(50% of processing 

price) ($/ha) 

Enterprise margin 
(no processing) 

($ha) 

Select harvest 
100% evaporation 

replacement 
5,873 5,581 5,289 

Select harvest 
‘sliding scale’ 

irrigation 
5,438 5,007 4,575 

One pass harvest 
100% evaporation 

replacement 
6,095 5,144 4,192 

One pass harvest 
‘sliding scale’ 

irrigation 
6,641 5,312 3,982 

The enterprise margin is the difference between income and production costs. 
 
 
 
 
The best enterprise margin for broccoli ($13,197/ha) is achieved when the crop is removed in 
one pass using the ‘sliding scale’ irrigation regime (Table 5–3).  This treatment remains the 
highest enterprise margin even when the is no processing available, primarily due to the 
higher yield achieved for this treatment, compared to the other treatments in the demonstration 
crop. 
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Figure 5–3:  Income and production costs for broccoli planted at about 41,900 plants/ha 
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Table 5–3:  Enterprise margins for broccoli based on yield from demonstration crop 

Treatment 
Enterprise margin 

(100% of processing 
price) ($/ha) 

Enterprise margin 
(50% of processing 

price) ($/ha) 

Enterprise margin 
(no processing) 

($ha) 

Select harvest 
100% evaporation 

replacement 
7,888 6,894 5,899 

Select harvest 
‘sliding scale’ 

irrigation 
11,955 11,220 10,485 

One pass harvest 
100% evaporation 

replacement 
8,378 7,388 6,397 

One pass harvest 
‘sliding scale’ 

irrigation 
13,197 12,348 11,499 

The enterprise margin is the difference between income and production costs. 
 
Whether it is viable for a producer to use one pass harvesting, either ‘100% irrigation 
replacement’ or the ‘sliding scale’ irrigation regime largely depends upon the percentage of 
each crop that goes into the various market categories.  If processing facilities are available to 
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the producer, it would be beneficial for them to consider one pass harvesting, particularly if the 
farm harvesting operations could be mechanised.  Note that mechanisation of the harvesting 
process was not factored into these calculations due to the very limited number of mechanical 
harvesters available in Australia.  Producers who do not have access to processing facilities 
should consider carefully their options for a one pass harvest.  Significant savings can still be 
made in harvest time, which if the current market will accept slightly lower grade product (e.g. 
a lower grade domestic category) as well as the premium product that is recovered during a 
one pass harvest, then a one pass harvest is a viable option.  The greater the percentage of 
the crop which can be placed in the marketable categories (and the least possible in waste), 
will lead to the highest enterprise margin, although it is highly likely this will change depending 
upon the crop, time of year, quality requirements and the current market situation and prices. 
 
The full analysis for cauliflower and broccoli including break up of costs of production, income 
and the allocation of the yield to market categories is provided in Appendix 1. 
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6 Recommendations 
 
The primary purpose of this project was to increase the uniformity of maturity for the vegetable 
brassicas, cauliflower and broccoli.  The project has demonstrated that by careful 
management of the agronomic inputs into the crops, it is possible to harvest both cauliflower 
and broccoli in one harvest particularly during the summer months.  Most of the agronomic 
techniques developed are useful for soils that contain some clay and have an adequate water 
holding capacity.  Practice of the irrigation techniques developed on sandy soils would not be 
possible as the water holding capacity is low, meaning that very frequent irrigation is 
necessary to maintain plant health. 
 
The uniformity of crop harvest comprises of both the number of harvests and the amount 
removed at each harvest.  The agronomic techniques developed did not achieve 100% 
uniformity of cauliflower or broccoli crops, although a single pass harvest was still possible due 
to approximately 80% of the crop being uniform when it was harvested.  The most important 
factor in achieving increased crop uniformity is to ensure the application of fertiliser and water 
are accurate and timely.  Previous studies have also indicated that the application of the basal 
fertiliser on loam soils in a strip is beneficial for reducing the number of harvests (Lancaster et 
al , 2003) as the plants are surrounded by fertiliser from the time of transplanting. 
 
Genetic factors also influence the spread of crop uniformity making the achievement of 100% 
crop uniformity unlikely.  However, by using the agronomic techniques outlined in this project, 
producers can reduce the spread of crop maturity, so it becomes economically feasible to 
remove the crop in one harvest.  The removal of the crop in one harvest provides large cost 
savings for producers as both the direct and indirect costs of labour are reduced.  The 
reduction in number of harvests also makes the potential for mechanical harvesting on large 
scale crops feasible, particularly if product that is outside of fresh market specifications can be 
processed. 
 
The main agronomic techniques to be aware of to reduce the spread of crop maturity are; 

• Source seedlings which are uniform in age and size. 
• Try to maintain single plantings on a similar soil type and avoid planting across 

different soil types. 
• Take care when handling seedlings during transplanting so as to reduce transplant 

shock. 
• On loam soils, apply basal fertiliser in an incorporated strip, rather than as narrow 

bands beneath the plant. 
• Apply irrigation water to the transplanted seedlings very soon after transplanting.  

Irrigation of newly planted seedlings should occur throughout the year if adequate 
rainfall is not imminent. 

• Apply nitrogen based fertiliser in small amounts and regularly throughout the life of the 
crop.  Do not apply in large amounts on an occasional basis as this may lead to 
fluctuations in the rate of plant growth.  Nitrogen fertiliser should be applied ‘little and 
often’. 

• Apply fertiliser in a soluble form.  Dissolve granular fertiliser if possible and apply 
through a boom spray rather than through a spreader in a granular form.  Applying in a 
soluble form is more accurate with each plant getting a similar amount of fertiliser and 
cost savings are also made as fertiliser is not wasted on non-cropped areas.  Ensure 
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irrigation is applied when nitrogen based fertilisers are applied to crops in a soluble 
form to prevent plant burning. 

• The first application of nitrogen fertiliser should be within one week of transplanting. 
• Practice controlled irrigation by monitoring the water available to the plant with 

tensiometers.  Less water is used and the slight water stress experienced by the plants 
may assist in prompting the plants to turn from the vegetative to reproductive phase. 

• Ensure full irrigation (100% evaporation replacement) is provided once curd or head 
formation has commenced to maintain high quality product. 

• Monitor the crops closely as they approach the expected harvest date.  Assess a 
sample of plants (20 to 50 plants depending upon the size of the planting) to determine 
when at least 80% of the crop is mature, if one pass harvesting is to occur. 

 
These agronomic techniques will assist in improving the crop uniformity and the crop can be 
harvested in one pass at about 80% crop maturity.  If market conditions indicate more than 
one harvest is desirable, this can still occur using the techniques outlined.  It is important to 
monitor the crop throughout its life and to apply all fertiliser and water as evenly as possible.  
The main impact from utilising these techniques will be a reduction in the labour required to 
remove the crop (for both one pass and selective harvest) as well as a reduction in the water 
required to produce the crop. 
 
If producers are planning to conduct a single harvest, it is recommended that practical 
experience selecting the exact harvest day is gained on a sample of plants prior to planting a 
large crop area.  This can be conducted on existing plantings of broccoli and cauliflower crops 
regardless of the intended final number of harvests. 
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7 Extension and Technology Transfer 
 

7.1 Publications 
• Manjimup Bridgetown Times February 2005, Article on irrigation experiments. 
• Manjimup Bridgetown Times January 2006 ‘Better crops the aim’. 
• ‘WA Horticulture’ section of the Countryman newspaper, January 2006, Article on 

potassium experiments. 
• Reduced pass harvesting of export cauliflower (Nov / Dec 2006) Vegetables Australia, 

Volume 2.3, pp 22-23. 
 

7.2 Newsletters 
•  ‘Better Brassica’ no. 5 (September 2004), ‘Research activities in the vegetable 

brassica project 
• ‘Better Brassica’ no. 7 (September 2005), Can drenching help cauliflower seedlings 

overcome transplant shock?’ 
 

7.3 Field walks 
• Field walk on nutrition experiments at Manjimup (16 September 2004) 
• Field walk on potassium experiment at Manjimup (1 December 2005) 
• Field walk on the irrigation by nutrition experiment at Manjimup (8 February 2006) 
• Field walk on the nitrogen replacement experiment at Manjimup (10 October 2006) 
• Field walk for reduced pass crop demonstration at Manjimup (31 January 2007) 
• Field walk for reduced pass crop demonstration at Manjimup (22 February 2007) 
• Field walk for reduced pass crop demonstration at Manjimup (22 March 2007) 

 

7.4 Meetings / seminars / workshops 
Presentations on the general scope of the project and regular updates of project 
results occurred at: 

• Regional brassica workshop in Wanneroo (August 2004) 
• Regional brassica workshop in Manjimup (August 2004) 
• Manjimup Horticulture Research Institute Field Day (March 2005) 
• Presentation to the Horticulture Australia Brassica product group (March 2006) 
• Regional brassica workshop in Manjimup (June 2006) 
• Regional brassica workshop in Wanneroo (July 2007) 
• Regional brassica workshop in Manjimup (July 2007) 
• Manjimup Horticulture Research Institute Field Day (March 2007) 
• Vegetables WA regional meeting in Manjimup (August 2007) 

 

7.5 On-farm grower groups 
Regular updates on the progress of this project were provided during on-farm grower 
group meetings which were held every 3 months (2002 – 2008) 
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9 Appendix 1: Economic analysis for cauliflower and 
broccoli 

 

 
Cauliflower  
(35,700 plants/ha) 

Select Harvest Select Harvest 
One Pass 
Harvest 

One Pass 

  100% Evap replace 
Sliding scale 

irrigation 
100% Evap 

replace 
Sliding scale 

irrigation 

  3.0 ha 3.0 ha 3.0 ha 3.0 ha 

   /ha /ha /ha /ha 

Income per marketable yield 

unit $24,870 $24,127 $23,554 $24,214 

Paddock Yield 39,348 kg 37,325 kg 45,101 kg 48,031 kg 

Marketable Yield - kg/ha 38,072 kg 36,601 kg 37,669 kg 40,605 kg 

  Premium 52.8% @  $0.69/kg 64.7% @  $0.69/kg 38.5% @  $0.69/kg 23.3% @  $0.69/kg 

  Domestic (S) 16.1% @  $0.66/kg 12.4% @  $0.66/kg 7.2% @  $0.66/kg 1.4% @  $0.66/kg 

  Domestic (L) 23.4% @  $0.60/kg 13.1% @  $0.60/kg 24.6% @  $0.60/kg 42.9% @  $0.60/kg 

  Gourmet  0.8% @  $0.76/kg 0.4% @  $0.76/kg 0.1% @  $0.76/kg 

  Process 4.5% @  $0.45/kg 7.1% @  $0.45/kg 12.9% @  $0.45/kg 16.9% @  $0.45/kg 

  Waste 3.2% @  $0.00/kg 1.9% @  $0.00/kg 16.5% @  $0.00/kg 15.5% @  $0.00/kg 

Costs $/ha $/ha /ha /ha 

Preparation and 
Establishment 5,465 5,465 5,465 5,465 

Crop Management 2,152 2,067 2,152 2,067 

Harvest 3,569 3,569 2,351 2,351 

Post Harvest 518 494 569 601 

Overhead Allocation 1,788 1,784 1,788 1,784 

Total Costs 13,492 13,379 12,325 12,268 

  Chemical 630 630 630 630 

  Fertiliser 1,000 1,000 1,000 1,000 

  Labour 1,006 962 1,006 962 

  Irrigation 428 385 428 385 

  Transport 393 373 451 480 

  Harvest Labour 3,119 3,119 2,005 2,005 

  Machinery operating 507 507 402 402 

  Tractor Labour 569 569 569 569 

  Seedlings 3,929 3,929 3,929 3,929 

  Other 1,913 1,905 1,906 1,905 

Enterprise Margin 11,378 10,748 11,228 11,945 

Margin at 50% processing 
price 10,977 10,155 9,922 10,119 

Margin at nil processing 
price 10,576 9,562 8,615 8,292 
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Cauliflower 
(26,000 plants/ha) 

Select Harvest Select Harvest 
One Pass 
Harvest 

One Pass 

   
100% Evap 

replace 
Sliding scale 

irrigation 
100% Evap 

replace 
Sliding scale 

irrigation 

   3.0 ha 3.0 ha 3.0 ha 3.0 ha 

    /ha /ha /ha /ha 

Income per marketable yield 

unit $18,106 $17,564 $17,147 $17,628 

Paddock Yield 28,645 kg 27,173 kg 32,834 kg 34,966 kg 

Marketable Yield - kg/ha    27,717 kg 26,646 kg 27,423 kg 29,561 kg 

  Premium 52.8% @  $0.69/kg 64.7% @  $0.69/kg 38.5% @  $0.69/kg 23.3% @  $0.69/kg 

  Domestic (S) 16.1% @  $0.66/kg 12.4% @  $0.66/kg 7.2% @  $0.66/kg 1.4% @  $0.66/kg 

  Domestic (L) 23.4% @  $0.60/kg 13.1% @  $0.60/kg 24.6% @  $0.60/kg 42.9% @  $0.60/kg 

  Gourmet  0.8% @  $0.76/kg 0.4% @  $0.76/kg 0.1% @  $0.76/kg 

  Process 4.5% @  $0.45/kg 7.1% @  $0.45/kg 12.9% @  $0.45/kg 16.9% @  $0.45/kg 

  Waste 3.2% @  $0.00/kg 1.9% @  $0.00/kg 16.5% @  $0.00/kg 15.5% @  $0.00/kg 

Costs $/ha $/ha /ha /ha 

Preparation and 
Establishment 4,397 4,397 4,397 4,397 

Crop Management 2,152 2,067 2,152 2,067 

Harvest 3,569 3,569 2,351 2,351 

Post Harvest 377 360 414 438 

Overhead Allocation 1,738 1,734 1,738 1,734 

Total Costs 12,233 12,126 11,052 10,986 

  Chemical 630 630 630 630 

  Fertiliser 1,000 1,000 1,000 1,000 

  Labour 1,006 962 1,006 962 

  Irrigation 428 385 428 385 

  Transport 286 272 328 350 

  Harvest Labour 3,119 3,119 2,005 2,005 

  Machinery operating 507 507 402 402 

  Tractor Labour 569 569 569 569 

  Seedlings 2,860 2,860 2,860 2,860 

  Other 1,829 1,822 1,824 1,823 

Enterprise Margin 5,873 5,438 6,095 6,641 

Margin at 50% processing price 5,581 5,007 5,144 5,312 

Margin at nil processing price 5,289 4,575 4,192 3,982 
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Broccoli 
(41,900 plants/ha) 

Select Harvest Select Harvest One Pass One Pass 

   
100% Evap 

replace 
Sliding scale 

irrigation 
100% Evap 

replace 
Sliding scale 

irrigation 

   3.0 ha 3.0 ha 3.0 ha 3.0 ha 

    /ha /ha /ha /ha 

Income per marketable 

yield unit $20,561 $24,742 $20,352 $25,302 

Paddock Yield 12,744 kg 16,019 kg 13,815 kg 16,379 kg 
Marketable Yield - 
kg/ha    12,474 kg 15,465 kg 12,552 kg 15,808 kg 

  Premium 47.7% @  $1.76/kg 27.3% @  $1.76/kg 38.7% @  $1.76/kg 31.9% @  $1.76/kg 

  Domestic (S) 11.3% @  $1.68/kg 6.5% @  $1.68/kg 7.9% @  $1.68/kg 4.2% @  $1.68/kg 

  Domestic (L) 18.2% @  $1.55/kg 52.5% @  $1.55/kg 28.6% @  $1.55/kg 50.4% @  $1.55/kg 

  Gourmet 8.0% @  $1.82/kg 2.7% @  $1.82/kg 4.0% @  $1.82/kg 1.6% @  $1.82/kg 

  Process 12.6% @  $1.24/kg 7.4% @  $1.24/kg 11.6% @  $1.24/kg 8.4% @  $1.24/kg 

  Waste 2.1% @  $0.00/kg 3.5% @  $0.00/kg 9.1% @  $0.00/kg 3.5% @  $0.00/kg 

Costs $/ha $/ha /ha /ha 

Preparation and 
Establishment 5,789 5,789 5,789 5,789 

Crop Management 2,029 1,975 2,029 1,975 

Harvest 2,338 2,338 1,637 1,637 

Post Harvest 720 889 723 909 

Overhead Allocation 1,798 1,795 1,798 1,795 

Total Costs 12,673 12,787 11,975 12,105 

  Chemical 1,025 1,025 1,025 1,025 

  Fertiliser 1,150 1,150 1,150 1,150 

  Labour 305 281 305 281 

  Irrigation 348 318 348 318 

  Transport 617 765 621 782 

  Harvest Labour 2,138 2,138 1,497 1,497 

  Machinery operating 393 393 333 333 

  Tractor Labour 1,024 1,024 1,024 1,024 

  Seedlings 3,774 3,774 3,774 3,774 

  Other 1,900 1,919 1,899 1,922 

Enterprise Margin 7,888 11,955 8,378 13,197 

Margin at 50% processing 
price 6,894 11,220 7,388 12,348 

Margin at nil processing 
price 5,899 10,485 6,397 11,499 
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