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Media Summary 
 
The main industry partner in the project was OneHarvest, a major fresh food 
company and supplier of fresh cut baby leaf salads. Work was done with major 
growers and Applied Horticultural Research was the research provider. Funding was 
provided by Horticulture Australia and OneHarvest.  The focus was on improving the 
quality and shelf life of processed baby leaf salads for Australian consumers. 
 
Baby leaf salad crops such as lettuce and spinach are harvested and marketed in an 
immature stage of development compared to other vegetable crops. This means 
growing and handling practices which were developed for the mature selections of 
these crops are no longer valid. The baby leaf category also includes some new 
salad lines such as rocket, tatsoi and mizuna.  
 
The field work was carried out across the main East coast growing regions of 
Australia in east Gippsland, Vic, Camden, NSW and SE Qld, with laboratory work 
conducted at the AHR facilities at the University of Sydney.  The results were 
collected over 3 seasons and covered most aspects of agronomic production and 
postharvest handling. 
 
Key project outcomes were that spinach grown in the optimum temperature range 
produced the best quality product. This can be achieved by managing planting to 
match the season and by using varieties that were identified as slower growing. A 
growing degree day (GDD) model was developed to assist farmers schedule their 
crops for the optimum conditions and also manage a regular harvest schedule. 
 
Another key result was that agronomic management affects the shelf life of the 
product. For example; high nitrogen in the field reduced the shelf life, high density 
plantings increase yield but reduced shelf life and the new multi leaf varieties had the 
highest yield and longer shelf life.   
 
Postharvest handling was also essential. The product must be vacuum cooled to 2oC 
within half an hour of harvest for maximum shelf life. 
 
Future R&D should focus on the role of baby leaf salad vegetables as a valuable 
source of antioxidants, in particular agronomic factors affecting expression and 
postharvest factors affecting stability of these beneficial components.  
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Technical Summary 
 
Baby leaf salads are an excellent convenience food. In Australia these products are 
marketed as either packaged fresh cut, minimally processed or fresh product and the 
baby leaf category is growing rapidly.  
 
The term baby leaf describes a wide range of leafy vegetables harvested when only 
a few weeks old. However, this project focussed on the main components 
commercially blended, packaged and sold in major supermarkets and included 
lettuce (Lactuca spp.), spinach (Spinacia oleracea), wild rocket (Diplotaxis tenuifolia) 
and cultivated rocket (Eruca sativa),     
 
Baby leaf salad crops such as lettuce and spinach are harvested and marketed in an 
immature stage of development compared to other vegetable crops. This means 
growing and handling practices which were developed for the mature selections of 
these crops are no longer valid. The baby leaf category also includes some new 
salad lines such as rocket, tatsoi and mizuna.  
 
The main industry partner was OneHarvest, a major fresh food company and 
supplier of fresh cut baby leaf salads. Some of the major growers were also 
collaborators, and Applied Horticultural Research was the research provider. 
Funding was provided by Horticulture Australia and OneHarvest.   
 
A key aim of the project was to attempt to understand the regional and climatic 
effects on productivity and “quality”.  Quality is an objective term. In this work a 
treatment “failed” (storage at 2oC) in terms of quality when 50% of the individual 
leaves in a replicate were rejected due to wilting, discoloration or physical damage. 
We agreed that consumers have a much lower tolerance to damaged leaves and the 
broader experimental tolerance was used to allow the treatment affects to be 
identified. It must be noted that even small incremental improvements in quality 
would have a commercial benefit.  
 
The field work was carried out across the main East coast growing regions of 
Australia in east Gippsland, Vic, Camden, NSW and SE Qld, with laboratory work 
conducted at the AHR facilities at the University of Sydney.  The results were 
collected over 3 seasons (2005 to 2008) and covered most aspects of agronomic 
production and postharvest handling. 
 
The key project outcomes were: 
 

• A crop life of at least 30 days, from seeding to harvest produced higher 
quality. This was achieved by using slower growing varieties under warmer 
conditions or by only growing other varieties when the season was cool 
enough for varieties to attain the 30 day minimum growth period. 

 
• The growth rate of spinach was temperature dependant. The best quality was 

achieved when the average daily maximum temperature did not exceed 23° C 
and the average night temperature did not exceed 8-10°C.   
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• A growing degree day (GDD) model was developed with a base temperature 
of 0°C and high temperature cut off of 27°C. The requirement from seeding to 
harvest for slow, medium and fast growth rate spinach varieties was 443, 420 
and 404 GDD respectively.  

 
• In lettuce, nitrogen had a significant effect on shelf life. Concentrations of 

greater that 4% in the leaves at harvest resulted in a shorter shelf life.  
 

• Rapid, vacuum cooling of the product after harvest maximised shelf life. 
Cooling within half an hour of harvest was best, any delay shortened the shelf 
life. 

 
• The stability of Vitamin C in the harvested product was dependent on storage 

temperature.  When held at 0°C, spinach retained 90% Vitamin C content for 
7 days whereas at 4°–7°C, about 50% of the Vitamin C was lost.  
 

• For European wild rocket, alternating higher day (24oC) and cooler night 
(<10oC) temperatures partially overcame low temperature inhibition of 
germination. Cultivated rocket germination was not sensitive to low soil 
temperature and germinated down to 5°C. 

 
• The highest yields of spinach were obtained at a density of 1000 plants/m2 but 

this reduced average leaf weight to 1g and reduced shelf life (stored at 2°C) 
from 23 days at 300 plants/m2 to 16 days at 900 plants/m2.  

 
• Transplanted multi-leaf type lettuce were compared with more traditional; 

single leaf direct seeded lettuce types and found to yield better and displayed 
good quality attributes.  

 
• Finally the agronomic modelling data was used to select a suitable new 

growing area. This resulted in a commercial pilot-to-prove farm being set up at 
Mt Gambier in South Australia and was shown to successfully produce market 
quality baby leaf products including spinach. 

 
Future R&D should focus on the role of baby leaf salad vegetables as a valuable 
source of antioxidants, in particular agronomic factors affecting expression and 
postharvest factors affecting stability of these beneficial components.  
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Executive Summary 
 
This project was a collaboration between OneHarvest, a commercial baby leaf 
manufacturer and Applied Horticultural Research. The research was carried out over 
a three year period between 2006 and 2008.  The field research was done on 
commercial baby leaf farms that supplied product to Oneharvest. The trial sites were 
spread across the eastern seaboard of Australia and included Boisdale (Maffra), 
Victoria, Camden, New South Wales, Gympie, Queensland, Warwick, Queensland 
and Stanthorpe, Queensland.  
 
The overall aim of the project was to determine the optimum pre and post harvest 
management of baby leaf spinach, lettuce and rocket to ensure maximum shelf life 
and quality for the consumer. 
 
The most significant finding of the project was the effect of growth rate on quality. 
The results showed that for spinach to attain maximum quality, it needs to be grown 
for at least 30 days from seeding to harvest (Chapter 3).  This 30-32 day minimum 
growth can be achieved by either selecting slow-growing varieties during warmer 
periods, or by growing the crop in a climate cool enough to give at least 30 days from 
seeding to harvest.   
 
The effect of temperature on spinach growth rate was found to be a combination of 
maximum day temperature and minimum night temperature.  High day temperatures 
can be offset to some extent by cooler nights, resulting in slower overall growth.  The 
most rapid growth occurs when there is a combination of high day and high night 
temperatures (Chapter 3 and 16). 
 
The crop growth rate of spinach for any given area and time of year can be predicted 
by using the crop growth model developed as part of the project (Chapter 8) utilising 
historical average temperature data.  This model is based on accumulated growing 
degree days or heat units over the growing season with a base temperature of 0oC. 
The data shows that good quality spinach is grown in areas and seasons where the 
accumulated heat units are between 400 and 500 from emergence to harvest 
(Chapter 8). 
 
Other agronomic factors such as variety evaluation (Chapter 13), germination 
temperature tolerance (Chapter 9), plant nutrition in particular nitrogen application 
(Chapter 6), spacing ( Chapter 11) and weed control (Chapter 12) were all 
investigated. The overall results from these studies were that for maximum quality it 
is important to chose the right variety for the right time, don’t over apply nitrogen or 
plant at a too high a density and be mindful of the herbicide you  use as some are 
phytotoxic. Any agronomic factor that promoted rapid growth such as high density or 
high nitrogen resulted in “weaker” plants that did not have maximum shelf life. The 
overall message is that slow growth ensures maximum shelf life until more robust 
baby leaf cultivars become available. 
 
The postharvest research carried out in this project validated the principles of best 
practice for leafy vegetables. The overall postharvest principle is that pre-harvest 
factors determine potential shelf life, while post-harvest handling determines to what 
extent this potential shelf life is realised. 
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For maintaining postharvest shelf life of baby leaf products harvested product must 
be vacuum must to 0oC within half an hour of harvest to achieve the longest shelf life 
and the longer vacuum cooling is delayed, the shorter the shelf life of the product. 
Storage temperature is also critical with storage at 0oC maintaining both visual and 
nutritional quality (Vitamin C) for a longer period than 4oC and 7oC. Unfortunately this 
is not commercial practice with products often stored between 4 and 7oC. Another 
principle that was validated was that it is important to pack dry product as free 
moisture encourages bacterial breakdown in the package. 
 
Finally the agronomic and postharvest bench marks developed in the project were 
used to search for, select and establish a successful commercial pilot-to-prove farm 
at Mt Gambier in South Australia.  
 
This project was conducted over three years and so further work is required to 
validate some of the results reported. This is particularly true for the data that is 
based on temperature and seasonal climate. Many of the results reported are novel 
and have not been previously reported in the scientific literature. 
 
It is therefore recommended that more work is done to; 
 

1. Validate the growing degree day model developed for spinach 
 

2. Develop Growing Degree Day models for other baby leaf species 
 

3. Validate the relationship between days to harvest and shelf life for baby leaf 
spinach and this model could be extended to other baby leaf species. 
 

4. Investigate the level of nutritional bioactive compounds in baby leaf salad 
products and their stability during storage. 
 

Some of the results from this project could be published in scientific journals such as 
the germination trials, development of the growing degree model and the relationship 
between preharvest factors on postharvest storage.  An agronomic manual is also 
being prepared which will compile the key results in a format that is useful for 
growers. 
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1 Introduction 
 
The overall aim of the project was to determine the agronomic factors that affected 
the shelf life of baby leaf spinach, lettuce and rocket.   
 
Several factors or hypotheses were investigated and the results are summarised in 
the sections to follow.  The first results section, Section 3 is an overview of the 
postharvest results from a series of trials. This Section has been compiled in an 
effort to give the reader an appreciation of the interacting agronomic factors that 
influence the postharvest quality of baby leaf spinach. An appreciation of the 
complexity of optimising spinach quality gives the reader an appreciation for the 
incremental agronomic changes that have to be made to managing baby leaf 
production in order to optimise yield and quality. As for many crops, the baby leaf 
production system must be managed to suit the location, species and growing 
season. 
 
Other parts of the project focused on factors that affected crop yield and 
management efficiency.  As a result the overall recommendations from this project 
relate to both consumer quality as well as yield and production efficiency for the 
grower. 
 
The overall hypothesis of the project was that; 
 
“Baby leaf spinach and rocket grown well, which includes an appropriate variety, 
grown without stress and with adequate nutrition will have the longest shelf life if the 
correct postharvest handling is used”. 
 
Researchers have proposed that a higher initial quality may help to extend the shelf 
life of fresh cut products and this is the concept identified in our overall hypothesis 
(Nicola et al., 2006). This overall hypothesis may seem like common sense but it 
raises many questions for the relatively young baby leaf industry in Australia. This is 
particularly so in light of the fact that the industry produces product over a range of 
climatic zones across the country.  Some of the key issues that this project aimed to 
address included identifying the climatic conditions that produced good quality baby 
leaf spinach and rocket; what varieties were most appropriate in what season; what 
was the optimum nutrition, spacing, irrigation and crop management schedule and 
what were the optimum cooling, packaging and storage conditions for baby leaf 
spinach and rocket. 
 
From a physiological perspective this project addresses many aspects of plant 
growth and development.  More specifically, research has shown that many pre-
harvest factors affect the postharvest quality and shelf life of fresh produce (Lee and 
Kader, 2000).  Reviews have reported the differences in the quality of baby leaf 
salad species resulting from cultivar differences (Johnson et al., 1989); harvest 
maturity (Bergquist, 2006, Lee and Kader, 2000) and climatic conditions (Lee and 
Kader (2000). These reviews all illustrate the significant impact that pre-harvest 
agronomic factors have on the physiology and quality of baby leaf products. This 
project aimed to quantify some of those effects for baby leaf spinach and rocket 
grown in Australia. 
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Seasonal Temperature affects plant growth 
 
One of the main issues for the Australian baby spinach supply chain is year round 
supply. In order to achieve year round supply spinach is grown in different regions at 
different times of the year. The success of this scenario depends on a crop species 
or cultivars adaptability as well as yield stability across a range of geographical 
regions. Adaptability and yield stability are both influenced by seasonal climate. 
Adaptability refers to good performance over a wide geographic range under 
conditions of variable climatic and environmental influences (Stoskopf 1981) and 
stability of yield is defined as the ability of a genotype to avoid substantial 
fluctuations in yield over a range of environmental conditions (Heinrich et al. 1983).  
 
In both case adaptability and yield stability relate to the relationship between 
photosynthesis and respiration of the plant.  Within limits, the rate of photosynthesis 
and respiration both rise with increasing temperatures.  As temperatures reach the 
upper growing limits for the crop, the rate of food used by respiration may exceed the 
rate at which food is manufactured by photosynthesis (Whiting et al. 2004) and at 
this point plant growth rates slow. 
 
At very high temperatures cytological changes within the cell also occur and these 
include coagulation of the protoplasm, cytolysis, nuclear changes and altered 
mitosis, inhibition of protoplasmic streaming, increased protoplasmic viscosity, and 
loss of membrane semi permeability (Steponkus 1981). The temperature can 
therefore affect the plant on a cellular level disrupting normal metabolic functions, in 
turn causing stress to the plant. The physical and economic effect of this extreme 
exposure will result in a reduction of yield and hence profit. 
 
For spinach the point at which optimum growth is obtained is between 15-18°C, 
therefore if temperatures exceed this range then the growth rate will decline but not 
cease unless temperature falls below the base temperature 2.2oC or exceeds the 
upper most limit of growth which is 36°C for spinach (Heidorn 2003).  One of the 
aims of this project was to identify which varieties of spinach and rocket were best 
suited to different growing conditions in an effort to ensure yield stability in a region 
for as long as possible. 
 
Crop Scheduling 
 
Another important seasonal impact is the days from seedling emergence until 
harvest; this is commonly referred to as crop scheduling. For the spinach industry to 
maintain a continual supply to consumers there must be a reliable harvest volume. 
Therefore another aim of this project was to establish a crop scheduling model for 
baby leaf spinach. 
 
Research has developed crop scheduling models for many field grown vegetables. 
These models are all based on accumulated heat units and some examples of crops 
where harvest models have been developed include peas, beans and sweet corn 
(Kafz,1952). The success of these heat unit models for these vegetables is the fact 
that optimum harvest can be measured objectively, using the maturometer index for 
peas and the percentage moisture of sweet corn kernels for freezing or canning 
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corn. The difficulty for predicting the optimum harvest date for other vegetables is 
that there is not an objective measure of quality.  
 
Work has been done to develop maturity indices for other field grown fresh market 
vegetables; asparagus, broccoli, brussels sprouts, cabbage, cauliflower and lettuce 
over the last two decades but there has been varying degrees of commercial 
adoption (Everaarts, 1999). Work done by Tan et al (2000) with export fresh market 
broccoli on the Eastern Darling Downs found the best prediction of harvest maturity 
was the time from emergence to 50% harvest using 0°C as the base temperature 
and 20°C as the optimum temperature. 
 
Heat unit models are simplest if a clear harvest point can be determined. For baby 
leaf salad crops the criteria is usually leaf length (100 mm).  Machado et al. (2004) 
states that the simplest method for predicting harvest date is based on the daily 
maximum temperature alone and this is as accurate as all the more complex 
methods in predicting the harvest date. Growing degree units are defined as the 
number of temperature degrees above a certain threshold base temperature, at 
which below no plant growth will result. The base temperature for spinach has 
already been established to be 2.2°C (Heidorn 2003). The result of which is that any 
temperature experienced above this base temperature will contribute to the growth of 
the plant and therefore bring the plant closer to harvest. One of the aims of this 
project was to develop a heat unit accumulation model for baby leaf spinach which 
was applicable across a range of growing regions in Australia. Such a model would 
help growers schedule their crops to ensure a reliable supply of product for 
processing. 
 
Plant Varieties 
 
Selecting the best variety for the growing conditions is also a very important decision 
for all growers.  The baby leaf industry is relatively new as has been mentioned 
earlier and this means that there are few varieties that have been bred specifically 
for baby leaf production.  For baby leaf spinach in particular traditional bunching 
spinach varieties have been planted at high densities and harvested at an earlier 
stage. There is however, one variety of spinach which has been bred for baby leaf 
production and the varieties commercial name is Crocodile (Rijk Zwaan Seeds). For 
lettuce more varieties are available for baby leaf production and these include many 
of the specialty head lettuce varieties such as red and green coral. 
 
Spinach varieties have also been classified into one of three seasonal types; warm, 
transitional or cool, based on yield and days to harvest (Rijk Zwaan Seeds pers. 
Comm.). In this work a range of varieties of spinach, rocket and lettuce were trialled 
in different seasonal periods to determine which varieties should be planted when for 
optimum yield and quality.  
 
Seasonal temperature affects leaf structure 
 
Seasonal conditions have been shown to affect crop yield but what are the 
physiological factors that weather regulates that impact on the postharvest quality of 
baby leaf spinach and rocket? Research has shown that the structure of leaves 
changes in response to day length and temperature. For example research by van 
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Oorschot, (1960) focused on day length. This research found that spinach plants 
grown under long-day conditions (LD, 14 hours) had an increased total leaf area 
compared to plants grown with short days (SD, 7 hours). It was proposed that a long 
day-length promoted meristematic activity at the shoot apex, whilst a short day-
length reduced the meristematic activity, leading to progressively smaller leaves with 
fewer cells and less dry weight (Adams & Langton, 2005). A similar response was 
reported in sugar beet, (Milford & Lenton, 1976) where a LD treatment reduced the 
leaf lamina thickness by 20% while increasing the leaf area by 92%.  
 
Often a reduction in leaf thickness is seen as an increase in specific leaf area (SLA) 
(Milford & Lenton, 1976). The findings of Milford & Lenton (1976) suggest that long 
day grown plants increased leaf area, but only by reducing leaf thickness. The shelf 
life of baby leaf spinach has been reported to be correlated with both increased leaf 
thickness and leaf area (Zhang et al., 2007).  But what are the impacts of these 
changes in leaf dimensions on postharvest shelf life and quality?   
 
Growing temperature is also known to affect plant physiology and structure. For 
example Boese & Huner (1990) reported that leaves grown at 5°C had a leaf area 
that was three times and dry weights that were five times greater than spinach 
leaves grown at 16°C. Boese & Huner (1990) also found that plants grown at 5°C 
increased leaf thickness twofold over spinach plants grown at 16°C. The difference 
in leaf thickness was 567 μm and 290 μm, respectively.  
 
This increase in leaf thickness was attributed to a 30-40% increase in the mean 
lengths of both the palisade and the spongy mesophyll cells of the leaf. In addition, 
the thicker leaves were found to have more layers of palisade cells. The lower 
temperature treatment had two to three layers compared to one or two layers for the 
higher temperature treatment.  
 
Other researchers have investigated the impact of leaf structure on shelf life but a 
different way to those previously discussed. Research by Clarkson et al (2003) and 
Pontinen et al (1992) have shown that mechanical stress applied to the plant through 
a brush, passing over the leaf during growth, strengthens the leaves by giving 
smaller leaves of lower weight and smaller epidermal cell size and this in turn 
increased the shelf life of the baby leaf products. This work indicates that leaf shape 
and structure does play a role in determining the shelf life of leafy products. 
 
One of the hypotheses we investigated was that thicker leaves would be more robust 
and more able to resist physical damage and dehydration during postharvest 
handling than thinner leaves and that the thicker leaves would in turn have a longer 
shelf life. 
 
Nitrogen fertiliser levels affects yield and quality 
 
Another important preharvest factor in terms of baby leaf quality is plant nutrition. 
Plant nutrients represent only a tiny fraction of plant biomass but fulfil multiple roles 
as either catalytic or structural components of plant cells (Atwell et al 1999). Nutrient 
acquisition by the plant is a demanding process in terms of energy and carbon. 
Carbohydrates produced from photosynthesis provide the energy for the active 
uptake of nitrogen and other nutrients, across concentration gradients (Epstein and 
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Bloom 2005). If nutrients are limiting then growth of the plant is compromised as 
more energy is used to acquire nutrients and in turn limiting growth.  Our hypothesis 
was that inappropriate management of nutrition compromises baby leaf yield and 
quality.  
 
Our work focused particularly on nitrogen uptake as this is the major determinant of 
leaf growth and leaf area and in terms of crop yield (Bacon 1995). There was also 
anecdotal evidence to suggest that baby leaf crops grown with high levels of applied 
nitrogen have a shorter shelf life. This project aimed to do a preliminary investigation 
into the relationship between nitrogen application rate and shelf life to clarify this 
issue for growers. 
 
Germination, planting method and planting density 
 
For vegetable growers there is often an important decision to make about whether a 
crop is direct seeded or transplanted. For many easy to germinate crops growers 
find that direct seeding is a cost effective method of plant establishment. Baby leaf 
rocket and spinach are commonly planted this way. For direct seeded crops seed 
germination is a critical step and it is widely acknowledged that multiple variables are 
important during the germination of seeds. Such things as the availability of 
moisture, seed depth, air and soil temperature, and seed desiccation (Akanda et al., 
1996; Blackshaw, 1990, 1992; Blackshaw and Brandt, 2002; Horak and Sweat, 
1994; Horak and Wax, 1991; Ray et al., 2005) all affect the germination rate.  The 
ideal germination temperature has not been established for some of the new baby 
leaf varieties. This project work aimed to establish the temperature range for the 
germination of several rocket species. This work would demonstrate the importance 
of understanding the requirements of a specific species in order to optimise plant 
establishment if direct seeding was used. 
 
For other crops such a lettuce transplanting is often the method used to establish the 
crop. Transplanting is a relative new practice in the vegetable industry. It was 
introduced in the USA about 30 years ago but took off around the world about 10 
years ago. Many crops are transplanted.  Examples include celery, seedless 
watermelon, bell peppers and fresh-market tomatoes, cauliflower, cabbage and more 
commonly lettuce. The driver for using transplants is often the cost of hybrid seed. 
When seed is expensive the risk of loss is reduced if germination is managed under 
controlled conditions in a glasshouse. Transplanting also shortens the season and 
provides uniformity (Katz, 2002). 
 
Transplanting has higher initial expenses associated with greenhouse growing and 
placing the plugs into the field, there are significant savings in seed cost, weeding 
costs, fewer irrigations, and more likelihood of uniform plant populations and even 
stands. The relative benefit of transplanting versus direct seeding needed to be 
established for some of the baby leaf salad lines in Australia. 
 
Another important aspect in relation to crop establishment is the planting density. 
Marketable yield per unit area has been shown to increase at a curve linear rate for 
most crops (Duthie et al., 1999; Cushman et al, 2004). The decreases at the high 
density plantings are the result of intraspecific competition. For all crops there is an 
optimum plant density where yield and quality are maximized. Maximum yield does 
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not mean maximum quality (Cushman et al., 2004) and the optimum density for 
many baby leaf species had not been established. It may be that the driver for 
growers is maximum yield as they are paid per kilogram weight but this may be at 
the expensive of quality and shelf life for the consumer. This work aimed to establish 
the relationship between planting density and quality for baby leaf spinach. 
 
Harvest time 
 
Another area where an incremental improvement in product quality might have been 
achieved was thought to be the time of day for harvest. Recent research had shown 
that harvesting baby leaf products in the afternoon extended the shelf life of these 
products by 2 to 6 days (Forney and Austin, 1988; Clarkson et al, 2005). The 
hypothesis for this was that there was a greater level of accumulated carbohydrate at 
the end of the day compared to the beginning of the day which would provide the 
product with more stored energy for metabolism during postharvest handling.  
The difficulty with this hypothesis was that there are interactions between 
temperature, respiration rate and stored carbohydrate. This project did a small trial to 
determine if harvesting later in the day would extend the shelf life of baby leaf 
spinach.  
 
Postharvest handling 
 
Postharvest handling is a key part of the supply chain for any product but for baby 
leaf salads it is a limitation. Currently, the shelf life is around 5-7 days, whereas 
supermarkets require at least 10 days shelf life (Soliva-Fortuny & Martin-Belloso, 
2003; Watada et al., 1996). Consumers expect and demand consistent ‘quality’ and 
supply. This means that the shelf life of baby leaf spinach and rocket needs to 
exceed the minimum required distribution time from producer to the consumer, while 
allowing a reasonable period for home storage and use (Shewfelt, 1986). 
 
The short shelf life of baby leaf spinach is the result of the rapid deterioration of the 
leaf components following tissue damage caused during processing, washing and 
cutting, as well as from microbial growth (Martin-Diana et al., 2007). The shelf life of 
baby leaf spinach is has also been shown to be directly related to the visual quality, 
where shelf life is a measure of how long produce can stay at or above a 
predetermined level of quality under specified storage conditions (Shewfelt, 1986; 
Bergquist et al., 2006).   
 
Clarifying the terminology “quality” and “shelf life” is important. These words are used 
subjectively for consumers and consumers have a varying sense of what is an 
acceptable quality and shelf life that is often based on past experience.  For most 
consumers baby leaf salads are unacceptable when there are any visual signs of 
leaves with damage (Oneharvest pers. Comm.).  
 
Most of the field work for this project had a postharvest shelf life assessment so that 
we could determine which agronomic management factors impacted on shelf life and 
quality.  This project also aimed to demonstrate the benefits of vacuum cooling for 
the baby leaf industry a technology that has been adopted overseas but the cost 
benefit has not been demonstrated in Australia.  
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Another postharvest aspect that was investigated was the change in Vitamin C 
content of baby leaf spinach over time at different storage temperatures. Research 
has shown that storage temperature and cultivar all impact on the level of Vitamin C 
in baby leaf spinach (Favell 1998; Kidmose et al., 2001; Pandjatan et al., 2005). This 
project carried out a preliminary study looking at Vitamin C changes for the cultivars 
currently grown in Australia and how the level of Vitamin C changes with time in 
storage. This nutrient content was seen as another aspect of product quality 
especially when consumers are becoming more knowledgeable about the health 
benefits of eating fresh fruit and vegetables. 
 
In summary, the literature showed, pre-harvest factors significantly affected spinach 
growth and leaf structure. It was therefore likely that these same factors would 
impact on the shelf life of the product. This project aimed to determine the relative 
importance of cultivar, seasonal growing conditions, agronomic management and 
postharvest handling on the shelf life of baby leaf spinach. In so doing, it was 
intended that the project would provide vital new information on the growing and 
handling of baby leaf lines including spinach, rocket and lettuce in Australian growing 
areas, helping to provide a sound scientific basis on which the industry could build 
and grow. 
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17 PROJECT CONCLUSIONS & RECOMMENDATIONS 
 

17.1 Pre-harvest effects on quality 
 
Post-harvest decline in quality was significantly affected not just by post-harvest 
handling and storage but by pre-harvest growing conditions. The key indicator of this 
was the shelf life of the unprocessed product.  
 
The most significant finding of the study was the effect of growth rate on quality. For 
spinach to attain maximum quality, it needs to be grown for at least 30 days from 
seeding to harvest (Chapter 3).  This 30-32 day minimum growth can be achieved by 
either selecting slow-growing varieties during warmer periods, or by growing the crop 
in a climate cool enough to give at least 30 days from seeding to harvest.   
 
The effect of temperature on spinach growth rate is a combination of maximum day 
temperature and minimum night temperature.  High day temperatures can be offset 
to some extent by cooler nights, resulting in slower overall growth.  The most rapid 
growth occurs when there is a combination of high day and high night temperature. 
 
Again for spinach, the best quality was achieved where the average daily maximum 
temperature did not exceed 23°C (Chapter 16).  The best quality was achieved when 
the average night temperature did not exceed about 8-10°C.  Poorest quality 
occurred when the night temperature did not fall below 17-18°C (Chapter 3). The 
crop growth rate of spinach for any given area and time of year can be predicted by 
using the crop growth model developed as part of the project (Chapter 8) and using 
historical average temperature data. 
 
The effects of growing temperature on quality of spinach was confirmed in a 
controlled growth cabinet study where a 21°C Day/12°C night produced 43% longer 
shelf life compared to the same heat tolerant variety (Crocodile) grown at 27°C 
Day/18°C night (Chapter 3). 
 
Seasonal weather conditions were also significant in determining spinach quality, 
e.g. in Camden in March 2007, a rainfall event of 132mm within 3 days after seeding, 
significantly reduced yield and quality compared to crops planted either side of this 
event. 
 

17.2 Harvest Time of Day 
 
The time of day that spinach is harvested at was found to have a significant effect on 
the shelf life of the product.  The shelf life of spinach harvested at 6.00am was about 
3 days longer than product harvested at 9.00am or 12 noon, and this trend followed 
the amount of starch remaining in the leaves: more starch = longer shelf life (Chapter 
Error! Reference source not found.). 
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In lettuce, nitrogen has a significant effect on shelf life. Where leaf nitrogen 
exceeded 4% at harvest, shelf life was reduced (Chapter 6).  The same is likely to be 
true for spinach.  However, it is also likely that if higher rates of N are “balanced” by 
other nutrients such as potassium, phosphorus and calcium that the negative affect 
of excessive nitrogen on shelf life could be minimized. 
 

17.3 Post-harvest handling 
 
Once the crop is harvested, quality immediately begins to decline.  Two key aspects 
of post-harvest handling that were investigated in the project were temperature 
management and moisture in the bag of processed lettuce. 
 
Harvested lettuce was vacuum cooled at various times after harvest and the best 
shelf life was achieved if the product was cooled within half an hour of harvest.  This 
is the best option but may not be practical in many cases. Nonetheless, the longer 
vacuum cooling is delayed, the shorter the shelf life of the product, and forced air 
cooling is not a viable alternative to vacuum cooling (Chapter 7). 
 
A useful concept is that pre-harvest factors determine potential shelf life, while post-
harvest handling determines to what extent this potential shelf life is realised. 
 

17.4 Vitamin C Content 
 
Some work was done on the stability of the common antioxidant, vitamin C (ascorbic 
acid) which is present at high levels in spinach. Vitamin C is known to be highly 
thermolabile and this was reflected in this study, with vitamin C persisting longer in 
harvested product stored at lower storage temperatures. When held at 0°C, spinach 
retains 90% of the vitamin C content for 7 days whereas at the higher temperatures 
of either 4°C or 7°C, about 50% of the vitamin C is lost in the same time.  However, 
after 14 days only about 30% of the vitamin C remains regardless of storage 
temperature (Chapter 5). 
 

17.5 Production 
 
An outstanding achievement of the project was the development of a reliable heat 
unit growth model which predicts the time from seeding to harvest for the major 
growing regions in Australia.  The GDD requirement for Camden and East Gippsland 
are virtually identical and slightly different to Gympie and Stanthorpe. 
 
Daily GDD = ((Tmax + Tmin) ÷ 2) - Tbase 
 
where: 
 
Tmax = the daily maximum air temperature °C 
Tmin = the daily minimum air temperature °C 
Tbase = the GDD base temperature below which no significant growth occurs. 
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For our model, the base temperature = 0°C and if the measured Tmax exceeds 27°C, 
then 27°C should be used in place of the actual maximum for calculating degree 
days.  
 
Table 17.1 Spinach Growing Degree day requirement for four regions from emergence to 
harvest  
 
Emergence 
to harvest 

E. Gippsland 
GDD 
 

Camden 
GDD 
 

Gympie 
GDD  
 

Stanthorpe 
GDD 
 

Tbase 
(°C) 

Tmax 
 (°C) 

Crocodile 443 441 401 521 0 27 
Roadrunner 420 421 397 - 0 27 
Parrot 404 406 364 498 0 27 
 
 
Table 17.2 Spinach Growing Degree day requirement for four regions from seeding to harvest 
 
Seeding to 
harvest  

E. Gippsland 
GDD 

Camden 
GDD 

Gympie 
GDD  

Stanthorpe 
GDD 
 

Tbase 
(°C) 

Tmax 
 (°C) 

Crocodile 553 551 511 631 0 27 
Roadrunner 530 531 507  0 27 
Parrot 514 516 474 608 0 27 
 
The optimum days to harvest for each of the main spinach varieties in the districts 
used in this trial are shown in Tables 17.1 and 17.2. These heat unit models can be 
used by commercial growers to schedule crops for a continuous supply of spinach to 
the processor. A heat unit model is more reliable than planting using a calendar 
schedule. 
 
The germination sensitivity of rocket seed to temperature is a practical limitation to 
field production, particularly in European wild rocket where germination drops 
sharply below 20°C.  In this study, we have found that alternating day/night 
temperature partly overcomes this steady temperature effect. European wild rocket 
will germinate effectively when night temperatures drop down as low as 10°C 
provided day temperatures reaches 24°C.  Cultivated rocket by comparison is not 
sensitive to low soil temperatures and can germinate down to as low as 5°C 
(Chapter 9). 
 
Planting density has a significant effect on spinach yield and leaf size. The highest 
yields were obtained at a density of 1,000 plants/m2 but this high density reduced 
average leaf weight to 1 g and reduced shelf life from 23 days at 300 plants/m2 to 16 
days at 900 plants/m2, measured at 2°C on unprocessed leaves (Chapter 0). 
 
Weeds are also a significant issue and some data is presented on current and 
anticipated permits and registrations as well as some preliminary work with 
phenmedipham (Betanal®) (Chapter 12). 
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17.6 Varieties 
 
The spinach variety work was mainly focused on identifying key attributes of 
seasonal types.  The Rijk Zwaan varieties Crocodile, Roadrunner and Parrot were 
chosen as examples of slow, intermediate and fast growing types respectively.  Of 
these, Crocodile was the only slow growing variety bred specifically for baby leaf 
production and as a result had the best shelf life and the thickest leaves.  There was 
some screening work done on a wider selection of spinach varieties on the 
Queensland sites (Chapter Error! Reference source not found.). 
 
European wild rocket varieties and cultivated/Arugula type varieties were compared 
at Camden.  The summer results are presented and work is continuing for other 
times of the year.  Yield, shelf life and other quality data are presented and some of 
the cultivated types have performed better that expected but do not have the 
distinctive rocket taste which comes from the glucosinolate content of european wild 
rocket (Chapter 14). 
 
Lettuce varieties were also studied; newer, multi-leaf types were compared with 
more traditional, single leaf, direct seeded lettuce types. Multi-leaf types were found 
to yield more and have good quality attributes (Chapter 15). 
 

17.7 Pilot to Prove 
 
Finally the agronomic modelling data developed in the project were used to search 
for, select and establish a commercial pilot-to-prove farm at Mt Gambier in South 
Australia. This successfully produced quality baby leaf spinach and other baby leaf 
species. 
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18 Recommendations for Future Work 
 
This project was conducted over three years and so further work is required to 
validate some of the results reported. This is particularly true for the data that is 
based on temperature and seasonal climate. Many of the results reported are novel 
and had not been previously reported in the scientific literature. 
 
It is therefore recommended that more work is done to; 
 

5. Validate the growing degree day model developed for spinach 
 

6. Develop Growing Degree Day models for other baby leaf species 
 

7. Validate the relationship between days to harvest and shelf life for baby leaf 
spinach and this model could be extended to other baby leaf species. 
 

8. Investigate in more detail the relationship between leaf thickness and shelf life 
for baby leaf spinach and this could be extended to include a more detailed 
study of the structure of the leaves relative to their capacity to withstand 
processing. 
 

9. Investigate the level of nutritional bioactive compounds in baby leaf salad 
products and their stability during storage. 
 

It is likely that several research papers will be prepared from this report. A paper on 
the germination characteristics of rocket has already been submitted to the Journal 
of Weed Science. It is likely that the development of the growing degree day model 
could be published as well as a paper linking preharvest growing conditions to the 
postharvest shelf life of baby leaf spinach. 
 
An agronomic guide for the production of baby leaf spinach is currently being 
prepared which will summarise the results in a way that will be useful for growers. 
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19 Technology Transfer 
 

 

Review Meetings: 
 

• 23rd March, 2006 Management group meeting - Wacol Factory Brisbane- 
PowerPoint presentation attached (01)  

• 26th July,  2006 Management group meeting - Wacol Factory Brisbane  
• 7-8th  September 2006 Management group meeting - Bairnsdale , Vic - 

PowerPoint presentation attached (02) 
• 20th February 2007. Management group meeting - Wacol office Brisbane. - 

PowerPoint presentation appended (03) 
• 26th of September 2007. Management committee meeting – Wacol Qld – 

PowerPoint presentation attached (04)  
 

Grower Meetings 
 

• March 2006. Baby Leaf Update OneHarvest  
• 08 September 2006. Baby Leaf Update, OneHarvest Growers, Bairnsdale, 

Vic. 
• 15 September 2006. Baby Leaf Update, OneHarvest Growers, Stanthorpe, 

Vic. 
• March 2007 Baby Leaf Varieties  
• 13 November 2007 Baby Leaf update to OneHarvest growers, Stanthorpe, 

Qld – PowerPoint presentation attached (06) 
• 15th November, 2007 Baby Leaf update to OneHarvest growers, Bairnsdale 

Vic – PowerPoint presentation attached (07) 
• 17th January 2007. Jan den Braber (Rijk Zwaan world wide spinach breeder) 

& Harry Turna (RZ) Australia inspected trials at Bill Taylor’s Boisdale with Tim 
Kimpton. 

• 15th February 2008. Mike Titley met with following technical staff from Rijk 
Zwaan at Melbourne airport to discuss genetic material from Rijk Zwaan for 
the balance of the project and to review spinach growth and post-harvest 
results to date. Links established with RZ spinach breeder in Holland. 

o Arie Baelde CEO of Rijk Zwaan seeds in Australia and Harry Turna 
(Australia) 

o Pieter Egelmeers Head of Plant Breeding for all Terra Crops (Salad 
baby leaf, spinach etc.) for Rijk Zwaan International based in Holland 

o Frans Carree - Chard and Rocket breeder based in Holland 
• 13th March 2008 Mike Titley attended annual Rijk Zwaan Field Day baby leaf 

trials at Daylesford observing specifically the new generation Salanova types. 
• Jan-Mar 2008. The sub committee of the multi-leaf lettuce variety and 

establishment trials met at Colin Britton’s trial site at each of the three 
harvests during first three months of 2008. 
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Workshops 
 
OneHarvest field and technical staff - Bairnsdale, Vic - 19 October 2006 – 
PowerPoint presentation attached (05). Programme: 

• Planting Density 
• What is a good indicator of shelf life? 
• Effect of nitrogen on growth and shelf life on red and green coral lettuce 
• Scheduling Spinach 
• Post-harvest handling of leafy processed vegetables 
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