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Introduction

Have you ever wondered why at certain times of the year tomato crops are
more susceptible to fruit quality disorders? For the most common physiolo-
gical disorders namely blossom end rot (BER) and uneven colour (blotchy
ripening) this whitepaper explains their cause and prescribes simple solutions
to avoid / minimise risk of symptom expression in the first place.
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When is fruit most susceptible
to quality issues?

Fruit are most susceptible to quality
disorders of various kinds when the
24-hour temperature is high (>23°C),
when the weather conditions fluctu-
ate day to day or in periods of dark,
humid weather. During these times
stresses on the crop and fruit devel-
opment from environmental influ-
ences, temperature, humidity,
differences in water uptake and light
levels are at their highest.

For these reasons it is important to
understand how the outside climate
influences crop water use, a subject
discussed in (whitepaper ‘Water
movement through plants’). It is also
why it is important to understand the
basics of implementing an irrigation
strategy that will manage substrate
EC and WC levels according to the

prevailing weather conditions. It is
also the reason why it is important
to have a plan, which meets both
marketing (size and quality) and
production (kg/m?) goals. The plan,
based on four key pillars, namely
strategy, uniformity, strength and
balance (whitepaper ‘Understanding
and steering the root zone environ-
ment accroding the the Grodan 6
phase model), should be robust
enough to cope with extreme
temperatures and facilitate strong
and regular growth even in the
darkest periods of the year. Finally,
it is about getting the most out of
systems such as the climate computer
and measuring tools to provide you
with the necessary management
information in order to steer to the
plan on a daily basis.

Knowledge is power

Travelling to different parts of the
world, one of the most commonly
spoken phrases | hear repeated by
growers is, "it's different here, we're
not the same as - so we can’t do
that, it's not like it is in... ”. This is
surprising to me. | usually reply with
the following remark: “We all grow
using the same source of light, using
the same composition of water and
nutrients, which not surprisingly
means that wherever you are the
plants assimilate and dissimilate
sugars in the same way. In most
cases we use the same varieties from
the same seed companies whether
we are in The Netherlands, Mexico,
Australia, Canada, France or Poland
and usually in greenhouses con-
structed by the same manufactures.
So how is it different here”?

What does differentiate growers is
their knowledge of plant physiologi-

cal processes (i.e. photosynthesis,
respiration and transpiration) and
how to translate this knowledge into
making a plan and growing a crop in
their specific climatic conditions
(24-hour temperature, heat, vent
and irrigation strategies). By taking
this approach growers have the
potential to optimise production for
their specific location. However,
what is the point in producing
70-75kg/m? (indicative of large vine
types) if a large proportion of this is
rubbish? It is the yield of top grade
fruit sold in the market that provides
the financial returns to the business.
Focus should be placed on volumes
leaving the pack house, not on
volumes leaving the greenhouse.
Acceptable levels of waste from a
cluster variety producing 70-75kg/
m? would be in the region 1-2%.
How do you compare?

In whitepaper ‘Making informed
decisions in respect to water and EC
management’ | described how to
optimise the start and stop times of
irrigation, making reference to their
impact on fruit quality in relation to
changing weather conditions and
how to stabilise and steer substrate
EC. I will now describe the benefits
that this knowledge can provide and
how it can be used to improve the
financial returns to the company.
Specifically, this article will address
two of the most common fruit
physiological disorders of tomato,
namely blossom end rot (BER) and
uneven colour (blotchy ripening).
Furthermore, | will mention addition-
al tips which, used in combination
with substrate management, can
help alleviate these problems.

Any improvements to fruit quality you
make will also improve the producti-
vity of the business elsewhere. A
huge cost to the business is labour,
not least harvesting and packing
costs. As a guide it should be possi-
ble to pick and quality grade cluster
varieties directly in the greenhouse
into 5kg marketing boxes at rates of
350-450kg/hr. These labour rates can
reduce by 30-40% if fruit quality is
poor (Table 1.0). Likewise it should
be possible to check weigh these
boxes in the pack house, using
automated machinery at rates of
1800-2000kg/hr. Quality problems
can reduce this by 50% or more.

Times of increased risk

To illustrate examples of how, when
and why these fruit quality issues
occur | have used the Grodan
6-phase model®.
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*Harvesting & quality grading in greenhouse | Check weighing & stacking

350-450 kg/hr 1800-2000 kg/hr

Table 1.0
Harvesting, grading and packing rates
for premium quality large truss tomatoes

) ) in The Netherlands.
*Rates are from a Dutch greenhouse and are influenced by weekly production /m? shown

in Figure 1.0. These rates assume a weekly harvest of approximately 2.0kg/m?
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Weekly and cumulative production cv Success grafted and pinched Emprador 2009 The Netherlands.

Blossom end rot

Blossom End Rot (BER) is probably
the most common of all fruit quality
disorders. The external symptoms
are characterised by blackening at
the end of the fruit (Picture 1.0). BER
can occur suddenly and extensively,
often with disastrous financial
consequences. The symptoms are
caused by local Ca?* deficiency in
the fruit tissue, which leads to a
breakdown in the structure of the
plant cell wall. Fruit are at greatest
risk during the phase of fruit en-
largement, 10 to 14 days after
flowering (Picture 2.0). Despite large
advances in greenhouse crop
production BER still remains a
tiresome quality problem for tomato
growers in all corners of the world.

The supply of Ca?* in the drip
solution in 99.9% of situations where
BER is evident in the crop is more
than adequate for plant and fruit
growth, provided it has been pre-

pared, mixed and is dosing correctly.

Lack of Ca%* in the feed is therefore

unlikely to be the primary cause of
BER. However, poor control of the
aerial environment resulting in low
water uptake, poor aeration or
adverse temperature in the root
zone resulting in root disease and
poor substrate management leading
to high EC can all reduce the uptake
of Ca?*. This is because Ca*" is
transported primarily to the leaves
within the water conducting xylem
vessels by the process of transpira-
tion (Whitepaper ‘Water movement
through plants’). Fruit possess no
stomata and only a small number of
xylem vessels so have limited means
of attracting and transporting Ca?*.
To minimise the incidence of BER it
is important to control the green-
house environments, aerial and root
zone, creating a balanced plant and
balanced rate of fruit growth to
ensure the demand from fruits for
Ca?* is matched by supply from the
root zone. You must also understand
the risks associated with certain

planting strategies and growth phases.
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Picture 1.0

Characteristic symptoms of blossom end rot

Picture 2.0

Fruit are susceptible shortly after

flowering when maximum cell division

takes place.



Tip 1: Maintain balance in the crop.
It is important to maintain the right
generative balance in the crop. Fruit
affected with BER will ripen at an

Whitepaper - Improving tomato fruit quality

earlier stage, reducing the fruit load
and creating a vegetative crop. This
further increases the risk of BER on
subsequent clusters. It may look

6 Phase model

Phase 1: planting and rooting in
Obviously, there is no fruit load in
this phase so there will be no visible
signs of BER but the foundations for
BER can be laid if rooting into the
substrate is delayed, especially in
hot conditions. When young plants
are planted into the greenhouse
under high light and temperature
conditions, temperatures in the root
zone can become too high. High
root zone temperatures (>26°C)
increase the risk of root disease such
as Pythium, which if present will
reduce root function and therefore
Ca?* uptake. To minimise the risk in
this situation the slabs should be
initially saturated the night before
the young plants are delivered to
the greenhouse. This will prevent
the substrate temperature from
rising too high. The initial saturation
of the substrate should be fast and
uniform throughout the greenhouse,
allowing the crop to be planted
directly the following morning. It
should then root quickly into the
substrate, preferably within 24
hours. Fast rooting-in facilitates easy
growth and rapid development of
leaf area, which ultimately helps
shade the slab. Once rooted in the
plants are no longer reliant on the
propagation block for water and

nutrients and the irrigation strategy
can be adjusted to avoid irrigating
during the peak solar hours when
slab temperatures are highest.
Irrigation should be applied only to
refresh the substrate solution in the
morning and again if required in the
evening.

Phase 2: rooting through and
plant development

Under these same climatic situations
as the plants are rooting through the
substrate and setting, fruit growth of
the initial clusters will be very fast.
This will increase the substrate pH
(>6.2) resulting in low P-PO42 availa-
bility — ideally, P-PO4? levels in the
substrate should be between 40ppm
and 45ppm. With low P-PO4? availa-
bility Ca?* is not partitioned effec-
tively to the ends of the fruit, and
under these circumstances it is
possible to induce BER on the initial
(1-3) clusters. It is therefore impor-
tant to have chosen a substrate as
part of the overall strategy, where
the nutrient solution is freely availa-
ble and not buffered by organic
material and is easy to balance and
refresh with the minimal volumes of
irrigation (Table 2). In this phase the
addition of small quantities of NH4*
(3-5ppm measured in the slab) will

unsightly but to help create the right
generative balance leave the fruit in
place until it has turned red.

also help by lowering the pH and
increasing P- PO4% availability.

Tip 2: Maintain the correct nutritional
balance in the root zone for optimum
fruit quality. Look to the analysis in
the stone wool slab (Table 2) - it is
identical to that originally supplied.
Then compare this to the analysis in
the coco slab. Look in particular at
the high K* levels and then the K*/
Ca?. Ideally, this should be 1/1, as it
is in stone wool. This balance of
elements is important and if not
corrected can lead to BER. The
reason is simple - K* is a monovalent
ion whereas Ca?* is a divalent ion. In
essence this means that K* is more
readily available to the plant. High
levels can therefore compete and
limit Ca?* uptake. In this respect also
take note of the high levels of Na*,
another antagonist to Ca?* uptake.
Of course, over time this imbalance
can be corrected by recalculation of
the drip solution, in the short-term it
increases the risk of physiological
disorders and makes reuse of the
initial drain solution difficult. In this
case it would not be advisable to
reuse this solution at an EC >1.0mS
whereas the stone wool runoff can

simply be reapplied.

0 N ES N B N
pPpm ppm pPpPm ppm pPpm ppm pPpm ppm pPpm ppm pPpPm ppm pPpm ppm pPpm ppm pPpm

Sample mS/cm

P;"f;f::g"{;ﬁ:?:b 2,8 6,1 9,0 2740 250 3090 530 2790 250 51,0 120 6800 7,00 095 066 078 09 0, 0 0,9

1% drain stonewool 2,9 61 90 2930 280 3130 530 2730 280 560 100 6600 7,00 089 071 078 086 0,111 0 1,0

Slab stonewool 2,9 62 90 2890 250 3170 530 2860 280 530 01 6800 800 078 071 105 09 01 0 0,9

1%t drain coco 4,8 58 70 8290 1680 2320 750 3050 5000 560 120 7500 1200 004 06 105 051 0,111 0 36

Slab coco 5.2 59 90 9580 1950 2320 800 3360 6280 2040 180 7700 1400 027 06 137 05 012 0 41
Table 2.0

Analysis of drip water used to initially saturate stonewool and coco slabs for bell peppers and the resultant analysis of the slab and drain solution.



Phase 4: production and balance
The risk of BER in the early phases of
growth is not that great for winter
planted crops due to the low devel-
opment speed, low transpiration
and low root activity of the crop.
However, they can be at risk shortly
after the first harvests are taken,
expressing symptoms 14-21 days
later. This is because following first
harvests, the crop shows significant
re-growth as the fruit load is "re-
leased'. The set speed of the flower-
ing clusters also increases resulting
in many more, smaller fruits of the
same age and size and therefore, a
higher demand for Ca?*". This usually
coincides with increases in light
levels, changing outside tempera-
tures and the requirement to venti-
late the greenhouse faster and to a
greater extent, all of which lead to a
sudden increase in the transpiration
rate. For this reason the crop must
be balanced during phase 3 and
re-growth controlled in phase 4. Too
many leaves at this stage or a strong
vegetative crop can result in BER.

Tip 3: alleviate the symptoms of BER
on successive clusters. High rates of
transpiration will concentrate Ca?*
moving in the transpiration stream
to the leaves and not the fruit. It is
possible to manipulate the distribu-
tion of Ca?* to the fruit by removing
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two or three additional leaves from
the bottom of the plant during the
weekly de-leafing process if succes-
sive clusters are affected, thus
'forcing’ water (and Ca?") to the
growing points. A pre-night tempe-
rature set point can also be used (if
outside temperatures dictate) to
create root pressure and ‘pump’
Ca?* to the fruits.

Phase 5 maximum production

A high substrate EC in the summer
is the most common cause of BER.
This is because at high EC levels the
xylem vessels in the fruit become
more and more constricted towards
the distal end (bottom) of the fruits
thus limiting Ca?* deposition. In the
whitepaper ‘Making informed
decisions in respect to water and EC
management’, | reviewed the basic
thought processes on how to man-
age substrate EC during this growth
phase and how to keep EC stable
from day to day (Figure 2.0). The
ideal substrate EC is of course
influenced in some respects by the
variety grown, for example, cherry
types are usually grown at higher EC
to attain certain minimum Brix values
than for example beef types. For
most cluster types the slab EC in this
phase should be stabilised in the
region 3.5-4.5mS, depending on the
prevailing weather with a fluctuation

in the slab during 24 hours of
0.5-0.8mS. It is, however, important
to have the EC stable and at its
lowest during the hours of peak
solar radiation. This is because the
crop needs to transpire at its maxi-
mum to keep it and the greenhouse
environment as cool as possible
(Figure 3.0). If the EC is deemed too
high it should be lowered as soon as
possible. Do not react by irrigating
only fresh water - this will result in
more BER, as no Ca?* will be sup-
plied. However, do decrease the
dripping EC based on outside light
levels (W/m?) - that is, 3.0mS with a
-0.5mS reduction in the range
500-200W/m?2. In the morning check
the time of first drain. This should
occur at approximately 400 J/cm? or
600W/m?2. At midday, check the
irrigation gift in relation to light - as
a rule-of-thumb aim for 3.0ml/J (2.0ml
for uptake and 1.0ml for drain). Also
ensure that the minimum rest time
setting is not restricting the maximum
volume of water that can be applied,
so check the start status on the
climate computer. In the afternoon,
check the drain percent, if it is too
high use smaller more frequent
irrigation sessions (ratio 3.0ml/J) as
this will make more water available to
the plant - if it is too low, look to the
irrigation gift (ratio 3.0ml/J).

Figure 2.0
Optimised start
and stop times and
irrigation gift
maintain a stable
root zone EC
despite large
fluctuations in
weather.
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Tip 4: Maintain water uptake in
extreme weather conditions.

Ideally, the crop should be strong
with a strong healthy root system in
this phase of growth, a result of good
planning and crop management
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through phases 1 to 4. Water uptake
(applied — drain) as a minimum
should be in the region 2.0-2.2ml/J.
Tools such as shading and fogging, if
required for the climatic conditions,
should not reduce this. They should
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be used to allow the plant to keep
pace with higher levels of transpira-
tion and therefore, prevent it from
closing its stomata under pressure of
water stress and inducing BER.

Radiation
- - - ~
Water balance ~
Uptake matches evaporation > N 800W/m?
N
EC control \
N\
£~ 1= drain = 600W/m?
\
Drain% & \\

‘\ 400W/m?

Radiation threshold at the start of the day Radiation threshold at the end of the |

before 1st irrigation+/- 200 W/m? day for last irrigation +/- 300 W/m? \
Start [W] Stop —¢ 200W/m?

\
Making branched & — Survival — Recovery

hairy roots

Figure 3.0

The thought process for structuring an irrigation strategy to promote stress free growing in summer.
Crop stress comes radiation intensities >600 W/m?

Uneven or 'blotchy’ ripening

The symptoms are characterised by
orange blotches on the surface of
the ripening fruit (Picture 3.0). Fruits
are at greatest risk in hot or change-
able, bright to dark, weather condi-
tions. The supply of K* in the drip
solution in 99.9% of situations,
where uneven ripening is evident, is
more than adequate to allow the
fruit to colour naturally. Indeed,
evidence from trials conducted
during the 1990s suggests that
levels in the substrate must fall
below 160ppm to induce symptoms
in this way. Lack of K* in the feed or
root zone is therefore unlikely to be
the primary cause of uneven ripen-
ing. In this respect remember that
the addition of extra K* to the feed
solution as a knee-jerk reaction to
alleviate uneven ripening on the
lower clusters can actually induce

BER in the developing clusters due
to the K*/Ca?* (Tip 2). Uneven
ripening can be caused by a number
of other factors such as high fruit
temperatures (>30°C). This is be-
cause lycopene, the red pigment in
fruits, is actively synthesised be-
tween 15-32°C and beta-carotene,
the orange pigment, is actively
synthesised at temperatures >30°C.
Fruit have no means of cooling
themselves so need protection from
direct radiation. This is normally
achieved naturally by maintenance
of an adequate leaf area index and
also by placing a shade screen over
the central road-way and
white-washing the side walls in
summer. By far the most common
error is supplying too much water to
the crop on dark days when transpi-
ration is minimal due to poor adjust-
ment of the start and stop times or

growers trying to ‘chase EC' in order
to stabilise it by supplying high
volumes of irrigation water. This
creates too much root pressure
(remember, transpiration then
irrigation), which damages cell
structure in the skin and the fruits
do not colour properly during the
ripening process.

Picture 3.0
Uneven ripening of cluster tomatoes.



Light Intensity (W/m?)

You may also see ‘growth mottle
spots’ on the leaves and the crop
exhibiting strong vegetative pale
growth (Picture 4.0) as another
reaction to mismanagement in the
root zone. To minimise the incidence
of uneven ripening and radial skin
cracking, which can also be induced
in the same way, it is important to
understand how to manage the root
zone environment in response to
changing weather conditions and
the risks associated in certain growth
phases.

Tip 5: avoid situations, which can
lead to increased root pressure.
Optimise start and stop times of
daily irrigation. Avoid low substrate
EC, especially at the end of the day,
maintain a constant fruit load and
avoid high root zone temperatures.

Phase 3 growth and balance

The level of transpiration in this
growth phase in spring for winter
planted crops will vary widely. It is
therefore important to manage the

Whitepaper - Improving tomato fruit quality

root zone accordingly, on the
thought processes that are involved
to optimise the start and stop times
of irrigation. You will know if you are
giving too much water on the dark,
mild days. The drain percent will
increase and the substrate EC will
decrease in comparison to a bright
day. Grodan substrates as design
specifically so that you do not have
to chase substrate EC'. This allows
you to steer EC in the root zone with
a minimal drain volume. In this way
on dark days and when used in
combination with late start and early
stop times, you can protect fruit
quality with minimal irrigation gift
(Figure 4.0). In fact, on these days it
would not harm the crop if substrate
EC increased a little in the range
0.2-0.3mS. As shown in figure 4.0
the combination of a late start and
early stop time has refreshed and
stabilised the substrate EC on these
two dark days with a total radiation
sum 538J/cm? and 348 J/cm? re-
spectively, preserving fruit quality.

Tip 6. optimise the number of
irrigations per hour.

As a general rule of thumb the
number of irrigations you give per
hour can be linked to global radiation
(i.e. 200W/m? = 1 irrigation, 600W/
m? = 4 irrigation’s, 800W/m? = 6
irrigations,1000W/m? = 7-8 irrigations
per hour). This guide can be used to
adjust the maximum rest time set-
ting, which of course, will govern the
irrigation gift on dark days.

Picture 4.0
Growth mottle spots are a result of too
much water on dark humid days.
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Summary

The root zone environment can be described as the engine room of the
crop. A good quality root system will allow the crop to transpire and supply
Ca?* to the fruits, avoiding BER. However, the time that transpiration starts
and the rate of transpiration during the day are governed by interaction
with the aerial environment. The root zone climate needs to be managed
accordingly in order to maintain optimum plant balance, production and
fruit quality. Further, the intrinsic properties that the substrate has in respect
to nutrient management and nutrient availability can go a long way in
minimising the risk of fruit physiological disorders in extreme conditions.

It is also important to remember that maintaining regular production of
high quality fruit will have significant impact on costs to the business
elsewhere, not least harvesting and grading costs.

About the author

Andrew Lee works for Grodan Technical Services. He is a PhD graduate
from the University of London, England, and has been working for Grodan
for the past 19 years providing consultancy and technical support for its
customer base worldwide.
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make in starting a new crop can
have a big impact later in the
cultivation.
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https://www.grodan.com/learning/ec

Grodan supplies innovative, sustainable mineral wool
substrate applications for professional horticulture,
based on the Precision Growing principle. These
applications are used for the growing of vegetables
and flowers, such as tomatoes, cucumbers, capsi-
cums, aubergines, roses and gerberas. Grodan
supplies stone wool substrates in combination with
customized advice and innovative tools to support
growers with Precision Growing. This facilitates
sustainable production of healthy, safe and delicious
fresh produce for consumers.

Rockwool BV / Grodan
Industrieweg 15

P.O. Box 1160, 6040 KD Roermond
The Netherlands

+31(0)475 35 30 20

+31 (04753537 16
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