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Masterclass
Monitoring plant health

By:
Eric Hegger

Introduction:

Eric Hegger:
Consultant at NovaCropControl

Å Graduatedfrom theI!{ ¦ƴƛǾŜǊǎƛǘȅ ƛƴ ΨHorticultureand
.ǳǎƛƴŜǎǎ ƳŀƴŀƎŜƳŜƴǘΩ 

Å 5 yearsexperiencein Greenhousecultivation
Å Nowworkingfor 3 yearsat NovaCropControl
Å Email: E.hegger@novacropcontrol.nl
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2003

HAND METERS
START IN 

STRAWBERRY AND 

OPEN FIELD

2009 2017 2018 2019

ESTABLISHMENT
BY 

BART VROMANS 

AND SJOERD SMITS

NEW OFFICE
LOCATED IN 

OISTERWIJK

TEST LOCATION
1000M2 

INDEPENDENT 

INVESTIGATION

10 YEARS
CELEBRATED WITH 

COLLEAGUES

HistoryNovaCropControl:

Worldwide

Ç Active +30 landen
Ç Shipping from all 

countries is possible 
within 5 days.

Test location

Ç 1000m2 plastic tunnel 
for independent research

Ç In 2020 tests for
Strawberry,
Tomato, Pepper

Locatedin Oisterwijk

Ç 35 employees
Ç New facility since2017

Plant sap analyzes

Ç Alsowater samples on 
nutrition.

Ç Every sample 21 
parameters

Fastresults

Ç Results within 24u 

after arriving

Introduction:
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Mobility of 
elements

WhyPlant sap 
Measurements?

Nutrient balance and 
the interactions

in the plant

Factors that 
influence mineral 

uptake

Interpreting
analyses

Using
bemesting-online

Nutrition and
plant health

Research on 
plant health

Subjects

Session1:

Session2:

Plant sap in whichcrops?
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Why Plant sap 

Measurements?

Å Managenutriënt uptake
Å Improvefertilizer efficiency
Å Avoidnutrient deficienciesor toxicities
Å Improveplant health andvitality
Å Better leaf and fruit quality
Å Improvefruit taste
______________________________________=

Cost saving through optimum plant growth / health / 
fruit quality

The benefits of Plant Sap measurements?
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Whichnutrients? 

Every sample: 21 parameter.

o Total Sugars
o EC
o pH
o Calcium
o Potassium
o Magnesium
o Sodium
o Nitrogen(Nitrate, Ammonium, Total Nitrogen)
o Chloride
o Sulphur
o Phosphorus
o Silica
o Iron
o Manganese
o Zinc
o Boron
o Copper
o Molybdenum
o Aluminium

Minerals in the plant:

ÅMineral / dissolvable salts (current uptake for plant development)
ÅFixed minerals (in organic compounds, hardly available for plant development)

ÅPlant sap measurement measures mostly dissolved salts and a small part of 
the fixed minerals. The current situation of nutrition the plant can use for 
growth. 

ÅDry matter testcounts the total of both (total uptake by plant). Deficiency is 
not directly visual in the analyze

Difference plant sap and dry matter test
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Plantsap: N deficiency in a earlier 
stage visual. 2/3 weeks later visual in 
the dry matter.

Dry matter test: In a dry matter test it 
takes longer to determinate lower 
numbers

Difference plant sap and dry matter test

Difference in N content during time between plant sap 

and dry matter test 

Find the cause of a deficiency
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Boron too high or Potassium deficiency?

Potassium

Boron

Correct sampling

= 

Best results

13

14



9-12-2020

8

άtǊƻǇŜǊ ǎŀƳǇƭƛƴƎ ƛǎ ŜǎǎŜƴǘƛŀƭέ!

Sample earlyin the
morning(before9am)

Young andold leaves
seperately(mobility)

Manual for everycrop
on our website

Sample leaveswithout 
the petioles

Avoidside paths, head
of the growhouseetc.

Sample deficiencyleaves
seperatelyfrom healthy

leaves

Free from dew, moisture
or dirt

Foliarspray: sample 
beforeor at leastone

week after

Usethe right materials

ÅUse zip-lock bags
ÅWrite down all the 

information on the 
stickers:
Å Location
Å Cultivation
Å Crop-Cultivar
Å Plantpart
Å Remarks
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Are these bottles clean? 
(Coca-Cola = 

pH 2.45 en 6.13 mmolP
Not possibleto adda label

Samples in a paper bag, will 
dry out

Sample too big, is this bag 
with peat cleaned properly?

5ƻƴΩǘǎ!!!

Mobility of elements
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Mobility of elements:
Å Recognize a deficiency based on position in the plant.
Å Sampling young and old leaves separately for best 

insight into what is going on in the plant.
Å Each deficiency looks different but some deficiencies 

are similar. (Mg and Mn). Look at position in the plant.

Mobility of elements

Mobile minerals: 
Deficiency appears first in older leaves
Å Nitrogen(N)
Å Potassium(K)
Å Magnesium (Mg)
Å Phosphorus(P)

Medium immobile minerals:
Deficiency appears in the new leaves (S, Fe, Cu, Mn)
Å Sulphur(S) 
Å Iron (Fe) 
Å Manganese(Mn) 
Å Zinc(Zn)
Å Copper(Cu)
Å Molybdenum (Mo)

Immobileminerals:
Deficiencyappearsfirst in youngparts
Å Calcium (Ca)
Å Boron(B)

Mineral mobility in the plant
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Mineral mobility in the plant

Å When roots cannot deliver N,P,K or Mg, the 
plant will use its reserves.

Å Older leaves are storehouse for mobile 
elements (N, P, K, Mg)  

Å Plantsap: Values go first down in the old 
leafs

Example:
Å When fruit starts to develop, potassium 

demand increases.

Å Potassium in old leaves will be mobilized and 
transported to younger leaves and fruit.

Å Deficiencies of mobile minerals will appear 
first in older leaves.

Mineral mobility in the plant
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Example:
Å When Potato tubers starts to develop, 

potassium demand increases.

Å Potassium in old leaves will be mobilized and 
transported to younger leaves and the 
Potato.

Å Deficiencies of mobile minerals will appear 
first in older leaves.

Å Potassium important for the quality of the 
Potato

Mineral mobility in the plant

Boron and Calcium not mobile from the old 

leaves.

Å Deficiency first visual in the top leaves

Å Transport possible by: 

o Active sap stream

o Evaporation

o Root pressure

Mineral mobility in the plant
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Nutrient balance

and interactions

in the plant.

Competitionin the plant
Å BetweenCations:

Calcium - Potassium- Magnesium - Sodium- Ammonium
Å BetweenAnions:

Nitrate (nitrogen) - Chloride - Sulfur- Phosphate
Å Total EC, distributionof this
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Cation balance

Note:

Å Sufficient in the soil/substrate no guarantee for balanced uptake

Å Ratio important for the uptake

Å One Cation too high presented in plant sap, other Cation(s) deficient

Potassium   Calcium    Magnesium   Sodium    Ammonium

AntagonisticinteractionsCations

Note:

Å When 1 Cation increases, other Cation(s) will decrease in the plant sap. 

Å When 1 Cation decreases in availability, other Cation(s) will increase in 

the plant sap

Å Due high applications of manure or compost, Potassium availability will 

raise. Decreased uptake of Calcium and Magnesium. 

AntagonisticinteractionsCations
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Note:

Å Plants need very little sodium. 

Å Sodium can be taken up easily                                                                  

Å Sodium decreases uptake of , Potassium, Calcium, Magnesium

Causes:

Å Water quality

Å Ballast with fertilizers (Fe 3% (50 ɛmol= ± 0.5 mmol Na, replace it for Fe6%

Å City water (sometimes 0,6 mmol/l) 

AntagonisticinteractionsCations

High Sodium

Dried root tips, caused by 
high sodium levels

High salts caused by:

Å Poor water (Often 
sodium and Chloride)

Å Too much fertiliser
Á Manure
Á Compost
Á Fertilizers

Burntroot 
points

29

30



9-12-2020

16

Photos and samples 5 days after adding salt

CompetetitionCations(Sodiumtest)

InfluenceSodiumon Calcium uptake

Sodium goes too high and this has big impact on the Calcium uptake!
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PotassiumandCalcium ratio

K/Ca ratio for optimum firmnessandsize:

Outer tire:
Å Calcium for cell strenght

Innertube:
Å Potassiumfor fruit filling

Å 5ƻƴΩǘforget Mg:
High Mg: Too low K or Ca

PotassiumandCalcium ratio

ωToo low 
Potassium

ωToo low 
Calcium

ωToo high 
Potassium

ωToo high 
Calcium

Gold 
Specs

Splitting
fruits

Bad 
Coloration

Blossom
end rot

K/Ca
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Differencein PotassiumandCalcium uptake

Antagonistic interaction Cations:

Å Apple trees: 8 different fields.

Å Potassium high (green line), low Calcium uptake.

Å

K/Ca ratio differents betweenthe fields
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Target Valuesgivea verygoodindication

Min

Max

Old Leaves

Storage and quality of 
the potato tubers are 
strongly influenced by 
the K / Ca ratio

K/Ca ratio important for Potato
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Anion balance

Note:

Å Anions have the same interactions as Cations

Å When 1 is high, others will decrease

Nitrate (Nitrogen)      Chloride        Phosphorus      Sulphur

AntagonisticinteractionsAnions

Note:

Å Lower Nitrate uptake results in higher Sugar levels (Healthier plant and better fruit taste).

Å Lower Nitrate uptake: In fertilizer recipe higher S, Cl (and P) with the same EC result in 

a decrease of NO3.

Å Higher Sulphur helps Nitrate conversion to Proteins

Å High Chloride also decreases the uptake of Phosphorus.

Lowering Nitrate with Other Anions
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Antagonisticinteractions

Cation Anion

Trace elements

Note:
Every element within 1 colorwill limit the
uptakedirect of anotherelement.

If oneelement is high, than the uptakeof 
anotherelement will be limited.

Trace elements

Cation Anion

Antagonisticinteractions
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Interactions also between Cations and Anions

óMulderôs Chartô

Antagonisticinteractions

Cation Anion

Trace elements

Ca   K    Mg     S      Cl      P      Fe    Mn    Zn

The influence of one element on the rest
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Note:
High uptakeof phosphoruswill limit the
uptakeof Iron, Zincandsometimes
Manganese.

P down = Fe, Mn, Zn up. 

Lowert Ґ ϵϵϵ

Antagonisticinteractions

Note:
Å Idea: Better coloration of tomatoes in the winter
Å Ascending P fertilization, equal K fertilization
Å 2 varieties: Volantis and Romindo

0 mmol/l P 0,25 mmol/l P 0,5 mmol/l P 1,5 mmol/l P

Impact of phosphate on potassium uptake
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Impact of phosphate on potassium uptake

Note:

Å Phosphate is important for sugar transport and healthy roots

Å But too high phosphate inhibits the uptake of Iron, Manganese and Zinc.

Phosphorusblocksthe uptakeof traceelements
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Treatments
Phosphorus

mmol/l Iron µmol Manganeseµmol

Treatment 1 1 mmol 35 20

Treatment 2 1 mmol 0 20

Treatment 3 0 mmol 0 20

Treatment 4 0 mmol 35 20

Treatment 5 2 mmol 35 20

Treatment 6 2 mmol 0 20

Treatment 7 1 mmol 0 60

Test influence of phosphorus 

and Manganese on Iron uptake: 

Å Test October - November 2019

Å Irrigation EC: 3.0

Å 7 Treatments

Å Indoor under artificial lighting

Å pH 5.4 - 5.6

Influence of P and Mn on the Fe uptake

Treatments P mmol/l Fe µmol Mn µmol

Treatment 1 1 mmol 35 20

Treatment 2 1 mmol 0 20

Treatment 3 0 mmol 0 20

Treatment 4 0 mmol 35 20

Treatment 5 2 mmol 35 20

Treatment 6 2 mmol 0 20

Treatment 7 1 mmol 0 60

Influence of P and Mn on the Fe uptake

P -
Phosphorus

ppm
Fe - Iron

ppm

Mn -
Manganese

ppm

787,1 0,97 8,6

P -
Phosphorus

ppm
Fe - Iron

ppm

Mn -
Manganese

ppm

700,3 0,85 16,4

P -
Phosphorus

ppm
Fe - Iron

ppm

Mn -
Manganese

ppm

98,8 3,48 35,6

P -
Phosphorus

ppm
Fe - Iron

ppm

Mn -
Manganese

ppm

99,4 6,40 33,2

P -
Phosphorus

ppm
Fe - Iron

ppm

Mn -
Manganese

ppm

828,8 1,12 7,6

P -
Phosphorus

ppm
Fe - Iron

ppm

Mn -
Manganese

ppm

901,0 0,80 17,4

P -
Phosphorus

ppm
Fe - Iron

ppm

Mn -
Manganese

ppm

721,1 0,70 35,6

Treatment 1 Treatment 2 Treatment 3

Treatment 4 Treatment 5 Treatment 6 Treatment 7
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Influence of P and Mn on the Fe uptake

Treatments P mmol/l Fe µmol Mn µmol

Treatment 1 1 mmol 35 20

Treatment 2 1 mmol 0 20

Treatment 3 0 mmol 0 20

Treatment 4 0 mmol 35 20

Treatment 5 2 mmol 35 20

Treatment 6 2 mmol 0 20

Treatment 7 1 mmol 0 60

Note:
Å Higheruptakeof Silica will lead to a 

higherCalcium uptake.

Å A lower uptakeof Calcium couldlead to
anexcessof Boron

Albino fruit: resultof to high Si

Antagonisticinteractions

Trace elements

Cation Anion
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Antagonisticinteractions

Note:
Å Nitrate is not efficiently converted at 

low magnesium uptake.

Å Molybdenum is needed to convert 
nitrate into the plant to amino acids / 
protein.

Å High S andCl helps
loweringNitrate

Cation Anion

Trace elements

Functionsof minerals
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Factors that influences 

The mineral uptake?

EC

pH

Factors that influence the mineral uptake
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