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grown greenhouse crops.

Wim Voogt, Wageningen UR Greenhouse Horticulture
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hrotection

European Nitrate Directive

e Protection of drinking water
e 50 mg NO3/I
e Maximum use Animal manure 170 kg N/ha/year

Memberstates:
e Maximum P use
e Further regulations for N
e Other pollutants (heavy metals, PPC)
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yvater protection

= European Water Framework Directive
‘all surtace waters within EU should meet ecological
quality standards i )
e Ecological ams t
e e.g. Rhine rnver -
e EU Memerstates

e Regulations succ
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What will be effect for horticulture in NL
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Water Pollution Act

m “discharge decree glasshouse horticulture”
Obligatory:
e Rainwater collection basin, 500 m3/ha
e Closed growing system (except orchids)
e Soil crops, reuse of drainage water
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Convenant Glasshouse Industry and Environment
(GLAMI)

= Partners:
e Growers,
e Five ministeries. (Agriculture, Water, Environment,...)
e Municipalities
e Polder boards
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m /Zero emission-greenhouse in 2027
In meantime:

= Norms for emission in 2010

e Substrate In discharge water
e Soll for the leachate from rootzone
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Emission routes

via waterflows

o o

Sewage system
: Drain off g8

(recirculation water)

(sand-)filter backflush water

Processwater
» Drainage (soil crops)
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Improving Water Use Efficiency:
Solutions 1 reduction wastewater flows

AA‘I.‘

T Drain off
(recirculation water)

> (sand-filter backflush water

Processwater
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Solutions 2 Wastewater treatment

Drain off Wastewater

—>

(recirculation water)

treatment

» (sand-)filter backflush

" Processwater

l—l

l " Drainage (soil crops)
Groundwater
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o DFT
= Substrate systems

m Watercultures




inciple of closed syste

U
= Input [\ /

J = uptake
R = root environment
D = drainage

D
No losses
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Bottle necks

= Rapid spread of root / stem diseases
e fungal spores
® Virus
e eelworms

= Rapid change in ionic concentrations

e salt accumulation

e macro nutrients: accumulation, depletion, unbalanced
ratios
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= Nutrient input:
o | = Uopt
Otherwise accumulation / depletion

= Na, Cl input:

— lmax = Umax

Otherwise accumulation = salinity problems
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= [nput = uptake:
ol =U
| > U == accumulation

| < U s depletion
= More specific:

Input < uptake at max. concentration R,...,

-~ lmax = Umax

{" | WAGENINGENDNEGEE




= Important parameters
e EC <15
e Naand Cl < 1 mmol/l
e HCO; <5 mmol/1)*
o

Fe-total < 10 umol/l

Ca, Mg, SO,, K, NH,, NO; < “uptake capacity crop”
Mn, B, Zn, Cu < limniting value (crop specific)

)* acid neutralisation
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= Increase water use efficiency
by that...

= Reduction of emission of N and P
e Via drainage to surface water
e Via leaching to groundwater
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Soil system type 1
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Dutch greenhouse system

Greenhouse system

Evapotranspira

Irrigation

Surface water
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0.25-0.

0.60-0.




I = High efficiency water and fertilisers
= Quantity problem
e Periodically too much drain water

= Quality problem
e Brackish groundwater
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= No regulation sofar, except
o Water quality (obligatory basin
500 m3/ha)
m Research and Demonstration
e Use of lysimeters
e Soil sensors

e Decision support systems /
Software tools
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= Large project will be started 8

“urther development of lysimeter 8
dem soil sensors and softwared@ols !
rrgation on crop demand RS

m Cooperation between Growers organisation,
Extension and Research
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Bedrijf B (teelt 1 t/m 4 gecorrigeerd) Water supply
—O— Transpiration

—— lrrigation surplus
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drain lysimeter 1
drain lysimeter 2
X jerrycanl
jerrycan 2
beregeningsoverschot

Bedrijf B
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kg / ha M Soil tomato 1979

B Rockwool tomato 1990
ton/ha 2000+ .
[ Hydroponics closed system 2006

1500-

1000-

500+

0_
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N- application kg/halyr
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Fertilisation soll grown crops

= Basic judgment and recommendation
e soll pH — liming
e organic matter status — organic fertiliser
e salinity — rinse

m Mineral status and recommendation
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Fertiliser recommendation system

Nutrient ratios
Nutrient supply fertiliser

recommendation

Target values

hydrology

organic matter

oH per crop

P-status

side dressings

M dressing
P,/ K soll type
!

or fertigation
Soll analysis
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Organic Inputs

= Nutrient content e.g. quantity
e Crop demand
e Solil properties
e Legislative restrictions

= Nutrient delivery ,
e decomposition/ mineralisation |
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In relation to available P in soll (buffer)
more supply than needed

Bl P supplied
I P Buffer
—— Recommended

legislative

Grower 1 Grower 2 Grower 3 Grower 4 Grower 5
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1200 1 —— Crop demand

—=— Total available ==

—8— Chicken manure e
—o— Feathermeal > ( )
800 %
o shortage
S 600 | surplus

weeks from planting
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Decision support model for organic matter _
management '

m Cropping plan + expected yield
= Soll properties and minerals
= Water management

= Choice organic fertilisers

e Base dressing
e Side dressings
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inimaal HN-werlies

Type Haaw wan de meststof Datun
- hoden o.s. -
gewasresten konkonmer rest -

Compost Jrofnconpost 15-dec-0 3.383 250
hulp 13 x x Verenmeel 08-feh- 0. 500 05
hulp 13 ® x Verenmeel 09-mrt-05 1.558 202
hualp 13 ¥ ¥ Verehmeel 0g-apr-05 1.375 179
hulp 13 x x Verenmeel Od-mei-05 1.955 254
hualp 13 ® ¥ Verehmeel 0l-jun-05 1.446 158
hulp 13 ® x Verenmeel Z8-jun-05 1.162 151
hulp 13 x x Verenmeel 27-jul-05 0,706 92
hualp 13 ® ¥ Verehmeel Z2d-ang-05 0.7e6 a0

compost gJroenconpost hist. owver: g0, 366 353

compost groenconpost hist. owver: 59, 357 304

compost groencompost hist. awver: 52,291 273
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lgation In current practice

Nutrient control

e Nutrient solutions

e Target values in soll

e Crop stage adjustments
e Soll type adjustments

EC control
pH management
Tuning supply and demand
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Composition of the basic nutrient solution for fertigation for some greenhouse crops

Nutrient solution mmol I*

Crop K Mg NO3 S04
Tomato : : 9.4 1.5

Cucumber . . 8.4 1
Sweet Pep : 8.4 1
Rose ) . ) 8.1 1.1
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Adjustments water quality

Nutr. Sol.  Water Adjusted nutr. Sol.

mmol/l mmol/l mmol/l
0.4 0.6
7.5

0
0.7
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= Only by base dressing

P distribution in vertical direction as function of application rate and

way of application (by fertigation or base dressing) Van den Bos, 1996

Ferigation Base dressing
F as kg PA00 m2

znil depth
Ch 3 1

0-12.5
12.5 - 24
25-37 .5
a7 .5-50
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Soll analyis:
P-Al method (capacity)

just base dressing Water extraction (ntensity

P base dressing application model

0.05 (mmol
P(1:2 extract)

60 80
WAGENING P mg/100g
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Lettuce

6 8 10

weeks after planting

—— Relative growth Rekative N uptake
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Lettuce

6 8 10

weeks after planting

— Relative growth Rekative N uptake
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Irrigation N (Fertigation) == Soil N buffer
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shelf life
/

Sugar content

salinity yield decrease

= Soll EC
= Water quality

Yield

Treshold value
EC root environment



Adjustments total EC supply

e Standard == Early season
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EC soil analysis
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& KNO3
MgS04.7H20
m K2504

EC dS/m

2000 4000 6000 8000 10000 12000

mg/l
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pH management

= pH soll determined by:
e CaCO3 content
e Clay /loam content
e Al and Fe oxides
e Organic matter

= pH root zone determined by

e Plant activity
e Microorganisms
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= NH4 : NO3 ratio
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Young leaves

Bismut

Fe

100% NO;

75% NO3 and 25% NH,

50% NO; and 50% NH,

75% NO; and 25% urea

50% NO; and 50% urea

Effect of N form on carbonate, the pH Ca and Mg

and the concentration Mn and Fe in young gerbera leaves (mmol kg-1 dry matter).
Sonneveld and Voogt 1990
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m Over-irrigation cause N-loss

Tuning supply and demand
The fertigation mode/
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Aim

m Avoidance vertical flow of water

= Supply to crop demand
e Water supply adjusted to water uptake
e Nutrient supply attuned to crop growth

model

® lisation uptake model
o Irri transpiration model
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Fertigationmodel

e correction factor
e oncentration
. ]

OUTPUT
INPLIT

radiation
heating temperature Irrigation |
quantity

airtemperature 4 frequency

plantsize E

Nutrient supply unit
== pump

r
.
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N trial lettuce
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2 3 4
N supply kg/ha —= Yield %
— N uptake kg/ha —e— Target value in soil
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Dutch agricultural extension

Minstry of agriculture

Fertiliser company
| Seed company Supplier company

Extension company

Growers
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P trials with lettuce

mmol/l P (1:2 extract)

=

1
treatment

mmm P supply kg/ha = Yield g/head

— P uptake kg/ha —a— P target level
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moae/

= Further improvements by reduction N and P in soll
= Bottle- necks:

» High standards for water quality

o Unequal distribution of water




nose who want to know

Cees Simne veld
Win Wagt

Plant Mutrition of Greenhouse (raps

Cees Sonneveld
Wim Yoogt

1booy, - pjanauuos

(Greenthms e cutivetion isnoted fiorits high nptake of minemls, consistent climatic
oonditions, exchsion of natuml precipitation and comntnol of slt sccomolation.
Aclmowledging that plart mmrition in greenhonse coltivation differs in mary
esseritials from fisld production, this voalume details spacific information abont

e Plant Nutrition of
Greenhouse Crops

application. Fertilizer additions, relsted to anabytical data of soil and substrate
sarmyples, are presented for a wide range of vegetable and ornamental crops. The
subyjesct is especially apt now as substrate growing ofers excellent possibilities for
the optimal use of water and outrients, as well as the potential for sustainable

production methods for greenhouse crops.
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