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i Hypothesis

* Nutrient use efficiency of modern cultivars
greenhouse-grown potted chrysanthemums
is improved by reducing nutrient supply
during vegetative growth, in combination
with an interrupted supply during
reproductive growth, without sacrificing
plant yield & quality



Commercial Trial -Schenck
NPK (2017)

Fertilizer source/ Macronutrient suppl
formulatlon

Sonneveld’s solution (1987 80 235 170 62 64

Peters Professional 17-3-17 300 53 300 71 22 -

I
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Visible Symptoms of N/P/K
Deficiency Absent and Quality
Unaffected




Yield (g DM/10 plants)

Yield unaftected, despite
decreasing trends in leaf N/P/K
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Leat N/P/K of mums receiving
minimal rates were acceptable

Leaf Macronutrient (% DM
N P K Ca Mg S

1-10 0.5-4.6 0.1-1.5
3.5-5 1.2-25 0.25-1 0.25-0.7

—~ o~ —

53.3-5.0 ND ND ND




i Project Objective

* Optimize the delivery of the remaining
macronutrients (calcium and magnesium),
as well as the micronutrients, to sub-
irrigated and drip-irrigated pot mums



Objective 1. Optimize delivery of
Ca and Mg during vegetative growth

Fertilizer source/
formulation (year) N p

Sonneveld’s solution (1987) 260 80

Peters Professional 17-3-17 300 53
Fusion Plant Products 17-5-17 PAREEERsY:
SCHENCK NPK (2017) 75 30
SCHENCK STD (22017) 100 18
UofGCal&?2 260 80
UofGMg1 & 2 260 80
UofG NPK (2018/19) 64 20

K
235

300
285
161
100
235
235
90

of sub-irrigated pot mums

Ca Mg
170 62
71 22
50 17
71 22
23 7.4
68 62
170 9

68 9.1

S
64

64
64
18

SCHENCK MACRO (2020) 75 22

-, Srequirement was not provided in the soluble fertilizer

75

13

4.4




General characteristics of mums was
unaffected by Ca or Mg nutrition
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Leaf macronutient composition of
mums receiving minimal rates of Ca
or Mg nutrition was acceptable

Source Macronutrient (% DM)

N P K Ca Mg S

OMAFRA 4-6 0.2-1.2 1-10 0.5-4.6 0.1-1.5 ND
Publ. 370

R] Hill Lab 3.5-5 0.23-0.7 3.5-5 1.2-2.5 0.25-1 0.25-0.7
Ltd.

SCHENCK 45-55  0.22-0.62 3.3-5.6  ND ND ND
NPK (2017)

UofG Ca 5.78-6.34 0.72-0.94 4.88-6.49 0.78-1.35 0.34-0.61 ND
1&2

UofG Mg 6.20-6.86 0.76-1.1  5.95-6.53 1.59-2.59 0.30-0.62 ND
1&2

UofG NPK 4.0-5.5 0.54-0.75 4.2-5.2 0.88-1.5 0.31-0.59 0.31-0.35

F

SCHENCK 5.15-5.53 0.47-0.60 5.09-5.62 1.38-1.69 0.62-0.76 0.3-0.42
MACRO (2020)




Objective 2. Optimize delivery of
Zn and Cu during vegetative growth
of sub-irrigated pot mums

Fertilizer source/ Micronutrient (ppm)

formulation (year) Zn Cu Fe Mn B Mo

Sonneveld’s solution (1987) 0.23 0.05 1.4 0.27 0.05 0.05
Peters Professional 17-3-17 0.75 0.36 1.5 0.75 0.36 0.15
I IINLIBYELISY DO VAT AN 0.83 083 1.68 0.83 0.34 0.26
SCHENCK STD (2017) 0.25 0.12 050 0.25 0.12 0.05

UofG NPK (2018/19) 0.23 0.05 14 0.27 0.05 0.05
UofGZn1 &2 0.06 0.05 14 0.27 0.05 0.05

UofGCul&?2 0.23 0.012 1.4 0.27 0.05 0.05
SCHENCK MACRO (2020 0.22 0.22 044 0.22 0.12 0.09



General characteristics of mums was
unaffected by Zn or Cu nutrition




Leaf micronutient composition of
mums receiving minimal rates of Zn
or Cu nutrition was acceptable

Micronutrient (ppm DM

/n Cu Fe Mn B Mo
OMAFRA 5-35 5-50 20-750 25-375 20-200 -

Publ. 370

R] Hill 20-250 6-30 50-250 50-250 25-75 -

Lab Ltd.

UofG NPK 17.3-36.3 4.0-7.1 95.3-111 44.8-165 51.0-86.0 1.53-5.15

Source

UofG Zn 18.3-23.8 4.5-6.7 98.0-110 62.8-160 59.0-83.5 1.38-4.80
1&2
UofG Cu 27.8-30.8 5.3-5.4 87.8-115 46.3-77.8 51.0-76.8 1.53-4.23
1&2
SCHENCK 41.0-86.5 10.5-14.5 125-140 120-155  49.5-59.5 3.00-4.10
MACRO




Objective 3. Optimize delivery of
Mn and Fe during vegetative growth
of sub-irrigated pot mums

Fertilizer source/ Micronutrient (ppm

formulation (year Zn Cu Fe Mn B Mo

Sonneveld’s solution (1987 0.23 0.05 1.4 0.27 0.05 0.05
Peters Professional 17-3-17 0.75 0.36 1.5 0.75 0.36 0.15
IR PGEI NS OLUM N VAR WA 0.83 0.83 1.68 0.83 0.34 0.26
SCHENCK STD (2017 0.25 0.12 0.50 0.25 0.12 0.05
UofG NPK (2018/19 0.23 0.05 1.4 0.27 0.05 0.05
SCHENCK MACRO (2020 0.22 0.22 0.44 0.22 0.12 0.09
UofGMn 1 & 2 0.23 0.05 1.4 0.069-0.017 0.22 0.05
UofGFe1 & 2 0.23 0.05 0.15-0.037 0.27 0.22 0.05




General characteristics of mums was
unaffected by Mn or Fe nutrition




Leaf micronutient composition of
mums receiving minimal rates of
Mn or Fe nutrition was acceptable

Source Micronutrient (ppm DM

Zn Cu Fe Mn B Mo
OMAFRA Publ. 370 5-35 5-50 20-750 25-375 20-200

R] Hill Lab Ltd. 20-250 6-30 50-250 50-250 25-75

(e P TACIN 17.3-36.3  4.0-7.1 95.3-111 44.8-165 51.0-86.0 1.53-5.15
SCHENCK MACRO 41.0-86.5 10.5-14.5 125-140 120-155 49.5-59.5  3.00-4.10
UofG Mn 1 34.0-38.3 5.7-6.1 A 0-942 K510-785 655-745 1.2-3.2
UofG Fe 1 29.0 3.6 90.8 58.8 36.5 3.00




Objective 4. Optimize delivery of
B and Mo during vegetative growth

of sub-irrigated pot mums
Fertilizer source/

formulation (year Zn Cu Fe Mn B Mo

Sonneveld’s solution 0.23 0.05 1.4 0.27 0.05 0.05
1987

I AR YOO EIN VAT 0.75 0.36 1.5 0.75 0.36 0.15

N LLIBGELS Ol NVAR 0.83 083 1.68 0.83 0.34 0.26
ga—zENCK STD (2017) 0.25 0.12 050 0.25 0.12 0.05
UofG NPK (2018/19) 0.23 0.05 14 0.27 0.05 0.05
N0V QUEN R OrI)IE 0.22 0.22 044 0.22 0.12 0.09
UofGB1 &2 0.23 0.05 044 0.22 0.05-0.013 0.05

UofGMo 1 & 2 0.23 0.05 044 0.22 0.05 0.05-0.013

pd
N



Objective 5: Test optimized
nutrient delivery with both sub-
irrigated and drip-irrigated mums

Fertilizer source/ Micro
N P K

nutrient (ppm
formulation (vear Ca Mg S /n Cu Fe Mn B Mo

260 80 235 170 62 64 0.23 0.05 14 0.27 0.05 0.05
1987

300 53 300 71 22 - 0.75 0.36 1.5 0.75 036 0.15
17-3-17

285 84 285 50 17 - 0.83 083 168 083 034 0.26
Products 17-5-17
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Highlights

* Nutrient use efficiency of sub-irrigated mums is dramatical

<
a.y

improved by reducing the supply of macronutrients, as well as

Zn and Cu, during vegetative growth, in combination with t|
removal of the entire nutrient supply during reproductive
growth.

* Delivery of these nutrients can be reduced by 85-95% over

1€

the

crop cycle, compared to common industry solutions, without

sacrificing plant & flower quality

* Similar findings with micronutrients Mn & Fe



i Industry Expectations

* New knowledge related to timing & supply of
fertilizer to sub-irrigated & drip-irrigated mums

* Modified nutrient delivery strategy will reduce
nutrient usage, volume of nutrient-rich feedwater
that must be treated &/or discharged, &
environmental risk

* Other floricultural crops
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Appendix: Experimental Design I -
Research Greenhouse

* 2 seasons

* Pinched plants of 1-3 modern cultivars grown in 4-in pots
containing peat/perlite mix (uncharged) using sub-irrigation

* Balanced split-plot with macro/micronutrient treatment as
main plot & cv. as sub-plot; main plots - RCBD of 4 blocks
arranged on 2 side-by-side benches, with border rows

* 3interrupted treatments: 100% (industry standard -
Sonneveld solution), 50% & 25%, resulting in 25% and 12.5%
, respectively, over crop cycle

* Visual symptoms, plant characteristics, foliar analysis of tissue
nutrient (pooled) at bud break, inflorescence development,
and leaf PHS (where appropriate)



Appendix: Experimental Design II -
Commercial Greenhouse

Summer season

Pinched plants grown in 6-in pots containing peat/perlite
mix using sub-irrigation or drip-irrigation

Randomized design, 3-4 cultivars, 50-100 plants/cv/
treatment

3 treatments: optimized nutrients over crop cycle; optimized
nutrients interrupted; 50% optimized nutrients interrupted
Visual symptoms, plant characteristics, plant yield, foliar
analysis with development



