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i Hypothesis

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



i Project Objective

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



i Year 1 Objective

April, 2018 - March 31, 2019 - Optimize the
delivery of calcium and magnesium during
vegetative growth of sub-irrigated potted
chrysanthemums over 2 growing seasons in a
research greenhouse



i Experimental Design

Research greenhouse w/ high or low natural light

Pinched plants of 2 modern cultivars grown in 4-in pots
containing peat/perlite mix (uncharged) using sub-irrigation
Ca / Mg studies - N, P, K& S at 100% industry level)

Cu, Zn, Fe, Mn, B & Mo - macronutrients at 50% industry level
Balanced split-plot with macro/micronutrient treatment as
main plot & cv. as sub-plot; main plots - RCBD of 4 blocks
arranged on 2 benches, with border rows

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

Visual symptoms, plant characteristics & foliar analysis of
tissue nutrient (pooled) at inflorescence emergence



Optimizing Ca or Mg Delivery
in a Research Greenhouse

cv. Williamsburg Purple
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cv. Milton Dark Pink

Bloom Stage

« Ca/Mg delivery over crop cycle reduced by
as much as 87.5% compared to industry
standards




Plant Morphology & Bloom
Development were Unaffected by
Reduced Ca Delivery (S/F2018)

Cultivar Bloom | Bloom | Flower
: (% DM)

68 30.55a 6.37a 2.19a 6.69a 4.84a 36.08a 1.35a
135 29.10a 5.65a 193a 6.72a 4.52a 34.85a 1.12b
270 29.28a 5.96a 2.02a 6.72a 4.50a 35.90a 0.96c

Milton Dark
Pink

Williamsburg [ 29.12a 6.38a 2.25a 5.42a 3.75a 29.20a 1.16a
Purple 135 28.29a 6.16a 2.12a 5.50a 3.78a 27.03a 0.97b
270 28.47a 5.83a 1.82a 5.52a 3.29b 28.26a 0.83c



Plant Morphology & Bloom
Development were Unaffected by
Reduced Ca Delivery (W/S2019)

Cultivar Flower Bloom |Flower/ |Leaf
DM

(8)

Milton Dark
Pink

Williamsburg 25.93b

Purple 135  2390q 648a 3.09a 587a 3.82ab 28.73ab 0.95b
270  2454aq 6.76a 3.20a 5.85a 3.71b 309a¢ 1.18a



Plant Morphology & Bloom
Development were Unaffected by
Reduced Mg Delivery (S/F2018)

Cultivar Flower |Bloom |Bloom |Flower/ |Leaf
| D)\ | bud no.
(8)

Milton Dark [€ 16.47a 2.85a 1.01b  6.33a 43la 2458a 0.62b
Pink 18 17.97a 3.10a 1.15a¢  6.30a 4.33a 25.20a (.64ab

36 16.60a 2.77a 1.04ab 6.39a 431a 23.63a 0.70q
Williamsburg [E 16.82a 2.66a 1.07a  5.46a 3.68a 14.85a (.38
Purple 18 17.81a 2.77a 11la  545a 3.80a 15.63a 0.37b

36 17.06a 2.67a 1.07a 5.44a 3.74a 15.38a (0.42q



Plant Morphology & Bloom
Development were Unaffected by
Reduced Mg Delivery (W/S2019)

Flower Flower/
D)\ | bud no.

(8)

22.52a 4.24a 1.77a 6.85a 4.13a 25.10a 0.49¢q
22.89a 4.09a 1.73a 6.99a 4.03a 25.73a 0.52ab
23.03a 4.35a 1.83a 6.91a 4.17a 26.00a 0.54p

25.79a 6.42a 2.70a  568a 3.77a 30.70a (.30q
25.53a 598b 2.50b 5650 3.69a 29.43a 031q
25.72a 6.30ab 2.63ab 567a 3.71a 30.78a .34}



i Year 2 Objective

 Apr1,2019 - March 31,2020 - Optimize
the delivery of zinc and copper during
vegetative growth of sub-irrigated potted
chrysanthemums over 2 growing seasons in
the research greenhouse




Plant Morphology & Bloom
Development were Unaffected by

Cultivar

(ppm) | (cm)

Milton Dark 0.057
Pink 0.114
0.229
Williamsburg JKkY
Purple 0.114
0.229

30.99a
31.92a
31.91a

29.76a
27.58a
27.89a

Shoot
DM

(8)

6.49a
7.13a
6.99a

6.69a
6.60a
6.33a

Flower | Bloom | Bloom

DM
(8)

2.41a
2.73a
2.56a

2.40a
2.48a
2.33a

6.85a
6.96a
6.93a

5.57a
5.66a
5.71a

3.90a
4.06a
3.99a

3.05a
3.12a
3.09a

31.13a
32.23a
31.98a

28.30a
26.78a
26.23a

Reduced Zn Delivery (S/F2019)

Flower/ | Leaf
bud no. |Zn
(ppm)

21.75a
31.75a
36.25a

23.75a
25.25a
30.00a



Plant Morphology & Bloom
Development were Unaffected by
Reduced Cu Delivery (S2019)

Cultivar Shoot |Flower |Bloom |Bloom |Flower/ |Leaf
D)\ | D)\ | bud no. |Cu
(ppm) | (cm) | (g) (8) (ppm)

Milton Dark 012 3952q 7.26a 227a 6.06a 3.95a 33.23a  5.25b

Pink 024 3851a 6.80a 220a 6.03a 4.04qg 33.15a 6.10a
048 3852a 6.77a 2.12a 5.91a 397a 31.82a 6.35a

(BTGB 012 34960 7.96a 2.55a 5.15a¢ 3.38a 25.78a 5.40a
Purple 024 36.14a 8.67a 2.75a 5.11a 3.4la 26.64a 6.28a
048 3584q 7.96a 2.80a 5.11a 3.51a 26.85a 7.05a




i Year 3 Objective

 Apr1,2020-Mar 31,2021 - Optimize the
delivery of iron and manganese during
vegetative growth of sub-irrigated potted
chrysanthemums over 2 growing seasons
in a research greenhouse




i Year 4 Objective

 April 01, 2021 - March 31, 2022) -
Optimize the delivery of boron and
molybdenum during vegetative
growth of sub-irrigated potted
chrysanthemums over 2 growing
seasons in a research greenhouse




i Year 5 Objective

« Apr1,2022 -Dec31,2022 - Confirm
whether the optimized nutrient delivery
system established for sub-irrigated
potted chrysanthemums in the research
ogreenhouse is applicable to both sub-
irrigated and drip-irrigated
chrysanthemums over 1 growing season

(i.e., spring/summer) in a commercial
greenhouse setting



 Commercial greenhouse w/ high (natural) light

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

e Randomized design, 4 cultivars, 100 plants/cv/treatment

e 3 treatments: optimized nutrients over crop cycle; optimized
nutrients interrupted; 50% optimized nutrients interrupted

e Commercial harvest

e Visual symptoms, plant characteristics, plant yield, foliar
analysis with development

Experimental Design




i Highlights

* Optimized low N, P, S, K, Ca & Mg delivery during vegetative
growth, followed by the removal of supply during reproductive
growth, dramatically improves the use efficiency of these
nutrients in sub-irrigated chrysanthemums

* N,P S, K, Ca& Mg delivery can be reduced by 75-87.5% over
the crop cycle, compared to industry standards, without
sacrificing plant & flower quality

* Similar findings with micronutrients - Zn, Cu



i Industry Expectations

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

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

* Other floricultural crops



Knowledge & Technology
Transfer

* Duncan Stephens, S. (presenter), Flaherty, E.]., Sutton, W.J., Bozzo, G.G., MacDonald,
W.N,, Shelp, B.]. 2019. Towards low-input production of subirrigated
chrysanthemums. Plant Canada Meeting (July 7-10), Guelph, Ontario, Canada . (Best
Poster Award from Canadian Society for Horticultural Science)
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