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appearance and size are commercially acceptable allowing for the reduction in inputs. The
results of this study suggests that substrate volumetric water content has a greater effect
on growth of astilbe (Figure 1) than coneflower (Figure 2).

Horticulturae 2021, 7, x FOR PEER REVIEW 5 of 9 
 

 

These results indicate that there is a species-specific response to both fertilizer rate 
and irrigation rate. Variability in growth responses could be due to differences in growth 
rate, water and nutrient requirements, drought- stress tolerance, or nutrient deficiency and 
toxicity responses. Fertilizer rate response shows that the threshold after which increased 
nutrients do not result in additional growth varies by species. For some species excessive 
fertilizer enters the toxicity range, negatively impacting growth. In general, high fertilizer 
rates and irrigation volumes are not needed to produce high quality, salable plants. Alt-
hough growth is generally reduced at moderate irrigation and fertilizer rates, plant ap-
pearance and size are commercially acceptable allowing for the reduction in inputs. The 
results of this study suggests that substrate volumetric water content has a greater effect 
on growth of astilbe (Figure 1) than coneflower (Figure 2).  

 

Figure 1. Representative plants of ‘Visions’ astilbe at the conclusion of the 61 day experiment. Plants 
were maintained at either 40% VWC or 18% VWC and received either 100% (12 g/plant) or 50% (6 
g/plant) of the medium bag rate of controlled re lease fertilizer. Treatments were 18% VWC 50% (6 
g/plant) CRF, 40% VWC 50% CRF, 18% VWC 100% CRF, and 40% VWC 100% CRF (left to right). 

 

Figure 2. Representative plants of ‘Mellow Yellow’ cone flower at the conclusion of the 69-day ex-
periment. Plants were maintained at either 40% VWC or 18% VWC and received either 100% (12 
g/plant) or 50% (6 g/plant) of the medium bag rate of controlled release fertilizer. Treatments were 
18% VWC 50% (6 g/plant) CRF, 40% VWC 50% CRF, 18% VWC 100% CRF, and 40% VWC 100% 
CRF (left to right). 

Leaf size of astilbe was greater for the 40% VWC treatment (81.6 cm2) than the 18% 
VWC treatment (36.2 cm2, Table 3). There was no significant VWC or fertilizer rate effect 
on leaf size of coneflower (Table 4). Leaf size of Penstemon ‘Ruby Candle’ was also not 
affected by fertilizer or irrigation treatment [23]. Conversely, leaf size of Hibiscus acetosella 
‘Panama Red’ [20] and Petunia x hybrida ‘Dreams White’ were reduced with lower irriga-
tion rates [15. Cell elongation is reduced with water stress and is an indicator of drought 
stress in plants [24]. This suggests that the reduced irrigation treatment caused water 
stress induced reduced growth for astilbe but not coneflower.  

Figure 1. Representative plants of ‘Visions’ astilbe at the conclusion of the 61 day experiment. Plants were maintained at
either 40% VWC or 18% VWC and received either 100% (12 g/plant) or 50% (6 g/plant) of the medium bag rate of controlled
release fertilizer. Treatments were 18% VWC 50% (6 g/plant) CRF, 40% VWC 50% CRF, 18% VWC 100% CRF, and 40% VWC
100% CRF (left to right).

Leaf size of astilbe was greater for the 40% VWC treatment (81.6 cm2) than the 18%
VWC treatment (36.2 cm2, Table 3). There was no significant VWC or fertilizer rate effect
on leaf size of coneflower (Table 4). Leaf size of Penstemon ‘Ruby Candle’ was also not
affected by fertilizer or irrigation treatment [23]. Conversely, leaf size of Hibiscus acetosella
‘Panama Red’ [20] and Petunia x hybrida ‘Dreams White’ were reduced with lower irrigation
rates [15]. Cell elongation is reduced with water stress and is an indicator of drought stress
in plants [24]. This suggests that the reduced irrigation treatment caused water stress
induced reduced growth for astilbe but not coneflower.
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Figure 2. Representative plants of ‘Mellow Yellow’ coneflower at the conclusion of the 69-day
experiment. Plants were maintained at either 40% VWC or 18% VWC and received either 100%
(12 g/plant) or 50% (6 g/plant) of the medium bag rate of controlled release fertilizer. Treatments
were 18% VWC 50% (6 g/plant) CRF, 40% VWC 50% CRF, 18% VWC 100% CRF, and 40% VWC 100%
CRF (left to right).

3.2. Flowering

There was a significant VWC level effect on number of flowers for coneflower with
average number of flowers greater for plants at 40$%VWC (5.6) than plants at 18% VWC
(2.7) with no fertilizer rate effect (Table 4). There was no VWC or fertilizer rate effect on
number of flowers for astilbe (Table 3). Conversely Bayer et al. [25] found that flowering of
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Echinacea purpurea ‘PAS702917’ was not different when grown at 25% or 40% VWC. This
indicates that 18% VWC in this study caused significant enough water stress to reduce
flowering whereas 25% in the 2020 study did not. Similar to this study, number of flowers
of Helenium hybrida ‘Helbro’ was greater at 40% VWC than 20% VWC [25]. Maximum
flowering of Petunia x hybrida ‘Dreams White’ occurred at 0.21 to 0.63 g/plant fertilizer and
20% VWC threshold with higher fertilizer rates and substrate VWC reducing flowering [15].
Lupinus havardii racemes was greater for plants at high Volumetric moisture contents (VMC)
than low VMC [26]. Similar to vegetative growth, the variability in flowering response to
VWC and fertilizer rate indicates differences in plant water and nutrient requirements for
flowering. It also demonstrates species differences in response to water stress.

Table 3. Leaf size, number of flowers, and leaf greenness [Special Products Analysis Division (SPAD]
of ‘Visions’ astilbe at the conclusion of the 61 d experiment. The 40% VWC treatment was considered
well-watered while the 18% treatment supplied a reduced irrigation treatment. Leaf size of ten fully
expanded leaves was measured at the conclusion of the experiment using a leaf area meter.

Treatment Leaf Size (cm2) X Number of Flowers SPAD

Treatment significance

Irrigation Z 0.005 0.69 0.90
Fertilizer Y 0.63 0.26 0.78

Irrigation by fertilizer 0.60 0.44 0.22

Least squares means for main effects

40% VWC 81.6a W

18% VWC 36.2b

Least squares means grouped by treatment combination

Irrigation by fertilizer

40% 100% 81.8 1.3 53.5
40% 50% 81.2 1.3 55.1
18% 100% 30.1 1.1 54.7
18% 50% 42.2 1.4 53.6

Z Substrate volumetric water content (VWC) treatments were 40% and 18%. Y Fertilizer treatments are 100%
(12 g/plant) and 50% (6 g/plant) of the medium bag rate of (Nutricote Total 18-6-8, 180 d; 18 N-2.6P-6.6K;
Chisso-Ashai Fertilizer Co., Tokyo, Japan). X Leaf size is the average of 10 fully expanded leaves. W Means within
a column with different letters are different (α = 0.05) according to the Tukey’s honestly significant difference
tests. Each value is the mean of three replications with each replication consisting of five pseudoreplicate plants.

3.3. Plant Stress

Leaf greenness, as represented by SPAD measurements, was not significant for astilbe
or coneflower (Tables 3 and 4). Similar to this study there was no irrigation or fertilizer
rate effect on SPAD measurements for Echinacea purpurea ‘PAS702917’; however, there was
a significant effect of irrigation treatment on Helenium hybrida ‘Helbro’ with the reduced
irrigation treatments have greater SPAD readings than the well-watered plants [25]. This
was potentially due to the exuberant growth of plants in the well-watered treatment
depleting nutrients from the substrate. For Penstemon ‘Ruby Candle’, SPAD was greater
for the 100% fertilizer rate than the 25% rate but not different than the 50% rate with
no irrigation rate effect [23]. Petunia x hybrida ‘Dreams White’ SPAD readings increased
with increasing fertilizer rate, with the fertilizer rate effect greater at low VWC than high
VWC [15]. SPAD readings of Lupinus havardii were reduced at lower water contents
compared to high water contents, potentially due to senescence from water stress [26].
Differences could also be the result of plant features such as leaf thickness or chlorophyll
content levels [27]. For this study, results indicate that the 50% fertilizer rate supplied
adequate nutrients.
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Table 4. Leaf size, number of flowers, and leaf greenness [Special Products Analysis Division (SPAD]
of ‘Mellow Yellow’ coneflower at the conclusion of the 61 d experiment. The 40% VWC treatment
was considered well-watered while the 18% treatment supplied a reduced irrigation treatment. Leaf
size of ten fully expanded leaves was measured at the conclusion of the experiment using a leaf
area meter.

Treatment Leaf Size (cm2) X Number of Flowers SPAD

Treatment significance

Irrigation Z 0.56 0.03 0.37
Fertilizer Y 0.72 0.93 0.13

Irrigation by fertilizer 0.73 0.84 0.96

Least squares means for main effects

40% VWC 5.6a W

18% VWC 2.7b

Least squares means grouped by treatment combination

Irrigation by fertilizer

40% 100% 28.3 5.8 50.6
40% 50% 31.2 5.5 52.7
18% 100% 27.2 2.7 51.6
18% 50% 27.3 2.8 49.4

Z Substrate volumetric water content (VWC) treatments were 40% and 18%. Y Fertilizer treatments are 100%
(12 g/plant) and 50% (6 g/plant) of the medium bag rate of (Nutricote Total 18-6-8, 180 d; 18 N-2.6P-6.6K;
Chisso-Ashai Fertilizer Co., Tokyo, Japan). X Leaf size is the average of 10 fully expanded leaves. W Means within
a column with different letters are different (α = 0.05) according to the Tukey’s honestly significant difference
tests. Each value is the mean of three replications with each replication consisting of five pseudoreplicate plants.

4. Conclusions

Reducing production inputs, such as water and fertilizer, has the potential to lower
production costs as well as reduce the environmental impact of production. The results of
this study add to the body of knowledge on species-specific growth responses to fertilizer
rate and substrate VWC. In this study, VWC had a greater effect on growth and flowering
of astilbe and coneflower than fertilizer rate. Astilbe is more sensitive to drying which is
reflected in reduced shoot dry weight, height, leaf size, and final growth index for plants
grown at 18% VWC. Coneflower is sensitive to wet substrates and growth was unaffected
by VWC, which suggested that the 18% VWC was sufficient to support growth and that the
40% did not result in excessive moisture that would reduce growth. Number of flowers was
significantly affected by VWC for coneflower, this suggested that the 18% VWC treatment
either delayed flowering or reduced flowering. The results of this study show the potential
for reduced fertilizer and irrigation applications in the production of astilbe and coneflower.
Although the lower VWC reduced growth of astilbe, more compact plants can be desirable
for shipping. Excessive growth can be a problem during shipping and in the retail setting
where stem breakage can impact the sale of plants. These along with other results, show
the importance of identifying the species response to lower irrigation (substrate VWC)
and fertilizer levels as there is a potential for both growth and flowering to be reduced.
Differences in responses could be due to a species’ adaptations to water stress and nutrient
needs. Additional information on various species will help to identify plants that can be
produced with reduced inputs.
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