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Irina Gabriela Cara , Petronica Amis, culesei, Ana-Maria-Roxana Istrate and Ciprian Chirut,ă *

“Ion Ionescu de la Brad” Iasi University of Life Sciences, 700490 Iasi, Romania; mirela_c@uaiasi.ro (M.C.);
alinamarta@uaiasi.ro (A.E.M.); doinaj@uaiasi.ro (C.D.J.); julia@uaiasi.ro (E.-L.C.);
sorin_capsuna@yahoo.com (S.C.); carairina@uaiasi.ro (I.G.C.); amisculesei_petronica@yahoo.com (P.A.);
roxanah@uaiasi.ro (A.-M.-R.I.)
* Correspondence: kyru@uaiasi.ro

Abstract: The Ipomoea batatas ornamental variety of the edible sweet potato is a decorative sweet potato
with exquisite leaves, available in different varieties. Due to its numerous characteristics related to
resistance, adaptability to environmental conditions, rapid growth, and aesthetic traits, it has attracted
the interest of researchers. The purpose of this study is to investigate the growth and development
behaviour of two varieties of I. batatas, namely ‘Margarita’ and ‘Blackie’, cultivated in vertical
systems, to provide guidelines for their usage in green façade design. The physiological growth
processes throughout the growing season were analysed by monitoring three biometric parameters
(diameter, height, and leaf count), transpiration (dehydration rate), and the photosynthesis process
(photosynthetic pigment content) for treated and control variants and four cardinal orientations (N, E,
S, and W). Compared to the control and western orientation, which proved to be less advantageous,
the northern orientation and treatment appeared to be the most suitable options for both varieties
analysed. Also, the content of organic substances was more intense in the Cropmax-treated ‘Blackie’,
especially on the northern façade, with the highest quantities of chlorophyll a (17.1%), chlorophyll
b (9.1%), and carotenoid pigments (7.5%). In addition, the leaf dehydration rate, as well as the
amount of free water loss, were reduced on the northern façade of ‘Blackie’. Therefore, ‘Blackie’ can
be recommended as a variety distinguished by its improved resistance to challenging environmental
conditions, particularly drought.

Keywords: ornamental sweet potato; green façades; photosynthetic pigments; rate of leaf dehydration

1. Introduction

Reducing the negative impacts of excessive urbanisation has been a major concern for
researchers from various fields of study in their attempts to provide an effective, sustainable
solution to this currently challenging issue [1]. Both macro-level solutions on large land
areas, such as urban and peri-urban forests [2], and micro-level solutions, which cover
smaller surfaces (parks and squares) or unconventional surfaces such as green roofs and
façades [3,4], aim to counteract such effects and contribute to greater urban comfort and life
quality. The mitigation of urban heat islands, the reduction or elimination of air pollutants,
a lowered level of noise, and improved physical and mental health, as well as the well-being
of citizens, are some of the benefits provided by green areas [5,6].

Recently, studies have focused on the sweet potato (Ipomoea batatas [L.] Lam) owing
to its unique nutritional and functional properties. Originally from Central America, it is
a significant crop in temperate and tropical regions, especially in Africa and Asia [7–10].
Sweet potatoes are among the most versatile and underexploited food crops in the world.
Their cultivation and production are highly important as they contribute to the alleviation
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of food shortages during such crises as natural disasters or wars [11]. Rich in complex car-
bohydrates [12], they are considered to be a highly nutritious food, and both the roots and
leaves may be ingested [13]. The cultivation of sweet potato in Romania has been sporadic,
mainly found in the sandy soils of a warmer climate, such as southern Oltenia [14,15].

Ipomoea batatas is cultivated primarily as a nutraceutical vegetable plant [16] and for
industrial purposes, according to the literature [8,14]. It is a disease- and pest-resistant
plant, tolerating both high [15] and relatively low humidity and low light conditions [17].
Moreover, it can withstand extreme temperatures and adapt well to different climate
conditions [18]. These traits, along with the aesthetic features of its foliage, have allowed
some varieties of I. batatas to be used for ornamental purposes. They grow rapidly and are
easily cultivated [17,19], suitable in standalone planting as well as in floral combinations
with other well-established species [15].

The ornamental sweet potato is a vegetable plant that has achieved popularity in the
landscape industry as a result of its compact habitus, vigorous vegetative growth, and
beautifully coloured leaves in shades of green or violet-red with delicate pink flowers [15].
The interest of horticulturists in cultivating sweet potatoes as ornamental plants, either as
individual plants or in combination with other ornamental plants, was mainly sparked by
the attractive colour of their leaves [20].

The ornamental plant has become increasingly popular, and several new varieties
were recently introduced due to their manner of growth and distinctive leaf colours and
forms [21]. The best-known varieties, ‘Blackie’ and ‘Margarita’, have been used to create
vegetation carpets of intense violet and yellow-green [22]. Due to its greenish-coloured
leaves that persist throughout the growth season, the I. batatas ‘Margarita’ may be success-
fully used as a supporter plant [23]. It is also considered a good ground cover plant [24].

The popularisation of ‘Blackie’ with its purple foliage has emphasised the ornamental
value of the leaves of this species. ‘Margarita’ was discovered in the garden of Mr. Hunter
Stubbs in Raleigh, N.C. He provided a single plant in the fall of 1995, which was propagated
via vegetative cuttings in a greenhouse at the University of Georgia. In 1996, the variety was
released by the New Crop Program of the University’s Department of Horticulture [25,26].

‘Margarita’ and ‘Blackie’ are characterised by a decumbent habit, and a high increase
in shoots has been observed in this type of plant, especially in those cultivated in pots [27].

Studies on the aesthetic and practical advantages of sweet potato (air pollutant ad-
sorption and phytoremediation) have become more prevalent as a result of the growing
popularity of ornamental plant variations. In 2013, the Zhejiang University of Agriculture
and Forestry in China conducted a study on 21 varieties of I. batatas, aiming to identify and
select those with significant ornamental value [28]. Between 2014 and 2015, another study
was carried out in Brazil that aimed to identify the ornamental potential of sweet potato
accessions [19].

Five cultivars, including ‘Margarita’, were selected to be part of a study that investi-
gated the correlation between the adsorption of atmospheric pollutants and the characteris-
tics of the leaves. The effects of particulate matter stress the physiological characteristics of
ornamental sweet potato cultivars [29]. Also, another study investigating the phytoremedi-
ation properties of sweet potato for the biological remediation of soils contaminated with
heavy metals found that sweet potato is a hyperaccumulator of two heavy metals, Pb and
Zn [30].

The purpose of this study is to investigate the growth and development behaviour of
two varieties of I. batatas, namely ‘Margarita’ and ‘Blackie’, cultivated in vertical systems,
to provide guidelines for their usage in green façade design. The physiological growth
processes throughout the growing season were analysed by monitoring three biometric
parameters (diameter, height, and leaf count), transpiration (dehydration rate), and the
photosynthesis process (photosynthetic pigment content) for two variants (treated and
control) and four cardinal orientations (N, E, S, and W).
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2. Materials and Methods
2.1. Location and Climatic Conditions

This study was part of a field experiment conducted in May–September 2022 at the
Floriculture Research Field of the Faculty of Horticulture of the University of Life Sciences
of Iasi (47◦19′41′′ N, 27◦55′55′′ E). The climate in the experimental area is temperate–
continental, associated with temperature variations in winter and summer ranging from
–36 ◦C to +40 ◦C, with the annual average for the period 1901–2000 being +9.5 ◦C. (Iasi
County Statistical Department) (https://iasi.insse.ro/ accessed on 10 August 2023). Ex-
tended periods of drought may occasionally be recorded.

The National Meteorology Centre in Iasi recorded an average temperature for the
Iasi area in 2022 that ranged from 10.5 ◦C (September) to 27.8 ◦C (July) (Figure 1); the
maximum precipitation value during the experiment reached 38.2 mm (August) (Table 1);
the recorded average relative humidity ranged from 39% (July) to 96% (September); and
the wind intensity ranged from 1.4 to 2 m/s (January–December) (NMA). (Humidity was
measured on 41 of the 122 days of the experiment; Figure 2).
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Table 1. Climate data in Iasi, June–September 2022.

Temperature (◦C) Precipitation (L/m2) Relative Humidity (%)

Minimum 10.5 0.0 39.0

Maximum 27.8 38.2 96.0

Mean 21.14 1.73 65.20
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2.2. Experiment Material and Design

The study material consisted of two ornamental varieties of I. batatas, ‘Margarita’
and ‘Blackie’.

https://iasi.insse.ro/
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The experimental structure was constructed with plants placed on its faces in order to
study the behaviour of vertically planted floral species (Figure 3a). Each face of the experi-
mental structure was composed of four equally stacked tiers oriented towards a cardinal
point. Each tier covered an area of 1 m2, replicated three times. A small intermediate space
facilitating plant watering was left between the tiers [3].
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‘Blackie’ and ‘Margarita’ of I. batatas were arranged on each tier, one below the other
in two distinct columns. The planting pattern was identical on all four faces of the experi-
mental structure (Figure 3b).

Before planting, the following average values for the plant characteristics of ‘Blackie’ and
‘Margarita’ of I. batatas were determined, respectively: diameter = 13.1 cm; height = 13.4 cm;
and number of leaves = 12.8 and diameter = 12.5 cm; height = 12.8 cm; and number of
leaves = 18.2. The plant survival rate was 100%.

For the Cropmax-treated plants, a highly concentrated complex fertiliser for foliar
fertilisation was selected. It was a 100% natural biological product and complied with the
European Union requirements, BCS; ÖKO–Germany certified it. Previous studies using
Cropmax as a growth stimulant for certain plant species have shown its favourable impact
on the process of photosynthesis [31]. Auxins, cytokinins, gibberellins and others, plant
growth stimulators, organic amino acids, plant vitamins, and enzymes are among the
components that comprise it: macro-elements: nitrogen (N)—0.2%, phosphorus (P)—0.4%,
and potassium (K)—0.02%; and micro-elements: iron—220 mg/L, magnesium—550 mg/L,
zinc—49 mg/L, manganese—54 mg/L, copper—35 mg/L, boron—70 mg/L, and calcium,
molybdenum, cobalt, nickel—10 mg/L.

The nutrient solution was supplied using a dose of 1.5 mL Cropmax/L water, applied
at 7-day intervals from July until the end of August.

Observations were made monthly (June, July, August, and September), and the same
parameters, namely plant diameter, plant height, and the number of leaves, were also mon-
itored during planting. After applying the foliar fertiliser (in July, August, and September),
the leaves were harvested from each variant to determine the content of photosynthetic
pigments and calculate the rate of foliar dehydration (Sections 3.3 and 3.4).

Additionally, photographic monitoring was conducted for a dynamic visual assess-
ment of ornamental features. For each variety, the control variants were separately com-
pared with the treated ones for each orientation and between orientations within the
same measurement.
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The data were statistically interpreted using the Mann–Whitney and Kruskal–Wallis
non-parametric tests (Section 2.4).

2.3. The Content of Photosynthetic Pigments and the Rate of Dehydration

The quantity of photosynthetic pigments in the leaves of the ornamental sweet potato
was identified using the spectrophotometric method, which involves the identification and
quantification of chlorophyll a and b.

This method is based on the light absorption capacity of the acetone extract of the
pigments. The pigment contents were extracted using 80% acetone and filtered using
a Gooch filter, followed by spectrophotometer analysis using the Spectrocord 210 Plus
(Analytik Jena, Jena, Germany). The pigment content was calculated using the following
formulas to determine chlorophyll a (Equation (1)), chlorophyll b (Equation (2)), and
carotenoids (Equation (3)):

Cla = 12.25 ∗ LU 663 − 2.79 ∗ LU 645(µg per mL solution) (1)

Clb = 21.5 ∗ LU 645 − 5.1 ∗ LU 663 (µg per mL solution) (2)

Carot =
(1000 ∗ LU 470 − 1.82 ∗ Cla − 85.02 ∗ Clb)

198
(µg per mL solution) (3)

where LU663, LU645, and LU470 represent the wavelengths used in the determinations [32,33].
The growth process was quantified by analysing the diameter of the plant (cm), the

height of the plant (cm), and the number of leaves per plant in June, July, August, and
September of 2022. For the visual assessment of the ornamental features, we conducted a
monthly dynamic photographic monitoring of each individual orientation in both sweet
potato varieties.

The foliar dehydration rate was analysed in the leaves of the ornamental sweet potato
plants at intervals of 1, 2, 3, and 4 h after sampling, and the free water lost by the leaves
was calculated after 24 h of dehydration.

Leaf samples were collected in July, August, and September and analysed on the same
day. We analysed the leaves of the two varieties of I. batatas, a red-purple leaf from ‘Blackie’,
and a green leaf from ‘Margarita’, which were harvested from both varieties (control and
treated) for all 4 cardinal orientations of the experimental structure (Figure 4).
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2.4. Nutrient Mixture Analysis

The nutrient mixture used for the two ornamental varieties used in this research
was sampled at two depths (0–20 cm and 20–40 cm) for each of the four orientations
(north, east, south, and west) of the module. The nutrient mixture samples were analysed
following the standard methods of our country and with the instructions provided by the
National Research–Development Institute for Pedology, Agrochemistry and Environmental
Protection (ICPA), Bucharest [34]. Prior to the start of the study, the nutrient mixture
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properties of 0–40 cm had a very strongly to moderately acidic reaction, a low content in
total phosphorus P2O5, and a medium content in total potassium K2O.

The main nutrient mixture properties used in the experimental site are given in Table 2.

Table 2. Nutrient mixture analysis report (analyses were performed in aqueous extract at a ratio of
1:10 dry nutrient mixture at 105 ◦C/water).

Sample No Orientation Depth
cm pH P2O5 (Total) mg/100 g

Nutrient Mixture
K2O (Total) mg/100 g

Nutrient Mixture
OM
%

1 North 0–20 4.49 12.17 19.97 46.85

2 North 20–40 4.15 14.35 16.85 45.21

3 East 0–20 4.63 16.69 18.76 55.71

4 East 20–40 4.35 13.13 13.37 52.64

5 South 0–20 4.94 9.62 25.7 51.95

6 South 20–40 4.42 12.49 23.01 52.58

7 West 0–20 4.60 10.73 20.36 47.45

8 West 20–40 4.30 9.75 15.71 50.01

2.5. Statistical Analysis

After collecting and grouping data to identify the most effective statistical tests, the
Kolmogorov–Smirnov test was applied to test the normality of data distribution. The
results indicated that the data groups did not have a normal distribution, and therefore, the
non-parametric tests were applied.

The Mann–Whitney test was used to compare the differences between the two inde-
pendent groups when the dependent variable was not normally distributed [35]. Therefore,
the following hypotheses were formulated:

• Null hypothesis, H0: The population medians are equal: Me1 = Me2.
• Alternative hypothesis, H1: The population medians are not equal: Me1 ̸= Me2.

Also, the Kruskal–Wallis non-parametric test, or ‘one-way ANOVA on ranks,’ was
used to determine if there were statistically significant differences between two or more
groups of an independent variable. This test serves as an alternative to one-way ANOVA
for data groups without a normal distribution, being an extension of the Mann–Whitney
test and enabling the comparison of more than two independent groups.

The Kruskal–Wallis test determines whether the medians of multiple data groups are
different [36,37]. Therefore, the test hypotheses are as follows:

• Null hypothesis, H0: The population medians are equal. Me1 = Me2= Me3 = . . .= Mek.
• Alternative hypothesis, H1: There is at least one pair of medians that are not equal.

Me1 ̸= Me2 ̸= Me3 ̸= . . . ̸= Mek

where Me1, Me2, Me3,. . ., Mek are the median values for the sets of analysed data.
The statistical tests were performed using MS Excel 2019 from the Office 2019 Profes-

sional package and were carried out at a significance level of 0.05.

3. Results

Growth is the process by which plant cells, tissues, and organs increase in volume
and weight gradually and irreversibly due to the constant increase in the amount of
dry substance as a result of the biosynthetic processes of their own organic substance
transformation and deposition [38,39]. The process of growth starts with an embryonic
stage that is found in the meristem called meresis. The growth subsequently proceeds to
the auxesis, with an elongation of the formed cells, and ends with the differentiation of the
typical anatomical structure. The length and thickness of the organ increase [38,39].
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3.1. Growth of ‘Margarita’

The ‘Margarita’ plants achieved their peak appearance in August in both control and
fertilised variants in all cardinal orientations (Figures 5–8).
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We noted from the compared images that the north orientation was the most favourable
among the façades, regardless of the month and the experimental variant (Figure 5). Addi-
tionally, we noticed that plants tended to start declining significantly earlier in the west
orientation than in other orientations (Figure 8).

On the experimental structure, the diameter of the ‘Margarita’ leaves increased sig-
nificantly in the Cropmax-treated variants in the north (N), east (E), and south (S) zones,
reaching a maximum of 23.2 cm in the N zone (the difference between the first and last
measurement), 19 cm in the E variant, and 19.9 cm in the S zone. There were differences of
2–3 cm characterising the treated variants compared to the untreated variants (Table 3).

Table 3. Diameter of ‘Margarita’.

June July August September Difference

NT (North Treated) 20.7 40.3 44.9 43.9 23.2

NM (North Control) 21.3 36.9 41.6 41.8 20.5

ET (East Treated) 22.1 35.4 42.6 41.1 19

EM (East Control) 23.4 34.9 42.8 41.1 17.7

ST (South Treated) 22.7 34.1 42.2 42.6 19.9

SM (South Control) 22.7 33.3 38.8 38.9 16.2

WT (West Treated) 23.7 34.6 38.9 37.9 14.2

WM (West Control) 22.4 33.5 37.7 36.5 14.1

During the vegetation phase, the average height of ‘Margarita’ plants increased con-
stantly, growing between 15.1 cm and 18.9 cm in the treated variants from June (13.8 cm) to
September (32.7 cm) (Table 4). For all three months, when measurements were performed,
the north orientation and the fertilised variant, with only small differences, resulted in the
highest values for plant height.

With a difference of 21–29.6 leaves between June and September, particularly in the N
and E zones, the average number of leaves of each plant of ‘Margarita’ showed a significant
increase in the Cropmax-treated plants compared to the control (Table 5).

Regarding the number of leaves, the eastern orientation led to a higher number of
leaves in the treated variant in the three months when measurements were taken. The
lowest number of leaves was recorded in the west orientation (58.19 in July; 62.7 in August;
and 62.94 in September).

Using the Mann–Whitney test to assess the values measured in the treated and un-
treated plants, we found that the stimulator produced significant differences (p < 0.05),
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especially regarding the leaf number parameter (N, S, West (W)) in all three months of
analysis. However, for the plant height parameter, no significant differences were recorded
(p > 0.05), except for August in the north orientation (p = 0.004703) (Table 6).

Table 4. Height of ‘Margarita’.

June July August September Difference

NT 13.8 28.3 33.2 32.7 18.9

NM 14.3 27.9 32.1 31.8 17.5

ET 14.5 27.5 32.2 31.4 16.9

EM 15.4 26.9 32.2 31.6 16.2

ST 15.6 26.9 31.5 30.8 15.2

SM 15.3 27.3 31.4 30.9 15.6

WT 15.4 26.9 31.1 30.5 15.1

WM 15.5 26.9 31.5 30.7 15.2

Table 5. Number of leaves for ‘Margarita’.

June July August September Difference

NT 49.6 69.8 80.4 79.2 29.6

NM 51.3 63.3 69.2 68.8 17.5

ET 57.8 71.6 83.4 83.1 25.3

EM 58.3 68.5 78.3 77.8 19.5

ST 60.2 70.9 77.6 78.1 17.9

SM 49.9 60.9 66.7 68.3 18.4

WT 54.6 68.0 75.8 75.6 21

WM 50.3 58.2 62.7 62.9 12.6

Table 6. The Mann–Whitney test p-value for ‘Margarita’.

July August September

North

Plant diameter 0.01506 * 0.01429 * 0.0829

Plant height 0.113436 0.004703 * 0.17484

Leaf number 0.00104 * 0.0000032 * 0.000013 *

East

Plant diameter 0.4739 0.76302 0.7774

Plant height 0.050016 0.88016 0.6647

Leaf number 0.29129 0.105098 0.10509

South

Plant diameter 0.23514 0.000396 * 0.00042 *

Plant height 0.2744 0.73445 0.9699

Leaf number 0.00031 * 0.00004 * 0.000055 *

West

Plant diameter 0.32713 0.40701 0.3657

Plant height 0.76302 0.73445 0.89505

Leaf number 0.00175 * 0.000191 * 0.000425 *
Level of significance: * p < 0.05.
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All parameters on the vertical system east-facing façade had highly equal means
(p > 0.05), indicating that the stimulator had no effect on the monitored parameter values.

The Kruskal–Wallis test was applied to the datasets from the treated and untreated
plants (collected in July, August, and September) and revealed that the cardinal orientation
of the façades significantly influenced the three parameters (p < 0.05), except for the leaf
number in July (for the control variant) and the plant height in August and September (for
the treated variant) (Table 7).

Table 7. The Kruskal–Wallis test for ‘Margarita’.

Treated July August September

Plant diameter 0.00065 * 0.01293 * 0.00834 *

Plant height 0.00177 * 0.00309 * 0.02114 *

Leaf number 0.52732 0.0256 * 0.02221 *

Control July August September

Plant diameter 0.00099 * 0.00001 * 0.00007 *

Plant height 0.00349 * 0.10767 0.13021

Leaf number 0.00366 * 0.00001 * 0.00009 *
Level of significance: * p < 0.05.

3.2. Growth of ‘Blackie’

The ‘Blackie’ plants maintained on the vertical system exhibited greater resistance
than ‘Margarita’; while their overall appearance was maximised in August, plant growth
remained high during September in all cardinal orientations (Figures 9–12).

Similar to ‘Margarita’, the north orientation was optimal for the ‘Blackie’ plants, where
the purplish colour of the leaves remained constant throughout the month and regardless
of the experimental variant.

From June to September, the diameter of ‘Blackie’ was evaluated. The Cropmax-
treated variants showed significant improvements in all four cardinal points (Table 8). The
N zone generated the largest sizes with a diameter that was 26.6 cm larger in September
(45.3 cm) compared to June (18.7 cm). In September, the diameter of the same variant was
approximately 7 cm greater compared to the untreated control variant.
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Table 8. Diameter of ‘Blackie’.

June July August September Difference

NT 18.7 31.3 40.6 45.3 26.6

NM 19.4 26.4 35.9 38.4 19.0

ET 22.3 30.5 37.7 40.3 18.0

EM 21.4 28.9 36.0 37.6 16.2

ST 21.9 33.7 39.0 39.3 17.4

SM 20.0 30.6 37.1 36.8 16.8

WT 23.5 31.9 37.0 39.1 15.6

WM 24.0 30.3 34.8 36.9 12.9

In August and September, the west and south façade plants in the control variant had
the lowest values for plant diameter.

Plant height displayed a similar pattern with significant differences between the
treated and the control variants. With a variation in plant length between June (13.0 cm)
and September (32.2 cm), the treated variants in the north zone of the experimental structure
exhibited the highest values (19.2 cm), followed by the south variants (13.5 cm in June and
30.8 cm in September), with lower values in the E and W (Table 9).

Table 9. Plant height for ‘Blackie’.

June July August September Difference

NT 13.0 20.9 29.0 32.2 19.2

NM 13.1 18.5 27.0 28.9 15.8

ET 15.0 23.1 28.5 29.2 14.2

EM 16.8 21.9 27.5 27.8 11.0

ST 13.5 26.7 31.3 30.8 17.3

SM 13.4 23.0 27.9 26.9 13.5

WT 15.6 24.5 29.7 28.8 13.2

WM 16.0 23.4 28.0 27.7 11.7

On the south façade of the treated variant, ‘Blackie’ reached the highest average plant
height values in July and August. In September, the highest value was in the treated variant
on the north side (32.2 cm), while the control variant on the south side had the lowest value
(26.9 cm).

During the entire three-month experiment, the plants of the control variant with the
west orientation had the lowest number of leaves (35.0).

Table 10 shows that ‘Blackie’ grew intensely in the Cropmax-treated plants, with the
highest values on the north side and a difference of 17 leaves between June (27.5) and
September (44.5) in terms of average number of leaves per plant.

On each façade of the experimental vertical structure, the values of the measured pa-
rameters of the treated and untreated plants were compared over a period of three months.

On the north façade, the p-values indicate that all measured parameters were highly
influenced by the application of the foliar stimulator (p < 0.05) for all months when mea-
surements were taken. For the east and west orientations, it was observed that the analysed
parameters did not have significantly different average values (p > 0.05) for both the treated
and the untreated plants, except for the plant height in the east and west orientations in
August (Table 11).
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Table 10. Number of leaves for ‘Blackie’.

June July August September Difference

NT 27.5 32.5 38.8 44.5 17

NM 24.2 28.0 33.9 37.8 13.6

ET 28.0 32.8 37.8 40.7 12.7

EM 26.4 31.4 36.4 37.8 11.7

ST 24.9 32.0 38.3 37.9 13

SM 22.5 29.1 35.4 35.3 12.8

WT 26.3 32.3 36.4 38.5 12.2

WM 25.2 30.9 34.4 35.0 9.8

Table 11. The Mann–Whitney test for ‘Blackie’.

July August September

North

Plant diameter 0.002129 * 0.008334 * 0.000047 *

Plant height 0.000064 * 0.003285 * 0.000369 *

Leaf number 0.0364 * 0.033219 * 0.00704 *

East

Plant diameter 0.0829 0.09725 0.0122 *

Plant height 0.3179 0.1269 0.0522

Leaf number 0.386 0.29129 0.0457 *

South

Plant diameter 0.00119 * 0.08637 0.0122 *

Plant height 0.000152 * 0.000121 * 0.000104 *

Leaf number 0.50016 0.08637 0.0935

West

Plant diameter 0.1269 0.07649 0.06209

Plant height 0.2206 0.01757 * 0.20004

Leaf number 0.2351 0.1809 0.0348 *
Level of significance: * p < 0.05.

For the treated ‘Blackie’ plants, we noted that the cardinal orientation produced
significant differences in the values of the monitored parameters (p < 0.05) in all three
months of analysis, except for the number of leaves in July and August (p > 0.05) when the
medians did not have significantly different values.

For the untreated plants, the cardinal orientation did not produce significant differ-
ences (p > 0.05). Exceptions were found at the beginning of the experiment for plant
diameter (p = 0.00131) and plant height (p = 0.00001) (Table 12).

Table 12. The Kruskal–Wallis test for ‘Blackie’.

Treated July August September

Plant diameter 0.0184 * 0.02854 * 0.00014 *

Plant height 0.00001 * 0.0025 * 0.00003 *

Leaf number 0.94516 0.55568 0.00668 *

Control July August September

Plant diameter 0.00131 * 0.23942 0.41178

Plant height 0.00001 * 0.17647 0.09493

Leaf number 0.21709 0.44406 0.10475
Level of significance: * p < 0.05.
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3.3. Content of the Photosynthetic Pigments

The process of photosynthesis involves numerous substances found in the thylakoids
and makes specific structures within chloroplasts. The photoreceptor pigments of the
thylakoids, chloroplasts, and grana are grouped to form two photosystems comprising
photoreceptor antennae and reaction centres. The photoreceptor antennae are composed of
pigments that receive the energy from the photons in light radiation and transmit it to the
reaction centres [40].

The assimilatory pigments are divided into two categories: chlorophyll pigments
made of chlorophyll a and chlorophyll b and the carotenoid pigments made of carotene
and xanthophyll. Chlorophyll is the pigment conferring on plants their characteristic green
colour with the unique property of capturing solar energy, seen as the ‘true Prometheus
stealing fire from heaven’ [38]. During the process of photosynthesis, light energy is
absorbed and transformed into chemical energy by means of photosystem I (PSI) and
photosystem II (PSII). These systems are composed of assimilatory pigments that act as
absorption and reaction centres. They work together to transfer the energised electrons
via photosynthetic phosphorylation. This chemical energy is used to synthesise organic
molecules needed in plants [41].

The absorption centre in photosynthesis consists of molecules that act as antennae,
capturing light energy and transferring it to the reaction centre. These molecules are
called accessory auxiliary pigments or photoreceptor antennae, accounting for 99% of the
total pigments in the photosynthetic system. The auxiliary pigments are responsible for
absorbing light at different wavelengths, thus extending the absorption spectrum of plants
and enabling them to capture a broader range of light energy. These pigments include
chlorophylls a and b, as well as carotenoids, contributing to the characteristic colour of
leaves and the efficient capture of light energy [42].

3.3.1. Experiment Result in July

In July, the chlorophyll content in ‘Blackie’ was the highest in the untreated control
group compared to the group treated with Cropmax in all four zones of the experimental
structure, indicating a higher photosynthetic intensity (Figure 13a).

In ‘Margarita’, the Cropmax-treated plants stood out, accumulating the highest amount
of chlorophyll a in the N (13.5 mg/mL) and E (13.0 mg/mL) zones, compared to the
untreated control variants. The same behaviour was observed in the S and W zones, but
the chlorophyll content was lower.

The same results were observed for chlorophyll b content, reaching the highest level
in the leaves of ‘Blackie’ in the control plants in all analysed zones, with the highest
levels in the leaves of the ‘Margarita’ treated with Cropmax, except for the W zone of the
experimental structure. In this zone, a very low chlorophyll b content was found in both
control and treated variants (Figure 13b).

The content of carotenoid pigments, which play a protective role for photosynthetic
pigments against UV radiation, was higher in the leaves of ‘Blackie’ only in the eastern part
of the experimental structure (3.4 mg/mL), with the untreated controls standing out in the
other areas (Figure 13c).

In the leaves of ‘Margarita’, the content of carotenoid pigments was higher in the
Cropmax-treated plants in the eastern and southern zones, even double compared to the
control variants. In the western zone, a much lower content of carotenoid pigments was
observed in the ‘Margarita’ plants compared to ‘Blackie’.

3.3.2. Experiment Result in August

In August, changes in the content of chlorophyll a were observed in the northern zone
of the experimental structure, with ‘Blackie’ standing out with 11.1 mg/mL and the lowest
value being observed in the leaves of the Cropmax-treated ‘Margarita’. The same pattern
was found in the southern zone of the experimental structure (Figure 14a).
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The plants in the eastern zone had the lowest content of chlorophyll a in ‘Blackie’
and the highest in ‘Margarita’, reaching 12.1 mg/mL in those treated with Cropmax. A
decreasing trend in chlorophyll a content was observed in the western zone, where control
variants had higher values than the treated ones, indicating lower photosynthetic intensity
in these plants.

The same pattern was observed in the content of chlorophyll b, with higher values
found in the north zone in the leaves of the Cropmax-treated ‘Blackie’ and lower values in
the leaves of the treated ‘Margarita’ (Figure 14b).

In the eastern zone of the experimental structure, the content of chlorophyll b was the
lowest in the leaves of ‘Blackie’ and higher in the leaves of the ‘Margarita’ variety, especially
in the Cropmax-treated variants (2.9 mg/mL).

In the southern and western zones of the experimental structure, the Cropmax-treated
‘Blackie’ plants were noted for having a higher content of chlorophyll b (3.3 mg/mL and
3.4 mg/mL), while the lowest values were observed in the treated ‘Margarita’.

The content of carotenoid pigments in August was higher in the leaves of the Cropmax-
treated ‘Blackie’ in the N and S zones (2.7 mg/mL) and lower in the leaves of the ‘Margarita’
(Figure 14c). In the eastern zone of the experimental structure, the green-leaf variants
were found to have a higher content of carotenoid pigments, especially in the treated
plants, showing better protection of photosynthetic pigments against the action of UV
radiation. In the western zone, plants had almost equal values for both the controls and the
Cropmax-treated variants, with a higher content of carotenoid pigments in ‘Blackie’.
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3.3.3. Experiment Result in September

In September, the content of chlorophyll a was higher in the Cropmax-treated ‘Blackie’
compared to the controls in the N (10.6 mg/mL), E (11.7 mg/mL), and W (17.1 mg/mL)
zones, showing a high photosynthetic intensity, while the lowest values were observed in
the S zone (Figure 15a).

The leaves of ‘Margarita’ had a higher content of chlorophyll in the Cropmax-treated
plants in the N and S zones and the lowest level in the E and W zones, indicating a low
photosynthetic intensity. The content of chlorophyll b in September fell significantly in all
analysed variants, reaching the lowest values, especially in the untreated controls, with the
exception of the control variants of the ‘Blackie’ plants in the W zone (Figure 15b).

The same behaviour was found in the content of carotenoid pigments, with the lowest
values in the leaves of plants in the N, E, and S zones in all analysed variants, except for
the treated ‘Blackie’ in the W zone (7.5 mg/mL) (Figure 15c).

The great decline in the content of chlorophyll b and carotenoids in September could
have been due to prolonged pedological and air drought conditions in 2022.

3.4. Dehydration Rate in Sweet Potato

Quantities of water in plant bodies generally reach 70–80%, but they can reach up to
95–98% depending on the organ, age, and living conditions. The dehydration rate of the
leaf depends on the morpho-anatomical and physiological characteristics of the leaf blade
and can be an indication of the transpiration intensity [39].

After 24 h, the free water content lost by the leaves was very high in the Cropmax-
treated ‘Margarita’ (73%), indicating high sensitivity to the treatment compared to the
control (46.2%) (Figure 16a).
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In July, in the northern zone of the experimental structure, the most intense dehydra-
tion rate in the first hour of analysis was found in the Cropmax-treated ‘Margarita’ with a
6% water loss and only 3.7% in ‘Blackie’. The same dehydration rate was maintained over
the following 3 h.

On the east side of the experimental structure, the Cropmax-treated plants had a
dehydration rate similar to the controls, even slightly more intense, with the treatment not
significantly affecting the intensity of transpiration. The free water lost by the leaves of
both analysed variants was higher in the treated ‘Margarita’ (34.5%), the control in this case
having proved to be more resistant (Figure 16b).

In July, the Cropmax-treated ‘Blackie’ stood out in the south zone of the experimental
structure, having a lower dehydration rate compared to the control, both in the first hour
and at 2, 3, and 4 h of analysis, indicating a slow water loss and better resistance to
unfavourable environmental factors, especially drought. For the leaves of the ‘Margarita’,
similar values were found for the treated plants and the control in the first 2 h, while after 3
and 4 h, the water loss in the treated variants was higher (10.9% and 14.9%) (Figure 16c).

The content of free water, expressed by the amount of water lost in 24 h, was highest
in the treated variants compared to the control, with 31.7% water loss in the leaves of
‘Margarita’ and 29.8% in ‘Blackie’.

In the west zone of the experimental structure, the dehydration rate was more intense
in the first hours, especially in the Cropmax-treated ‘Blackie’, with 6.7% water loss in the
first hour, demonstrating more intense transpiration. The lowest dehydration rate was
found in the leaves of the Cropmax-treated ‘Margarita’ with only 1.2% water loss in the
first hour, a rate that remained consistent throughout the measurements, demonstrating
better resistance to unfavourable factors (Figure 16d).
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The content of free water loss in 24 h was lower on this side of the experimental
structure for all analysed plants, with the best dehydration resistance observed in Cropmax-
treated ‘Margarita’.

In August, the plants in the northern part of the experimental structure had a low
dehydration rate, with very small differences between controls and treatments, indicating
better resistance to unfavourable environmental factors (Figure 17a).

After 24 h, the content of free water lost by plants was larger for ‘Margarita’ (37% and
32.7%) and lower in the leaves of ‘Blackie’ (29.8% and 22.4%).

The plants in the east zone of the experimental structure had a very low dehydration
rate in August, both in the first hour and at 2, 3, and 4 h, with 0.7% to 2.2% water lost in the
first hour (Figure 17b).
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The free water lost after 24 h was quantitatively lower, especially for the ‘Blackie’
(17.5% and 12.7%) compared to ‘Margarita’ (25% and 21.7%), with treatments not having
influenced the physiological process of leaf transpiration.

On the south side of the experimental structure, the same behaviour was noted, with
a much-reduced dehydration rate in the first hours, with only 0.5% water lost in the first
hour in the Cropmax-treated ‘Blackie’ and 2.4% in the treated ‘Margarita’ (Figure 17c).

Cropmax-treated ‘Blackie’ showed the best dehydration resistance, having lost the
lowest quantity of free water in 24 h (15%) compared to the control (30.4%), while in
‘Margarita’, there were no significant differences between the control and the treated plants.
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In August, the plants on the west side of the experimental structure lost 2.2% of water
in the first hour of analysis in the Cropmax-treated ‘Blackie’ and 3.8% in the Cropmax-
treated ‘Margarita’, the values close to those of the control, a trend that continued in the
following hours (Figure 17d).

After 24 h, it was observed that the leaves of ‘Blackie’ lost less water compared to the
leaves of ‘Margarita’, showing a higher dehydration rate.

In September, on the north side of the experimental structure, the lowest dehydration
rate in the first hour of analysis was found in the leaves of Cropmax-treated ‘Blackie’
with 1.61% water loss and 2.16% in those of the treated ‘Margarita’. The red-leaf variant
maintained a lower dehydration rate even after 2, 3, and 4 h of analysis compared to the
green-leaf variant, indicating better resistance (Figure 18a).
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The lowest amount of free water loss was found in the red-leaf variant (27.42% and
28.48%) compared to the green-leaf variant (44.14% and 35.97%).

Plants on the east side of the experimental structure showed the same behaviour, with
a low dehydration rate, especially in the first hour when leaf transpiration was lower. In
this case, ‘Margarita’ stood out with 1.19% water loss in the treated variant and 1.37% in
the control variant (Figure 18b).

The amount of free water loss was lower again for the green-leaf variant, with control
showing 19.18%, followed by the treated variant with 27.38%.

A specificity was observed in the Cropmax-treated ‘Blackie’, which had a low dehy-
dration rate, with only 1.83% water loss in the first hour. This rate was maintained at 2, 3,
and 4 h but experienced the highest amount of free water loss after 24 h, at 34.15%.

In the southern part of the experimental structure in September, the ‘Blackie’ plants
had a lower dehydration rate compared to the green variants, with equal values (1.45%) for
both the control and treated plants after the first hour (Figure 18c). The leaves of ‘Margarita’
had a more intense dehydration rate and after 24 h, showed the highest amount of free
water loss, especially in the control (47.37%). The lowest amount of free water loss was
in Cropmax-treated ‘Blackie’ at 18.12%. This variant also showed a low dehydration rate,
indicating the high resistance of the plants.

The same Cropmax-treated red-leaf variant stood out in the western part of the
experimental structure. A dehydration rate of only 0.67% water loss was found in the first
hour in the ‘Blackie’ treated leaves, the lowest value over the analysed period (Figure 18d),
underlining a low transpiration process.

The leaves of ‘Blackie’ also lost less free water after 24 h, indicating a higher resistance
compared to the leaves of ‘Margarita’.

4. Conclusions

Due to its aesthetic properties, high resistance to environmental conditions, and
uniform growth, the popularity of ornamental sweet potato is increasing worldwide.

In this study, the adaptability and evolution of ‘Margarita’ and ‘Blackie’ was monitored
(both treated and control) on a vertical experimental structure with four façades oriented
towards the four cardinal points within the particular climatic conditions of northeastern
Romania. The obtained results show that both varieties reached their peak in August, except
for ‘Blackie’, which proved to be more resilient and maintained an overall good appearance
even in September. Furthermore, the plant diameter, height and leaf number were positively
influenced across both the Cropmax fertilisation, as well as the cardinal orientation. It is
important to highlight that ‘Blackie’ had the highest value parameters on the northern
façade compared to the control. This was also observed in the Cropmax-treated ‘Blackie’ for
the chlorophyll a, chlorophyll b and carotenoid pigments that had the highest percentage
values with a maximum content of chlorophyll b and carotenoids in September due to the
extended pedological and air drought conditions of 2022. These results further confirm
the significant role of the plant variety and the cardinal orientation. Data collected on the
leaf dehydration rate and the amount of free water loss indicated the lowest percentage
in the ‘Blackie’ of the northern façade, highlighting an improved resistance to withstand
challenging environmental conditions, particularly drought. However, ‘Margarita’ and
western orientation showed the highest dehydration rate, suggesting a potential stress
on the plant. Overall, the implementation of a vertical system with ‘Blackie’ seems to be
an efficient and sustainable approach which distinguishes by its improved resistance to
challenging environmental conditions, particularly drought, and good coverage of the
vertical wall.
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OM Organic Matter
N Cardinal Point North
E Cardinal Point East
S Cardinal Point South
W Cardinal Point West
NT North Treated
NM North Control
ET East Treated
EM East Control
ST South Treated
SM South Control
WT West Treated
WM West Control
RT Red Treated ‘Blackie’
RM Red Control ‘Blackie’
GT Green Treated ‘Margarita’
GM Green Control ‘Margarita’
Cla Chlorophyll a
Clb Chlorophyll b
Carot Carotenoids
LU663, LU645, LU470 Wavelengths
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