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Abstract. This study was conducted to assess the growth performance
of Amaranthus cruentus on spent-engine-oil- (SEO) contaminated soil
bioremediated with bacterial inoculants and processed biostimulants:
compost, sole cocoa pod husk (CPH), and sole cow dung (CD). SEO with
5%, 10%, and 15% densities was artificially contaminated with sterilized
soil. Subsequently, biostimulants and bacterial inoculants, Staphylococcus
aureus and Bacillus cereus, were applied. The treatments were replicated three
times, adopting a completely randomized design. After the biodegradation
assay that lasted for 70 days, Amaranthus cruentus seeds were sown, while
its growth parameters, plant height, number of leaves, and stem girth were
monitored for 6 weeks after sowing (WAS). The results generated indicate that
the applied biostimulants and bacterial inoculants accomplished significant
(P < 0.05) reclamation of the SEO-contaminated soil as the test plant recorded
substantial growth compared with the controls that recorded no growth. At
2 WAS, compost influenced the highest plant heights (6.5, 7.4, and 7.5 cm)
compared with other biostimulants at 5%, 10%, and 15% SEO contamination
levels respectively. At 4 WAS, all biostimulants produced the same number of
leaves (5.0) at 5% SEO contamination level, the compost recorded the highest
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number of leaves (6.0) at 10% SEO contamination level, while all biostimulants
produced the same number of leaves (4.0) at 15% SEO contamination level. The
study showed that the combination of biostimulants and bacterial inoculants
significantly reclaimed SEO contaminated soil. Therefore, reclamation of
petroleum-impacted environments with the combination of biostimulation
and bioaugmentation is recommended.

Keywords: Amaranthus cruentus, bacterial inoculants, biostimulants, spent
engine oil, contaminated soil

1. Introduction

Amaranthus cruentus is a common leafy vegetable cultivated in all regions in
Nigeria and in other West African countries [1]. This vegetable has a fast growth
rate, and it is planted all year round, with irrigation in areas with minimal rainfall.
There is a high demand for this crop, especially in urban areas, where no primary
cultivation of the crop takes place [2]. This has led to making this vegetable an
important commodity in our market and to generating an important economic
activity for rural women [3]. This vegetable is highly nutritional because of its
high content of essential micronutrients such as iron, manganese, and zinc [4].
According to [3], the protein found in the young plants of amaranths can be
essential for people who have no access to animal sources of protein.

In Nigeria, the indiscriminate disposal of spent engine oil (SEO) is a rampant
practice which invariably leads to the pollution of agricultural land, thereby
rendering such land unsuitable for the cultivation of crops [5]. It has been reported
by [6] that considerable quantities of petroleum hydrocarbons have the capability of
sterilizing the soil, thereby stopping crop growth and yield for a long period of time.
According to [7], antagonistic impacts of SEO ranging from reduced germination
of seeds, reduced yield, and increased uptake of toxic components of SEO have
been detected on plants grown in SEO-polluted soils.

Bioremediation technology is a technique used to restore an environment
previously impacted by hydrocarbon contamination. [8] and [9] have reported
the cost-effectiveness and eco-friendly nature of bioremediation technology in the
treatment of petroleum hydrocarbon and other hydrocarbon-related environmental
pollution. [10] reported on the biostimulatory effect of organic fertilizer on
hydrocarbon-polluted soil in the lowland forest ecosystem in the Niger Delta
region of Nigeria. The authors reported that the enhanced natural attenuation
process adopted in their study yielded a significant reduction and an acceptable
threshold in the total petroleum hydrocarbon (TPH) values with improved nutrient
concentrations and bioavailability recorded at the end of the experiment when
compared with the high TPH values measured at the start of the experiment. This
study was, however, conducted with a view to assessing the growth performance
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of Amaranthus cruentus on SEO-contaminated soil biostimulated with compost
made of cocoa pod husk (CPH) and cow dung (CD), sole CPH, sole cow dung (CD),
and bicaugmented with Staphylococcus aureus and Bacillus cereus co-culture.

2. Materials and methods
Experimental site

This research was conducted at the Teaching and Research Farm of the Federal
University Dutse, Jigawa State, Nigeria. According to [11], Dutse is located at
latitude 110 46°39”N and longitude 90 20’3”E. The area is known for its undulating
relief, which is principally categorized as Sudanese savannah agro-ecological
zone [12].

Collection and processing of biostimulants

The three (3) bio-enhancement formulations, compost (generated from the
composting of CPH and CD), sole CPH, and sole CD, employed for biostimulation in
this study were collected and subsequently processed according to the procedures
described by [13] and [14].

Collection and processing of soil

As done by [15], 250 kg top soil (0-25 cm depth) that had not had any history
of pollution was collected from four different points in the area situated behind
the Department of Soil Science, Federal University Dutse main campus. The soil
was air-dried and bulked with a view to producing composite sample.

Collection of spent engine oil

Twenty (20) litres of SEO was obtained from one of the service pits in Mechanic
Village Dutse, Jigawa State.

Isolation and identification of the inoculant bacteria adopted
for bioaugmentation

Ten (10) g of soil that had been naturally polluted with SEO was collected at
a depth of 5 cm from the Dutse mechanic village. The bacterial isolate that was
adopted as co-culture inoculant in this study was isolated from a SEO-polluted soil
by applying the procedure as described in [16], and it was subsequently identified
according to the procedures outlined by [17].
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Determination of the physicochemical properties of the samples

Soil samples taken from natural soil, SEO-polluted soil, and organic materials
employed in this study were subjected to various analyses ranging from pH values
to electrical conductivity (EC) in deionized water (1: 2.5 w/v for soil, and 1: 5 w/v
for organic materials). Organic carbon was analysed via the modified Walkley—
Black procedure [18], while the cation exchange capacity (CEC) was determined
through the summation method described by [19]. Total nitrogen and phosphorous
contents of all the samples were estimated through the Kjeldhal and Bray-1 method
in reference to [20] and [21]. The soil mechanical analysis was similarly determined
by the hydrometer method described by [22].

Preparation and contamination of soil

As established by [23], the bulked soil was sieved with 2mm mesh size. The
soil was autoclaved at 121 °C for 15 minutes so as to expunge the extraneous effect
of undesirable microbial life. Subsequently, the sterile soil that had undergone
autoclaving weighing 1.5 kg was put into 108 polyethylene bags and 75 ml, 150
ml, and 225 ml (w/w) SEO levels were added separately, indicating 5%, 10%,
and 15% contamination levels respectively. As suggested by [15], the soil and
the varying contamination levels with SEO were meticulously mixed together
and left undisturbed for 14 days so as to ensure the desirable volatilization of the
toxic components of the oil.

Biodegradation experiment

The biodegradation assay conducted in this study was done according to the
procedures described by [14]. This involved a bacterial co-culture, which was
bioaugmented with the SEO-contaminated soil in each experimental bag apart
from the controls, which did not receive such bioaugmentation and biostimulation.
All the 108 polyethylene experimental bags were subsequently incubated at room
temperature for 70 days, as outlined by [24].

Experimental layout
The experiment was set up by adopting a completely randomized design,

whereby three (3) replicates were employed for each biostimulant and each SEO
contamination level.
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Screen house experiment

After 70 days of bacterial remediation of SEO from the soil, the sowing of
Amaranthus cruentus seeds was done as established by [15]. This was done with
a view to assessing the growth performance: plant height (measured in centimetres
using a metre rule), stem girth (measured in centimetres using a metre rule), and
number of leaves (counted visually) of the test crop on bacterial remediated SEO-
contaminated soil. As outlined by [25], five seeds of Amaranthus cruentus were sown
directly into the experimental bags. Two weeks after sowing, it was thinned down
to one plant per experimental bag. The experiment was terminated at the 6™ WAS.

Statistical analysis

All data collected were subjected to analysis of variance (ANOVA) using GenStat
version 17, while Duncan’s multiple range test (DMRT) was employed to separate
significant means at 5% level of significance.

3. Results and discussions

Physicochemical properties of biostimulants and soils

The determined properties of the biostimulants and soils are presented in
Table 1. The sum of exchangeable bases (SEB) of the compost, sole CD, and sole
CPH used in this study recorded 221.7 cmol kg, 82.1 cmol kg*, and 166.15 cmol
kg respectively, while the SEB of the natural soil devoid of pollution and SEO-
contaminated soil employed in this study recorded 3.51 cmol kg and 1.05 cmol
kg* respectively. The compost, sole CD, and sole CPH recorded 213.16 cmol kg,
80 cmol kg, and 162 cmol kg potassium respectively. pH in water obtained from
the soils shows that it was slightly acidic, while pH obtained from the compost,
sole CD, and sole CPH was slightly alkaline to alkaline as shown in Table 1.
This alkalinity can be linked to the high levels of exchangeable bases, which are
characteristic of organic materials as shown in Table 1.

Table 1. Physicochemical properties of soils and biostimulants

Parameters Natural SEOCS Compost  Sole CD  Sole CPH
soil

Moisture content (%) 2.04 0.8 2.0 7.3 11.11

Ash content (%) - - 65 68.8 23

pH (water) 6.5 6.8 9.45 8.15 7.6
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Parameters Natural SEOCS Compost  Sole CD  Sole CPH
soil

Organic carbon (%) 0.49 0.52 48.25 41.55 33.40

Total nitrogen (%) 0.06 0.08 5.85 2.85 2.65

Available phosphorous 11.02 9.40 1.48 1.2 0.08

(mg kg-1)

EC (dS cm-1) 0.92 1.20 8.86 8.10 6.42

Exchangeable bases

(cmol kg-1)

Potassium 0.19 0.07 213.16 80 162

Calcium 1.82 0.63 4.8 0.2 1.6

Magnesium 0.92 0.18 3.24 1.5 2.45

Sodium 0.58 0.17 0.5 0.4 0.1

SEB 3.51 1.05 221.7 82.1 166.15

Particle size (g kg-1)

Clay + Silt 420 200 - - -

Clay 100 120 - - -

Silt 320 80 - - -

Sand 580 800 - - -

Textural class Sandy Loamy - - -
Loam Sand

Note: - = Nil; SEOCS= Spent-engine-oil-contaminated soil; SEB= Sum of exchangeable bases.

Effects of biostimulants on the growth of Amaranthus cruentus on
spent-engine-oil-bioremediated soil

Results recorded with regard to the effect of the biostimulants on the plant
height of Amaranthus cruentus were significant (P < 0.05) at 2 WAS, 4 WAS,
and 6 WAS. Compost influenced the highest plant heights (6.5, 7.4, and 7.5 cm)
compared with other biostimulants at 5%, 10%, and 15% SEO contamination
levels respectively (Table 2). At 4 WAS, the compost further recorded a significant
increment in plant heights (10.8 and 11.2 cm) at 5% and 15% SEO contamination
levels respectively, while sole CPH produced the highest plant height (18.3 cm)
at 10% SEO contamination levels compared with other biostimulants (Table 3).
Compared with other biostimulants at 5% and 15% SEO contamination levels,
the compost produced the highest plant heights (28.3 and 28.2 cm respectively) at
6 WAS, while sole CPH recorded the highest plant height (30.5 cm) at 10% SEO
contamination level compared with other biostimulants (Table 4).
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Table 2. Growth of test crop on bioremediated spent-engine-oil-contaminated
soil at 2 WAS

SEO-contaminated levels
5% 10%  15% 5% 10% 15% 5% 10%  15%

Biostimulants Plant height (cm) Number of leaves Stem girth (cm)

Compost 6.5°¢ 7.4 7.5% 3.7% 4.0° 3.7% 0.64 0.8° 0.5°
CPH only 6.4¢ 7.2b 5.9d 4.0° 3.72 3.7% 0.9" 1.2 0.5°
CD only 5.4¢ 6.04 4.1f 4.0° 4.0° 3.3* 0.8¢ 0.6¢ 0.3f
Control 0.08 0.08 0.08 0.0° 0.0° 0.0° 0.0 0.0 0.0

Note: Means with the same letters in each column are not significantly different using
Duncan’s multiple range test (DMRT); (P > 0.05).

Table 3. Growth of test crop on bioremediated spent-engine-oil-contaminated
soil at 4 WAS

SEO-contaminated levels
5% 10% 15% 5% 10% 15% 5% 10% 15%

Biostimulants Plant height (cm) Number of leaves Stem girth (cm)

Compost 10.8¢ 17.8> 11.2¢° 4.7° 5.0% 4.3b 1.4¢ 1.5 1.4¢
CPH only 15.4¢ 18.3* 11.0f 4.3> 5.7° 4.3> 1.2°¢ 2.4 1.2¢
CD only 12.54 8.3" 6.8! 5.0 4.3> 4.3b 1.3 1.2¢ 0.8¢
Control 0.0 0.0/ 0.0 0.0¢ 0.0¢ 0.0¢° 0.0f 0.0f 0.0f

Note: Means with the same letters in each column are not significantly different using
Duncan’s multiple range test (DMRT); (P > 0.05).

Table 4. Growth of test crop on bioremediated spent-engine-oil-contaminated
soil at 6 WAS

SEO-contaminated levels
5% 10% 15% 5% 10%  15% 5% 10%  15%

Biostimulants Plant height (cm) Number of leaves Stem girth (cm)

Compost 28.3¢  28.6> 28.24 8.0° 9.0° 8.0 2.6°¢ 2.7° 2.54
CPH only 23.00  30.5¢ 23.3° 8.0¢d 10.0° 7.0° 2.3f 2.8* 2.6°
CD only 21.6¢ 20.8" 20.3! 8.0 7.0¢ 7.0¢ 2.54 2.4¢ 2.4¢
Control 0.0/ 0.0/ 0.0/ 0.0f 0.0f 0.0f 0.08 0.08 0.08

Note: Means with the same letters in each column are not significantly different using
Duncan’s multiple range test (DMRT); (P > 0.05).
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All the biostimulants significantly enhanced the number of leaves of Amaranthus
cruentus on all the SEO contamination levels employed in this study (P < 0.05). At
2 WAS, both sole CPH and sole CD produced the highest number of leaves (4.0),
compost and sole CD produced the highest number of leaves (4.0), while compost
and sole CPH recorded the highest number of leaves (3.7) at 5%, 10%, and 15%
SEO contamination levels respectively (Table 2). At 4 WAS, sole CD produced the
highest (5.0) number of leaves, sole CPH produced the highest number of leaves
(5.7), while all the biostimulants recorded the same number of leaves (4.3) at 15%
SEO contamination level (Table 3). At 6 WAS, all the biostimulants produced
the same number of leaves (8.0), sole CPH produced the highest (10.0) number
of leaves, and the compost produced the highest (8.0) number of leaves at 5%,
10%, and 15% SEO contamination levels respectively (Table 4). In this study,
the number of leaves significantly decreased in the test crop cultivated on SEO
soil, and it can be clearly seen that these decreases were followed by successive
increases in SEO intensity. This finding is in line with the report of [26], where a
decrease in the number of the leaves of amaranth crop grown in SEO-contaminated
soil was documented.

The stem girths of all Amaranthus cruentus sown and measured in this study
were significantly enhanced by all biostimulants employed (P < 0.05). Explicitly, at
2 WAS, compared with other organic amendments employed, sole CPH produced
the best stem girths (0.9 and 1.2 cm) at 5% and 10% SEO contamination levels
respectively, while both compost and sole CPH produced statistically similar stem
girth (0.5 cm) at 15% SEO contamination level (Table 2). Compared with other
organic amendments utilized in this study, the compost produced the best stem
girth (1.4 cm) on both 5% and 15% SEO contamination levels, while sole CPH
produced the best stem girth (2.4 cm) at 10% SEO contamination level at 4 WAS
(Table 3). At 6 WAS, compared with other amendments, compost produced the best
stem girth (2.6 cm) at 5% SEO contamination level, while sole CPH only produced
the better stem girths (2.8 and 2.6 cm) at 10% and 15% SEO contamination levels
respectively (Table 4).

Generally, the growth performance of Amaranthus cruentus planted on the
SEO-bioremediated soil in this study was poor. The results are in agreement
with the report of [27] on the poor performance of horticultural crops planted
in crude-oil-polluted farms compared to those planted in unpolluted farms. In
this study, Amaranthus cruentus seeds sown on all the experimental pots used
as control did not germinate at all. The inability of the seeds to germinate can be
ascribed to their sensitivity to the residual effect of the SEO content still obtainable
in the soil after the termination of the biodegradation experiment. This finding
corroborates the report of [6] on the ability of petroleum hydrocarbons to institute
soil sterility, thereby preventing seed germination, crop growth, and yield. Similar
to the findings in this study, [28] have reported that the presence of petroleum
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hydrocarbons adversely affects the germination and growth of plants in soils. It has
been reported by [29] that petroleum hydrocarbons affect the growth of plants by
creating conditions which enable vital nutrients in the form nitrogen and oxygen
required for plant growth unobtainable for utilization.

The significant growth of Amaranthus cruentus observed with the bioremediated
SEO-contaminated soil in this study is not unconnected with the bioremediating
synergy attained by the bioenhancement formulations adopted. The significant
results obtained on all measured agronomic parameters are in agreement with
[15], who reported the ability of organic amendments in the reduction of adverse
effects accruable from the presence of hydrocarbon-related pollution. A similar
submission on the ability of organic amendments to enhance the growth parameters
of Amaranthus cruentus significantly has been reported by [3].

As shown in this study, a similar observation made by [30] showed that the
germination of seeds and the growth parameters of plants can be negatively
affected by the deleterious effects of hydrocarbons. The significant growth
parameters of Amaranthus cruentus recorded in this study could be credited to the
supplementation of the SEO-contaminated soil with organic nutrients that aided
significant bacterial reclamation of the contaminated soil. A similar submission
was made by [31] on the ability of biostimulation and bioaugmentation to restore
hydrocarbon-polluted soil, thereby attaining significant improvement in the growth
of the test crops employed in their respective studies.

Conclusions

The study revealed that SEO was significantly removed from the SEO-con-
taminated soil that was subjected to bioremediation technology compared to
the control. The results obtained in the screen house experiment performed to
evaluate the growth parameters, plant heights, number of leaves, and stem girths
of Amaranthus cruentus, with a view to assessing a possible bacterial reclamation
of the SEO-contaminated soil that had undergone bioremediation for 70 days, show
that a significant performance was recorded compared with the experimental
bags adopted as control, which recorded no germination of the sown Amaranthus
cruentus seeds.

Recommendation

Based on the results obtained in this study, the combination of bioaugmentation
and biostimulation methods adopted for the reclamation of SEO-contaminated
soil employed is hereby recommended for the clean-up of hydrocarbon-impacted
environments.
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Abstract: Climate change is one of the leading challenges of this century with
an impending threat to wipe out more vital butterfly species than ever before.
Climate shift has the potential to affect their life cycles, flight times, essential
bio-interactions, and ultimately survival. As the first such study in India, this
case study highlights the inferential discussion on the importance of butterflies
in maintaining the earth’s fragile ecological balance and consequently the
impact of climate change upon them with inadvertent implications. Due to
the shifting climate, a number of butterfly species are now migrating to newer
places in their search for comfortable temperature and availability of food,
as the reduction/loss/change of habitat lowers the diversity of microclimates
and availability of food plants for larvae and adult butterflies. Consequently,
the butterflies become even more vulnerable to natural perturbations and
susceptible to predators and local extinctions.

Keywords: climate, survival, interactions, species, balance, ecological

1. Introduction

Butterflies belong to the kingdom of Animalia, the phylum Anthropods, and
the class Insecta. The anatomy of a butterfly consists of antennae, compound eyes,
proboscis, six segmented legs, and sense organs [1, 2].

The families are mostly classified into Papilionidae (swallowtails), Nymphali-
dae (brush-footed), Pieridae (whites and yellows), Lycaenidae (blues), and
Hesperiidae (skippers) [3, 4]. A butterfly has mainly 4 stages in its life cycle.
The early stage is the egg stage, wherein they are the size of a pinhead and are
mostly fixed to the leaf with an adhesive substance which hardens rapidly so
that eggs can withstand the roughest winds and rains. This stage lasts for about
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4 days, provided the weather conditions are favourable. The second stage is
the caterpillar stage, wherein they first feed on their eggshells and then on the
leaves, flower buds, and even fruits of the larval host plant [5]. This stage lasts
for one to six weeks. Further, the caterpillar sheds its skin and gets transformed
into the pupa, which is soft at first, and it later hardens, which process may last
for one to six weeks. Thereafter, the caterpillar gets its wings and body parts
and becomes an adult butterfly. In the last stage, the butterfly emerges with its
wings which are wet, soft, and crumpled [6]. Compilations under Plate 1 and
Plate 2 represent the various life stages for Common Jezebel (Delias eucharis)
and Peacock Royal (Tajuria cippus) respectively.

Plate 1. Different life stages of Common Jezebel
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Life Cycle of Tajuria cipus cipus (Peacock Royal)

Plate 2. Different life stages of Peacock Royal

Once emerged, the butterflies fly to find nectar, mate, and continue their lifecycle.
This is very commonly observed in Indian Peacock Royal (Tajuria cippus — Plate 3)
and Gaudy Baron (Euthalia aconthea — Plate 4). While most butterflies, such as
Common Jay (Graphium doson — Plate 5), feed on nectars, certain other butterfly
species, such as Crimson Rose (Pachliopta hector — Plate 6) or Common Jezebel
(Plate 7), also feed on tree sap, dung, pollen, and rotting fruit. Field visits even
confirm that the families of Rajahs and Nawabs, including Common Nawab
(Polyura athamas — Plate 8) and Black Rajah (Charaxes solon — Plate 9), also
feed on dead and decaying prawns and crabs, while certain other species, such
as Metallic Cerulean (Jamides alecto — Plate 10), are attracted to bird droppings,
sweat, and blood [7].

To satisfy their need for sodium, butterflies, such as Common Lime (Papilio
demoleus — Plate 11), are often seen together feeding on small puddles on the
ground or wet areas on leaves and plants [7].
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Plate 3. Indian Peacock
Royal
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Plate 15. Brown Argus* Plate 16. Monarch* Plate 17.
Variable Checkerspot*

Butterflies are known to perform various ecological functions, including effective
pest control and pollination. For instance, cruisers (Vindula arsinoe — Plate 12)
provide assistance for genetic variations in the plant species as they collect nectar
from a variety of plant species as they travel over long distances. This helps
the plants fight against diseases and gives them a better survival chance. Hence,
the depreciation of butterfly biodiversity can subsequently impact the natural
environment, wherein their presence suggests a vital and healthy ecosystem, and
their absence indicates a serious decline of the ecosystem.

For example, their action of shifting bases or their absence can result in an
upslope movement of the flora and also in time-lag scenarios, as floral species
migrate comparatively slower, consequently resulting in the decline of their
population. The limited dispersal ability, larval food plant specialization, and
close reliance on weather and climate make many butterfly species sensitive to
fine-scale changes [8]. This is a vicious cycle, as the scarcity of plant resources
(host and larval plants) can lead to loss of species due to territorial conflicts.

Sparsely available literature on research conducted outside India highlighted the
impact of climate change on various aspects (feeding habits, distribution, etc.) at
large spatial scales with regard to butterflies such as Adonis Blue (Polyommatus
bellargus — Plate 13), Silver-Spotted Skipper (Hesperia comma — Plate 14), Brown
Argus (Aricia artaxerxes — Plate 15), Monarch (Danaus plexippus — Plate 16), and
Variable Checkerspot (Aricia agestis — Plate 17). Temperature as a parameter was
found to be an important factor for all these species on account of shifting to higher
latitudes and elevations. While Adonis Blue showed variation in its associations with
different grassland habitats according to seasonal variations in weather [9], the Silver-
Spotted Skipper expanded the range of locations where it lays its eggs in response to
increased ambient temperatures, and it colonizes in the cooler regions [10]. Brown
Argus butterflies, a British butterfly species, have already made climate change history
by becoming the first known animal of any kind to lose the ability to eat one of two
plants in their diet and lay eggs in a climate-related move, as global warming forced
them to move to a new environment and adapt their behaviour [11].
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While climate change is also a potential threat to the annual migration pattern of
the Monarch butterfly by affecting weather conditions in both wintering grounds
and summer [12], Variable Checkerspot, due to the mismatched timing with their
caterpillar host plants, is directly threatened by climate change and thus habitat
destruction due to the butterfly’s sensitive reliance on meadows [13].

In contrast with the above cited foreign literature, Indian studies highlighting
impact of climate change have focussed less upon distribution patterns and habitat
associations of butterflies [14, 15, 16]. The present study attempts to fill this gap
in the literature by analysing the basic feeding/migratory/survival behaviour of
a few common species of butterflies and the subsequent implications on account
of the climate change phenomenon. The research methodology included primary
data collection. This was achieved by undertaking monitoring at Butterfly Parks
in Kendriya Vidyalaya No. 1, Bannerghatta National Park, and Sammilan Shetty’s
Belvai Butterfly Park. The exercise was also extended while carrying out surveys
at Arkavathi RF, Shendurney WS, Munnar WS, Namdapha NP, Hessaraghatta
Grasslands, Horagina Betta Peak, Jnana Bharathi Campus, and GKVK. Further,
credible secondary data was also referred.

2. Observations and inferences

Blue Tigers (Tirumala limniace — Plate 18) and Dark Blue Tigers (Tirumala
septentrionis — Plate 19), known to roost and migrate extensively during the
monsoons in southern India, sometimes travel longer distances to and from areas
which are only suitable at certain times of the year. By doing so, they try to
avoid unfavourable circumstances, including extreme weather, food shortage, or
overpopulation. They breed in the mountains, and the progeny migrate back to the
plains following the monsoon season [17]. It is understood that this species is trying
to avoid heavy rainfall so as to facilitate breeding. Under these circumstances, it
is important to realize that climate change is bringing about unpredictable bursts
of intense rainfalls and erratic behaviour, also in terms of approach and delays.
This may have a significant impact on butterflies during migration, alter migratory
routes, disturb breeding grounds, and wash out or destroy eggs.

Common Emigrant (Catopsilia Pomona — Plate 20) and Common Albatross
(Appias albina — Plate 21), known to have strong migratory habits, can be seen
flying in dozens, mud-puddling, travelling up and down the rivers (migration
corridors), linking their high and low elevation breeding sites.

During these migrations, both sexes, but especially the male, can be observed
puddling in large groups on sunlit river banks and sandbars, where they settle for
long periods to imbibe mineralized moisture [18]. In this context, it is important
to realize that climate change has a significant impact on the flow patterns of
rivers, resulting in both extreme cases, i.e. drying up of river beds and flooding.
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Plate 18. Blue Tiger Plate 19. Dark Blue Tiger Plate 20. Common
roosting Emigrant

Plate 21.
Common Albatross

Plate 24. Plate 25. Common Rose Plate 26. Red Admiral
Common Palmfly

Both of these physical transformations can have disastrous consequences for
butterflies. While drying can result in loss of the natural migratory path, greater
threat of predators, and natural competition along newer migratory routes, flooding
can lead to the destruction of banks that otherwise would have served as puddling
grounds rich in minerals.

During summer, adult Common Crows (Euploea core — Plate 22) live for about
1-2 months, but a Crow butterfly that has overwintered can live as long as 9 months.
While overwintering, these butterflies are in a state of reproductive dormancy, and
their life is on hold as they do not eat or drink very much; and the fat content of
their bodies declines steadily from around 18-25% for over about a month. Also,
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despite the fact that they are all together in one spot, they do not breed during
the aggregation [19]. Even after reaching Sahyadri, they continue to remain in
reproductive diapause for the first few weeks before mating [20]. This behaviour
of a very commonly found butterfly such as Common Crow proves that, as an
indicator of climate change, they themselves are extremely sensitive to even the
minute changes in the environment. Under these circumstances, it is important
to realize that climate change presents unexpected, untimely, and sometimes
prolonged climatic alterations; and these potentially have the power to wipe out
rare or endangered species among butterflies which may fail to keep up. Also,
prolonged reproductive diapause and timings can become complicated based on
climate-dependent aspects such as availability of mates, host and larval plants.

Orange-tip Butterflies (Anthocharis cardamines — Plate 23) are high-altitude
butterflies, which are known to move to places more suitable to them. This is
because climate change holds the potential to introduce the total transformation
of any location’s microclimate, which can result not only in the loss of breeding
grounds but also in the permanent shifting of base of butterflies. This change
of bases can also directly impact the floral population, as butterflies are also
pollinators, eventually resulting in the denudation of soil or the loss of a specific
plant species, which, in turn, can result in the loss of a potential host plant or
larvae plant for this particular as well as some other butterfly species.

If Common Palmfly (Elymnias hypermnestra — Plate 24) and Common Rose
(Pachliopta aristolochiae — Plate 25), which is a major pollinator of both wild and
cultivated plants at higher altitudes, migrate completely or become extinct, then
a significant decline in viable seed production may occur.

Red Admirals (Vanessa atalanta — Plate 26), which generally prefer warmer
climate, now are seen to regularly migrate due to increasingly non-favourable
conditions [11]. This is because climate change has apparently altered the seasons
in terms of their occurrence, arrival, and ending time. Consequently, most species
started to appear progressively earlier in the year; hence, this leads to a chaotic
feeding pattern followed by usual and newer predators, which can wipe out entire
species on account of prey scarcity.

Birds plan their whole breeding season around when caterpillars will be most
abundant. If butterfly and caterpillar numbers are depleted, there will be no
sufficient food for birds, and plants would be affected because of the reduced
numbers of birds to pollinate them. Also, butterflies are essentially prey for
several other species in the food chain, such as crab spider (Plate 27) or robber
fly (Plate 28), which solely depend on them. In this context, as the populations of
butterflies diminish, predator populations decrease as well, alongside the essential
ecological functions they perform [21].
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Plate 27. Plate 28.
Crab spider’s prey Robberfly’s prey

4. Conclusions

A prime concern is that different species of butterflies respond to climate change
differently, and also within the same species the responses will be manipulated by
the characteristics of the location. This will lead to territorial conflicts and inter-/
intraspecific competition behaviours.

Several butterfly species have ceased to be spotted in Bangalore proper, and
this subsequently has impacted essential ecological functions, thereby impairing
ecological balance. The present research urges increased awareness in conservation
plans and guidelines for common, rare, and endangered species among butterflies.
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Abstract: Ticks can be a major concern for humans and animals alike through the
transmission of various viral and bacterial diseases. Ticks have also developed
tolerance to several active compounds due to intensive insecticide treatments.
The excess use of insecticides against ticks worldwide is mostly environmental
contamination rather than effective control. Thus, information about the useful
chemicals is essential. Dermacentor marginatus and Dermacentor reticulatus
individuals were tested, being collected in Transylvania, near the city of
Targu-Mures, Romania. The experiment was performed under laboratory
conditions in two replicates, using a total of 420 ticks and 19 insecticides.
The best results were achieved with alpha-cypermethrin and pyrethrin.

Keywords: infestation, tolerance, pyrethroids, organophosphates, disease

1. Introduction

Ticks are highly specialized, obligate, ectoparasitic arthropods [1]. Ticks feed
on the blood of terrestrial mammals, birds, and reptiles, and they can introduce
pathogens into the host. The adult female begins to lay eggs after several days of
feeding (6—12 days). Depending on the species, it lays 1,000—18,000 eggs [2]. They
can travel several kilometres on their host and can reach other continents too on
migratory bird species [3].

Many new diseases are transmitted by arthropod vectors. Mosquitoes spread
malaria, dengue-dengue fever, and yellow fever [4], [5], sand flies transmit
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leishmaniasis [6], ticks transmit Lyme disease, ehrlichiosis [7], [8], babesiosis,
or anaplasmosis [9]. Tick-borne diseases are an important cause of losses to the
livestock industry. Worldwide losses due to ticks and controlling them have
been estimated at several billion dollars annually [10]. The main problem is the
transmission of a wide spectrum of pathogenic microorganisms [10]. In some
regions, Dermacentor spp. are important vectors of bovine anaplasmosis and
babesiosis. There are several species that play an important role in human medicine
as vectors of rickettsial diseases such as the European canine babesiosis [10]. The
first case was reported in Croatia in 1957 [11]. The most common symptoms are
high fever, headache, vomiting, and diarrhoea. Older people may also have more
severe symptoms such as kidney failure and, ultimately, death [12].

Insecticide tolerance has been detected in many major vector species, and the list
is constantly expanding. Resistant or tolerant populations have also been reported
in several tick species [13]. Insecticide tolerance has a biochemical basis, and
two main forms are known: target-site tolerance, in which case the insecticide is
no longer able to bind to the binding spot because it changes, and enzyme-based
(metabolic) tolerance, which occurs when oxidases or esterases show increased
activity and prevent the activation of the active substances [13]. These esterases
contain six families of proteins belonging to the a/f-hydrolase superfamily [14]. The
term multiple tolerance is used when pests can tolerate two or more insecticides
with significantly different modes of action [15].

Experiments in Mexico have shown that the Rhipicephalus microplus tick has
developed multiple tolerance to widely used organophosphates and pyrethroids
[15]. A study in Queensland, Australia, showed that 5 treatments per season
is already a risk factor for acaricide tolerance [16]. Researchers in Argentina
reported similar results. Cattle ticks have developed tolerance to pyrethroids and
organophosphates [17].

It is also important to mention the mode of action of insecticides. Organophosphates
belonged to the first group of chemical compounds, which were also used against
arachnids. They are inhibiting the enzyme acetylcholinesterase [18]. Decreases in
sensitivity to the organophosphates used were recorded in the early 1950s, and today
ticks have developed tolerance against 30 organophosphates in 40 countries [19].
Pyrethrins are produced from Chrysanthemum cinerariaefolium and C. coccineum,
and a limitation in their application was that they decomposed to UV light and
oxidation [20]. As a result, synthetic but more stable pyrethroids were produced.
Their mode of action is exerted by blocking the permeability of Na*-ion channels,
creating a permanent stimulus [20]. In the case of neonicotinoids, the mechanism
of action is mediated by the inhibition of acetylcholine binding to the receptor [21].
Excess use of insecticide against ticks is widely practised worldwide and is mostly
environmental contamination rather than effective control. Thus, information about
the useful chemicals is essential to reduce environmental pollution.
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Model species: The most common species in Romania belong to the Ixodidae
and Argasidae families [22]. By integrating the literature data with those derived
from personal investigations, the authors present the distribution of the 27 tick
species (25 ixodids and 2 argasids). In our experiment, two members of the Ixodidae
family, namely Dermacentor marginatus and Dermacentor reticulatus, were used.
The Eurasian Dermacentor tick species, Dermacentor marginatus (Sulzer, 1776) and
Dermacentor reticulatus (Fabricius, 1794), are extremely common in Europe [23].
Dermacentor reticulatus is the second most common tick in Central Europe after Ixodes
[24]. It is more present in the cooler zones. Its geographical location shows almost the
same range as Dermacentor marginatus, from northern Portugal through Kazakhstan
to western Siberia, but generally further north than Dermacentor marginatus [25]. In
Hungary, they occur on xerophilic plants located near oak forests [26]. Dermacentor
marginatus lives on steppes, alpine pastures, forest clearings, and semi-desert areas.
In Germany, it particularly prefers open meadows, while in Italy it prefers open oak
forests and dry meadows. It is found in the south of France from sea level up to 960
meters above sea level [27].

Objectives: Our first aim was to get a more accurate picture of the insecticide
tolerance of tick populations (Dermacentor marginatus and Dermacentor reticulatus)
collected from one of the most infected regions in Transylvania, near Targu-Mures
city, Romania. We consider that the tick population from this region can reasonably
characterize the potential insecticide tolerance of the entire tick population in the
Carpathian Basin. The major objectives were therefore to detect the most efficient
chemicals and provide an effective control method to reduce excess chemical use
in the environment.

2. Materials and methods
2.1. Study area

The sampling procedure took place in an area of more than 10 hectares of
agricultural land, orchards, herb, vegetable garden as well as ornamental garden,
all belonging to the university campus. The area is bounded on the west by forests
and is located near the main international road.

2.2. Field collections of ticks and insecticide tolerance experiment

The collected individuals were Dermacentor marginatus and Dermacentor
reticulatus adults from different points of the infested territory. During the collection,
approximately 420 individuals were collected. The GPS coordinates are 46° 31’
19.4988” N 24° 36’ 0.4428” E. The sample collection point is marked with a red arrow.
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The planned concentration for each insecticide was measured, as shown in
Table 1. Two replicates were followed for each treatment. We used a total of 42
Petri dishes, two of which were used as control, where the treatment was pure
water. We put randomly 10 individuals in each Petri dish and sprayed them with
insecticides from the same distance. As no significant differences in mortality
rate between the two species were detected, we presented the results together.
Treatments were added until the substance formed a film surface on the tick bodies.
This is a similar effect as when a normal in-field treatment is planned.

Table 1. Insecticides and concentration levels used in treatments

Used conc.
Mode of action Active substance mg/l Commercial name
(act. subs.)
Acetylcholinesterase dimethoate Danadim Progress
(AChE) inhibitors pirimiphos-methyl 1,000 Actellic 50 EC
alpha-cypermethrin 50 Fastac 10 EC
Sodium channel delthametrin 25 Decis Mega 50 EW
modulators lambda-cyhalothrin 50 Karate Zeon 50 CS
pyrethrin 20 Pestanal
acetamiprid 100 Mospilan 20 SG
Nicotinic clotiniadin 250 Dantop 50 WG
acetylcholine receptor —. ; -
(nAChR) competitive imidacloprid 200 Nuprid 200 SC
modulators thiacloprid 240 Calypso 480 SC
thiamethoxam 125 Actara 25 WG
Glutamate-gated abamectin 9 Vertimec 1.8 EC
chloride channel
(GluCl) allosteric milbemectin 10 Milbeknock EC
modulators
Voltage-dependent
sodium channel indoxacarb 150 Steward 30 DF
blockers
g/f%:: t%;cévggsl?hlbltors hexythiazox 50 Nissorun 10 WP
Mitochondrial
complex III electron bifenazate 120 Floramite 240 SC
transport inhibitors
Mitochondrial fenazaquin 200 Magus 200 SC
complex I electron fenpyroximate 100 Ortus 5 SC

transport inhibitors

pyridaben 300 Sanmite 20 WP
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One minute after the treatment, the individuals were examined separately,
and this was repeated in every 15 minutes for one hour, and after that in every
hour. Observations were made once after 24 hours and again after 1 week. It was
previously detected concerning this mechanism that the gnathostome remained
open in a V-shaped form for all dead individuals in all cases. We believe that this
can be a method to detect mortality; however, no parallel action was detected for
these individuals either — they all were considered dead.

2.3. Data analysis

Data were analysed with PASW Statistics 18, release version 18.0.0 (29 June
2012). The original data normality was not met; therefore, the non-parametric
Mann—Whitney U tests was used to compare the treatments. Means with different
letters in diagrams represent statistically significant differences. Values were
considered to be significantly different at p < 0.05.

3. Results and discussions
3.1. Efficacy of pyrethroids

The treatment with the natural pyrethrin had an effective knock-down effect
against ticks (Figure 1). After one minute, 30% of the individuals were dead, and
after 15 minutes the mortality rate reached over 80%.
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Note: the different letters mean statistically significant differences.
Figure 1. Efficacy of pyrethrin on tick adults (Mann—Whitney test: p < 0.05)

The best effect was obtained with alpha-cypermethrin (Figure 2), which killed
all individuals after 30 minutes. Deltamethrin and lambda-cyhalothrin treatment
produced similarly good results; after 1 hour, the mortality rate was 100%.
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Figure 2. Efficacy of alpha-cypermethrin on tick adults
(Mann—Whitney test: p < 0.05)

3.2. Efficacy of organophosphates

Significant difference was found between pirimiphos-methyl treatment and the
control (Figure 3). After 3 hours, 10% of the individuals were dead, in 4 hours
the mortality rate reached 20%, and after 5 hours half of the adults were dead. 24
hours after the application of insecticides, the mortality rate was 80% and 20%
of the individuals showed weak signs of life. After 1 week, the mortality rate
reached 100%. The treatment with dimethoate yielded similar results, with the

difference that the first individuals died just after 24 hrs, and no live individuals
were found after 1 week.
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Note: the different letters mean statistically significant differences.

Figure 3. Efficacy of pirimiphos-methyl on tick adults
(Mann—Whitney test: p < 0.05)
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3.3. Efficacy of neonicotinoids

Imidacloprid and acetamiprid had no effect on ticks, all individuals were alive
after one week. The active substance clothianidin was also ineffective against ticks
— after 1 week, a single death was observed. The third member in this chemical
group was thiamethoxam, which proved to be completely ineffective, and no
dead individuals were found after 1 week, and the last member of the group was
thiacloprid. In this one case, the treatment was effective against ticks (Figure 4).
After 1 hour of treatment, 100% of the individuals showed weak signs of life, and
after 1 week the mortality rate reached 20%.
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Figure 4. Efficacy of thiacloprid on tick adults (Mann—Whitney test: p < 0.05)

3.4. The efficacy of avermectins

Both abamectin and milbemectin treatments have been shown to be ineffective
against ticks. In the case of abamectin treatment, all individuals were alive after
1 week, and in the case of milbemectin treatment, the mortality rate was around
10% after 1 week.

3.5. The efficacy of acaricides

The acaricides used in the experiment were not effective enough either. The
active substances fenazaquin and hexithiazox were ineffective on ticks, and we
did not find any dead individual after 1 week. The treatment with piridaben was
not effective, as the individuals were alive after a week. In the case of bifenazate
and fenpyroximate (Figure 5) treatments, dead individuals were found after 24
hours, but the mortality rate was around 60%, and all of the individuals died just
after a week.
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Figure 5. Efficacy of fenpyroximate on tick adults (Mann—Whitney test: p < 0.05)

3.6. The efficacy of oxadiazine

The treatment with indoxacarb had no effect against ticks: the mortality rate
remained 0% after a week.

Tick control in the infected area has been performed with pirimiphos-methyl for
the last 3 years. In the first two years, population control was relatively successful,
but in the third year the treatment proved unsuccessful, so we decided to collect
individuals and investigate the effects of marketed insecticides on the collected
individuals. According to these, a specific substance commercialized against ticks
(pirimiphos-methyl) was less effective with time, generating a low mortality rate of
ticks. As several other insecticides are commercialized as having acaricide effects
too, and other acaricides might also have weaker effect, testing these substances
to give a clear picture about their effects is extremely important.

Previous similar studies from Mexico and Argentina indicated that natural
populations of Rhipicephalus microplus (Canestrini, 1888) were found to be
tolerant to a number of pyrethroids [15], [17]. Another study from Brazil showed
that 578 tick larvae were tested for pyrethroids, and 97.44% of them were tolerant to
the treatment [18]. However, in our region, we got the best results with pyrethroids.
Alpha-cypermethrin and pyrethrin (after 1 h: 100% death or weak signs of life)
yielded the best results. 80% of the individuals died after the pyrethrin treatment
within 15 minutes. We found significant differences between the treatments and
the control. The mortality rate reached 100% after 15 minutes with the alpha-
cypermethrin treatment. Deltamethrin also had a good effect because all the ticks
were dead after 1 hour of the application.

In the case of organophosphates, there are several studies where the tolerance
has been well described. Two different strains of Bophilus were used in the U.S.A.
[28]. In the first case, a large number of female adults survived the dip treatment
and produced viable offspring. In the second case, similar results were obtained,
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but the tolerance ratio was higher, and the female adults were able to produce
viable offspring [28]. The treatments with dimethoate were not effective because
the individuals were dead just after 1 day of treatment. In the case of pirimiphos-
methyl, 10% of the individuals were dead after 3 hours, the mortality rate reached
20% in 4 hours, and half of the adults were dead after 5 hours. After 24 hours, the
mortality rate was 80%, and 20% of the individuals showed weak signs of life.

After nearly two decades of use, several target pests of neonicotinoids have begun
to develop tolerance [29]. In our experiment, the treatments with neonicotinoids,
with the exception of clothianidin, were totally ineffective against the ticks. The
mortality rate was near 60% upon the clothianidin treatment, but only after 1
week of the treatment.

Because of the intensive use of the macrocyclic lactones, partial tolerance has
been reported in R. microplus in different regions [30]. The exact mechanism is
still unknown, but some studies [31] concluded that tolerance in ticks might be due
to target-site insensitivity. We obtained almost the same results in our experiment.
The avermectins (abamectin, milbemectin) were ineffective because 100% of the
individuals were alive after one day of the application.

In the European Union, indoxacarb is approved as a topical spot-on flea control
product for dogs and cats, and, in combination with permethrin, as a topical
spot-on flea and tick control for dogs [32]. In our experiment, we used Steward
30 DF with indoxacarb as active compound, but it had no effect against ticks — the
mortality rate remained 0% after a week.

As ticks age, they become increasingly susceptible to acaricides [33]. But
populations of several tick species in tropical and subtropical countries have
developed high tolerance to compounds due to the high intensity of their use
in tick management [34], [35]. The treatments with acaricides contradicted our
expectations. Among these, fenpyroximate killed 50% of the individuals, but
only 1 day after the treatment; the other compounds were ineffective, and the ticks
were highly tolerant to treatments.

Altogether, the tolerance mechanisms seem to have both a genetic and a
behavioural background. From a genetic point of view, ticks can develop a tolerance
ifa compound is widely used, and these mechanisms can be passed on to the next
generations too.

From a behavioural point of view (which can be in fact combined with genetic
tolerance as well), ticks can move or can be moved artificially and/or accidentally
between regions. Several populations with different genetic backgrounds can
be mixed in this way, increasing tolerance mechanisms and their spread in the
population. Considering these effects, a continuous test of commercialized
insecticides and acaricides needs to be made periodically.

Insecticides that showed an effect only after 24 hours or a few days did not
prove to be effective because we cannot produce this maximum contact effect
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under natural conditions but only under laboratory conditions. These wisely used
chemicals are not recommended against ticks, as it will only result in high levels
of environmental contamination.

Based on our results, the treatments with alpha-cypermethrin, pyrethrin, and
other pyrethroids could have a good effect against Dermacentor species. We do
not recommend other chemicals for tick control.

4. Conclusions

In conclusion, Dermancentor marginatus and Dermancentor reticulatus species
collected from the campus of Sapientia Hungarian University of Transylvania
showed a high degree of tolerance to the majority of the 19 insecticides we tested.
Considering the treatments, we can conclude that pyrethroid treatments (alpha-
cypermethrin, deltamethrin, lambda-cyhalothrin, pyrethrin) were effective against
ticks, whereas neonicotinoids, avermectins, and even acaricide treatments were
almost completely ineffective. The desired effect was not achieved with the
organophosphates either, so it can be concluded that the two Dermacentor species
involved in the treatments have developed a high degree of tolerance in recent
years. We should mention the importance of insecticide rotation, more likely the
usage of insecticides with different modes of action to reduce and slow down
tolerance development and reduce excessive chemical use.
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Abstract: The restoration of historic gardens in Hungary puts an increasing
responsibility on the shoulders of management. The use of what might be
termed as “traditional horticultural approach” significantly increases the
needs and costs of garden maintenance. But if we do not fulfil this task,
heritage value can be lost and the former restoration efforts can become futile.
Today’s challenge is to find a balance between these two issues. This study
aims to develop the scientific foundations for practical solutions.

Keywords: heritage protection, maintenance, green space management,
research methodology

1. Introduction

The status of historic gardens in Hungary has changed significantly over the
last two decades. The possibilities for the research and restoration of these often
damaged and fragmented gardens were relatively limited in the past, but thanks to
the funding by the European Union, more than 20 gardens were restored between
2007 and 2013 [1]. Now 18 further sites have the chance for restoration (at least
the surroundings of mansions) by the National Mansion and Castle Programme
[2]. From the perspective of designed landscapes, the main preservation task is
clearly the restoration of the spatial structure. It means that the garden areas that
were neglected and afforested over the last century have to be cleaned of the
overgrowth in order to reveal the visual structure of the gardens thereby [3]. From
this practical fact and the fundamental idea that specifies gardens as living, plant-
based creations follows that constant management and maintenance is essential
in the conservation of the garden heritage [4].
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Reviewing the daily practice and the Hungarian literature on green space
management and maintenance [5], it becomes clear that currently the horticultural
approach and technologies are the methods used for the conservation of the garden
heritage. These works, regardless of their intensity, usually appear in the management
as an expense. The increased areas, following the restoration works, also have to be
maintained, so the resources of maintenance tasks have to be increased as well. This
phenomenon sets up a difficult situation for the management because maintenance
work cannot be done with tight financial background, and it can lead to loss of
heritage value and waste of restoration work. Solving this problem is a huge practical
challenge. For the development of a widely applicable solution, a proper scientific
foundation can serve as a great aid. Therefore, the authors’ collaborative research
is aimed to find landscape architectural tools for heritage protection by sustainable
maintenance. This article introduces the basic methodology of the topic.

2. Materials and methods

In order to examine the methods of the so-called conservative and sustainable
management of historic gardens, which is the aim of the research, it is necessary
to analyse the basic materials of the study. Thanks to the variety of historic garden
styles and their different management needs, the research is limited to designed
landscapes, also called English gardens, which are located on the historical
territory of Hungary. One of the reasons of the narrowed focus of the study is the
composition of the Hungarian historic gardens. The majority of historic gardens
are English style in our country, so the results will be widely applicable to develop
practical solutions. Another important reason is the idea of designed landscapes:
these aim at creating idealized landscapes, where humanity and nature can
cooperate in harmony [6]. English landscape gardens seem to be optimal models for
investigating the issue of sustainable management since the idealized landscape is
characterized by closeness to nature, based on ecological principles, to which the
human use is added. Human use appears in the form of the agriculture of the 19®
century, whereby the management solutions of today are expected to correspond
to this. Besides the economic and ecological aspects, the artistic factor is a further
main element as a social need. These components of sustainability clearly appear
in the ideology of designed landscapes. After defining the material of the research,
we had to study the restoration processes. The conclusion that can be drawn
from experiences of restoration practices is that one of the most significant tasks
is the restoration of spatial structure: to define and recreate the ratio of historical
grasslands and woodlands and the composition from the neglected structure [7].
The maintenance of the restored structure is one of the most crucial components
of the preservation. That is why the research narrows further the focus to gardens
with restored spatial structure or where the spatial structure is well preserved.
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After the recognition of adequate research materials, in order to define the
garden’s management structure, firstly we had to develop a methodology. What
can be considered as heritage value in a garden? How can we differentiate the
maintenance intensity needs of different parts of a garden? Which are the parts of
a garden where near sustainable technologies can be applied?

This paper describes the development of methodology, with one sample site
analysis, and the evaluation of the research approach. The site that has been chosen
for this study is the park of the Andrdssy Mansion in Betliar, Slovakia.

3. Results and discussions

In order to develop the methodology, first of all it is necessary to define the
elements and definitions of the topic, i.e.: What we mean by sustainable management
in heritage conservation? What methods can be used to explore it?

In the research, by the term “management”, we mean a general, connected
system that operates the whole site, which the garden is part of, and by the term
“maintenance” we mean the professional tasks, the utilized technologies, and the
adopted processes to take care of the garden.

Whether talking about classical, horticultural or comprehensive, sustainable
management (which became more significant in the days of urbanization and
climate change) [8], the need for the management of gardens is essential because
of their duality: on the one hand, it is a man-made object and on the other it is
a natural and living creation [9]. Historic garden management adds a new layer
to this principle, whereby garden management is not only important because of
its function, recreation, or representation but also essential in the conservation
of historic values; ergo conservational management is in fact the basic form
of management with regard to historic gardens. As explained earlier in the
introduction, there is a need for increased management due to restoration, which
requires more resources in practice than what are realistically available. If we
think about the gardens’ former role, we can easily formulate the answer to
why it is so challenging to get enough resources for maintenance today. The
gardens were once the ornamental gardens of a family with a prosperous manorial
background. As an ornamental garden, its maintenance was a general expense
that could be financed by the economic prosperity of the same manor or the
financial background of the family. It is also important that the technology and
manpower of its maintenance was also partially available by the agricultural
staff of the manor [10]. Nowadays, this economic integrity of the manors and
such financial background is lost. Thereby, the maintenance of the gardens is a
societal responsibility given by their historic significance. The proper financing
of their management without adequate resources requires us to find sustainable
solutions. Therefore, we need to explore how we can understand sustainability
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in the context of garden management and maintenance. For this part of the study,
the identification and representation of the three pillars of sustainability proved
to be the right choice.
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Figure 1. Methodology

The societal pillar of sustainability is clearly justified by the historical value of
the gardens, based on the Florence Charter: “A historic garden is an architectural
and horticultural composition of interest to the public from the historical or artistic
point of view” [4]. Accordingly, maintenance is essential from a societal point
of view, so the preservative management and maintenance of these values, in an
authentic way, has become one of the priorities of the research. The economic
aspect of sustainability means maintenance technologies, which demand fewer
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resources and can be profitable by sustainable agricultural practices or forestry
[11] and also can have a beneficial effect on the management background from
the aspects of finance or tourism. It is important to note that the parks were never,
not even in their brightest times, self-sustaining; ergo this cannot be expected
nowadays [12]. Finally, there is the aspect of ecological sustainability. This can
be measured mainly by the effects of maintenance technologies applied on the
semi-natural habitats.

The above detailed, basic context will define the primary research questions
for the sample site analysis, which tries to specify and identify the current
maintenance structure of the parks in order to detect the potential areas where
alternative solutions, which are both economically and ecologically sustainable,
can be applied while preserving heritage value. To formulate answers to these
questions, we have collected data via field surveys and through analysing maps.
The base map on which the quantitative elements can be identified was created by
measurable orthophotos [13], which include the canopy level, and by an official
land registry map, which determines the boundary of the sample site.

In order to describe the site’s maintenance system, as a first step it is necessary
to identify the objects with historical, functional, or operational interest and their
environment. These surfaces are identified as shown in Table 1, whether talking
about buildings and their surrounding areas, pleasure grounds, walkways, garden
structures, other structures, sports grounds, offices, or accommodations.

Subsequently, also according to Table 1, the surfaces are classified into three
categories according to the maintenance needs of historic gardens: Intensive
Maintenance Category 1 was given to the representational surfaces with high
priority, which included the surroundings of the mansion, the pleasure ground and
its flowerbeds, and other bedding areas in its vicinity. Additional historic objects,
operational objects, walkways (irrespective of their paving) and their surroundings
are classified as Intensive Maintenance Category 2. Finally, the remaining green
areas are classified as Extensive Maintenance Category. The definition of the
surrounding areas of each object was based on two criteria: firstly, by adaptation
to the historical structure of the garden, which depends on the situation on the
site, and, secondly, by a practical maintenance need of the green surfaces, which
is simplicity and does not require any unique preparation before the actual work.
In the study, if there are not any other features, the surrounding area means 1
mower track width (1.25 m) along walkways, garden structures and 2 mower track
width (2.5 m) next to buildings. Some elements were not examined in this study
due to their specific maintenance needs, namely buildings, and the water system.
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Table 1. Classification of park elements

Component

I. Int.

II. Int.

Ext.

Unm.

mansion

mansion environment
(paved surface defined by historical structure)

pleasure ground
(perennials, annuals, hedges, lawn, and
shrubs)

other flowerbed

(perennials, annuals, hedges, lawn, and
shrubs)

walkways
(solid pavement, gravel, or without pavement)

lanes along walkways
(1 riding mower track width)

garden structures with historical value
(e.g.: ornamental pool, well, etc.)

environment of garden structures with
historical value

(according to the historical structure, and 2
riding mower track width)

other garden structures
(storage, operational buildings, etc.)

environment of other garden structures
(according to the use, and 2 riding mower
track width)

buildings with historical value
(pavilion, staffage buildings, waterfalls, etc.)

environment of buildings with historical value
(according to the historical structure, and 2
riding mower track width)

operational buildings
(office building, accommodation, etc.)

environment of operational buildings
(according to the use, and 2 riding mower
track width)

grasslands

tree-shaded grasslands

woodlands with three levels of vegetation

water system and its equipment
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By mapping and classifying the objects and their surrounding areas into
management classes, the created surfaces can highlight the management composition
of the garden. This way, these components became measurable. In the following
paragraphs, the study focuses on the green areas of the garden. Because of the
principles described earlier, the research is mainly concerned with the spatial
structure of the garden, which is defined by the woodlands and grasslands. Thus,
once the management composition of the gardens has been defined, it will become
possible to find further answers to our research questions. The next step is the
classification of green surfaces.

Figure 2. Differentiating and mapping the green surfaces and maintenance
zones
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The green surfaces are divided into three categories: ornamental planting,
grasslands, and woodlands with three levels of vegetation. This categorization
mirrors the ground-level surfaces, but the addition of a layer for trees will be
later necessary to complete the methodology. For example, some historical tree
specimens can be located on extensive surfaces and still require intensive care.

Table 2. Specifications of green areas

WOODLANDS WITH
AREA O%T‘ﬁll\\l/lgﬁl\]%AL GRASSLANDS THREE LEVELS OF
VEGETATION
Green areas of the Annuals, Surfaces where Surfaces with

grass maintenance
technologies are
currently applied

woodland character,
where trees,
shrubberies, and
ground vegetation live
together and where
grass maintenance
technologies cannot be
applied

garden according to  perennials,
the cadastral map lawn, hedges,
and current usage floral shrubs,
etc.
499,091 m? 1,922 m?2 0.4%

179,300

m?2 35.9%

318,059

m? 63.7%

Conclusions can be drawn from the study by dividing the maintenance zones,
examining the composition of the vegetation, and, finally, overlapping the vegetation
and management zone surfaces. We can easily understand the maintenance structure
and the green surfaces of the whole site on the map and draw the conclusion: a
significant part of the garden can be managed extensively while preserving the
historical values.

Table 3. Maintenance zones of the park

AREA INT. MAN. CAT. 1.

Areas with

INT. MAN. CAT. 2.

Areas of historical

EXT. MAN. CAT.

Garden area Other green surfaces

according to
the cadastral

significant historical
value: mansion

elements around the
park and every other

where sustainable
approaches can be

map and environment, surface with regular examined
current usage pleasure grounds, and usage: walkways and
related elements their environments,
operational areas, etc.
472,040
566,411 m? 5,663 m? 1.0% 58,072 m? 10.3% m? 83.3%




44 Krisztina Bdlint, Ildiké Réka Bdthoryné Nagy

As Table 2 shows, only 1% of the management zone distribution requires
Intensive Maintenance Category 1. Functional areas, environments with secondary
importance, historical and operational areas represent only 10.3%. In contrast,
extensive management zones constitute 83.3% of the garden area. Looking at the
zonal distribution of green areas, as shown in Table 3, we can see the dominance
of built elements on both intensively managed surfaces. Only 0.4% of the total
greenery of the managed areas belong to Intensive Maintenance Category 1 and
only 5.1% belong to Intensive Maintenance Category 2, while 94.6% of green
spaces require extensive management.

Table 4. Maintenance zones of green surfaces

AREA INT. MAN. CAT. 1. INT. MAN. CAT. 2. EXTC PI:,/II.AN'
Green areas  Green areas with Green surfaces near historical ~ Other green
of the garden significant historical elements around the park surfaces where
according to  value: surfaces with and every other surface with ~ sustainable
the cadastral ~annual, perennial,  regular usage: lane along approaches can
map and lawn, hedges, floral ~walkways, environments of be examined
current usage shrubs, etc. historical and operational
buildings, etc.
1,923 472,040
499,091 m? m? 0.4% 25,627 m? 5.1 % m? 94.6%

Whether we look at the total park area or the green areas, both intensively managed
areas have halved in terms of green surfaces. The extensive area is stagnating or
increasing in proportion, which is not surprising since the intensive areas are
designated along built structures because of heritage preservation. Overall, the
intensive green management is only needed on 5.5% of the whole site. From these
results, we can formulate an answer for one of the research questions (which is also
the base of the doctoral research), and we can describe the maintenance structure
of the garden. Before we present the next analysis, we emphasize the principles
that intensively managed areas require traditional management to preserve their
value, while extensively managed areas may be suitable for the alternative types
of technologies that promote economic and ecological sustainability.

Regarding the classification (Table 2) of green areas, in the park of Betliar, only
0.4% are ornamental plantings, and 35.9% are open grasslands and grasslands with
solitaire trees or clumps. The bulk of the garden is woodland with three levels of
vegetation, which makes up 63.7%. Looking at the classifications and analyses, it
is not surprising that whether we talk about grasslands or woodlands, the extensive
form of management appears on the most extensive areas.
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Table 5. Ornamental plantings (with lawn) and grasslands by management zones

INT. MAN.

AREA CAT. 1. INT. MAN. CAT. 2. EXT. MAN. CAT.
Lawns in Grass surfaces Actual grasslands where alternative
ornamental where the usage technologies and ecological
planting or historical value approaches can be applied without
compositions demands continuous  changing the historical structure

maintenance
181,223 1,922 14,060
m? m? 1.1% m? 7.8% 165,444 m? 91.3%

In the case of grasslands, ornamental plantings are included in the Intensive
Grass Maintenance Category 1 since intensively maintained lawns play a significant
role in their composition and are present on only 1.1% of the grasslands. From the
perspective of the study, the proportion of perennial and annual surfaces can be
neglected. Intensive Grass Maintenance Category 2 is applied on 7.8% of grasslands.
These two surfaces will require a horticultural approach in the further studies on
applicable technologies. On extensive surfaces, alternative methods can be examined
that, according to other international and national experiences, are ecologically
and economically sustainable, e.g. correctly timed mowing or traditional grazing.
Intensive Woodland Maintenance Category 1 cannot be found at all due to the non-
representative attributes of woodlands. Only a relatively low proportion, 3.6%,
requires intensive approach according to the study methodology. This means that
on 96.4% of the woodland areas, extensive, sustainable management can be applied.
In order to provide economic sustainability and increase management resources,
the applicability of sustainable forestry is also worth examining.

Table 6. Woodlands with three levels of vegetation by management zones

AREA INT. MAN. CAT. 2. EXT. MAN. CAT.
Woodland edges where the usage Actual woodlands where alternative
or historical value demands technologies, forestry, and ecological
maintenance approaches can be applied

318,059 m? 11,445 m? 3.6% 306,661 m? 96.4%

4. Conclusions

The presented methodology proved to be suitable to identify the management
composition of a historic garden, which is fundamental to create a scientific
approach for management issues. The methodology can serve as a basis for future
scientific research. By the evaluation of the work, we can declare that a further
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development of the methodology is needed. The integration of the historic trees
will form an additional layer. After this addition, the next phase of the research
will be the application of the research methodology on several other sample sites.
(Currently, three other locations are planned.) The results are expected to vary
to a certain extent — such is the case of the proportion of grasslands and three-
layered vegetation, depending on the restoration level of the spatial structure. Some
deviations can be expected in the percentages of management zones, depending
on the size of the parks.

Predictably, the summary of all the future analysis results of the sites will
show an average, approximate area where alternative, sustainable maintenance
technologies can be applied. Once the surfaces and their characteristics have been
determined, a comparison of different technologies is the next planned phase of
the research. By these technologies, we mean the earlier mentioned sustainable,
correctly timed mowing, sustainable, traditional grazing, and sustainable forestry
based on international experiences [14]. This part of the research will be based
primarily on literature on grassland management and forestry, supplemented by
interviews with farmers, foresters, and green space managers who use similar
technologies. Finally, these methods will be compared according to their estimated
work hour requirements and to the expected semi-natural habitat values as a result
of maintenance technologies.
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Abstract: Adequate knowledge of soil processes is key to ensuring sustainability.
Towards a better understanding of some thermal and hydrological processes
that take place in the soil as a result of the growth period of maize and
cowpea, a concurrent research was carried out in two different locations
with soil textural variation (sandy clay loam and clay loam) at the Federal
University of Technology, Akure. The treatment consisted of bare soil plot,
cowpea plot, and maize plot arranged in a randomized complete block design
in three replicates. The same weed management practice was carried out on
all treatment plots throughout the duration of the study. Data were collected
at 4 weeks after planting (WAP), 8 WAP, and 12 WAP, during which the dry
bulk density, mass wetness, volumetric infiltration rate, saturated hydraulic
conductivity, sorptivity, soil temperature, total energy emitted, wavelength
of maximal radiation intensity, and energy flux were determined. The results
showed that growing maize and cowpea had no significant influence (P >
0.05) on the soil properties measured in the SCL soil. However, significant
difference was noticed in the CL soil at 8 WAP; the crops grown prevented the
formation of excess soil seal and crust when compared to the bare soil plot.
This study shows that soil textural property greatly influences hydrological
and thermal processes in the soil during the maize and cowpea growth period.

Keywords: soil processes, maize growth, cowpea growth, soil texture
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Introduction

Soil sustainability can be said to be achieved if the production and nutritional
quality of crops can be maintained over time without endangering the ecosystem
and biodiversity [1]. The conservation of soil quality is fundamental to this
sustainability. Healthy and productive soils are major to accomplishing about six
of the sustainable development goals (SDG) adopted by the United Nations General
Assembly [2, 3]. Our food systems are sustained by the soil while it filters water,
sequestrates carbon, and supports numerous organisms. However, these soils are
progressively under a lot of pressure from climate change, poor land management,
and population growth [4]. In 2015, the 68" United Nations General Assembly
began an evolution to raise awareness about the life-supporting functions of the soil
[5]. This evolution triggered the need for improved understanding and sustainable
management of this overlooked and abused natural resource called soil.

Land clearing of forested areas for crop production has been said to initiate
processes that cause a rapid loss of carbon [6] and nitrogen from the soil; among
others, this results in decline in soil quality termed as soil degradation [7, 8]. Total
degradation of soil condition is critical because it is not easily naturally reversible
[9]. This is because soil formation and regeneration processes are predominantly
slow [10]. However, soil degradation is a gradual multifaceted process in which
several features of soil deterioration can be recognized. Most of these degradative
processes and their negative consequences can be controlled, prevented, abolished,
or at least moderated if these processes are well understood. This prompted the
need for this research to understand if maize and cowpea, which are commonly
grown in the study area, have direct additional influence on some soil processes
such as soil hydrological and thermal processes, which are majorly influenced
by climate change while being crucial to soil sustainability. These soil processes
are essential dynamic characteristics for assessing the influence of climate and
agronomic management practices on the behaviour of soil. Soil temperature is an
important attribute that influences soil biological, chemical, and physical quality
[11]. It greatly influences the mineralization of various organic substances [12] and
soil water availability [13]. Soil water, in turn, influences the interaction of the
hydrological processes in the earth system [14]. One study claimed that agriculture
threatens more plant and animal species worldwide than urban development and
climate change combined [15]. This threat to biodiversity is a reminder of the
urgency to understand the impacts of food production on the environment.



50 Akingbola, Akinbile, Ojeniyi

Materials and methods

Description of the study area

The study, sited at two locations at the Federal University of Technology, Akure,
Ondo State, Nigeria, was conducted from 21 April to 14 July in the year 2018.
Location 1 was at the Teaching and Research Farm (Longitude: 5.145833; Latitude:
7.298889), while location 2 was at the Obakekere Junior Staff Quarters’ Farm
(Longitude: 5.123889; Latitude: 7.308889). Prior to the study, Location 1 had been
left fallow for a period of 3 years after having been used for various research studies
involving the addition of chemical and/or organic fertilizers, while Location 2 was
used for cassava multiplication project but left fallow for about four years before
the experiment. The major weeds identified on the plots were Tithonia diversifolia,
Sida acuta, Imperata cylindrica, and Euphorbia heterophylla.

Akure is in the humid rainforest zone of south-western Nigeria [16]. The study
area experiences distinct dry and wet seasons. The mean annual rainfall ranges
from 1,405 mm to 2,400 mm [17]. The total monthly sunshine time is about 190
hours, while annual relative humidity is 80% [18]. The mean monthly rainfall,
air temperature, and relative humidity data during the experiment are stated in
tables 1 and 2. Rainfall data was sourced from the ERA5 of the Copernicus Climate
Change Services, as described by [19], while air temperature and relative humidity
data were sourced from the Modern-Era Retrospective Analysis for Research and
Applications, version 2 (MERRA-2), using the Goddard Earth Observing System
Model, Version 5 (GEOS-5) with its Atmospheric Data Assimilation System
(ADAS), version 5.12.4.

Table 1. Mean monthly air temperature, rainfall, and humidity data during the
experiment at the Teaching and Research Farm
(Longitude: 5.145833; Latitude: 7.298889)

Months Air temperature Rainfall (mm) Relative humidity
(°C) at 2 metres (%)
April 24.90 111.6 86.76
May 25.29 144.8 89.10
June 24.40 208.7 90.95
July 24.09 208.0 90.52

Note: Elevation from MERRA-2 was at 292.62 m for air temperature and relative humidity.
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Table 2. Mean monthly air temperature, rainfall, and humidity data during the
experiment at the Obakekere Junior Staff Quarters’ Farm
(Longitude: 5.123889; Latitude: 7.308889)

Months Air temperature Rainfall (mm) Relative humidity
(°C) at 2 metres (%)
April 25.77 106.5 86.76
May 25.29 147.6 89.10
June 24.37 200.0 90.95
July 24.09 206.4 90.52

Note: Elevation from MERRA-2 was at 292.62 m for air temperature and relative humidity.

Experimental design and land preparation

A land area measuring 60 m x 60 m was ploughed and harrowed. A portion
of the land was then divided into nine (9) experimental units of a total area of
225 m? (15 m x 15 m). Each unit had a dimension of 4 m x 4 m and 1 m buffer
zone between plots and also between blocks. The maize plot resulted in 36 plant
stands per treatment plot at 75 cm x 25 cm standard spacing, while the cowpea
plot had 49 plants per treatment plot at 45 cm x 45 cm standard spacing. The
control plot was left bare.

Planting material

Late maturing cultivar Maize (TZB-SR) obtained from the International Institute
of Tropical Agriculture (IITA) Ibadan, Oyo State, and Cowpea variety 07K-131-
1 obtained from the Seed Bank of the Plant Breeding Unit, Crop Soil and Pest
Management Department, Federal University of Technology Akure, were used
for the experiment.

Experimental procedure

The experiment consisted of three treatments, as indicated in Table 3. The soil
was analysed for its inherent thermal, hydrological, and other essential physical
properties prior to the experiment (before and after ploughing and harrowing),
as stated in Table 4. All plots were put through the same agronomic management
procedure. All weeds were uprooted manually and shaken to remove soil particles
attached to the roots, after which the weeds were placed back on each plot as a
means to recycle nutrients taken up by the weeds. This was done at 2 WAP, 4 WAP
(after data collection), 6 WAP, 8 WAP (after data collection), and 10 WAP.
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Table 3. Treatment number, notation, and meaning

Treatment number Treatment notation Meaning
Treatment 1 BSP Bare Soil Plot (Control)
Treatment 2 CPP Cowpea Plot
Treatment 3 MZP Maize Plot

Determination of soil hydrological properties
Mass wetness

Mass wetness was determined at 4, 8, and 12 WAP in the laboratory using the
soil samples collected by applying the core method. The soil sample’s weight
before and after drying was measured. The water weight is the difference between
the weights of the wet and oven-dry samples.

Mw = Mt — Ms

Mass Wetness(Wm) = (%) * 100,

where Mw is the mass of water in the soil sample expressed in grams, Mt is the
mass of soil sample before drying, in grams, and Ms is the mass of soil sample
after drying, in grams.

Infiltration

Infiltration is the entry of water into the soil through the soil-atmosphere
interface. It was determined using a 10 cm diameter single-ring infiltrometer, as
described by [20]. Cumulative infiltration rate is the total distance moved by water
that entered into the soil in a specific period of time [20]. This was derived in
cm/h basis. Volumetric infiltration rate is the total volume of water that entered
into the soil per time unit. This was derived as described by [21] in cm?®/h basis
using the formula below:

Volumetric infiltration rate = wr? * Cummulative Infiltration Rate
Sorptivity

Sorptivity, being the measure of the ability of the soil to absorb water, was
derived at 4, 8, and 12 WAP for all plots, from cumulative infiltration as a function
of the square root of time for a specific period of time, as described by [21, 20]:

S(em/s™05) = ZLﬁ,
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where S is sorptivity, I is the cumulative infiltration, and t is the time in seconds.
Saturated hydraulic conductivity

Saturated hydraulic conductivity (Ksat) describes water movement through
saturated media. Hydraulic conductivity depends on the intrinsic permeability of
the material, the degree of saturation, and the density and viscosity of the fluid.
It was estimated using the function presented by [22], which is:

Ksat = 1.15741 = 1077 exp(x)

x = 7.755 4 0.0352(%S) + (0.93) — (0.967 x BD?) — (0.000484 * %C?) — (0.000322 * %S?)
0.001 0.0748

o)~ o

—(0.1673 * BD * %0OM) + (0.02986 * %C) — (0.03305 * %5),

) —(0.6431n%S) — (0.01398 * BD * %C)

where %C is the percentage clay content of the soil, %S is the percentage silt
content of the soil, and %OM is the percentage organic matter content of the soil.

Determination of soil thermal properties
Soil temperature

Soil temperature was measured using soil thermometer placed 0-10 cm into the
soil at about 15:00 hrs. The reading was reported in degree Celsius °C.

Total energy emitted

The total energy emitted (Jt) was determined as described by [23] according to
the Stephan—Boltzmann law. The law is represented by the formula below:

J; = eoT*,

where o is a constant which equals 5.670374419e® watt/m?*/K*, ¢ is the emissivity
coefficient — 0.93 (the emissivity value of quartz) was used because quartz is
usually the dominant mineral in soils —, and T is the soil temperature in Kelvin.

Energy flux
The energy flux (E)) emitted in a particular wavelength range (maximal wave-

length) as determined using the Planck’s law, which is represented by the equation
below, was determined at 4, 8, and 12 WAP:
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Ej = Cy/[A°(exp (C2/AT) — 1)],
where T is the absolute temperature of the soil in Kelvin, 4 is the wavelength

at temperature T, C, is a constant which equals 3.74177153e™'* W.m?, and C, is
a constant which equals 1.4387770e2 m.K.

Determination of other physical properties

The particle size analysis of the soil was done using the standard hydrometer
method described by [24], while the particle fraction was calculated using the formulae
and the textural class triangle described by [25]. This resulted in the determination of
the textural class of the soil. The bulk density was determined by core method [26].

Data analysis

The data were compiled into a Microsoft Excel (2016) spreadsheet and then
subjected to analysis of variance (ANOVA) using statistical package for social
sciences (SPSS v. 26), while the means were compared using Tukey’s (HSD) test
at 5% level of probability. The standard deviation values used for the error bars
and all graphical representations were computed using Microsoft Excel (2016).

Results

Table 4. Status of the soils with textural class variation before the experiment

Before ploughing and After ploughing and
harrowing harrowing

Soil properties

Sandy Clay loam Sandy Clay loam

clay loam clay loam

Clay (%) 20.7 37.9 22.9 38.2
Sand (%) 66.1 26.9 63.5 26.4
Silt (%) 13.2 35.2 13.6 35.4
Bulk density (g/cm?) 1.48 1.59 1.29 1.38
Mass wetness (%) 5.52 7.56 6.34 8.21
Volumetric infiltration 1,398 782 1,496 956
rate (cm®/h)
Sorptivity (cm/s*°E-01) 2.89 1.96 3.01 2.02
Soil temperature (°C) 33.24 32.25 35.54 33.46
Total energy emitted 463.81 457.84 477.90 465.15
Energy flux (E-17) 99.04 97.45 102.81 99.39

Note: Mean values are presented in this table.
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Table 5. Soil hydrological properties in sandy clay loam and clay loam soils as
affected by the treatments at 4, 8, and 12 WAP

Sandy clay loam soil Clay loam
Treat- Mass Sorptivity  Volumetric Mass Sorptivity =~ Volumetric
ment Wwetness (cm/s°5E-01) infiltration wetness (cm/s*°E-01) infiltration
%) rate (%) rate
(cm?/h) (cm?/h)
4 WAP
BSP 6.77a 3.20a 1,507.07a 11.14a 2.01a 946.93a
MZzp 7.26a 3.18a 1,497.19a 11.26a 1.87a 879.64a
CPP 7.75a 3.32a 1,566.36a 11.44a 1.88a 886.68a
8 WAP
BSP 6.79a 3.16a 1,491.36a 10.94b 2.07a 978.13a
MZpP 7.27a 3.14a 1,481.48a  11.58ab 2.00ab 944.24ab
CPP 7.75a 3.29a 1,550.65a 11.93a 1.97b 927.22b
12 WAP
BSP 6.93a 3.13a 1,475.65a 12.27a 2.03a 956.26a
Mzp 7.38a 3.09a 1,457.92a 12.43a 2.05a 964.85a
CPP 7.88a 3.24a 1,527.08a 12.59a 2.01a 947.92a

Note: Means followed by the same letters in a column are not significantly (P > 0.05) different
according to Tukey’s Honestly Significant Difference (HSD) test. WAP — Weeks after planting.

Table 6. Soil thermal properties in sandy clay loam and clay loam soils as
affected by the treatments at 4, 8, and 12 WAP

Sandy clay loam soil Clay loam
Treat- Soil Total Energy Soil Total Energy
ment tempe- energy flux (E-17) tempe- energy flux (E-17)
rature emitted rature (°C) emitted
(°C) (watt/m?) (watt/m?)
4 WAP
BSP 35.28a 476.30a 102.38a 32.57a 459.70a 97.97a
MZP 35.20a 475.79a 102.25a 32.83a 461.47a 98.40a
CPP 34.71a 472.78a 101.44a 32.27a 458.00a 97.50a
8 WAP
BSP 35.04a 474.82a 101.99a 33.47a 465.11a 99.37a
MZP 34.96a 474.32a 101.85a 32.30ab 458.11ab 97.53ab

CPP 34.48a 471.38a 101.06a 31.70b 454.63b 96.60b
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Sandy clay loam soil Clay loam

Treat- Soil Total Energy Soil Total Energy
ment tempe- energy flux (E-17) tempe- energy flux (E-17)
rature emitted rature (°C) emitted
(°C) (watt/m?) (watt/m?)
12 WAP

BSP 34.99a 474.49a 101.90a 35.40a 477.17a 102.67a
Mzp 34.91a 473.99a 101.76a 33.17a 463.41a 99.00a
CPP 34.43a 471.07a 100.98a 32.90a 461.77a 98.53a

Note: Means followed by the same letters in a column are not significantly (P < 0.05) different
according to Tukey’s Honestly Significant Difference (HSD) test. WAP — Weeks after planting.
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Figure 1. Saturated Hydraulic Conductivity (Ks E-05) in a sandy clay loam soil
as affected by the treatments at 4, 8, and 12 WAP
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Figure 2. Saturated Hydraulic Conductivity (Ks E-05) in a clay loam soil as
affected by the treatments at 4, 8, and 12 WAP
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Figure 3. Dry Bulk Density (g/cm?) in a sandy clay loam soil as affected by the
treatments at 4, 8, and 12 WAP
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Figure 4. Dry Bulk Density (g/cm?®) in a clay loam soil as affected
by the treatments at 4, 8, and 12 WAP

Discussion
Status of the soils with textural class variation before the experiment

The status of the study prior to the experiment is shown in Table 4. The textures
of the soils were sandy clay loam (SCL) and clay loam (CL), although a variation
in individual values of the sand, clay, and silt content were noticed before and
after ploughing and harrowing. The bulk density of the SCL and CL were 1.48g/
cm® and 1.59 g/cm?, resp., before ploughing and harrowing and 1.38 g/cm?® and
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1.29g/cm?, resp., afterwards. The values recorded for the volumetric infiltration
rate, soil temperature, and sorptivity were lower in CL compared with the SCL.

Soil hydrological properties in sandy clay loam and clay loam
soils as affected by the treatments

Maize and cowpea growth influence on soil hydrological properties of the SCL
and CL are presented in Table 5. At 4, 8, and 12 WAP, there was no significant
difference (P > 0.05) among the treatment mean values for mass wetness in SCL.
This means that the presence of cowpea or maize on the plot did not significantly
influence the amount of water stored in the SCL soil throughout the experiment.
However, there was a trend revealing that the cowpea plot stored more water
in the soil (7.75% at 4 WAP and 8 WAP, 7.88% at 12 WAP), while the bare soil
plot had the least amount (6.77% at 4 WAP, 6.79% at 8 WAP, 6.93% at 12 WAP)
despite not being significantly different (P > 0.05). This trend was probably due
to the shading effect of the broad leaves of the cowpea, thereby reducing water
loss. [27] concluded that a decrease in vegetative cover would cause an increase
in soil temperature, which will accelerate moisture loss.

In the CL soil, the only significant difference (P < 0.05) recorded was at 8 WAP.
This was when the highest difference was observed between the control (BSP),
which had the lowest mean value (10.94%), and CPP, which had the highest
(11.93%). This was probably due to an on-site observation, which was noted
while conducting the study. Soil seal and crust formation were noticeable on the
BSP compared to MZP and CPP, thereby probably reducing the amount of water
infiltrated and retained. This phenomenon is in line with the finding of [28]
although the sealing and crusting were kept in check due to leaving uprooted
weeds (organic matter) on the soil surface after the agronomic maintenance of all
plots, as recommended by [29].

Comparing the mass wetness values of the soils of the experimental location,
it was expected that the CL soil would have a higher water content than the SCL
soil. It has been concluded that soils with higher sand percentage would allow
easier drainage of water than storage, while soils with a higher clay content have
a greater ability to adsorb water than soils with higher percentage of sand [30].

The volumetric infiltration rate (VIR) and sorptivity were the inverses of
the mass wetness trend. High mean values for mass wetness resulted in a low
volume of water infiltrated into the soil per hour. This is probably due to the
inherent moisture content of soil being a highly crucial factor when considering its
infiltration capacity [31, 32]. There was no significant difference (P > 0.05) among
the mean values recorded for the VIR and sorptivity as a result of the treatments
on the SCL soil.
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With reference to Figure 1 and Figure 2, MZP and CPP had no significant impact
on the saturated hydraulic conductivity (Ks) mean values recorded in both SCL and
CL soils compared to the BSP. However, there is a difference in trend with regard
to SCL and CL. There was a downward trend in Figure 2, which shows that Ks was
higher at 4 WAP and reduced subsequently at 8 WAP and 12 WAP in CL soils. The
initial increase was probably due to the agitated state of the soil after ploughing
and harrowing, and as the soil settled with time, there was probably a reduction
in the ease with which water moved in the CL soil. Also, comparing the Ks mean
values for the SCL and CL, it was observed the SCL had higher values compared
to CL. This observation could have been accounted for by many factors such as the
level of macroporosity and compaction. Several researchers have concluded that
the hydraulic conductivity of clay—sand mixtures decreases with the increase in
clay percentage [33, 34, 35]. Also, the SCL had a lower compaction level compared
to CL. This was reflected through the mean values of dry bulk density.

Soil thermal properties in sandy clay loam and clay loam soils
as affected by the treatments

Table 6 shows the mean values describing the thermal properties of the soil as
aresult of the treatment. There was no significant difference (P > 0.05) among the
soil temperature (ST) mean values in the SCL soil. However, the trend shows that
CPP had the least mean value for the soil temperature at 4 (34.71 °C), 8 (34.48 °C),
and 12 WAP (34.43 °C) followed by MZP (35.20 °C at 4 WAP, 34.96 °C at 8 WAP,
34.91 °C at 12 WAP), while the highest mean values recorded were for the BSP
(35.28 °C at 4 WAP, 35.04 °C at 8 WAP, 34.99 °C at 12 WAP). This result is in line
with the findings of [36], who concluded that soil temperature was higher for the
plot with sole maize than for the plot with sole cowpea. The trend recorded in the
SCL was replicated in the CL. However, there was a significant difference (P < 0.05)
among treatments in the CL at 8 WAP only. This significant difference at 8 WAP
under thermal properties was the same as with the hydrological properties. It has
been concluded in a previous study that soil hydrological properties and thermal
properties are closely linked [27]. Water has also been found to have a cooling
effect in soils.

The values recorded for total energy emitted (TEE) during the study were directly
proportional to the soil temperature mean values. It is assumed that the same
amount of solar energy was directed at all experimental plots since there was
no form of shading on any section of the total plot area. It can be concluded that
energy not emitted by the soil was absorbed by the plants through a process called
photosynthesis, thereby causing the BSP to have a higher TEE compared to MZP
and CPP. This means that energy received per unit area by the MZP and CPP was
put to good use towards ensuring food security.
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Energy flux (EF) is the rate of transfer of energy in the soil. EF is also presented
in Table 6. There was no significant difference (P > 0.05) among treatments in
the SCL; however, at 8 WAP, there was significant difference (P < 0.05) among
treatments in the CL. According to the mean values recorded, it was noted that the
rate of energy transfer in SCL was higher than the values recorded for CL. This was
probably because moisture stored in the CL was higher than in the SCL, thereby
causing a cooling effect, which reduced the soil temperature.

Other soil physical properties in sandy clay loam and clay loam
soils as affected by the treatments

According to figures 3 and 4, the mean values of the bulk density (BD) for the
SCL and CL soils increased across the weeks for all treatments despite not being
significantly different (P > 0.05).

The CPP had the lowest mean value for BD (1.42g/cm® at 4 WAP, 1.44g/cm?
at 8 WAP, and 1.45g/cm?® at 12 WAP), while MZP and BSP had the same mean
values in the SCL soil (1.44g/cm?® at 4 WAP, 1.46g/cm® at 8 WAP, and 1.47g/cm? at
12 WAP); however, there was no similarity in the standard deviation (SD) values of
MZP and BSP as depicted by the error bars. The values recorded for BSP deviated
more from the mean value compared to MZP.

The same trend as above was noticed for the treatments in the CL soil, where
CPP had the least mean values for BD (1.52g/cm?® at 4 WAP, 1.55g/cm?® at 8 WAP,
and 1.56g/cm?® at 12 WAP) followed by the MZP (1.53g/cm® at 4 WAP, 1.56g/cm® at
8 WAP, and 1.58g/cm? at 12 WAP), while the BSP had the highest recorded mean
value for all weeks (1.54g/cm?® at 4 WAP, 1.57g/cm® at 8 WAP, and 1.59g/cm?® at
12 WAP). However, the same mean values were not calculated for MZP and BSP
in CL soil compared to SCL soil.

The increased bulk density of the soil throughout the week must have been due
to the resettling of the soil to a resting state after the initial ploughing and harrowing
that was done to prepare the land for cultivation. This must have also been aided
by the wetting and drying cycle that the soil went through; this process has been
concluded to stimulate aggregation in a laboratory experiment conducted by [37].
The BD mean values of the SCL were generally lower than the mean values of the
CL soil; this is probably due to the textural component of the soils. In line with
this, [38] discovered that sandy soil was less compacted by harvesting machines
compared to clayey soils.

Conclusions

This study has shown that despite the physiological differences in maize and
cowpea, there is no significant influence on the hydrological and thermal properties
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of the SCL soil measured in this research. However, the crops grown influenced
soil seal and crust formation in the CL soil positively. More soil seal and crust were
noticeable on the bare soil, thereby increasing run-off and reducing infiltration.
Therefore, the soil textural property greatly influences hydrological and thermal
processes in the soil during the maize and cowpea growth period. It can also be
concluded that the soil thermal properties have direct effect on the hydrological
properties of the soil.
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Abstract: A cost-effective enhancement of leafy vegetable yield and health-
promoting quality may be achieved by combining moderate stress conditions
with the application of bioactive compounds. The aim of this work is to
study how salt stress and triacontanol interact with each other in modulating
vegetative growth, photosynthetic light use efficiency, carbon dioxide uptake,
and chlorophyll and carotenoid pigment content of spinach plants grown
under controlled conditions. Besides stimulating metabolic processes related
to growth and photosynthetic production, treatments with 1 pM triacontanol
once in three days significantly compensate for the deleterious effects of salt
stress induced with 250 mM NaCl.

Keywords: biostimulant, carbon assimilation, carotenoids, quantum yield, salinity

1. Introduction

Environmental stress factors represent major limiting agents for crop plant
growth and production, and they induce a network of several interrelated
physiological changes which lead to improved tolerance through processes of
metabolic acclimation leading to hardening. The metabolic plasticity of plants
makes possible the biosynthesis of a wide range of bioactive compounds which
confer protection against adverse environmental conditions, and at the same time
they have beneficial effects on human health upon consumption, being considered
health-promoting nutraceuticals [18, 21]. Many of these bioactive compounds
accumulate in plants upon a moderate abiotic stress imposed during the pre-
harvest period, being natural constituents of the defence system. This is why
controlled abiotic stresses can be used as tools for improving the health-promoting
quality of fruits and vegetables. Most of these nutraceuticals are non-nutrient
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plant metabolites with a specific antioxidative capacity, thus conferring protection
against the oxidative damages caused the by overaccumulation of harmful reactive
oxygen species in living organisms, induced by the action of several abiotic stress
factors. These health-promoting antioxidants include several carotenoid pigments,
vitamins C and E, flavonoids, polyphenols, etc. [8, 18, 19].

One of the most frequent environmental stress factors that impairs crop production
is high salinity of the soil water. It is estimated that about 33% of irrigated agricultural
land are salinized, and it is expected that by 2050 around half of the croplands
worldwide will become affected by increased salinity [10, 19]. In plants, salt stress
has a short-term and a long-term component. Short-term effects are related to an
osmotic imbalance due to impaired water uptake by the root system, and because of
turgor loss they result in an inhibited growth of young organs. These effects may be
counteracted by osmoregulation, while the synthesis of high amounts of compatible
solutes consumes a large amount of metabolic energy, and this also contributes to
growth reduction under high salinity. After a longer period of exposure to salt stress,
accumulation of excessive amounts of sodium ions exerts an ionic toxicity because
sodium inhibits several enzymes which function with potassium and because due to
uptake competition sodium impairs mineral ion homeostasis, e.g. through potassium
and calcium deficiency. These effects may be reduced by sequestration of sodium
ions in the vacuoles or by their exclusion from the cytosol and cell organelles. Due
to the accumulation of toxic amounts of different reactive oxygen species which
overcharge the antioxidative defence system, an associated consequence of high
salinity is oxidative stress [3, 5, 19].

Natural biostimulants as modulators of life processes in plants are promising
alternatives to cope with yield losses caused by environmental stress. They promote
plant growth and improve crop productivity without negative impacts on the
environment. Their application allows the reduction of use of chemical fertilizers and
pesticides, and crop production may be enhanced without genetic manipulations.
Because they act as triggers for the plant’s natural defences, only small amounts are
needed to increase stress tolerance [1, 4]. From among the various biostimulants,
natural pure active compounds present advantages over extracts or other mixtures
because their action mechanisms can be determined easier [7]. Triacontanol, a wax
constituent of the plant cuticle, is such a natural biostimulant with still unelucidated
action mechanism. It has a well-demonstrated role in overcoming environmental
stresses such as drought, extreme temperatures, salinity, heavy metal toxicity, or
acid mist [12, 20, 22]. Even under normal developmental conditions, in several crop
plants and medicinal plant species, triacontanol stimulates growth, the activity
of certain enzymes (e.g. nitrate reductase, carbonic anhydrase), mineral nutrient
acquisition, fruit yield, and essential oil production. Some evidence suggest that it
is able to specifically upregulate certain genes in the plant cell genome, genes which



Influence of triacontanol and salt stress on the growth and metabolism... 67

encode for important enzymes and for metabolic products involved in protection
against abiotic stress factors [11, 16].

The aim of this study is to reveal interactions between salt stress and triacontanol
in the physiological processes of spinach plantlets in order to improve growth,
metabolic parameters, and content of health-promoting substances when high salinity
impairs developmental conditions. The main question to be asked is whether the
application of micromolar amounts of triacontanol results in stimulation of growth
and photosynthesis and whether it is capable to counteract or to reduce deleterious
effects of salt stress. The presumption is that triacontanol acts as a chemical signal that
triggers specific reactions in plants [11], resulting in the stimulation of physiological
processes and the enhancement of defence mechanisms under environmental stress
conditions. A better knowledge of these effects may be applied in the optimization
of crop production and quality for leafy vegetables. There is no available information
in the literature about how spinach plants will react metabolically to triacontanol
treatment and to the interaction of triacontanol with high salinity stress, which is the
main reason why spinach was chosen as the biological material for the experiments
besides its growing importance as a freshly consumed leafy vegetable.

2. Materials and methods

The experiments were performed with a spinach cultivar (Spinacia oleracea
‘Viking’) frequently grown in the temperate regions of Europe. As a leafy vegetable,
spinach is an important source of vitamins A, B, C, E, and K, and of magnesium, iron,
and calcium in the human diet. It is less salt-sensitive than lettuce, which is another
widely cultivated leafy vegetable, its stress tolerance being much better studied than
in the case of spinach [5, 9, 18]. Seeds sterilized with 3% (w/v) sodium hypochlorite
were pre-hydrated for 12 hrs with distilled water and germinated in Linhard vessels.
After one week, plantlets with similar size — five for every experimental variant —
were planted one by one in pots with perlite, watered regularly with Hoagland’s
mineral nutrient solution (to avoid any nutrient deficiency) and kept for two weeks
in a growth chamber (Sanyo MLR-351H) under a photosynthetically active photon
flux density of 330 pmol m™ s for a daily photoperiod of 12 hrs, at 20 °C in the light
period and 17 °C during the dark period, the relative air humidity being maintained
constantly at 65% [3, 6]. The different treatments were applied on three-week-old
plantlets and lasted for 15 days, being repeated once in three days. Each set consisted
of five independent repetitions. Control plants were watered with Hoagland’s
nutrient solution; some plants were exposed to 250 mM NaCl (p.a.) dissolved in
the nutrient solution (the concentration was established in previous experiments
as one that in young spinach plants induces a moderate salt stress upon long-term
exposure), some other plants were treated with 1 pM triacontanol pulverized on
leaves, while a fourth experimental group received simultaneously 250 mM NaCl



68 Berndt Tompa, Ldszlé Fodorpataki

(in the nutrient solution) and 1 pM triacontanol (pulverized on leaves), once every
three days. Growth conditions during the treatments were similar with those applied
for seedling development after germination.

Because spinach is a leafy vegetable, the fresh biomass of the vegetative shoot
of five-week-old plants was chosen from among the various growth parameters to
evaluate the influence of salt stress and triacontanol, separately and in combination.

Conventional and pulse amplification modulated parameters of induced
chlorophyll fluorescence were determined in vivo and in situ on the fourth
fully developed leaf from the base of the stem, using an FMS-2-type chlorophyll
fluorometer (Hansatech). On leaves which were dark-adapted for 10 min before
measurements, the ground fluorescence (F) was recorded upon application of a dim
red light flash (0.1 pmol m s*), while maximum fluorescence was measured during
a subsequent saturating light pulse (10,000 pmol m* s for 0.5 s). Afterwards, the
leaves were continuously exposed to actinic light of 800 pmol m™ s?, and the steady
state fluorescence (Fs) was measured. A second saturating white light flash was
used to determine the modulated maximum fluorescence (Fm’) in the light-adapted
state [14, 17]. From among the several registered and calculated parameters of the
induced chlorophyll fluorescence, the effective quantum efficiency of photosystem
II, i.e. ®PSII = (Fm’ — Fs) / Fm’ was used to evaluate the impact of treatment on
the energetic performance of the light reaction of photosynthesis in the thylakoid
membrane system of chloroplasts. This parameter reflects the proportion of the
light energy absorbed by chlorophylls associated with photosystem II (PSII), which
is used under the given growth conditions in photochemical reactions, which will
conserve energy for being used in the carbon dioxide assimilation. Because it can
give a measure of the rate of linear electron transport in the light reactions, it is
considered an efficiency marker of the overall photosynthesis [17].

Leaf gas exchange parameters related to stomatal function and to carbon dioxide
assimilation were also measured in vivo and in situ, on the abaxial surface of the same
leaves on which chlorophyll fluorescence characteristics were determined, using
a Ciras-2 type leaf gas exchange meter (PP Systems). In the measurement chamber,
leaf temperature was maintained at 20 °C, relative air humidity was set to 65%, the
carbon dioxide concentration was 400 pmol mol?, and light intensity was 330 pmol
m s Net photosynthetic carbon dioxide assimilation rate (Pn) was determined as
an indicator of the plants’ capacity for primary biomass production [9, 23].

Photosynthetic pigments: chlorophyll a, chlorophyll b, and total carotenoids
(carotenes and xanthophylls) were extracted with 80% (v/v) acetone from the
same leaf blades that were used for chlorophyll fluorescence and gas exchange
measurements. 0.25 g of leaves were finely homogenized in 5 mL 80% acetone, the
mixture was centrifuged for 10 min at 4,000 g and 4 °C, and then the supernatant
was used for absorbance measurements at 480 nm, 646 nm, and 663 nm with a
UV-Vis spectrophotometer (Jasco), according to [15].
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The experiments and measurements were performed with five independently
grown plants for every treatment type, and determinations of physiological and
biochemical parameters were repeated three times. Statistical data analysis was
done with the R statistical package (R Core Team 2019). The Shapiro—Wilk test
was used for evaluating the normality of data distribution and Bartlett’s test for the
homogeneity of variances. Data were represented as mean + standard error (SE).
The significant differences were determined with one-way ANOVA and Tukey’s
HSD test. Values of P < 0.05 were considered statistically significant.

3. Results and discussions
A. Shoot growth modulation

Salt stress induced with 250 mM NaCl in the rhizosphere significantly inhibited the
growth of the above-ground vegetative organs of young spinach plants (Figure 1). On
the other hand, treatment with 1 pM triacontanol of non-stressed plantlets resulted
in a highly increased shoot fresh biomass, which was more than twice higher as
in control plants. When high salinity was combined with triacontanol addition,
the bioactive compound completely annihilated the inhibitory effect of salt stress
on vegetative growth and led to a moderate but statistically significant increment
of the shoot fresh weight in comparison with the control group. Triacontanol
not only compensated for growth reduction under salt stress but induced shoot
growth stimulation in plants exposed to high salinity. Because spinach is a leafy
vegetable, a better growth of the above-ground shoot fresh weight ensures an
increased production even in the presence of high soil salinity, and application
of micromolar concentrations of triacontanol makes this treatment cost-effective.
Severe growth inhibition by salt stress was reported for several other crop plants
in different developmental stages from germination to seed and fruit settlement
[10, 19]. In wheat, salt-induced impairment of shoot fresh weight growth could
be reduced with exogenously applied ascorbic acid [2], while in maize cultivars
salt tolerance could be improved with thiamine, which was found to reduce the
metabolic burden and to modulate antioxidant potential in salt-stressed plants
[13]. As triacontanol is also a bioactive natural compound, such as ascorbic acid
and thiamine, it may act similarly in modulating gene and enzyme activities
during the acclimation of plants to adverse growth conditions. Both triacontanol
(25 uM) and ascorbic acid were demonstrated to be effective seed priming agents,
which induced salt tolerance in wheat seedlings [16]. An advantage of triacontanol
as compared to ascorbate and thiamine is that it is effective even in micromolar
concentration; so, much less bioactive compound is needed for treatments.
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Figure 1. Influence of high salinity (250 mM NaCl), of triacontanol treatment
(1 pM TRIA), and of their combination on fresh shoot biomass of young spinach
plants (@ stands for the control group)

B. Effective light energy use efficiency of photosystem II

In the healthy leaves of control spinach plants, the effective quantum efficiency
of photosystem II (OPSII) exhibited values around 0.75, which represent a good use
of incident light energy in the photochemical reactions of photosynthesis, occurring
in photosystem II (which is the source of induced chlorophyll fluorescence and is
the most sensitive type of photosystem to abiotic stress factors as compared to PSI).
Treatment with 1 pM triacontanol did not cause any significant change in the value
of this photosynthetic parameter, while exposure of plants to high salinity for 15 days
induced a moderate but statistically significant decrease in the actual photochemical
yield of photosystem II. When salt stress was combined with triacontanol treatment,
this bioactive agent counteracted the negative influence of high salinity, leading to
values of effective quantum efficiency similar to the control plants (Figure 2).

These results suggest that triacontanol does not directly interfere with the light
phase of photosynthesis, but it prevents the deleterious consequences of long-term
salt stress for the use of light energy in the primary production of new organic
metabolites. In some experiments conducted with other plants, salt stress did
not cause any significant modification in the quantum efficiency of PSII [3, 16],
while in others it reduced the actual energetic efficiency of PSII — e.g. in cucumber
seedlings, by more than 20% after five days of salinity stress induced with only
65 mM NaCl [23]. In this case, application of 10 mM putrescine (a bioregulator
from the group of polyamines) significantly alleviated this undesirable effect of
salt stress. Similar results were reported when S-methylmethionine (vitamin U)
was used as a priming agent to enhance the salinity tolerance of canola [6].
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Figure 2. The effective quantum efficiency of photosystem II (®PSII) determined
through induced chlorophyll fluorescence in leaves of spinach plants exposed
to high salinity (250 mM NaCl), to triacontanol treatment (1 pM TRIA),
and to their combination (@ stands for the control group)

C. Net carbon dioxide assimilation of leaves

Photosynthetic gas exchange of spinach leaves, determined through the net
carbon dioxide assimilation rate (Pn), was drastically decreased by salt stress,
while in non-stressed plants triacontanol caused a significant enhancement of
net photosynthetic carbon assimilation rate related to stomatal gas exchange.
When triacontanol was applied in salt-stressed plants, it somewhat alleviated
the reduction of carbon dioxide uptake in leaves but could not re-establish the
photosynthetic gas exchange values measured in control plants (Figure 3).

The results reflect that high salinity and triacontanol affect in different directions
the photosynthetic gas exchange and net carbon dioxide assimilation of spinach
leaves: salt stress results in stomatal closure, which makes difficult the acquisition
of sufficient carbon dioxide as the inorganic carbon source for the biosynthesis
of organic compounds (but at the same time reduces water vapour loss through
transpiration), while triacontanol enhances stomatal opening and thus facilitates
the carbon dioxide supply for photosynthetic biomass production. When both
chemical agents (sodium chloride and triacontanol) act together, the overall result
is an intermediate stomatal opening, enabling the use of more carbon dioxide than
under salt stress alone but less than under the influence of triacontanol in non-
stressed plants. Similar results were reported for wheat, in which case the saline
medium caused a significant reduction in several attributes of leaf gas exchange,
while the application of ascorbic acid as a bioactive compound increased the
carbon assimilation rate in both stressed and non-stressed plants [2]. Vitamin U
was also found to alleviate the negative effects of short-term salt stress on the net
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carbon dioxide assimilation of canola leaves [6]. Also, in young leaves of cucumber
seedlings, the net photosynthetic carbon dioxide assimilation rate was reduced
by high salt concentration, but this reduction was alleviated by putrescine used
as a hardening agent [23].

9

8 d
- 7
€ 6 2
£
a 5
= c
- 4
£ s
£ 2

1 b

0

@ 250mM Nacl 250 mM Nacl+1 1M TRIA

HM TRIA

Notes: Vertical bars represent + SE from the means (n = 5); different letters indicate
statistically significant differences at P < 0.05.
Figure 3. Influence of high salinity (250 mM NaCl), of triacontanol treatment
(1 pM TRIA), and of their combination on the rate of net photosynthetic carbon
dioxide assimilation (Pn) in spinach leaves (0 stands for the control group)

D. Chlorophyll content

Chlorophylls are connected with photosynthetic light use and with carbon
dioxide assimilation because they are the main plant pigments which selectively
absorb, transmit, and convert light energy that subsequently will be partly used for
primary biomass production. In fully developed leaves of young spinach plants
grown under constant photon flux density of photosynthetically active radiation,
the total chlorophyll content (a + b) was significantly reduced by long-term
exposure to high salinity. It was not modified by the application of triacontanol
on leaves, but when salt stress was combined with triacontanol treatment, the
bioactive compound partly compensated for the reducing influence exerted by
the presence of 250 mM NaCl in the rhizosphere (Figure 4).

Reduction of the chlorophyll content caused by salt stress may affect the acclimation
of the photosynthetic apparatus to low light conditions because the number of light-
harvesting pigment molecules in the antenna complexes of photosystems will be
insufficient. Disturbances in biosynthesis and breakdown of chlorophylls caused by
salt stress may have different results in different plant species and under different
growth conditions. In some cases, e.g. in maize cultivars exposed for 35 days to 100
mM NaCl, an enhancement of chlorophyll content was reported in salt-stressed
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plants [13], while in lettuce, canola, and wheat leaves a pronounced salt stress
resulted in a significant reduction of the chlorophyll content [5, 6, 16].
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statistically significant differences at P < 0.05.
Figure 4. Chlorophyll content of fully developed spinach leaves grown under
constant illumination and exposed to high salinity (250 mM NaCl), to triacontanol
treatment (1 pM TRIA), and to their combination (@ stands for the control group)

Carotenoids, as the other type of photosynthetic pigments associated to chloro-
phylls, not only have a complementary role in the absorption of photosynthetically
active blue light, but they also act as efficient protective agents against oxidative
stress conditions related to the excessive formation of singlet oxygen and of alkyl-
hydroxyl radicals [8]. Similarly to chlorophylls (even though they are synthesised
through a different metabolic pathway), the total carotenoid content of spinach
leaves was significantly diminished by salt stress, was not modified by triacontanol
in non-stressed plants, and when high salinity was combined with triacontanol,
the amount of carotenoids was higher than in salt-stressed plants but lower than
in the control group (Figure 5).

Because they are valuable health-promoting substances in the human diet
(they are potent universal antioxidants, and some of them are essential organic
micronutrients for the synthesis of vitamin A), the fact that triacontanol treatment
ensures a less reduced carotenoid content of spinach leaves exposed to high
salinity confers a higher quality (a higher nutraceutical content) of these leaves
upon consumption. Similar results were obtained when green algal cells were
exposed to water pollution with cadmium, and the reduction of carotenoid content
caused by the accumulation of cadmium ions in the chloroplasts could be partly
compensated with 5 pM triacontanol [20]. Some other bioactive compounds (e.g.
vitamin B1, vitamin C, vitamin U) could also alleviate the adverse influence of
salt stress on the carotenoid pigment content of leaves [2, 5, 8].
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Figure 5. Influence of high salinity (250 mM NaCl), of triacontanol treatment
(1 pM TRIA), and of their combination on the carotenoid pigment content of
spinach leaves (@ stands for the control group)

4. Conclusions

Triacontanol as a natural bioactive compound stimulates the growth of spinach
and alleviates several negative metabolic effects of high salinity, enhancing
physiological processes that result in better stress tolerance. Adverse effects of
salt stress on shoot fresh biomass, on net carbon assimilation rate, on the effective
quantum yield of photosystem II, and on the photosynthetic pigment content of
leaves may be alleviated by 1 uM of triacontanol pulverized on leaves. These results
may positively influence further research for revealing the action mechanism of
triacontanol in plants, and a better understanding of its role in the enhancement
of stress tolerance will enable farmers to improve spinach production in an
environment-friendly manner and without any genetic manipulation, even under
adverse growth conditions. The present results may also represent a starting-point
to improve the content of health-promoting nutraceuticals in spinach leaves, which
increases their value as leafy vegetables.
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Abstract: An analysis of the biochemical composition of African walnut
seeds collected from two different geographical areas, Nigeria and Cameroon,
was used to conduct the primary assessment of varietal differences and
evolutionary status of Plukenetia conophora. The experiment was conducted
at the Laboratory of Department of Biochemistry and Technology, Federal
University of Technology, Owerri, Nigeria. The experimental design was
completely randomized design with five replications. Significant difference
(P > 0.05) was not observed with the proximate properties of the seeds of
the two lines except for carbohydrate. However, higher values in protein
(28.32%), crude fat (5.67%), ash (4.33%), and moisture (38.44%) content were
obtained for the line from Nigeria, while the line from Cameroon had higher
values for carbohydrate (20.87%) and crude fibre (9.32%). With regard to
mineral composition, significant difference (P < 0.05) was observed in some
mineral elements such as manganese, sodium, and chromium. Anti-nutritional
composition such as proximate properties did not show any significant difference
between the two lines. However, the line from Nigeria had higher values of
phytate (6.27%) and oxalate (0.11%), while a higher content of tannin (0.36%)
and saponin (0.27%) was obtained for the line from Cameroon. Evidently, the
result obtained was not substantial to establish varietal differences between
the two lines; nevertheless, it showed some level of evolutionary changes in
the crop over the years.

Keywords: African walnut, biochemical properties, variability, evolution
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Introduction

Modern cultivated crops were developed from wild species. Over the years,
certain changes occurred in wild species to convert them into modern cultivated
crops. The development of both heritable and non-heritable features enabled
the modernization of wild species. These features helped plants to adapt to and
survive changes in different environments. Invariably, adaptable features of plants
change periodically to reflect the current conditions of the environment they exist
in. The development of adaptable features for different environments is one of the
major factors that create differences in plants. This has led to species diversity
and the evolution of plant varieties. Among other factors, mutation, hybridization,
polyploidy, and selection are processes that can create differences in plants, and
they can occur both naturally and artificially. The impact of these processes on
the development of plant varieties has been reported [1, 2, 3], necessitating the
periodical assessment of crops (especially semi-wild and wild economic plants)
to determine the possible differences that may have occurred between and within
species over the years. The establishment of varietal differences in crop species is
very important in crop improvement programmes. This is very useful in germplasm
management: in determining the best conservation and utilization methods of
germplasm. Further, the assessment of varietal differences within species can be
useful in determining the evolutionary status of crop species, especially among
relatives of closely related species. In recent times, the assessment of intra- and
interspecific variations between and within species have been successfully carried
out through studies on nutritional composition of crops [4, 5]. The similarities and
differences established in studies can be utilized in the botanical classification
of crops. This can also help in determining the relatives of crop species, thereby
facilitating simple classification.

African walnut (Plukenetia conophora) is a shrub crop that is commonly found
growing in semi-wild areas in the forest zones of Africa and India. This climbing
shrub that grows between 10 and 20 ft long is popular and cherished for its
nutritious edible nuts that are cooked and consumed as snacks [6, 7, 8]. African
walnut has outstanding medicinal, nutritive, traditional, economic, and industrial
qualities. Several studies have been carried out on the assessment of proximate,
mineral, and phytochemical composition of African walnut [9, 10, 11, 12, 13], but
none so far have reported the comparative evaluation of biochemical constituents
of seeds of this crop collected from different agro-geographical areas. Hence, in this
study, biochemical markers were used to assess the varietal differences in African
walnut from two different locations. The established variation between the lines
was used to investigate the evolutionary status of this crop, based on the report
that mutation can alter the chemical content of plants [1].
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Materials and methods

The materials comprised seeds of African walnut obtained from two different
geographical areas, Nigeria and Cameroon.

Methods

Sample collection

Seeds of the Plukenetia conophora crop grown in Nigeria and Cameroon were
used for the study. The source of the seeds was the germplasm collection of the
Department of Crop Science and Technology, Federal University of Technology
Owerri.

Sample preparation

These seeds of African walnut were first sorted and cleaned before being soaked
in water for 20 hours, after which they were dehulled and dried. The testa was
subjected to grinding in a mortar. The dehulled seeds were also subjected to
grinding in a mortar. Both the ground testa and the ground cotyledons were used
for analysis.

Proximate analysis

This was carried out to determine the macronutrient in seed samples. The
purpose was to evaluate the crude protein, moisture content, fat content, crude
fibre, ash, and carbohydrate content in the seeds.

Crude protein

To determine the crude protein content of the Walnut seeds, the micro-Kjeldahl
method, as stated in standard procedure (A.O.A.C. 2000), was used. This analysis
was carried out in duplicate.

Crude fibre
The standard procedure (A.O.A.C. 2000) was used to establish the crude fibre
content of the samples. It was carried out in duplicate and calculated as follows:

Crude fibre (%) = H-r

x 100,
where I, = weight before ignition,
F, = weight after ignition,
w = weight of the sample before the analysis.
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Crude fat
Crude fat was determined by soxhlet extraction according to the standard
procedure (A.O.A.C. 2000). It was also carried out in duplicate and calculated as
follows:
Fat (%) = 2= 100,
w
where S, = weight of flask before extraction,

S, = weight of the flask + oil after extraction,
W = weight of the sample,

Moisture content
The moisture content of the walnut seeds was determined following the standard
procedure (A.O.A.C. 2000). It was carried out in duplicate and calculated as follows:

Moisture content (%) = Ms —Mt

x 100,

where M, = weight of the moisture can + sample before drying,
M, = weight of the moisture can + sample after drying,
W = weight of the sample used.

Carbohydrate

The method used to determine the carbohydrate content was the nitrogen-free
method by A.O.A.C. (2000). It was obtained by the calculation of weight difference
between 100% and the summation of other proximate parameters such as extracts
free of nitrogen or nitrogen-free extract (NFE).

% Carbohydrate (NFE) = 100 % - (Mo + Pr + F1 + As + F2)
Mo = moisture, Pr = protein, F1 = fat, As = Ash, and F2 = crude fibre.

Ash
The ash content of African walnut seed was obtained following the standard
procedure (A.O.A.C. 2000). It was carried out in duplicate and calculated as follows:

Ash contents (%) = 42741

x 100,

where A, = weight of crucible + sample before the addition of ash,
A, = weight of crucible + sample after the addition of ash,
W = weight of the sample used.
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Anti-nutritional (phytochemical) analysis

This was carried out to extract, screen, and identify the medicinally active
substances found in seeds of African walnut.

Oxalate

To determine the oxalate content, two grams (2 g) of each of the walnut samples
were placed in a 250 ml volumetric flask that was suspended in 190 ml of distilled
water. To each sample, 10 ml of 6N HCL solution was added, then cooled, and it
was filled with distilled water up to the 250 ml mark of the flask. The samples were
filtered, and the duplicate portion of 125 ml of the filtrate was measured into the
beaker. This was followed by the addition of four drops of methyl red indicator,
after which cone ammonia solution drop-wise were added until the solution
changed from pink to yellow. The solution was then heated to 90 °C, cooled and
filtered to the precipitate containing ferrous ion. Again, the filtrate was heated to
90 °C, and 10 ml of CaCl, solution was added while the sample was consistently
being stirred. Then, the filtrate was dissolved in 10 ml of 20% H,SO,, which was
diluted to 200 ml with distilled water. Aliquots of 125 ml of the filtrate were heated
to near boiling and filtrated against 0.05 M KMnO, solution to obtain a pink colour,
which persisted for 30 sec. Determination of the oxalate contents of each sample
was achieved by calculation.

Phytate

Two grams of each sample were weighed into a conical flask of 250 ml. The
samples were soaked for 3 hrs in a conical flask with 100 ml of 2% Hcl, after
which they were filtered with white man filter paper (No. 1). Fifty ml of each
filtered sample was placed in a 250 ml beaker. Then, 10 ml of 0.3% ammonium
thiocyanate solution was added to each sample’s solution as colour that persisted
for 5 min. The phytate was calculated from the titre value.

Saponin

In a water bath, the suspension was heated for about 4 hours at about 55 °C
while being stirred continuously. With 200 ml of 20% ethanol, the residue was re-
extracted after filtering the mixture. At about 90 °C in a water bath, the extracts that
were combined were reduced to 40 ml. Twenty ml of diethyl ether was added to
the concentrate and shaken vigorously after transferring it into a 250 ml separating
funnel. The purification process was carried out twice by discarding the ethanol
layer while the aqueous layer was being recovered. This was followed by the
addition of 60 ml of n-butanol. With 10 ml of 5% aqueous sodium chloride, the
combined n-butanol extracts were washed twice. The resultant solution was heated
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in a water bath for evaporation, and the sample was dried in an oven to get a
constant weight. Using difference in weight, the saponin content was calculated.

Tannin

This was carried out by weighing out 500 milligrams of each sample into a 100
ml plastic bottle. To each sample, 50 ml of distilled water was added, and it was
shaken for 1 hour with the help of a mechanical shaker. The resultant solution
was filtered into a 50 ml volumetric flask and filled up to mark. This was followed
by pipetting out 5 ml of the filtrate into a tube, then mixed with 3 ml of 0.1 M
FeCl, in 0.1N HCI, whereafter 0.008 M potassium ferricyanide was added. With
a spectrophotometer at 120 nm wavelength, the absorbance rate was measured
within 10 minutes. A blank sample was prepared, the colour also developed and
was read at the same wavelength. A standard was prepared using tannin acid to
get 100 ppm and measured.

Mineral composition analysis

The amount of K, Na, and Ca in African walnut seeds were determined by flame
photometry according to the standard procedure. Iron content was determined
by DREL/5 spectrophotometer in line with the standard procedure; likewise,
magnesium content was determined by the EDTA method in accordance with
the standard procedure. The colorimetric method was used to determine the
Manganese, while Zinc was determined by the Zincon method —by the adoption of
the standard methods for the examination of water and wastewater at a wavelength
of 575 nm. To obtain the copper content, the standard procedure was applied
(A.O.A.C. 2000).

Results

The results of the proximate composition of the two lines of African walnut are
presented in Table 2. It showed no significant difference (P > 0.01) for any of the two
lines except for carbohydrate. However, the moisture content of the line sourced
from Nigeria (38.44%) was higher than that from Cameroon (36.21%); equally,
the crude protein (28.32%) and ash (4.33%) content of the line from Nigeria was
higher than that of the line from Cameroon (crude protein: 0.11%, ash: 3.63%).
Contrarily, the crude fibre (9.32%) and crude fat (4.73%) content of the line from
Cameroon was higher than that from Nigeria (crude fibre: 8.78%, crude fat: 4.73%).

The mineral composition results of the lines (Table 3) showed that some mineral
elements, such as magnesium, sodium, and chromium, had significant differences
(P < 0.01) between the two lines. Contrarily, other mineral elements, such as
calcium, iron, potassium, manganese, and copper, did not show any significant



Preliminary study on species variability and evolutionary status... 83

difference. This result further showed that the line from Nigeria had higher content
of calcium (26.07mg/l), potassium (120.00mg/1), zinc (0.83mg/1), and copper
(1.01mg/1) than the line from Cameroon (calcium: 8.87mg/l, potassium: 100.00,
zinc: 0.558mg/l, copper: 1.013mg/1). On the other hand, the iron (0.0140mg/1)
and copper (1.76) content of the line from Cameroon was higher than that from
Nigeria (iron: 0.120mg/1, copper: 1.01).

The ANOVA results of the anti-nutritive (phytochemical) composition of the
seeds of two lines (from Nigeria and Cameroon) of African walnut did not show
any significant difference (P > 0.01) (Table 1). However, the phytate (0.27%) and
oxalate (0.11%) content of the line from Cameroon was higher than that from
Nigeria (phytate: 0.06%, oxalate: 0.03%). On the other hand, the tannin content
of the line from Nigeria (0.36%) was higher than that from Cameroon (0.31%);
likewise, the saponin content of the line from Nigeria (0.27%) was also higher
than that from Cameroon (0.235%).

Table 1. Results of the anti-nutritional composition
of the two African walnut lines

Treatments Phytate % Oxalate % Tannin % Saponin %
Nigeria 0.066 0.034 0.361 0.275
Cameroon 0.270 0.113 0.314 0.235
LSD (0.05) ns ns ns ns

Table 2. Results of the proximate analysis of the two African walnut lines

Treatments Protein % Crude fibre  Fat % Ash %  Moisture %  Carbo-
% hydrate %
Nigeria 28.38 8.78 5.67 4.33 38.44 14.46
Cameroon 25.33 9.32 4.73 3.63 36.24 20.87
LSD (0.05) ns ns ns ns ns ns

Table 3. Results of the mineral composition of the two African walnut lines

n @
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Nigeria 2.27%  26.07 0.12 120.00 3.70 2.43 1.013 0.71 0.83 0.01

Cameroon 8.87%  25.23 0.14 100.00 1.30 0.40 1.765 1.76 0.55 0.15

LSD (0.05) 2.44 ns ns ns ns 2.007 ns 0.43

Note: ns = not significant.
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Discussion

Fruits and nuts play a very important role in the nutrition and diet of rural
dwellers. They are the major source of vitamins and minerals for most people living
in rural areas. These fruits and nuts are usually obtained from wild and semi-wild
plants because some people believe that they are better sources of vitamins and
minerals than the genetically improved crop species. The nutritional value placed
in food from these natural sources often attract people living in cities to rural
areas. In this study, seeds of African walnut found in semi-wild areas of Nigeria
and Cameroon were used to investigate varietal differences based on proximate,
mineral, and anti-nutritional composition.

Proximate analysis results of the two lines of African walnut did not show
any significant difference except for carbohydrate. This implies that the nutrient
content of the line from Nigeria was the same as that from Cameroon except for
their carbohydrate content. This result indicates that there is little or no difference
between the two lines. The significant difference observed in carbohydrate content
is not adequate for establishing varietal difference between the two lines. However,
the results of this study showed that the protein, crude fibre, ash, and moisture
content of the two lines varied. In addition, no single line had a higher content
of these elements than the other one. This result may have some implications
for the evolutionary status of this crop. Generally, it was observed in this study
that the seed of African walnut is a rich source of protein, carbohydrate, and fat.
Several workers reported that any food plant that can provide 12% or more of its
energy from protein is considered a valuable protein source [8, 14]. Invariably, this
study has shown that African walnut is an energy-rich food substance. This is in
agreement with the report of other workers that this crop is an excellent source of
polysaturated fatty acids, such as alpha linoleic acid, it contains Omega-3 essential
fatty acids, and it also provides more Omega-3 per pound than any other food [14,
15, 16]. African walnut therefore can play a vital role in providing food security to
people living in rural areas. Previous studies on the proximate analysis of African
walnut seed have reported a similar result [12, 15, 16, 17, 18, 19, 20, 21].

The results of mineral composition showed significant differences (P > 0.01)
in few elements, such as magnesium, sodium, and chromium, between the two
lines. The composition of other mineral elements (calcium, iron, potassium,
manganese, and copper) was statistically the same for the two lines. Seemingly,
it can be deduced that some level of variation exists between the two lines of
African walnut based on the result of the mineral elements that showed significant
differences between the two lines. However, this result is not conclusive enough
to clearly establish varietal differences between the lines, but it may suggest that
the evolutionary status of this crop is not static. Again, the fact that the content
of the other mineral elements that did not show significant difference between



Preliminary study on species variability and evolutionary status... 85

the two lines were not the same also showed that evolutionary changes are in
progress in the crop. The details of this result showed that African walnut contains
essential vitamins and minerals such as magnesium, iron, calcium, copper, zinc,
and manganese. Some researchers have reported a similar result on the mineral
composition of African walnut [8, 14], and these mineral elements play a very
important role in boosting the immune system of the body as well as in preventing
anaemia [22].

Analysing the composition of the anti-nutritive content of the two African
walnut lines did not show any significant difference contrarily to the results of the
proximate and mineral composition, which showed varying levels of significant
differences in their content. This implies that there was no variability between
the lines based on their anti-nutritive composition. However, the details of this
result showed that the anti-nutritive constituents of the two lines were again
not the same. The line from Nigeria had a lower content of phytate and oxalate,
while the tannin and saponin content of the line from Cameroon was higher.
Generally, the low content of tannin (0.31%), phytate (0.06%), oxalate (0.03%),
and saponin (0.27%) was observed in the two lines. A previous study examining
the phytochemical composition of boiled nuts of this crop reported a similar result
[21]. The low content of anti-nutrients in African walnut implies that it is good
for human consumption. Udedi et al. (2014) [16] suggested serving the nut of this
crop as a food supplement in school children feeding programmes.

In summary, results of this investigation have shown that neither the line from
Nigeria nor the one from Cameroon had consistently higher values in proximate,
mineral, and anti-nutrient composition. Therefore, the result of biochemical
constituents of the investigated two lines of African walnut was not adequate for
establishing varietal differences. However, the observed few significant differences
in the biochemical composition (proximate and mineral elements) of the two lines
suggest that the development of African walnut into diverse ecotypes is under
way, although at a very slow pace. These two lines of African walnut have been
in existence in these areas for many years [9, 23], and the expectation was that
over the years the two lines should have significantly developed into different
forms that can be established through assessing the biochemical content of their
seeds. According to Singh et al. (1996) [24], the production of certain biochemical
components is a reflection of genetic variation, which may account for variations
observed in some morphological attributes such as leaflet size and colour.
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Abstract: The plastic tunnel can ensure a positive effect on the yield and
quality of vegetables. In our experiment, we evaluated the following types
and varieties of lettuce — heading type (‘Great Lakes 659’, ‘King of May’),
non-heading type (‘Lollo Rossa’, ‘Lollo Bionda’), and cos type (‘Romaine
lettuce’). The highest head weight was detected in ‘Great Lakes 659’ (373.97
g plant?) and ‘Romaine lettuce’ (266.79 g plant?) under an unheated plastic
tunnel in springtime. Higher nitrate content (565.0 mg kg?') was measured for
‘cos lettuce’, while lower values (425.50 mg kg') were measured for ‘Lollo
Bionda’. Among the varieties, one of the highest dry matter content was also
measured for ‘Great Lakes 659’ (8.52%). According to our results for lettuce
production, ‘Great Lakes 659’ was detected as having a higher yield and dry
matter content and a lower nitrate accumulation.

Keywords: spring, yield, nitrate, SPAD, NDVI

1. Introduction

Among the leafy vegetables, lettuce (Lactuca sativa L.) is the most important
commercial vegetable and has the highest consumption in the world. Due to its
high use in fast food, it is important for the grower to be able to produce lettuce of
good quality with high yields [1]. The worldwide processing of lettuce and chicory
is around 27 million tons, 73.7% of which being produced in Asia and 9.7% in
Europe. In addition, lettuce has been recognized as a major food for its vitamin,
mineral, and bioactive compounds such as phytochemicals (phenols, flavonoids,
and carotenoids) [2]. Therefore, it can be an important component of a balanced
diet. However, lettuce can accumulate a rather high amount of nitrate. This process
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depends on the nitrate content of the soil, light intensity during the growing
period, and genetic factors [3]. European countries have set acceptable levels for
nitrate accumulation in some vegetables (EU Limits for Nitrate, from Commission
Regulation (EU) No 1258/2011). The maximum nitrate accumulation limits in
fresh lettuce (Lactuca sativa L.) grown under cover and in open field, except for
iceberg lettuce, are the following: in the autumn (harvested from 1 October to 31
March) - for lettuce grown under cover 5,000 mg NO, kg* and in the open air 4,000
mg NO, kg; in the summer (harvested from 1 April to 30 September) — for lettuce
grown under cover 4,000 mg NO, kg* and in the open air 3,000 mg NO, kg™; for
the iceberg lettuce type grown under cover 2,500 mg NO, kg" while in the open
air 2,000 mg NO, kg [4]. In addition, a positive correlation between chlorophyll
and nitrate content in vegetables has been reported in some studies. Based on this
relationship, it is possible to determine the nitrogen status of plants using non-
destructive chlorophyll measuring instruments [5]. Some devices are suitable for
measuring the relative chlorophyll content such as the Minolta SPAD-502 device,
with which we can determine this parameter quickly and without destruction [6].

Determining the time of harvest is an important factor because early harvest
reduces yield and quality [7]. A wide range of physical parameters of the plants
is used to estimate the degree of ripeness: head length, head width, diameter, and
compactness. These parameters are used as a general maturation index [8].

In some studies, the measurement of NDVI has been used to estimate plant
biomass [9].

The leafy head is a major feature of leafy vegetables and consists of curved leaves
and these shapes’ ratio of diameter and height of the head (shape index) [10].

Our aim was to evaluate different lettuce species in spring cultivation and to
recommend the appropriate species based on their quality properties such as head
weight, shape index, nitrate accumulation, or dry matter content.

2. Materials and methods

The experiment was conducted in the Botanical and Exhibition Garden of the Farm
and Regional Research Institute at the University of Debrecen, under an unheated
plastic tunnel (in the springs of 2019 and 2020), on limestone chernozem soil.

For the evaluation, we examined two heading lettuces, i.e. crisphead (‘Great
Lakes 659’) and butterhead (‘King of May’). We also evaluated non-heading lettuces
(‘Lollo Bionda’, ‘Lollo Rossa’) and cos lettuce (‘Romaine lettuce’) in two growing
seasons.

The sowing was performed in 84-cell trays on 9 March 2019 and 12 March 2020.
During these periods, Previcur® Energy was applied at a dose of 3 ml m* against
damping off. In addition, it should be noted that conventional (non-coated) seed
was used in the first year and pelleted (coated) seed in the second year.
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The experiment design was a randomized block design with four replications. The
5-6-leaf seedlings were planted out in a 25 x 25 cm space on 9 April 2019 and 10 April
2020 under the unheated plastic tunnel. Three times during the vegetation period,
Ferticare (24:8:16 + 3.8 MgO + microelement) was used in 0.75% concentration. In
both years, the harvest was carried out two months after the planting date (23 May
2019; 21 May 2020). The measurement was realized for the following parameters:
leaf shape index (length/width), head shape index (height/diameter), and closing
of the base on the scale 1-5 (1 — open ... 5 — completely closed). Furthermore, we
measured the head weight (g per plant) and stem length (cm).

Measurement of photosynthesis activity:

— SPAD value (Minolta SPAD-502) — easy non-destructive measurement of the
chlorophyll content of plant leaves without damaging the leaves;

— NDVI value (Green Seeker Model 505) — can be used to monitor crop growth
and development.

Laboratory measurements:

— Total dry matter content (%) — it was determined after drying at 105 °C until
constant weight.

— Nitrate content (mg kg') - MSZ EN 12014-7:1999. Determination of nitrate and/
or nitrite content — Part 7: continuous flow method for the determination of
nitrate content of vegetables and vegetable products after Cadmium reduction.

Statistical analysis

Statistical analyses were performed using SPSS software (version 25). The data
were submitted for analysis of variance (ANOVA). The differences between the
data at a significance level of 5% (0.05) were determined by post-hoc Tukey’s test
(n = 20). Pearson’s correlation coefficient between some pairs of data was also
calculated. The correlation was significant at p < 0.05 and p < 0.01 levels (2-tailed).

Temperature and humidity data were measured at two characteristic times of
the growing period, in the morning (between 8 and 9 a.m.) and in the afternoon
(between 1 and 2 p.m.) in order to check the lower and higher temperature intervals
of the active photoperiodic phase. Nearly the same temperature values were
measured at the two-assimilation period in 2019 and 2020, as shown in Figure 1.

In the first year, the temperature was 16.53 + 5.88 °C in the morning and 27.48 +
4.23 °Cin the afternoon. In the second year, a slightly higher value was measured in
the morning (16.99 + 5.85 °C) and in the afternoon (28.82 + 4.42 °C). Furthermore,
in the first season, we measured a little higher humidity (a.m.: 64.67 + 9.27%;
p-m.: 41.56 + 7.99%) than in the second year (a.m.: 56.76 + 12.75%; p.m.: 34.29 =
9.42%). The optimum relative humidity is 70-75% for lettuce — at these values, the
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fastest growth rate is achieved. In our experiment, the lower humidity influenced
the lettuce development, by slowing it. Comparing the two growing seasons:
in 2019, there was less radiation (139.74
49.96 W m2), as shown in Figure 2. In the second year, higher light radiation may
have had a positive effect on lettuce development. In general, under better light

+ 58.86 W m?2) than in 2020 (176.97 +

conditions, lettuce improvement was faster.
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3. Results and discussions

One of the most important quality parameters of the fresh market is the head
weight of the lettuce. The length of the inner stem can determine the number of
leaves, which also affects the head weight.

Based on the data of the two years, we measured much higher head weight and
stem length values in the second growing season (Figure 3) due to the pelleted
seeds, which resulted improved transplants. In addition, during this period, the
light conditions were more favourable, which promoted better yield and head
weight value of the lettuce.

Basically, in 2019, a smaller stem length led to a smaller head weight, while in
2020 a larger stem length led to a higher head weight. Furthermore, concerning
the average of the two years, we found a strong correlation (r = 0.719) relationship
between head weight and stem length.

One study reported that butterhead lettuce harvested at the optimal maturity
stage had a fresh weight of 200-300 g head™ [8]. In our experiment, this head
weight was realized in both years. The highest head weight was measured among
the heading form varieties of ‘Great Lakes 659’, which was statistically proved.

Among the loose leaf varieties, we found higher head weight (178.56 + 12.71
g plant?; 276.12 + 23.04 g plant?) in ‘Lollo Bionda’. Researchers measured the
highest leaf weight (12.98 and 15.91 g) on days 107 and 114 after transplanting also
for iceberg lettuce when compared to butterhead (6.1 and 15.33 g) and romaine
lettuce (5.34 and 5.25 g) in autumn greenhouse cultivation [7].
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Note: There is no significant difference between the lettuce varieties/types marked with
the same letter according to Tukey’s test (P < 0.05).
Figure 3. Relationship between lettuce head weight (g/plant) and stem length
(cm) in 2019 and 2020
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The lettuce with a closed base is mainly resistant to Botrytis sp. and sclerotic
infection. These pathogenic fungi infect hundreds of plant species around the
world. Sclerotia penetrate the plant and infect mostly through the lower senescent
leaves in contact with the soil. These fungi attack the lettuce at any stage of
development and in all parts of the plant. These pathogens cause great problems
in the world year after year, depending on the weather conditions and host plant.
Thus, growers often use large amounts of fungicide treatment against diseases [11].

The closing of the base of the lettuce was evaluated on a scale of 1 to 5. One (1)
indicates the open and five (5) the fully closed base. Basically, in the second year,
we found a well-closed base part for each lettuce, as shown in Fig 4. During the
experiment, it was established that the loose leaf type of lettuce (‘Lollo Bionda,
‘Lollo Rossa’) had a lower value for the closing of base than the heading type
varieties (‘Great Lakes 659’, ‘Romaine lettuce’, ‘King of May’). This result was
statistically proved in the two experimental years. The higher value of this
morphological parameter (closing of base) is favourable because these varieties
are less sensitive to soil-borne diseases.
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Note: There is no significant difference between the lettuce varieties/types marked with
the same letter according to Tukey’s test (P < 0.05).

Figure 4. The closing of the base part of the lettuce (1-5 scale) in 2019 and 2020

In general, lettuce should be harvested when the heads are well-formed and firm.
The lettuce is graded by size and firmness, while non-heading lettuce is classified
only by size [12]. The shape index (height/diameter) can determine the possible
contact of the lower leaves with the soil. Varieties with upright leaves are more
suitable for growing because they can be less infected by fungal diseases. In cos
lettuce (‘Romaine lettuce’), a longer head and leaf shape index was detected in
both growing seasons (Figure 5). The ‘Lollo Bionda’ formed the typical flat-round
head (0.61 + 0.01).
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Researchers had detected that temperature and light intensity can determine
the shape index. The experiment with the iceberg lettuce cv. ‘Adam’ proved that
lower temperature and light intensity reduced the leaf shape index [13].

In our experiment, we measured a smaller leaf shape index (0.70 + 0.03) under
higher irradiation, while a larger leaf shape index (1.07 + 0.05) was detected under
lower irradiation for the iceberg lettuce cv ‘Great Lakes 659’.

A strong correlation relationship (r = 0.862) was observed between the measured
parameters concerning the average of the two years. Overall, a more compact head
was found in the second year.
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Figure 5. The relationship between lettuce head shape and leaf shape index in
2019 and 2020

Based on the NDVI value, we are able to provide information for the vegetation
cover of the growing area, which is possibly connected to yield.

The relationship between the NDVI value and the head shape index was
evaluated for 5 varieties (Figure 6). In the first year, a significant (r = 0.750) and
in the second year a strong (r = 0.950) correlation was detected between these
parameters. In both periods, a higher NDVI and head shape index was detected in
cos lettuce (‘Romaine lettuce’). For iceberg and butterhead lettuce, smaller head
shapes were measured in the second year; however, their head weight values were
higher, as the head structure became more compact in the second growing season.

Considering other environmental parameters to change the NDVI value: In a lettuce
test plant experiment, different irrigation levels were set, and the treatments were
determined based on the water holding capacity of the pots. During the development
of lettuces, higher NDVI values were measured with higher irrigation level [14].
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Figure 6. The relationship between lettuce head shape index and NDVI value in
2019 and 2020

Based on the SPAD value, we can also conclude the relative chlorophyll content
and the condition of the plants. Statistically, the highest SPAD value was detected
for ‘Romaine lettuce’ (42.87 + 1.61 SPAD) and iceberg lettuce (41.77 + 1.34 SPAD)
in both years (Figure 7). These genotypes also had more intense green leaves, which
are referred to as having higher chlorophyll content. While the lowest value (23.66 +
0.71 SPAD) of the non-head-forming ones was measured in ‘Lollo Bionda’, the leaf of
this variety also had a reduced green colour intensity. In one study, the SPAD value
of lettuces was evaluated at different nitrogen levels at an average temperature of
26 °C. A higher SPAD value (approx. 40-50) was observed at higher nitrogen values
(approx. 3.4-3.8%) [15].

In the case of lettuce, the increased (above-the-limit) nitrate content is one of the
quality-reducing parameters, which can be influenced by the variety, the growing
season, and the cultivation method. We also measured higher nitrate content for
the more intense green leaves than for the light green leaf varieties. However, these
values remained below the limit. In both years, the highest nitrate values were
measured in ‘Romaine lettuce’ (565.00 + 49.50 mg kg?') and ‘King of May’ (542.00
+31.11 mg kg"), as shown in Figure 8. Probably, these varieties are more sensitive
to nitrate accumulation. In the case of the other types, their average nitrate content
was 446.33 = 24.96 mg kg

Concerning the average of the two years, we found a medium correlation (r
= 0.540) between SPAD and nitrate content. In one study, the nitrate content of
lettuce (for fresh matter basis) was measured in greenhouse spring cultivation
(from 8 March to 6 April) on different days after transplanting. The highest value
was measured by the continuous supply of nutrients while the lowest when it
stopped 10 days before harvest [2].
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Figure 8. Nitrate content of different types of lettuce in 2019 and 2020

Dry matter content is an important aspect of the shelf life of vegetables. The
higher value can ensure the proper quality of vegetables without loss of quality. In
the two growing seasons, the highest dry matter content (9.52%) of the varieties
was measured in ‘Romaine lettuce’, as shown in Figure 9. In the second year, better
light conditions had a positive effect on the dry matter content of Lollo types. This
period resulted in a much higher increase in dry matter content for these varieties
compared to the other lettuce types.
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Figure 9. Dry matter content of different types of lettuce in 2019 and 2020

Considering other cultivation technology factors such as fertilization for the
development of dry matter content: It was found that the dry matter content of the
plants was lower (4.5%) where the nutrient level had never been reduced. However,
when the nutrient replenishments were stopped 10 days before the harvesting,
the lettuces had the highest (5.9%) dry matter content [2]. In our experiment, the
dry matter content was higher than those values.

4. Conclusions

During the growing season, light conditions can greatly influence the development
of the different lettuce types.

Our two-year experiment has proved that different morphological parameters
can influence the quality of lettuce. The spherical or oval shape of the head
(height/diameter) is preferable for growing because they are less sensitive to soil-
borne diseases. In our experiment, the iceberg lettuce ‘Great Lakes 659’ (among
the heading types) yielded better quality — higher head weight, dry matter, and
lower nitrate content. Among the non-heading types, ‘Lollo Bionda’ yielded better
quality: higher head weight, closed base, and a lower amount of nitrate.
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Abstract: The medium from which seedlings are transplanted influences
seedling growth and survival on the field. The objective of the experiment
was to compare how growing media affect the growth and survival of cocoa
seedlings under field conditions. The seedlings were raised in both soil and
soilless media and were transplanted on the field in June, when they were
six months old. The experimental design was a randomized complete block
design with three different growing media: 1. top soil, 2. sawdust + poultry
manure + rice husk biochar (70%:25%:5%), and 3. sawdust + poultry manure
+ municipal solid waste compost (50%:35%:15%). The cocoa seedlings were
transplanted at a spacing of 3 m x 3 m at 12 plants per plot and each plot size
measured 45 m x 45 m. Data were collected on plant height, leaf number,
stem girth, leaf chlorophyll content, percentage of plants that shed their
leaves, and percentage of survival. Results indicated that seedling survival
at the onset and end of the dry season was significantly (P < 0.05) higher for
seedlings transplanted from soilless media compared to those from the top soil
treatment. Irrigation will be necessary to maintain high seedling survival when
seedlings are transplanted from the top soil for a well-established plantation.

Keywords: cocoa, growing media, transplanting, survival
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Introduction

The survival of seedlings at transplanting is partly dependent on the medium from
which seedlings are transplanted. Poor-quality seedlings at the juvenile stage may
result in the poor establishment of seedlings on the field, slow growth, and reduced
survival percentage [1]. Soon after transplanting, seedlings essentially depend on
active root water uptake, and when the leaf area increases, water demand also
increases due to evapotranspiration. At this point, transplanted seedlings tend to rely
heavily on root growth [2]. In Ghana, and in Africa in general, cocoa seedlings are
mainly transplanted in June, when the rainfall is frequent and peaks in October [3].
In October, leaf development may be intense due to high rainfall. However, shortly
after the dry season sets in in November, decrease in soil moisture at this period of
growth results in high seedling mortality since plants are very sensitive to moisture
stress at this stage [4]. Rapid root growth and ability to tap water during this phase
of growth is vital to seedling survival and early establishment. The nursery growth
medium that enhances root development would subsequently support agile root
development after transplanting, thus the ability of the seedling to acclimatize in the
new environment. Seedlings experience more drought when grown on organic soils
as compared to soilless substrates [5], as the later enhances good root development.
We, therefore, hypothesise that seedlings transplanted from soilless media will
perform better on the field than those from the soil.

The aim of this study was to compare the growth performance and survival of
seedlings transplanted from soil and soilless growing media.

Methodology

Experimental site: The experiment was carried out at the University of Ghana’s
Forest and Horticultural Research Centre — Okumaning (6°05’ N; 0°05° W), near Kade,
in the Eastern Region. The centre is located about 175 km from Accra and about 150
m above sea level. It is located in the moist semi-deciduous vegetation zone of Ghana.

Experimental design and treatments: The experimental design was a randomized
complete block design (RCBD) with five replications. Seedlings used for the study
were raised in different growing media for five months. These were: 1. top soil
(control), 2. sawdust + poultry manure + rice husk biochar (70%:25%:5), and
3. sawdust + poultry manure + municipal solid waste compost (50%:35%:15%).

Land preparation: The site has been previously cropped with plantain. Slashing
was done after the few cocoa and rubber plants were felled and cleared. Stumps
were removed using a pickaxe and packed at the edge of the field, and leaves were
allowed to rot. The land was left for three weeks, during which the appearing weeds
were sprayed with glyphosate. After the weeds died off, the site was divided into
three blocks with three replications, which were lined and pegged.
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Soil sampling: Soil samples were collected randomly at six different points in
the field, using an auger, at the depths of 0—-20 cm and 20—-40 cm. The samples
were taken to the laboratory to analyse their chemical and physical properties.

Plantain as shade tree: Plantain suckers obtained from the FOHCREC nursery
by way of plantain sucker multiplication in polybags had been planted one-two
months before the cocoa seedlings were transplanted, so as to serve as shade trees
for the young cocoa seedlings.

Transplanting: Six-month-old cocoa seedlings were transplanted at a spacing of
3 m x 3 m into holes that were dug 25 cm deep. Polybags were removed carefully in
order not to lose the medium around the root. The seedlings, together with the ball
of growing media, were placed in the holes and covered firmly. A plot consisted of
fifteen plants (5 x 3 planted in a rectangular pattern), and data were taken on the
seedlings in the middle, bordered by 12 plants. Each plot measured 45 m x 45 m,
was contiguous to other treatment plots, and the distance between plots was 3 m.
The experiment was replicated three times with 180 plants per replicate, making
a total of 540 plants occupying an area of 72 m x 72 m.

Parameters measured: Plant height: This was measured using a metre rule;
measurement was taken from the base of the plant to the apex. Leaf number: This
was recorded by counting the total number of leaves per plant. Stem girth: This was
measured 15 cm above the ground using electronic calliper. Chlorophyll content:
This was measured using SPAD chlorophyll metre, and the leaf chlorophyll content
was measured on the forth leaf from the apex at each side of the midrib. Plants that
had fully shed their leaves were counted and divided by the total number of plants
per plot. Percentage of survival: This was recorded by counting the number of plants
alive divided by the total number of seedlings transplanted per plot multiplied by 100.

Results
Table 1. Climatic data between June and December 2018
Months Mean Mean Mean RH (%) Solar Mean wind
rainfall temperature (°C) radiation speed (m/s)
(mm) (M]J m?)
Max. Min. Max. Min.
(Night) (Day)
June 257.8 31.7 22.0 100.0 62.2 13.8 0.30
]uly 110.8 30.6 22.6 100.0 66.2 10.4 0.27
August 86.6 30.5 21.7 99.7 63.1 10.4 0.29
September 213.4 31.3 22.2 100.0 63.6 10.7 0.30
October 245.5 33.1 22.2 100.0 58.8 13.8 0.29
November 92.2 33.4 22.0 100.0 59.1 14.0 0.27

December 21.8 33.6 21.8 99.8 48.5 13.0 0.25
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Table 2a. Soil physicochemical properties

Soil depth 0-20 cm 20-40 cm t-statistic
Porosity (%) 60.50 57.33 0.003
Bulk density (g/cm?) 1.15 1.16 0.721
pH 6.1 5.9 0.312
Ec (dS/m) 0.072 0.040 0.221
OC (%) 2.99 1.798 0.042
OM (%) 5.99 3.08 0.003
TN (%) 0.0083 0.0061 0.004
AP (mg/kg) 21.53 17.27 0.047
K 0.515 0.145 < 0.001
NH,-N (mg/kg) 2.480 1.558 0.011
NO,-N (mg/kg) 1.082 0.920 0.072

Table 2b. Exchangeable bases

Soil Ca Mg (cmol(+)/ K Na (cmol(+)/ CEC (cmol(+)/
depth (cmol(+)/kg) kg) (cmol(+)/kg) kg) kg)

0-20 4.47 (£ 1.01) 3.18 (+ 1.27) 0.49 (x 0.09) 0.01(x 0.00) 12.53 (* 2.57)
20-40  1.01 (+ 0.35) 1.43 (= 0.53) 0.10 (0.00) 0.01 (+ 0.00) 6.58 (+ 2.22)

Influence of growing media on cocoa seedling stem girth
and field establishment

At transplanting, the stem girth was significantly (p = 0.007) bigger for SD + PM +
RHB (9.24 mm), followed by top soil (7.65 mm) and SD + MSWC + RHB (7.44 mm),
but there was no significant difference between the top soil treatment and that
of SD + MSWC + RHB. One month after transplanting (MAT), no significant (p =
0.052) treatment effect was observed on the stem diameter, the top soil and SD +
MSWC + RHB were on a par with the SD + PM + RHB-treated plants, and it was
similar with 2 MAT. However, at 3 MAT, significant (p = 0.007) differences were
recorded: SD + PM + RHB-treated seedlings recorded bigger stem girth (12.70 mm)
than both top soil and SD + MSWC + RHB (1.20 and 1.20 mm). From 4 MAT to
6 MAT, no significant treatment effect was recorded (Figure 1).
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Figure 1. Influence of growing media on cocoa seedling stem girth
and field establishment

Influence of growing media on the leaf number and field
establishment of cocoa

Leaf number at transplanting (0 MAT) was significantly (p = 0.002) high for SD +
PM + RHB (24.8) treated seedlings, followed by the top soil (18.2) and SD + MSWC +
RHB (16.6). There were no significant treatment differences between the top soil and
SD + MSWC + RHB. The same trend was observed at 1 MAT, with SD + PM + RHB
recording the highest leaf number (p = 0.007). From 2, 3, 4, 5, and 6 MAT, there were
no significant treatment differences recorded in the leaf number produced (Figure 2).
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Figure 2. Influence of growing media on the leaf number and field
establishment of cocoa
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Influence of growing media on plant height under field conditions

Significant (p < 0.001) differences existed among growing media treatments in
terms of plant height at transplanting, with SD + PM + RHB being the tallest (54.2
cm) followed by top soil (38.2 cm) and SD + MSWC + RHB (34.7 cm). However,
no significant difference was recorded at top soil and on SD + MSWC + RHB.
The same trend was followed at 2 and 3 MAT. At 4 MAT, plant height for top
soil and SD + MSWC + RHB increased almost on a par with SD + MSWC + RHB;
hence, no significant (p = 0.302) difference was recorded among the growing
media treatments. At 5 MAT and 6 MAT, plant height for the three treatments
was almost the same: top soil (74.7 cm), M2 (75.5 cm), and SD + MSWC + RHB
(71.8 cm) (Figure 3).

==@=Top soil ==@=SD + PM + RHB (70:25:5) SD + MSWC + RHB (50:35:15)
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Months after transplanting

Figure 3. Influence of growing media on cocoa seedling height under field
conditions

Influence of growing media on the leaf chlorophyll content
of cocoa under field conditions

Throughout the six sampling periods, no significant (P > 0.05) treatment effect
was recorded. However, leaf chlorophyll content increased progressively from
one month after transplanting, for all treatments, with SD + PM + RHB (38.2 cm)
being slightly higher at 4 MAT, followed by top soil (35.7 cm) and SD + MSWC
+ RHB (33.2). At 5 MAT, the chlorophyll content of the top soil and of the SD +
MSWC + RHB became slightly higher than that of the SD + PM + RHB. Then, at
6 MAT, the SD + PM + RHB (45.6 cm) became higher again, followed by the top
soil (39.9 cm) and SD + MSWC + RHB (33.6 cm) treatments (Figure 4).
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Figure 4. Influence of growing media on the leaf chlorophyll content of cocoa
under field survival

Influence of growing media on field survival and the
establishment of cocoa at the onset of the dry season

Some plants shed their leaves completely when the dry season started, and these
were recorded as percentage per plot. Contrast showed significantly (p = 0.009)
more seedlings transplanted from top soil medium (26.7%) shedding their leaves
completely than those from SD + MSWC + RHB (6.7%) and SD + PM + RHB (4.0%)
media treatments. The soilless media differed significantly (p = 0.006) from the soil:
more plants shed their leaves upon soil medium treatment than in soilless media.

The percentage of survival at the onset of the dry season was significantly
(p = 0.013) higher for SD + PM + RHB (91.3%). Contrast established a significant
(p = 0.007) difference between the survival rate for seedlings transplanted from
soilless media and those from the soil at the onset of the dry season. The soil
moisture measurements within 20 cm soil depth differed significantly (p = 0.007),
showing higher values at the root zone of soilless-media-treated plants compared
to those of the top soil treatment. Similarly, at 40 cm depth, soil moisture was
significantly (p = 0.028) higher at the root zone of seedlings transplanted from the
soilless media compared to those from the top soil (Table 3). The mean moisture
content was significantly (p < 0.01) higher at the 40 cm depth (69.5 + 5.2) cm) than
at the 20 cm depth (29.9 + 2.5 cm) (Table 4).
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Table 3. Influence of growing media on field survival and the establishment of
cocoa at the onset of the dry season

Treatment Plants that Percentage Percentage Soil moisture (mm)
shed their  of survival of survival (depth)
leaves (%) at the onset after DS
of DS
20 cm 40 cm
Top soil 26.7 £ 7.6 74.1 = 2.7 56.4 +£7.7 19.0 £1.2 40.5 +£4.0

SD + PM + RHB 4.0+ 2.7 91.3 £ 3.7 78.3 £4.7 19.1 £ 3.1 48.0 £ 6.7
(70:25:5)

SD + MSWC+ 6.7 £ 3.0 90.7 £ 3.9 89.3+3.0 17.8 £+4.7 33.8+7.9
RHB (50:35:15)

Contrast

(P values)

Soil vrs soilless 0.006 0.007 0.020 NS NS
M2 vrs M7 NS NS NS NS NS

Table 4. Statistics for soil moisture content at 20 cm and 40 cm at the onset of
the dry season

Depth (cm) Means (mm) SE t-statistic P-value
20 18.6 +1.7
40 40.8 + 3.8 -5.34 < 0.001
Discussion

The soil analysis for the experimental site showed that the pH for the soil was
slightly acidic, ranging from 5.9 to 6.1, which was favourable for the growth of
cocoa [6]. The ECs were very low, which was excellent for the growth of cocoa
according to Bauder et al. (2010). High EC affects water availability to plants
notwithstanding the wetness of the soil. Organic carbon and organic matter were
moderate according to [7].

At the time of transplanting, the SD + PM + RHB (70:25:5) treatment was
superior in terms of height, stem girth, and leaf number; this growth media also
produced seedlings with a long taproot and larger root volume. This agrees
with [2], who stated that the type of substrate in which seedlings are grown greatly
affects seedling morphology and physiology and subsequently influences field
establishment.

One month after transplanting, no significant differences were observed among
the seedlings transplanted from the three different growing media, except for the
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leaf number, which was significant for SD + PM + RHB. This could be attributed
to the fact that root development in top soil and SD + MSWC + RHB may have
been restricted in the container in which they were grown. Nevertheless, when
they were transplanted to the field, they had the chance to develop their root to
exploit further resources to their growth advantage. The physiological condition
of a seedling before transplanting is a reflection of its root growth potential under
certain conditions and time (Mattsson, 1986). The significant leaf number observed
for SD + PM + RHB may be due to the nutritional status of the seedling before
transplanting. [8] studied nursery nitrogen loading on the field performance of oak
seedlings and argued that a greater reserve of N and K in nursery plants may be
capitalized on in the field to accommodate subsequent sink demand with the ability
to improve seedling field performance and establishment. This served as evidence
in the nutrient uptake of this medium, as leaf N, P, and K concentration was
higher in soilless-media-treated plants compared to soil-medium-treated plants.
Two and three months after transplanting, however, no significant differences
were observed for stem girth and the produced leaf number among seedlings
transplanted from the three growing media, except for seedling height, which
was significant for SD + PM + RHB. According to [9], high-quality seedlings
signify their genetic potential and display significant height growth in the first
year of transplanting, as they are able to gain control of the site faster. From four
to six months after transplanting, no significant growth trait differences were
observed in the plants among the three growing media treatments. This might be
due to root development out of the supporting medium from which they were
transplanted and that they were now capable of exploiting the soil volume for water
and nutrients. Once this advantage has been achieved, the plant is able to develop
to its full potential. Therefore, the effect of the type of substrate used in the field
performance of seedlings might be notable only at the early stages of the growth
of transplanted seedlings, rather than at later stages. Environmental conditions,
such as high temperature and low humidity, may cause excessive transpiration
from leaf surfaces; the growing medium that attracts much moisture into the root
zone of plants might be advantageous to withstanding transplanting shock. This
might be the case for SD + PM + RHB in the earlier stages of transplanting.

The insignificant variations in leaf chlorophyll content among the growing-
media-treated plants after transplanting suggest that higher chlorophyll content
was not necessarily a determinant of the growth of cocoa seedlings under field
conditions. This is in line with [10], who pointed out that the chlorophyll fluor-
escence traits of cocoa leaf are indicators of extreme adaptation to shade conditions.

Nevertheless, the leaf chlorophyll content of the treatments increased over time,
indicating the growth of the photosynthetic apparatus towards high demand for
assimilates. In their experiment on the effects of temperature and light integral
on early vegetative growth and the chlorophyll fluorescence of four contrasting
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genotypes of cocoa, [11] argued that the measurement of leaf chlorophyll content
is a valuable approach to evaluating plant responses to their environment during
early vegetative growth.

Some of the transplanted seedlings shed their leaves at the onset of the dry
season, when they were exposed to moisture stress. This agrees with [12], who
concluded that deciduous tree species alleviate the negative effects of water stress
by shedding their leaves directly at the onset of the dry season. There was a
decrease in the amount of rainfall, which marks the beginning of the dry season
in December. The total amount of rainfall recorded in the month of December was
relatively very low (6.9 mm) as compared to October (245.5 mm), the second peak
period, and November (92.2 mm). Although soil moisture measured at the end of
December at the root zone of the plants from different growing media did not differ
significantly, there was significant variation in their leaf retention. More plants
from the soil medium shed their leaves than from the soilless media treatment.
Chidumayo (2001) [13] observed that dry-season leaf flourishing is the ability of
plants’ roots to access deeper soil water reserves and stem water storage capacity
[14]. This might be the case for the soilless media treatments, as they developed
bigger root volume during the nursery stage than the soil treatments. Therefore,
continued root development after transplanting may have given the plants from the
soilless growth media advantage over the topsoil-treated plants in accessing soil
moisture under limited soil water conditions. The higher leaf shedding by plants
under the soil medium treatment at the onset of the dry season is a typical survival
mechanism of deciduous plant species. Karban (2017) [15] observed that shoots
that hold their leaves throughout unfavourable conditions were more advantageous
compared to those with their leaves removed since the latter were more likely to
die. This is in line with Carr and Lockwood (2011), [16] performing irrigation and
water requirement studies of cocoa and pointed out that cocoa seedlings under
drought conditions showed symptoms of premature leaf drop progressively, from
older leaves to the younger ones, including yellowing of primary leaves, reduced
stem growth, decreased leaf formation, and wilting.

Field survival at the onset of the dry season

The relatively high percentage survival of seedlings of the soilless media
treatment might be attributed to the development of larger root volume and longer
taproot system. Moreover, this form of root development in the soilless medium
may be supported by the inclusion of biochar in the medium. Mulcahy et al. (2013)
[17] demonstrated that in sandy substrates 30% (v/v) biochar — concentrated in
the root zone of tomato seedlings — significantly increased seedling resistance to
wilting for over 4,000 tomato seedlings each year. Similarly, Lu et al. (2014) [18]
observed that addition of rice husk biochar (RHB) to expansive clayey soil (Vertisol)
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improved WHC and root penetration. High seedling survival for soilless media
may also be due to the addition of poultry manure and MSWC. This finding is in
line with other similar research [19], in which the effect of growing media on the
seedling establishment of Terminalia bellirica was studied and which reported
maximum survival rate of the seedlings transplanted from medium containing goat
manure one year after establishment. The authors attributed it to the differences
in the organic component of the growing medium. This may be the case in this
study; the differences in the organic composition of the soilless substrate may
have resulted in the high seedling survival. After the prolonged dry season, when
rainfall became more frequent in June, the survival rate of soil-treated plants was
found to be still low (56.4 = 7.7%). At the onset of the dry season, while seedling
survival was higher compared to the end of the dry season, farmers could intervene
and irrigate their farms rather than wait for the following season’s rainfall.

Conclusions and recommendation

Cocoa seedling growth and survival rate were enhanced under soilless media
treatment as compared to those transplanted from the top soil. The cocoa seedling
survival rate at the beginning and the end of the dry season points to the need
to irrigate when the dry season starts, while soil moisture becomes depleted to
maintain high seedling survival rate and improve establishment. Further research
into soilless media effects on seedling survival and the establishment of cocoa
would be required considering the mechanism of root development, stem water
storage potential, and the hormonal differences in leaf retention under drought
conditions.
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Abstract: While urban green infrastructure has a great importance with regard
to the urban climate, human welfare and well-being due to the positive impact
of ecosystem services, it also offers opportunities to practice democracy.
The quality of a green infrastructure development process depends on the
quality of the partnership between the many stakeholders. Municipalities
have a permanent task and a role to play in building partnerships. Landscape
architects often go beyond their engineering tasks to give priority to their
professional vocations in public involvement processes. In our research,
we examine the roles and responsibilities of these main stakeholder groups.
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1. Introduction

The ecosystem services of the urban green infrastructure (UGI) not only have
an outstanding role in reducing the unpleasant effects of the urban climate [1] but
also can significantly increase the quality of human welfare and well-being, which
makes the UGI a highly important element of the urban fabric and city life [2, 3].

“The landscape belongs to everyone. We should all have equal access to it and
a voice in how it is used, valued and maintained.” — this is the mission statement
of the European collaboration between landscape architecture faculties called
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Landscape Education for Democracy (LED) [4] that aims to highlight the importance
to use democratic processes for UGI developments. The right to landscape and to
UGI is part of the basic human rights that support existence and dignity [5]. The
public landscape is not only a set of physical elements and resources but is also
an imprint of the social, economic, and cultural values of the local community,
and therefore it is the spatial materialization of democracy [6].

Due to the fact that many stakeholders — such as local authorities, landscape
architects, and other engineers, investors, social workers, contractors, users, etc.
— can be identified who in some way play a role in developing or maintaining
the UGI, the latter has a combination of ecological, social, and also economic
importance. The collaboration of the many stakeholder groups is essential to any
UGI development process, and a strong partnership in place is a key factor of the
overall success of the development process. That is why UGI developments are
great opportunities to practise democracy [6].

By nature, municipalities have a significant role in building and maintaining
partnerships and public involvement® [7], wherefore their deep engagement in
UGI developments is essential. There are many examples of strong partnerships
within the local community that increase the chances of successful investments
and make maintenance more efficient [8].

PROJECT MANAGEMENT PUBLIC INVOLVEMENT LANDSCAPE DESIGN
M " 3 Landscape
v Architect
OPTION 01
Mumicipality — Other Company — Architect
OPTION 02
My e
Mumicipality — Landscape Architect
OPTION 03

------------------------------------------------------------------------------------

Figure 1. Roles in the public involvement process

1 In our research, we use the term “public involvement” to refer to any means that
gives members of the local community the opportunity to have a say and participate
in shaping the development of the city (e.g. posters, forums). Involvement is a more
specific form of participatory planning, of which community planning is a concrete
instrument [21].
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In Hungary, it is very common that the municipality is the actor who initiates
participation processes for UGI developments because of their existing relationships
and partnerships with the local stakeholders. In practice, there are three different
routes that we can observe [9]:

— municipality takes the leading role and implements public involvement with

its own employees,

— makes a contract with a company to lead the public involvement process, and

— the (landscape) designer undertakes this extra task besides their general role.

In this research, we examine the first and second option to discover their
advantages and disadvantages (Figure 1, where the darker box shows the leader
of the involvement process). Our research looks into the roles and responsibilities
of the landscape architect and the municipality and also outlines the main
characteristics of their relationship.

2. Materials and methods

The research is divided into two units: in the first part, we examine the actors
of the public involvement, and in the second part we present the theories through
two case studies.

The study is based on a review of the related literature, and the results are
presented in tables. The case study projects and an interview with a specialist in
community planning and local government processes helped to bring the topic
down to a practical level.

In selecting the projects for the case study, it was important that they be part
of the TER_KOZ programme we were looking at, the main aim of which was
to ensure that projects were initiated by local communities, or at least involve
local residents, in order to enable more sustainable use and greater acceptance of
community spaces and to contribute to the reinforcement of local communities.
The TER_KOZ programme was announced by the Municipality of Budapest, and
district municipalities could apply with project plans. Between 2013 and 2018, a
total of 90 projects worth HUF 90 billion were implemented [10].

3. Results and discussions

The KOFOP-2.3.4-VEKOP-15-2016-00002 — Monitoring Local Government
Development II, a comprehensive study of municipalities in Hungary, was
completed in 2018, which confirmed the hypothesis that there was a correlation
between greater public involvement and the success of municipalities [11]. One
of the most important characteristics of inclusive municipalities? — which is a key

2 “An inclusive municipality is a municipality that implements a mechanism for dialogue between
local authorities, local organizations, businesses, and the public in order to achieve innovative
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objective — is how often they involve the population in the preparation of certain
decisions. The results suggest that municipalities with larger populations rely
more intensively on public opinion than those with smaller ones [13].

It was also found that both informal and formal methods play an important role
in terms of involvement, but this is also determined by the size of the settlements.
In smaller communities, face-to-face, day-to-day contact in the absence of formal
mechanisms can lead to a high level of inclusiveness, while in larger settlements
the role of formal processes is much more important. However, informal channels
can also operate either between different groups of residents and stakeholders or
between opinion leaders and local communities — neighbourhoods [14].

This means that it is in the interest of local authorities to adopt the practice of
public involvement, and in the case of larger cities such as Budapest, it is definitely
worth relying on formal procedures, which are multi-actor processes.

A. Actors

The key players in the public involvement process can be identified as the
relevant municipal leaders, the professionally involved municipal experts, the
planners who are awarded the planning task, and the facilitator who leads the
involvement. The key actors will carry out the stakeholder analysis in the first phase
of the involvement process in order to identify the large number of stakeholders
who will be concerned and who should be included in the project [15, 16].

As stated in an earlier paper of ours, there is a wide range of actors who, based
on their profession, play an important role in the public involvement process [17]
(Table 1). In practice, however, it can be observed that this wide range of experts
is not involved, and the whole project is carried out by a smaller group of experts
in three different formations (Figure 1). In our analysis, we will examine the role
of landscape architects in public involvement, covering also the possibilities for
local municipalities.

Landscape architects play an important role in public involvement related to
UGI development, as they are the designers and often the facilitators as well. In his
doctoral thesis, Tamds Domotor distinguishes eight types of landscape architect
design roles for social engagement, which imply different competences in each
design phase (Table 1). D6m6tor concludes that the design roles are required
in addition to the basic design competences in the facilitator role, and their

and sustainable operation and development, based on democratic principles, involving in the
process the widest possible range of stakeholders, taking into account their expectations and
the empowerment of marginalized groups. It manages community resources competently and
develops and implements local strategies and services in partnership, while promoting inclusive
development and poverty reduction. It supports the development and involvement of communities
to mobilize social capital, thus contributing to improving local governance and territorial cohesion”
([12] — translated by the authors).
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existence is not self-evident as they also depend on certain personal aptitudes
and qualifications.

Table 1: Characteristics of design roles (own ed.) [17, 18]

Design roles/ Expert' Connection” | A’ | B1* | B2 | C* | D’
Areas of competence

Advisor — objectivity, c,d,f, g, L ID X X

professional authority

Mediator — empathy, conflict a., c, k. ID X)| X

management skills, good
communication skills

Spokesperson, or advocate a., c, h. (LD), GD X) | X X
— good communication and
reasoning skills

Assessor — knowledge of a.,cC. 1D X X X
presentation techniques,
good presentation skills,
persuasiveness, decisiveness

Facilitator — knowledge a.,b.,c,k ID, (LD), X X | X)
of social psychology (e.g. (GD)
group dynamics), good
communication skills

Community organizer — b., c., (h), k. LD, GD X X | X)| X
good communication skills,
organizational skills

Administrator — systematic (a.), (b)), c.,d., (ID), LD X X |1 X | X | X
thinking, computer skills, e., j.

organizational skills

Landscape steward — c., h. LD, GD, L X X X X X

perseverance, leadership skills

Notes: ' Engagement experts: a. Communication expert; b. Community developer; c.
Landscape architect; d. Project manager; e. Graphic designer; f. Contractor; g. Lawyer;
h. Politician; i. Artist; j. Filmmaker; k. Social worker; 1. Expert on the special subjects.
2Relationship of the landscape architect: ID — independent, LD — location-related, GD —
group-related, L — local. * The birth of the project. * Planning. *Planning — Plan consultation.
®Implementation. 7 Afterlife.

Since D6motor’s dissertation in 2008, public involvement has become a more
widely known method in Hungary, and a great deal of practical experience has
been accumulated. It was then that the process of landscape architects taking
on the tasks of many other professions began, and they had to continue their
education to meet the challenges. However, this extra work cannot be undertaken
by any designer because public involvement is not for everyone, as it requires
a well-communicating, empathetic, calm character and attitude, which is not
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an essential prerequisite for a good designer’s personality [9]; not to mention
the fact that one cannot fulfil all the planning roles at the same time because an
independent consultant cannot be a member of the local community or a facilitator
of the process (Table 1).

The idea seems to emerge that landscape architect designers are not required
to take on the roles presented in Table 1 but that all designers need a general
knowledge of involvement (e.g. knowledge of the community design processes,
presentation skills, etc.) and that, in addition, specialization is possible as required.
Some designers may have the basic skills and goals to lead the public involvement
process, but others may not, or may be more interested in spending more time on
landscape architecture design. In this case, since most of the facilitator landscape
architect design roles can be decomposed into other disciplines, the tasks not
strictly related to the profession can be delegated in whole or in part to other
professionals, as shown in Table 1, where the engaged experts and design roles
are mapped.

Ujirany Landscape Architects Ltd has also organized several community design
projects for municipalities, including one of our research case studies, the community
design of Holdudvar Park. It was formulated that the public involvement tasks
involved in public outreach required so much effort that there was little time for
planning, so they were happy to work with a team of community developers and
communication specialists from District III of Budapest [9].

Municipalities can play a major role in taking on these tasks because they can
bring together all the players and coordinate the work either on their own or with
the help of engagement experts. Another argument in favour of municipalities
and local experts is that a comprehensive study of municipalities in Hungary,
KOFOP-2.3.4-VEKOP-15-2016-00002 — Monitoring Municipal Developments II,
found that the strength of local identity and the involvement of local expertise in
decision making is positively correlated with the success of a municipality [14].

B. Case studies — Two projects of the TER_KOZ programme

We would like to use the case studies to demonstrate the operation of the first
and second options in Figure 1, and thus two different landscape architectural
and self-government roles can be seen.

Both projects were funded by the Municipality of Budapest in the TER_KOZ
programme in 2016, both are located in the District III of Budapest, and both were
coordinated by the same team, Obuda-Békasmegyer Urban Development Ltd (OBUD
Ltd), owned by the municipality — so, the difference in landscape architecture is
easier to understand. The staff of OBUD Ltd, which was in charge of the development
tasks, includes several experts necessary for the involvement: community developer,
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communication specialist, graphic designer, project manager, landscape architect,
and jurist.

Blessed Sdndor Istvdn Park has an area of 8,350 m?, of which 4,700 m? are green
spaces. Despite its small size, it has several functions: play and sports areas, a dog
run, and a recreation area [19].

Public involvement was carried out through a variety of tools and in all phases
of the project, one of the most important elements being the on-site community
planning, which took place in three sessions in the autumn of 2015. The deteriorated
park was initially intended by the municipality to be a sports park, but feedback
from residents led to its transformation into a multifunctional recreational space [9].

The whole process was managed by OBUD Ltd, where the designer had no
participatory role but had to attend the meetings and shape the design according
to what had been discussed.

Holdudvar Park covers an area of 23,000 m?, of which 12,000 m? are green spaces.
It is a huge and multifunctional green space located between the high-rises of the
Bécsi and Vorosvari streets in Obuda residential area. The project took a year to
complete and ultimately enriched the area with a slide park, a teenager’s leisure
area, sports areas, playgrounds, community space, and a stage.

Public involvement was done through a very wide and varied range of tools,
covering all project phases, except the birth of the project phase. The planning
phase was fully carried out by a contracted landscape architectural firm, the Ujirdny
Landscape Architects Ltd, the key element of which was a nine-part community
planning activity [20]. Subsequently, in the implementation and afterlife phases,
the involvement tasks were taken over by the municipality’s OBUD Ltd [9].

Table 2. Public involvement tools and tasks of the landscape architect and the
municipality in the two case studies (own ed.) [9, 17]

Success factors Expert: Establishment of Blessed Revitalization of Holdudvar
for public LAY Sdndor Istvdn Park Park

involvement A* B C D° MLA® A* B C' D' MLA®
Public

Flyer, newsletter X X X M X X M, LA
Posters, billboards X X M X X X M, LA
Publication X X X X M X X X M
Website, X X X X M X X X M
Application

Social media X X M X X X LA, M
Film X M X X M, LA
Image building X X X M, LA X X X M, LA
Forum, workshop X X X M, LA X X LA, M
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Success factors
for public
involvement

Establishment of Blessed
Sdndor Istvdn Park

Revitalization of Holdudvar

M/LA®

M/LA®

Organization

Bringing local
forces together

Local project

office

Local cooperation

Setting up an
association

Community rules

M, LA

M, LA

Involvement of
external experts

LA/M

Making plan

Use of existing
knowledge

LA/M

LA/M

Needs assessment

M, LA

LA/M

Residents’ ideas
competition

Design
competition

On-site planning
opportunity

M, LA

LA, M

Poll

LA, M

Community
involvement

M, LA

LA, M

Action

Testing, modelling

Community
implementation

Sports events

Art events

Community events

M, LA

Mobile equipment

Message boards

Programme

Urban education

Community/social
programmes
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Success factors Expert: Establishment of Blessed Revitalization of Holdudvar
for public LA! Sdndor Istvdn Park Park
involvement A2 B3 Cc D? M/L A® A2 B3 Cc D’ M /L AS
Cultural X M X X M
programmes

Environmental X M
programmes

Local history X M
programmes

Urban X

regeneration

programmes

Notes: ' The birth of the project. ?Planning. *Implementation. * Afterlife. ® Tasks (factors) in
which the landscape architect should be involved as an expert. ¢ Tasks which the landscape
architect and/or the municipality actually handled.

The synthesis of the case studies is presented in Table 2, which includes the
tools® used in the public involvement process for both projects and the landscape
architectural tasks that can be compared with the actual tasks performed by the
landscape architect and the municipality (where the list of actors also indicates a
kind of hierarchy of the extent of the involvement). In the case of Blessed Sdndor
Istvdn Park, option 1 was applied, while in the case of Holdudvar Park option 3
was implemented, except for certain project phases that were now in the hands
of the municipality.

It is clear from the case studies that the municipality has a crucial role to play
in an involvement process, as it represents stability compared to a designer and
has an overview of the process, which also provides security for the residents. The
whole life cycle of a project can span a long period of time, as it can take years from
planning to obtaining the necessary funding for development, and the afterlife is
not a phase that can be closed. As a consequence, information about the project
may be lost in the case of multiple actors (where there is no secure backing from
the municipality), and the time and energy invested in public involvement in the
project is wasted as residents will again (or still) be sceptical if they do not receive
adequate answers. A good example of this is that in the case of Holdudvar Park
the social media site was set up by Ujirdny Landscape Architects Ltd, but after the
community planning was completed, it was no longer updated, and so OBUD Ltd
had to take over its operation because the residents involved in the planning kept
track of it and communicated through it. There was also a setback when, following

3 The tools of public involvement are limitless, but they can be grouped by their nature. In a previous
study, when we were trying to make the processes and opportunities for public involvement more
tangible for city leaders, we grouped the tools into five categories and called them success factors,
suggesting that the success of a project often depends on participation [21].
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the completion of Holdudvar Park, a set of house rules — very important for the use
of the park — was drawn up in a community planning session with the residents,
but it was the designers who were aware of the background of these rules, who
were otherwise not involved in the event, as they had not been given a mandate.

In the case of Blessed Sdndor Istvdn Park, the experience was that having a team
of different experts coordinating the process throughout had several advantages:
fewer communication problems (e.g. something was said at the community
planning session but nobody kept track of it); the involvement tools could be used
as needed in all planning phases of the project, without having to re-engage the
designer each time; the communication experts used everyday language rather
than technical jargon, making the designs more understandable to the layman. It
was a particular advantage for this project that a local representative was involved
in the process and, knowing the community, was able to represent their interests
and guide the designer’s ideas in the right direction.

4. Conclusions

The concept of inclusion represents a shift in approach to the concept of
inclusive local government. It conveys the view that there is a need for a continuous
and consciously operated municipal-social framework that encourages action,
cooperation, and joint thinking in the community, with the community, and for
the community [22]. This call for municipalities is in line with the lessons learned
from our case study that municipalities need to take on a greater role in public
involvement and be good stewards of green spaces by engaging more experts.
Experience shows that a project and the associated involvement processes take
so long that if no one in the municipality understands and manages the project,
information is lost, residents can develop mistrust, and the process can fail [9]. And
trust is essential because if you have it and it increases, then public involvement
tools will reach more people and be more effective, which will also have an impact
on the quality and sustainability of UGI developments [1, 23].
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Abstract: During the study, the characteristics of flower heads and seed yield
of marigold (Calendula officinalis L.) plants harvested at different stages of
seed maturity (achenes from different types of heads — primary, secondary,
and tertiary ramifications) were measured. The number of total flower heads
(inflorescences), heads with mature seeds, and the diameter of heads with
mature seeds and weight of seeds of the above mentioned fractions per plant
were calculated. The results show that there are significant differences among
treatments regarding several parameters. The plants were harvested when
90% of the heads formed on the primary ramifications and 75% of the heads
formed on the secondary ramifications, having mature seeds superior to plants
with 50% of the secondary heads with mature seeds.

Keywords: growth period, number and diameter of heads, ramifications
1. Introduction

Pot marigold, or calendula (Calendula officinalis), from the Asteraceae family is
an annual plant originating from the Mediterranean area [1]. It is cultivated around
the globe, predominantly for ornamental purposes [2]. Its medicinal properties are
also known, the inflorescences being used for the treatment of several diseases [3].
There is a vast literature on the composition of the flowers and their pharmaceutical
properties [4, 5, 6, 7].

In recent years, calendula has been rediscovered as an industrial oil-bearing
crop [8]. Its seeds (achenes) contain around 20% of fatty acid, of which calendulic
acid constitutes approximately 60% [9]. This component has a special chemical
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structure [10], which provides such properties that make it suitable for utilizations
such as coatings, paints, cosmetics [1], adhesives, and replacement for volatile
organic compounds (VOCs) [9].

There are studies analysing the effects of plant density, applied herbicides [1],
genotype [8], sowing date [9], mineral fertilizers [11], or harvest date [12] on seed yield.

As the plant develops an indeterminate number of flower heads [12], defining
the proper harvest time could be difficult since the maturing of seeds is continuous
on the one hand, but previously ripened seeds tend to fall off the plant on the
other hand.

Another problem originates from the fact that flower heads developed on different
ramifications of the plant reach maturity at various rates, this also contributing to
the uncertainty of optimal harvest time.

The purpose of this pilot experiment was data acquisition for the determination
of the best phenological phase of the plant for achieving the highest seed yield
under the climatic conditions of the area.

2. Materials and methods
Experimental site and experimental design

The field study took place in 2020, in the Medicinal and Aromatic Plants Garden
belonging to the Didactical and Research Field of the Faculty of Technical and
Human Sciences, Targu-Mures, of Sapientia Hungarian University of Transylvania,
situated in Targu-Mures, Mures County, Romania. The monthly average temperature
values and the sums of precipitation of 2020 compared to the multiannual values
(period of 1971-2000) are presented in Table 1.

Table 1. Air temperature and precipitation values during the vegetation
period of the experimental year and the multiannual
mean values representative of the area

Year Month

May June July August
Average air temperature (°C)
2020 13.0 18.6 19.8 20.7
1971-2000 15.7 18.5 20.2 19.6

Precipitation (mm)
2020 71 124 74.2 N/D
1971-2000 65.1 84.8 76.6 66




Preliminary results regarding the seed yield of pot marigold... 127

The three treatments (seeds’ maturity duration at the time of harvesting) and four
replications were scheduled in a randomized complete block design (RCBD), with
each plot having a 10 m? (2 x 5 m) area and consisting of five rows. Data collection
was carried out in the three central rows from a number of 12 randomly selected
plants in the case of each replication.

Preparation of the experimental field

In the autumn of 2019, a 25 cm deep ploughing was performed, followed by
a rototilling after the pass of the cold season. Prior to sowing, the seedbeds were
made manually. A total of 150 kg/ha complex mineral fertilizer with 16:16:16
NPK content and 200 kg/ha ammonium nitrate mineral fertilizer with 33.5% N
content were applied to the field. Sowing was performed on 10 May 2020 with
a 40 cm distance between the rows and a depth of 4 cm. The 10 cm final inrow
distance between plants was achieved manually after the emergence of plantlings,
resulting in a plant density of 25 plants/m?. A single dose of irrigation was applied
to the field for a better and more uniform emergence of plants. The harvest was
effectuated at the stages of 90% mature seeds on the primary heads and 50% and
75% mature seeds in the secondary heads of the plants (13 and 24 August and 2
September 2020). The durations of the growth periods were 96, 107, and 116 days.

Data collection

The following measurements were effectuated on the different types of heads
(developed on the primary, secondary, or tertiary ramifications of the plant):
number of heads and number of heads that reached seed maturity, diameter (in
mm) and seed yield (in g) of heads with mature seeds.
Data analysis

The data obtained were subjected to data analyses using the PAST program. In
the case of data with normal distribution, ANOVA and Tukey’s test were performed,
while for data with non-normal distribution or represented by nominal variables,
the Kruskal-Wallis and Mann—Whitney tests were used.
3. Results and discussion

Number of flower heads per plant

By comparing the data of total inflorescence formation on the primary rami-
fications among the three seed maturity groups, it can be said that there are no



128 Béla Biré-Janka,* Katalin Molndr, Norbert Székely, Imre-Istvdn Nydrddi

significant differences. This statement is also valid for the data of head number
on secondary and tertiary ramifications and also for the total number of heads per
plant regardless of the harvesting group (p > 0.05).

In contrary, the distribution of inflorescences formed on different ramifications
shows statistically significant differences in the case of plants harvested at 90%
and 50% maturated seed groups, the number of heads formed on the tertiary
ramifications being significantly lower than the other two head types (p < 0.001)
(Figure 1A-B). The total inflorescence number in the case of the 75% group shows
no differences (Figure 1C).

Similarly to the above mentioned results, the data regarding the number of
inflorescences with maturated seeds formed on primary, secondary, and tertiary
ramifications and also the total number of matured inflorescences per plant presents
no statistically significant differences.
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Figure 1. Number of total flower heads (A — 90%, B —50% and C — 75%
maturity), and matured flower heads (D — 90%, E — 50%, and F — 75% maturity)
on different ramifications

However, analysing the data obtained from plants harvested at 90% seed maturity,
we can observe a decrease in the number of heads formed on the different ramification
types, the highest number of heads being formed on the primary ramifications, while
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the lowest number of heads can be observed in the case of tertiary ramifications.
The same pattern is present also in the results originating from plants harvested
at 50% matured seeds on secondary ramifications. The differences are statistically
significant in both cases (p < 0.001 and p < 0.01). A similar tendency is visible at the
data from plants harvested at 75% maturated seeds on the secondary ramifications,
but in this case only the number of heads formed on the tertiary ramifications is
significantly lower than the other two types (p < 0.01) (Figure 1D-F).

Diameter of flower heads

The diameter of flower heads formed on primary ramifications is greater than
those from secondary and tertiary ramifications. Comparing the head diameters
of different ramifications of plants from the three separate harvest times, it can be
stated that the differences are statistically significant in the case of primary flower
heads, the plants with 90% and 50% matured seeds having significantly higher
head diameters compared to plants of 75% matured seeds (Figure 2a.A). Contrary
to this, in the case of tertiary flower head diameter, the highest values come from
plants of the third harvest date, followed by plants of the second and finally
by the first harvest date, the differences between the first and latter two groups
being significant (Figure 2a.B). This could be partially explained by the fact that
the flower heads developed earlier on the primary ramifications have shrunken
after ripening. There are no significant differences among the secondary flower
head diameters of the plants of different harvest times. The average flower head
diameter is significantly higher in the case of plants harvested at 90% and 50%
seed maturity as compared to plants of 75% seed maturity (Figure 2a.C).
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Figure 2a. Diameter of matured flower heads (A — primary, B — tertiary, and
C - plant average) and their distribution among different ramifications
in the case of the three harvest times (D — 90%, E — 50%, and F — 75%)
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Figure 2b. Matured flower heads distribution among different ramifications
in the case of the three harvest times (D — 90%, E — 50%, and F — 75%)

The dispersion of flower heads formed on primary, secondary, or tertiary
ramifications is similar for plants of all harvest dates in such a manner that the
diameters’ value decreases from primary to tertiary ramifications, the differences
being statistically significant in all cases, with p < 0.01 or even 0.001 (Figure 2b.D-F).

Weight of flower heads

The average weight of a flower head ranges from 0.38 g to 2.66 g. After analysing
the data of the dispersion of flower head weights of different ramifications, we can
conclude that plants harvested at 90% seed maturity have developed the flower
heads with the greatest weight, followed by plants harvested at 75% and lastly
plants harvested at 50% seed maturity; the differences between the first group and
the latter two are statistically significant (p < 0.05) (Figure 3A). Comparing the
weights of flower heads formed on the secondary ramifications of plants harvested
at different seed maturity stages, we can conclude that the lowest values come from
the 90% seed maturity harvest time, followed by the 50% and 75% seed maturity
groups, but without significant differences among the groups. The weight of flower
heads formed on tertiary ramifications of the first two harvest times are the same,
and the values of the third harvest date are significantly higher (p < 0.01) (Figure
3B). An explanation to this phenomenon could be that plants of the third harvest
date had a longer period to develop their flower heads on the tertiary ramifications.

Average per plant flower head weight was the highest in the case of plants
harvested at 90% seed maturity, followed by the group of plants harvested at 75%
and finally at 50% seed maturity, the differences being significant among the two
extreme cases (p < 0.001) (Figure 3C). This tendency is probably due to the fact
that in later harvest times part of the seeds from the primary heads have already
fallen to the ground on the one hand and that flower heads of secondary and tertiary
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ramifications had a longer period to develop in the case of the third harvest date
on the other hand; thus, an intermediate harvest time seems less appropriate.

Independently of the harvest date, all plants had heavier flower heads
developed on the primary ramifications, followed by secondary and, finally,
tertiary ramifications; however, differences are greater in the first harvest group
and gradually decrease in the second and third harvest groups. It is probable that
with longer growth periods, plants had the chance to develop bigger and heavier
flower heads also on the secondary and tertiary ramifications. In the first and
second harvest dates, there are significant differences among the values of all types
of flower heads (p < 0.001 and p < 0.01) (Figure 3D—E), but in the case of the third
harvest date, the weights of primary and secondary ramification flower heads do
not differ significantly from each other, only from the flower heads formed on the
tertiary ramifications (p < 0.01) (Figure 3F).
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Figure 3. Average weight of matured flower head (A — primary, B — tertiary, and
C — plant average) and their distribution among different ramifications in the
case of the three harvest times (D — 90%, E — 50%, and F — 75%)

Seed yield per hectare was calculated from the average seed yield of one plant
and the plant density applied in the experiment. The results show that the highest
yields were achieved when plants were harvested at 90% seed maturity on the
primary ramification (1,004.9 kg/ha), followed by plants harvested at the stage
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when 75% of heads of secondary ramifications had maturated seeds (875.7 kg/
ha) and, finally, by plants at a 50% seed maturity of secondary ramification flower
heads (752.8 kg/ha). These results are lower than those of [1] and [13] but are
comparable to those achieved by [12].

The values of Spearman’s rank correlation coefficient rho indicate that there
are differences between the three harvest times regarding the positive correlation
among total flower head number and the flower head count of primary, secondary,
and tertiary ramifications. In the case of plants harvested at the latest date, the
flower heads of tertiary ramifications contributed to a greater extent to total flower
number (Table 4), while contrary, in the case of plants harvested in the first date,
their contribution was of a lesser significance (Table 2). This tendency is also visible
when analysing the magnitude of correlation in the case of matured head numbers.

Although there were no statistically significant differences detected between
either the total or the maturated flower head numbers, there is a tendency of
negative correlation (with rho values exceeding -0.5 only in one case) among flower
head numbers and their diameter. In the case of plants from the first harvest group
(with the shortest growth period), this effect is mostly notable at the diameter of
flower heads developed on tertiary ramifications (Table 2). This trend is repeated
also in the case of plants from the third harvest group (with the longest growth
period), but to a lesser extent (Table 4).

For the second harvest group, the negative correlations are visible almost entirely
in the cases of primary and total flower head diameters (Table 3).

A trend of positive correlation is also present between the total flower head
weight of plants and the flower head weight of different ramifications. For plants
harvested at 90% seed maturity, the highest contribution to the total seed yield of
plants can be attributed to flower heads developed at primary ramifications (rho
= 0.932) followed by secondary ramification heads (rho = 0.701). In this case,
tertiary flower head weight has a low positive correlation (rho = 0.349) with total
seed yield (Table 2). The data coming from the second harvest group indicates a
lower correlation ratio between the mentioned parameters, with only the weight
of primary ramification flower heads having a relatively high rho value of 0.722
(Table 3). Finally, concerning the plants of the third harvest group, it can be said
that all types of flower heads contributed in a somewhat similar extent to the total
seed yield of plants, the Spearman’s rank correlations having rho values of 0.881,
0.838, and 0.752 (Table 4).



133

Preliminary results regarding the seed yield of pot marigold...

‘SON[BA Ol

s,uewreadg a1 MOTa( 9SO} O[IYM ‘UOTIB[AIIOD JO YIB[ 81} JO sanI[iqeqold payre}-om) oy} yussaidal [eUOSeIp o1} 9A0qR San[eA :S8JON

6re0  T0L0  Ce60 €8I0 6800 TOE0 1ITO0 €C60 €6£0 TLLO ¥L90 S€60 LO9O0 <s6L0 LO6O 101 =3
6<00 LPE€0 0610 ¥E00- 9SE0 LTTO 6000 8ETO SISO 0620 LIOO SHZO 6¥1°0  SLIO OIT0  Am®mRlL en.m
0000 €900 T0S0 SY00- 8LO0- 9€€0 900 LL90 00K0 1€60 19T0 TELO TSHO 96L0 Sgs Ampuodss m.m
0000 STE0 0000 LLED  9ST'0  99T0 6LT0 9780 80TO €450 60L0 TH80 9LFO T#90 1760  Amwid :MLP
€00 9€8°0 o6kL0 8000 EEV0  ELFO  ¥€90  #90°0 1060~ TIT'0- LOSO #6000 0610~ 6000 €IT0 28Ry ez
6£9°0 ¥€00 9890  60F0O LIOO €200 0STO- 6500  §90°0- TR00- #OI0  0LO0- SEI0- IE1°0- 90000~ AmmRl m.amlmw
6€00 9¢T0 TT00  ILOO TOOO  8K00 €600 6610 8800~ 0020 6IT0 9.0 +EI'0 86T0 6510 AmWpuodsss mT _.mlwl
LPTO 0960 7980 TE00 0000 8LTO T6C0 SOT'0 9900~ 0T00- 90TO 9£00 TS00- SH00 1900  Arwhd -
0000 90T0 0000 0000 1990 8SL0 6LTO €LFO 91¢0 190 <080 #I60 €IL0 V¥LLO T98°0 1oL =
€000 +000 €000 TST'O 0000 FELOD 9SS0  1€9°0 0000 YIF0  T0TO  ¥9€0 TS0 SLTO bLTO  AEBRL mrm
0000 OCZI0 0000 0000 oFbP0 €990 OLTO0 ¥P60 0000 €000 LOE0 66L0 F0SO LESO 90910 Awpuodss m m
0000 T€60 €L00 0000 <TEOD €850 9TH0 9€T0 0000 #9T0 <TE00 $990  $ES0  09¥0 LeLQ  Amwmd mﬁ;
0000 <6T0 0000 0000 TCsO0 SILO 090 +#080 0000 OIOO0 0000 0000 9890 C060 8060 1E0.L
0000 Ter0 T000 1000 T6T0 LO9%0 69¢0 LLSO 0000 0000 0000 0000 Q00O 8€C0 $9c0  Ammel mu..l_.l
0000 9¥€0 0000 0000 O0S6'0 06F0 THOO 09L0 0000 €SO0 0000 T000 0000 0000 0890 AmEpuodds vmn.r
0000 #9C0 0000 0000 T#IO TLGO SBTO €90 0000 LSOO 0000 00O 0000 ©0O00OO 0Q0D Arewnd W.

Telo [Arenua | Arepuode§ ARl pieRAay Amie ] Arepuodeg Arunld [elo] Arnie] Arepuode§ ArwLidelo | Arnme ] Alepuods§ Arewtid

J[S12M peay parmey

I2JQUTRIP pEAT] PAIYE

I2qUIMU Pear] pamyey

IequInu pesy

Ayumyewr pess 9,06 18
paisaarey sjueld jo siojowrered paimseawr o1} SUOUIE PAJEN}IDJJo }$0) UOTIR[AIIOD YURI s, ueuLIeadg Jo s)[nsay ' 9[qeL,



rddi

n Nyd

Béla Biré-Janka,* Katalin Molndr, Norbert Székely, Imre-Istvd

134

‘senyeA oyl
s,uewnreadg a1 MOTa( 9SO} O[IYM ‘UOTIB[AIIOD JO YIB[ 81} JO sanI[iqeqold payre}-om) oy} jyussaidal [euoSerp o1} 0A0qR sanyey :S8JON

TEED S9Y0 €2/0 TECO 9EE0 Z6E0 OIT0 7/S0 ¥8T0 SOSO ¥8S0 €EVFO 6070 86E0 6ZV0  [uoL ..
6LT°0 €150 0920 690°0- [TL0 SZ00 CTOT'0- 6/S0 6850 €650 ¢Sv0 LIS0 V0S0 ¢SS0 €600  AmmaL mm
1000 SE0°0 ovF'0 85T0 ¥ZS0 YIED 950°0- 8890 <¢/00 8I80 9250 SZ90 €¢Z0 <080 9SE°0 Arepuoses mm
0000 [6C0 000 7570 1610 SPED BIL'O €090 18C0 86¢'0 SO80 EL£0 0610 110 1290 Awmmug B
9IT'0 S8/0 TOE0 /800 7000~ YVL0 S/90 6S000- TYTO- LE00- 6L00- OETO- 60T'0- OTO- 8E00- odemay
€/T0 TO00 TE00 8YFO €660 PPT'0- 89T°0- 0090 €/€0 900 SEVO ZI90 /IS0 €EL°0 90T0 gmoﬂm
1100 9260 9Y0'0 [ZO0 0000 G650 TIZ0 1800 O9TTO- ¥ZT°0 Z¢T'0 OvO'0 0900 OT00 GSETO Egoammwm
/970 9890 0¢L0 EE¥0 0000 9050 SSTO pZ0'0- 9900 PIT'O- 6ZT0- ¥90°0- CSTO €CT0- $OL'O- Amwmug”
0000 ¢T00 0000 0000 G690 8000 9190 v/80 S9P'0  SZL'0 BLL0 TV80 €290 87L0 ZEY0  [ROL =
1170 0TO0 9€9°0 €500 TOTO £ZT0 O/r0 1990 1000 [070 €E€0 €IS0 SS/°0 SITO 6Zv0  Awmmal mm
0000 OTO'0 0000 OrO'0 9080 TOO0 TFPO TSFO 0000 £STO Wwr0 TIPSO [Zr0 T/80 6CE0 Arpuodes mm
0000 6500 0000 0000 0090 ¢/00 [IE0 ¥6E0 0000 1200 TOO0 6¥9°0 980 €EV0 9640 Awmwng MP
7000 8200 0000 6000 €8€0 (000 9080 ¢/90 0000 0000 0000 0000 1080 9080 SLL0 0L
¥ST0 €€00 [ET°0  S6T0 99¥0 8ZO0 /040 €IE0 0000 0000 000 /000 0000 €6V0 SESD  AmmaL wl_,r
5000 8T0°0 0000 IST'O 88¥0 1000 TS6'0 [IFO 0000 C¥i'0 0000 T000 0000 0000 9870 Ampuosss o
7000 €S€0 STO0 0000 0080 €I¥0 O0OF0 €60 0000 2000 ¢T¢O'0 0000 0000 0000 6v0°0 Krewng m
[elo LATenIR T ATBpU022§ ATEUNLIDSRRAY ARSI AIRpU0IRS ARULIL] [BJ0] AIRNIa] ATBpUoda§ ARUNIJ[RI0 ] AenIa I ATepuodag ATeunid e

1yS1aMm peat] paImef I2)AWIRIP peaT] Pamyey I2qUINU peal] pamey Iaqunu peaf]

Ayumjewr pass 9,06 18
paisaarey syuerd jo siejowrered painseawr oY} SuUoUIe PajENIDLIJe 1S9} UOTIB[AII0D YUkl s,uewreadg Jo synsay ‘¢ 9[qe],



135

Preliminary results regarding the seed yield of pot marigold...

‘SON[BA OI

s,uewreadg a1 MOTa( 9SO} O[IYM ‘UOTIB[AIIOD JO YIB[ 81} JO sanI[iqeqold payre}-om) a1} jyussaidal [eUOSeIp o1} 9A0qR San[eA :S8JON

9¢/’0 8t®0 1880 ¢€ITO0 910 ¢€/T0 T€00- (CeE60 9650 8EL0 [eBO [L/80 6850 66£0 €940 eIl .
0000 €E€G°0 T090 <IT0 9150 6L00- ¢S0°0- €€L0 OTL0 080 <490 9¥9°0 e6I¥V0 S450 0190 g m..m
000°0 000 0950 6TIT0 ¢vv0 8BOO SWOO SZL0 €IS0 ¢TI0 0¢90 €80 /(850 (640 w090 % m.m
0000 TOO'0 0000 ¥OT'0 ¢CE€E0 6910 9¢00 T80 <CEF'0 1950 <S80 LEL0 86€0 9190 ¢80 Arwug ,mnp
90 ¢95°0 1ISF0 TI8CO S/€0 9¢S0 ¥I/.0 /[TOO0 0800- S¥OO- #E00 OO0 S/00- ¢STO0 /¥00  e3elAvy
¥00'0 v00'0 8IDO 6800 S¥OO 611°0- BCOO- 16FP0 86L'0 8ESD VPIEO €S0 €SC0  [990 9€€0 gmuwlm
40 1690 1850 98¢0 0000 9¥SO ¢cro ovio /[600 9¢00- 6ETO [¥O0 ¢000- €400 G600 %mmm
r8°0 0640 9440 9980 0000 (/880 OWFO 9¢1l'0- €00 S¢C0- IL1°0- 1600- 9100 Ov0O0- Hmﬂ.a-gl =
0000 0000 0000 0000 €TI60 £[000 S/LEO0 €L€0 /990 TE€80 0680 8680 9090 8I80 80 [0l —
0000 0000 1000 €000 €090 <¢OE0 <CPSO 0050 0000 LLE0 0 BOS'0O 6V90 6SE0 €€E0 g .mm.m
0000 8000 0000 Q000 890 €000 <C/80 [ET'0 0000 TTOO 6C90 6SL°0 6CV0 P¥S80 €690 % mm
0000 0000 0000 0000 9¢80 [600 O0BEO 09¢0 0000 €000 0000 780 6EVO €490 [S60 Amwug m;nr
0000 0000 0000 0000 €60 €000 [9.0 0SS0 0000 0000 0000 O0000 020 1880 0¢80 JeoL
0000 v¢O'0O 0000 9000 L¢90 S8BL'0 8860 8I6'0 0000 0000 €000 <COOO 0000 8¢50 91vo % W
0000 TOOO 0000 QOO0 6IE0 0000 ([¥P9°0 ¥6L'0 0000 IO 0000 00OOC 0000 0000 1590 % Unw.
0000 0000 0000 QOO0 8SL0 SL00 8YS0 ¢9C0 0000 600 0000 0000 0000 OO0 0000 g ml

]

Telo [ Arena ] Arepuode§ AlewlfseRAy Aeiis | Aepuodes Arunld [e10] ATenia] AIepuods§ ATRWLIJel0 ] ATeniie | ATepuodag Arewnig

1[STeM PeaY PRIMEIN

I2JQUIRTP pRaY pamyey

I2qUIMU peay pamiey

Iequinu pesy

Ayumyewr pess 9,6/ 18
paisaarey sjueld jo siojowrered paimseawr o1} SUOUIE PAJEN}IDJJo }$0) UOTIR[AIIOD YURI s, ueuLIeadg Jo s)[nsay ‘¥ o[qe],



136 Béla Biré-Janka,* Katalin Molndr, Norbert Székely, Imre-Istvdn Nydrddi

4. Conclusions

On the basis of the data obtained from the experiment, it can be concluded that
harvest time, which determines the length of the growth period, has great influence
on the flower head parameters and seed yield of Calendula officinalis plants.
Results show that effectuating the harvest when the majority of primary flower
heads have ripened seeds produced the highest yields, while in the intermediate
harvest time plants obtained the lowest yields. An even longer growth period
permits the plants to develop enough seeds on secondary and tertiary flower heads
for a greater yield. A possible explanation to this phenomenon could be that after
having reached full maturity, seeds on primary flower heads tend to fall off, and
so they will not be present in the harvested seeds, reducing the seed yield. At the
same time, a number of seeds developed on secondary and tertiary ramifications
can reach maturity, thus contributing to the total seed yield. The authors’ opinion is
that further investigation is needed for the elucidation of further factors influencing
seed yield and for determining even more accurately the proper harvest date for
calendula plants.
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