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Abstract

Most peatlands in Indonesia have been drained for plantation industries (Oil palm, Acacia)
and agricultural purposes in a broad sense. Theoretically, peatlands are extremely sensitive to
hydrological changes. The research aimed to elucidate the fact that indigenous farmers avoid
deep peatlands for food crop farming. This qualitative and quantitative research has been con-
ducted from 2020 to 2023 in South Sumatra province. It used a field survey method and the data
were collected by using a purposive sampling method. There are two main reasons farmers to
avoid deep peatlands for cultivating food crops, namely instinctive and latent challenges. The
first ones are temporary and technical, so farmers are able to overcome these challenges with
a scientific and technological approach. Latent ones are very difficult or impossible to repair and
tend to cause the destruction and extinction of peatlands. The government should stop granting
concession permits and make deep and very deep peatlands into conservation areas, because
of their impact on the environment. Approaches are recommended for sustainable peatland man-
agement, namely decentralisation, conservative, protective, and optimal approaches.

Key words: farmers, income, instinctive challenges, latent challenges, rice production, suit-
ability.

Introduction

Peatlands are receiving serious attention
as the issue of global climate change and
global warming becomes stronger (Zuhdi
2019). They are natural ecosystems of
high value because they have biodiversity,
regulate the climate, and are a source of
livelihood for millions of residents around
the location (Zuhdi et al. 2019, Zhang et al.
2022). Damage to peatlands due to human

activities such as agricultural expansion
and drainage construction, peat mining,
together with extreme climate manifesta-
tions have contributed to the degradation
of around 65 million ha of peatlands in the
world (Armanto et al. 2023a; 2023b). The
emissions resulting from this damage are
very significant and reach around 3 Gt CO,
per year, or around 5 % of the global car-
bon balance (Junedi 2017, Holidi 2019).
The problem of clearing peatlands, exces-


https://orcid.org/0009-0002-8554-6936
https://orcid.org/0000-0001-5342-8084
https://orcid.org/0000-0001-6139-7441

4 B. Syakina, R. M. Nor, and M. E. Armanto

sive drainage, and frequent fires are the
main factors contributing to Greenhouse
Gas Emissions, such as CO,, methane
(CH,), and nitrogen oxide (N,O), which will
become a time bomb for the sustainability
of our life (Armanto et al. 2022).
Peatlands in South Sumatra are about
1.01 million ha and mostly found in the
Eastern Part (Armanto 2019a, 2019b;
Holidi et al. 2019). About 44 % of those
peatlands are located in non-forest ar-
eas, 42 % in production forests (He et al.
2023), oil palm and acacia plantations,
and the rest (14 %) found in protected for-
ests (wildlife reserves and national parks).
At present time most peatlands have been
drained for oil palm plantation (Armanto
and Wildayana 2022, 2023), oil palm and
acacia plantations and agricultural purpos-
es in a broad sense (Alikhani et al. 2021).
The peatlands cultivation has changed
groundwater levels, namely groundwater
depletion, drainage systems, swamp for-
est logging and land clearing by burning
(Wildayana and Armanto 2018a, 2018b).
Farmers cultivating food crop farming (es-
pecially rice) in peatlands always pay se-
rious attention to the depth of peatlands
because in very deep ones (Yan et al.
2023), besides it is difficult and less fer-
tile to cultivate rice, so it produced low rice
yield and low income of farmers (Byg et

al. 2023, Wildayana and Armanto 2018c,
2018d, 2021). Furthermore, this research
is important because it provides informa-
tion about indigenous farmers avoid deep
peatlands for food crop farming (Wildaya-
na et al. 2019, 2018).

This research aims to understand in-
digenous knowledge why farmers avoid
the deep peatlands. It focuses on explain-
ing scientifically why deep peatlands are
avoided by indigenous farmers while the
government gives concession permission
to private companies such as oil palm and
acacia plantations.

Materials and Methods
Research location

The research was carried out from 2020 to
2023 and was conducted in South Suma-
tra province, Indonesia which is geograph-
ically located between 1-4° South latitude
and 102-106° East longitude (Fig. 1).

According to the Decree of the Ministry
of Environment and Forestry of Indonesia
Republic, Nr. SK.129/MENLHK/SETJEN/
PKL.0/2/2017 concerning Determination
of the PHU Map, total area of observed
PHU was 995,756 ha (PMRA 2022). Gen-
eral descriptions of observed PHU are
given in Table 1.

Table 1. General descriptions of observed peatland hydrological units.

. . Sugihan- Burnai-

Parameters Merang-Ngirawan  Saleh-Sugihan Lumpur Sibumbung
Area, ha 82,021 190,230 636,828 86,679
Burnt area
2019, ha 8513 29,167 39,786 10,134
Restoration . anal bIockllng. anQ Canal blocking DPG anq .canal 3R and DPG
types livelihood revitalisation backfilling
Targeted resto- All villages in Al villages in All villages in
ration area, ha  MuaraMedak, 33104 oy 4766 PHU, 228,378 PHU, 39,445

Note: DPG — Peat care village program; 3-R — rewetting; revegetation and revitalisation.
Source: Field and laboratory data analysis (2023).
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Fig. 1. Research location in South Sumatra province, Indonesia.

Note: PHU is Peat Hydrological Unit.
Study population

The number of respondents interviewed
was 525 households (15 % of the total
population of 3500 households of peat-
lands), and 2—-3 villages were selected for
each PHU, so the number of selected vil-
lages was 12. Data of respondents were
collected by using a purposive random
sampling method, questionnaires, and

snowball sampling techniques (Table 2).

Informant criteria

The interview scopes were on questions
about elucidating indigenous farmers
avoid deep peatlands for food crop farm-
ing. Data and information were taken also
from related stakeholders, namely gov-
ernment, concession owners, NGOs as

Table 2. General descriptions of selected respondents.

. o . Population Sample
Plots and size Districts (villages) (household) (respondent)

Merang-Ngirawan Musi Banyuasin 770 116
(82,021 ha) (Merang-kepayang, Muara medak)
Saleh-Sugihan Banyuasin (Banyu biru, Simpang 910 137
(190,230 ha) heran)
Sugihan-Lumpur . . ey
(636,828 ha) OKI (Simpang tiga sakti, Riding) 945 142
Burnai-Sibumbung
(86,679 ha) OKI (Kedaton, Menang raya) 875 131

Total 3500 525

Source: Field and laboratory data analysis (2023).
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well as indigenous farmers.

Research instrument

This research is a combination of quali-
tative and quantitative methods. This re-
search used a field survey method and
the data were collected by using a pur-
posive sampling method. Composite sail
samples were taken purposively at depths
of 5-20 cm and 30-50 cm, then analysed
in the laboratory for bulk density and or-
ganic C. The complete research objects
and parameters as well as measurement
methods are summarised in Table 3.

Data analysis

All data collected were processed on the
basis of measured parameters and anal-
ysed, tabulated, elaborated descriptively,
and then analysed statistically by using
SPSS program version 21. The land suit-
ability method was carried out following
the Ministry of Agriculture Regulation
concerning Guidelines for Land Suitabil-

ity for Agricultural Commodities No. 79/
Permentan/OT.140/8/2013. The pace at
which the depth of peatlands varies year
over year is the basis for the data projec-
tions for 2050 (PMRA 2022). The results
for projections for 2050 were derived from
the data.

Rice production and income of farmers
was calculated at the MDG price of IDR
4500 kg'. The Indonesian Rupiah (IDR)
exchange rate is: 1 IDR = 6.0842-10° €
and 1 € = 16,436 IDR (average for No-
vember 2023). Revenue was obtained
from multiplying rice production by the
selling price, while the average income
of farmers is the difference between rev-
enue and production costs. Rice produc-
tion was measured using Square method
5x5 m and income of farmers was calcu-
lated using farm analyses with formula
(1).

I=TR-TC, (1)
where: [ is income, IDR million-ha™-yr';
TR is total revenue, IDR million-ha'-yr?;
TC is total cost, IDR million-ha'-yr™.

Table 3. Research object, parameter and methods of measurements.

Object Parameters Methods Total samples

Farmers Legality and ownership, % Questionnaire 525
Age, year Questionnaire 525

Peatlands  Plot area of farmers, ha Questionnaire 525
Peat maturity (scale) Squeeze method 80
Bulk density, g-cm Ring sample 3
Organic C, % Walkey and Black 40
Area percentage, % Questionnaire 525
Peat depths, m Boring 80
Soil acidity, pH value pH meter 80
Soil fertility (scale) Certainty factor method 40
Inundation depth, m piezometer 40
Aluminium and iron, ppm Spectrophotometer 80

Rice Production, t MDG-ha'-yr ! Square method 5x5 m 16

Note: MDG is milled dry grain.
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Results and Discussion

Characteristics of farmers’ activities

Plot area of farmers (generally > 84 %)
had plots on average < 5 ha, only a small
number of farmers had > 5 ha, meaning
most farmers only fulfilled their own fam-
ily needs (subsistence farming). Distance
describes how far the plots are from the
main road to the district capital, the aver-
age is 36 km away from the main road.
It is relatively close, making easier for ru-
ral communities to transport. Roads play
a very important role in facilitating village
development; alleviating poverty through
increasing production and prices of agri-
cultural products; and reducing agricultur-
al input costs. Therefore, the expansion
of rice fields increased markedly in areas
close to markets and roads, but the road
construction can cause degradation of the
peatlands.

Legality and ownership (explaining the
plot locations), it turns out that > 95 % of
the rice fields were located in PHU area.
This was not in accordance with the spa-
tial plan because all PHU areas may not
be converted into agricultural and planta-
tion areas. Ownership explains how rice
fields owners get plots, around 61 % of
rice fields plot ownership was obtained
through market buying and selling trans-
actions.

Age of the plot owners at the conver-
sion time was around 40 years with an
average length of education of 12 years
(Senior High School). They have been
involved in trading (average 26 years);
or domiciled as a civil servant (25 years),
and commercial plantations (35 years). It
is noteworthy that very few subsistence
farmers were doing rice field farming (only
13 years).

Expansion of rice fields began in the

1980s. This expansion has brought many
changes to the physical landscape or
ecosystem and created rural socio-eco-
nomic changes. The changes started
with the transmigration program, but over
time, farmers expanded rice fields and
faced various intrinsic challenges and la-
tent challenges of peatlands, so farmers
avoided deep peatlands for food crop
farming (rice fields).

Our interviewed results explained that
in the end they realised peatlands were not
suitable for rice fields, so that in the 1960s
native farmers became less motivated to
farm on them. However, starting in the
2000s, large companies operating in the
plantation industries expanded the area of
oil palm plantations to > 10,000 ha. Final-
ly, the government formed a foundation of
the Nucleus Estate System (NES), where
the plantation industries are responsible
for processing and distributing Fresh Fruit
Bunches (FFB). Farmers act as plasma
under the supervision of the plantation in-
dustries and do not manage their oil palm
directly. Instead, farmers are coordinated
in a production organisation called Village
Unit Cooperative (VUC) that functions as
a partially integrated management sys-
tem. As a result, in the field, there is often
a communication gap between the par-
ties involved and FFB financial transpar-
ency, and one of the main challenges is
the lack of technical assistance received
by plasma farmers. Differences of opinion
between the two parties sometimes drag
on and last for 20 years. Finally, farmers
have difficulties in replanting of their oil
palm trees.

Since plantation industries have en-
tered PHU sites, farmers have been en-
couraged to own peatlands even though
they were aware that these peatlands are
not suitable for rice fields due to latent
challenges. The goal of farmers is to con-
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trol the peatlands and oil palm after know-
ing the economic potential of FFB. Farm-
ers gained knowledge from experience as
workers in the plantation industries or as
part of core partnerships between compa-
nies and farmers. Hence, they were trying
to sell their peatlands although their peat-
lands are located in conservation areas
(depths of peatlands more than 3 m).

Characteristics of peatlands

Results determining peatland suitability
for agriculture — peatland maturity, bulk
density (BD), carbon content and peat-
land depths, are presented in Table 4.

BD values varied between 0.11-—
0.29 g-cm?® depending on weathering
level. The more mature of peatlands is
observed, the BD values will increase. Fi-
bric maturity has average BD lower than
0.11 g-cm®, but hemic and sapric matu-
rity has average BD values more than
0.20 g-cm? because of the influence of
compaction. The average BD of fibric is
significantly different from the average BD
of hemic and sapric. Increase BD is due
to compaction and increased peatlands
degradation.

The carbon contained in peatland is
known as organic C content in peatlands
of 43-54 %. It is closely related to peat-
lands maturity. With the increasing matu-
rity, organic C content decreases and is
significantly different between organic C

in fibric, compared to organic C in hemic
and sapric. It diversity ranges from 54.27
+2.24 % for fibric; about 49.32 +3.78 % for
hemic, around 43.78 +8.76 % for sapric
and significantly different among the val-
ues.

Table 4 shows that the highest peat
maturity is hemic (close to 50 %), followed
by sapric maturity and the lowest is fibric
maturity, 36.26 % and 17.86 % respec-
tively. The large area of hemic maturity
is caused by land clearing, drainage and
repeated fires, so that the peatlands be-
come well decomposed.

It is explained in Figure 2 that from
1990 to 2050, very deep and deep peat-
lands show a downward trend, because
of massive forest and land fires, intensive
drainage and illegal logging systems get-
ting out of control. On the contrary, shal-
low peatland shows an upward trend,
started with the lowest percentage in the
beginning of the year and will become the
highest in the year 2050, which is around
5 % and 60 % of each. Furthermore, al-
though the peatlands medium also shows
a downward trend, it is predicted that in
2050 it will remain just slightly below 40 %,
about 10 % higher than in 2020.

Very deep peatlands (> 3 m) with a fi-
bric to hemic maturity were found in dome
area and are largely avoided by farmers
for food crop farming because they are
less fertile and have no agricultural po-
tency and recommended as for a conser-

Table 4. Distribution and characteristics of peatlands maturity.

Peat maturity BD, g-cm? Organic C, % Area, %
Fibric 0.11 £0.122 54.27 £2.242 17.86
Hemic 0.21 £0.17° 49.32 £3.78° 45.88
Sapric 0.29 +0.28¢ 43.78 £8.76° 36.26
Total 100.00

Note: BD is bulk density. Means in one column and followed by the same lower case are not

significantly different at the 5% test level.
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Fig. 2. Estimated depths of peatlands in the research area 1990-2050.
Source: It was interpreted from Landsat images (1990, 2002, 2020) and the field survey
(2023). It was estimated on the basis of PMRA (2022) and the field survey (2023).

vation area. In general, these peatlands
have a very inhibited drainage, rapid per-
meability, and has a very deep cross-sec-
tion of the soil.

Deep peatlands (2-3 m) have expe-
rienced the fate of almost the same as
very deep peatlands. It is estimated that
deep peatlands would disappear in 2050
because the Government has permitted
large private companies to cultivate Oil
palm and Acacia. The peatlands become
objects of forest and land fires, intensive
drainage and illegal logging systems that
are going increasingly uncontrolled. Deep
peatlands with fibric to hemic maturity
were commonly found in dome areas.

Medium peatlands (1-2 m) with hemic
to sapric maturity were commonly found
on the sides or edges of the peatlands
dome. These peatlands generally have
potential for food crop farming. Indige-
nous farmers have cultivated food crops,

vegetables, and fruits in these peatlands.
Shallow peatlands (0.5—1 m) continued
to increase from year to year remarkably
compared to other peatlands. In 1990 the
peatlands had an area of around 5.27 %,
and its increase occurred due to exces-
sive peatlands clearing by logging, drain-
age, and fires. In 2002, the extent was
24.24 % and around 43.77 % in 2020 and
estimated to expand to 61.07 % in 2050.

Suitability of peatlands for food crop
farming

Instinctive challenges of peatlands are
predominantly temporary, technical or
economic, so they are easier to overcome
with science and technology approaches.
Various instinctive challenges were iden-
tified, namely release of toxic metals, eu-
trophication of surface water, disruption
of hydrological balance, waterlogging,
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drought, local fisheries, release of organic
pollutants, changes in salt and freshwater
systems, changes in groundwater supply,
and air pollution. Especially for food crop
farming (rice fields), instinctive challeng-
es can be overcome with land suitability
methods.

Peatlands can be classified into four
land capability classes, namely class S1
(very suitable), S2 (suitable), S3 (mar-
ginally suitable), and N (not suitable) ac-
cording to the Ministry of Agriculture Reg-
ulation concerning Guidelines for Land
Suitability for Agricultural Commodities
No. 79/Permentan/OT.140/8/2013. Fig-
ure 3 illustrates the potential of peatlands
for food crop farming. Data on food crop
farming in peatlands indicates a 63 % less
potential, which is notably significantly dif-
ferent from a high potential of only 1 %.
Then, it shows that low potential and me-
dium potential, declared 20 % and 16 %
respectively.

There is a relationship between land
suitability class and rice cultivation pro-

High potential
1%

Less potential
63%

Fig. 3. Potency of peatlands for rice cultivation.
Source: Land suitability is based on topographic maps of South Su-
matra (scale 1:50,000), Landsat imaginary analyses (2022), soil maps,
field observations and laboratory analyses (2023).

duction. This relationship is expressed in
the form of a description as follows:

1) High potential if land suitability for
rice cultivation was in the range of 75 %
classified as suitable and < 25 % as mar-
ginally suitable. Rice production ranges
from 8-10 t MDG-ha'-year.

2) Medium potential if land suitability
for rice cultivation consisted of 25-50 %
classified as suitable and 50-75 % as
marginally suitable. Rice production rang-
es from 5-7 t MDG-ha'-year™.

3) Low potential if land suitability for
rice cultivation was indicated as 50-75 %
classified as marginally suitable and
25-50 % as unsuitable). Rice production
ranges from 2—4 t MDG-ha'-year.

4) Less potential if land suitability
class for rice cultivation showed > 75 %
classified as permanently not suit-
able and < 25 % as marginally suitable.
Rice production ranges from less than
1t MDG-ha'-year".

The results presented in Figure 3
show, that 63 % of the research area be-

longed to less poten-

Medium tial, meaning there
potential is no opportunity for
16% rice cultivation be-

cause there are a lot
of latent challenges
and very difficult to
reclaim or require
high costs and rice
production is not op-
timal. Limiting factors
of peatland suitabili-
ty for rice cultivation
are given in Table 5.
It was relevant with
work of Armanto et al.
(2013).

Suitability class N
means that the land
shows dominant la-

Low potential
20%
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Table 5. Limiting factors of peatland suitability for rice cultivation.

Class Subclass* Limiting factors
N N Latent limiting factors
S3 S3-anfx Soil acidity, soil fertility, stagnant water, Al, Fe toxicity
S2 S2-nfx Soil fertility, stagnant water and Al, Fe toxicity
S2 S2-anfx Soil acidity, soil fertility, stagnant water and Al, Fe toxicity

Note: * a — very high soil acidity and difficult to be managed; n — very low to low soil fertility;
f — flood, frequency and duration, flood water depth and water flow should be considered in
order to determine this limitation; x — salinity, high salt content which limits crop growth. Source:
Results of field observation, laboratory and image analyses (2023).

tent limiting factors. Land suitabilityS3 in-
dicates that there are factors limiting plant
growth, including soil acidity, soil fertility,
stagnant water, Al, Fe toxicity. Land suit-
ability class 2 indicating there are limiting
factors including soil fertility, stagnant wa-
ter and Al, Fe toxicity.

The results of field and laboratory
analysis showed that even though peat-
lands provide low suitability for rice culti-
vation, there are still few opportunities to
increase actual suitability to potential suit-
ability based on agricultural science and
technology by providing soil ameliorant
materials and other actions needed (Ta-
ble 6). For example, the actual land suit-
ability class (S3-anfx) can be increased
to potential land suitability (S2-af) by pro-
viding actions including lime, macro- and
microfertilizers, water blocking leading
to peatlands, not burning biomass, not
leaching Na and H elements, and keep-
ing peatlands always wet. However, the

actual land suitability of S3-nfx and S3-nx
can change to potential land suitability of
S3-fx and S3-x only by changing the lim-
iting factors but cannot change the land
suitability class order, because the factors
determining the land suitability class order
are very dominant.

Rice production and income of
farmers

Rice was developed by indigenous farm-
ers for their own food (subsistence farm-
ing) because it is relatively easy to culti-
vate and its price was stable compared
to other food crops and are capable of
providing rice production ranging from
2.50-6.50 t MDG ha'-year'. The average
rice production cost was IDR 5.5 million
ha'-year™.

Table 7 shows differences in rice pro-
duction and income of farmers based on
peat depth. The deeper the peatlands

Table 6. Efforts to increase land capability for rice cultivation.

Actual* Potential Efforts to increase actual suitability to potential suitability
S3-anfx S2-af ) . . . .
Lime, macro- and microfertilizers, water blocking leading to peat-
S2-anfx S2-af . . )
S3onf S3.f lands, not burning biomass, not leaching Na and H elements, and
-nix X keeping peatlands always wet
S3-nx S3-x

Note: * a — very acidic and difficult to be managed; n — very low to low fertility; f — flood,
frequency, duration, flood depth and water flow should be considered in order to determine this
limitation; x — salinity, high salt content. Source: Results of field observation, laboratory and image

analyses (2023).



12 B. Syakina, R. M. Nor, and M. E. Armanto

Table 7. Rice productivity and income of farmers in peatlands.

Average rice production,

Income of farmers,

Peat depths t MDG-ha"'-year" IDR million-ha-'-year"
Very deep <212 +0.152 3.49 +0.242
Deep 3.20 £0.26° 8.88 £0.31°
Medium 4.10 £0.24¢ 12.79 £0.34°
Shallow 4.45 £0.20¢ 19.10 £0.32¢

Note: Values in the same column and indicated by the same superscript are not significantly
different at the test level of 5%; MDG is milled dry grain.

were identified, the lower rice production
was because the more limiting factors for
rice growth were found, such as low soll
fertility; unregulated water conditions; less
able to support rice growth; pest and dis-
ease attacks; lack of soil nutrients; tech-
nical difficulties in the rice cultivation due
to access difficulty to very deep and deep
peatlands.

Rice production and income of farmers
were significantly different for each peat-
land depth. Income of farmers was ob-
tained from the t-test, so it was concluded
that HO was rejected, meaning there were
differences in income among them based
on different peatland depths. Peatlands
with shallow depths could provide the high-
est rice production and income of farmers
(around 4.45 t MDG-ha'-year' and IDR
19.10 million-ha'-year') and were signifi-
cantly different from very deep, deep and
medium peatlands.

Latent challenges and land uses of
peatlands

All coercive actions against peatlands
have triggered the presence of latent
challenges in peatlands, for example bio-
diversity loss (habitat, genetics, genes)
especially for native flora and fauna; loss
of production functions (peat, water, crop
cultivation); and loss of social and envi-
ronmental functions. Latent challenges

are generally hidden and lie beneath what
we perceive as obvious, deep, long-stand-
ing, and ongoing, but they still emerge in
a variety of ways. They are very difficult
or impossible to reclaim and tend to lead
to the destruction and disappearance of
peatlands.

Latent challenges were only possible
done by strong investors, plantation in-
dustries and large speculators who were
capable of converting peatlands to oil
palm and acacia plantations on a large
scale. Farmers were unable to face this
latent challenge because it was repeated,
global, and had huge impacts on the envi-
ronment. Even if it continues to grow and
is less attended, it is possible that peat-
lands will disappear in 2050 as represent-
ed in Figure 2. ltillustrates that the area of
deep peatlands is decreasing from year to
year, on the other hand, the area of shal-
low peatlands is becoming more and more
widespread over time. This indicates that
deep peatlands will be destroyed and dis-
appeared.

Conclusions

Peatlands fall into land suitability class-
es of N (permanently not suitable) and
S3 (marginally suitable), if peatlands
are forced for rice cultivation, then
rice cultivation cannot be carried out
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optimally. There are two main reasons
farmers avoid deep peatlands for cultivat-
ing food crops, namely instinctive chal-
lenges and latent challenges.

Instinctive challenges are dominantly
temporary, technical or economic, non-re-
petitive, local, and have less impact on
the environment, so that they are easier
to overcome with a scientific and techno-
logical approach and farmers are able to
face these instinctive challenges. Efforts
needed to overcome the instinctive chal-
lenges, namely installing water blocking to
irrigate peatlands (rewetting), liming, not
burning peatlands, and fertilizing. Based
on their potential, there are four potential
groups of peatlands, namely high poten-
tial; medium potential; low potential; and
less potential.

Latent challenges are very difficult
or impossible to repair and tend to lead
to the destruction and extinction of peat-
lands. Latent challenges are only possible
for strong investors, plantation industries
and large speculators capable of con-
verting peatlands to oil palm and acacia
plantations on a large scale. The gov-
ernment should stop granting business
permits (concessions) and make deep
and very deep peat lands for conserva-
tion areas, not reserved for large private
companies for Oil palm and Acacia plan-
tations because of their environmental
impact, especially due to the logging pro-
cess, over drainage and land clearing by
burning is global, regional and local. Four
approaches are recommended for sus-
tainable peatland management, namely
decentralisation approach; conservative
approach; protective approach, and opti-
mal approach.

It is suggested to the Government to
carry out coordination at any level involv-
ing stakeholders, government and indig-
enous farmers in carrying out peatlands

restoration. Peatlands are not permitted
to be opened for any purpose without
having adequate technology and knowl-
edge regarding the two characteristics of
peatlands, namely instinctive challenges
and latent challenges. Apart from that, it is
necessary to involve indigenous farmers
in the use of peatlands.
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Abstract

Pinus pinaster Aiton (maritime pine) and Pinus radiata D.Don (radiata pine) are both conifer-
ous species not native in Greece, which were artificially installed in Halkidiki, Northern Greece,
since the early 1970s. The research was performed to estimate the soil conditions of both conifers
in two different areas, where the reforestation has been successful. The best site quality stands
were selected, having particularly deep soil. Samples of soil, litter and needles were taken for
both species from 16 different sample plots in two sites: Stratoni and Sithonia. From the results,
higher concentrations of most soil nutrients, as well as better absorption of P and N by trees,
were found in Stratoni for both conifers. Tree dimensions for both conifers are greater in Stratoni,
corresponding to the higher nutrient content and an observed higher humidity. The concentrations
of nutrients in soil, litter and foliage for each conifer species were assessed according to the
literature.

Key words: conifers, litter, maritime pine, Mediterranean ecosystems, Monterrey pine, nee-
dles, soil nutrient content.

Introduction

Soil fertility plays a decisive role controlling
the growth of plants in forest ecosystems,
but forests also have a greater influence
on the soil conditions than most of other
plant ecosystem types (Binkley and Giar-
dina 1998). Moreover, soil fertility plays a
key role in influencing the establishment
and growth of artificial forests. Viewpoints

about soil fertility vary widely, so many re-
searchers have suggested that attention
should be shifted towards another con-
cept: soil quality (Patzel et al. 2000).
Studies on litter decomposition are
very important for understanding the way
a forest ecosystem functions. Litter de-
composition controls the nutrient release
rate and the availability of soil nutrients to
plants (Kurz et al. 2000). Only a small pro-
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portion of nutrients used by plants (S, Ca,
Mg, K) comes from releases of minerals
from soil. The largest proportion comes
from the mineralization by micro-organ-
isms of the soil organic matter, including
the organic material fallen from the trees
through litterfall (Swift et al. 1979). Fur-
thermore, nutrients in foliage influence the
dynamics of tree nutrition, affecting car-
bon assimilation and wood vyield (Sheriff
et al. 1986).

Pinus pinaster Aiton and Pinus radia-
ta D.Don are both fast-growing conifers,
suitable for wood production (Alia et al.
1997). P. pinaster is a native Mediterra-
nean conifer plant, used in afforestation
mainly in Southwestern Europe, but also
in Africa, New Zealand and Australia (Fer-
reira-Santos et al. 2020). The Mediterra-
nean Basin is also considered a typical
habitat for P. radiata, a native South Amer-
ican conifer, but with up to 93 % success-
ful reforestations in many Mediterranean
areas around the world (Richardson and
Rundel 1998, Hermoso et al. 2007, Arias-
Rodil et al. 2015). P. pinaster and P. radia-
ta were both artificially reforested in Halk-
idiki, Northern Greece, mainly in the early
1970s (Varelides and Kritikos 1994). Both
seemed to fail, as extensive reforestations
were destroyed by drought (Papamichos
and Alifragkis 1980), chlorosis in young
plants occurred (Nakos 1978), both coni-
fers showed a low life expectancy, com-
pared to endemic pine species, such as P.
brutia and P.nigra (Zagas and Ganatsas
2001).

The H:D ratio is used to quantify the
risk of storm damage, using classic or
modern models (Ogana et al. 2020). Ac-
cording to Sudmeyer et al. (2004), P. pin-
aster and P. radiata have similar root lat-
eral extent and the greatest root density
within 0.5 m of the soil surface.

Regarding soil nutrient content, Knic-

ker et al. (2005) found concentrations
of N between 0.07 and 0.11 % in topsoil
(0—20 cm) of a natural P. pinaster forest
in Spain. Martins et al. (2009) found total
N 0.47 % and P 2.06 mg-100-" in topsoil
of P. pinaster on sandy soils in Galicia,
Northwestern Spain. Respectively, Hop-
mans and Elms (2009) found the follow-
ing concentrations: N 0.7 %, P 0.57 g-kg™,
K 0.79 gkg', Ca 6.95 gkg' Fe
1.946 mgkg', Mn 382 mgkg', Zn
13.7 mg'kg' and Cu 3 mgkg" in litter
of an Australian P. radiata plantation on
podzolized sands. In addition, Turner
and Lambert (1988) found N 0.48 %, P
0.63mg-ginlitter, N 0.09 %, P 0.12mg-gr"
and N 0.05 %, P 0.105 mg-gr' at two soil
depths (0—-7.5 cm and 30-37 cm), respec-
tively, in Australian P. radiata plantations.
Among the mineral nutrients, soil nitrogen
status is deliberated as being the prima-
ry regulating factor, while phosphorous is
usually considered as a limiting nutrient
because of the low quantity in circulation
in major forests (Devi and Yadava 2007,
Krishna and Mahesh 2017).

Regarding nutrient content in foli-
age, Butcher (1977) found the following
concentrations: N 0.8 %, P 0.71 mg-g”,
K 6.02 mgg', Ca 15 mgg', Mg
1.94 mg-g', Mn 18.13 mgkg' and Zn
25.67 mg'kg' in needles of P. pinas-
ter plantations in Australia. Respective-
ly, Romanya and Vallejo (2004) found
N 1.62-1.73 %, P 1.17-1.57 mg-g"’
K 8.08-6.76 mgg' and Mg 1.16—
2.02 mg-g" in foliage of P. radiata plan-
tations in Spain. Moreover, Hopmans
and Elms (2009) found N 1.29 %,
P 132 mgg', K 7.31 mgg', Ca
6.8 mg-g”', Mg 2.03 mg-g”', Fe 83 mg-kg™,
Mn 534 mg-kg™, Zn 16.2 mg-kg" and Cu
2.76 mg-kg" in foliage of P. radiata plan-
tations in Australia. Merino and Edeso
(1999) found N 1.48 %, P 2.02 mg-g™", Mg
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1.21 mg-g™* and Ca 6.41 mg-g" in the fo-
liage of P. radiata after intense soil treat-
ment in Northern Spain.

Temperature, precipitation and chemi-
cal content of litter strongly control rates of
litter decomposition, influencing the recy-
cling of nutrients and thus ecosystem fer-
tility (Aerts et al. 1997, Brant et al. 2006,
Smyth et al. 2015). The most favourable
microclimate found especially in Stratoni,
due to humidity, has been pointed out by
Greek forest researchers (Chatzistathis
1980).

The aim of this study is to estimate soil
conditions and the differences in nutrient
content between two forest sites in Strato-
ni and Sithonia, where both conifers man-
aged to survive and grow.

Material and Methods

Study area

The study areas are in Stratoni at the
Northeast of Halkidiki and at the peninsula
of Sithonia at the South of Halkidiki. Both
study areas include reforestations of both

Pinus pinaster and Pinus radiata (Fig. 1).
The distance between sites is more than
50 km. The elevation of sampling plots
ranges from 450 to 545 m in Sithonia and
from 0 to 280 m in Stratoni. Although the
climate is mainly temperate and mild, it is
locally influenced by topography. The dry
period lasts 1.5-2.5 months, rendering
the area vulnerable to fire. Average annu-
al precipitation is 795 mm, mean annual
temperature is 9.85 °C and daily mean
temperature ranges from 2.1 t0 21.6 °C in
the study areas.

According to the ISSS Working Group
RB (1998a, 1998b), the soils are Eutric
Cambisols, containing shallow and mod-
erately deep soils, developed under typi-
cal Mediterranean vegetation. Forest soil
has formed on gneiss parent material in
reforestations of Stratoni; corresponding-
ly, the forest soil has formed on granite —
argillic schist in reforestations of Sithonia.
Pine reforestations were carried out since
the early 1970s according to Greek Forest
Services. Native vegetation is dominated
by oaks, such as mainly kermes oak (Q.
coccifera L.), holm oak (Q. ilex L.), plane
trees (Platanus orientalis L.) or evergreen

Stratoni

Fig. 1. The study area.
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shrubs, such as tree heath (Erica arborea
L.), strawberry tree (Arbutus unedo L.),
Greek strawberry tree (Arbutus andrach-
ne L.), rock rose (Cistus sp.), black alder
(Alnus glutinosa L.), mastic tree (Pistacia
lentiscus L.), green olive tree (Phyllirea
latifolia L.) and turpentine tree (Pistacia
terebinthus L.).

Sixteen sample plots were chosen,
eight for both conifer species, each cov-
ering an area of 314 m2. All sample plots
were located within a pure and undis-
turbed Pinus pinaster and Pinus radiata
plantations. The sample plots were se-
lected by random systematic sampling
for both conifers, keeping a distance of
more than 2 km from each other, in order
to represent different forest microenviron-
ments. Sample plots from Stratoni were
located between 24°03'39” E latitude,
40°43'42” N longitude and 23°54°22” E
latitude, 40°46’31” N longitude, while
sample plots from Sithonia are located be-
tween 23°58'32” E latitude, 40°09'14” N
longitude and 24°03'44” E latitude,
40°20'39” N longitude. The elevation of
sample plots ranges from 0 to 120 m in
Stratoni and from 425 to 545 m in Sitho-
nia. The average slope is 7-10 %, while
the dominant aspect is oriented northeast.

At both Stratoni and Sithonia, eight
sample plots were selected, four for Pinus
pinaster and four for Pinus radiata. Sam-
ple plots were chosen according to the
field- based survey data from the Greek
Forestry Services. At each sample plot
the breast height diameter and the height
of all healthy trees was measured to as-
sess the growth of both conifers and the
differences between the two areas. The
measurements of breast height diame-
ter were carried out using a calliper and
a diameter tape (accuracy 1 cm). Height
measurements were carried out using a
Blume-Leiss and a Haga altimeter (accu-

racy 0.1 m). Forked trees (in h < 1.3 m)
were measured as two different trees.
Field measurements were implemented in
the middle of the growing period (July-Au-
gust) (Dobbertin et al. 2013).

Methods

A square metallic frame with dimensions
of 25%25 cm was used for the sampling of
litter. Litter’s samples were randomly se-
lected in five sites per plot, separately for
each organic horizon (pine needles and
twigs, partially decomposed layer or well
decomposed humus). The litter within the
square area was transferred into labelled
plastic bags. Pine needle samples, one
per each sampling plot, were also select-
ed. About one hundred and sixty litter sam-
ples and sixteen pine needles samples
were transported to the Forest Soil Labo-
ratory of Aristotle University. The collected
samples were dried in an oven at 74 °C
for 48 h, next the samples were weighed,
grounded and prepared for analyses. Soil
samples were taken from depths of 0-10,
10-20, 20—40 and 40-60 cm from two dif-
ferent soil profiles per sample plot. About
one hundred and twenty soil samples
were transferred into labelled plastic bags
and transported to the laboratory. Then
all soil samples were air-dried, weighed,
grounded, passed through a 2 mm sieve
and prepared for analyses.

Litter’s and needles’ chemical analyses
were performed in pulverized and homog-
enized material. Total nitrogen (N) was
estimated using Kjeldahl digestion meth-
od (Stevenson 1982). The nutrients Ca,
Mg, K, Na, Fe, Mn, Zn ka1 Cu were meas-
ured using an atomic absorption spectro-
photometer (PerkinElmer, Inc., USA) in a
mixed solution of HNO,, HCIO, and H,SO,
(5:1:0.5) (Allen et al. 1986). Phosphorus
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was determined using the molybdate blue
colorimetric method.

Soil N was determined using Kjeldahl
digestion method (Stevenson 1982). Ex-
tractable P was also measured using the
blue of ammonium sulphoparamolybdate
method (Olsen and Sommers 1982). Ex-
changeable cations, such as Ca, Mg, and
K were determined using the CH,COONH,
1N solution of pH 7 (Grant 1982). The
micronutrients Fe, Mn, Zn and Cu were
determined using the diethylenetriamine-
pentaacetic acid solution of pH 7.3 (Lind-
say and Norvell 1978). All extracted cati-
ons Ca, Mg, K, Fe, Mn, Zn and Cu were
measured using an atomic absorption
spectrophotometer.

Statistical analysis

All statistical analyses were performed us-
ing the SPSS statistics software (Version
20 2014). The uncorrelated t-test is used
to calculate whether the averages of two
groups from different samples differ sig-
nificantly from each other (Howitt and Cra-
mer 2001). Therefore, t-tests were used to
assess the significance of differences be-
tween concentrations of nutrients from the
two areas. Nine dependent variables were
selected for regression analysis: N (%); P,
Mg, Ca, K (mg-g™); Cu, Fe, Zn, Mn (ppm).
Independent sample t-tests were used to
compare means of variables (concentra-
tions of nutrients) for soil, litter and nee-

dles from Stratoni and Sithonia, as well
as to compare the dimensions of trees in
both areas. In addition, p-values from the
two-tailed probability computed using the
t-distribution were compared to an alpha
level of 0.05 (SAS 2008).

Results

Tree dimension measurements

The maximum total tree height was found
above 20 m for both conifer species, while
the maximum breast height diameter was
found above 43 cm for Pinus pinaster and
above 33 cm for P, radiata on the sam-
ple plots of Stratoni. Correspondingly,
the maximum total tree height was found
above 16 m for both conifer species, while
the maximum breast height diameter was
found above 26 cm for P. pinaster and
above 22 cm for P. radiata on the sample
plots of Sithonia.

Dendrometric variables

Table 1 shows the dendrometric variables
on sampling plots, including average
height (H), average breast height diame-
ter (D), H:D ratio and tree density.

There are significant differences be-
tween the two areas in most variables.
Higher values in average height and aver-
age breast height diameter are presented

Table 1. Dendrometric variables (mean % s.d.) for Pinus pinaster and Pinus radiata
in both areas.

Species Area H, m D, cm H:D Density, ha™
Pinus pinaster Stratoni 19.75 +4.81 44.20 ¥13.13 0.47 *0.11 1210
___________ Sithonia 18.05 +2.85 27.64 ¥4.75 0.66 +0.07 1019
pinus radiata Stratoni 21.15*2.19 33.28 £3.69 0.64 +0.05 1015
Sithonia 17.25 +1.74 24.70 *1.83 0.69 +0.05 981

Note: Values in bold indicate a significant difference between different areas.
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in Stratoni, especially for Pinus pinaster.
The H:D ratio is higher in Sithonia, espe-
cially for P. radiata. Therefore, the larger
number of trees per hectare is found in
Stratoni for P. pinaster, while the smaller
one is found in Sithonia for P. radiata (Ta-
ble 1).

Chemical composition in needles,
litter and soil

Chemical composition of Pinus
pinaster

Concentrations of most measured nutri-
ents are higher in Stratoni. Specifically,
concentrations of i) N, P, Mg, Cu, and Fe
in needles, ii) P, Mg, Fe and Mn in litter
and iii) P, Ca, K, and Zn in soil at most soil
depths have higher values in Stratoni.

Table 2 shows concentrations of nutri-
ents in needles and litter for P. pinaster in
both areas.

Table 3 shows concentrations of nutri-
ents in soil according to soil depth for P,
pinaster in both areas.

Chemical composition of Pinus radiata

Concentrations of N, P and Zn in needles,
Mg, Fe and Zn in litter are higher in Stra-
toni. Overall, all macronutrient concentra-
tions, but P at shallow soils, are higher in
Stratoni, as well as concentrations of Ca,
K and Zn at most soil depths.

Table 4 shows concentrations of nutri-
ents in needles and litter for P. radiata in
both areas.

Similarly Table 5 shows concentrations
of nutrients in soil according to soil depth
for P. radiata in both areas.

Soil chemical properties under Pinus
pinaster stands

In both study areas the soil was acid (pH
4.02-5.36). Concentrations of most nutri-
ents in soil show higher values in Stratoni,
where P, Ca, K, and Zn are in higher con-
centrations. On the contrary, in Sithonia
only Fe is in higher concentrations in soil.
The different parent material between the
two areas plays an important role. In litter,

Table 2. Nutrients (mean %s.d.) in needles and litter for Pinus pinaster in Stratoni

and Sithonia.
El t Needles Litter
ements Stratoni Sithonia Stratoni Sithonia
Nutrients
N, % 1.11 £0.45 0.73 £0.02 0.84 £0.35 0.63 +0.13
P, mg-g™ 0.79 £0.13 0.61 £0.15 0.47 £0.15 0.32 +0.09
Ca, mg-g"’ 3.52 £1.97 4.75 £0.59 4.83 *0.28 6.04 +0.96
Mg, mg.g™ 2.72 ¥0.50 2.03 x0.47 3.27 £1.22 1.94 +0.28
K, mg:g" 4854119 | 609155  110£0.34 1333017
Micronutrients
Cu, mg-kg™ 11.29 £7.4 3.63 0.9 24.33 £8.1 23.26 £7.6
Fe, mg-kg-' 962.36 353 310.44 £57.1 3.071 +628.0 2.070 ¥153.8
Zn, mg-kg-' 38.12 £9.28 34.79 £6.91 298.28 +66.2 744.78 ¥187.72
Mn, mg-kg-" 125.74 +68.94 168.83 +61,77 101.80 £10.8 60.47 * 8.46

Note: Values in bold indicate a significant difference between different areas.
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Table 3. Nutrients (mean %s.d.) in soil for Pinus pinaster in Stratoni and Sithonia.

Depth of soil layer

Elements 0-10 cm 10-20 cm 20-40 cm 40-60 cm
Stratoni Sithonia Stratoni Sithonia Stratoni Sithonia Stratoni Sithonia
Nutrients

N. % 0.22 0.13 0.11 0.11 0.08 0.09 0.06 0.06
’ +0.07 +0.07 +0.07 +0.06 +0.06 +0.03 +0.05 +0.03
) 1.32 0.63 1.03 0.52 0.88 0.47 0.72 0.47

P, mg-100g™"
+0.60 +0.08 +0.37 +0.06 +0.45 +0.09 +0.33 +0.10
5.57 1.33 4.31 1.51 3.48 1.71 4.31 1.40
Ca, cmole-kg™ *3.11 +0.83 +2.64 #1.00 +2.09 +0.83 *3.50 +0.79
0.42 0.19 0.21 0.15 0.15 0.19 0.1 0.12
Mg, cmole-kg™’ +0.19 +0.12 +0.09 +0.08 +0.09 +0.09 +0.05 +0.05
12.93 3.43 8.24 2.79 6.27 3.07 6.32 1.86

K.omolekg?  #5.50  #327  #522  #358  +488 157 #6550  #121
Micronutrients
2.18 3.10 2.40 2.75 2.01 4.00 2.03 1.96
Cu, mg.kg™

+0.99 +2.60 +1.29 +1.61 +0.84 +2.32 +0.78 +0.84
32.14 42.55 30.83 38.80 26.99 39.7 23.78 34.2

Fe, mg-kg™ +11.14  #547  +12.2 +6.2 +0.89  +7.53 +6.9 +4.29
Zn, kg 1163  3.08 4.83 1.45 3.33 1.22 2.46 0.90
‘ $439  $099  $1.98  $0.69  +1.44  $094  +1.63  +0.33
2605 2498 1915 1143  17.28 8.29 13.9 6.41
Mn, mg-kg™

+12.98 +6.21 +16.2 +7.14 +15.28 +5.72 +12.3 15.62

Note: Values in bold indicate a significant difference between different areas.

Table 4. Nutrients (mean *s.d.) in needles and litter for Pinus radiata in Stratoni

and Sithonia.
Elements Needles Litter
Stratoni Sithonia Stratoni Sithonia
Nutrients
N, % 1.66 +0.84 0.85 #0.052 1.04 £0.35 0.85 +0.07
P, mg-g-' 0.97 *0.11 0.58 +0.03 0.46 +£0.19 0.46 £0.19
Ca, mg-g-' 3.12 #1.06 5.84 ¥2.62 4.63 £3.15 7.02 £1.74
Mg, mg-g- 1.97 £0.34 2.01 +£0.69 2.92 +0.69 2.09 +0.48
K,mgg' 7.63 £2.77 _6.06+0.76 1.75 £1.09 ~1.09 £0.18

Micronutrients
Cu, mg-kg-' 7.68 £1.92 8.74 £3.90 22.17 £15.23 28.22 +5.64
Fe, mg-kg-' 1,334 £1.33 487.05 £342.14 3,034 +588.30 2,318 +465.00
Zn, mg-kg™ 84.62 £65.62 30.81 £10.53 140.22 ¥90.74 57.59 £10.50
Mn, mg-kg™ 210.12 £110.00 253.58 £120.24 512.14 £456.48 826.14 £245.87

Note: Values in bold indicate a significant difference between different areas.
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Table 5. Nutrients (mean #s.d.) in soil for Pinus radiata in Stratoni and Sithonia.
Depth of soil layer
Elements 0-10 cm 10-20 cm 20-40 cm 40-60 cm
Stratoni Sithonia Stratoni Sithonia Stratoni Sithonia Stratoni Sithonia
Nutrients

N % 0.26 0.09 0.14 0.08 0.09 0.06 0.03 0.051
’ +0.93 +0.03 +0.10 +0.01 +0.07 +0.02 +0.01 +0.01
0.52 0.84 0.54 0.65 0.46 0.55 0.46
P.mg100g"  1.02073 044 s070 2021 £043  £0.07 019  £0.12
Ca, cmole-kg™ 3.34 1.20 2.72 1.08 2.60 1.14 3.47 0.96
’ +2.46 +0,26 +2.06 +0.52 +1.64 +0.36 +1.90 +0.49
Mg, cmole-kg™ 0.33 0.20 0.21 0.17 0.16 0.17 0.17 0.14
’ +0.08 +0.08 +0.07 +0.09 +0.11 +0.05 +0.13 +0.04
K, cmole-kg” 9.35 2.68 6.66 2.01 5.03 1.74 6.13 1.38

T $6.13  #1.11  #478  #1.36  $3.64 %074  13.95  #0.55

Micronutrients

Cu, mg.kg" 2.02 2.58 3.04 2.14 3.03 1.75 1,93 1.74
’ +1.39 +1.83 +1.88 +1.06 +1.45 +1.04 +0.57 +0.75
Fe, mg-kg" 33.14 42.94 32.90 38.61 26.85 28.50 21.04 27.84
’ +9.32 +8.94 +8.26 +10.22 +5.97 +10.04 +7.05 +7.67
Zn, mgkg" 7.66 1.70 4.47 0.95 3.70 0.73 4.64 0.75
’ +3.75 +0.80 +3.62 +0.30 +5.01 +0.35 +3.85 +0.10
Mn, mg-kg” 21.54 16.83 21.83 10.83 20.32 6.66 12.29 4.95
’ +15.63 +8.30 +17.62 +10.02 +19.35 +5.97 +11.52 +4.10

Note: Values in bold indicate a significant difference between different areas.

higher concentrations of P, Mg Fe and Mn
were found in Stratoni, while higher con-
centrations of Ca and Zn were found in
Sithonia. Due to better growth of P. pinas-
ter in Stratoni, greater amounts of organic
residues are produced, so higher nutri-
ents’ concentrations in litter are observed.
In needles, concentrations of N, P, Mg, Cu
and Fe were found in higher concentra-
tions in Stratoni.

Soil chemical properties under Pinus
radiata stands

In both study areas the soil was also acid
(pH 4.02-5.36). Concentrations of mac-
ronutrients at shallow soils, concerning
extracted cations, also show higher val-
ues in Stratoni, where the soil has high-
er concentrations of N, Ca, Mg, and K. At

a greater depth (>10 cm), higher Ca and
K content is observed in Stratoni. Higher
concentrations of Zn was also found in
soil in Stratoni. Higher concentrations of
Mg, Fe and Zn in litter and N, P and Zn in
needles were found in Stratoni, but only
higher concentrations of Ca in needles
were found in Sithonia. Concentrations of
most nutrients in litter and needles do not
show statistically significant differences
between the two areas, but there are sig-
nificant differences in most nutrients be-
tween the two areas at shallow soils.

Discussion

Soil in both areas is deep, compared to
most pine reforestations in Greece, con-
cerning mainly semi-mountainous, semi-
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arid, rather dry, warm areas. Tree di-
mensions for both conifers are obviously
greater in Stratoni, presenting the best
tree growth in Halkidiki. The H:D ratio
shows greater wind stability in Stratoni for
P. pinaster, but no differences between
the two areas for P. radiata.

The amounts of Ca, Mg and K and mi-
cronutrients in soil are due to the parent
material. Therefore, in Stratoni the greater
quantity of Ca in soil is due to limestone
rocks, which are common in the study ar-
eas. Moreover, greater amounts of Zn in
Stratoni or Fe in Sithonia are also due to
the parent material and soil impurities.

Higher concentrations of P in litter and
soil were found in Stratoni for Pinus pin-
aster. Moreover, concentrations of N only
at shallow soils of both conifers showed
higher values in Stratoni. For P. pinaster
the results showed equal or higher con-
centrations of N, but lower concentrations
of P in soil in relation to natural forests
in Spain. For P. radiata, results showed
equal higher concentrations of most nutri-
ents in soil, but lower concentrations of P
in litter in relation to Pinus radiata plan-
tations in Australia (Turner and Lambert
1988, Knicker et al. 2005, Hopmans and
Elms 2009, Martins et al. 2009).

In Stratoni higher concentrations of N,
P, Mg, Cu and Fe were found in foliage of
P. pinaster, as well as higher concentra-
tions of N, P and Zn were found in foliage
of P. radiata. P and N-absorption by trees
is an important growth factor for both co-
niferous species that seems to be better
in Stratoni. Phosphorus and nitrogen con-
centrations in needles found in Sithonia
for both conifers are below the reported
marginal level and below the values com-
monly observed in other Pinus pinaster
and Pinus radiata stands that are known
to be nutrient limited. However, phospho-
rus concentrations in needles found in

Statoni for P. radiata were also below the
critical levels according to the literature
(Will 1985, Zas 2003, Zas and Serrada
2003, Warren et al. 2005, Martins et al.
2009).

The results show low phosphorus con-
tent in soil of both areas, mainly in Sitho-
nia, that is an aggravating factor for the
growth of both conifers.

Conclusions

All measured dendrometric variables for
both conifers are greater in Stratoni. Com-
paring the two areas, the highest nutrient
content in soil, litter and needles for both
conifers was found in Stratoni. The great-
est differences were observed at shallow
soils (0—10 cm) for most nutrients. Con-
sequently, Stratoni seems to be more
suitable area for both conifers and this is
clearer for Pinus pinaster. The phospho-
rus content in litter, foliage and soil at all
depths is higher in Stratoni for Pinus pi-
naster, however, there is a phosphorus
deficit concerning both areas. The results
show that nutrient content in litter, soil and
foliage found mainly in Stratoni, does not
appear to be prohibitive for both conifers,
but certainly, given a lack of phosphorus,
has nothing to do with data from high-pro-
ductivity forests. The results contribute to
the planning of appropriate forest man-
agement for both areas, considering the
prospect of preserving or replacing both
conifer species.
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Abstract

Reclamation is an important activity to support ecosystem recovery after mine closure. The
success of this effort depends on plant adaptability to environmental pressure, primarily related to
high-acidity soil. However, more information about plant adaptability in reclamation sites is need-
ed, although it is required to determine the alternative species for supporting revegetation efforts.
Our study investigated the adaptability of multiple tree species used for coal mining reclamation
and assessed their essential role in enhancing biodiversity in the degraded ecosystem. An eco-
logical survey was conducted using a transect line method with a sampling plot size of 20x20 m
and an interval from each 50 m. This study found that seven species were used to support the
reclamation efforts, i.e., Aleurites moluccana, Archindendron pauciflorum, Artocarpus heterophyl-
lus, A. integer, Durio zibethinus, Hevea brasiliensis, and Mangifera casturi. The survival across
species was 78.60-89.39 %, with a height of 64.75-133.94 cm and a diameter of 0.59-1.39 cm.
The species diversity was low, with a richness of 0.98 and a heterogeneity of 0.84. These spe-
cies also had an unbalanced distribution pattern with an evenness index of 0.43. These findings
showed that the selected plant species had good adaptability to the environmental conditions of
the reclamation site. Although their contribution to biodiversity improvement was still low, there
was a positive contribution from these species to biodiversity recovery after the mine closure. Fur-
ther investigation is still required to monitor the long-term benefits of these species on ecosystem
recovery in the reclamation area.

Key words: biodiversity, degraded ecosystem, environmental pressure, mine closure, reveg-
etation.

Introduction ment in the future. Coal mining exploita-

tion using an open-cut system changes

Coal mining is one of Indonesia’s most
important industries contributing to the
gross domestic product (Nugroho et al.
2022, Supandi et al. 2023). However, it
also has negative impacts on the environ-

the landscape (Nugroho et al. 2021), in-
creases runoff and erosion (Jiang et al.
2022), reduces biodiversity (Sasaki et
al. 2015), and causes soil contamination
(Mourinha et al. 2022). This circumstance
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creates degraded land after mine closure
(Worlanyo and Jiangfeng 2021). To mini-
mize the impact, reclamation effort is nec-
essary to support land recovery. It is con-
ducted by closing mining holes, returning
soil, and establishing vegetation (Buta et
al. 2019). This effort is expected to accel-
erate vegetation succession and minimize
land degradation in the following periods.

Nevertheless, coal mining reclamation
takes work and time to implement. This
effort has many challenges, primarily re-
lated to soil characteristics. After the mine
closure, the soil had high acidity and con-
tained heavy metals due to the impact of
chemical contamination (Li et al. 2018).
This stimulates the high mortality of plants
during coal mining reclamation. Soil with
high acidity causes Al toxicity, inhibiting
root growth and development (Hajiboland
et al. 2022). At the same time, the exces-
sive content of heavy metals is also tox-
ic for plants (Chibuike and Obiora 2014).
Consequently, the plant cannot grow well
and has a high mortality risk. To tackle
these constraints, selecting adaptive plant
species is necessary to support coal min-
ing reclamation (Stojni¢ et al. 2021). It can
be conducted by planting several species
to evaluate their adaptability in the recla-
mation area.

Until now, many reclamation activities
have been implemented by coal mining
managers. One of them is PT Borneo In-
dobara (BIB), a coal mining enterprise that
has a concession area in South Borneo.
BIB has conducted reclamation effort in its
site by establishing several plant species.
Unfortunately, information about adaptive
plant species for coal mining reclamation
in this area is rarely published, although
it is required as basis information to sup-
port mining reclamation in the future. On
another side, the current challenge of
coal mining reclamation in BIB is not only

about revegetation but also should con-
sider biodiversity conservation through
reclamation. Coal mining exploration with
open-pit systems causes biodiversity loss,
especially for native species. These plants
have low natural regeneration; thus, artifi-
cial regeneration is required to conserve
them. In this context, the result of the rec-
lamation can also accelerate biodiversity
recovery, primarily related to local species
from the reclamation area (Trimanto and
Shofiah 2018). Considering these expla-
nations, there are two critical questions
related to the reclamation effort in this site:

1. What kind of alternative plant spe-
cies can facilitate coal mining reclama-
tion?

2. How is the contribution of these spe-
cies in recovering biodiversity at the recla-
mation site?

In order to address those questions,
this study aims to evaluate the adaptabil-
ity of multiple tree species used for coal
mining reclamation and to assess their es-
sential role in improving biodiversity. Re-
sults will deliver sufficient information for
BIB managers related to the list of adap-
tive plant species for reclamation and their
contribution to biodiversity recovery in the
land.

Material and Methods

Study area

This study was conducted in a coal mining
reclamation site managed by PT Borneo
Indobara with a size of 6 ha. This area is
part of the Riam Kanan Watershed in Ar-
tain Village, Banjar District, South Borneo.
The study site has geographic coordinates
114°55’-115°15’ E and 3°21'-3°40’ S. ltis
situated in the lowland with topography
predominantly hilly areas. Annual rainfall
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ranges from 2000 to 3000 mm-yr' over
the last ten years. The highest rainfall is
recorded in December, while the lowest is
in May. Dry periods occur for five months,
from June to October. The average daily
temperature is 25 °C with a minimum of
19 °C and a maximum of 35 °C. The recla-
mation effort on this site was conducted in
2020 by planting several alternative spe-
cies in an open area. These species were
planted by a spacing of 3x3 m. However,
species distribution was irregular and not
arranged in zonation.

Data collection

A field survey was undertaken by a sys-
tematic sampling method with a sampling
intensity of 5%. The entire sampling plot
in this study reached 40 units. The shape
of each plot was square, with a size of
20x20 m (Alam et al. 2022). The plot
was distributed systematically with a dis-
tance between plots of 50 m (Sadono et
al. 2020b). It was expected to cover the
variation of vegetation from the reclama-
tion area.

Several parameters were recorded
from each plot, i.e. species name, num-
ber of species, plant height, and plant
diameter. The plants’ name was deter-
mined using the guidance of plant species
identification in the tropics (Suyanto et al.
2022). Plant height was measured using
a pole from aboveground to the top crown
(Wirabuana et al. 2021a). The measure-
ment of plant diameter was undertaken
by a caliper at 30 cm from aboveground
(Wirabuana et al. 2019). It was conduct-
ed since most plants in the reclamation
site were still categorised into seedlings
and saplings although it has been 3 years
post-reclamation.

In parallel, soil samples were also col-
lected in every sampling plot at a depth

of 0-10 cm (Nugroho et al. 2022). These
samples were composited and brought
to the laboratory for quality analysis. Six
attributes were used to quantify the soil
quality, namely soil acidity (pH H,O),
soil organic carbon (SOC), total nitrogen
(TN), total phosphorus (TP), total potas-
sium (TK), and cation exchange capaci-
ty (CEC) (Alam et al. 2022). Soil pH was
determined using a pH meter while SOC
was quantified using the Walkley—Black
method. TN was analysed using Kjeldahl
method. The ammonium acetate NH,OAc
1 M, pH 7.0 extraction was applied to de-
termine TK while for TP, Bray method was
used. The ammonium acetate method
was used to quantify the CEC. Soil anal-
ysis protocols were conducted following
Estefan et al. (2013).

Data analysis

Three indicators were used to evaluate
the adaptability of plant species in the
study site: survival rate, average height,
and average diameter. The survival rate
for each species was calculated as the
ratio between actual plant density and the
initial planting density and is stated in per-
centage units (Wirabuana et al. 2021a).
Meanwhile, the average height and di-
ameter were computed based on the
arithmetic mean of plant dimensions from
every species (Wirabuana et al. 2022).
The equations (1, 2 and 3) for quantifying
those parameters are presented below:
AD

SR= ——-100, (1)
ID

H_ h1+h2+h3+..., @)
n

D:d1+d2+d3+...’ (3)
n

where: SR is survival rate, %; AD is actual
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species density; ID is initial planting densi-
ty; n is the number of species abundance;
H indicates average plant height, m; D is
average plant diameter, cm; h, ,,... are
the heights of plants, m; and d , , ... indi-
cate diameters of plants, cm.

The important value index (IVI) was
also calculated to assess the essential
role of each species in improving biodiver-
sity in the reclamation site. It is an indica-
tor commonly used in ecological studies
to understand the bargaining position of
certain species in communities (Matatula
et al. 2021). This parameter was comput-
ed by summing the relative density and
frequency owned by certain species (Sa-
dono et al. 2020a). Only two parameters
were considered for counting IVI because
the size of plant species was in seedling
and sapling stage (Purwanto et al. 2022).
Detail equations (4, 5 and 6) for quantify-
ing IVI are expressed below:

RD= =2 100, (4)
TPD
RrF =SF 100, (5)
TF
IVl = RD + RF, (6)

where: RD is relative density, SD indicates
species density, TPD shows total popula-
tion density, RF is relative frequency, SF
is species frequency, and TF is total fre-
quency.

In addition, the diversity of vegetation
resulting from reclamation activity was
also evaluated using three parameters,
i.e. richness, heterogeneity, and even-
ness (Suyanto et al. 2022). The informa-
tion is important and required to assess
the effectiveness of the reclamation effort
to facilitate biodiversity recovery in the
long term. Vegetation richness was calcu-
lated by Margalef Index (R,) (Singh 2020),
while the heterogeneity of vegetation was
assessed by the Shannon-Wienner Index

(H’) (Naidu and Kumar 2016). The even-
ness of vegetation was counted using
Pielou-Evenness Index (J) (Wirabuana et
al. 2021b). The detailed equations (7, 8
and 9) for calculating those indicators are
shown below:

S-1
R1:|n(N), (7)
L LU
H=-Y ®)
H'
J=w, )

where: S is the number of species, N rep-
resents the total plant population, n, de-
scribes the sum of plants from each spe-
cies.

Results and Discussion

Soil characteristics

Results found that the soil in this site
had high acidity with pH = 4.69 (Ta-
ble 1). It also had low nutrient content like
N (0.13 %), P (11.38 mg-100 g'), and
K (10.49 mg-100 g'). The circumstance
was similar to the common post-mining
area with low fertility and extreme acidity
(Li et al. 2018). However, our study also
noted that there were moderate con-
centrations of SOC (2.40 %) and CEC
(24.13 cmolc(+)kg™"). The coal mining
manager added compost as organic mat-
ter into the soil during the revegetation
process. This effort aimed to provide a
better soil condition for establishing plant
species.

Organic matter naturally contains nu-
trients, primarily C as its main component
(Alam et al. 2022). When decomposition
occurs, these nutrients would release into
the soil and increase plant nutrient availa-
bility (Nugroho et al. 2022). In the context
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Table 1. Soil characteristics in the reclamation site

Soil parameters Unit min max Mean Categories
pH H,O - 3.86 5.29 4.69 acid
C-organic % 1.50 3.03 2.40 moderate
N-total % 0.07 0.17 0.13 low
PO, mg-100 g 3.43 22.45 11.38 low
K,0 mg-100 g™ 1.11 26.10 10.48 low
CEC cmolc(+) kg 19.38 30.39 2413 moderate

Note: soil attributes classification is determined based on Nandini and Narendra (2012).

of reclamation, adding organic matter can
also decrease the absorption of heavy
metals by plants since the materials form
complex compound and made them im-
mobile (Egli et al. 2010). Supplying or-
ganic matter into the soil can also improve
soil structure and aggregation (Purwanto
and Alam 2020). Therefore, this strategy
generally used by mining managers as a
site preparation before conducting reveg-
etation.

Plant adaptability

Seven alternative plants supported min-
ing reclamation in this site, i.e. Artocar-
pus heterophyllus Lam., Artocarpus inte-
ger Merr., Aleurites moluccana (L.) Willd.,
Mangifera casturi Kosterm., Archiden-
dron pauciflorum (Benth.) 1.C.Nielsen,
Durio zibethinus L., and Hevea brasilien-
sis MUll.Arg. (Table 2). All species exhib-
ited good adaptability with a higher than
70 % survival rate. This finding was rel-

atively similar to another study about the
survival rate of plants in the reclamation
area by approximately 70-80 % (Adman
et al. 2020).

Many studies reported that plant sur-
vival was the main challenge of coal min-
ing reclamation since the environmental
conditions in post-mining areas had many
constraints to facilitate species establish-
ment (Maiti et al. 2007, Kuter et al. 2014,
Lestari et al. 2019). Besides having ex-
treme acidity and containing heavy metals
(Li et al. 2018), soil mining also had low
nutrient availability (Forjan et al. 2019). It
stimulated plant stress that caused mortal-
ity. However, several plant species could
survive in this condition. These species
naturally could tolerate this environment,
but they would result in lower growth per-
formance (Kuter et al. 2014). It directly
confirmed why the plant dimension in the
study site was still small, although they
had been planted for two years.

This study reported that the highest

Table 2. Characteristics of plant species used for supporting mining reclamation.

Species Survival, % Height, cm Diameter, cm
Aleurites moluccana 82.25 £3.47 81.67 £7.03 0.80 £0.13
Archindendron pauciflorum 79.87 £1.08 133.94 £17.28 1.39 £0.17
Artocarpus heterophyllus 81.70 £2.92 69.82 +6.26 0.59 £0.10
Artocarpus integer 89.39 +10.61 66.00 +£7.02 0.73 £0.12
Durio zibethinus 79.39 +0.61 64.75 +7.62 0.65 +0.06
Hevea brasiliensis 78.60 £0.04 70.76 £1.63 0.69 £0.02
Mangifera casturi 78.97 +0.19 77.47 +4.34 0.99 +0.07
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mean survival rate was recorded for A.
integer (89.39 £10.61 %), while the low-
est was noted for H. brasiliensis (78.60
10.04 %). It indicated that A. integer was
the most adaptive species in the study
site. Other literature data also supported
that this species could grow well in very
acid soil with full sun conditions (Morris
1997). It was similar to the environment in
the post-mining area, dominated by bare
land with high soil acidity.

Interestingly, this study noted that A.
pauciflorum demonstrated the highest
mean in height and diameter by 133.94
+17.28 cm and 1.39 +£0.17 cm, respec-
tively. It is indicated that this plant species
could absorb water and nutrients more
efficiently than other species. Higher re-
source absorption in plants naturally op-
timises their metabolism process (Yang

et al. 2015). Thus, the plant has a better
opportunity to grow and generate more
excellent dimensions.

Species diversity

A total of six families were identified from
the seven plant species in the study site
(Table 3), wherein most alternative spe-
cies were from Moraceae (2). According
to the IUCN status, most plants were clas-
sified as Least Concern, except for M.
casturi, which was grouped into Extinct
(Table 4). Surprisingly, this study record-
ed that H. brasiliensis became the most
abundant species in the study site. It also
had the highest important value index
(132.36) since this species showed the
first rank in relative density and relative
frequency (Table 4). This finding indicated

Table 3. Family categories, IUCN status, and frequency appearance of selected species
for mining reclamation.

Family Species IUCN status Frequency
Euphorbiaceae Aleurites moluccana Least Concern rare
Fabaceae Archindendron pauciflorum Least Concern rare
Moraceae Artocarpus heterophyllus Least Concern rare
Moraceae Artocarpus integer Least Concern rare
Malvaceae Durio zibethinus Least Concern rare
Euphorbiaceae Hevea brasiliensis Least Concern abundant

Anacardiaceae Mangifera casturi

Extinct rare

Table 4. Relative density, relative frequency, and important value index of every plant

species.
Species RD RF VI

Aleurites moluccana 1.32 4.00 5.32
Archindendron pauciflorum 3.75 12.00 15.75
Artocarpus heterophyllus 2.43 8.00 10.43
Artocarpus integer 0.66 1.33 2.00
Durio zibethinus 4.42 9.33 13.75
Hevea brasiliensis 79.03 53.33 132.36
Mangifera casturi 8.39 12.00 20.39

Grand total 100 100 200

Note: RD is relative density, RF is relative frequency, IVl is important value index.
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that H. brasiliensis became the most im-
portant species for supporting biodiversity
recovery in the reclamation site, although
this species only occupied the last stage
of survival rate (Table 2).

H. brasiliensis could become the most
abundant species because it was com-
monly used by local people on this site. In
this case, establishing this species would
attract the community to participate in rec-
lamation efforts. Nevertheless, this strate-
gy also affected the vegetation structure in
the reclamation site, mainly related to the
diversity level. According to the results,
vegetation diversity in this site was clas-
sified into a low level of richness, hetero-
geneity, and evenness (Table 5). It could
happen since the vegetation resulted from

artificial regeneration with a planting de-
sign (Nugroho et al. 2021). This statement
was supported by the value of the even-
ness index, which was categorised into
an unbalanced distribution (Hussain et al.
2012).

Nevertheless, the reclamation activity
still had a positive outcome since it could
improve the biodiversity of the plants af-
ter the mine closure. Several studies also
noted that the biodiversity recovery in the
reclamation area occurred step by step
over a long-term period (Al-Reza et al.
2016, Pauletto et al. 2016, Lestari et al.
2019, Kuzevic et al. 2022). In this case,
the presence of plant species could help a
succession process and minimize the risk
of degradation.

Table 5. Richness, heterogeneity, and evenness of vegetation communities
in the reclamation site.

Parameter Indices Value Categories
Richness Margalef 0.98 Disturbed
Heterogeneity Shannon-Wiener 0.84 Bad
Evenness Pielou 0.43 Unbalanced

Note: the classification of value is determined based on Hussain et al. (2012).

Conclusion

All selected species indicated good adapt-
ability to the environmental conditions in
the reclamation site. However, Artocarpus
integer showed the highest average sur-
vival rate than other alternative plant spe-
cies. A. integer became the most adaptive
species in the study site. This study re-
vealed that Hevea brasiliensis contributed
the highest to improving biodiversity in this
location. Although the vegetation diversity
was low, the reclamation effort showed a
prospective outcome to facilitate biodiver-
sity recovery after mine closure. As it is
well known, coal mining exploration using
open-pit systems has caused biodiversity

loss and provided extreme environmental
conditions after post-mining. Therefore,
only a few species can survive in this con-
dition. In this case, our outcome has deliv-
ered important information on what kind of
adaptive species to support the reclama-
tion effort in this site.
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Abstract

The issue of providing clean water services is fundamental and an important part of the strate-
gy to improve community welfare. Clean water facilities are generally provided by the government,
but others are developed and managed by village communities. This research aims to: (1) anal-
yse the supply and consumption of clean water in communities around Wan Abdul Rahman For-
est Park (WARFP), (2) identify factors that determine household clean water consumption. This
research employs a case study method in a community-based clean water management model
around WARFP, in Gedong Tataan Sub-District, Pesawaran District. This research involved 90
households receiving clean water services. To answer objective 1, data tabulation analysis was
used. To answer objective 2 multiple linear regression analysis was used. The study suggests
that the clean water received by the community is very abundant, as indicated by the supply of
clean water that exceeds household needs. The result also shows that: (1) the average water
consumption of people in the study area per capita per day is 189 L with the lowest consumption
being 40 L and the highest average consumption being 708 L. There are 29 respondents (32 %)
who consume clean water less than the Ministry of Public Works and Housing (MPWPH) standard
which is 121 L per capita per day. (2) Factors that influence clean water consumption are water
supply, and household revenues. Number of family member and education did not have strong
influence on water consumption.

Key words: clean water, consumption, multiple linear regression.

Introduction the entire community is listed in Goal 6.

(UNDP 2015). Bearing in mind that the In-
Sufficient consumption of clean waterisa  donesian Government is committed to the
basic right of society. In Sustainable De- SDGs, it is therefore mandatory for the
velopment Goals (SDGs), access to clean  government to fulfil them. Access to safe,
water along with sanitation aspects for clean water is a prerequisite for creating
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a sustainable society so that providing
access to clean water service will assist
achieving that commitment (Dong et al.
2018). Clean water services also have di-
mensions in the context of efforts to reduce
poverty because affordable clean water
really helps poor communities. World
Bank considered that providing affordable
clean water for poor people in rural areas
is strategic. The development of clean wa-
ter in rural areas will encourage inclusive
development (The World Bank 2019). In
areas around forests, water services are
part of efforts to protect water sources be-
cause local communities will protect water
sources that provide the basic needs. This
community-based water service potential-
ly could fill the gap of water needs in ru-
ral area considering a lack of government
support for clean water services.

A study by Ministry of Public Works and
Public Housing (MPWPH) in 2016 showed
that the minimum water requirement for
urban communities was 121 L per day per
capita, while survey results showed that
water consumption for urban communities
was 144 L per day per capita. The largest
portion of water consumption (45 %) is for
bathing (MPWPH 2017). Yet similar study
for rural community has not available.

According to Indonesian Nation-
al Standard or SNI (2002), the need for
clean water per capita per day for urban
communities is ranging from 150 to 250 L
and the water needs of rural communities
is 100 L. The water needed is for bath-
ing, washing, drinking, hygiene, and oth-
er purposes. However, not all rural areas
have been reached by the government’s
investment in clean water due to budget
limitations and technical obstacles. As a
result, the level of accessibility of village
communities to affordable clean water
is still not optimal. According to report of
Central Bureau of Statistics (BPS 2023),

the proportion of Indonesian people with
clean, healthy water was only 44.5 % in
2022. This achievement is still far from
other ASEAN countries achieved which
reached above 91 % in 2016 (ASEAN
2017).

The Indonesian government’s efforts
to accelerate access to clean water for
the community by encouraging Program
for Provisioning Community Based Clean
Water and Sanitation (PCWCBS) did not
achieve optimal results and in 2021 the
program was halted. One of the efforts
made by the community to meet water
needs is to utilize springs located in or
surrounding forest area. Models like this
are found quite a lot in the forests of Bukit
Barisan National Park, areas around the
forests of West Lampung, Tanggamus,
and Pesawaran Districts, Lampung prov-
ince. Community-based water manage-
ment is an effort, an independent com-
munity initiative to fulfil the family’s ba-
sic needs, namely water, by utilizing the
resources from the environment around
them (Abidin 2011). It was further ex-
plained that models like this also receive
support from the government or other
institutions that care about clean water
services. However, the characteristics of
such models have similarities, namely:
(1) using local resources, (2) community
initiative, (3) the organization is not uni-
form (some have organizations, some do
not), (4) rely on community’s volunteer,
(5) local participation, (6) water quality not
monitored regularly.

Due to the low accessibility of village
communities to clean water, community
efforts to obtain clean water are generally
not recorded in government data. Mean-
while, clean water services that are built
independently are generally not recorded.
Thus, there is a problem in the form of not
identifying the role of community-based
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water management in meeting clean wa-
ter needs as well as community access to
water resources and how clean water is
managed by the community.

Research on clean water provision
is generally for urban or semi-urban ar-
eas. In Sidoarjo, East Java, Marsono
and Nirwisaya (2020) evaluated that 2
of the 13 PCWCBS groups developed
by the government were no longer oper-
ating. Meanwhile, the biggest challenge
is public doubts about water quality and
limited-service networks. This research
was carried out in urban areas with deep
well water sources. Other research in Chi-
na performed by Dong et al. (2018) also
focused on urban or city area. In several
other studies in Indonesia, the relation-
ship between forests and water services
is starting to receive a lot of attention with
various analyses used such as water and
environmental services in National Park
of Meru Betiri, East Java (Webliana et al.
2023). Others include (Alam and Hajawa
2007, Abidin et al. 2023) to investigate
water services as environmental services
in Java and Lampung. However, study
on analysing water consumption of com-
munity residing nearby forest is still rare
which encourages team to investigate.

According to Regional Technical Im-
plementation Unit (RTIU) of Wan Abdul
Rahman Forest Park (WARFP) (RTIU
WARFP 2009, 2020), the forest park
area is divided into several management
blocks including: (a) the plant collection
block which is used for collecting native
and non-native plants; (b) protection block
as an area to protect flora, animals, for-
est management together with the com-
munity, and (c) utilization block where
community surrounding area allow to get
access to the forest and obtain benefit of
resources as long as keeping the forest
maintained. This research was carried out

in the utilization blocks, namely Wiyono
and Kebagusan villages, Gedung Tataan
Sub-district, Pesawaran District. This re-
search aims to analyse: (1) community
consumption of clean water and (2) fac-
tors that influence water consumption.

Object and Methods

Study area

The research was carried out in utiliza-
tion block of WARFP. The research loca-
tions were in 2 villages, namely Wiyono
(5°23'48.3” S, 105°08°35.3” E) and Ke-
bagusan (5°24°18.3” S, 105°07°32.4” E)
Villages, Gedung Tataan Sub-District, Pe-
sawaran District, Lampung Province. The
research was purposely selected these
villages considering that the source of
clean water is accessed directly from the
utilisation zone area and they can repre-
sent villages located around north part of
WARFP.

The site is located around 25 km west
of the capital of Lampung province, Ban-
dar Lampung city. The population of Ge-
dung Tataan District in 2021 was 107,371
with population growth at 2.16 %, far
above the national average. Population
density is quite high too, namely 1106.3
people per km? (BPS Pesawaran District
2022). In terms of gender, male popula-
tion is higher than the male one with sex
ration at 107, which means that for every
100 female residents there are 107 male
residents (BPS Pesawaran District 2021).

Wiyono and Kebagusan villages direct-
ly border to WARFP and have relatively
large population, i.e. 14,200. The people
rely on water sources from WARFP area.
Wiyono Village has an area of 7 km? or
around 7 % of the area of Gedong Tataan
district. Meanwhile, Kebagusan village has
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an area of around 4 km? or 4.12 %. Each
has 8 hamlets. Respondents in Wiyono
village are in 3 hamlets, namely Hamlet 5,
3 and Dam C. Meanwhile for Kebagusan
village, the study was carried out in 2 ham-
lets, namely Hamlet 4 and 5. The following
is a map of the research area.

From the map (Fig. 1), it can be seen
that WARFP is on upstream of both villag-
es.

The research was carried out from
May to August 2023, which are months
when rainfall is very low. Even in June-Au-
gust 2023, Lampung is in a dry month and
starting the EI Nifio of 2023.

Respondents

Respondents are households that receive
clean water services and live in two re-

search villages. The sample size was de-
termined using the approach Isaac and
Michael (1995) by formula (1):

3 N-Z? .62

N-u*+27%.¢°
where: N — population of people received
water services in two villages, i.e. 250
households; n — sample size; Z is Z value
at 95% confident level, i.e. Z = 1.96; 0 —
assumed standard deviation at 0.25; u —
error estimate at 5%, i.e. u = 0.05.

With formula (1), the sample/respond-
ent size is 77 families. However, this re-
search increased the size of respond-
ents to 90 respondents, spread across
three clean water management groups,
namely: (1) 2 independent clean water
management groups in Wiyono and Ke-
bagusan villages and (2) 1 clean water

, (1)
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management group supported by Region-
al Company for Drinking Water (RCDW)
in Dam C Hamlet of Wiyono village. Each
group was represented by 30 households
receiver of clean water, so in total there
were 90 respondents. The use of dispro-
portionate sampling is because assuming
that respondents are relatively homog-
enous in terms of where they live, socio
economic and social conditions.

Method of analysis

To answer objective No 1, the study em-
ploys descriptive analysis by tabulating
and relating the data to benchmark data
of SNI and the MPWPH. To answer objec-
tive 2, multiple linear regression analysis
is used with the model equation (2) as fol-
lows (Baltagi 2008, Wooldridge 2013):
Y=B,+p X +...+p X +u, (2)
where: Y — average monthly water con-
sumption, L per month; g — constant; g ...
p. — regression coefficient; u — error term.
The variables were determined based
on field observation and some research-
es relevant with this study. For example,
a study by Fan et al. (2013) used correla-
tion analysis for domestic consumption in
rural area in China. The study suggested
that water supply, age, educational attain-
ment, household income, net family size,
vegetable garden area, and solar water
heater had strong correlation with water
consumtion. Other relevant study done
by Irianti et al. (2016), using regression
analysis revealed some factors including
family size, education, household wealth

and some other variables inclined to use
improved Drinking Water Supply (DWS).
From previous studies combined with field
observation, the study proposed the fol-
lowing independent variables, i.e.. X, =
water supply per month, L per month; X,
— education, year; X, — household reve-
nue, IDR permonth; X, — Number of family
member, person.

Results and Discussion

Characteristics of respondents

Characteristics of respondents described
in this report include: (1) age, (2) educa-
tion, (3) number of family members, (4)
gender, and (5) family revenues. The dis-
tribution of respondents is presented in
Table 1.

From the table above, the average age
of respondents is 46 years with the young-
est being 22 years and the oldest being
74. Therefore, the age difference is quite
wide, reaching 53 years. The average age
and media age is 46 years, indicating that
respondents in the study location are still
relatively of productive age. In terms of
gender, 21 % respondent was female and
79 % was male.

In terms of education, there is also a
wide difference between respondents with
the highest education and those with the
lowest level who have a difference of 13
years of education. The lowest level of ed-
ucation is only 3 years and the highest is
16 years (college completion). The aver-
age length of education is 9.3 years or the

Table 1. Characteristics of respondents.

Characteristics Lowest Highest Average Stdev Median
Age, year 22 74 46.33 11.41 46.5
Education, year 3 16 9.27 2.92 9
Number of family members, person 3 6 4.5 0.73 5
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equivalent of graduating from junior high
school. Meanwhile, the median education
is also equivalent to junior high school ed-
ucation, namely 9 years.

In terms of number of family members,
the average number is 4.5 with the lowest
being 3 people, namely a husband, a wife
and a child. The highest is 6 with a medi-
an of 5 family members. So the it is the
typical number of families in Indonesia,
namely husband + wife + several children
and siblings.

In terms of household revenue,
the study results show that the aver-
age household revenues per year is
IDR 28.9 million (Indonesian Rupiah;
1 IDR = 60,085037-10” € and
1 € = 16,645.3 IDR). This revenue
comes from agriculture (on farm) worth
IDR 14.5 million (50 %). Followed by rev-
enues from off-farm, namely activities re-
lated to agriculture such as farm labour,
processing of agricultural products, and

agricultural-related commerce which con-
tributes IDR 6 million per year (21 %).
The third source of income is non-farm,
namely IDR 8.4 million (19 %). Revenue
from agriculture comes from various ag-
ricultural activities such as cocoa farming
which contributes 53 % of on-farm reve-
nue sources (Fig. 2).

Governance of water service

The concept of water governance is relat-
ed to the conditions that enable manage-
ment to function in managing water (FAO
2023). Rogers and Hall (2003) stated that
water governance is related to a series of
political, social, economic processes and
administrative systems to develop and
manage water resources and the deliv-
ery of water services to various commu-
nity groups. Therefore, water governance
is designed to ensure that water service
could perform for today and future needs.
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In study site, sources of water are lo-
cated in state property or public good, i.e.
national park area. According to Mankiw
(2018), public good property belongs to
government or public and can be used
for the benefit of people. The people in
the study area are benefitting from public
good of WARFP including the use of wa-
ter resource. Since water is for public, not
private, therefore the government do not
apply environmental services fee. There
are several reasons the government not
to apply fee for environmental service:
(1) it is not for commercial use, (2) bene-
ficiaries are living nearby forest with less
access to economy, (3) environmental
service fee may lessen community partici-
pation, (4) installation of water is designed
and funded by community with no govern-
ment support.

Management of community based
clean water service is done using commu-
nity’s volunteerism. According to Flood et
al. (2005), volunteering is at the core and
cannot be separated from service activi-
ties in both small and large organizations.
Ideologically, volunteers play an important
role in: (1) building society, (2) strengthen-
ing civil society, (3) developing equal rela-
tions between parties, (4) building public
support, and (5) increasing public partic-
ipation and accountability (Lingkar LSM

2023). In science and water research, vol-
unteerism helps improve monitoring water
and also data science collected by com-
munity (Church et al. 2019).

With volunteerism principle, (1) the
price of clean water services is set not to
make a profit, but only to cover operation-
al costs, (2) officers do not receive a sala-
ry but rather want to help the community,
and (3) no written rules prepared by the
officers. With this principle, cost of getting
water service is minimal and the commer-
cial aspect of clean water is not applied,
hence volunteerism improves the welfare
of communities.

There are two models of water man-
agement in the study area. The following
Table 2 is describing some characteristics
of the two models, community based and
community with RCDW.

Service fee is usually discussed and
set by community. The fee was greatly
influenced by how farming (coffee and
cocoa) performed on that year. Therefore,
performance of farming determines water
service fee.

Cost of maintenance of community
based with support RCWS is more ex-
pensive as this model require electricity
to pump water to the households. While
community-based model use gravitational
system, no need for electricity.

Table 2. Characteristic of local community water service.

Characteristics

Community Based

Community with RCDW
support

Organization
Method of determining service fee

Not yet formalized
Community discussion

Not yet formalized
Refer to RCDW rate
In cooperation with RCDW

Maintenance Voluntary .
and community
Water distribution Gravitation Electric pump
Community participation High Medium
Maintenance fee IDR 60,000 per year IDR 120,000 per year
Sanction/penalty Not available Not available
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Water consumption

According to SNI (2002) standard of using
clean water per capita per day for urban
communities is from 150 to 250 L and
the water needs of rural communities is
100 L. The water needed is for bathing,
washing, drinking, cleaning, etc. While ac-
cording to MPWPH (2017), the minimum
water requirement for urban communities
is 121 L per capita per day, while survey
results show that urban communities’ wa-
ter consumption is 144 L per capita per
day. The biggest allocation of water use
for family was for bathing, i.e. 45 % of dai-
ly water consumption. The study suggests
that the average daily water consumption
per capita of people is 189 L with the low-
est consumption being 40 L and the high-
est being 708 L. The median amount of
water consumption is 167 L per capita per
day. There are around 26 % of respondent
who use water less than 100 L per capita
per day.

The data above shows that the water
consumption of rural communities in the
research location is partly below the SNI
standard for clean water requirements
and partly above the SNI. The number of
respondents/communities who consume
below the MPWPH’s standard (121 L
per capita per day) is quite high, that is
29 respondents (32 %). The causes of
water consumption below the MPWPH’s
standard are: (1) lack of knowledge and
(2) feeling that they already use enough
water at home.

Meanwhile, the average daily water
supply is 1994 L per capita per day. This
figure shows that water supply exceeds
average consumption. The minimum wa-
ter discharge per capita is 240 L, which
is above the consumption requirement.
The median water discharge per capita
is 1472 L. Meanwhile, the highest wa-

ter discharge is 8100 L. From the data
above, it appears that the water supply
from WARFP exceeds household needs
or consumption. This advantage is quite
large and can be utilized by the communi-
ty for other water uses.

The study shows that the majority of
people (77 %) use excess water to irrigate
fish ponds in their yards. The size of the
fishpond varies with the smallest being
1.5%3x0.75 m up to 3x5x0.8 m.

Factors affecting water consumption

Factors affecting water consumption are
estimated using multiple regression mod-
el (3) as stated in the followings:

Y= B4 BrX o+ By Xt f Xy + fe X+, (3)

where: Y — household water consumption;
B, — constant; ., 8,, B, and B, — regression
coefficients; X, — water supply per month;
X, — education; X, — household revenue;
X,— number of family member; u — error.

Definitions of variables are explained
in the Table 3.

The computation of multiple regres-
sion is using Microsoft Excel for Mac. The
summary of the result is as follows.

Result of ANOVA in the following ta-
ble suggests that all variables affect con-
sumption of water as indicated by F test
with p value lower than 0.05 (Table 4).

For measuring effect of each inde-
pendent variable to dependent variable,
t-test is generated, and the result is as
stated in Table 5. It suggests that 2 vari-
ables significantly affect monthly house-
hold water consumption. If other factors
assume ceteris paribus, then revenue
of family per month (negative) and wa-
ter supply per month have significant ef-
fect to water consumption. This result is
a bit different from other study: Motho et
al. (2022) suggested that there was weak
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Table 3. Definition of variables.

Variables Definition Measurement Units
Household wa- Household water consump- Compute households dai- L per household
ter consump- tion for a month which con- ly water consumption and per month

tion (Y) sists of water for: converted to a month
1. Bathing and toilet
2. Laundry
3. Dishes
4. Washing vehicles
S OtherS g}
Water supply  Volume of water supply Supply of water to house- L per household
per month (X)) received by housholds per holds on daily basis and per month
month converted to a month
Education (X,) Length of time respondent Length of education time Year

took formal school

All revenues obtained by fam-
ily in one month

Revenues from farm, off-
farm, and nonfarm activi-
ties in a month

IDR per month )
per household

Household
Revenue (X;)

Number of fam- Number of persons living in Number of family mem- Person
ily members  one family which consists of bers in a house
(X,) parents, children, and rela-
tives.
Table 4. Anova of factors affecting water consumption.

Indicators df Sum of squares Mean square F-ratio p-value
Regression 4 4,545,080,677 1,136,270,169 14.51 4.5057E-09
Residual 85 6,655,629,523 78,301,523.79
Total 89 11,200,710,200

Table 5. Effect of each independent variable to dependent variable.

Indicators Coefficients Standard Error t-stat p-value
Intercept -1640.60874 6180.523438 -0.265448187  0.79130695
Water supply per month***  0.828849957 0.202189482 4.099372269 9.43778E-05

Education*

456.7721467

336.5558919

1.357195514

0.178312024

Revenue per month*** -0.39144947 0.099545671 -3.932360561 0.000171057
Number of family member*  1269.834862 1294.283178 0.981110536 0.329322558
Regression Statistics

Multiple R 0.637012593

R Square 0.405785044

Adjusted R Square 0.377821987

Standard Error 8848.814824

Observations 90

Note: *** — highly significant, * — significant.
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relationship between family income and
demand for water. Other study in rural
China by Fan et al. (2013) suggested that
water supply, education, age, household
income, net family size, vegetable area,
and use of water heater have strong cor-
relation with domestic water consumption.
According to the model (3) of the
factors affecting water consumption, the
following equation (4) is obtained:

Y =-1640.61 + 0.83-X,™ + 456.77°X, -
-0.39-X, + 1269.83'X, + u . (4)

However, the result suggests that
there is negative influence of family rev-
enue and water consumption, that is the
higher the revenues, the less family are
going to use water service. It is probably
because family with more revenues could
afford more expensive option that is deep
well water pump. The deep well water is
perceived more secure in terms of quality
than pipe water from open-source spring.

The regression model did not show
robust to estimate water consumption as
it shows that R? is 0.40 indicating 40 %
of independent variables could explain
the model. Study by Fan et al. (2013) in
China, using step wise regression mod-
el, also suggested that R?> was not high,
only around 20 %. This means there is
still possible additional variables that can
be included in the model or using different
model in estimating water consumption.

Conclusion

This research provides important lessons
about how communities meet basic needs,
how to manage and maintain spring water
sources, and how they use them for life
in simple and inexpensive ways. Forest
resources provide convenience because
the springs come from maintained forests.

The research results concluded that:

1. There are family has used water
above national standard. However, 26 %
family consumes water less than SNI and
around 32 % family consumes less than
average consumption of national water
consumption.

2. Factors affecting water consumption
significantly include water supply to fam-
ily. Family revenues influence negatively
to family water consumption. The more
revenues family obtained, the less they
consume pipe water consumption. Water
supply for family has positive influence to
the consumption of water. But, years of
education and number of family members
have less strong influence to water con-
sumption.

3. More education in water consump-
tion is advised especially for families that
still use water less than national standard.
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Abstract

The rapid technique for measuring of chlorophyll fluorescence photoinduction is one of mod-
ern informative methods for assessing the impact of abiotic factors (temperature, humidity, and
environmental light intensity) on physiological traits of photosynthesis responsible for produc-
tivity. We explored alterations in activity of different types of chlorophyll fluorescence influenced
by above mentioned basic abiotic factors which have been undergoing essential changes in
Ukrainian Steppe zone in recent decades. The research object was the black locust, introduced
tree species spread widely in the examined region as forest anti-erosion plantings and in the
landscaping of industrial towns. To reveal background, stationary, maximum and variable chloro-
phyll fluorescence, we used a fluorimeter to measure spectrum of light absorption and reflection
by leaves. The output was presented as Kautsky curve that depicted the fluorescence response
changes over time. We clarified that the background concentration was minimal at low air tem-
perature. With increasing temperature, there was an upward trend in the background fluorescence
intensification. The increase in the air humidity caused the opposite effect. With raising tempera-
ture, the intensity of maximum fluorescence had the reverse trend compared to the background
fluorescence. It decreased when the temperature got higher. Alike the background fluorescence,
the stationary fluorescence was minimal at low air temperature, but its rise resulted in the decline
in the stationary fluorescence intensity. The research outcomes are methods and mathematical
models developed and offered for calculations of different fluorescence types. Statistically signifi-
cant relationship between the fluorescence, temperature and light intensity was established. The
obtained results allow defining the introduction of Robinia pseudoacacia L. as successful while
its resistance to the impact of abiotic environmental factors can be identified as high. It allowed
us to specify black locust as the up-to-date species when forming plantings, unless suitable care,
management, and control have been fulfilled.

Key words: adaptation of introduced tree species, climatic factors, Kautsky curve, photosyn-
thetic apparatus in trees, resistance of urban dendroflora, Steppe zone of Ukraine.
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Introduction

Research on chlorophyll fluorescence
intensity is a modern informative meth-
od applicable to ecological monitoring
(Banks 2018, Holoborodko et al. 2022).
The rapid technique of chlorophyill fluores-
cence photoinduction is one of the most
effective methods intended to identify the
impact of abiotic environmental factors
on physiological conditions of introduced
plant species. Timely diagnostics of plant
physiological conditions through chloro-
phyll fluorescence allow obtaining key
data on plant photosynthesis (Guidi et al.
2019, Lin et al. 2022).

The maintenance of active photo-
synthesis under physiological stress is
usually associated with developing plant
resilience to unfavourable environmen-
tal factors. Recently, the main scientific
attention has been focused on exploring
the plant response to different stressors.
Namely, drought, high temperature (Fa-
rooq et al. 2009, Blum 2017, Urban et al.
2017, Zandalinas et al. 2018), and shad-
ing (Wan et al. 2020) were identified as
the most extensive abiotic factors which
cause alterations in plant physiological
and biochemical reactions (Johnstone et
al. 2014, Martinez-Ferri et al. 2016, Alon-
so et al. 2017, Baghbani et al. 2019, Lin et
al. 2019, Berner et al. 2021, Shupranova
et al. 2022).

Belgio et al. (2015) showed that with di-
minishing illumination of the plant habitat,
the relative fluorescence quenching also
decreases. It almost disappears when
the light intensity varied within 20-30 lux
or below. This may indicate a gradual de-
crease in photosynthetic activity in terms
of chlorophyll the plants being shaded.
As a result of subsequent structural rear-
rangements in the photosynthetic appara-
tus, a channel for a heat dissipation of the

excitation energy of chlorophyll molecules
opens, and the fluorescence decreases.
This mechanism is assumed to play a pro-
tective role, defencing the photosynthetic
apparatus against the damage caused by
strong light and ensuring the optimal rate
of electron transport between photosys-
tems (Carvalho et al. 2015). An increase in
temperature with a simultaneous increase
in excitation light is explained by the pro-
tective effect of light against leaf damaging
by high temperatures (Kriiger et al. 2014).

For the last decades, climatic change
has been developing on the local and glob-
al scale. The perception of photosynthesis
that determines the primary productivity in
response to fluctuations in air tempera-
ture, humidity, and environmental light in-
tensity, belongs to topical scientific tasks
(Kosova et al. 2018). It can be explained
by the fact that autotrophic ecosystem
component establishes the heterotroph
functioning, being a driving environmen-
tal factor. Therefore, the analysis of pho-
tosynthesis activity in leaves exposed to
stressful conditions has been a main fo-
cus of the major studies. The invention of
next-generation fluorimeters that are easy
to use and provide high resolution allowed
quick kinetics of chlorophyll induction or
fluorescence to be measured (Cheng et
al. 2019). Parameters obtained by these
means are widely utilised to examine re-
sponses of photosystem Il to stress fac-
tors (Farquhar et al. 2001, Burling et al.
2013, Chen et al. 2019).

Black locust (Robinia pseudoacacia
L.) is a deciduous fast-growing woody
species with wide range of environmental
adaptations and native to North America.
It has one of the widest distributions in
Europe of any introduced plants (Martin
2019). The future climate is conducive to
the northward expansion of black locust
with a speed of 21 km per decade (Li et al.
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2021). It is one of species most commonly
introduced within artificial forests and ur-
ban plantations in Steppe zone of Ukraine.
The functional categories of the analysed
species are as follows: (i) plantations in-
tended for environmental protection, sci-
entific, historical and cultural purposes
— 1831.1 ha; (ii) recreational-therapeutic
plantations — 7173.5 ha; (iii) anti-erosion
protection plantations — 8679.1 ha (Lo-
vynska and Sytnyk 2016).

This work hypothesises that, being in-
troduced in the Steppe zone of Ukraine,
the black locust assimilation apparatus
responded differently to abiotic factors

of the environment in different ranges of
their values. Therefore, the purpose of the
work was to determine the changes in the
chlorophyll fluorescence parameters at
different values of air temperature, humid-
ity, and light intensity, as well as to identify
the abiotic factors that most significantly
affect the chlorophyll fluorescence.

Materials and Methods

This study was carried out in black locust
plantations in Steppe zone of Ukraine

(Fig. 1).

g
! {
oy
i, \jp\;m J
S
\WR\’» L\,
L‘L o -
g 2

Fig. 1. The study region — Dnipro city, Ukraine.
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Geographical parameters are the key
regulators of the cultivation of introduced
plant species. Their growth and develop-
ment depend on numerous abiotic factors,
but the climatic factors have the greatest
limiting effect. Their consistency with eco-
logical demands of the tree species en-
sures successful development and main-
tains further functions of tree plantations
cultivated in novel geographical areas,
essentially different from the relevant na-
tive areal.

The abiotic factors of air temperature,
humidity, and environmental light intensity
have significant effects on the progress
of photosynthesis. To detect influence of
the abiotic climatic factors, we analysed
changes in air temperature and hydro-
thermic coefficient (HTC) as a ratio of a
precipitation quantity (in mm) at a tem-
perature above 10°C to the sum of tem-
peratures for the same time period divided
by 10. The considered climatic data were
obtained from the Meteorological Site in
Dnipro city (synoptic index 34504, alti-
tude: 143 m, geographical coordinates:
latitude 48°60° N, longitude 34°97" E) for
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45 years from 1974 to 2018 (Weather and
Climate 2004-2023).

The long-term averaged temperature in
the coldest month of January was —-3.6 °C,
while in the hottest month of July it reached
+22.1°C. However, in some years, the air
temperature significantly deviated from a
typical isotherm. The absolute minimum
of =30.0 °C was recorded on January
11, 1950, while the absolute maximum
of +40.9 °C was registered on August 8,
2010. Absolute minimum values of air tem-
perature in winter were negative, whereas
the corresponding maximum values were
positive and equalled 13.6°C in December;
12.6°C in January; 17.5°C in February.
The latter were recorded for the previous
decade. The frost-free period usually lasts
160 to 220 days. In 1843, the average an-
nual air temperature in Dnipro city was 9°C.
It ranged from 6.3°C in 1987 to 10.8 °C in
2007. An annual amplitude between the
average temperature in the warmest and
coldest months was 25.7°C (Fig. 2).

A hydrothermal coefficient in Dni-
pro city had a wide range of values be-
tween 0.51 and 2.00 (Fig. 3). It meant that

y =0.045x + 8.0436
R?=0.34

1974
1976
1978
1980
1982
1984
1986
1988
1990
1992

Fig. 2. Trend in average air temperature in Dnipro city.
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Fig. 3. Hydrothermic coefficient dynamics in Dnipro city.

there were alternating periods of severe
droughts (when HTC < 0.5) and excessive
precipitations (HTC = 1.5).

The climate of the Dnipropetrovsk re-
gion is moderately continental. The most
common soil in the Dnipropetrovsk region
is ordinary chernozem (or Mollisols in the
US soil taxonomy) developed on loess and
loess-like sediments. It is a dark-coloured
soil containing a high percentage of humic,
phosphorus and ammonia compounds.
Chernozem is loose and can absorbs and
holds water well, and at the same time is
easily ventilated. All this creates favour-
able conditions for plant nutrition and
growth. Subsoil water occurs, as a rule,
at the depth of more than 5 m and does
not influence the soil formation. The thick-
ness of the humus layer varies from 40 to
80 cm. The humus content in the upper
horizon of low-humus variety is 3.5-5.5 %,
and in the medium-humus, 5.5-6.5 %. The
reaction of the soil solution is subacid or
near to neutral. The moisture content is
subject to considerable seasonal and an-
nual fluctuations (Kunakh et al. 2022).

In the place of the city areas, fine-tex-
tured low-humic ordinary chernozem,
differently eroded had previously been
naturally formed. In a megacity, anthro-
pogenic activity in natural chernozems is
often occurs with the formation of trans-
formed soils. In Ukraine, the classifica-
tion scheme of transformed soils includes
the class ’Anthropogenic soils’, group of
types 'Technological soils’ (technozems
and lithozems). Soils of urbanized are-
as have specific differences from natural
soils, such as formation of poured mixed
upper horison with the presence of vari-
ous construction and household wastes,
shift of acid-alkaline balance towards its
alkalization; contamination by heavy met-
als, oil products, emission components
of industrial enterprises; change in phys-
ical-mechanical properties (lowered mois-
ture capacity, increased density, rocki-
ness ets.), decreasing buffering capacity
(Khokhryakova 2020).

The plant photosystem conditions
were explored using the induction in
method of chlorophyll fluorescence ob-
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served in the plant leaves. For such a
reason, the spectra of light reflection and
absorption were measured. The output
was presented as Kautsky curve, which
depicted the time dependence of chloro-
phyll fluorescence intensity. To study the
alterations in native chlorophyll fluores-
cence of fresh (living) leaves, a portable
fluorimeter ‘Floratest’ (Ukraine) was used
(Romanov et al. 2013). Its remote opto-
electronic sensor includes a LED that has
a maximum radiation intensity at A (470 +
20 nm). Irradiation indicators in the sensor
were: radiation wavelength 470 + 15 nm;
irradiated spot size not less than 15 mm?;
luminous intensity within the spot at least
2.4 W-m2, Indicators for signal detection
in optoelectronic sensor were: the spec-
tral range of fluorescence intensity mea-
surement 670—-800 nm; receiving window
size 9 mm?; photodetector sensitivity at A
= 650 nm was 0.45 A-W-'. We carried out
this research during the active vegetation
season of R. pseudoacacia in May—-Sep-
tember 2021. The critical parameters of
Kautsky curve were measured month-
ly, namely on 23.05.2021, 20.06.2021,
21.07.2021, 23.08.2021, 20.09.2021 at
12:00 at the height of the sun activity.

Our study was performed in green ar-
eas in Dnipro city, and included 7 trees
with similar morpho-taxational features.
The critical parameters of Kautsky curve
were measured on average leaves includ-
ing 7 pieces of each tree. on the brightly
lit side, as well as 7 pieces on the shaded
side. The leaves were sampled in dry and
sunny weather from the annual vegetative
growth in a lower third of a tree crown in
different compass points. The leaves were
labelled for further comparison.

To clarify the impact of natural factors
on fluorescence, we used a number of in-
dicators (Holoborodko et al. 2021):

F, — baseline (background) fluores-

cence;
F_— maximum fluorescence;
F, — stationary fluorescence;
F IF_— the index of internal or max-
imum quantum yield of photosystem Il

(PSII) calculated with the formula (1):
F _F-FK
F F.

m

(1)

To address the research goals, we ap-
plied mathematical analysis of variance,
ANOVA. Like cluster and statistical meth-
ods, this approach is an efficient tech-
nique utilised to carry out research in mis-
cellaneous fields of natural sciences, e.g.
in forestry and agriculture (Vasylieva et al.
2015, 2021). In general, ANOVA allows
clarifying the dynamics of parameters
and identifying pivot points of significant
changes that impact dependent variables
in an essential way. In our study, ANOVA
enables us to compare the averages of
the fluorescence indicators between the
groups of observations according to the
specific ranges of the factors considered,
such as air temperature, humidity, and en-
vironmental light intensity.

It involved checking null and alterna-
tive hypotheses, such as:

H, There is no significant difference
between the averages of the compared
groups;

H: There is significant difference be-
tween the averages of the compared
groups.

If the impact was found to be insig-
nificant, then the alternative hypothesis
was rejected. In contrast, if the revealed
influence was significant, then the null
hypothesis should be rejected. ANOVA
method is based on checking of Fisher
criterion to evaluate the ratio of so-called
between-group variability to within-group
variability.

In more detail, let the entire data be
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distributed into M groups consisting of N _
observations X . n=1.N_ m=1.M
Then the total number of observations is
calculated by the formula (2):

N = Zm:1...M N 2)

and, the total mean amounts were calcu-
lated by the formula (3):

P auZae

Similarly, the mean within the group m
is determined by the formula (4):

= Z - an
X :$,m:1...M. (4)

" N

m

Fisher ratio is presented by the formula

(5):
fZZm:L.,MNm()_(m _)_()2 (5)

an:L,.M Zn:1...Nm (an N )_(m)z ,

where: f, = M — 1 is a degree of freedom
of the variable between groups explained
by an impact of the factor analysed,
f,= N — M is a degree of freedom of the
variable within groups unexplained by the
factor considered.

The critical value F_  of Fisher crite-
rion depends on the chosen a level of sig-
nificance. as well as degrees of freedom f,
and f,. Then the inequality F < F_ ..
results in rejecting the alternative hypoth-
esis H , in other words the changes in the
considered factor have no effect on the
relevant indicator with the probability of
(1-a).

On the contrary, the inequality
Ficvited > Foiicey diSProves the null hypothe-
sis H,and states that the relevant indicator
depends on the changes in the factor con-
sidered factor with the probability of (1-a).

The calculations carried out covered
up to N = 199 observations and the signif-
icance level of a = 0.05.

F calculated —

Results

Several measured indicators of chloro-
phyll fluorescence intensity, as well as cal-
culated parameters of the variance analy-
sis performed are presented in tables 1, 2,
and 3. The sample data size accounted for
60 observations for each of four indicators
of fluorescence and each of three environ-
mental parameters. Thus, the total num-
ber of the analysed values amounted to
720. For the sake of uniformity every data
set was divided into 6 groups or clusters,
each of which included 10 observations
introducing 6 ranges of factor changes to
analyze and compare. In tables 1-3, ev-
ery cluster by each factor was described
by the corresponding group average (AV)
and coefficient of variance (CV) equal to
ratio of the standard deviation to the group
average.

The calculations were performed by
means of free software Google Sheets.
They are numbered in tables 1-3 and in-
cluded only clusters relevant to the par-
ticular calculation. The clusters excluded
from some calculations were marked with
dashes (-).

To detect an impact of the abiotic fac-
tor conditioned by air temperature, chlo-
rophyll fluorescence was examined within
the temperature range of 16 °C to 41 °C.
The absolute values of the background
fluorescence varied within 304 to 560 rel-
ative fluorescence units. The minimum
intensity of the background fluorescence
was recorded at an air temperature from
18 °C to 19.9 °C. Its maximum was ob-
served at the air temperature in the range
of 29-30.9 °C. The applied ANOVA
technique allowed the conclusion that
temperature has a statistically significant
effect on the target indicator. Data pre-
sented in Table 1 revealed that the indi-
cator F, was essentially different within
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Table 1. Chlorophyll fluorescence in R. pseudoacacia leaves depending
on air temperature.

Range of temperature, °C

Fluorescence o o o o o S E 3
No indicators < e & & 3 A 3 P 2
A A
o -] o N~ [<7] -
- - N N N (3}
AV 3728 3104 411.8 407.2 449.6 409.6
! E CcVv 0.05 0.04 0.14 0.07 0.16 0.05 13.07:0.000 2.39
0 AV - - 411.8 407.2 4496 409.6
2 oV - 044007 016 005 o4 0197 287
AV 1542.4 1534.8 1347.6 1259.6 1361.6 1507.2
3 P oy 023 009 028 018 019 00z 205 0086 239
AV 1473.6 1379.2 9922 918.8 1014.4 1099.2
4 CVv 0.25 0.09 0.30 0.16 0.16 0.04 10.84 0.000 2.39
AV 1473.6 1379.2 - - - -
5 F oV 0.25 0.09 i i i i 0.62 0442 4.41
AV - - 992.2 918.8 1014.4 1099.2
0 oV - 030 016 016 o004 08 0211 287
AV 0.77 0.78 0.74 0.67 0.66 0.65
7 CVv 0.09 0.04 0.10 0.05 0.06 0.03 13.42 0.000 2.39
AV 0.77 0.78 0.74 - - -
8 F,IF, oV 0.09 0.04 0.10 i i i 1.03 0.369 3.35
AV - - - 0.67 0.66 0.65
o CcVv - - - 0.05 0.06 0.03 1.18 0323 335

the whole temperature range of 16 °C to
41 °C (Table 1, calculation 1). This was
true because the calculated Fisher crite-
rion was larger than the corresponding
critical coefficient. However, fluctuations
in the intensity of the background fluores-
cence turned out to be non-essential at an
air temperature of 20 °C to 41 °C (Table 1,
calculation 2).

The intensity of the maximal chloro-
phyll fluorescence developed a reverse
trend compared to the background one.
It decreases when the air temperature in-
creases. The minimal average level of this
physiological indicator of fluorescence
was recorded within a temperature range
of 27 °C to 28.9 °C. At the same time, this
study detected no any significant impact

of air temperature on maximal fluores-
cence F_(Table 1, calculation 3). The sta-
tionary fluorescence showed a maximum
intensity at low air temperature of 16°C to
17.9°C. Its growth resulted in a decrease
in the stationary fluorescence values.
Such tendency was confirmed by the cal-
culated Fisher criterion. At the same time,
indicator F_ was statistically uniform with-
in temperature range of 16 °C to 19.9 °C,
as well as 20 °C to 41 °C (Table 1, calcula-
tions 5 and 6). The index of the maximum
quantum yield of PSII (F /F ) varied from
0.59 to 0.86. According to the calculated
Fisher criterion, this coefficient showed a
clear downward trend triggered by an in-
crease in air temperature. The significant
decrease in the discussed index occurred
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at the temperature of around 27 °C.
Namely, indicator F /F_was relatively sta-
ble within the temperature range of 16 °C
to 26.9°C, as well as 27°C to 41 °C (Ta-
ble 1, calculations 8 and 9).

Background, maximum and stationary
chlorophyll fluorescence intensity were
measured under the condition of rela-
tive air humidity from 31 % to 50 %. The
background fluorescence associated with
an ecological factor of relative air humid-
ity reached its maximum, when the latter
showed low values 31 % to 33.9 %. A
further increase in humidity caused a re-
duction in the background fluorescence
intensity. According to data accumulated
in Table 2, the background fluorescence
F,was relatively uniform within the range
of humidity between 34.0 % and 43.9 %
(Table 2, calculation 2).

The highest values of the maximum
chlorophyll fluorescence in R. pseudoaca-
cia leaves were observed at the air humid-
ity of 31 % to 33.9 %, as well as of 44 % to
50 %. Meanwhile, stationary fluorescence
reached its maximum when air humidity

ranged from 39 % to 41.9 %. Its intensity
dropped with the boundary values of air
humidity. The research conducted con-
clude no essential reliable changes in
maximum F_or stationary F_ fluorescence
associated with an increase in relative air
humidity (Table 2, calculations 3 and 4).
The average minimal index (0.62) of the
maximum quantum vyield of PSIl was far
from optimal at the air humidity of 31 %
to 33.9 % (Table 2, calculation 5). With in-
creasing environmental humidity, the ac-
tive centres of PSII ensured stable func-
tioning that resulted in growing of the ratio
F IF . However, it was statistically stable
within the rest of observed air humidity
range (Table 2, calculation 6).

The study analysed the impact of the
environment factors on R. pseudoacacia
growth in phytocoenoses of Dnipro city
with respect to different types of chloro-
phyll fluorescence. The research findings
clarified that the maximum background
fluorescence occurred under the condi-
tion when the light intensity was within the
ranges of 150 to 299 Ix and 700 to 999 Ix.

Table 2. Chlorophyll fluorescence in R. pseudoacacia leaves depending
on air humidity.

Range of air humidity, %

o o o o o (=) H =
Fluorescence 1) © ) - o) =) 2 £
No . . ™ ™ ™ < < ) 3 P £
indicators | I | ] | I S w’
S o S o S o wu
- < N~ (2] N <
(3] (3] ™ [y} < <
AV 598.4 386.8 360.0 370.4 363.2 527.8
! 5 CV 0.06 0.02 0.16 0.05 0.10 0.27 2417 0.000 239
0 AV - 386.8 360.0 370.4 363.2
? CVv. - 002 016 005 010 - 1093 0365 287
AV 1532.8 1489.6 1369.6 1469.2 1412.8 1533.2
> M ov 006 004 020 011 o019 o019 % %47 2%
AV 1080.0 1126.2 1131.2 12256 1084.8 1081.4
e oy o010 003 022 o015 o031 o1y °7° 9% 29
AV 0.62 0.72 0.71 0.71 0.71 0.66
5 EIE (61Y) 0.04 0.03 0.14 0.08 0.09 0.07 4.000.004 2.39
viom AV - 0.72 0.71 0.71 0.71 0.66
6 CcVv - 0.03 0.14 0.08 0.09 0.07 1210320 2.58




Chlorophyll fluorescence characteristics in Robinia pseudoacacia L. under conditions...

59

Meanwhile, the corresponding mini-
mum value associated with the environ-
mental light intensity was 300 to 499 Ix.
The calculated Fisher criterion obtained
using ANOVA technique was less than
the critical one. It enabled us to reject
the hypothesis that there is a significant
relationship between the background
fluorescence intensity F and environmen-
tal light intensity (Table 3, calculation 1).
Both the maximum and stationary chlo-
rophyll fluorescence depended on light
intensity. In particular, the maximal fluo-
rescence reached its peak when an envi-
ronmental light intensity was within 300—

499 Ix, and dropped down when the light
intensity was within 700-999 Ix. Indicator
F_was statistically uniform when the light
intensity varied between 150 and 699 Ix,
as well as from 1000 to 7450 Ix (Table 3,
calculations 3 and 4). The average values
of the stationary chlorophyll fluorescence
F,were constant when the light intensity
varied between 150 and 699 Ix, as well as
between 700 and 7450 Ix (Table 3, calcu-
lations 6 and 7).

The coefficient of maximum quantum
yield of PSII had a near-optimal value, ex-
cept when light intensity was within 700—
999 Ix. However, the indicator F /F_was

Table 3. Chlorophyll fluorescence in leaves of R. pseudoacacia depending

on light intensity.

Range of light intensity, Ix

Fluorescence o o o o 2 3 2 3
No indicators b g 3 3 2 X 2 P £
i I I I I 3 R "
n [=} [=} o [=} o
- ™ n N~ 2 ‘l:
AV 4544 363.2 369.2 441.0 364.8 367.6
% ov o006 004 005 017 o018 oo0s % 900 299
AV 1614.4 1636.8 15574 1110.4 1448.0 1435.8
2 Ccv 0.04 0.03 0.06 0.17 0.31 0.22 6.39 0.000 239
AV 1614.4 1636.8 15574 - - -
3 F. cV 0.04 003 0.06 ) i ) 3.20 0.057 3.35
AV - - - - 1448.0 1435.8
R oV - - - - 031 oz °0% 0944
AV 1190.4 1209.6 11416 8956 1038.4 11054
5 Ccv 0.03 0.03 0.15 0.13 0.25 0.25 421 0.003 2.39
AV 1190.4 1209.6 1141.6 - - -
6 F, oV 0.03 003 015 ) i ) 1.22 0.310 3.35
AV - - - 895.6 10384 11054
o cv. - - . 043025 025 213 0139335
AV 0.70 0.71 0.70 0.50 0.72 0.74
8 CcVv 0.02 0.05 0.07 0.17 0.13 0.06 22.01 0.000 239
AV 0.70 0.71 0.70 - - -
9 FJF, cV 0.02 005 0.07 ) i ) 0.13 0.878 3.35
AV - - - - 0.72 0.74
10 cV ) i i ) 013 006 0.72 0.407 4.41
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relatively stable in the light intensity range
of 150-699 Ix, as well as 1000-7450 Ix,
showing a strong dependence on the light
intensity of the environment (Table 3, cal-
culations 9 and 10).

The next stage of the fulfilled research
suggested establishing a mathematical
relationship between different kinds of
fluorescence and the analysed environ-
mental factors by means of econometric
non-linear regressions.

According to the data given, some of
the modelled equations have statistically
insignificant coefficients of determination.
The one-factor models linked F and F_
to temperature and also F_and F_to light
intensity, had statistically reliable coeffi-
cients of their regressions. The two-factor
models created linking F_ to temperature,
and light intensity had statistically reliable
coefficients (a, b, c¢) of their regressions.
Statistically significant coefficients a and
¢ were identified for F_, while statistically
significant coefficients a and b were de-
tected for F,. The most reliable three-fac-
tor regression (as a mathematical rela-
tionship based on temperature, humidity,
and light intensity) was calculated for F_.
Overall, due to statistical analysis with re-
gard to the mathematical models consid-
ered, this research revealed a fairly strong
dependence of the fluorescence on the
temperature and light intensity, but a sim-
ilar relationship between the fluorescence
and the humidity was not confirmed.

Discussion

PSIl is considered to be the most sensi-
tive to overheating. The thermal exposure
was shown to cause disintegration of the
components within PSIl complex and a
significant decrease in the efficiency of
excitation energy transfer from light-har-

vesting pigments to PSII reaction centres.
The background fluorescence F; (under
normal conditions it corresponds to Chl,
when PSII reaction centres are fully open)
was proposed to use as a test for the
thermal stability of F; (Kalaji et al. 2012,
2016). Several authors (Crafts-Brandner
and Salvucci 2002) found a significant
increase in the F level after heating of
chrysanthemum leaves at temperatures
above 38 °C for 30—120 min. At the same
time, the researchers registered a sharp
decrease in the F /F _ratio, which charac-
terizes the photochemical activity of PSII.

The value of background fluorescence
(F,) depends on the excitation energy lost
during its transfer across a pigment matrix
and also on the quantity of chlorophyll mol-
ecules without functional links to reaction
centres (Sayed 2003, Zhang et al. 2020).
This fact can be attributable to structural
changes in a pigment complex caused
by a combined impact of air temperature,
humidity, and environmental light inten-
sity. A decrease in the quantity of anten-
na chlorophylls reduces the initial level
of fluorescence, and vice versa (Dem-
mig-Adams et al. 2012). The non-photo-
chemical decrease in the fluorescence
intensity of PSll-associated chlorophyll is
explained by the establishment of the pro-
ton gradient on the thylakoid membrane
and redistributing the excitation energy
in favour of PSI. The formation of ApH
on the thylakoid membrane leads to the
protonation of a special PsbS protein and
the conversion of the carotenoid pigment
violaxanthin into zeaxanthin. The mecha-
nism for optimising the joint action of two
photosystems includes reversible phos-
phorylation of a special light-harvesting
chlorophyll-protein complex and its relo-
cation between membrane areas with dif-
ferent content of PSI and PSII complexes
(Mathur et al. 2011).
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The parameter F_ describes the high-
est level of fluorescence; in other words,
it is the maximum value on the induction
curve. It tends to be the most variable due
to its high adaptability (Zhao et al. 2018).
The minimal indicators of F_ in the struc-
ture of a plant pigment complex were
revealed in R. pseudoacacia trees to be
affected by three factors: air temperature,
humidity, and environmental light intensi-
ty. This combination is also responsible
for a decrease in both light harvesting
and antenna chlorophylls. The value of
the stationary fluorescence F_ decreased
coincidently with a downward trend for air
temperature, humidity, and environmental
light intensity (Sepulveda and Johnstone
2019, Shupranova et al. 2019) This pa-
rameter featured a dynamic balance be-
tween processes that explain rising and
decreasing (Ruban 2016).

The ratio F /F_has been largely used
as a sensitive indicator of plant photosyn-
thetic performance (Guidi et al. 2019).
Some scientists suggest that the decrease
in this index indicates reducing PSII ef-
ficiency, namely photoinhibition. Being
sensitive to inhibition of a light-dependent
stage of photosynthesis, the parameter
F IF_provides an effective means to mon-
itor the stressful effects on plants (Sonti
et al. 2020). This parameter is informa-
tive with regard to basic processes which
boost changes in photosynthetic perfor-
mance, in particular non-photochemical
quenching (Uhrin and Supuka 2016, Uhrin
et al. 2018). The values of F /F _identify
the maximum quantum yield of the po-
tential PSIl and are utilised as a sensitive
productivity indicator of the plant photo-
system. Its optimal value is close to 0.83
in major plants (Suchocka et al. 2021).

A sharp decrease in the ratio F /F_,
which characterises the maximum photo-
chemical activity of PSII, also revealed the

suppression of the functional activity in
the photosynthetic apparatus after heat-
ing a leaf to over 38 °C. As for the back-
ground fluorescence level F; when PSII
reaction centres open, it remains prac-
tically unchanged up to temperatures of
42 °C, which could indicate no significant
disturbances in the aggregation of the
light harvesting antenna and reaction
centres (Janka et al. 2013). Perhaps,
F IF is the parameter most frequently
used for measuring of chlorophyll fluores-
cence and assessing plant responses to
some stresses. However, some scientists
concluded that F /F_represents the plant
resistance to moderate drought (Tezara et
al. 1999, Oukarroum et al. 2007, Wan et
al. 2020).

Our study disclosed that the discussed
index varies between 0.65 and 0.66 re-
gardless of the abiotic environmental
factors considered. This means that its
impact on plants growing in urban tech-
nogenic areas resulted in photoinhibition
in all three cases associated with light in-
tensity, temperature, and humidity. In this
regard, a significant decrease in F /F_can
be interpreted as a factor of photo-dam-
age, while an insignificant decline might
be explained by photoprotection (Golan et
al. 2015). In turn, some researchers asso-
ciated a relatively moderate decrease in
F IF_ with a reduced risk of photooxida-
tive stress or so-called positive photoinhi-
bition caused by activity of PSll-associat-
ed proteins (Giardi et al. 1996).

Conclusion

The absolute values of the background
fluorescence fluctuated between 304 and
560 relative units. The minimum intensity
of the background fluorescence was found
at an air temperature of 18 °C to 19.9 °C.
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The stationary fluorescence amounted
to maximum when the air temperature
dropped to 16-17.9 °C. The maximum
level of background fluorescence was as-
sociated with low air humidity of 31 % to
34 %. The subsequent increase in humid-
ity resulted in a decrease in background
fluorescence intensity. The highest values
of the maximum chlorophyll fluorescence
produced by R. pseudoacacia were de-
tected at humidity values of 31 % t0 33.9 %
and 44 % to 50 %. Stationary fluores-
cence amounted to its maximum intensity
at an air humidity of 39 % to 41.9 %. Back-
ground fluorescence was the most active
at a light intensity within 700-999 Ix. The
stationary fluorescence reached its maxi-
mum at a light intensity of 300—499 Ix, but
it was minimal when the light intensity in-
creased to 700-999 Ix. The coefficient of
the maximum quantum yield of PSII was
stable and relatively close to its optimum
except for an environmental light intensity
of 700-999 Ix.

Our research resulted in confirming
the hypothesis about different levels of
influence of the studied abiotic factors on
the photosynthetic processes observed
in R. pseudoacacia under conditions of
its introduction. Chlorophyll fluorescence
appeared to be most sensitive to changes
in light intensity levels. The marginal val-
ues of all types of fluorescence were de-
termined for a wide range of values of the
studied abiotic factors. According to data
analysis, the values of chlorophyll fluo-
rescence intensity varied significantly de-
pending on abiotic factors. The research
findings identified the values an air tem-
perature, air humidity and light intensity at
which background, maximum and station-
ary fluorescence reach their minimums
and maximums.
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Abstract

Gas exchange response of European beech (Fagus sylvatica L.) saplings to canopy opening
was studied in the ‘Petrohan’ training and experimental forest range in Western Stara Planina Mt.
Experimental plots were set on various altitudes (700-1450 m a.s.l.) and were chosen by their
different sylvicultural or disturbances histories. The results of this study point out that Europe-
an beech saplings show significant acclimation potential to changed post-cutting or windthrow
environmental conditions. The light response curves at saplings from the open and the closed
sites were typical for the sun and the shade ecotype of European beech leaves. The maximal
photosynthesis was higher in more illuminated saplings but, as with light-use efficiency, did not
vary significantly with cutting type, disturbance, altitude and air temperature. These physiological
indicators rather express the biological characteristics of the European beech more strongly than
a common response to environmental changes. In contrast, respiration, transpiration, water-use
efficiency and light-compensation points were highly correlated with altitude and temperature.
Especially the respiration and the transpiration varied much less with cutting type and natural
disturbance. The light-compensation point was the most sensitive to both the type of stand open-
ing and illumination, which can indicate the acclimation response of European beech saplings to
stand disturbances of different sizes and causes.

Key words: light-compensation point, light-use efficiency, photosynthesis, transpiration, wa-
ter-use efficiency.

Introduction oneer species are generally shade intol-

erant and rapidly grow in open ground.

European beech (Fagus sylvatica L.), a
widely distributed European forest tree
species, is at its south-eastern limit of dis-
tribution in the Bulgarian mountains be-
tween 600 and 1800 m elevation. Several
factors, such as shade tolerance, manage
species’ position in forest succession. Pi-

Late succession species survive under
shading are somewhat intolerant to high
light and grow slower (Leuschner and EI-
lenberg 2017).

Forest cuttings or disturbances can
significantly alter the light environment
experienced by forest saplings (Kozlowski
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2002, Dietze and Clark 2008). The extent
and nature of these changes depend on
factors, such as the type and intensity
of cuttings or disturbances, spatial distri-
bution of canopy opening, as well as the
surrounding forest structure. The type and
distribution of forest cuttings can lead to
spatial heterogeneity in light availability.
Forest cuttings create edges between
the cut area and the surrounding forest.
The resulting edge effects can include
increase in light penetration into the ad-
jacent forest, creating transitional zones
with higher light levels than the forest in-
terior (Matlack and Litvaitis 1999, Zheng
and Chen 2000).

The impact of forest cuttings on light
availability may vary over time. Initially,
there may be a period of intense light ex-
posure following a cutting event, which
gradually decreases as vegetation re-
grows and canopy closure occurs. Over
time, the light environment may stabilize,
but the composition and structure of the
forest may still be altered compared to pre-
cut conditions (Kermavnar et al. 2019). In
selective logging or partial cutting scenar-
ios, residual vegetation may remain in the
stand, providing shade and modifying the
light environment for saplings. Residual
trees or shrubs can create a dappled light
environment with varying shade and sun
flecks, influencing sapling growth and re-
generation (Wagner et al. 2011).

On the other hand, significant canopy
destructions create a highly altered en-
vironment that can be critically stressful
for saplings (Oliver 1980), especially late
successional species, such as European
beech. Large canopy openings and distur-
bances may expose beech saplings to in-
creased environmental stresses, such as
higher temperatures and more significant
fluctuations in soil moisture. However,
Dountchev and Zhelev (2015) found high

survivability after windthrow on the north-
eastern slopes of Vitosha Mt., Bulgaria.
They point out that beech and some pi-
oneer species have a potential to restore
windthrow areas effectively. In the large
gaps, European beech is more adaptive,
especially compared to high-sensitive
to intense direct light species, e.g. silver
fir. However, it does not realize such an
advantage compared to spruce (Cater et
al. 2014, Cater and Diaci 2017). Cater
(2021) point out that the generally better
adaptability of European beech after dis-
turbances might be closely related to their
annual foliage development, compared to
conifers and the longevity of fir and spruce
needles.

European beech retains its position
after the windthrow due to the ample ad-
vance regeneration released by the distur-
bance (Szwagrzyk et al. 2018). European
beech saplings can acclimate to canopy
openings through physiological, morpho-
logical and growth-related responses
(Lichtenthaler et al. 1981, 2007). These
responses allow them to adjust to the
changes in light availability, competition
and other environmental factors associat-
ed with canopy openings (Thornley 2002).
One of the most vital acclimation traits
of the European beech to illumination
change is its ability to develop leaves with
different morphological characteristics
— sun and shade ecotype leaves, which
can enhance light capture and maximise
photosynthetic rates in high-light environ-
ments (Wagner et al. 2010). Eschrich et
al. (1989) point out that sun- and shade-
leaf determination in European beech is
triggered towards the end of July. When
applied before July, changes in light con-
ditions influence the structure of the next
season’s leaves. After the middle of Au-
gust, an increase in irradiation has little or
no influence on the structure of primordia
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of the next season’s leaves.

Sun and shade leaves grow in different
light environments within a forest canopy
(Niinemets 2010). These leaves exhib-
it several differences in photosynthetic
characteristics to adapt to the varying light
conditions. Sun leaves in beech typically
have smaller surface areas but are thicker
and with more packed chloroplasts than
shade leaves (Closa et al. 2010). This ac-
climation allows sun leaves to maximise
light absorption and photosynthetic effi-
ciency in high-light environments. Shade
leaves may have higher chlorophyll con-
centrations to optimise light capture and
utilisation in low-light conditions (Closa et
al. 2010, Anev et al. 2015).

Additionally, shade leaves may con-
tain different ratios of chlorophyll a to
chlorophyll b compared to sun leaves
(Lichtenthaler et al. 2007). Sun leaves of
European beech typically exhibit higher
photosynthetic rates and maximal photo-
synthesis than shade leaves. This accli-
mation allows to capture and utilise the
abundant light in high-light environments
efficiently and maximise carbon assimi-
lation. Shade leaves of European beech
generally have lower photosynthetic rates
and maximal photosynthesis due to the
limited light availability in shaded environ-
ments (Lichtenthaler et al. 2013). Howev-
er, shade leaves have a higher light-use
efficiency in low-light conditions, in com-
pare to sun leaves, due to their special-
ised morphology and light-harvesting ca-
pabilities (Lichtenthaler et al. 1981). Euro-
pean beech saplings successfully change
their photosynthetic apparatuses to adapt
to changes in light availability. This may
include adjustments in chlorophyll con-
tent, chloroplast structure (Lichtenthaler
et al. 1981, 2007), in the activity of photo-
synthetic enzymes (Kubiske and Pregitzer
1997) to optimize photosynthetic rates un-

der different light conditions.

According to Kaiser et al. (2015), stud-
ying the light response curve is essential to
understand various factors that influence
the photosynthetic efficiency of plants and
how they respond to changes in their envi-
ronment. The light response curve of pho-
tosynthesis represents the relationship
between the photosynthesis rate and light
intensity. According to Thornley (2002), at
low light intensities, the rate of photosyn-
thesis increases rapidly as light intensity
increases. This phase occurs because the
available light energy is insufficient to sat-
urate the plant’s photosynthetic apparatus
and for this reason the rate of photosyn-
thesis increases close to linearly with in-
creasing light intensity. The second phase
occurs when light intensity is at a level
that saturates the photosynthetic capacity
of the plant but does not cause damage
to the photosynthetic apparatus. Beyond
a certain light intensity, the rate of photo-
synthesis reaches a maximum level and
plateaus. This occurs because the plant’s
photosynthetic apparatus becomes satu-
rated with light energy, and the further in-
creases in light intensity do not lead to a
rise in the rate of photosynthesis and can
even lead to photoinhibition (Wimalase-
kera 2019), although Wyka et al. (2007)
did not establish a relationship between
photoinhibition and shade tolerance in
European beech. The shape of the light
response curve may vary depending on
factors, such as plant species, environ-
mental conditions and the availability of
other resources, such as carbon dioxide
and water (Cater and Diaci 2017).

This study aimed to evaluate the po-
tential of European beech saplings to ac-
climate the main physiological processes
to changes in light regime and other mi-
croclimatic factors after different types of
forest cutting and a large windthrow.
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Materials and Methods

Experimental sites and plots

European beech (Fagus sylvatica L.) sap-
lings’ physiological responses to canopy
opening were studied in the ‘Petrohan’
training and experimental forest range in
Western Stara Planina Mt. The climate is
mountainous with a moderate continen-
tal influence. The mean annual tempera-
ture at 1450 m is 4.8 °C, and the mean
annual precipitation is about 1080 mm,
with higher values in spring (Koleva and
Peneva 1990, Kutchukova 1983). The
soil is brown acid (district eutric cambisol)
developed on granite, with a mean depth
exceeding 80 cm (Malinova and Petrova
2019). Experimental sites were set on var-
ious altitudes (700-1450 m a.s.l.) in mo-
no-dominated by European beech stands
and were chosen according to their differ-
ent silvicultural or disturbances histories.
Each site includes two plots — stands with
destructed and thus open (O) and closed
(C) canopy stands for control (Table 1).

In 2011, the canopy of the ES1-0O plot
was opened by cutting off all mature trees
(120 years) in a gap with sizes 25 x 40 m
(0.1 ha), which was not subsequently
expanded further. In 2013, the canopy
(120-year-old) of the ES2-O plot opened
a circle gap with a diameter of 50 m, which
was expanded to 80 m (~0.5 ha) in 2018.
In the winter of 2013/2014, the 80-year-
old stand (ES3-O) was disturbed by a
windthrow of a total area of ~2.5 ha. The
canopy of ES4-O was opened by cutting
off eight mature trees (160 years), even-
ly distributed on a total area of 0.1 ha.
The control C-plots were placed near
the O-plots in the stands, which have not
been subject to logging or natural distur-
bance in at least the last twenty years.

The temperatures measured during
the physiological measurements indicated
that the areas with the canopy destruction
were warmer. The differences vary from
0.39 °C on EP1 to 2.25 °C on EP3. Un-
like the air temperature, the differences
in relative humidity between the O and C
plots were not unambiguous. The air was

Table 1. Characteristic of the open (O) and closed (C) canopy plots in experimental sites.

ental Latitude, Ltﬁﬂﬂ' Etlui‘nlma T,..°C HD,% PPFD, . N,
plot orm m pmol(y)-m2-s mg-g,,
ES1-C  4377'32" 23°7'25' 1439 20.6840.07 56.6+05 477458 22 176 17.340.3
ES1-O  43°730" 23°7'23" 1450 21.0740.05 46.8402 912.7197.3 25 200 18.30.4
ES2C  43°822" 23°8'33" 970 22724003 558402 390122 22 176 163402
ES20  43°823" 23°8'37" 1015 23.5640.10 565104 77322442 25 200 17.040.4
ES3-C 43°11M5" 23°7'32" 870 24.25:0.11 592405 16314952 20 160 17.240.3
ES3-0 43°1118" 23°7'33" 862 2645:0.14 463105 11255+1865 23 184 192407
ES4-C  43°920" 23°900" 713 25111007 576403 1715%107 25 200 15.8+0.2
ES4-O 43°927" 23°8'59" 718 26.2240.06 58.6+0.4 3852%422 25 200 17.140.3

Note: Average values * standard error of air temperature (T, °C), relative air humidity (HD, %),
and photosynthetic photon flux density (PPFD, pmol(y)-m?-s™) during the physiological meas-
urements are presented. The number of light-response curves (n) and total number of measure-
ments (N = 8-n) of each plot after data filtering are presented in the last two columns. N, is the

leaf nitrogen content +SE.
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drier in plots with a large disturbed canopy
compared to the control plots — on ES1
with 9.8 % and ES3 with 12.9 %. Howev-
er, the differences were insignificant at the
ES with smaller canopy openings.

Total nitrogen  concentration by
Kjeldahl (Jones 1991) was determined on
100 leaves per plot in mixed sample from
each O and C plot with three replications
in 2019. The leaves of the lighted saplings
tended to accumulate more nitrogen than
those under the canopy, which was most
pronounced in ES3 (windthrow).

Gas-exchange measurements

Gas exchange measurements were
carried out in five consecutive growing
seasons during the period 2018-2022
on typical, cloudless July days on five
randomly chosen saplings with a similar
height of around 1.5 m at each O and C
plot. Net-photosynthetic rate (A,) and
transpiration rate (E) were measured on a
third leaf of branches in the upper part of
sapling’s crown with a portable photosyn-
thesis system Li-6400 (LiCor Instruments,
Lincoln, NE, USA), equipped with shield-
ed thermocouples, a red light-emitting di-
ode light source (6400-02) and a quantum
PAR sensor (LI-190) in the chamber. Be-
fore measurements, the instrument was
calibrated according to standard proce-
dures (LiCor 2012). Simultaneously with
the physiological indicators, the air tem-
perature (T,.), relative air humidity (HD)
and photosynthetic photon flux density
(PPFD) were recorded in the field mea-
surements with the sensors built into the
Li-6400. The summarized levels of these
indicators are presented in Table 1.
Following the protocol of Evans and
Santiago (2014), light-response curves
for each leaf were recorded between
09:00-12:00 at ambient levels of envi-

ronmental factors:  CO,-concentration
at about 400 umol(CO,)-mol”, leaf tem-
perature 20-26 °C, 45-60 % relative
humidity. Leaves were given at least
3 min. to acclimate to chamber condi-
tions under a saturating irradiance of
1000 pmol(y)'m2-s*' until TotalCV de-
creased below 0.5 %. Subsequently,
the PPFD was changed in incremental
steps, using eight levels of illumination
(2000, 1000, 500, 250, 100, 50, 25 and
0 pmol(y)'m2-s') changed by the auto
program ‘Light_curve’, in which we set
the following criteria: minimum acclima-
tion time of the leaf when the PPFD in
the camera changes 60 s; maximum time
before values are recorded 120 s; ‘match
mode’ before each measurement; and To-
talCV < 0.5 % (Broadbent 2012).
Photosynthetic light responses were in-
dividually analysed for each leaf with the
non-rectangular hyperbolic model (Lever-
enz and Jarvis 1979, Marshall and Biscoe
1980, Prioul and Chartier 1977, Norman
et al. 1992). Light-use efficiency (LUE,
umol(CO,)-umol(y)'), the maximal pho-
tosynthesis (A,,,,, Hmol(CO,)-m?:s™), the
dark respiration rate (R, pmol(CO,)-m?-s™)
and the convexity (8) of the light response
curve were calculated for each sample.
All regression lines were fitted to the data
by applying the least-squares approach of
the Microsoft Excel Solver routine using
the Newton algorithm (Office 2019, Micro-
soft, Redmond, WA, USA). The light-com-
pensation point (LCP, pmol(y)-m2-s') was
calculated by the regression equations as
the PPFD, at which photosynthesis and
respiration equalise (A, = 0). Transpira-
tion rates E, mmol(H,0)-m?-s™ of each
leaf were calculated as the average val-
ue of transpiration, recorded at eight lev-
els of PPFD during the measurements
for light curves. Water-use efficiency of
each leaf was calculated as WUE = A /E,
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umol(CO,):mmol(H,0)".

Data were filtered before statistical
processing according to the following cri-
teria: A, >0>R,; LCP>0;0.125> LUE
> 0; E > 0. One-way ANOVA tests and
Tukey post hoc analysis were performed
to determine the difference between the
average values of A .., R,, LCP, LUE,
E and WUE of saplings in O and C plots
of experimental sites. All statistical pro-
cedures were performed with MS Excel
and user-defined functions in Visual Basic
for Applications (MS VBA 7.1, Microsoft,
Redmond, WA, USA). Only statistically
significant results (as defined by a P-value
< 0.05) were discussed.

Results

Light-response curves

At all experimental sites, light curves of
photosynthesis in the O-plots were typical
for sun leaves and in C-plots they were
typical for shade leaves (Fig. 1).
Photosynthesis saturates with light,
reaches 90 % of its maximum at PPFD be-
tween 250 and 500 ymol(y)-m2-s™ for the
shade leaves (C-plots). At the same time,
the sun leaves (O-plots) need significantly
more intense light and their photosynthe-
sis saturates above 1000 pmol(y)-m?2-s™.
The difference between the curves of the O
and C plots is most significant at the high-
est altitude, while the curves converge at
decreasing altitudes. Light curves of O and
C plots in ES1 are crossed (A, of O and C
plots become equal) at 42 pmol(y)-m2-s,
in ES2 and ES4 - at 84 pmol(y) m2-s?,
and in ES3 — at 90 ymol(y)-m2-s'. Only
in few saplings from the C-plots we found
lower photosynthesis at 2000 than at
1000 pmol(y)-m?2-s™, which corresponds
to the findings of Wyka et al. (2007). Li-

chtenthaler et al. (1981) point out that the
acclimation of saplings to high quanta
fluence rates is correlated with a higher
photosynthetic capacity and especially
with a higher light saturation of CO,fixa-
tion. Cater and Diaci (2017) show that in
beech, the acclimatization to light climate
develops relatively faster than some ever-
green species, which might be closely re-
lated to their annual foliage development
compared to conifers and the longevity of
fir and spruce needles (Cater 2021).

The maximal photosynthesis (A,,,,)
is significantly higher in O-plots, than in
C-plots, except for ES3, where the differ-
ence is minimal as there is measured the
minimum Amax at illuminated saplings
and the maximum A, at shaded sap-
lings among all sites (Fig. 2).

The A, of illuminated saplings in
ES1-O was 1.99 times higher than in
ES1-C on a background of more than 19
times higher PPFD in the gap. In ES2-0,
PPFD was 18.8 times higher than such
in ES2-C, and yet the difference between
A, Was 2.05 times in favour of the illu-
minated saplings. Differences in A,,,, be-
tween sun and shade leaves were similar
to those previously described for Europe-
an beech (Lichtenthaler et al. 1981, 2007).
In the windthrow site (ES3-0), despite the
highest average PPFD, compared to the
other sites, it was only 6.9 times higher
than the ES3-C and probably for this rea-
son, an insignificant difference of A,,,, be-
tween ES3-O and ES3-C was observed.
That may be due to the edge effects,
which can increase light penetration into
the nearby forest stands (Matlack and Lit-
vaitis 1999, Zheng and Chen 2000). Cater
(2021) establishes similar levels of A, in
European beech saplings in the second
year after exposure to the rapid increase
of light due to sleet damages to the ma-
ture canopy. He points out that the suc-
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Fig. 1. Light-response curves of European beech saplings in the O-plots (—o—) and in
the C-plots (- - e - -) of experimental sites (ES1, ES2, ES3, and ES4).

Note: The mean values of net-photosynthetic rate (A,) at various photosynthetic photon flux

density (PPFD) are presented with circles. The standard errors of means are presented with

whiskers. The lines presented regressions.

cessful acclimation of trees with advanced
regeneration is mainly related to their
ability to produce sun foliage. Reynolds
and Frochot (2003) reported lag-missing
in photosynthetic acclimation only four
months after windthrow. This observa-
tion is similar to findings by Tognetti et al.

(1994) for well-watered, shade-acclimat-
ed beech seedlings, in which an increase
in photosynthetic rates began even by the
end of the first week after transfer to high
illumination and was nearly complete after
only one month.

Despite the higher PPFD in the areas
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Fig. 2. Maximal photosynthesis (A,,,,) — left, and dark respiration rate (R,) - right, of Eu-
ropean beech saplings within saplings in the O-plots (o) and in the C-plots (=) of experi-
mental sites (ES1, ES2, ES3, and ES4).

Note: The regression values (eq. 1) are presented with columns, and their standard errors
are presented with whiskers. One-way ANOVA (Tukey) statistical test was applied to estimate
the difference among all the variants. Different letters denote statistically significant differences.

with an open canopy, the air temperature
was not appreciably affected (Table 1).
This could explain the lack of significant
differences between the R, levels of the
saplings in the open plots and under the
assembly of the control areas. However,
there was a strong negative correlation
(Pearson correlation coefficient) between
altitude and respiration rate (R = -0.47,
P-value < 0.001) and a positive correla-
tion between air temperature and res-
piration rate (R = 0.48. P-value < 0.001)
of saplings in open canopy plots, already
established by other authors (Hikosaka et
al. 1999, Tjoelker et al. 2001, Smith and
Dukes 2013).

The values of all the LCP of sun-accli-
mate saplings in O-plots were also signif-
icantly higher than the LCP of shade sap-
lings in C-plots — 2.2 times on ES1, 2.43
times on ES2, 2.51 times on ES4 and only
1.71 times on windthrow (ES3) (Fig. 3).

As Lichtenthaler et al. (1981, 2007) and
Kolev and Anev (2022) point out, lower
chlorophyll concentration and more in-
tense respiration in sun leaves result in
a higher PPFD to equalization photosyn-
thesis and respiration. Like R,, LCP in
O-plots has a strong negative correlation
(-0.340, P-value < 0.001) with altitude and
a strong positive correlation (0.345, P-val-
ue < 0.001) with air temperature.
According to Cater (2021), quantum
yield (or light-use efficiency) reflects the
overall adaptation of the entire tree, es-
pecially in the upper third of the crown.
He established that the LUE in Europe-
an beech saplings increased in the years
following the ice storm and windstorm.
However, its studies have been carried
out since the year after the destruction of
the canopy, unlike ours, which occurs 5-7
years after cuttings or natural disturbance.
In our experiment, LUE was not variate
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Fig. 3. Light-compensation point (LCP) — left, and light-use efficiency (LUE) — right, of Eu-
ropean beech saplings in the O-plots (o) and in the C-plots (n) of experimental sites (ES1,
ES2, ES3, and ES4).

Note: The regression values (eq. 1 and eq. 2) are presented with columns. The standard
errors of regression values are presented with whiskers. One-way ANOVA (Tukey) statistical test
was applied to estimate the difference among all the variants. Different letters denote statistically

significant differences.

significant not only between the O-plots
and the C-plots but also along the entire
vertical profile of the experimental sites.
This can be explained by, on one hand,
the more minor scales of canopy destruc-
tion and, on the other hand, the more ex-
tended acclimatization period compared
to similar experiments, e.g. Cater (2021).

The water regime of European beech
saplings was much less affected than car-
bon assimilation. Both transpiration rates
and WUE were not significantly different
for saplings in O-plots and C-plots in all
experimental sites (Fig. 4).

The results confirm our previous study
(Anev and Marinova 2021), in which we
hypothesized that the protective role of
pioneer grass species allows European
beech saplings to inhabit an environment
with more humid air and maintain mod-
erate levels of transpiration and WUE,

even after canopy disturbance. Reynolds
and Frochot (2003) confirm that function-
al (physiological) changes in response
to the new environment occurred sooner
than structural (morphological) changes.
However, as with respiration and LCP,
transpiration, although less pronounced,
had a significant negative correlation
(R = -0.29, P-value < 0.001) with alti-
tude and a significant positive correlation
(R = 0.30, P-value < 0.001) with air tem-
perature.

Conclusions

The results of this study indicate that
European beech saplings show signifi-
cant assimilation acclimation potential to
change post-cutting or windthrow envi-
ronmental conditions. The light curves are
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Fig. 4. Transpiration rate (E) — left, and water-use efficiency (WUE) - right, of European
beech saplings in the O-plots (o) and in the C-plots (=) of experimental sites (ES1, ES2,
ES3, and ES4).

Note: The mean values (eq. 3 and eq. 4) are presented with columns. The standard errors of
mean values are presented with whiskers. One-way ANOVA (Tukey) statistical test was applied
to estimate the difference among all the variants. Different letters denote statistically significant

differences.

similar in all sites and visualize the typical
change of photosynthesis with the change
of illumination in the sun and in the shade
ecotype of leaves. Maximal photosynthe-
sis and light compensation points were
higher in more illuminated plots. Dark
respiration, light-use efficiency, transpira-
tion rates and water-use efficiency did not
vary significantly by cutting type or distur-
bance. We can conclude that these indica-
tors reflect more strongly biological char-
acteristics of the European beech typical
sun and shade leaves than a response to
environmental changes. Dark respiration,
transpiration rate and light-compensation
points were highly correlated with altitude
and temperature. The light compensation
point was the most sensitive to both the
cause of stand opening and illumination,
which can indicate the acclimation re-
sponse of European beech saplings to

stand disturbances of different sizes and
causes.
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Abstract

Clonal propagation is a silvicultural method that is often employed due to its advantages in
terms of speed and flexibility. This method is typically combined with a reduction in rotation age
to enhance the quality of pulp derived from Acacia wood. Therefore, this study aims to determine
the basic wood properties, pulp and paper characteristics of a 3-year-old clonal Acacia hybrid
(Aha and Ah044 clones) using the kraft process. Obtained samples were cooked using different
cooking times, active alkali levels and sulfidity concentrations to obtain the optimum conditions
(screened yield > 50 %). Pulp and paper properties were tested at different beating degrees. The
result showed that at the optimum conditions of 120 min cooking time, 15 % active alkali and
20 % sulfidity, screened yield and kappa number ranged from 55-59 % and 33-34, respective-
ly. The optimum levels of beating degree were 255-285 mL CSF, which produced handsheets
with an average burst index, tear index, tensile index, brightness and opacity of 3.11 kPa-m?-g',
4.56 mN-m?g™, 39.26 Nm-g™, 23.42 % and 93.66 %, respectively. At the same conditions, the
Ah044 clone gave a higher screened yield but lower reject and kappa number values compared
to the Aha clone. Although screened yield of clones was higher compared to samples from older
trees in previous studies, the paper strength properties were generally poorer, indicating the high
proportion of juvenile wood and high kappa number.

Key words: active alkali, beating degree, cooking time, physical properties, pulp wood, sulfid-
ity.

Introduction

The significance of Acacia mangium Willd
as a fundamental raw material is widely
acknowledged due to its extensive in-
dustrial applications within the pulp and
paper industries in Indonesia. The natu-
ral cross-breeding of A. mangium and A.

auriculiformis A.Cunn.ex Benth often lead
to the production of Acacia hybrid with a
combination of the superior characteris-
tics of both parents. These characteristics
include fast growth, cylindrical and straight
stems, enhanced wood quality, adaptabil-
ity to marginal terrains and increased re-
sistance to pest/disease attacks (Sunarti
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et al. 2014). Therefore, the introduction
of this hybrid serves as a strategic mea-
sure to rectify the prevailing imbalance
between the supply and demand of raw
materials for pulp and paper products.
Over the years, only few studies have
been carried out on the pulp and paper
characteristics of Acacia hybrid. A pre-
vious related study was conducted by
Yamada et al. (1992), using a 9-year-old
tree in Malaysia. The results of this study
revealed that the screened yield and the
physical properties of the paper exhibited
higher levels compared to the two-parent
species, namely A. mangium and A. auric-
uliformis. Similar trend was also observed
by Haque et al. (2019), who studied Aca-
cia hybrid wood aged 8 years from Bang-
ladesh. However, the tensile and burst
indices values were lower compared to
those obtained by Yamada et al. (1992).
Government of Indonesia, through the
Centre for Forestry Instruments Standard
Assessment under the Ministry of En-
vironment and Forestry, has developed
intensive silviculture methods for Acacia
species. These methods involve the max-
imization of production through appropri-
ate genetic improvement and the use of
growth enhancement measures, followed
by shortening of rotation age (Miranda
and Perreira 2002). To achieve improved
plants from the breeding program to the
plantation, clonal propagation techniques
have been extensively explored due to
their advantages in terms of speed and
flexibility. The breeding process for fibre
materials and the evaluation of superior
clones are directly related to the yield,
quality and economic benefits. Several
studies have identified that the adoption of
a shorter rotation can increase the proba-
bility of higher juvenile wood content in the
harvested materials (Myers et al. 1996),
but there are limited insights concerning

their wood properties and pulp viability.

In previous reports, paper made from
juvenile wood chemical pulp showed low-
er yield and strength properties compared
to mature samples (Kirk et al. 1972, Zo-
bel and van Buijtenen 1989, Severo et al.
2013). Juvenile pulps also tended to exhib-
it lower tear strength and opacity but high-
er burst and folding strength compared to
matured variants (Shmulsky and Jones
2011). However, an exception to this trend
was observed in the case of loblolly pine
juvenile wood, where the paper showed
superior strength and optical properties
compared to mature samples when sub-
jected to thermomechanical pulping (My-
ers 2002). These studies are expected to
provide the needed information to aid in
clonal and product developments. There-
fore, this study aims to determine kraft
pulp yields and physical paper properties
of trees cultivated with clonal propagation
(Aha and Ah044 clones) and harvested at
3 years based on optimum conditions of
cooking with less concentration of chemi-
cals and beating.

Material and Methods

Sample preparation

Wood material used in this study was ob-
tained from 3-year-old Acacia hybrid (A.
mangium x A. auriculiformis) trees with
clone number Ah044 (dbh = 17.9 cm,
tree height = 15.5 m, heartwood propor-
tion = 30.4 %) and Aha (dbh = 9.6 cm,
tree height = 10 m, heartwood proportion
= 18.0 %). Furthermore, clones showed
good growth properties and were from the
multiplication of superior Acacia hybrid tis-
sue culture developed by the Centre for
Forestry Instruments Standard Assess-
ment, Ministry of Environment and For-
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estry, Jogjakarta. After felling, logs were
debarked and manually made into wood
chips (approximate dimensions of 12 x 12
x 5 mm). To provide a single composite
chip, samples from various heights were
combined. Sampled chips were then con-
verted into wood meal (40-60 mesh size),
which was used for chemical analysis.

Physical and chemical properties

Chemical values were obtained using the
following test procedures: 1) ethanol-tolu-
ene extractive — ASTM D1107-96 (ASTM
2007), 2) hot-water soluble extractive —
ASTM D1110-84, (ASTM 1984), 3) lignin
content — ASTM D1106-84 (ASTM 1984),
4) holocellulose content (Wise method,
Browning 1967), 5) alpha-cellulose con-
tent — Rowell et al. 2005), 6) solubility
in 1% NaOH — ASTM D1109-84 (ASTM
1984) and 7) ash content — ASTM D1102-
1984 (ASTM 1984).

Basic wood density was measured us-
ing the water displacement method. For
fibre dimension and derived value meas-
urements, match-stick size was cut from
sampled chips. Sticks were then macer-
ated in hot hydrogen peroxide and glacial
acetic acid (20:1, v/v). Furthermore, fibres
were stained with safranin, dehydrated in
alcohol and mounted on Canadian bal-
sam on glass slides. From each sample,
microscopic images of the cross sections
were collected using an Olympus digi-
tal microscope connected to a personal
computer and stored in a digital format
for image analysis (Image Pro Plus). The
fibre length (L), diameter (D), lumen diam-
eter (d) and cell wall thickness (W) were
measured. Derived values were also de-
termined for Runkel ratio (2W/d), slender-
ness ratio (L/D), flexibility ratio [d/(D-100)]
and coefficient of rigidity (W/D) to evalu-
ate the fibre quality for paper production

(Yanez-Espinosa et al. 2004, Ohshima et
al. 2005).

Kraft pulping process

Kraft (sulphate) pulps were prepared in an
electrically heated rotary digester (KRK,
laboratory scale). Chips (150 g) were
cooked under different conditions, such
as cooking for 60 to 150 min at maximum
temperature. Active alkali level was also
adjusted within the range of 15 to 21 %
(as Na,O) along with sulphidity from 15
to 30 %. Furthermore, the parameters
used for the procedures included 170 °C
maximum temperature, 45 min cooking
time, 4:1 liquor to wood ratio (liters:kg)
and 5-liter batch digester volumetric ca-
pacity. To obtain commercial level, the tar-
get screened yield was > 50 %. Digested
chips were washed with water and then
passed through a laboratory flat station-
ary screen, consisting of 200 mesh wire
bottoms for the removal of residual cook-
ing chemicals and pulp washing. Pulp was
hand-squeezed and sampled for moisture
content, and determination of the yield
was carried out. TAPPI standard T2 14m-
50 with slight modification was used to
measure the kappa number of samples,
and duplicate kraft cooks were made on
each pulping condition.

Pulp beating process

The pulp used for beating process was se-
lected based on the experimental results
at optimum cooking conditions. The pro-
cess was carried out using different beat-
ing times, including 0 (control), 10, 20 and
30 min. Samples were withdrawn from the
Niagara beater after beating intervals of 0,
10, 20 and 30 min for Canadian Standard
Freeness (CSF) testing (TAPPI standard
T227, TAPPI 1992) and handsheet forma-
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tion (TAPPI standard T205, TAPPI 1992).
The beaten pulp was then moulded and
tested to determine the value of the phys-
ical and optical properties of produced
paper.

Handsheet testing

Physical properties of paper consisted of
brightness, opacity, as well as burst, tear
and tensile indices. Testing was carried
out based on the TAPPI procedures (TAP-
Pl 1992), where the burst, tear and ten-
sile indices were evaluated using TAPPI
T403, TAPPI T414 and TAPPI T494, re-
spectively. Brightness and printing opacity
were measured with a whiteness meter
WSB-3 apparatus based on TAPPI Test
Method T525.

Data analysis

Mean values of wood chemical and phys-
ical properties, as well as pulp properties,
were compared by independent sample
Student’s t-test and a significance level of
0.05. Simple linear regression was used
to relate measured handsheet strength

values to pulp freeness. For comparison,
strength values at 250 ml CSF levels were
estimated for different beating times. Sta-
tistical analyses were done using SPSS
ver. 16.

Results and Discussion

Basic properties

To assess its suitability for pulp and pa-
permaking, the proximate chemical anal-
ysis of Acacia hybrid is presented in Ta-
ble 1. Furthermore, the carbohydrate
composition of A. hybrid could affect its
pulp yield and the development of phys-
ical properties. The a-cellulose content
of raw materials had a strong correlation
with the yield (Al-Maruf and Jahan 2015).
It was found that only the property of lignin
content was significantly different accord-
ing to t-test results at p < 0.05 significance
level. Ah044 clone significantly had more
lignin content than Aha clone. Apart from
lignin content, both clones examined in
this study showed only a slight difference
in other parameters.

Table 1. Chemical properties of 3-year-old Acacia hybrid clonal wood and Acacia hybrid
from previous researches.

Acacia hybrid

Chemical properties

Clone Ah044 Clone Aha 7 years' 9years? 7 years?®
Ethanol-toluene solubility, % 3.9 3.6 2.90 3.8 4.7
Hot water solubility, % 3.2 3.2 - 2.5 6.5
NaOH 1% solubility, % 19.6 19.6 - 13.9 15.4
Holocellulose, % 80.4 81.5 82.88 79.3 67.9
a-cellulose, % 47.4 47.8 4545 47.3 45.5
Hemicellulose, % 33.0 33.6 37.43 32.0 22.4
Lignin, %* 26.3 23.6 30.91 26.6 29.0
Ash, % 0.44 0.53 - 0.59 1.6

Source: 'Yahya et al. (2010) grown in Indonesia; ?Yamada et al. (1992) grown in Malaysia;
SHaque et al. (2019) grown in Bangladesh. * — values between the clones were significantly dif-

ferent at the 0.05 level by t-test.
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The results revealed that clones had
lower ash and lignin contents, as well as
higher 1% NaOH solubilities compared to
older trees obtained by seed propagation
from previous studies. Clones also had
lower lignin content and higher a-cellulose
compared to Acacia mangium (Yahya et
al. 2010) and Acacia crassicarpa (Martins
et al. 2020) woods grown in Indonesia.
Lignin was commonly known as an unfa-
vourable wood component for pulp uses
(Shmulsky and Jones 2011). This indicat-
ed that a reduction in its content through
breeding could lead to production of raw
materials with more desirable properties
for pulping. According to previous stud-
ies, lower ash content could reduce the
consumption of chemicals during cook-
ing, pulp washing and beating (Biermann
1996). However, pulp yield was negatively
correlated with the extractive content (eth-
anol-benzene, 1% NaOH, and water solu-
bles), indicating that a higher value in 1%
NaOH solubilities of samples often led to
a reduction in yield.

Based on previous studies, wood den-
sity affected the fibre properties and pulp
yield of samples (Downes et al. 2006).
Among the clones, Ah044 showed slight-
ly higher values in basic density, fibre
length, lumen diameter, slenderness ratio
and flexibility ratio compared to Aha (Ta-
ble 2). However, t-test results introduced
that there is no significant effect of clone
differences on density, fibre dimension
and derived values samples.

Density levels of clonal wood were
lower compared to the 7-year-old sam-
ples from Indonesia (Yahya et al. 2010).
In terms of fibre dimension, these clone
samples had slightly lower values in
length, cell wall thickness, lumen diameter
and slender ratio but had higher diame-
ter and flexibility ratio. Furthermore, long
fibres increased the paper strength, par-

Table 2. Density, fibre dimension, and
derived values of 3-year-old Acacia hybrid
clonal wood.

Acacia hybrid

Characteristics Ah044 Aha 7

Clone Clone years'

Density, g-cm® 044 042 049
Fibre length, mm 0.91 0.87 1.08
Fibre diameter, um 16.66 17.50 13.74
Elr:re wall thickness, 174 296 251
Lumen diameter, yum 13.18 1299 13.74
Runkel ratio 0.27 0.37 0.37
Slenderness ratio 5552 5110 574
Flexibility ratio 079 074 0.73
Coefficient of rigidity ~ 0.11 0.13 0.13

Source: 'Yahya et al. (2010) grown in In-
donesia.

ticularly bursting strength and folding en-
durance (Tamolang and Wangaard 1961,
Ona et al. 2001). Lower levels of density
and fibre length in this experiment were
possibly due to the high proportion of ju-
venile wood.

The derived values of A. hybrid fibres
for both clones were comparable to the
sample used by Yahya et al. (2010). The
fibres of both clones had a good Runkel
ratio and high flexibility coefficient. A pre-
vious study stated that low Runkel ratios
were expected to increase fibre-to-fibre
bonding and pulp yield (Ona et al. 2001,
Oshima et al. 2005). The high levels of
flexibility coefficient (> 0.7) were predict-
ed to produce paper with high tensile and
bursting strength values (Bektas et al.
1999). The low values of coefficient rigid-
ity (< 0.5) were desirable in paper man-
ufacturing, as they had a great influence
on the quality of the product (Tamolang
and Wangaard 1961). However, the ratio
of length to width of both clones also re-
ferred to as slenderness ratios was lower
compared to the conventional variants.
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The slenderness ratio had a positive ef-
fect on the paper tear index (Ona et al.
2001), indicating that the clones could be
predicted to produce paper with weaker
tear strength.

Effects of cooking condition on pulp
properties

Table 3 shows the pulping process, which
was carried out at four different cooking
times at 15 % active alkali and 25 % sul-
phidity. According to the results of t-tests
applied to pulp properties, screened yield,
reject and kappa number values have sig-
nificant differences in term of cooking time
(60 and 120 min), whereas the effect of
clone is found to be insignificant on total

Table 3. Yield and kappa number of kraft
pulping with different cooking times
of 3-year-old Acacia hybrid clonal wood.

Pulp properties ?ookin_g __Clone
time, min Ah044 Aha

60~ 4368 5151

Screened yield, 90 52.47 52.90
% 120* 5554 58.81
S 150 5154 5283
60~ 1594 7.34

o 90 708 643
Reject, % 120 529 197
S 150 428 112
60 5961 5885

o 90  59.55 5933
Total yield, % 120 60.83 60.78
S 150 5582 5395
60~ 5019 37.94

Kappa number 90 3413 3552
120  33.93 33.21

150*  31.34 26.12

Note: cooking condition: active alkali of
15 %, sulphidity of 25 %. * — values between
the clones were significantly different at the
0.05 level by t-test.

yield. The values of Aha clone found for
screened yield were determined to be
higher, whereas reject and kappa num-
ber levels to be lower to those of Ah044
clone. The combination gave the highest
screened and total yield at cooking time
of 120 min for both clones. Results also
revealed that the lowest level of reject was
found at 150 min and the levels of kappa
number were still high (26—33) > 60 min.
This indicated that at 150 min of cooking,
the residual lignin contents decreased
sharply, while the degradation of carbohy-
drate fractions also increased, leading to
reduced pulp yield. Therefore, based on
experimental data at this stage, a max-
imum cooking time of 120 min could be
considered as an optimum cooking condi-
tion for kraft pulping of A. hybrid.

Table 4 revealed that pulp yield, re-
jects, and kappa number decreased with
increasing active alkali from 15 to 19 %
(as Na,O) at 120 min and sulphidity of
25 %. This indicated that the excessive
active alkali charge could cause a de-
crease in lignin and polysaccharide con-
tents. The results of the t-test, which were
applied to reveal effect of clone, showed
differences on screened yield and reject
(active alkali of 15%), as well as kappa
number (active alkali of 17%). At those
concentrations, Aha clone showed signifi-
cantly higher values in screened yield and
kappa number than those Ah044 clone.
The highest screened yield was observed
in the Aha clone at an active alkali of 15 %
(58.81 %). Although the amount of reject
decreased with increasing active alkali,
screened and total yields did not show an
increase. Preliminary cooks were made at
13 % concentration, leading to low yield
and high reject values (data not shown).
The high kappa number at a low level of
15 %, which was considered the optimum
cooking dose, indicated the high con-



Kraft pulping of 3-year-old Acacia hybrid (A. mangium % A. auriculiformis) clonal wood 85

sumption of cooking chemicals for A. hy-

brid to achieve lower kappa number.
Table 4. Yield and kappa number of kraft
pulping with different active alkali charge
of 3-year-old Acacia hybrid clonal wood.

Pulp properties Acti_ve __Clone
alkali, % Ah044 Aha

Screened yield, 15* 55.54 58.81
% 17 51.71 52.32
19 47.91 47.51

o 21 48.27 49.70
Reject, % 15* 5.29 1.97
17 200 249
19 1.76 1.84

o 21 112 113
Total yield, % 15 60.83 60.78
17 53.71 54.30

19 49.39 52.13

o 21 48.91 49.41
Kappa number 15 33.93 33.21
17 2256 26.04

19 22.02 2412

21 18.27 18.27

Note: cooking condition: 120-minute cook-
ing, 25 % sulphidity. * — values between the
clones were significantly different at the 0.05
level by t-test.

Table 5 shows the effect of sulphidity
on pulp yield, kappa number at distinct
cooking time (120 min) and active alkali
(15 %). The amounts of rejects and kap-
pa number decreased with increasing
sulphidity. The screened and total yield
slightly decreased when the pulps were
studied at 25 % sulphifidity. At the same
cooking conditions, the Ah044 clone gave
a higher screened yield but lower reject
and kappa number values compared
to the Aha clone. The Student’s t-test
showed that the recorded screened yield,
reject and kappa number differences be-
tween the clones were all statistically
significant at sulphidity of 20 and 25 %.
Aha clone significantly had lower reject

and kappa number levels and also high-
er screened yield compared to those of
Ah044. Based on the results, the magni-
tude of reduction in all parameters among
sulphidity levels was slightly pronounced
compared to those in active alkali, as
shown in Table 4. This study showed that
there were only slight variations between
sulphidity of 20 and 25 % on pulp prop-
erties. Therefore, 20 % suphfidity could
be considered an optimum dose, as there
was practically no gain during the use of
higher concentrations.
Table 5. Yield and kappa number of kraft
pulping with different sulphidity charge of
3-year-old Acacia hybrid clonal wood.

Pulp properties Sulphid- __Clone
ity, % Ah044 Aha

15 52.61 54.04

Screened yield, 20~ 55.94 59.06
% 25% 55.54 58.81
30 5325 56.07

15 564 3.65

o 20+ 545 2.00
Reject, % 25+ 529 197
30" 336 195

15 58.25 57.69

. o 20 61.39 61.05

Total yield, % 25  60.83 60.78
30 56,61 58.02

15 35.06 34.73

Kappa number 20* 34.46 32.85
25* 33.93 31.21

30 29.14 26.34

Note: cooking condition: 120-minute cook-
ing, 15 % active alkali; bold numbers indicate
pulps to be further processed into papers. * —
values between the clones were significantly
different at the 0.05 level by t-test.

Yamada et al. (1992) reported
screened pulp yields of 55.9 % and a
kappa number of 16.2 for a 7-year-old A.
hybrid from Malaysia digested at a 13 %
active alkali range. Meanwhile, Haque et
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al. (2019) obtained screened pulp yields
of 46.8 % and a kappa number of 28.7 for
a 9-year-old sample from Bangladesh di-
gested at 16 % active alkali. In this study,
the results were higher in screened yield,
particularly for the Aha clone (59.06 %)
with a kappa number of 32.85. The lowest
kappa number (18.27) was achieved at a
21 % active alkali with a lower screened
yield (49.70 %). The comparatively low
content of lignin (23.6 %) for the Aha clone
than Ah044 clone (Table 1) explained the
cause of the low kappa number. According
to a previous study, mature wood showed
greater yields compared to juvenile vari-
ants in other species (Hatton 1997, Seve-
ro et al. 2013). This indicated that tree age
and geographical condition were some of
the factors affecting kraft pulp yields.

Beating properties

Beating or refining was a mechanical pro-
cess carried out in an aqueous environ-

800

400

300

Beating degree, mL CSF

200

100

O T T

—i— Ah044

ment, leading to important chemical and
physical alterations in the fibre structure
(Sparnochia and Castro 2019). This pro-
cess had also been shown to improve fi-
bre quality, enhance fibre-fibre adhesion,
increase flexibility and reduce pulp sheet
porosity. In this study, pulp freeness was
measured as CSF. The freeness, which
was mainly influenced by fibre fibrillation
and the number of fine elements, showed
values 645 mL CSF (Aha clone) and
675 mL CSF (Ah044) for the unbeaten
pulps from optimum cooking conditions
(120 min cooking time, 15 % active alka-
li and 20 % sulphidity). Beating process
produced several tiny fibres and smaller
pieces in the pulp that worsened pulp fil-
tering, leading to a decrease in beating
degree. As shown in Figure 1, time in-
creased along with degree, thereby pre-
senting a trend of linear growth. Based on
the results, there were no large differenc-
es in beating response observed between
the clone pulps evaluated. Furthermore,

--f--Aha

0 5 10 15

20 25 30 35

Beating time, min

Fig. 1. The effect of beating time on beating degrees.
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lesser time was required to reach a giv-
en freeness for pulps obtained from the
Aha clone. The relative amounts of lignin
components in the pulp fibres shown by
the kappa number could account for dif-
ferences in beatability (Rosli et al. 2011),
with the Aha clone showing a slightly low-
er kappa number (Table 5).

Effects of beating on physical
properties of handsheets

Pulps must be subjected to beating pro-
cess to render them useful in making pa-
per with acceptable properties. The two
clones showed similar patterns in me-
chanical properties, as shown in Figure 2.
However, slight difference was observed
in the burst index, with Aha clone having
higher values compared to the Ah044
clone. The burst index increased along
with increasing beating time or decreasing
degree. The results revealed that tear and
tensile indices increased with decreasing
beating degree and reached a maximum
value at 20 min corresponding to beat-
ing level of 255 mL CSF (Aha clone) and
285 mL CSF (Ah044) as an optimum de-
gree.

As beating time gradually increased
due to cutting action, external and inter-
nal fibrillation and brushing action, tear
strength experienced a decrease. Mean-
while, all other properties, which de-
pend on hydrogen bonding except tear
strength, improved with pulp beating (Dutt
et al. 2009). Previous results on A. hybrid
(Yamada et al. 1990) showed that the
maximum value for burst and tensile in-
dices was achieved at 263 mL CSF, while
the maximum tear index was obtained at
509 mL CSF (unbeaten pulp). When the
average fibre length decreased at 30 min
(160-180 mL CSF), it became the main
factor affecting tear and tensile indices,

causing their reduction. Fibre cutting or
reduction in the length could reduce the
paper strength values, such as tensile
index and tearing resistance (Brannvall
2009, Rosli et al. 2011).

The measured optical properties in
this study, namely brightness and opacity,
were important printability characteristics
of paper. Brightness levels were found to
decrease along with beating degree, while
opacity increased, as shown in Figure 3.
It was assumed that beating decreased
the scattering coefficient of the paper and
then reduced its brightness degree. The
process caused more even distribution of
residual lignin containing highly colour-
ed chromophoric groups on fibre surfac-
es, which reduced this optical parameter
(Serkov and Alen 2004). Pulps from the
Aha clone showed higher brightness val-
ues compared to the Ah044 clone. This
trend was also slightly observed for the
opacity values, particularly at a low-level
beating degree. The brighter pulps indicat-
ed fewer amounts of coloured substances
and a reduction of the light scattering co-
efficient (Brannvall 2009). The lower kap-
pa number of Aha clone pulps (Table 5)
caused a higher level of brightness.

Opacity was defined as the ability of
the paper sheet to conceal the printing
on its backside (Brannvall 2009). This pa-
rameter increased along with the level of
light scattering. An increase in the opaci-
ty level was related to the light scattering
coefficient of the pulps, which increased
with the intensity of beating (Gomide et al.
2005).

For comparison, values of handsheet
mechanical properties of samples were
obtained from a regression analysis set
to beating degree of 250 mL CSF. The
A. hybrid clones showed inferior strength
properties compared to older trees from
previous results (Table 6). The clones
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Fig. 3. The effect of the beating degree on the brightness and printing opacity
of the handsheets: (a) brightness, (b) opacity.

handsheets also exhibited lower strength
properties than those of Acacia niloti-
ca (Lukmandaru et al. 2019) and Aca-
cia mangium (Kardiansyah and Sugesty
2020) handsheets. This was possibly
caused by the shorter fibre length and
lower slenderness ratio levels. Further-

more, lower basic densities could con-
tribute to the inferior strength of clone
samples. This pattern had also been pre-
viously observed in other species (Myers
et al. 1996, Santos and Sansigolo 2007).
Another explanation could be that mild-
er cooking kraft conditions in this exper-
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Table 6. Mechanical properties of the handsheets

of Acacia hybrid wood.

Aha clone. The optimum kraft
cooking condition was 15 %

S I Burstindex, Tear index, Tensilein-  active alkali charge and 20 %
S kPa-m>g' mN.m>g" dex, Nm-g® Sulphidity with 120 min of
Ah044 Clone 3.06 5.04 38.80 cooking. At the same cooking
Aha Clone 2.94 4.82 43.79 conditions, Ah044 had a high-
Acacia hybrid" 8.2 9.9 106 er screened yield but lower
Acacia hybrid? 55 10 85.1 reject and kappa number val-

Note: Set to beating degree of 250 ml CSF. Source:
"Yamada et al. (1992) 9 years, grown in Malaysia; 2Haque et

al. (2019) 8 years, grown in Bangladesh.

iment caused ineffective delignification,
as indicated by the comparatively high
kappa number (values: 32—-34) obtained.
Technically, lignin reduction increases the
hydrogen bonding capacity of the fibres
and consequently the strength of the fibre
network. Furthermore, the kappa number
within acceptable range for bleaching are
from 18 to 20 for alkaline pulpings. The
results showed that more intense cooking
conditions were required to achieve satis-
factory delignification levels, such as at a
high 21 % active alkali (Table 4).

Examined wood properties were
measured at an early age of clonal ex-
periment and reported results could only
apply to samples with juvenile character-
istics. The information was expected to be
helpful, as the amount of juvenile wood
dominated the final merchantable volume
under short-rotation forestry (Zobel and
van Buijtenen 1989). Furthermore, these
properties were expected to increase
even further with 3 or 4 years of additional
growth, leading to a significant increase in
average fibre length.

Conclusions

In conclusion, according to the obtained
results, clone Ah044 showed signifi-
cantly higher lignin content compared to

ues compared to Aha. Further-
more, in terms of handsheet
mechanical strength, Ah044
had lower values in the burst
index compared to Aha. The
clones in this study produced higher pulp
yield but had higher kapa number, as well
as lower handsheet strength, compared
to samples produced from older trees
with seed propagation in previous reports.
Wood from clonal propagation was an in-
teresting material, which was expected to
possess the required properties for pulp
and paper production over time.
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Abstract

Spring and autumn grafting of Syringa vulgaris L. and its cultivars Charles Joly and Mme
Florent Stepman have been researched using chip budding, top wedge graft and splice graft
methods. Two-year-old vegetative saplings of Ligustrum ovalifolium Hassk. were used as root-
stocks. Chip budding showed the worst results in both spring and summer. Successful bud ad-
hesion reached 56.7 % (‘Charles Joly’) and 70.0 % (‘Mme Florent Stepman’), respectively. It has
been established that propagation can be successfully achieved through grafting in both seasons.
The graft adhesion reached 76.7 % in spring and 85 % in summer grafting by spice graft. Better
growth indicators of the scions were observed during summer grafting. This outlines the recom-

mendation to use summer splice grafting.

Key words: chip budding, top wedge, splice graft.

Introduction

Common lilac (Syringa vulgaris L.) is fa-
mous for its great diversity of ornamental
cultivars and hybrids (Krissmann 1986,
Dirr and Heuser 1987, Dirr 1998, Fiala
2008, Rudolf 2008). However, their clon-
ing in a generative way is impossible be-
cause of the heterozygosity of this species
(Fiala 2008). Syringa vulgaris cuttings are
generally considered difficult-to-root (Pa-
tience and Alderson 1984, Waldenmaier
and Bunemann 1991, Howard and Ridout
1992, Howard 1993, Marks and Simp-
son 2000, Ford et al. 2002, Tyatyushki-

na 2007) and vary between the cultivars
(Schmidt 1978, Bassuk et al. 1984, Tyaty-
ushkina 2007), their age (Waldenmaier
and Blnemann 1991), period of cuttings
collection (Schmidt 1978) and different
part of the shoots (Bojarczuk and Jankie-
wicz 1975, Schmidt 1978).

The in vitro multiplication depends on
the cultivar (Pinker et al. 1993, Tomsone
et al. 2007), the rooting of shoots in some
cultivars is low (Hildebrandt and Harney
1983, Refouvelet et al. (1998) and de-
pends on their rejuvenation (Nesterowicz
et al. 2006) by continuous subculturing
(Pierik et al. 1993, Lyubomirova and II-
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iev 2013) and auxin pulse treatment (Ly-
ubomirova and lliev 2013). Also, the accli-
matisation could be problem and in vitro is
expensive method of propagation (Refou-
velet et al. 1998).

The grafting is used to overcome
these limits when valuable cultivars can-
not be propagated through rooting of cut-
tings and in vitro propagation (Coggeshall
1977, Wedge 1977, Hand 1978, Mezzit
1978, Hartmann and Kester 1983, Einset
and Alexander Il 1984, Waldenmaier and
Bidnemann 1991, Hartmann et al. 2002,
Cameron et al. 2003). It is performed onto
rootstocks produced by seed (Kriissmann
1964, Waldenmaier and Biinemann 1991,
Cameron et al. 2003) or onto plants, prop-
agated by rooted cuttings (Hartmann et
al. 2002). According to Hartmann et al.
(2002), factors influencing the success of
grafting include: 1) compatibility between
the rootstock and scion, 2) suitable physi-
ological condition of the rootstock and sci-
on, 3) direct contact between the conduct-
ing tissues of the components, 4) grafting
method, and 5) environmental conditions
during and after grafting and care for the
grafted plants.

The rootstock influences the mor-
phological characteristics of the grafted
plant. Krissmann (1964), Waldenmaier
and Binemann (1991), and Mac Car-
taigh and Spethmann (2000) recommend
using seedlings stocks of the species for
propagating cultivars of Syringa vulgaris.
A major drawback of these rootstocks is
the formation of root shoots, which if not
removed, can overgrow and suppress the
scion (Krissmann 1964, Dirr and Heu-
ser 1987, Waldenmaier and Biunemann
1991). According to Kriissmann (1964),
the use of other closely related species
that do not form sprouts is a possible al-
ternative, but S. japonica (Maxim.) Decne,
S. josikaea J.Jacq. ex Rchb., S. villosa

Vahl, S. reticulata (Blume) H.Hara and
S. tomentella Bureau & Franch. are un-
suitable due to poor shoot growth. Other
species suitable for grafting common lilac
cultivars include Ligustrum ovalifolium
Hassk. (Krissmann 1964, Mac Cartaigh
and Spethmann 2000), Fraxinus pensil-
vanica Marshall (Krissmann 1964, Dirr
and Heuser 1987), and Fraxinus ornus
L. (Krissmann 1964). The same author
reported that using Fr. ornus rootstocks
resulted in later development of seedlings
but with rapid growth. The use of vegeta-
tive propagated rootstocks allowed avoid-
ance of genetic variation and cloning of
disease-resistant genotypes (Krissmann
1964, Hartmann et al. 2002). Krissmann
(1964) recommended one-year-old root-
ed mature cuttings of Ligustrum as root-
stocks. On them, the scion grows vigor-
ously for several years (eg one-year-old
grafted plants reach 30-90 cm depending
on the cultivar), but then the leaves be-
come sparse, suffer from chlorosis, and
growth slows down. Standard practice
in the USA is to deeply plant the grafted
plant the following year so that the sci-
on can form its own roots. This typically
takes around 3 years. Shoots can later be
detached from the resulting own-rooted
plants (Krissmann 1964, Mac Cartaigh
and Spethmann 2000, Fiala 2008). This
practice also allows rejuvenation of the
obtained shrubs after a certain age by cut-
ting the stem to the ground, allowing the
shrub to regenerate from its root shoots
(Fiala 2008).

According to some studies, timing is
the most significant factor affecting the
success of grafting (lliev and Petrakieva
2007). Suitable physiological condition
for the scion means that the buds are
dormant, while the tissues are capable
of forming the callus necessary for adhe-
sion. The rootstock may be dormant or
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actively growing depending on the graft-
ing time (Hartmann et al. 2002). An impor-
tant indicator for the appropriate period is
the ease of separating the bark from the
wood and the presence of active cambi-
um (Kolev 1977, Hartmann et al. 2002,
Dancheva 2012). Optimal grafting periods
are: 1) late winter and early spring (Kriss-
mann 1964, Mac Cartaigh and Spethmann
2000, Schmid 2002, Alexandrov 2007, II-
iev and Petrakieva 2007) and 2) summer
(July-September), after the height growth
and the development of summer wood are
over (Bodjakov et al. 1962, Dirr and Heu-
ser 1987, Waldenmaier and Binemann
1991, Mac Cartaigh and Spethmann
2000, Schmid 2002, lliev and Petrakieva
2007, Dancheva 2012). Summer graft-
ing is preferred for outdoor application in
nurseries, as higher temperatures at that
time facilitate secure union, and there is
no need to store the scions (Dirr and Heu-
ser 1987, Waldenmaier and Binemann
1991, Hartmann et al. 2002, Dancheva
2012). However, according to some au-
thors, later grafting is undesirable due to
the risk of graft damage in winter (Bod-
jakov et al. 1962, Kriissmann 1964, Dirr
and Heuser 1987, Alexandrov 2007, lliev
and Petrakieva 2007, Dancheva 2012).
When grafting is done in winter or early
spring, scions are obtained from branches
developed in the previous growing sea-
son. They are stored at low humidity and
temperature to prevent bud development.
For storage lasting 2—3 weeks, a temper-
ature of about 5 °C is recommended, and
for periods of 1 to 3 months, about 0 °C.
For summer grafting, scions are obtained
from one-year-old branches of the current
season’s growth. The lower parts of the
shoots are preferred, as the upper ones
may not have hardened enough (Hart-
mann et al. 2002).

The choice of an appropriate method is

a significant factor for the success of graft-
ing (lliev and Petrakieva 2007). Different
methods are recommended for cultivars of
S. wulgaris depending on the site of graft-
ing and the diameter of the components —
splice grafting (Dirr and Heuser 1987, Mac
Cartaigh and Spethmann 2000), whip and
tongue grafting (Krissmann 1964), cleft
grafting (Krissmann 1964, Mac Cartaigh
and Spethmann 2000), and T-budding
(Waldenmaier and Biinemann 1991). Ac-
cording to Kriissmann (1964), Pierik et al.
(1988), and Waldenmaier and Blinemann
(1991), the most widely used method for
grafting common lilac cultivars is budding.
The advantages of this method include
good tissue union, reduced risk of wind
damage, and effective use of scions. This
is especially useful when obtaining scions
is limited to a cultivar specimen (Bodjakov
et al. 1962, Hartmann et al. 2002, Alexan-
drov 2007).

In the grafting, it is necessary to en-
sure a direct contact between the root-
stock conductive tissues and the scion
(Hartmann et al. 2002). In order for the
tissues of both components to fuse suc-
cessfully, a new vascular cambium should
be formed (Yeoman and Brown 1976).
The cambium layers of the rootstock and
scion should be close enough for the new-
ly formed parenchyma cells to fuse (Hart-
mann et al. 2002). It is recommended the
graft wounds to be the same in size to
complete matching of both components’
tissues (Alexandrov 2007). Cut surfaces
should be tightly fixed to each other and
protected from drying out by an elastic
bandage, wax or parafiim (Hartmann et
al. 2002). Temperature during and after
grafting is important for callus formation.
At temperatures below 0 °C callus is not
formed, above 32 °C callus formation
slows down and cell damage occurs, and
above 40 °C they die (Hartmann et al.
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2002). The same author indicated optimal
temperatures between 20 and 28 °C, low
air humidity can also suppress callus for-
mation.

The aim of the present study was to
investigate the effect of grafting method,
working period and stock plant genotype
on the successful grafting of Syringa vul-
garis and its ornamental cultivars Charles
Joly and Mme Florent Stepman onto Li-
gustrum ovalifolium rootstocks.

Material and Methods

As rootstocks for grafting, 2-year-old in-
dividuals of L. ovalifolium, propagated
by rooting of cuttings and grown in pots
with a volume of 2 L and containing peat
were used. The peat (sphagnum) was
with the following parameters: struc-
ture 0.5 mm; 20 kg-m? bulk density;
pH = 5.5-6.5 in water; electrical conduc-
tivity 35—45 mS-m" +25 %; enriched with
NPK (nitrogen 14 : phosphorus 10 : po-
tassium 18) 1.5 kg-m=.

Scions were obtained from S. vulgaris
and its ornamental cultivars Charles Joly
and Mme Florent Stepman. To assess the
physiological condition of the rootstock
and scion, spring (March 4th—7th) and

Fig. 1. Spring greenhouse grafting.

summer (August 28th — September 9th)
grafting were performed. The following
grafting methods were researched during
the specified periods: chip budding, top
wedge graft and splice grafting. Each of
the studied factors (genotype, physiolog-
ical condition of the rootstock and scion,
and grafting method) was replicated 3
times, with each replication containing 20
grafts. Scions were collected immediately
before grafting from one-year-old shoots
of mature individuals. For spring grafting,
scions and dormant buds from cuttings
obtained before vegetation beginning
were used and stored in a refrigerator un-
der 4 °C for 2 weeks. For summer grafting,
scions were collected immediately before
grafting, and their leaves were removed,
leaving 0.5—-1.0 cm of the leaf stalk. The
grafting site was tied with an elastic band.
Grafted plants were grown in greenhouse
conditions with care provided permanent
removal of shoots from the rootstock.
Spring grafting was performed in the
greenhouse of the University of Forestry
(Fig. 1) at a temperature of 20-24 °C and
70 % air humidity provided by an automat-
ic misting system. Summer grafting was
performed outdoors in ‘Sequoia’ nursery
(Fig. 2). The grafts were irrigated once
during the night with duration of 40 min.

Fig. 2. Summer outdoors grafting.
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Results and Discussion

Spring grafting

Regarding the dynamics of fusing and de-
velopment of the grafts, the results indi-
cated that on the 14th day after grafting,
swelling of the buds was observed, and
development of some of the grafts began.
The grafts by the wedge grafting method
develop the fastest, with the percentage of
developed grafts reaching 58.3 +10.1 %
and 51.7 6.7 % respectively for S. vul-
garis and ‘Charles Joly’ on the 28th day
after grafting. This process progressed
more slowly for ‘Mme Florent Stepman’,
with only 24.4 £8.0 % of developed grafts
on the 28th day (Table 1).

Budded scions grafted by budding
method develop the slowest. On the 42nd
day after grafting, the percentage of de-
veloped grafts reached 36.7 +13.3 %,
23.3 +4.4 %, and 31.1 £9.7 % respective-
ly for S. vulgaris, ‘Charles Joly’, and ‘Mme
Florent Stepman’ (Table 1). Comparative
analysis of the results showed that after
180 days, at the end of the experiment,
the highest percentage of successful graft
adhesion from spring grafting was ob-
tained with ‘Charles Joly’ using the splice
grafting method (76.7 £12 %). The results
for S. vulgaris and ‘Mme Florent Stepman’
(73.3 £10.1 % and 71.1 +5.9 % respec-
tively) did not statistically differ from it. The
obtained results for successfully fused
grafts by wedge graft method were very

Table 1. Percentage of developed and successfully grafted scions grafted onto L. ovalifo-
lium rootstocks for (1) S. vulgaris, (2) ‘Charles Joly’, and (3) ‘Mme Florent Stepman’.

Pg;" C‘:‘:r" Mg;h' 14th day 28th day 42nd day 180th day
1 00:00aA  33433abA 36.7%13.3d-gB 51.7 +10.9 abc B
1 2 67#17cA 583+101eB 61.7+33hiB  73.3+10.1 cde B
3 33%17abcA 333+44dB  533#17ghB  73.3%10.1cde C
1 00:00aA  67+17abA  233+44cdeB 56.7+7.3adC
Spring 2 2 17+17abA 517467eB  717+441BC 73333 cdeC
3 00£0.0aA  267+120cdB 40.0+126efgB 76.7+12.06 C
1 00+00aA  199+76bcdAB 31.149.7 defB  40.0+7.7 ab B
3 2 22#22abA 244+80cdAB 422+22fgB  71.1+22cdeC
________ 3 44%22bcA 267%7.7cdB  533+102ghB 71.1%59cdeC
1 700+00aA  0000aA 00+00aA  383+73abB
1 2 00%00aA  00%0.0aA 00+00aA  76.7+44deB
3 00#00aA 150#29abcB 233#44cdeB 55.050a-dC
1 700+00aA  00:00aA 00+00aA  283+60aB
Sr:]’;‘”'r 2 2 00%00aA  00%0.0aA 33+17abA 85.0+0.0eB
3 00200aA  00#0.0aA  10.0#50abcA 63.3 8.3 b-eB
1 00:00aA  0000aA 00+00aA  70.0+00cdeB
3 2 00:00aA  0000aA 17+17aA  66.7 8.3 cde B
3 50+29bcA 67+44abA 21.7+6.0bcdB 80.0+58eC

Note: The means * standard error within a column followed by the same small letter and within
a row followed by the same capital letter were not significantly different, estimated by One-Way
ANOVA followed by a post hoc LSD test at p < 0.05. Method: 1 — chip budding, 2 — wedge grafting,

3 — splice grafting.



98 T. Lyubomirova, N. lliev, and I. lliev

close, and no statistical difference was
found between them (Fig. 3).

Fig. 3. Successfully fused components in
wedge grafting (left) and splice grafting
(right).

At the end of the experiment, bud-
ding showed the least successful graft
adhesions (40.0 £7.7 % to 56.7 £7.3 %)
compared to the other two grafting meth-
ods. Only for S. vulgaris, there was no
statistical difference between the results
obtained with the three methods applied
(Table 1).

Summer grafting

During summer grafting, the scions did
not develop during the current growing
season. An exception was observed with
the splice grafting method, where devel-
opment of some buds on the scion be-
gan immediately after grafting, and the
developed grafts reached 10.0 +5.0 %
to 23.3 4.4 % for the cultivars (Table 1).
The obtained shoots successfully lignify
outdoors and form new growth in the fol-
lowing growing season. With the wedge
grafting method, there was observed bud
breakage in a small number of buds in
September, but there was no subsequent
growth of shoots. There was no swelling

or growth observed in the grafted buds.
Their development only began in the fol-
lowing spring and was relatively delayed
compared to the other two methods. The
highest percentage of successful graft ad-
hesion was achieved with autumn splice
grafting of ‘Mme Florent Stepman’ (80.0
15.8 %). Comparative analysis of the
results after 180 days, at the end of the
experiment, shows that splice and wedge
grafting methods were equally effective
for all three cultivars, ensuring successful
graft adhesion. Budding ranked third, with
an exception noted for ‘Mme Florent Step-
man’, where a graft fusion of 70.0 £0.0 %
was recorded. Results for this method
with S. vulgaris and ‘Charles Joly’ were
significantly lower (28.3 £6.0 % and 38.3
17.3 % respectively) (Table 1).

The statistical analysis of the obtained
results showed that among the factors
studied, the duration of the grafting period
had the greatest influence on the grafting
success (Table 2, F =429.716, p = 0.000).
In second place was the timing (Table 2,
F=176.612, p = 0.000), and in third was
the grafting method (Table 2, F = 56.906,
p = 0.000). However, the genotype of the
studied cultivars did not affect the success
of grafting (Table 2, F = 0.701, p = 0.498).
These results support the conclusion
made by some authors that both spring
(February-March) and summer (Au-
gust-September) grafting are successful
for cultivars of S. vulgaris (Mac Cartaigh
and Spethmann 2000), and splice graft is
an effective method for their grafting, en-
suring successful adhesion between sci-
on and stock (Kriissmann 1964, Dirr and
Heuser 1987, Mac Cartaigh and Speth-
mann 2000). Although, to the best of our
knowledge, there is no published data re-
garding its usage with common lilac culti-
vars, the wedge graft method proves to be
equally successful in terms of percentage
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Table 2. Significance of factors and their interaction on the mean percentage of grafted

scions estimated by a

post hoc LSD test.

Factors Mean difference (F) Level of significance (p)
Ccv 0.701 0.498
M 56.906 0.000
DR 429.716 0.000
SR 176.612 0.000
CVxM 6.090 0.000
CV x DR 1.187 0.317
CV x SR 5.346 0.006
M x DR 6.604 0.000
M x SR 10.853 0.000
DR x SR 50.325 0.000
CV x M x DR 1.330 0.208
CV x M x SR 0.196 0.940
CV x DR x SR 1.263 0.278
M x DR x SR 6.013 0.000
CV x M x DR x SR 3.593 0.000

Note: Significant effect at p < 0.05, F — Fisher’s criterion. R-squared = 0.931 (Adjusted
R-squared = 0.897), p < 0.05. Legend: CV = cultivar, M = grafting method, DR = graft union du-

ration, SR = grafting season.

of successfully grafted scions. A disad-
vantage of using the California Privet may
be the formation of a large number of wa-
ter sprouts from the stock, which need to
be regularly removed.

When wusing the budding method,
only one shoot developed from the graft-
ed bud, which did not branch during the
current growing season. With the splice
grafting and wedge graft methods, one or
more shoots developed from the grafted
scion (Table 3). Priority was given to the
shoots at the top of the scion compared
to those at the bottom. However, some
lateral shoots also developed on some
grafts. During spring grafting, shoot de-
velopment statistically increased until
the 28th day. Although the mean values
at the end of the experiment were higher
than those at day 28th and 42nd, a sta-
tistical difference between the results was
only observed with the wedge grafting

for S. vulgaris (Table 3). During summer
grafting, as shoots started their devel-
opment in the following growing season,
the highest average value was recorded
at the end of the experiment for all vari-
ants. Using the wedge graft method, the
highest values were obtained during au-
tumn grafting for ‘Charles Joly’ and ‘Mme
Florent Stepman’ — 1.7 £0.1. This result
does not statistically differ from the result
for S. vulgaris (1.6 £0.1), but it differs from
all results of spring grafting by this meth-
od - respectively 1.5 £0.1, 1.3 0.1, and
1.4 £0.1 developed buds on the scion for
S. wulgaris, ‘Charles Joly’, and ‘Mme Flor-
ent Stepman’. No statistically significant
difference was found between the wedge
graft and splice graft methods regarding
the average number of developed buds
on the scion. An exception to this trend
was autumn grafting for S. vulgaris, which
yielded 1.6 £0.1 and 1.4 £0.1 developed
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Table 3. Mean number of developed buds on a scion during grafting of (1) S. vulgaris, (2)
‘Charles Joly’, and (3) ‘Mme Florent Stepman’ onto L. ovalifolium rootstocks.

Period Cultivar Method  14thday  28th day 42nd day 180th day
1 0.000aA 10:00bB 1.0%00bB  1.000aB
1 2 10:00bA 11:01bA 12:01dA  150.1bcB
3  15+05cAB 1.1%01bA 1201cdAB 13:02bB
1 0.000aA 1.000bB 1.0%00bcB 1.00.0aB
Spring 2 2 10* 1.2+0.1deA 1.2:01bcdA 1.3:0.1bA
3 000.0aA 13:0.1eB 130.2defB  140.1bB
1 00:00aA 1000bB 1.0%00bcB 1.00.0aB
3 2  1.0#00bA 1201dAB 1.40.1efB  1.4:0.1bcB
3 1.0#0.0bA 1.1#0.1bcA 1.2+0.1bcdAB 140.1bB
1 00:00aA 00:00aA 00%00aA  1.000aB
1 2 00:00aA 0000aA 0000aA  16:0.1cdB
3 00#00aA 11#01cdB 12:0.1cdeB 1401bC
1 00:00aA 00:00aA 00%00aA  1.000aB
Summer 2 2 00200aA 0000aA 1.000bcdB 1.7:0.1dC
3 00200aA 000.0aA 1.00.0bcdB 1.60.1cdC
1 0.0:00aA 00:00aA 00%00aA  1.000aB
3 2 00:00aA 0000aA 10* 1.7+0.1dB
3 1.0%00bA 1.0%00bA 150.1fB 1.8+0.1dC

Note: The means + standard error within a column followed by the same small letter and within
a row followed by the same capital letter were not significantly different, estimated by One-Way
ANOVA followed by a post hoc LSD test at p < 0.05. Method: 1 — chip budding, 2 — wedge grafting,
3 — splice grafting. Results marked with * are not included in the statistical comparison, as there

is only one value for the respective variant.

buds for both methods. During the spring
term of splice grafting, no statistical differ-
ences were found between the results for
the three cultivars (1.3 £0.2, 1.4 £0.1, and
1.4 £0.1 developed buds). The highest
value (1.8 £0.1) during the autumn term
was recorded for ‘Mme Florent Stepman’
when grafted using the splice grafting. All
studied factors and their combinations in-
fluenced the number of developed buds
on the scion (Table 4). The duration of the
graft adhesion period had the greatest in-
fluence (Table 4, F = 401.622, p = 0.000),
followed by the grafting method used (Ta-
ble 4, F = 140.075, p = 0.000).

The length of the obtained shoots in-
creased naturally with the progression

of the vegetative period for both grafting
periods (Table 5). During spring grafting,
the developed shoots on the 14th day af-
ter grafting had an average length ranging
between 2.8 +0.3 and 3.2 £0.2 cm, reach-
ing 6.2 £0.6 cm on the 28th day, and 9.0
1.3 cm on the 42nd day. Until the 42nd
day, no statistically significant differences
in shoot length were observed for the re-
spective cultivar. At the end of the experi-
ment, the shoots obtained on grafts made
by the budding method stand out with the
greatest length. An exception to this trend
was observed during spring grafting of
‘Mme Florent Stepman’ and autumn graft-
ing of S. wulgaris, where the results for
the splice grafting (10.7 £1.4 cm and 40.3
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Table 4. Significance of factors and their interaction on the mean number of proliferated
shoots estimated by a post hoc LSD test.

Factors Mean difference (F) Level of significance (p)
Ccv 23.418 0.000
M 140.075 0.000
DR 401.622 0.000
SR 73.051 0.000
CVxM 21.959 0.000
CV x DR 8.192 0.000
CV x SR 4.010 0.018
M x DR 25.599 0.000
M x SR 8.298 0.000
DR x SR 128.200 0.000
CV x M x DR 8.795 0.000
CV x M x SR 2.912 0.020
CV x DR x SR 15.097 0.000
M x DR x SR 33.881 0.000
CV x M x DR x SR 2.577 0.002

Note: Significant influence demonstrated at p < 0.05, F — Fisher’s criterion. R-squared = 0.412
(Adjusted R-squared = 0.402), p < 0.05. Legend: CV — cultivar, M — grafting method, DR — dura-

tion of graft union, SR — season of grafting.

+3.4 cm, respectively) exceed the value
obtained for budding (10.1 +1.6 cm and
35.1 £2.5 cm). However, no statistically
significant differences were found be-
tween the results of both methods for the
respective cultivar. On the 180th day, the
longest shoots were observed on S. vul-
garis grafted by chip budding, reaching a
length of 67.5 +4.5 cm (Fig. 4). This result
differed statistically from the other grafting
methods of S. vulgaris (48.3 +3.8 cm for
the wedge grafting and 37.2 £5.1 cm for
the splice grafting) and for both ornamen-
tal cultivars.

The developed shoots of ‘Charles Joly’
and ‘Mme Florent Stepman’ were nota-
bly shorter compared to S. vulgaris. For
‘Charles Joly’, the highest result obtained
from spring grafting is by the chip budding
method, 14.1 £3.8 cm, which statistically
differed from the results of the other two
methods — 9.4 +2.5 cm for wedge graft-
ing and 8.3 £1.8 cm for splice grafting. For

‘Mme Florent Stepman’, the length of the
shoots varied between 9.1 2.1 cm and
10.7 £1.4 cm, but no statistical difference
was found between these values. A simi-
lar trend was observed for autumn graft-
ing. The shortest shoots were observed
in ‘Charles Joly’ — 7.3 +0.8 cm for splice
grafting and 7.8 0.7 cm for wedge graft-
ing. ‘Mme Florent Stepman’ also exhibited
a minimal increase, with shoots measur-
ing 8.6 £0.5 cm and 8.2 +0.8 cm for both
methods. Budding produced longer shoots
—14.8 +1.1 cm for ‘Mme Florent Stepman’
and 21.8 +2.5 cm for ‘Charles Joly’. The
greatest height increased in shoots with
various budding methods was also report-
ed by lliev and Petrakieva (2007) in wild
cherry grafting (Prunus avium L.). While
budding from a bud resulted in growth of
only one shoot, grafting from a scion lead
to the growth of several shoots, resulting
in a shorter terminal shoot length (lliev
and Petrakieva 2007).
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Table 5. Mean length (cm) of the shoots after grafting of (1) S. vulgaris, (2) ‘Charles Joly’
1 (3) ‘Mme Florent Stepman’ on rootstocks of L. ovalifolium.

Period C”':" Method  14th day 28th day 42nd day 180th day
1 00#00aA 28203bcAB 6.1:07deB 67.5:459gC
1 2 28:01bA 3.9:02cA 55+03cdA  48.3+3.8fB
________ 3  28:03bA 370.2cA 46+03bcA  372+51fB
1 00+00aA 20405bA 51+1.2bcdA  14.1 3.8 bcd B
Spring 2 2 25* 3.0+0.3 bcA 3.5+20.2bA 9.4 +25abcB
________ 3  00%00aA 40%15cdeAB 4.9+09bcdAB 83+18abB
1 00400aA 43+06cdAB 82%12fB 10.1 1.6 abc B
3 2 30:02cA 6.206fA 9.0 +1.3 fA 9.142.1abcA
_____ 3 32%02dA 56+05efAB  7.4+09efAB 10714 abcB
1 00+00aA 00400aA 00+00aA  351+25fB
1 2  00:0.0aA 0.0:0.0aA 00+00aA  334127.16fB
________ 3 00%00aA 48%08deB  63+1.0deB  403+34fC
1 00+00aA 00%00aA 00+00aA  21.8+25deB
Summer 2 2 00:0.0aA 00:0.0aA 3.0+05a-dAB 7.8:0.7aB
________ 3 00%00aA 000.0aA 27+01bA  73+08abB
1 00+00aA 00200aA 00+00aA  148%1.1cdB
3 2 00:00aA 0000aA 25* 8.2+0.8abB
3  28:02bA 31:02bcA  3.0:02bA 8.6 £0.5ab B

Note: The means + standard error within a column followed by the same small letter and within
a row followed by the same capital letter were not significantly different, estimated by One-Way
ANOVA followed by a post hoc LSD test at p < 0.05. Method: 1 — chip budding, 2 — wedge Graft-
ing, 3 — splice Grafting. Results marked with * are not included in the statistical comparison, as
there is only one value for the respective variant.

This may explain the obtained results,

Fig. 4. Intensive shoot growth

after budding.

as for S. wulgaris, ‘Charles Joly’, and
‘Mme Florent Stepman’, a greater number
of developed shoots through splice graft-
ing and wedge grafting methods has been
statistically proven (Table 3). According
to lliev and Petrakieva (2007), another
possible explanation for the more intense
height growth could be the better contact
between the cambium of the stock and
the shield during budding. The length of
obtained shoots during grafting was sig-
nificantly influenced by growth duration
(Table 6, F = 392.959, p = 0.000), fol-
lowed by the genotype of respective cul-
tivar (Table 6, F = 85.365, p = 0.000), and
the grafting period (Table 6, F = 26.069,
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Table 6. Significance of factors and their interaction on the mean length of proliferated
shoots estimated by a post hoc LSD test.

Factor Average difference (F) Level of significance (p)
cv 85.365 0.000
M 1.718 0.180
DR 392.959 0.000
SR 26.069 0.000
CVxM 1.194 0.311
CV x DR 115.873 0.000
CV x SR 4112 0.016
M x DR 14.380 0.000
M x SR 2.932 0.053
DR x SR 1.204 0.307
CV x M x DR 1.360 0.178
CV xM x SR 4.641 0.001
CV x DR x SR 7.459 0.000
M x DR x SR 1.262 0.272
CV x M x DR x SR 6.275 0.000

Note: Significant influence proved at p < 0.05, F — Fisher’s criterion. R-squared = 0.707 (Ad-
justed R-squared = 0.699), p < 0.05. Legend: CV — cultivar, M — grafting method, DR — duration

of graft union, SR — grafting season.

p = 0.000). The grafting method (Table
6, F = 1.718, p = 0.180), as well as the
combinations CV x M (Table 6, F = 1.194,
p =0.311), M x SR (Table 6, F = 2.932,
p = 0.053), DR x SR (Table 6, F = 1.204,
p = 0.307), CV x M x DR (Table 6,
F=1.360, p =0.178), and M x DR x SR
(Table 6, F = 1.262, p = 0.272) did not in-
fluence the obtained results.

Grafting is a widely practiced and pre-
ferred method for propagating species
and cultivars where there are numerous
limiting factors for their vegetative prop-
agation (Coggeshall 1962, Krissmann
1964, Einset and Alexander IlI 1984,
Waldenmaier and Biinemann 1991, Hart-
mann et al. 2002, Cameron et al. 2003).
It has been established that the rooting of
cuttings of S. vulgaris and its ornamen-
tal cultivars has variable success rates
(0100 %) and is highly dependent on
genotype, exogenous auxin treatment,
and the phenological state of stock plants,

being possible only during a limited period
during full bloom (Bojarczuk 1975, 1978,
1979; Bojarczuk and Jankiewicz 1975;
Schmidt 1978; Dirr and Heuser 1987; Dirr
1998; Ford et al. 2002; Hartmann et al.
2002; Cameron et al. 2003; Tyatyushkina
2007). Studies have shown that grafting,
unlike rooting, can eliminate the influence
of genotype on the success (%) of clon-
ing (Table 2) and extend the period dur-
ing which it is possible. For instance, with
‘Mme Florent Stepman’, where the per-
centage of cutting rooting barely reaches
33.3 £13.6 % (Table 2), an 80.0 5.8 %
success rate was achieved by grafting
using the splice grafting (Table 1). It has
been found that the graft adhesion suc-
cess of both scion and rootstock depends
on the physiological condition of the com-
ponents (Hartmann et al. 2002, lliev and
Petrakieva 2007, Dancheva 2012). Var-
ious time frames and methods are rec-
ommended for the successful grafting of
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common lilac in the literature. Itis suggest-
ed to be done early in the spring, in Feb-
ruary-March, while the rootstock and sci-
ons are dormant (Kriissmann 1964, Mac
Cartaigh and Spethmann 2000, Schmid
2002, Alexandrov 2007). Other authors
indicated August or the first half of Sep-
tember as the optimal period (Bodjakov et
al. 1962, Dirr and Heuser 1987, Walden-
maier and Binemann 1991, Mac Cartaigh
and Spethmann 2000, Schmid 2002, lliev
and Petrakieva 2007, Dancheva 2012)
because the bark of both rootstocks and
scions easily separates during this time,
and buds on mature scions are well-devel-
oped (Schmid 2002, lliev and Petrakieva
2007). Studies showed that the two graft-
ing seasons — spring (February-March)
and summer (August-September) — pro-
vide statistically equal graft success rates
(Table 1), allowing for their use with equal
success in grafting common lilac culti-
vars, thus extending the propagation pe-
riod from 3 weeks to 3 months per year.
The grafting method is cited as one of the
main factors influencing grafting success
(Hartmann et al. 2002, lliev and Petraki-
eva 2007, Dancheva 2012). Although ac-
cording to Kriissmann (1964), Pierik et al.
(1988), and Waldenmaier and Binemann
(1991), the most widely applied method
for grafting lilac cultivars is bud grafting,
there is no data on the success of different
methods when using different rootstocks.
The obtained results show that the wedge
grafting and splice grafting have an ad-
vantage. While during spring grafting, the
results from budding did not statistically
differ from those of the wedge grafting
and splice grafting, in the case of autumn
grafting, this method was significantly less
effective (Table 1). According to Mac Car-
taigh and Spethmann (2000), successful
budding should be performed in mid-July,
which may explain the lower results ob-

tained when grafting at later times (late
August — early September). It is pointed
out that compatibility between the scion
and rootstock was crucial for the success
of grafting and that the rootstock may in-
fluence the growth and development of the
grafted plant (Hartmann et al. 2002, lliev
and Petrakieva 2007). Common Privet (L.
ovalifolium) is recommended for grafting
112 cultivars of common lilac (Krissmann
1964, Waldenmaier and Binemann 1991,
Mac Cartaigh and Spethmann 2000) due
to its easy vegetative propagation and
absence of root sprouts. It provides good
graft adhesion with scion tissues and a
relatively high success rate (71.1 5.9 %
— 85.0 £0.0 %) for the best methods and
seasons (Table 1). However, it was report-
ed that after grafting, plants suffer from
chlorosis on the leaves, and after 3-5
years, their growth is significantly delayed
(Chester 1931, Kriissmann 1964). In
spring grafting experiments, where plants
were grown in greenhouses, chlorosis of
the leaves was observed after mid-July. A
similar trend was not observed in plants
grown outdoors. Therefore, subsequent
deep planting of the grafted plants for their
rooting above the graft site is considered
advisable, a practice adopted in the USA
(Mac Cartaigh and Spethmann 2000, Fi-
ala 2008).

Conclusion

To avoid the occurrence of root shoots
as rootstocks for grafting, individuals of
Ligustrum ovalifolium can be used. Chip
budding showed poorer results of adhe-
sion in comparison of grafting in both sea-
sons of operation.

Grafting should be performed in
spring or summer using the splice graft-
ing or wedge grafting. The graft adhesion
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reached 76.7 % in spring and 85 % in
summer grafting by spice graft.

Better growth indicators of the scions
were observed during summer grafting.
This outlines the recommendation to use
summer splice grafting.
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Abstract

This study aimed to analyse the financial feasibility business of cat’s eye resin in West Coast
Regency. The method used in this research was the survey method. Primary and secondary
data were collected in this study. Sampling used census sampling. The number of respondents
consisted of 60 farmers. The data collection was carried out in June 2023. All financial feasibility
criteria, such as NPV, Gross B/C, Net B/C ratio, IRR and Payback Period of cat’s eye resin busi-
ness in West Coast Regency, are feasible. The results showed that the business is feasible to run

based on an analysis of the financial feasibility.

Key words: business analysis, financial feasibility, non-producing plant, revenue.

Introduction

West Coast Regency is the only under-
developed region in Lampung Province
that has been determined in Presidential
Regulation Number 63 of 2020 of the Re-
public of Indonesia, concerning the deter-
mination of underdeveloped regions for
2020-2024. Based on Law No. 22/2012,
this regency began to separate itself from
West Lampung Regency. The regional
development missions are to achieve the
vision of ‘Realizing a Civilized, Indepen-
dent and Prosperous West Coast Com-

munity’. Overcoming the development
of underdeveloped regions includes the
development of economic, social, cultural
and security aspects (Cabinet Secretariat
of the Republic of Indonesia 2024). West
Coast Regency has several economic
sectors that can be relied upon and has
geographical advantages and potential
resources, if it can be managed properly,
it will improve the economy and welfare
of the community and has a very large
forest area of more than sixty percent of
the area, so the forestry sector also has
a significant contribution to the economy
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(Regional Development Planning Agency
of West Coast Regency 2015).

Resin is the leading commodity in
Lampung Province, only found in the
West Coast Regency. Resin is one of
Indonesia’s native timber plants that is
spread across Sumatra, Kalimantan, Su-
lawesi, Maluku and Papua. Resin is usu-
ally utilized for its wood because it has a
fairly high selling value, especially used
for carpentry trees of the meranti-lranian
Dipterocarpaceae tribe, grows predomi-
nantly in the lowland forests of Southeast
Asia, therefore resin is commonly known
in Western Indonesia (Michon et al. 1996).

West Coast Regency produces res-
in with the number one quality known as
‘Mata Kucing’ resin. According to Michon
et al. (1996), resin has been cultivated by
the people of the West Coast since the
Dutch era until now. Mastic is one part of
the local community’s farming system, as
is the cultivation of other crops (Makmur
et al. 2018).

Cat's eye resin (extracted from the
plant Shorea javanica Koord. & Valet.) is a
superior commodity from Lampung Prov-
ince, especially in West Coast Regency.
This commodity has been famous since
the 19th century and has been cultivated
by the community in Pesisir Barat Regen-
cy in agroforests (cultivation of forestry
plants together with agricultural crops) for
generations. The cat’s eye resin (sap) is
used as raw material for paint, ink, cos-
metics and food additives industry and
can be used as termite repellent and an-
ti-fungal, as well. The sap produced from
repong resin from Pesisir Barat is of high
quality, highly demanded by importers so
its existence and sustainability are very
important in the cat's eye resin trade
chain in Indonesia. Cat’s eye resin in Pe-
sisir Barat has the potential to be devel-
oped. Mastic cultivation has two benefits

at once: forest conservation and economy
(Appanah and Trunbull 1998).

Resin, a non-timber forest product, is
extensively cultivated and employed by
the indigenous communities residing for
generations along the periphery of the
rainforest in South Sumatra, specifically
in West Coast, Lampung Province (Mary
and Michon 1986, Anasis and Ratna Sari
2015, Gilbert 2016). The forest manage-
ment techniques originated and refined
by indigenous communities have demon-
strated their effectiveness in meeting es-
sential household requirements and pro-
viding the sustainable utilization of natural
resources for over a century (Murniati et
al. 2001, Kusters et al. 2008). From the
perspective of conserving forest resourc-
es, the agroforest system sustains a rich
biodiversity and preserves the ecologi-
cal functions of the forests (Michon et al.
1986). The configuration of the agrofor-
est system provides long-term produc-
tivity sustainability by preserving soil wa-
ter quality, along with offering additional
environmental advantages, like carbon
sequestration. It also plays role in safe-
guarding the diversity of forest plants, as
well as invertebrate and vertebrate ani-
mals (Nyhus and Tilson 2004, Mutuo et al.
2005). When applied within buffer zones,
the agroforestry system is anticipated to
contribute to the safeguarding of the re-
maining natural forests (Nyhus and Til-
son 2004). Economically, the agroforestry
system offers diverse income opportuni-
ties for both rural and urban households,
as well as the participants involved in the
dammar gum trading chain (Bouamrane
1996).

Cat's eye resin is an important part
of people’s lives in West Coast Regen-
cy, both for farmers who own resin busi-
nesses, people involved in resin tapping
(tapping laborers, sorting laborers, resin
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porters, renting transportation for trans-
porting resin), and the buying and selling
process (large traders, collectors). There
is a dependence on the income from the
resin sold in determining the level of wel-
fare of farmers and their next generation.
The importance of this research can be
seen from several aspects: 1) local eco-
nomic growth, 2) environmental conser-
vation, 3) local community empowerment.
Through previous research by Maryati
(2020), it was explained that cat's eye
resin is the main livelihood for most of
the people of Pahmungan village, West
Coast Regency. Therefore, authors want
to examine whether the cat's eye resin
business is feasible or not to be cultivat-
ed. Based on the existing problems and
information, the primary objective of this
research is to thoroughly examine the fi-
nancial feasibility of the cat’'s eye resin
business in West Coast Regency.

Object and Methods

The research location is in the West Coast
Regency area, Lampung Province. It was
chosen purposively with the consideration
that West Coast Regency is the only re-
gency in Lampung Province that is includ-
ed in the status of underdeveloped regen-
cies based on the Presidential Regulation
Number 63 of 2020 of the Republic of In-
donesia, concerning the determination of
underdeveloped regions for 2020-2024,
while this district area has abundant nat-
ural resources and has great potential to
be developed.

Respondents of business actors in this
study are farmers who do business based
on superior commodities of West Coast,
which is done by saturated sampling also
called census technique. There were 60
farmers representing the respondents in

this study who came from 3 sub-districts
with the highest cat’s eye resin land area
in West Coast Regency, namely Way Krui
Sub-district, Karya Penggawa Sub-district
and Pesisir Selatan Sub-district (Fig. 1).

The research method used is the sur-
vey method, using questionnaires as a re-
search tool conducted on large and small
populations, but the data studied is from
samples taken from these populations,
so that relative incidence, distribution and
relationships between variables, socio-
logical and psychological are found (Sug-
iyono 2013). Primary and secondary data
were collected in this study. Primary data
in this research was obtained by conduct-
ing interviews with 60 cat’s eye resin farm-
ers, while secondary data used in this re-
search was data from the Regional Spatial
Plan of West Coast Regency 2017-3017.

The production of cat’s eye resin is the
result obtained by farmers during the im-
plementation of the business, from the be-
ginning of the business, cultivation, to the
end of the economic life of the plant. The
production of the plant used in this study
is the result of direct interviews with 60
farmers regarding the production of cat’s
eye resin sap for the last five years, where
each farmer has a different starting year.

The cost of the cat’s eye resin business
is incurred from the beginning of the resin
business until the end, which is calculat-
ed per one hectare of land. The costs of
the resin business include costs incurred
during the non-producing plant and costs
incurred during the producing plant. Ex-
penditures include the purchase of seeds,
fertilizers family labour, business equip-
ment and taxes.

The data has been compiled and pro-
cessed in tabulated form with a financial
aspect approach with the assumption that:

- all input and output prices used in this
analysis are based on prices prevailing
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during the research year at the research
location;

- using an interest rate of 6%;

- the state of the country’s economy is
stable during the study period;

- the unit used is Rupiah per year per
ha;

- working day is valued at the prevail-
ing wage in the location;

- income starts to be calculated when
the land that has been planted is produc-
Ing;

- repong resin income is calculated
when the age of the resin > 20 years;

- non-gum income is calculated ac-
cording to fruiting periodization.

Cat’s eye resin plants are assumed to
have an economic life or productive life of
50 years.

The calculation of business profit is
calculated using an average for each year
from 21 years to 50 years. The calculation
results obtained are then valued using
compound factors and discount factors to
determine the value of benefits provided
in the past and future.

Net present value (NPV) was a meth-
od that calculated the difference between
benefits/receipts and costs/expenses with
formula (1) (Rustiadi et al. 2011).

n Bt-Ct
NPV tho (1+t)“ (1)
where: Bt is benefits of the business; Ct is
cost of the business; i is interest rate 6%; t
is number of t-time periods, years.

The three investment criteria are:

- if NPV > 0, the business is profitable
and can be implemented;

- if NPV < 0, then the business is
loss-making and not feasible to imple-
ment;

- if NPV = 0, then the business is nei-
ther profitable nor loss-making (break
event point).

Net B/C ratio is the comparison be-

tween net benefits that have been dis-
counted by positive factors and net bene-
fits that have been discounted negatively.
To determine B/C we used formula (2)
(Novianti 2021).
Y Bt-Ct
Net B - = (1+t) t)t
C Zn Bt -
= (1+t)t
where: Bt is benefitin a year t; Ctis cost in
year t, IDR; i is interest rate 6%; t is num-
ber of t-time periods, years.
Feasibility criteria:
- if net B/C > 1, then the business is
feasible;
-if net B/C < 1, then the business is not
feasible to implement;
- if net B/C = 1, then the business is in
a state of break event point.
To calculate the Gross benefit cost ra-
tio (gross B/C) value, we used formula (3)

(Novianti 2021).
Zn Bt
“1+t)

3 _Ct
“(1+t)
where: Bt is benefit in year ¢, IDR; Ct is
costinyear t, IDR; iis interest rate 6%; tis
number of f-time periods, years.
Indicators of investment assessment
based on gross B/C are:
- if the gross B/C value > 1, then the
business is worth continuing;
- if gross B/C < 1, then the business is
not worth continuing;
- if gross B/C = 1, then then the busi-
ness is in a state of break event point.
Internal rate of return (/IRR) is an inter-
est rate that shows NPV is equal to the
sum of all project investments or in oth-
er words the interest rate that results in
NPV = 0. To determine /IRR, we used for-
mula (4) (Tarigan 2004).
NPV, .
W‘(’z —iy),
L + NPV,

for Bt — Ct>0

(2)
for Bt — Ct<0

Gross B/C = , (3)

IRR =i, + (4)
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where: NPV, is positive present value,
NPV, is negative present value; i, is dis-
count factor, if NPV > 0; i, is discount fac-
tor, if NPV < 0.

The resulting IRR value must be great-
er than the prevailing interest rate, which
is 6% to assume that the cat's eye res-
in business is able to pay when making
credit loans. IRR is calculated in an indi-
rect way, namely by calculating the NPV
of two discounts whose value is close to
zero and whose value is negative (Grey
et al. 2002).

Investment criteria:

- if the IRR value > the interest rate,
then the business is feasible;

- if the IRR value < the interest rate,
then the business is not feasible;

- if the IRR value = the interest rate,
then the business breaks event point.

Payback period is an investment ap-
praisal of a project based on the repay-
ment of investment costs based on the net
benefits of a business.

Criteria for feasibility:

- if the payback period is shorter than
the economic life of business, the project
is viable;

- if the payback period is longer than
the economic life of the business, the pro-
ject is not viable.

Result and Discussion

Cost of non-producing plant

Farmers buy cat’s eye resin seedlings for
IDR 3000 per stem. One hectare of plant-
ing land requires 277 seeds with spacing
6x6 m, so the cost of seeds that must be
incurred by farmers is IDR 831,000 (the
exchange rate of Indonesian Rupiah is
1IDR =59-10°% €).

However, not all cat’s eye resin farm-

ers spend money on seeds, because the
majority of farmers have plantations from
the inheritance of parents or from genera-
tion to generation.

Business equipment is used to support
and facilitate farmer activities. The types
of equipment used in the cat’s eye resin
sap business include axes for hollowing
out, axes for harvesting sap, machetes,
bebalang or baskets, ambons, sacks and
buckets. The use of cat's eye resin busi-
ness equipment in West Coast Regency
amounted IDR 464,006.11.

Non-producing plant fertilizer costs are
calculated based on the use of 1 fertilizer
per year. The types of fertilizers used dur-
ing the non-producing plant period of the
cat’s eye resin business are NPK fertilizer
and manure. Fertilization is done once a
year. The use of fertilizer during non-pro-
ducing plant period of the cat’s eye resin
business amounted to IDR 547,400.

In addition to requiring agricultural in-
puts, such as fertilizers, cat's eye resin
business also requires labour to carry out
its business activities. The labour used
can come from within the family, namely
domestic family labour, or from outside
the family, namely outside family labour.
In this business, the labour used is entire-
ly from within the family. The breakdown
of labour costs based on the cat's eye
resin business activity amounted to IDR
3,257,250.

Tax is something that must be paid by
the people of Indonesia. Taxes are paid as
mandatory community contribution to sup-
port the development of the Indonesian
state. Planting land that is owned by farm-
ers is subject to annual tax fees. Tax costs
incurred by the farmers depend on the size
of the land, type of land and location. The
tax cost incurred by cat’s eye resin farmers
is IDR 515,483 per ha per year.

All costs incurred during the non-pro-
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ducing plant period of the business were
calculated as non-producing plant costs.
The length of time to return non-produc-
ing plant costs that had been incurred
was calculated using the payback period
calculation, indicating how long it took for
the business to recover the costs incurred
before the plant produced. This entire cost
includes the cost of intercropping crops.

Cost of producing plants

Producing plant costs were costs that had
to be incurred in the business and were
used up in one use during the period of
the plant production. Producing plant
costs were incurred annually until the
productive age of the resin plant was ex-
hausted and had to be incurred in the form
of labor costs and taxes.

The labour used is from in-family la-
bour, which also includes the use of la-
bour for intercropping crops. There are
differences in the use of labour during
the non-producing plant and producing
plant periods. This difference is caused
by different business activities during the
non-producing plant and producing plant
periods. The amount of male and female
labour during the producing plant period
is IDR 75,000 per person per day and
IDR 50,000 per person per day. Based
on the research results, the average cost
of labour use during the producing plant
period in West Coast Regency was IDR
2,030,208.

Taxes incurred by farmers during the pe-
riod are assumed to be the same as those
incurred during the non-producing plant
period. Tax costs incurred by the farmers
amounted to IDR 515,483 per year.

The business costs incurred in the
cat’s eye resin also include the cost of in-
tercropping. The business costs incurred
by the farmers are assumed to be the

same amount during this period until the
end of the productive life of the plant. This
is because, based on the results of the
study, there were no significant differenc-
es in the costs incurred by farmers each
year. The overall costs incurred by cat's
eye resin farmers from year 1 to year 50
are detailed in Table 1.

Production and revenue of cat’s eye
resin sap business

Cat’s eye resin plants in years 1 to 20
have not yet produced production. The
plants produce sap from year 21 to year
50. The results showed that the produc-
tion of cat’s eye resin fluctuated from year
to year. The results of the plant production
from year 21 to year 50 can be seen in
Figure 2.

The selling price of cat’'s eye resin in
West Coast Regency fluctuates every
year. In this study, the selling price of resin
used is the selling price of dirty resin (un-
classified resin), the average selling price
of cat’s eye resin in West Coast Regen-
cy for the last 5 years is IDR 16,800 per
kg. Based on the results of the research,
the selling price of cat’'s eye resin in West
Coast Regency received by cat’s eye res-
in farmers is IDR 13,000 per kg, the price
is the selling price from 2022 to 2023.

Acceptance of cat's eye resin pro-
duction is calculated by multiplying the
amount of the production by the prevail-
ing resin selling price. Acceptance of this
business is obtained from the acceptance
of the resin production and intercropping
plants. In addition, the costs incurred have
also included the cost of intercropping.

From year 10 to year 20, cat’s eye res-
in farmers get revenue from the produc-
tion of intercropping crops. Jensen (2007)
states that increased profits for farmers
may cause them to change the scale of
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Table 1. Total revenue and total cost of cat’s eye resin business per hectare per year in
West Coast Regency.

Age of resin, Cat’s eye resin Age. of Cat’s eye resin
years Revenue, IDR Cost, IDR ;ii':‘s’ Revenue, IDR  Cost, IDR
1 0 2,302,729 26 63,864,244 3,847,859
2 0 69,225 27 64,756,020 3,745,608
3 0 69,225 28 64,962,050 3,734,358
4 0 69,225 29 66,358,121 3,859,108
5 0 69,225 30 66,639,913 3,734,358
6 0 900,475 31 68,651,636 3,790,184
7 0 900,475 32 68,269,364 3,892,434
8 0 900,475 33 70,903,750 3,790,184
9 0 900,475 34 69,287,895 3,778,934
10 0 900,475 35 63,497,516 3,903,684
11 15,450,741 1,415,958 36 67,795,222 3,778,934
12 15,450,741 1,388,614 37 67,545,267 3,790,184
13 15,450,741 1,388,614 38 57,987,292 3,892,434
14 15,450,741 1,388,614 39 71,899,714 3,790,184
15 15,450,741 1,388,614 40 68,670,000 3,778,934
16 15,450,741 1,381,583 41 62,333,333 3,804,158
17 15,450,741 1,381,583 42 72,308,333 3,679,408
18 15,450,741 1,381,583 43 60,742,333 3,690,658
19 15,450,741 1,381,583 44 63,522,500 3,792,908
20 15,450,741 1,778,278 45 58,213,500 3,690,658
21 61,150,667 4,012,012 46 51,377,000 3,558,158
22 71,326,000 4,000,684 47 64,859,000 3,682,908
23 68,076,000 4,125,434 48 56,509,000 3,558,158
24 66,588,667 4,000,684 49 63,570,000 3,569,408
25 66,501,455 4,011,934 50 55,357,338 3,671,658

production and marketing decisions; they
may farm more intensively, sell in larger
quantities, adopt new technologies and
move land from non-agricultural uses.
From year 21 to year 50 farmers earn
revenue from the total receipts of the pro-
duction and intercropping. The intercrops
include jengkol (Archidendron pauciflorum
(Benth.) I.C.Nielsen), durian (Durio zibet-
hinus L.), petai (Parkia speciose Hassk.),
cempedak (Artocarpus integer Merr.) and
duku (Lansium parasiticum (Osbeck)
Sahni & Bennet). Based on the data in
Table 1, it is known that the difference

between the total cost and total revenue
of the business shows that the cat’s eye
resin business provides profit.

Financial feasibility analysis

The financial feasibility analysis in this
study was used to determine the financial
viability of cat’s eye resin business. Finan-
cial analysis is very important because
farmers will be willing to do the business if
it provides a profit. The profit of the farmers
calculated in this analysis comes from the
overall profit obtained by farmers during
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Fig. 2. Production of cat’s eye resin in West Coast Regency from year 21 to year 50.

the economic life of the business. Cat’s
eye resin plants are assumed to have an
economic life or productive life of 50 years.

The calculation of business profit is
done using an average for each year from
21 years to 50 years of cat’'s eye resin.
Obtained results are then valued using
compound factors and discount factors
to determine the value of benefits provid-
ed in the past and future. This research
uses an interest rate of 6% based on the
Bank Rakyat Indonesia People’s Busi-
ness Credit interest rate. This interest rate
has the same value as the interest rate in
2022. This relatively low-interest rate is
expected to support small and medium
enterprises, especially businesses in the
agricultural sector. The calculation and re-
sults of the financial feasibility of the cat’s
eye resin business per hectare can be
seen in Table 2 and Table 3.

The data in Table 3 shows that the

business produced a net present value
of IDR 4,491,493,713. The business is
feasible to implement because the re-
sulting net present value is greater than
zero (NPV > 0). So, it is concluded that
the business is profitable to cultivate. The
results of this study are in line with the
research of Koeswindarti et al. (2021),
the results of net present value financial
analysis of rubber plants in the area of PT
Inhutani Il Tanah Laut Regency were ob-
tained at IDR 11,384,378,028, where the
net present value > 0 and categorized as
feasible. Gross B/C of 12.71, this value is
greater than one (gross B/C>1) indicat-
ing that the business is feasible. Payback
period value of the business is 21.60,
meaning that the payback period is 21
years and 6 months. The payback period
of non-producing plant costs in this busi-
ness is faster than the productive life of
the business (50 years), so the business
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Table 3. Result of financial feasibility analysis of cat’s eye resin business per hectare at
6% interest rate in West Coast Regency.

Cat’s eye resin

Criteria Value Result
Net present value, IDR >0 4,491,493,713 Feasible
Net B/C ratio >1 69.98 Feasible
Gross B/C ratio >1 12.71 Feasible
Payback period, year <25 21.60 Eligible
Internal rate of return, % >6 38.73 Eligible
is feasible to cultivate. Internal rate of re- References

turn value is 38.73 %. This shows that the
business is feasible to cultivate because
the resulting internal rate of return value is
greater than 6 %. These results are in line
with Azizah et al. (2016) research, the re-
sults of the internal rate of return financial
feasibility analysis of the rubber industry
in Musi Rawas Regency, South Sumatra
amounted to 18.6 % and fell into the fea-
sible category.

The results of the calculation of this
financial feasibility analysis can be used
as a consideration for farmers to decide
which business to pursue. These results
can help farmers in making decisions to
switch to doing cat’'s eye resin business
because this business is feasible and
profitable to run.

Conclusion

Based on these results, all criteria for the
financial feasibility of the cat’'s eye resin
business in West Coast Regency were
found to fall into the feasible category.
Therefore, the study concluded that the
cat’'s eye resin business in West Coast
Regency, Lampung province, provides
benefits and is feasible to run, offering di-
verse income opportunities for both rural
and urban households and contributing to
the welfare of the community.
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Abstract

In the course of coenosis development, changes in the quantitative and species structure took
place in certain areas of ‘Dubynka’ historical planting. The aim of the study is to find out possible
ways to optimise and propose measures to restore the quantitative structure of Quercus robur in
it. The research was carried out by field (continuous inventory), analytical and mathematical, and
statistical methods. Throughout the historical development of the coenosis, Carpinus betulus has
been the dominant species in the tree stand. The low number of Acer platanoides and Fraxinus
excelsior in certain age groups indicates an unbalanced removal of trees during felling. It was
proved that the beginning of the decay of the primary planting of Q. robur began 100-118 years
after its establishment. A stable tendency to reduce its quantitative indicators in the structure due
to the death of trees and weak natural recovery during the last 109—-127 years was revealed. The
loss of the ability to natural recovery of Q. robur during the last 54—72 years was also revealed.
The impracticality of using artificial measures to reduce the mass fraction of dominant species at
the planting in favour of self-regeneration of Q. robur has been proven. It was found that under
the conditions of this coenosis Ulmus laevis is unpromising. The care strategy for the area of
the historical planting, which takes into account the coenotic features of development, has been
determined. Recommendations are made for restoring the proportion of Q. robur to return the
historic planting to its appropriate status.

Key words: age groups, artificial origin, dominant species, natural recovery, park coenosis,
species composition.

Introduction Academy of Sciences of Ukraine. Histor-

ically, the planting ‘Dubynka’ was created
Park coenoses, which at the time were in 179698 by seedlings of native species.
artificially formed from native plants, are In scientific works, it was indicated that
currently the basis of the National den- from the very beginning of the construc-
drological park ‘Sofiyivka’ of the National tion of the park, this entire territory was
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planted mainly with oaks, with addition of
such species as hornbeam, ash, maple,
linden (Lypa 1948, Kosarevsky 1951, Ko-
senko et al. 1996). Unfortunately, mass
share of each species in the structure of
planting was not reported. Monitoring of
plantations and detection of undesirable
changes made it possible to adjust the
structure of the coenosis in time to restore
the historical composition of plantations.
As a result of a regular inspection of
the plantations, in 2019 we noted a sharp
deterioration in the phytosanitary condi-
tion of pedunculate oak (Quercus robur
L.) plantations on the plateau, which led
to accelerated tree mortality. At the same
time, on the slope of the valley, no such
trend of its accelerated die-off and mas-
sive appearance of recently deceased oak
trees was detected (Rumiankov 2019).
Over the past hundred years, in Eu-
rope, Q. robur has been characterised
by a weakened resistance to diseases
and pests, and is not competitive in for-
est communities, so as a result of these
trends, it is subject to accelerated extinc-
tion (Gensiruk 2002, Dolezal et al. 2016).
The last decline in the number of Q.
robur was observed in Europe in 2011-
2020. A study conducted over several
decades has shown that the number of
living oaks has been declining since 1935.
It was also found that the death of planta-
tions along with the disruption of natural
regeneration can threaten not only the
oak population, but also species depend-
ent on it (Larsson 2021). Since 2013, the
death of Q. robur has been observed in
the Ardennes region of Belgium. Given the
direct and delayed effects of the extreme
drought of 1976 and the subsequent dis-
ruption of the water balance due to winter
frosts and moderate spring droughts, the
condition of the scrub oak is of concern in
the context of climate change (Losseau et

al. 2020). The projected increase in tem-
perature and extreme summer droughts,
which negatively affect the growth of Q.
robur, contribute to the decline of its local
population in the warm southeastern part
of the Czech Republic. In addition, such
oaks are often infested with mistletoe (Lo-
ranthus europaeus Jacq.) and suffer from
competition from neighbouring trees (Zla-
tanov 2006, Dolezal et al. 2016). In the
temperate forests of Europe, the die-off of
Q. robur and reduced growth were caused
by extreme climatic events, such as dry
and cold periods, the negative impact of
which was intensified by the general cli-
mate warming (Bose et al. 2021, Cama-
rero et al. 2021, Vospernik et al. 2023).
It has been found that in Europe, after a
series of seasonal droughts without any
obvious consequences, already weak-
ened Q. robur trees can die as a result of
another minor drought. The cumulative ef-
fect of the negative impact of droughts is
associated with the low ability of oak trees
to reduce the impact of the initial drought,
which causes the risk of high tree loss
in the context of global climate warming
(DeSoto et al. 2020, Harvey et al. 2020).
According to many experts, the reason
for the massive drying out of oak forests
may be the influence of a complex of fac-
tors: global climate change; long-term,
selective felling of the best oak trees for
economic needs; and the growing anthro-
pogenic load (Kelly et al. 1989, Lutsyshyn
and Lavnyy 2012).

The first observations of the acceler-
ated dying off of gully forests in Ukraine
were recorded in the 1940s (Borodaevsky
1909). In studies conducted in three typi-
cal ravine forests of the southern part of
the Ukrainian Steppe in Zaporizhzhya,
recreational impacts revealed a slight de-
crease in regeneration potential and an in-
crease in the proportion of generative and
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post-generative individuals in the coenop-
opulations of Generalka and Khortytska
beams. However, in Shyroka Gully, due to
the reduction of anthropogenic impact, all
coenopopulations of Q. robur are young
and have significant adaptive potential
(Yakovlieva-Nosar and Bessonova 2021).

In a study on the vital status of the den-
droflora of Nemyrivskyi Park in Vinnytsia
region, was found that the age-old park
plantations of Q. robur were in good con-
dition, the trees had normal shoot growth
without signs of weakening, but the leaf
blade had a slight fungal infection, and
they bear fruit (Vitenko et al. 2022).

The experience of forestry special-
ists showed that oak regeneration in the
Ukrainian Steppe is hopeless. In the spe-
cific climatic and anthropogenic conditions
of the southeast of Ukraine, the viability of
woody plants was significantly reduced,
and their durability was shortened (Levon
2008, Matusyak 2016, Kopiy et al. 2017).

Under unfavourable conditions, the
course of ontogeny changes, the perio-
disation of which may proceed according
to a shortened program (Rabotnov 1950,
Sklyar 2013).

The age structure of woody plantations
determines the dynamics of structural di-
versity, the ability to self-renewal and the
degree of resistance to the impact of nat-
ural and anthropogenic factors. Monitor-
ing the age spectrum of park plantations
is the basis for a substantive assessment
and forecast of the feasibility of develop-
ing and implementing certain optimization
measures (Fizyk et al. 2016, Zvarych et
al. 2016).

Natural regeneration process in planta-
tions is largely determined by natural and
climatic factors, and specific conditions of
coenosis (Ostapchuk 2013, Ischuk 2017).

Therefore, the study of the species
and age structure of the artificial plant-

ing of the same climatic zone, but under
individual coenotic conditions in different
parts of the massif is relevant.

In the process of development of the
artificial coenosis of the historical plant-
ing, there were changes in its species
structure, the scale and trends of which
differed depending on the forest and vege-
tation conditions of individual areas of the
planting and the degree of anthropogenic
impact (Rumiankov et al. 2021). Currently,
our task is to determine the species and
age structure of the stand and its under-
growth on the slope of the valley, which is
characterised by a better hydrological re-
gime and minimal impact of anthropogenic
factors on the development of coenosis,
and to identify the reasons for the lack of
natural oak regeneration in sufficiently op-
timal conditions for many species in this
area. Therefore, the aim of our study is
to provide practical recommendations for
plantation care, and propose measures to
restore share of oak. The scientific novelty
of the work is to determine the characteris-
tic features of the development of the coe-
notic structure of a separate section on the
slope of the valley, which will allow us to
propose a specific direction of the planta-
tion care strategy to restore share of oak.

Object and Methods

The object of our research was historical
planting ‘Dubynka’ of the National den-
drological park ‘Sofiyivka’. lts geographic
coordinates are 48°45‘36" N, 30°13'59" E
(Fig. 1).

The subject of our research was the
species and age structure on the slope
of the valley. In June 2023, a study of the
species and age structure of the planta-
tions was carried out using the continuous
inventory method. The named method
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Fig. 1. Planting ‘Dubynka’ of quarter No 17 of the National dendrological park ‘Sofiyivka’
of NAS of Ukraine.
Note: black line — the entire plantation, the red line — the valley part of the plantation (object
of our research).

involves the individual enumeration of all
trees, bushes and self-seeding plants of
each species in a continuous manner on
an area of 4.1 ha, which was highlighted
on the map with a red line. To achieve this
goal, we used methodical instructions for
conducting field work on the inventory of
forests of the Polissky region of Ukraine
(Storozhuk 2006), methodical recom-
mendations for inventorying, taxation and
monitoring of perennial plantings in his-
torical parks of Ukraine (Kosenko et al.
2014). We analysed the species and age
structure of the plantations using the sci-
entific works of: Lypa (1948), Kosarevsky
(1951), and Kosenko et al. (1996). We
determined the approximate age of oak

trees by counting annual cambial layers
of the trunk of cut dry trees. When analys-
ing the age structure, we determined the
age of the tree indirectly through the trunk
diameter, since its thickness depends on
the tree’s life expectancy. The trees were
conventionally divided into age groups,
where each subsequent group contains
trees 10 cm larger than the trunk diameter
of the previous one. Self-seeding of trees
was divided into three age groups by plant
height. The first age group includes plants
which height is from 0.1 to 1 m, the sec-
ond — from 1 to 5 m, and the third — from
5t0 10 m.

The climate is characterised as moder-
ately continental, with an average annual
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air temperature of 7.3-9.4 °C. The coldest
month is January with an average temper-
ature of -5.6 to 6.1 °C, and the warmest
is July with an average temperature of
19.2-20.8 °C. The absolute minimum air
temperature is -34 to -38 °C. The abso-
lute maximum temperature of 3639 °C is
observed in July—August. The transition
of the average daily temperature through
0 °C occurs on March 15-16 and No-
vember 22-24. There are 242-255 days
in a year with an air temperature above
0 °C. The average annual rainfall is 570—
630 mm, of which only 300-310 mm falls
during the period with a temperature of
more than 10°C. During the year, precip-
itation is unevenly distributed, the most
falls in June—July (90-100 mm), and the
least in January—February (Shkvaruk and
Zapatiy 1960, Lipinsky et al. 2003).

The soil cover of the park is dominated
by regraded chernozems and dark gray
forest podsol. The acidity varies between
pH 4.8-7.3, but the majority of soils have

a neutral reaction. Most of dark gray for-
est soils are heavy loamy by mechanical
composition. The content of humus in a
30-centimeter layer of soil is 2.7-3.8 %;
nitrogen content — 8.9 mg per 100 g; of
mobile compounds of phosphorus and
potassium, respectively, 10.8-12.5 and
14.3-16.4 mg per 100 g. Groundwater lies
at a depth of 1.7 to 22.0 m. In general, the
soils are highly fertile (Shkvaruk and Dele-
menchuk 1969, Shlapak 2021).

Results and Discussion

As a result of stand species structure
analysis, based on the size of the quan-
titative share, species were conditionally
divided into two categories. The first cat-
egory includes species which share from
5 to 36 %. The second category includes
species with a share of only 0.8 % of the
total number of trees (Fig. 2).

The first category includes C. betulus,
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Fig. 2. The species structure of the tree stand and self-seeding.
Note: 1. Carpinus betulus L., 2. Acer platanoides L., 3. Quercus robur L., 4. Acer campestre

L., 5. Fraxinus excelsior L., 6. UImus laevis Pall.,

in single specimens.

7. Tilia cordata Mill., 8. species that are found
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A. platanoides, Q. robur, A. campestre,
F. excelsior, U. laevis, T. cordata.

The second category includes single
specimens of: Prunus padus L., Quercus
rubra L., Prunus avium L., Picea abies L.,
Celtis occidentalis L., Crataegus oxya-
canta L., Prunus cerasifera Ehrh., Sorbus
torminalis L., Acer pseudoplatanus L.,
Morus alba L., Styphnolobium japonicum
(L.) Schott, Juglans cinerea L.

Currently, species of the second cate-
gory, have a minimal impact on this park
coenosis, but their presence determines a
certain reserve in case of loss of perspec-
tive of any species from the first category
as a result of climate changes. In addition
to the reserve function, species of the sec-
ond category in the plantation can also
perform the role of decorative elements.
For example, M. alba, which adaptive po-
tential in studies was assessed as high
(Vitenko et al. 2023), acquires a higher
decorative effect with the use of grafted
forms. The method of grafting mulberry
trees directly in the stand itself allows to
avoid such an operation as transplanta-
tion, thereby maintaining the growth rate
of the rootstock, and also lengthen the life
of the grafted tree. M. alba trees of the
forms ‘Pendula’, ‘Globosa’, ‘Pyramidalis’,
‘Contorta’, ‘Macrophylla’ were grafted by
the method of improved copulation ac-
cording to the conclusions of Vitenko et
al. (2019) quickly fuse, and the grafting
sites are completely covered with protec-
tive tissue. The use of single M. alba trees
of various grafted forms on the edges of
forests will help to enrich the park’s den-
drostructure and, bringing local colour,
will increase the decorative effect of the
planting.

C. betulus and A. platanoides occu-
py the largest mass share in the planta-
tion (36.3 and 22.1 %, respectively). The
smallest share in the first category is oc-

cupied by T. cordata — 5.5 %. Q. robur,
A. campestre, F. excelsior and U. laevis
have the average mass fraction (9.7, 9.7,
8.5 and 7.5 % respectively).

The identified main species composi-
tion of the plantation generally coincides
with the structure formed at the beginning
of the park construction (1796), except
for U. laevis, which was not mentioned in
historical sources. Taking into account the
existing quantitative composition, the in-
vestigated plantation only partially corre-
sponds to the original composition, since
instead of Q. robur, which is mentioned in
historical sources, the structure of the tree
stand is dominated by A. platanoides and
C. betulus. Describing the tree stand in
1948, Lypa (1948) wrote that ‘hornbeam
dominates here, forming almost every-
where a single tree massif. Only very
rarely and in small quantities, other spe-
cies occur: ash, oak, maple, pear, linden
and others® so now we have every reason
to confirm the relevance of the dominance
of C. betulus in this coenosis. In addition,
given the dominant position of hornbeam
described by Lypa in 1948 and the fact
that we have found its dominant position
in the tree stand over the past 90-110
years, we consider the trend of C. betulus
dominance in the park’s coenosis to be
historical. It is also interesting to note that
as of 1948, oak, ash and maple occupied
an insignificant part in the structure of the
tree stand, which at that time also did not
allow this plantation to be called a oak tree
stand, and therefore did not correspond to
its historical name.

Among the species composition of
the self-seeding, A. platanoides and F.
excelsior have the largest mass fraction
(50.2 and 20.1 %, respectively) (Fig. 2).
Q. robur, U. laevis and T. cordata have the
smallest share in self-seeding (2.4, 2.3
and 1.4 %, respectively). A. campestre
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and C. betulus (11.1 and 7.8 %, respec-
tively) have average values of the mass
share of self-seeding in the plantation.

The largest amount of self-seeding in
all three age groups was found in A. pla-
tanoides (Table 1).

Table 1. Quantitative characteristics of age groups of self-seeding.

Number by plant height

Total number of

Species 1704-1m  0/11-5m _ /5-10m self-seeding

Acer platanoides L. 2656 732 408 3796
Fraxinus excelsior L. 1361 142 16 1519
Acer campestre L. 489 313 35 837
Carpinus betulus L. 442 112 33 587
Quercus robur L. 181 0 0 181
Ulmus laevis Pall. 113 90 " 214
Tilia cordata Mill. 43 27 33 103

In age group |, the quantitative index of
maple self-seeding (2656 pcs.) is twice as
large as that of such a strong edificator as
ash (1361 pcs.).

The biggest difference between the
quantitative indicators was determined in
age group lll, where the maple is 25 times
more than the ash. The highest number
of self-seeding in all three age groups of
A. platanoides convincingly demonstrates
the significant natural potential of the
species, which leads to a high ability to
self-renewal, competitiveness in the park
coenosis and provides the possibility of
a corresponding dominant position in the
stand.

F. excelsior also has a large amount
of viable self-seeding (1519 pieces) (Ta-
ble 1). However, there were no ash trees
in age groups | and Il (trunk diameter
from 10 to 30 cm), and only 2 trees in age
group Ill.

The introduction of measures to regu-
late the proportion of A. platanoides and
F. excelsior in the past was not unreason-
able, given that such a strong unifier as
Q. robur in this forest community has re-
duced its influence due to natural causes.
For example, in the presence of 181 oak
self-seeding plants (Table 1), no Q. robur

trees were found in age groups | and lll,
and only a tree in age group Il (Fig. 3).

The absence of a sufficient number of
Q. robur trees in age groups I-lll in a row
indicates a decrease in competitiveness
and leads to the loss of the edificator func-
tion in the coenosis.

Atfirst glance, the presence of 181 pcs.
self-seeding of oak should guarantee its
presence, as in the case of linden, when
even the smallest number of self-seeding
ensures a full-fledged age structure (Ta-
ble 1). However, the type of placement of
self-seeding plants of these species on
the plantation territory is somewhat differ-
ent. Linden self-seeding, as in most spe-
cies, is distributed fairly evenly over the
entire area, while in oak it is only on one
side of the plantation. It was found that the
oak seeds germinated on the border of
the forest edge-park alley on the northern
side, where direct sunlight only gets in the
morning and evening, but there is enough
diffused light during the day. Of course,
such a place will be more humid, because
it is close to the park alley. The alley is
lined with bricks, under which moisture
easily gets and stays. According to our ob-
servations, outside the stand tent, in con-
ditions of partial shade and moderate soil
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Fig. 3. Quantitative characteristics of Q. robur trees by the age structure.

moisture, Q. robur seeds can germinate,
but young plants are not able to survive.

Studying the regularities of the re-
forestation process under the canopy of
oak-hornbeam plantations in fresh oak
forests of the Korsun-Shevchenkivskyi
forestry, Ishchuk (2017) determined that
low illumination under the canopy of
high-completeness oak-hornbeam for-
ests reaches 0.5-3.0 % of total illumi-
nation and leads to the gradual death of
self-seeding and oak undergrowth in the
second or third year of life. Taking into ac-
count the author’s conclusions, the condi-
tions of natural oak-hornbeam groups do
not contribute to the success of oak resto-
ration due to insufficient lighting under the
dense canopy of hornbeam. Therefore,
if we take into account the dominant im-
pact of hornbeam found in our research
— 36.3 % in the species structure (Fig. 2),
it should be stated that the dense canopy
of hornbeam becomes an obstacle to the
successful restoration of oak. It is certain
that such a statement should be put in the
form of a question.

A similar situation was described in
studies on the regeneration of Q. robur in

deciduous and mixed forests, where the
level of photosynthetically active radia-
tion under the tent rarely reaches 15 %,
which is insufficient for the successful
growth and development of oak self-seed-
ing (von Lupke 1998). Comparing the
findings of Ishchuk (2017), who believed
that 0.5-3.0 % of total illumination leads
to the gradual death of self-seeding and
undergrowth of oak, with the findings (von
Lipke 1998) that the level of photosyn-
thetically active radiation in natural forests
15 % (this is 5 times more than the pre-
vious value) was still insufficient for the
development of oak, we can note that the
limiting factor for the restoration of oak
is most likely not the amount of light. For
example, in our research, even in com-
pletely open areas under the crowns of
oak plantations, self-seeding of oak was
not detected at all. In other words, how,
with all components being equal, did the
oak still continue to regenerate in natural
forests when it was so critically lacking in
light?

Studies of reforestation processes in
110-165-year-old oak forests of ‘Roz-
tochia’ Nature Reserve have shown that
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the undergrowth of common oak, com-
pared to other species, is more sensitive
to insufficient light and other factors of the
under-tent environment (Zvarych et al.
2016). The authors established that on
most of the area, almost all oak self-seed-
ing was very weakened and unsustaina-
ble, therefore, no plants taller than 25 cm
and older than 2-3 years were found on
the territory of the reserve. It should be
noted the similarity of the results obtained
in our study, when analysing the age
structure of oak self-seeding in the stand,
it was established that it was absent in
age groups Il and 1l (Table 1). The pres-
ence of self-sowing oak of only the age
group | indicates that one of the limiting
factors of the viability of oak growth is in-
sufficient lighting under the tree canopy.
In order to discuss this question from the
other side, the following seemingly similar
situation should be considered.

Accordingly, with a decrease in the effi-
ciency of photosynthesis in leaves, which
are often affected by the fungus Phytoph-
thora de Bary, according to Bobiec et al.
(2018), young oaks could lose their former
ability to survive and grow in forest condi-
tions, but at the same time, they remained
strong competitors in well-lit non-forest
areas. In our research, sufficiently well-
lit areas (clearings, gaps, glades) were
also found on the territory of the forest
stand, in addition, the sunny edges of the
plantation perimeter were examined, but
no self-seeding oak plants were found.
Therefore, well-lit areas do not guarantee
young oak plants the opportunity to show
their competitiveness.

Taking into account the formation of
the stand mainly from common oak, in the
future, even in the absence or minimised
influence of competing tree species, ac-
cording to observations by a number of
authors, oaks are not able to regenerate

themselves directly under their own can-
opy (Palmer et al. 2004, Strandberg et al.
2005, Perrin et al. 2006), which was also
proved by previous research (Rumiankov
2019), that established the absence of
natural regeneration in artificially created
oak plantations, where the undergrowth of
other species was regularly removed. For
now, it should be noted regarding our de-
batable question about the importance of
lighting conditions, from the point of view
of the degree of illumination of this area,
we can confidently state that in relation to
this factor, the possibility of oak restora-
tion was not limited.

At the same time, research in the arti-
ficial plantations of the Sinytsky Forestry
of the ‘Uman Forestry’ State Enterprise
showed their high productivity in the com-
position of 48 % of common oak, 19 % of
common ash, 19 % of European beech,
9 % of sharp-leaved maple, and less than
5 % of such as elm, aspen, hornbeam and
linden (Koval et al. 2022). In plantations
dominated by Q. robur under the condi-
tions of its simultaneous planting and a
uniform placement scheme, oak trees
received the first class of quality assess-
ment. Comparing the specified structure
of the plantation with the structure in our
plantation, it should be noted that the spe-
cies structure of our object of research
corresponds to a greater extent to the
structure of natural oak-hornbeam com-
munities (Fig. 2), which should contribute
to the restoration of oak, but as it turned
out, the plantation formed as a natural
oak-hornbeam coenosis does not yet en-
sure the success of oak restoration.

The only continuous tree canopy which
conditions could allow oaks to regenerate
is a translucent crown architecture that
can leave young oak plants with enough
photosynthetically active radiation to grow
and develop. This semi-permeable prop-



Preservation and optimisation of ‘Dubynka’ historical planting of National ... 129

erty of the canopy is possessed by pine
stands, which are widely cultivated by
forestry in most European biogeographic
regions, often in an ecological niche for
deciduous forests (Kuiters and Slim 2003,
Onaindia et al. 2013). Taking into account
the openwork of the crown of pine plan-
tations, we consider it expedient to intro-
duce Pinus sylvestris L. into the planting
as an alternative for enriching the dendro-
structure, which could realise the natural
potential of oak regeneration. Therefore,
we recommend the establishment of scots
pine plantations in certain areas stand,
which will open up new prospects for re-
search, observing in the future how this
measure will remain justified in the indi-
vidual conditions of the existing coenosis
for both oak and pine.

Studying the reproduction of oak stands
naturally in forestry in Ukraine, it was
found that in forest areas with clearfelling,
where the stand was cut after the acorn
fell in a harvest year, the lowest decline of
self-seeding oak (19.3-28.5 %) is typical
(Kopiy et al. 2017). Analysing the areas of
clear-cutting of oak forest stands in Podil-
lia, Matusyak (2016) shows that under op-
timal conditions it is possible to ensure the
natural regeneration of common oak at
the level of 3000-5000 pcs. per ha in the
next 1-2 years after clear-cutting. These
studies have shown that oak self-seeding
in areas of the forest with clearfelling was
characterised by much faster growth. In
our opinion, this indicates that in the pres-
ence of fresh fallen oak seeds under fa-
vourable lighting conditions, there is a real
opportunity to obtain self-seeding of oak,
which can quantitatively ensure the full re-
production of oak plantations. Taking into
account the fact that there is an opportu-
nity to obtain viable oak plants in the open
area and the proven fact of the failure of
natural regeneration in our case, leads us

to use an artificial means of restoring the
species structure of Q. robur by planting
young trees.

It should be noted, that in temperate
climates, there are forest habitats where
oaks retain their dominant position due
to their stress resistance over other spe-
cies that cannot withstand boreal and
arid conditions. Harsh natural biotic fac-
tors specific to acidophilous oak forests
on silicate rocks, xerophilous oak forests
on limestone, Euro-Siberian steppe for-
ests, Pannonian-Balkan oak forests, and
old-growth oak forests of the British Isles
(habitats 9190, 9110, 91MO0, 91A0 — Euro-
pean Commission 2013) reduce interspe-
cific competition and prevent the devel-
opment of dense shade-tolerant stands,
and therefore promote the regeneration
of Q. robur. In our opinion, the existence
of the listed habitats shows that the oak
feels more comfortable even in harsh con-
ditions of high soil acidity or on limestone
outcrops, without a sufficient amount of
water and without the structure of official-
ly recognised associations, which were
obliged to perform the functions of pre-
serving species diversity. In difficult con-
ditions for most species, the oak is able
to form a coenosis with a full-fledged age
structure, which indicates regular natu-
ral regeneration. If we mention the pres-
ence of the habitat of the old-growth oak
forests of the British Isles, then this fact
indicates that even in such conditions Q.
robur is able to maximally show its poten-
tial as a long-lasting species. In addition
to the above, we can note that similar
conclusions were also reached by other
researchers, for example Johnson et al.
(2009), who gave oak culture a special
ecological niche, as the formation of sim-
ilar habitats with the natural regeneration
of oak without the influence of exogenous
factors they called by a separate term
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such as ‘intrinsic oak accumulator’.

Analysing the discussion of the views
of the presented researchers regarding
the possibility of oak restoration in the con-
ditions of tree groups, we can conclude
that the oak plantation should not be per-
ceived as a self-regenerating formation,
but only as an initiating forest grouping, in
which the oak in the process of historical
development of the coenosis no longer
finds an ecological niche for its develop-
ment. Taking into account the contradic-
tions of the data presented by a number of
scientists and forestry specialists regard-
ing the determination of the conditions for
the natural restoration of oak, it should be
recognised that it forms a special catego-
ry of plantations with artificial support for
the conditions of its cultivation and repro-
duction function. Therefore, taking into
account the special status of oak given
by individual scientists, it becomes clear
why, according to researchers (Bobiec et
al. 2018), the problem of successful resto-
ration and replenishment of oak habitats
is solved by creating modern oak forma-
tions, represented mainly by non-forest
natural or artificial habitats.

Currently, on the territory of the plant-
ing, we can only state a complete loss of
the ability of Q. robur to regenerate natu-
rally, as evidenced by the absence of oak
trees for three consecutive age groups,
except for a single specimen in age group
Il (Fig. 3). However, the fact that there is
an ecological niche that still allows the
formation of single specimens of Q. robur
gives us reason to recommend the use of
existing glades in the stand for artificial
planting of young oak trees. The event in-
volves the use of not only existing glades,
but also other open spaces that do not
contain full-fledged trees with the oblig-
atory clearing from self-seeding, shrubs
and grass vegetation to ensure proper

light conditions young oak plants. Given
that only one out of 181 oak self-seed-
ing plants survives (often none) (Table 1)
and the reduced moisture supply of open
areas, we recommend that in addition to
clearing, which should be done during the
growing season, regular watering should
be provided. The proposed possibility of
restoring the quantitative structure of Q.
robur is quite relevant for returning the ap-
propriate status to the historical planting.

As a result of age structure analysis,
the two oldest trees of Q. robur in age
group XI were found (Fig. 3). We found
that the growth of oak in the trunk diame-
ter in this area is on average 5.5 mm per
year. The trunk diameter of these trees
is 115 and 117 cm, which is about 209-
and 212-year-old, respectively. Given
that from the very beginning of the park’s
construction, this entire area was planted
mainly with oaks (Lypa 1948, Kosarevsky
1951, Kosenko et al. 1996), only two of
these trees remain in the planting. We can
conditionally consider these two trees to
be contemporaries of the construction of
the park, which is now 227-years-old. It is
planned to install commemorative plaques
on granting the status of historic trees to
two long-lived specimens of Q. robur.

The highest number of common oak
trees was recorded at the age of 127-145
years — 15 trees (age group VII) (Fig. 3).
Probably 127—145 years ago, oak was still
the dominant species in the community.
That is, for 80-98 years from the estab-
lishment, the oak still held a quantitative
advantage. A 40 % decrease in the num-
ber of oak trees 109-127 years ago (age
group VI) indicates significant losses in
the structure of the stand and determines
the beginning of the decay plantation of
oak in the structure of the coenosis.

It is important to note that the decline
in the quantitative characteristics of oak in
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relation to other dominant species began
in an overripe state, which it reached in the
100-118th year of the planting existence.
After that, there was a steady downward
trend in the quantitative structure due to
the death of old trees and weak natural
regeneration. This makes it possible to
state that at the initial stage of the park
coenosis development, the dominance of
Q. robur was based only on a quantitative
advantage during the establishment of
planting.

The next reduction in the quantitative
composition occurred 90-109 years ago
(age group V) by 44 %, which confirms
the tendency of a decrease in quantitative
indicators 116—135 years after the estab-
lishment plantation of Q. robur (Fig. 3).

The presence of oak trees (4 pcs.)
aged 72-90 (age group V) in the stand
certainly indicates some natural regener-
ation (Fig. 3), but its intensity and viabil-
ity were already declining and could not
ensure the proper quantitative share of Q.
robur as the dominant species. Over the
past 54-72 years (age group I-lll), only
one oak tree has grown, which indicates a
critically low capacity for natural regener-
ation of Q. robur trees.

Analysing the age structure of
self-seeding, we can note the presence
of its full-fledged structure in the form of
three age groups for all the listed species,
but this pattern does not apply to Q. robur.
In the age structure of Q. robur self-seed-
ing, there are no plants of age groups Il
and lll, while there are 181 plants in age
group | (Table 1).

The detected self-seeding of oak only
in age group | indicates a sufficient in-
tensity of fruiting trees and the quality of
acorns that formed this self-seeding, and
at the same time insufficient stability of
self-seeding of age groups Il and Il (Ta-
ble 1). If we take into account the inability

of the oak tree to self-regenerate on the
territory of the planting in our time and the
revealed steady tendency to reduce its
quantitative structure throughout the en-
tire development of the coenosis, then hy-
pothetically, there is every reason to think
that self-seeding Q. robur was not com-
petitive enough from the establishment.
The quantitative advantage of the
maple over the ash in the age groups
is preserved only in the | one (Fig. 4). If
we analyse their age structure from age
groups Il to IX, F. excelsior takes quantita-
tive priority. In addition, its maximum one-
time quantitative indicator in age group V
(19 pcs.) testifies its high potential viabil-
ity in the park coenosis in the absence of
control by anthropogenic factors over the
quantitative structure of species with a
high reproduction rate. Therefore, given
the significant potential for self-seeding
of maple and ash, low quantitative indica-
tors in age groups Il and Il are not typi-
cal, which indicates active anthropogenic
interference in the development coenosis.
We consider the decrease in the num-
ber of A. platanoides and F. excelsior in
age groups Il and Ill as the implementa-
tion of measures to artificially reduce their
dominant potential in this coenosis.
Taking into account the loss of the sta-
tus of Q. robur as an edificator in the past,
measures to artificially reduce the mass
fraction of A. platanoides and F. excelsior
as potentially dominant species were car-
ried out in order to improve the lighting re-
gime and creation of a favourable micro-
climate for self-regeneration of Q. robur.
However, at the moment we can observe
the impracticality of using artificial meas-
ures to reduce the mass share of domi-
nant species in the planting, which could
contribute to the natural recovery of Q. ro-
bur. In connection with this, we are plan-
ning to implement measures to regularly
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control the quantitative indicators of com-
petitive young trees A. platanoides and
F. excelsior to maintain the mass share of
dominant species in the park coenosis at
the level of 20-25 %.

The quantitative composition in age
group | of self-seeding A. campestre and
C. betulus is almost the same: 489 and
442 pcs. respectively (Table 1). In age
group Il of self-seeding, the ratio of these
species remained in the same balance,
but quantitatively decreased by 14 times
(35 and 33 pcs., respectively), showing
the same degree of viability. However, if
we analyse the quantitative characteris-
tics of the age groups of A. campestre, it
turns out that the field maple very quick-
ly loses its quantitative share with each
subsequent age group, and it was not
detected already in age group IV (Fig. 5),
which indicates the insufficient longevity
of A. campestre in the conditions of this
coenosis.

Compared to A. campestre, the quan-
titative characteristics of C. betulus age
groups in the tree stand differ in a more

gentle and uniform decline, keeping high
indicators (from 89 to 26 pcs.). It should be
noted that even in the last age group, the
number of hornbeam trees remains quite
high, whereas for all the studied species
the presence of senescent trees in single
specimens is more typical. Therefore, the
absence of long-lived trees in C. betulus
is determined by the massive death of a
large number of old trees in the last age
group.

U. laevis and T. cordata are character-
ised by the lowest quantitative self-seed-
ing potential, with indicators in age group |
of 113 and 43 pcs. respectively (Table 1).
Compared to linden, elm loses its quan-
titative indicators much faster, because
in self-seeding of age group lll, 10 times
fewer plants were found than at the be-
ginning.

A similar trend of rapid loss of quan-
titative indicators of U. laevis is also ob-
served in the tree stand, when already in
age group lll there are only two trees left
(Fig. 6), which is 15 times less than in the
first.
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In the age structure 89.7 % of the quan-  only in the first two age groups out of the
titative potential of elm is concentrated six identified, which indicates the short-
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lived nature of U. laevis and, accordingly,
its low prospects in this coenosis.

The initial self-seeding potential of T.
cordata in age group | was the lowest
among all species (43 pieces) (Table 1).
In age group lll, 1.3 times less self-seed-
ing linden remained than in | (33 pcs.).
This is the lowest rate of natural thinning
of self-sowing among all studied species,
which indicates the high viability of T. cor-
data in this coenosis (Table 1).

Compared to U. laevis, the quantitative
indicators of T. cordata in age groups |-
IV are distributed fairly evenly. However,
it should be noted a sharp decrease in
the number of linden trees in age group
Il — 3 pcs., which is 66 % less than in age
group | (Fig. 6). In our opinion, the reg-
ulation of the quantitative composition of
T. cordata by anthropogenic factors is un-
likely, since is natural regeneration is the
least intensive (Table 2). For this reason,
a violation of the characteristic stability of
quantitative indicators and a decrease in
the viability of linden trees occurred due
to natural factors.

Analysing the quantitative structure of
age groups among the studied species, it
was found that the most long-lived in this
coenosis are Q. robur in the amount of
2 pcs. (Fig. 3) and F. excelsior — 3 pcs.
(Fig. 4), which belong to age groups Xl
and IX, respectively. The rest of the stud-
ied species were placed in descending or-
der of longevity as follows: A. platanoides,
T. cordata, U. laevis, C. betulus and A.
campestre — in the last place.

Conclusions

Currently, the plantation does not corre-
spond to its original composition due to
the lack of the quantity of Q. robur stipulat-
ed by the founders of the park. Through-

out the historical development of the co-
enosis, C. betulus has been the dominant
species in the tree stand. The absence of
separate age groups of A. platanoides and
F. excelsior was found, which indicates an
unbalanced anthropogenic regulation of
their number. Considering the high natural
self-sowing potential of F. excelsior and A.
platanoides, these two species are can-
didates for dominance. The high viability
and prospects of T. cordata and the low
prospects of U. laevis in the conditions
of this park coenosis were revealed. Two
long-lived trees of Q. robur, aged about
209 and 212 years, corresponding to the
status of historical trees, were found on
the territory of the plantation.

It was proved that the decay of the
primary plantation of Q. robur began
100-118 years after its establishment. A
steady downward trend in the quantitative
structure due mortality and weak natural
regeneration over the past 109-127 years
was revealed. The loss of the ability to
natural recovery of oak on the territory of
the planting over the past 54-72 years
has been proven. The reason for the
lack of natural recovery is probably the
non-competitiveness of oak seedlings in
age group |.

The inexpediency of using artificial
measures to reduce the mass fraction
of potentially dominant species A. pla-
tanoides and F. excelsior in the planta-
tions to promote self-regeneration of Q.
robur was revealed. It was established
that the basis of the dominance of Q. ro-
bur in the territory of the planting was only
its quantitative advantage during the crea-
tion of the park.

Recommended:

- Regular monitoring of quantitative
indicators of self-seeding of competitive
species A. platanoides and F. excelsior to
achieve optimal values of the mass frac-
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tion of dominant species in the park coe-
nosis up to 20-25 %.

- Restoration of the quantitative struc-
ture of Q. robur to restore the appropriate
status to the historic planting by artificially
planting young oak trees in open areas
(clearings, gaps, glades). Ensure regular
watering of young oak trees and clearing
of overgrowth (self-seeding trees, bush-
es).

- Creation of plantations of P. sylvestris
in certain areas of the stand as an element
of the dendrostructure with a semi-perme-
able canopy that promotes the natural re-
newal of Q. robur.

- Reducing the mass fraction of U.
laevis by removing its self-seeding in fa-
vour of other promising species such as
F. excelsior, A. platanoides or T. cordata.

The provided recommendations for
controlling the quantitative and restoration
of species structure are the basis of the
care strategy for the plantations, which
takes into account the coenotic features
of development.
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Abstract

This study represents analysis of abiotic forest disturbance in mountainous mixed forest,
based on change detection and statistical analysis from C-band Synthetic Aperture Radar (SAR)
multitemporal SAR data, provided from ESA’s Sentinel-1 satellite mission. Statistical means from
the backscatter coefficients in both polarisations were calculated, with the dual-pol Radar Vege-
tation Index (dRVI), applying change detection before and after the disaster event. Study period
was the summer of 2020 and 2021. The proposed methodology was tested at the Training and
Experimental Forest Range of ‘Petrohan’ hosted by University of Forestry — Sofia. Mean esti-
mates from SAR descriptors with emphasis on dRV/ sowed high sensitivity to the forest type.
The calculated differential orbit-averaged SAR descriptors utilised in change detection analysis,
exhibited correlation with the optical Enhanced Vegetation Index 2 (EVI2), with highest sensitiv-

ity being the cross-pol Gamma-Nought (AySH ). The conducted statistical analysis has demon-
strated significant differences in backscatter mean values, with the highest sensitivity observed

among the three differential SAR descriptors again being the (AySH ). However, clear identifica-
tion of the disturbances via SAR descriptors was not possible, primarily due to the mechanism
of the disaster event (stem breakage) that resulted in an increased dihedral scattering. Accuracy
was also influenced by the geometric distortions due to mountainous relief, which biased the SAR
measurements. In conclusion, statistical analysis of multitemporal SAR is well utilised in studying
forest disturbances on mixed coniferous mountainous forest. Results suggest need for an in situ
data and high-resolution quad-pol POL-SAR measurements in a stem breakage disturbed forest.

Key words: forest disturbances, dual-pol RVI, EDUSAR, EVI2, Synthetic Aperture Radar.

Introduction based systems, giving vast of method-

ological approaches to derive forest bio-
Forest ecosystems are widely studied by  physical parameters and forest status, in
satellite Synthetic Aperture Radar (SAR) depend on the frequency (Cloude and Pa-
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pathanassiou 1998, Fernandez-Ordonez
et al. 2009, Le Toan et al. 2011, Caicoya
et al. 2012, Kugler et al. 2014). Studying
biophysical parameter’s diversity via dif-
ferent SAR systems, such as C-band Ra-
darsat-2 and L-band ALOS PALSAR-2 by
SAR polarimetry is vital for forest manage-
ment and deforestation monitoring (Engl-
hart et al. 2011, Stelmaszczuk-Goérska et
al. 2018). A time series SAR approach by
employing Sentinel-1 SAR GRD products
were widely assessed for the biophysical
parameters estimation, and variation over
time (Nasirzadehdizaiji et al. 2019).
Forest disturbance plays a key role
in forest management, whilst abiotic dis-
turbances’ could cause a significant gap
in the forest canopy (Anev and Marinova
2021). For 2019 the Forest State Agency
(FSA) reported that most significant for
the disturbances in Bulgarian forests are
the biotic factors (e.g. bark beetle and
fungal pathogens). Despite that FSA reg-
istered a significant increase of the abiot-
ic disturbances for 2022 than 2021 (BNA
2022). The analysis of coniferous forest
stands damaged by biotic and abiotic fac-
tors established that the abiotic ones are
the largest for the stressors ice breakage,
followed by snow breakage and the snow
uproot (Tonchev et al. 2018). The sum-
mary of the databases created in different
stages of the project CORINE Land Cov-
er — Bulgaria ascertains that the forested
areas in the forest territories of Bulgaria
decreased by 67,103.9 ha for the period
1990-2018, which is exactly 2 % of the
total forested area in 1990 (Koleva et al.
2019). The abiotic forest disturbances,

" Hereafter, we shall adopt the term ‘Abi-
otic disturbances’ to denote the mechanical
damages, caused in our case by ice and snow
breakage.

such as snowthrow? and icethrow® are
more often investigated by SAR based
acquisitions in higher frequencies, such
as C-band (Tomppo et al. 2019). That is
because the snowthrow as an abiotic dis-
turbance factor at those frequencies leads
to significant lowering of the backscatter
(Akbari and Solberg, 2022). Disturbanc-
es are mostly studied by means of time
series approach, by freely available SAR
acquisitions from ESA’'s satellite mission
— Sentinel-1. Akbari and Solberg (2022)
have found that most of the limitations
that bias the results are encompassed
in the environmental factors, such as
wetness, rainfall, and topography. They
recommend a combination of both SAR
orbits — ascending and descending to be
used to overcome the local incidence an-
gle limitations. Ruiz-Ramos et al. (2020)
utilise an approach based on a long time
series from Sentinel-1 — Ground Range
Detected (GRD) products, to identify
clear cuts in Scotland, by reporting the
importance of the dual polarization of the
SAR data (Ruiz-Ramos et al. 2020). An
approach by using change detection be-
tween averaged backscatter coefficients
from RADARSAT-2 C-band SAR data, is
implemented successfully to map selec-
tive logging in tropical forests (Antropov
et al. 2021). Statistically mean values sig-
nificantly improve the identification of dis-
turbed forest, before and after the disaster
event (Tomppo et al. 2019).

This paper introduces a SAR based
method for mountainous disturbed forest

2 Snowthrow, is braking of branches or
even part of the stem caused by heavy wet
snow during warm winter, with temperatures
around zero. It is a synonym of snow breakage
and causes abiotic disturbances.

% Icethrow — ice breakage in winter.
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mapping in rugged terrain, which is im-
plemented for first time by Bulgarian sci-
entists to investigate abiotic forest distur-
bances. A change detection of approach
based on multitemporal SAR data is uti-
lised with statistical mean estimates. The
method is based on the Sentinel-1 GRD
data products, freely provided by ESA
COPERNICUS SAR mission. A compari-
son between normalised radar cross-sec-
tion in both polarisations, the dual-pol
Radar vegetation index (dRVI/) and optical
(EVI2) is made, aiming values differences
in disturbed forest stands, before and af-
ter the disaster event.

This study represents a pioneering
endeavour for Bulgarian environmen-
tal sciences, whereas to the best of the
authors’ knowledge, no comparable in-
vestigation has been conducted on the
Bulgarian disturbed temperate forests
in mountainous regions solely by SAR
methods.

The general objective of this inves-
tigation is to employ a classical remote
sensing approach, exclusively relying on
remotely sensed data, for the derivation
of specific environmental parameters and
status of forest ecosystem. The central
hypothesis under scrutiny is the assess-
ment of the suitability and efficacy of
time-series analysis by means of Ground
Range Detected (GRD) products from
ESA’'s C-band SAR — Sentinel-1, for the
mapping, characterisation, and possible
identification of abiotic disturbances within
mountainous forest.

In that case, the following aims were
pursued:

- to implement multitemporal change
detection SAR approach, for two refer-
ence periods in the summer, employing
two acquisition orbits (descending and
ascending);

- to calculate the dual-pol Radar Vege-
tation Index (dRVI);

- to calculate statistical mean values in
order to eliminate stochastic factors;

- to map mixed forest by means of sta-
tistical mean SAR estimates;

- to test a method for identification of
forest disturbances in mountainous mixed
forest, by means of statistical mean SAR
estimates;

- to estimate accuracy and consistency
of the used methods.

Data and Methods

Study site

The proposed SAR based methods for
forest mapping and disturbances identifi-
cation was tested in mountainous mixed
forest, located at the Training and Ex-
perimental Forest Range (TEFR) ‘Petro-
han’, managed by University of Forestry
— Sofia. The test site comprises the whole
territory, with a total area of 7192 ha sit-
uated in the Western Balkan Mountain,
north of the capital of Sofia. The forest
areas are among the oldest, where its
management took place for the first time
in 1893 (University of Forestry 2023). The
relief is steep mountainous with the low-
est point being at 350 m a.s.l., and highest
at 1900 m. Most of the territory is steep
(about 48 %), where 13 % is very steep.
Moderate continental climate is present at
the test site. The studied forest is mainly
deciduous, where the predominant spe-
cies is European beech (Fagus sylvatica
L.) that occupies 82 % of the territory,
while the coniferous forest is represented
mostly by Scots pine (Pinus sylvestris L.)
— 5.8 %) and Norway spruce (Picea abies
(L.) H. Karst.) — 4 %.
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Forest disturbances registered in
TEFR ‘Petrohan’

In January 2021, as a result of microcli-
matic conditions — thick fog combined with
precipitation and a temperature of around
0 °C, damage was caused to the forests. It
mainly resulted in branches breakage and
stems broken in the middle. The total vol-
ume of damaged forests, which are state
property managed by University of Forest-
ry, as reported was more than 115,000 m3.
The private property forests were not con-
sidered. The damaged forest areas are in
the altitude range of 550—1000 m, with the
largest share of deciduous stands being
between 750-950 m. In the areas occu-
pied by coniferous species, a relatively
even distribution of the affected areas
was observed, predominant areas are es-
tablished in the range of 650-850 m. In
the sake of unavailability of in situ, terrain,
or aerial measurements it was not possi-
ble to assess the fraction of the damaged
trees for the entire study area.

A large part (about 80 %) of the forest
area, subject of the present study, is locat-
ed on sloping and steep terrains (11-30
degrees), and this is valid for both conif-
erous and deciduous forests. Regarding
the distribution of the studied area by ex-
posure to the terrain, an approximately
equal distribution of the affected conifer-
ous plantations is observed, while areas
of shady exposure prevail in the case of
broad-leaved ones. Regarding the dis-
tribution by age classes, the most areas
of plantations between 50 and 60 years
were found for coniferous forests, while
for broad-leaved forests the largest share
of the area is those between 50 and 80,
and the data show a relatively small area
of forest stands in the range of 100-140
years. It is noteworthy that for the oldest
beech stands (>140 years) the share of

the damaged stock of state forests is over
15,000 m?.

Methodology

The methodology is based on a change
detection approach solely from C-band
SAR, derived from Sentinel-1 SAR ac-
quisitions, where to identify and quanti-
fy changes in the forest structure due to
disturbances. Its emphasis is on statistical
mean estimates of the Gamma-Nought
backscatter coefficient before and after the
disaster event. It employs the existing dif-
ferences in backscatter at both cross-pol
(VH) and co-pol (VV) polarisations, repre-
sented by the normalised radar cross-sec-
tions — ‘Gamma-Nought’ (yy,,, 7o, ). Senti-
nel-1 dual-polarisation SAR has proven its
successful implementation in land cover
mapping of the natural scatterers (Abdikan
et al. 2016). Polarisation difference is also
exploited via the introduced dRVI (Trudel
et al. 2012, Mandal et al. 2020). Despite
utilisation of the different orbit direction, or-
bit averaged products are also examined
(vSy, ¥oy, dRVI). The spatial resolution
used is 10 m for all SAR products. The
considered disaster event is snowthrow
that happened in January 2021. Two
summer periods with time span from 30th
June, till 31st August are considered, for
statistical mean estimates — before the di-
saster event in 2020, and after the disaster
event in 2021. SAR data processing was
carried out both in ESA Sentinel Applica-
tion Platform (SNAP), and QGIS.

In this study detailed in situ informa-
tion was not used, because firstly it was
unavailable due to lack of terrain meas-
urements, neither any aerial nor visual
observation. Thus, it was not reasonable
to perform traditional thematic mapping of
forest disturbances with concurrent accu-
racy assessment. Nonetheless, a kind of
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such a mapping is performed in terms of
testing.

Reference data

As a reference, the forest cadastre with
disturbed forest stands is used, prelimi-
nary processed from the University of For-
estry, Department of Forest Management.
For October 2022, the activated stands for
sanitary cuts are 132, while the upcoming
ones are 69, with the total number of dis-
turbed forests stands at TEFR ‘Petrohan’,
are 201. Percentage ratio from total area
is 12.99 %, or 855.9 ha (Fig. 1).

We have no information about any
sanitary logging before the summer of

2021. Also, a forest cadastre from the
Executive Forest Agency, at TEFR ‘Petro-
han’ is downloaded and processed with
software — LESOTEST-20©, in shapefile
format, CRS: WGS84 UTM34N. Two clas-
sifications are elaborated from the output
shapefile, to represent per forest stand
the growing stock volume (m3-ha™), and
the mean stand height (or forest volume
height — h, m). Optical imagery from Sen-
tinel-2 is used as reference, before (ac-
quisition, on 22.06.2020) and after (acqui-
sition, on 27.06.2021) the disaster event,
with 20 m spatial resolution. As reference
calculated are EVI, and two spectral com-
binations — NIR-SWIR-Red (B08-B11-B04
on Fig. 2A), and RGB Natural Colours

Fig. 1. Activated (brown) and pending (beige) forest stands for sanitary cuts,
on disturbed forest cadastre at TEFR ‘Petrohan’, provided by University of Forestry.
Note: EVI2 index is used to visualise changes in forest structure, calculated from Sentinel-2

acquisition (2021-06-22), after the disaster event.
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Sentinel-2 - Natural Colours (B04-B03-B02)

0

Fig. 2A. Sentinel-2 reference imagery in two band combinations (noted in title), where:
a) before disaster — 2020-06-27, b) after disaster — 2020-06-27.

[ |

Fig. 2B. Sentinel-2 reference imagery in two band combinations (noted in title), where:
a) before disaster — 2020-06-27, b) after the disaster event of snowthrow in the winter
2020/2021.

Note: disturbed forest stands from disturbed forest cadastre are also overlaid in dark red.

(B04-B03-B02, in Fig. 2B). 2018). The bright colours recognized in

Copernicus Services HRL 2018 are Figure 2 are mostly due to reflection from
also used — Dominant Leaf Forest (DLT- the terrain, rather from the trees. The rea-
2018), and Tree Cover Density (TCD- son to appear bright in the spectral image
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from S2 is that only the stem is left from
the whole tree, with no reflection from the
leaves. In general, S2 spectral compos-
ites are only used to represent changes in
the forest before and after the disturbanc-
es. On the other hand, EVI2 also takes a
major part in the comparison analysis with
the SAR observables in the disturbed for-
est stands.

idence Angle - Near_Range = 30.45 [deg]

""" Orbit Number - #29

Edime

Test site - TEFR
.| ‘Petrohan’

Xagara
S, wutavspoinann 1

SAR data processing

Relative Orbit Numbers for GRD products
are selected, according to the assump-
tion of an equal incidence angle at the
test site. This means that for Ascending
this is N29, and for Descending is N80
(Fig. 3).

Twenty scenes were downloaded for

) ’lncidence Angle - Near Range = 30.59 [deg]

Tumoa, yenedii
\Joe 1 Siatina Bucurestl

;;;;;

~ DESCENDING, Relative
Orbit Number - #80

Tap:
3arcpa P

Test site. - TEFR
eorsd 2| ‘Petrohan’

S ANEavBpounad Ist

Fig. 3. Relative Orbit Number selection, according to the same incidence angle
at the test site, which falls in the near range of both Sentinel-1 orbits
(left: ascending, right: descending).

summer periods of 2020 and 2021 ob-
tained by both satellites — Sentinel-1A and
Sentinel-1B. In addition, to study geomet-

ric properties during leaf off eight scenes
were downloaded, single orbit only, by
Sentinel-1A (refer to Table 1).

Table 1. Number of downloaded Sentinel-1 scenes, in ascending (A) and descending (D)
orbits, for years 2020 and 2021.

2020/Before 2021/After
Month | Il NI IV V VI VIl VIl IX X XI XII. I 11 101v vve vi Vi IX X Xl Xl
S-1B 6 4 4 2 4 4 6
S-1A 4 6 2 4 2 6 4
Orbit A+D A+D D D D A+D A+D
Total 20 4 4 20

Note: in title rows — greenish points to non-disturbed forest, orange points to disturbed forest
after the disaster event; greenish background relates to summer time series, bluish — to winter

ones.
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The following processing steps are
used to elaborate the SAR time series
(ESA 2021): import GRD data in ESA
SNAP; subset to Area of interest (AQI) of
the test site; calibrate to vy, v5, ; Speck-
le filtering — R. Lee (with window size of

Speckle Filter

Terrain Flattening

SetNoDataValue

5x5 pixels); convert linear to Decibel (dB);
Terrain flattening to remove topography
(Small et al. 2010); Geocode by using
Range-Doppler; Export to GeoTIFF. Auto-
mation is performed via Graph Builder in
SNAP (Fig. 4).

Terrain
Correction

LinearTodB

Fig. 4. Processing graph in SNAP.

The reason why Gamma Nought (y°)
is preferred and used in the methodology
instead of Sigma Nought (a°), is because
y%is a normalised version of o° and there-
fore it is preferable to be utilised in moun-
tainous rugged terrain. Sigma nought
represents the raw radar backscatter co-
efficient, and its values are influenced by
various factors, as variances of the inci-
dence angle from the underlying topogra-
phy, polarisation, and surface roughness
(Abdikan et al. 2016).

During processing different averag-
ing windows in Speckle filtering are test-
ed — 5x5, 7x7, and 9x9 pixels. Also, two
types of incoherent algorithms are tested
— non-adaptive (Boxcar), and adaptive (R.
Lee). To preserve the objects geometry —
the adaptive one is implemented. As an
output a geocoded and terrain flattened
Gamma-Nought, for Ascending (ASC)
and Descending (DESC) orbits, as well as
for co-/cross-polarisations a GeoTIFF files

are produced. The dRVI index is dimen-
sionless, but in purpose of the physical in-
terpretation a conversion of linear values
in decibels (dB) is introduced.

Geometric distortions such as fore-
shortening, in general bias the interpreta-
tion of SAR observations. Foreshortening,
predominantly occurring at low values of
the local incidence angle, is a very com-
mon issue in rugged terrain. Consequent-
ly, it is imperative to exclude such areas
from analysis due to the inherent unrelia-
bility of resultant findings.

Results and Discussion

Statistical estimates are calculated via
Raster Calculator in QGIS. Also, the dRV/
is calculated, per orbit direction, using the
formula (Trudel et al. 2012):

dRVI = e (1)
Yw + Vv
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where: Y3H— is cross-polarised Gam-
ma-Nought, v,

ma-Nought.

— is co-polarised Gam-

Coniferous vs broadleaf

A consistency of dRV/ with the forest type
(coniferous, deciduous) is observed in the

descriptors with the DLT-2018. The rea-
son for this is that the depolarisation of the
signal in coniferous forest is much high-
er than in the deciduous one. This leads
to higher response at ySH, rather than in
Yev . The physics behind is that the conif-
erous leaves interact more with the polar-
isation vector of the signal in lower wave-
lengths, such as C-band (Fig. 5).

Sentmel 1- DESCENDING orbit, Stat1§t1cal MEAN for the summer of 2021

0 500 1000 m
||

Fig. 5. Three SAR descriptors in DESC — orbit for the summer of 2021, where: A) yW ,
B) yVH , C) dRVI, and D) Dominant Leaf Type for 2018 (DLT-2018).
Note: consistency of dRVI with the forest type is observed, where the white patches found on
dRVI, match the coniferous forest patches (dark green) on DLT-2018.
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This leads to a change of polarisation
state and lowering the intensity of the sig-
nal. This fact is mostly observed on the
polarimetric ratios, such as dRV/I.

Differences in orbits

The resulting statistical means estimates
of the polarimetric products — descriptors
are studied for orbit differences. At the
backscatter descriptors —v), and yy,, the
geometric distortions caused by topog-
raphy (effect of foreshortening) are well
recognised but have different imprints
and depend on the orbit direction (or the
direction to Radar line of sight — RLOS)
(Fig. 6).

As reported in other studies here the
co-polarised descriptor(yy,) is much
more influenced by geometric distortions
rather than the cross-polarised (yy,)
(Dimitrov 2022). The orbit difference is
most obvious on the dRVI descriptor,

-
500 1,000 m & SEREHES IR

where the coniferous forest (see the white
patches on Fig. 6) is seen differently on
both orbits — Ascending (ASC) and De-
scending (DESC). This is because of the
different orientation of the target vector to
the RLOS.

Seasonality differences

A comparison of the different seasonality
involving the summer and winter descrip-
tors shows that in winter it is not possible
to discriminate coniferous forest from de-
ciduous one, which is obvious on dRV/ in
both orbits (Fig. 7 —A and C: dRVIin sum-
mer; B and D: dRV/ in winter).

From Figure 7, it could be concluded
that the winter multitemporal does not en-
tail sensitivity to the forest type regarding
the summer one. Despite that could be
stated that the ascending orbit multitem-
poral is less influenced by the geometric
distortions (i.e. foreshortenings).

500 1,000 m =

-_—

Fig. 6. Comparison of dRVI for the summer of 2021, in — A) DESC orbit, B) ASC orbit.
Note: certain differences are observed, due to different orbit direction, hence the incidence
angle and position of the target vector to the RLOS.



Utilisation of multitemporal SAR data for mapping and statistical analysis of ice ... 149

dRVI in summ

) Loy

500 1,000 m SRR N . S 3 500 1,000 m

Fig. 7. Comparison of different seasonality, where: A) dRVI for the summer of 2020 in
DESC orbit, and C) same for ASC orbit; B) dRVI for the winter of 2020/2021 in DESC orbit,
and D) same for ASC orbit.

Note: Please, note that on the summer multitemporal mean (A and C), the forest type is indi-
cated, where white spots represent the coniferous forest. Despite that the winter multitemporal
mean (B and D) does NOT entail such a sensitivity. One of the reasons why the summer multi-
temporal is preferable.

Orbit averaging mer seasons only, by using the formulas

Following the recommendation outlined in (2, 3, and 4):
the study of Akbari and Solberg (2020) an YT _ Yot Vv )
orbit averaging is performed for the sum-
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ASC 0 DESC

= +
Yev _Yw 5 Yw ’ (3)

ASC DESC
RV = dRVI +2 dRVI , )

where: ASC — descriptors are in ascend-
ing orbit; DESC — descriptors are in de-
scending orbit.

Therefore, the geometric distortions
are slightly diminished with a smaller im-
pact on the descriptors. Backscatter in-
tensities are less biased from the speckle
effect, which leads to a smooth improve-
ment regarding the separate orbits.

Differential layers

To complete the analysis a computation
of layer differencing (or, differenced de-
scriptors), by math subtraction are cal-
culated, aiming the orbit averaged ones
for summer of 2020 (before), and for
summer of 2021 (after). The produced
four differenced descriptors — AEVI2,

Ay AV AdRVI are examined in
QGIS with disturbed forest cadastre over-
laid. Negative values are considered, due
to the assumption that the backscatter
BEFORE is higher, than after the disaster
event (Akbari and Solberg 2020, Antrop-
ov et al. 2021). This is especially true at
the cross-polarised differenced descriptor,
because of the diminished volume back-
scatter in the rest understory and low veg-
etation. In this regard, the backscatter at
the disturbed forest stands is observed to
be higher in the co-pol AyJ, , rather than
the cross-pol AyY,, -

Forest disturbances analysis with
SAR and optical data

In the analysis the disturbed forest cadas-
tre is used, provided by the University of

Forestry, Department of Forest Manage-
ment. The disturbed forest cadastre was
overlaid with the optical EVI2 layer differ-
encing (differenced descriptor — AEVI2),
from the summer of 2020 and 2021, but
also the SAR differenced descriptors —
Ay Ay AdRVI.

Therefore, the AEVI2 negative values
should be clearly related to the possible
forest loss, due to lack of vegetation in
the post-disaster period in the summer
of 2021. Instead, dark values (negative
pixels) are also found away from the dis-
turbed forest stands, which is embarrass-
ing. Reanalysis showed bias from envi-
ronmental factors that considers opposite
slopes with North aspect that leads to low
irradiation fluxes from the Sun, and differ-
ences in woods growth altitude. This had
led to specification of the wood’s devel-
opment in those areas and therefore low-
ered the values of EVI2 at the time of S2
acquisition in the summer of 2021.

This leads to the conclusion that
AEVI2’s negative values could not be
solely used for identification of the dis-
turbed forest in our case (Fig. 8).

As observed from Figure 8 the negative
values of SAR differenced layers (differ-

enced descriptors) AEVI2 and AYJ, , does
not fully identify as expected damaged
woods, where negative values in bluish
does not completely correlate with the
disturbed forest stands boundaries in red-
dish. Must be stated that the Figure 8 has
representative character about the layer
differencing results only, therefore it does
not represent identification results of actu-
al snow and ice damages. The other two

Avy, and AdRVI are less representative

and does not visually represent changes.
This is discussed in the statistical analysis
later, aiming how much they correlate with
AEVI2.
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Fig. 8. Layer differencing results (or, differenced SAR descriptors), with overlaid

Icethraw

[ Ledolem_Tenchey
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Diff_VH
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/5 2.420339
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disturbed forest cadastre (in dark reddish), where: A) AEVI2, B) AySH .

Comparison of the differenced descrip-
tors showed that SAR ones are less sen-
sitive to the differences in forest changes,
rather than AEVI2. This arise an important
question why we observe such a result?
One of the answers given is related with
the specifics of the snow and ice break-
age. On Figure 9 are represented the
damaged woods, where stem breakage
is present in general, but mixed with un-
damaged standing trees also! This leads
into two things: 1) much lower index val-
ues in EVI2 after disturbances, which also

Fig. 9. Two disturbed forest stands, both having stem breakage that is mainly observed

lead to a higher negative value observed
in AEVI2, because the lack of crowns with
needles that hold the chlorophyll; 2) small
differences in the SAR backscatter before
and after the disaster event, where after
the disaster higher dihedral with surface
scattering almost replaces volume scat-
tering before the disaster event. This is
why in this snow/ice breakage, it could
not be solely stated that SAR differenced
descriptors are more sensitive to the for-
est change, in respect to the optical one
(Fig. 9).

as a common breakage type at test area, where: A) young conifers, B) young beech.
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_ Thatls clearly observed on the follow- .o ¢ 7£vjo AYD, and AJRVI (Fig. 10).
ing Figure 10, where a zoomed in area into

the damaged forest stands is represented,

showing the two photos taken from the  giatistical analysis

damaged woods and pinned as yellow

points, including the Sentinel-2 post-disas-  Statistical analysis is performed on dis-
ter acquisitions in July 2021, together with  turbed forest stands solely. Statistically
the differenced optical and SAR descrip- it was found that the AEVI2 change cor-

N

Icethrow
©  Photos location
[ Damaged stands

S2
Diff_EVI2
Band 1 (Gray)

[ 0.268917
-0.384841

Icethrow
@ Photos location
[ pamaged stands

s2
52-BAR-2021-06-22
I Band 1 (Red)
[0 Band 2 (Green) 5
M Band 3 (Blue)
|

Icethrow
@ Photos location
[ Damaged stands

S1-orbit-Avrg

Icethrow
@ Photos location
[ bamaged stands

S1-orbit-Avrg

A A

Diff_vH Diff_dRVI
Band 1 (Gray)} Band 1 (Gray)
2.420334 3.023703

-1.873163 -2.85733

Fig. 10. A zoomed in disturbed forest cadastre with two photos taken from visited dam-
aged forest in 2021, after the disaster of snow/icethrow happened (yellow points), where:
A) the Sentinel-2 post-disaster acquisition from July 2021, showing lack of chlorophyll
in damaged forest area; the differenced descriptors are: B) AEVI2 with negative values in

bluish that truly represents damaged woods; C) Aye,_, that exhibits non-consistent posi-
tive values; D) AdRV/ .
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relates, mostly with the cross-pol — AyJ,
and least with the AdRVI (Table 2). The
last could be true, because the cross-pol
channel (VH) is clearly more sensitive to
the forest volume rather than the co-pol
and dRVI.

Applying zonal statistics instruments
via ArcGIS, represents the mean-value
changes across disturbed and non-dis-
turbed forest stands, by statistically aver-

aged values. Exceptthe Ay), whole mean
values at disturbed forest stands from the
difference layers are negative, whilst at
the non-disturbed forest stands those are
positives. Regarding SAR data_the high-
est change is observed at the AyS,, (more
than 0.2), while AdRVI certainly chang-
es its sign. Positive changes observed
at non-disturbed forest stands should be
correlated with the forest environmental
factors changes. Forest regrowth for one

year is too small to be a reason.
The ANOVA test, performed on the

mean values of the six SAR data series —

Yoy » You » dRVI from both summer periods
(i.e. 2020 and 2021), is applied to mea-
sure similarities in between. In addition,
correlation and covariance are also cal-
culated to those data series. The results
showed that for both summer periods the
dRVI differs more than the — y), and
v, . This is confirmed also on the cova-
riance estimation of both series of dRVI/
(see Table 3). Correlations between se-
ries from both years show relatively low
correlation in between, where differences
should be due to environmental changes
that influenced both summer periods, but
also the forest disturbances.

Looking for a certain indication at the
differenced SAR descriptors (i.e. AEVI2,

Ay, . AYy, . AJRVI), separation of dis-
turbed from non-disturbed forest stands
is performed, by using the available for-

est cadastre layers. Implementing zon-
al statistical tools in ArcGIS©, average
values (mean estimates) are calculated
for the differenced SAR descriptors. This
showed certain differences for disturbed
and non-disturbed forest stands (Fig. 9).
Looking at the disturbed forest, values of
the differenced SAR descriptors are much
lower, rather than those representing the
healthy forest. Highest sensitivity to the
disturbed forest is found in the changes
of mean of the cross-pol difference SAR
descriptor — Mean — . Observed change

YVH

is with more than 0.23 dB in respect to
the co-pol — Mean —, which also shows
higher change. ThIS 'leads to clear iden-
tification of forest disturbances, leading
to physical changes of forest geometry
(Fig. 11).

From both graphs on Figure 11 it could
be concluded that a certain difference is
observed between disturbed forest stands
(on A) and non-disturbed (on B). This is
a certain indication of the snow/ice break-
age (resulted from the snowthrow and ice-
throw disaster events) of the forest caus-
ing abiotic stress. Besides, the SAR differ-
enced descriptors are showing sensitivity
to this change, where more sensible is the
backscatter (i.e. Ayy, and Ay, ), rather
than the AdRVI . To point out the magni-
tude of those differences a subtraction is
made of mean-estimates without forest
disturbances (i.e. MEAN NonDisturbed)
from the disturbed ones (i.e. MEAN Dis-
turbed) (Table 4), from which it is seen
that actually most sensitive SAR descrip-

tor is namely Avy, -

Notably from Figure 11, only Mean,_ ,,
shows negative value changes in the
disturbed forest area in respect to the
non-disturbed one, which is negative but
very close to zero. To study these differ-
ences a division is performed on broadleaf
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Table 2. Correlation results from differenced descriptors from Sentinel-1 and Sentinel-2.

Coefficient of determination AEVI2 ~AE AEVI2 ~AE AEVI2 ~ AdRVI
R 0.4547 0.3436 0.2167

Note: the backscatter in both polarisations only shows some degree of similarity with the —
AEVI2.

Table 3. Statistical accuracy estimation — ANOVA, correlation, and covariance, on series
for both summer periods that constitutes from mean orbit averaged SAR descriptors.

Applied test dRVI o Tov
ANOVA 77.963 50.927 54.050
Correlation 0.7706 0.7597 0.7275
Covariance 0.2092 0.1335 0.1377

Note: tests are applied over both series from summer of 2020 and summer of 2021.

A) ABOUT FOREST STANDS WITH FOREST DISTURBANCES
S Y T U YT ) SSyuppp——
0 000028} m=mm == == {00120 == = mm o o=
MEAN Diff EVI2 MEaX Diff dRVI MEAN Diff VH MEAN Diff VV
”
rd
’f
”
Cd
-0.10887
B) ABOUT NEIGHBOURING NON-DISTURBED (HEALTHY) FOREST
0.24793[.____
-------- - "Tm---10.19645
0.10307
0 . Bt N
MEAN DiffEVI2 MEAN Diff dRVI MEAN Diff VH MEAN Diff VV

Fig. 11. Mean values of the differenced SAR descriptors and optical EVI2, statistically
averaged over forest stands, where: A) Forest stands with disturbances caused from the
icethrow disaster event; B) Non-disturbed (or healthy) forest stands nearby.

Note: Negative values are with black background. Differenced descriptors (AEVI2) and their
mean values from zonal statistics are noted as: MEAN_Diff_EVI2, MEAN_Diff_VV, MEAN_Diff_
VH, Mean_Diff_dRVI.
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Table 4. Computed differences of the statistically averaged over forest stands mean val-
ues of the differenced descriptors, between those with forest disturbances from those
without.

AMEAN

MEAN_Diff EVI2 MEAN_Diff dRVI MEAN_Diff VH MEAN_Diff_VV

MEAN Disturbed —

MEAN NonDisturbed 002374

-0.10280

-0.23553 -0.18419

- Broadleaf Icethrow
- Coniferous Icethrow

Diff_EVI2.tif

Value
- High : 0,237881

- Low : -0,363481

}N\
0 05 1 2
N km

Fig. 12. Disturbed forest stands are divided by forest type in GIS.

versus coniferous forest stands (Fig. 12).

Thus, disturbed forest stands are di-
vided by forest type in GIS, where 142
forest stands resulted as broadleaf, and
93 as coniferous ones (Fig.12). The next
statistics utilises mean estimates per for-
est stand derived from zonal statistics in
ArcGIS, from the orbit averaged SAR
descriptors, or dRV/, v, . v, ., for both
summer periods of 2020 and 2021. The
overall statistical means are calculated,
denoted again a ean-
and Meanﬁ,

for both forest types and
summer periods (Table 5).

Highest differences are observed at
Mean_... showing lower depolarisation
of the signal in post-disaster period, with
notable positive values for coniferous for-
est at both periods. This is because co-
niferous forest exhibits higher depolarisa-
tion of the signal than the broadleaf one.
It seems that differences between both
periods for the backscatter are very low,
with maximum difference of 0.054 for the

Meanf in coniferous forest. Influence

from geometrlc distortions may influ-
ence those low differences in between.

This leads to conclusion that dRVI show
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Table 5. Statistics for both summer periods, of the three SAR descriptors, in respect to
the forest type, from disturbed forest stands.

Mean M M
ean- ean
estimates Meande o Tom
Spl;r:;::’esr Broadleaf Coniferous Broadleaf Coniferous Broadleaf Coniferous
Summer 2020 -0.7851 0.3840 -13.506 -13.235 -7.093 -7.406
Summer 2021 -0.6199 0.2275 -13.477 -13.262 -7.147 -7.355

better sensitivity to changes in the struc-
ture of the forest, with better delineation
on forest type. Hereafter, the elaborated
boxplots derived from the zonal statistics
in ArcGIS in the above visually represent
the statistical distributions and mean val-
ues change, before and after the disaster
event (Fig. 13).

Due to the highest difference is for
dRVI it is shown only in the figure. Sta-

tistics for YSH and YSV are overlapping for

both periods and are not representative
for the forest change. The boxplots are
not so much representative for the forest
change, despite that mean values differ.
This is related with the already discussed
fact that before and after the disaster
event, the backscatter is high in the dam-
B dRVI_S20 /before/ B dRVI S21 /after/

dRVI [dB]
1.000 s

0.500 v

0.000
-1.000 7

-1.500

-2.000 v

-2.500

aged forest stands. Nonetheless, chang-
es are observed in between. Also, the
geometric distortions also introduce high-
er backscatter and bias the interpretation.

As a final, the following statistics are
calculated aiming to study dependencies
in age of the forest species. Analysis is
based on the disturbed forest cadastre
and the estimated mean values of the dif-
ferenced SAR descriptors (i.e. Mean
and Mean 7) (Fig. 14).

Results showed higher value diversity
of MeanAf in respect to the forest age,
having an outlier at the age of 120, where
value is 0.584. The reason could be due
to geometric distortions, which could
strongly bias the values of the Mean - in

a mountainous region. Nonetheless SAR

AEVI2

B dRVI_S20 /before/ B dRVI_S21 /after/
dRVI [dB]
0.0250

0.0200

0.0150

0.0100 1

0.0050 1
0.0000 -

-0.0050

-0.0100 T

-0.0150

Fig. 13. Statistical analysis of time series data conducted for the summer periods of 2020
(pre-disaster) and 2021 (post-disaster) for dRV/, with particular attention to variations
across different forest types, such as coniferous (left) and broadleaf (right) forests.

Note: pre-disaster period is in bluish, posts-disaster period is in orange.
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Fig. 14. Mean values change in respect to the forest age, for Ang (Mean_Diff_VH), and
AEVI2 (Mean_Diff_EVI12).

Note: for the purpose of comparability both AySH and AEVI2 are represented in linear values.

is much more sensitive to the geometry
of forest and therefore could be pointed
out that Mean — is more sensitive to the

YVH

dependency of forest age, than Mean,_, .

Conclusions

In this study a large-scale forest mapping
and statistical analysis, by employing a
C-band Synthetic aperture radar (SAR)
multitemporal approach was performed,
proving that ESA’s Sentinel-1 is fully ca-
pable to distinguish forest type and geom-
etry changes of the forest canopy.

This sensitivity plays a key role in
studying forest disturbances in temperate
forest located in rugged terrain. Study is
held in a complex forest structure, such
as Bulgarian mountainous forest in TEFR
‘Petrohan’, of University of Forestry, by
means of mean estimates from multitem-
poral SAR acquisitions (or, SAR descrip-
tors) in both orbit directions — ascending
and descending (i.e., vy, Yoy, dRVI).
A change detection approach is held, by
referencing summer periods before the
disaster in 2020 and after snow and ice
breakage in the summer of 2021, show-

ing high utilisation value of the mean es-
timates. In this manner the SAR descrip-
tors represents highest possible centre of
mass of the scattering centres, besides
this approach fully determine the forest
type, and almost fully correlates (i.e. r? >
0.91) with the reference layer from CO-
PERNICUS HRL Dominant Leaf Type
(DLT-2018).

Utilisation of the mean SAR descrip-
tors is made by referring to the optical
index (EVI2). The differenced SAR de-
scriptors  (AdRVI, AYS,, AyS,), and
the differenced optical one (AEVI2),
showed certain changes in forest struc-
ture within disturbed forest, apart from
the non-disturbed one. Statistical analysis
showed that highest change is observed
at Mean — and AEVI2, whereas most

meanmgful differenced layer is AdRVI .

Changes in coniferous forest were most
significant at the dRVI apart from the
backscatter (i.e., vy, and yJ, ). It could
be concluded that in general dRV/ shows
better sensitivity to changes in the struc-
ture of the forest, with better delineation
on forest type. It could be stated that to
study complex temperate forests in moun-
tainous regions by means of Sentinel-1
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SAR data and methods, the methodology
should rely on statistical mean estimations
in dual polarimetry (VV and VH). This ap-
proach overcomes the stochastic factors,
speckle, and geometrical distortions that
accompany SAR measurements.

It must be noted that the GRD data
products are slightly unreliable for the
purpose of the study. Improvement should
be made with the SLC data products that
hold the original speckle pattern per each
pixel, representing the original geometry
of the backscatter process. Further re-
search will include a dual-pol special case
(i.e. HH+VV), or fully polarimetric data (i.e.
HH+VV+HV), to fully represent the snow/
ice breakage via POL-SAR data.
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Abstract

The article analyses the ultrastructure and morphometric characters of cells and stomata on
the adaxial and abaxial surfaces of leaves in Populus deltoides Bartr. ex Marsh., Populus tricho-
carpa Torr. & A. Grey, Populus suaveolens Fisch. and Populus nigra cv. ltalica (Du Roi) Moench
(Salicaceae). The aim is to identify species-specific and diagnostically significant features at dif-
ferent taxonomic levels under introduction conditions. For the ultrastructure investigation, the mid-
dle part of the leaf blade was fixed on brass stubs, coated with a thin layer of gold and examined
using a scanning electron microscope. Most important features are shape, size, nature of the leaf
surface and the presence of specific structures. The density of epidermal cells and the number of
stomata on the adaxial and abaxial surface of the leaf were determined. The hypostomatous leaf
type and collenchymatous ultrastructure type were identified in P. trichocarpa and P. suaveolens,
while the amphistomatous leaf type and stomato-faveolus ultrastructure type are observed on
both leaf surfaces of P. deltoides and on the adaxial leaf surface of P. nigra cv. Italica. Morphomet-
ric traits of the leaf surface indicate a higher density of adaxial epidermal cells in P. nigra cv. Ital-
ica, P. suaveolens and P. trichocarpa compared to the abaxial surface. Structural organization of
the leaf in P. deltoides, P. nigra cv. ltalica, P. suaveolens and P. trichocarpa allows to identify these
taxa on the basis of micromorphological features and suggests their broad ecological plasticity.

Key words: abaxial surface, adaxial surface, cells, epidermis, morphometric features, stoma-
ta, stomatal index.

Introduction acting factors but also by the genetic spec-

ificity of the organism, characterized by its
The influence of the environmenton plants  ecological nature. The most flexible organ
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flects not only the eco-climatic conditions,
in which the species developed, but also
the organism’s response to the conditions
of the external environment in which the
plant is currently situated (Ishchuk 2016,
Ishchuk and Ishchuk 2018). The study of
the anatomical and morphological struc-
ture of leaves allows deeper ecological
characterization of the plant organism and
helps determine the degree of its adap-
tation to environmental conditions, espe-
cially during the process of introduction
(Gorlacheva 2010, Brailko 2014). Due to
the difficulties that arise in distinguishing
species within critical genera of flowering
plants based on a series of macro-mor-
phological leaf characteristics, data from
other studies are employed, particularly
those related to the anatomical structure
of leaves (Metcalfe and Chalk 1950, Ju-
niper 1959, Aneli 1975, Carolin, 1980,
Chakrabarty and Mukherjee 1986, Shetler
and Morin 1986, Barthlott et al. 1998).
Waxes are an essential structural element
of the surface and of fundamental func-
tional and ecological importance for the
interaction between plants and their envi-
ronment (Barthlott et al. 1998).

Such studies are particularly relevant
for the identification of hybrids within ge-
nus Populus, whose leaves are morpho-
logically very similar. Researchers have at-
tributed crucial importance to the features
of the ultrastructure of the leaf surface as
diagnostic criteria for distinguishing taxa
and understanding the ecological charac-
teristics of species (Chen et al. 2008, Su
et al. 2009). Characters, such as shape,
size and density of stomatal complexes,
were very useful in differentiating Salix
species. Variation in features of stomatal
apparatus in Salix is wider than previous-
ly known. Moreover, the type of stomatal
complex proved to be very helpful in dis-
criminating Chosenia Nakai as members

of genus Salix (Ghahremaninejad et al.
2012). Leaf ultrastructure is also closely
associated with drought resistance of spe-
cies (Mytyna 2007, Ishchuk 2017, Ishchuk
and Ishchuk 2019) and resistance to pol-
lution by dust and heavy metals (Ishchuk
et al. 2018, Ishchuk and Ishchuk 2020).

American scientists (Russin and Evert
1984) studied the vascular system and
the spatial relationship of various orders
of vascular bundles to the moesophyll of
P. deltoides leaves in field conditions and
in special growth chambers. They found
that the adaxial and abaxial parenchyma
of isolateral leaves grown in growth cham-
bers had thinner lobes, a greater propor-
tion of air space and greater interveinal
spacing than in field-grown plants.

Chinese researchers, analysing the
anatomical structure of leaves in polyploid
hybrids of P. ussuriensis Kom., found that
tetraploid hybrids were characterized by
the thickest leaves, epidermis, columnar
parenchyma tissues and the ratio of co-
lumnar to spongy parenchyma tissues
compared to diploid hybrids of this spe-
cies (Chuan 2010).

Therefore, the goal of our study was to
establish the features of the ultrastructure
of leaf epidermis in introduced species
and hybrids of Populus deltoides Bartr.
ex Marsh., Populus trichocarpa Torr. &
A. Grey, Populus suaveolens Fisch. and
Populus nigra cv. ltalica (Du Roi) Mo-
ench., and to identify the species-specific
and diagnostic significance of these char-
acteristics at various taxonomic levels un-
der introduction conditions.

Materials and Methods
The material for the study consisted of

leaves from the middle part of the crown
of young 8-10-year-old plants of Popu-
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lus deltoides, Populus nigra cv. ltalica,
Populus suaveolens and Populus tricho-
carpa from the collection of the Botanical
Garden of Bila Tserkva National Agrari-
an University. The studied species come
from different regions of the globe. The
natural range of P. deltoides occupies
the eastern regions of North America, P.
trichocarpa — the western part of North
America, P. suaveolens — Eastern Siberia,
Mongolia and Northern China, P. nigra cv.
Italica is the territory of Central and Asia
Minor (Ishchuk 2019). For the ultrastruc-
ture investigation, the middle part of the
leaf blade was fixed on brass stubs and
coated with a thin layer of gold. The sur-
face ultrastructure was examined using
a scanning electron microscope (SEM)
JSM-6060 LA. Digital images were cap-
tured with an AxioCam MRc-5 camera
and processed using the Axio Vision 4.8
software. The study was conducted with
five replicates. The ultrastructure of the
leaves was described using the common-
ly accepted methodology and terminology
(Aneli 1975). Among the external charac-
teristics, most important were shape, size,
surface characteristics of the leaf and the
presence of specific structures. According
to Barthlott and Wollenweber (1981), pri-
mary and secondary structures of the leaf
epidermis are distinguished.

The primary structure is determined
by:

- General outlines of cells in the para-
dermal plane (isodiametric or elongated);

- Shape of the external periclinal wall
(convex, concave, flat);

- Shape of anticlinal walls (straight,
wavy, thickened, not thickened);

- Outlines of visible cell boundaries on
the surface.

The secondary structure is primarily
determined by the morphological features
of the cuticle (Barthlott and Wollenweber

1981). Following the widely accepted
botanical terminology (Stern and Morris
1992), in cells of elongated shape, the an-
ticlinal walls farthest from the cell centre
are referred to as distal, while those closer
to the cell centre and perpendicular to the
distal walls are termed proximal.

The quantity of cells per 1 mm? of the
adaxial and abaxial epidermis of the leaf
was determined. If the quantity of cells
on the adaxial surface is less than 400
and on the abaxial surface is less than
600 per 1 mm?, they are considered very
large. If the quantity of cells on the adax-
ial surface of the epidermis is between
401-900, and on the abaxial surface is
between 601-1350 per 1 mm?, these cells
are classified as large according to the au-
thor’s classification. Cells of medium size
on the adaxial surface may be present in
guantities of 901-1600 per 1 mm? on the
adaxial surface and 1351-2400 on the ab-
axial surface. Conversely, cells in quanti-
ties of 1601-2500 on the adaxial surface
and 2401-3750 per 1 mm? are considered
small, and if their quantity is even greater,
the author considers them very small.

If the quantity of stomata per 1 mm? on
the adaxial surface of the leaf is less than
10, they are classified as solitary; if they
are between 11 and 100, it is considered
small quantity; 101-150 is an average
quantity; 151-250 is a large quantity, and
above 251 is considered very large. For
the abaxial surface, if the quantity of sto-
mata is less than 100 per 1 mm?, their siz-
es are classified as very small; 101-160
as small; 161-250 as medium; 251-360
as large; 361-490 as very large, and
above 491 as extremely large stomatal
quantity.

The quantity of stomata was deter-
mined in the microscope field by counting
per 1 mm? of the epidermal surface. The
stomatal index was expressed as the ratio
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of the quantity of guard cells of stomata
to the total quantity of epidermal cells, in-
cluding both guard cells and other epider-
mal cells, on the same area, expressed as
a percentage by formula (1)

,_100-2n
2n+m’

(1)

where: [ is stomatal index, %; n is quantity
of guard cells of stomata per 1 mm?; mis
total quantity of epidermal cells per 1 mm?
(including guard cells and other epidermal
cells).

The statistical analysis of the obtained
data was performed using the Microsoft
Excel software application.

Results

Among the species of genus Populus,
we investigated the ultrastructure of the
leaf surfaces of four species: P. deltoides,
P. nigra cv. ltalica, P. suaveolens and P.
trichocarpa, the descriptions are provided
below.

The projections and outlines of epider-
mal cells vary: in the region of vascular
bundles, cells with elongated projections

and straight outlines are observed, while
above the moesophyll, cells are angular
(four- to five-sided) with straight, uniform-
ly thickened anticlinal walls. The external
periclinal walls are characterized by a
granular texture. The surface relief is re-
ticulate, and the subtype is reticulate-com-
minuted. The cuticle is well-developed,
and the epicuticular wax is represented
by flakes.

For P. deltoides, the leaf is charac-
terized by an amphistomatous structure,
with paracytic and anomocytic stomata
evenly distributed on both surfaces of the
leaf blade at the same level as the main
epidermal cells. The adaxial surface of
the leaf blade of this species is reticulate
(Fig. 1).

In P. deltoides, the abaxial surface
is structurally similar to the adaxial one
(Fig. 2) but differs primarily in a more pro-
nounced wrinkling of the cuticle compared
to the adaxial surface.

For P. nigra cv. ltalica, the leaf is char-
acterized by an amphistomatous type,
with anomocytic and paracytic stomata
evenly distributed on both upper and low-
er epidermis of the leaf blade, at the same
level as the main epidermal cells. The ad-

Fig. 1. Ultrastructure of the adaxial epidermis of the leaf blade of P. deltoides:
1 — anticlinal walls of epidermal cells, 2 — periclinal walls of epidermal cells,
3 — stomata, 4 — stoma, 5 — epicuticular wax.
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Fig. 2. Ultrastructure of the abaxial epidermis of the leaf blade of P. deltoides:
1 — anticlinal walls of epidermal cells, 2 — periclinal walls of epidermal cells,
3 — stomata, 4 — stoma, 5 — epicuticular wax.

axial epidermis of the investigated hybrid
is characterized by a reticulate-comminut-
ed subtype of relief with deeply concave
periclinal walls of cells and a granular ul-
trasculpture (Fig. 3).

The cell boundaries are on the adax-
ial surface of P. nigra cv. Italica distinct.
Projections and outlines of epidermal cells
vary: in the area of vascular bundles, cells
with elongated projections and straight
outlines are observed, while above the
mesophyll, cells are angular (triangular,
quadrangular) with straight, thickened
anticlinal walls. The cuticle is well-devel-

oped. Epicuticular wax is represented by
wax flakes and wax plates.

In the studied hybrid P. nigra cv. ltalica,
the abaxial surface differs from the adax-
ial one. On the abaxial surface there are
stomata of the paracytic type. On the ab-
axial surface of the leaf, epidermal cells
are not clearly visible. Abaxial epidermal
cells have sinuous outlines and spread
projections above the mesophyll, with sin-
uous outlines and elongated projections in
the region of the midvein. The surface re-
lief is colloquially ostiate (Fig. 4). The wax
is represented by wax flakes.

Fig. 3. Ultrastructure of the adaxial epidermis of the leaf blade of P. nigra cv. Italica:
1 — anticlinal walls of epidermal cells, 2 — periclinal walls of epidermal cells, 3 — stomata,
4 — epicuticular wax.
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Fig. 4. Ultrastructure of the abaxial epidermis of the leaf blade of P. nigra cv. Italica:
1 — stomata, 2 — wax.

Leaf of P. suaveolens is hypostomatic,
with paracytic stomata evenly distributed
on the abaxial surface of the leaf blade,
at the same level as the main epidermal
cells. The adaxial surface of the leaf blade
of the studied species is collicular. Cell
boundaries are clear (Fig. 5).

Projections and outlines of epidermal
cells vary: in the area of vascular bun-
dles, cells with elongated projections
and straight outlines are observed, while
above the moesophyll, cells are angular
(triangular, quadrangular) with straight,
non-thickened anticlinal walls. External
periclinal walls are convex, thin, charac-

terized by smooth texture. The cuticle is
well-developed. Epicuticular wax is repre-
sented by wax plates.

In P. suaveolens, abaxial surface of the
leaf differs from the adaxial one. Cells of
the abaxial epidermis are characterized
by winding outlines and spread projec-
tions over the moesophyll, while in the
area of the midrib, they have winding out-
lines and elongated projections. Stomata
are of the paracytic type. Closing cells of
stomata are characterized by a distinctly
striate cuticle, whereas the periclinal walls
of the main epidermal cells are character-
ized by a smooth cuticle (Fig. 6). The relief

3

Fig. 5. Ultrastructure of the adaxial epidermis of the leaf blade of P. suaveolens:
1 — anticlinal walls of epidermal cells, 2 — periclinal walls of epidermal cells,
3 — epicuticular wax.
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Fig. 6. Ultrastructure of the abaxial epidermis of the leaf blade of P. suaveolens:
1 — anticlinal walls of epidermal cells, 2 — periclinal walls of epidermal cells,
3 — stomata, 4 — cuticle, 5 — wax.

of the surface is colloquial. The periclinal
walls of the cells are characterized by a
smooth texture. Epicuticular wax is repre-
sented by wax granules and wax plates.
The leaf of P. trichocarpa is hypos-
tomatic, with paracytic stomata (socio-
vate-like according to Aneli 1975), evenly
distributed on the abaxial surface of the
leaf blade, at the same level as the main
epidermal cells. The adaxial surface of the
leaf blade of this species is collicular. Cell
boundaries are clear (Fig. 7). Projections
and outlines of epidermal cells vary: in the

region of vascular bundles, there are cells
with elongated projections and straight
outlines, while above the moesophyll,
cells are angular (triangular, quadrangu-
lar) with straight, non-thickened anticlinal
walls.

The external periclinal walls of P. tricho-
carpa cells are convex, thin and charac-
terized by a smooth texture. The cuticle is
well-developed. The relief is collicular. The
periclinal walls of epidermal cells have a
smooth texture, and the anticlinal walls are
not raised or thickened. The epicuticular

Fig. 7. Ultrastructure of the adaxial epidermis of the leaf blade of P. trichocarpa:
1 — anticlinal walls of epidermal cells, 2 — periclinal walls of epidermal cells,
3 — epicuticular wax.
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wax is represented by wax granules.

In P. trichocarpa, the abaxial surface
differs from the adaxial one. The cells of
the abaxial epidermis are characterized

by wavy outlines and projections spread
over the moesophyll, with wavy outlines
and elongated projections in the region of
the midvein (Fig. 8).

Fig. 8. Ultrastructure of the abaxial epidermis of the leaf blade of P. trichocarpa:
1 — anticlinal walls of epidermal cells, 2 — periclinal walls of epidermal cells, 3 — stomata,
4 — epidermal cells in the area of the central vein, 5 — trichomes, 6 — cuticle.

The stomata in P. trichocarpa are of the
paracytic type. The closing cells of the sto-
mata are characterized by a distinctly stri-
ate cuticle, while the periclinal walls of the
main epidermal cells are characterized by
a smooth cuticle. Leaf veins are covered
with trichomes. The “hooks” are two-celled,
formed by an isodiametric basal cell and a

long distal cell. The surface relief is collicu-
lar, and the periclinal walls of the cells are
characterized by a smooth texture.

Thus, the ultrastructure of the adaxial
surface in P. suaveolens and P. trichocar-
pa is of the collicular type, while in P. del-
toides and P. nigra cv. ltalica, it is of the
reticulate type (Table 1).

Table 1. Characteristics of the ultrastructure of the leaf surface of species and hybrids
of the genus Populus.

The type or sub-

Anticlinal walls Periclinal walls

type of the ultra-

Species structure of the Cell shape t:‘atl': re _Of level level UIItr:l-
surface ickening sculpture
________________ Adaxial epidermis
reticulate type . .
. ) uniformly  considerably
P. deltoides reticulate-faveolus  polygonal ) concave granular
thickened elevated
subtype
P . nigra - cv. reticulate-faveolus angular uplformly raised deeply granular
Italica thickened concave
. uniformly below peri-
P. suaveolens  collenchymatous spreading thickened clinal walls convex granular
P. trichocarpa  collenchymatous angular not thick- bglow pert- convex smooth
ened clinal walls
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The type or sub- Anticlinal walls Periclinal walls
. type of the ultra-
Species structure of the Cell shape t::-at:re-Of level level u|lt,-ta.
surface ickening sculpture
_______ ) Abaxial epidermis
reticulate type re- uniformly  considerabl
P. deltoides ticulate- faveolus polygonal ) Y Y concave granular
thickened elevated
subtype
P. nigra cv. collenchyma- elongat- uniformly below peri-
. ) ed-spread- ) . convex granular
Italica tous-coriaceous ing thickened clinal walls
. . smooth,
. uniformly below peri-
P. suaveolens  collenchymatous spreading ) - convex stream-
thickened clinal walls . .
wise-wrinkled
not thick-  below peri- stream-
P. trichocarpa  collenchymatous spreading - P convex  wise-wrinkled,
ened clinal walls smooth

Morphometric characteristics of the
ultrastructure of leaf surfaces in species
and hybrids of Populus indicate a higher
density of adaxial epidermal cells in P.
nigra cv. ltalica, P. suaveolens, P. tricho-
carpa compared to the abaxial surface

(Table 2). The stomatal index values in
P. deltoides and P. nigra cv. ltalica, with
an amphistomatous leaf type, indicate
that the number of stomata on the ad-
axial surface is less than on the abaxial
surface.

Table 2. Morphometric characteristics of the ultrastructure of leaf surfaces in species and
hybrids of the genus Populus.

Adaxial epidermis

Abaxial epidermis Stomatal index, %

Species, number of number of number of number of adaxial abaxial
hybrid cells per stomata cells per stomata  epider- epider-
1 mm? per 1 mm? 1 mm? per 1 mm? mis mis
P. deltoides 1561.1 £11.8 109.1 £t0.45 1918.1 +21.42 191.8+0.65 12.3 16.7
ﬁéfi’ga Y 212301231 685065 1850.2413.2 219.040.54 6.1 19.14
P. suaveolens 1438.0 +0.74 - 1023.0+4.8 167.0 +0.48 - 24.61
P. trichocarpa 1315.0 +2.78 - 1000.0 +1.43 100.0 +0.46 - 16.7
Note: Columns 2-5 represents mean tstandard error.
The adaxial surface of the leaves of Discussion

P. deltoides, P. suaveolens and P. tricho-
carpa is characterized by cells of medium
size, while for P. nigra cv. ltalica small
cells are typical (Table 3). On the abaxial
surface, large cells are characteristic for
the leaves of P. suaveolens and P. tricho-
carpa, and medium-sized cells are typical
for P. deltoides and P. nigra cv. ltalica.

The results of the ultrastructural studies
of the leaves of P. deltoides, P. nigra cv.
Italica, P. suaveolens and P. trichocarpa
show that, overall, they are characterized
by plasticity. This is supported by studies
on the ultrastructure of P. alba L. leaves,
where parenchymal cells were elongated
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Table 3. Morphometric characteristics (mean *standard error) of epidermal cells and sto-
mata of leaves of Populus species and hybrids, pm.

Species, hybrid Epidermis Stomata
’ cell length cell width stomatal length stomatal width

Adaxial epidermis

P. deltoides 34.2£1.3 30.1£2.5 28.5 +0.62 30.85 +0.85

P. nigra cv. Italica 42.55 £2.25 36.42 +0.26 24.83 +0.7 20.11 £0.22

P. suaveolens 48.75 £2.45 25.67 +0.65 - -

P. trichocarpa 52.65 £1.25 - 31.75+0.88 - -
Abaxial epidermis

P. deltoides 26.2 £3.1 21.3 %11 37.5+1.15 28.65 +1.12

P. nigra cv. ltalica 28 +1.15 25.15 +£0.50 48.35 +2.08 36.85 +0.45

P. suaveolens 36.42 +0.75 19.45 +0.42 24.0 £+0.925 20.15 +£0.75

P. trichocarpa 40.44 +0.92 15.67 +0.66 21.45 +0.35 18.23 +0.38

in plants taken from field conditions, en-
hancing intercellular CO, exchange and
increasing photosynthetic capacity com-
pared to leaves taken from an artificial
phytotron (Lin et al. 2022). The plasticity
of leaves is also supported by the con-
clusions of Redko (1966), who, based on
moisture requirements, classified all spe-
cies of genus Populus growing in Ukraine
into three groups: xeromoesophytes
(P. alba, P. x cannescens, P. suaveo-
lens, P. tremula, P. trichocarpa), moeso-
phytes (P. nigra cv. ltalica, P. bolleana,
P. balsamifera, P. x euramericana cv.
‘Serotina’), moesohygrophites (all other
Euro-American hybrids).

For P. suaveolens and P. trichocarpa,
hypostomatous leaf type is characteris-
tic, while for P. deltoides and P. nigra cv.
Italica it is amphistomatous. The exclu-
sive presence of stomata on the adaxial
surface of the leaf might suggest adap-
tation to growth in arid habitats. Nitro-
gen-enriched anatomical changes in the
leaves and adjustments of stomatal be-
haviour during drought stress in Populus
species lead to reduced water loss and
improved plant growth during dry peri-
ods (Lu et al. 2019). Positive correlations
between biomass production and abaxi-

al stomatal density were observed in the
leaves during the third growing season
of the second rotation of high-density P.
deltoides and P. nigra coppice (Al Afas et
al. 2007). Researchers also note that in P,
deltoides and P. nigra plants, the spongy
parenchyma layer was thinner than the
palisade layer, indicating their resilience
to drought. Regarding stomatal density on
the abaxial surface of the leaf epidermis,
there is a pattern where species with a
more southern origin tend to have fewer
stomata per unit area of leaf epidermis.
According to the stomatal density scale
on the adaxial surface of leaves in P. nigra
cv. ltalica has low stomatal density, while
P. deltoides has medium stomatal density.
On the abaxial surface of the leaves in P,
trichocarpa, the density of stomata is low,
while the rest of the studied species have
an average density of stomata. Studying
the anatomical structure of P. deltoides
hybrids in the southern mountainous re-
gions of China, scientists found that the
stomatal density of maternal and parental
individuals in the upper and lower parts of
the leaf epidermis varied in proportions
ranging from 0.08 to 0.55 (Liu et al. 2018).
Our studies on leaves of the parental indi-
vidual P, deltoides showed a stomatal den-
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sity of 0.12 on the adaxial side and 0.16
on the abaxial side, which coincides with
research conducted in China. Analysis
of quantitative characters of leaf surface
ultrastructure suggests that species orig-
inating from a warmer climate (P. tricho-
carpa, P. suaveolens, P. nigra cv. ltalica)
exhibit higher density of adaxial epidermal
cells compared to the abaxial ones.

All these patterns, in our opinion, in-
dicate the adaptation of species of more
southern origin (P. nigra cv. ltalica, P.
suaveolens and P. trichocarpa) to reduce
transpiration, enhancing their drought re-
sistance. At the same time, species like P.
deltoides and P. nigra cv. ltalica, with an
amphistomatous leaf type, appear to be
more environmentally flexible and occupy
a much broader range, both in nature and
in cultivation in Ukraine.

Conclusions

Leaves of Populus species are morpho-
logically very similar and, therefore, it is
quite difficult to identify them. It has been
observed that P. nigra cv. Italica and P.
deltoides exhibit an amphistomatous leaf
type, while P. trichocarpa and P. suave-
olens have a hypostomatous leaf type.
The ultrastructural type is collicular in P.
suaveolens and P. trichocarpa, while it is
reticulate-complex in P. nigra cv. ltalica
and P, deltoides. The shape of cells on the
adaxial surface is similar in P. trichocarpa
and P. nigra cv. ltalica. Periclinal walls of
leaf cells in P. nigra cv. ltalica, P. suaveo-
lens and P. deltoides on the abaxial sur-
face are granular, while in P. trichocarpa
they are smooth. Trichomes are charac-
teristic only for the veins of P. frichocarpa
leaves on the abaxial surface, in the rest
of the studied species, trichomes are ab-
sent on both leaf surfaces.

In all examined samples, except for P,
trichocarpa, the epidermal cells of the ad-
axial surface of the leaf and, in the case
of P. nigra cv. ltalica and P. deltoides, the
abaxial surface of the leaf, are of medium
size. Medium-sized epidermal cells are
characteristic of the adaxial surface of P,
trichocarpa. Large epidermal cells are typ-
ical for P. suaveolens and P. trichocarpa.

The structural organization of ele-
ments, including number of cells, their
sizes, number and arrangement of sto-
mata and covering tissues of the leaves
of P. deltoides, P. nigra cv. ltalica, P. sua-
veolens and P. trichocarpa, helps identi-
fy these species based on morphometric
features. It demonstrates their wide eco-
logical plasticity and ability to adapt to var-
ious changing environmental conditions,
including those encountered during intro-
duction or cultivation.
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Abstract

Aboveground litterfall plays a key role in carbon and nutrient cycling in forest ecosystems.
In this study, data are obtained about basic aboveground litterfall parameters and quantity of
common beech (Fagus sylvatica L.) in Vitinya permanent sample plot for intensive monitoring.
The litterfall was sampled and assessed in three individual fractions — foliar fraction (F), wood
fraction (W) and fruits and seeds fraction (FS). It was established that annual total biomass of
aboveground litterfall varies in wide range from 390 up to 787 g-m?2. The most dynamic fluctu-
ations in the quantity are found in the F fraction of total biomass that falls annually on the soil
surface. For 2022, the average amount of F fraction was 363 g-m2, which represents 59 % of the
total biomass of litterfall. The reaction of litterfall in the studied fractions for the observed period
remains in the acidic spectrum. In the individual fraction’s concentrations of basic cations, such as
calcium and magnesium, are assessed as low. The obtained data show increasing trend of trace
elements, such as iron, manganese, copper, and cadmium in F fraction. Very high concentrations
of manganese and cadmium were found in all fractions of the aboveground litterfall. For manga-
nese the average value in F fraction was 4373 ug-g™' and for cadmium in FS fraction — 388 ng-g™.
Both obtained concentrations exceed the upper limit of these elements specified in the ICP For-
ests Manual for common beech litterfall fractions.

Key words: beech litterfall, intensive monitoring, litterfall fractions, litterfall pH, nutrients, trace
elements.

Introduction

Litterfall is a key parameter linking trees
to water transfer and soils in the biogeo-
chemical cycle of terrestrial ecosystems
(Pitman 2013, ICP Forests Manual 2020).
The aboveground litterfall introduces most
of soil organic carbon content into the soil
(Sayer 2006), which allows forecasting
the retention of org. C in the soils (Liski

et al. 2005). According to Schleppi et al.
(2007), the total mass and chemical com-
position of the litterfall are important for
assessing the nutrients in forest soils. The
magnitude of litterfall production is a cru-
cial estimate for predicting the terrestrial
carbon budget (Li et al. 2019).

Litterfall in forest ecosystems is the
most important resource of soil organic
matter and soil nutrients (Gairola et al.
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2009) and therefore its quantity maintains
the soil fertility (Meier et al. 2005, Zhang
et al. 2014). It is estimated that in for-
ests, litterfall can introduce approximate-
ly 18 Pg C per year to the soil surface.
That amount of org. C is about one-third of
the annual C uptake (Zhao and Running
2010, Malhi et al. 2011). The quality and
quantity of litterfall production in temper-
ate forests significantly affect the carbon
and nutrient cycling (Xu et al. 2004, Roig
et al. 2005, Neumann et al. 2018). Litter
decomposition rate can determine the
amount of organic matter input to forest
soils (Vesterdal et al. 2008). In addition,
soil's physical and chemical properties,
microbial activity and diversity of soil mi-
croorganisms are directly and indirectly
influenced by the litterfall (Wang et al.
2008, Farooq et al. 2022).

Long-term observations on above-
ground litterfall can help to understand its
impact on different ecosystem processes
and how forest tree species are adapt-
ing to these changes. (Bhatti and Jassal
2014). The annual quantification of the dif-
ferent litter fractions can indicate the stand
reaction to short and long-term weather
fluxes (Broadmeadow 2002). Assessing
aboveground litterfall and its basic param-
eters can help in modelling and predict-
ing terrestrial ecosystem dynamics (Liski
et al. 2005). It is important to note that
for deciduous species, litterfall collection
throughout one year and sorting it is prob-
ably the most accurate way of measuring
total leaf area produced (Bréda 2003).

One of the world’s largest biomonitor-
ing networks, which provide information
on forest condition, air pollution, climate
change and biodiversity over the last 30
years, is International Co-operative Pro-
gramme on Assessment and Monitoring
of Air Pollution Effects on Forests (also
known as ICP Forests). The observations

of forest conditions are carried out on 2
levels. Level | (large-scale representative
monitoring on a systematic network) aim to
provide a periodic overview of the spatial
and temporal variation of forest condition
in relation to anthropogenic and natural
stress factors (in particular air pollution).
Level Il (intensive monitoring on a num-
ber of selected permanent observation
plots) aim to gain a better understanding
of the cause-effect relationships between
the condition of forest ecosystems and
anthropogenic, as well as natural stress
factors (in particular air pollution).

In Bulgaria, as part of the European
Forest Ecosystem Monitoring Network,
the parameters of aboveground litterfall
and soil solution sampled by tension lysim-
eters are measured at 3 permanent sam-
ple plots (Level Il) for intensive monitoring
—‘Vitinya’, “Yundola’ and ‘Staro Oryahovo’
(Kolarov et al. 1999-2002, Malinova et al.
2003). The surveys on intensive monitor-
ing in the country until 2019 are carried
out in accordance with instructions of ICP
Forests (1986—2016). Since 2020 update
in Part Xl Sampling and Analysis of Lit-
terfall, new rules are applied in assessing
the aboveground litterfall (ICP Forests
Manual 2020).

The aim of the study is to quantify
aboveground litterfall production by frac-
tions and its chemical composition in Vit-
inya permanent sample plot for intensive
monitoring of common beech (Fagus syl-
vatica L.) forest ecosystems. The basic
parameters of litterfall and their annual
dynamics were observed and assessed
for the period 2011-2022.

Subject and Method

Vitinya permanent sample plot is set in
the Western Balkan Range, on the terri-
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tory of Vitinya State Hunting Enterprise
(42°46'12" N and 23°45'36" E). The per-
manent sample plot is located in the mid-
dle mountain subarea (Koleva-Lizama
2002), which is characterized by a moun-
tain climate.

It was selected as representative for
the common beech forests in Bulgaria
(Kolarov et al. 2002) at an altitude 1145 m
a.s.l. The soil is developed on metamor-
phic bedrock — gneiss. It is well-known
fact that gneiss tends to lead to acidic,
poorly developed soils and the soil unit
in Vitinya permanent sample plot area is
classified as Dystric Cambisols.

Aboveground litterfall was collected in
5 traps, set under the beech forest can-
opy, each with an area of 1 m? The bi-
omass in the litterfall traps was collected
every two weeks. The litterfall was sorted
into three different fractions — foliar frac-
tion (F), wood fraction (W) composed of
bark, branches and twigs and fruits and
seeds fraction (FS).

Sampling and laboratory analyses of
the observed parameters were carried
out by the Executive Agency for the En-
vironment at the Bulgarian Ministry of

Environment and Waters. The survey of
aboveground litterfall is carried out in con-
nection with the implementation of ‘The
International Co-operative Programme
on Assessment and Monitoring of Air Pol-
lution Effects on Forests under the Con-
vention on Long-range Transboundary Air
Pollution of the United Nations Economic
Commission for Europe’ (Level Il).

The obtained data in Vitinya perma-
nent sample plot are compared to the
indicated minimum and maximum values
for the different parameters of litterfall ac-
cording to ICP Forests Manual (2020).

Results and Discussion

The aboveground litterfall in the forest
ecosystems is composed mainly of differ-
entamounts of foliage, branches, bark and
reproductive organs. Usually, foliage litter-
fall occupies a major fraction of total litter-
fall (Liu et al. 2003). In Vitinya permanent
sample plot for intensive monitoring of Fa-
gus sylvatica ecosystem the total mass of
aboveground litterfall has been observed
for the period 2011-2022 (Fig. 1). The re-
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Fig. 1. Biomass of the aboveground litterfall by fractions for the period 2011-2022.
Note: F — foliar fraction, W — wood fraction, FS — fruits and seeds.
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sults showed that annual total biomass
of aboveground litterfall varies widely be-
tween 390 and 787 g-m2. The quantity of
the individual aboveground litterfall frac-
tions determines the annual dynamics of
the total biomass.

In Vitinya permanent sample plot the
annual foliar fraction of the aboveground
litterfall comprised 54-91 % of the total
biomass of the litterfall. This considerable
variation in the percentage content of the
foliar fraction of the total amount of litter-
fall could be explained by microclimatic
conditions in the stand. Park et al. (2020)
pointed out a narrower range of variation in
deciduous stands for foliar fraction, which
comprised 60 % up to 69 % of the total lit-
terfall, while Petritan et al. (2020) reported
that 66 % of the litterfall was composed
of beech leaves. Fruit and seeds fraction
(FS) also varies considerably between
4 % and 41 % of the total biomass of the
litterfall that fall into the litter traps every
year. The amount of wood fraction (W)
varies within narrower limits (4—18 %) de-
pending on the season and was the least
abundant in the litterfall. The maxima of
aboveground litterfall for the deciduous
trees varies in wide range according to
tree species from early fall to early winter.
For Fagus sylvatica the main peaks are
due to leaf fall and usually occur in Oc-
tober or November (Bou et al. 2015). In
2022, for Vitinya permanent sample plot
the maximum of total biomass of litterfall
and foliar fraction was recorded within 1
month. It was in October, in contrast to the
previous two years, when the maximum
was recorded in November. Fractions W
and FS are traditionally poorly represent-
ed in the total biomass of the litterfall. Re-
garding their distribution by months, these
fractions have more significant amounts in
the late spring and autumn.

The data show that wood fraction

was in high amounts at the beginning of
the vegetation season — April and in the
end — September. The largest amount of
fruits and seeds fraction was established
in September—October.

Table 1 presents the chemical char-
acteristics of the aboveground litterfall by
fractions in 2022.

The data in Table 1 show that pH,,,.
by fractions for 2022 remain in strongly
acidic spectrum. In general, it should be
noted that the pH values indicate stabili-
ty (Fig. 2) over time. The pH of F fraction
changes very slightly. For this fraction,
similar values were obtained in 2022 but
lower than in the previous years. The re-
action is more acidic compared to the one
in 2021. The same applies to the FS frac-
tion. In 2019, the lowest pH values for FS
fraction were obtained, but it should be
considered as random event. For W, the
values are higher compared to 2021. For
this fraction, high average values were
obtained in 2016 and 2017, which can be
accepted as accidental.

The reaction of the FS fraction showed
a wider range of variation but is in the
acidic spectrum throughout the observed
period.

In 2022, the nitrogen content in the
F fraction is assessed as low and close
to the minimum values specified in the
ICP Forests Manual (2020) for common
beech litterfall (Table 1). For the period
2011-2022, it varies within the limits of
the minimum and maximum values spec-
ified in manual and this is an indicator of
good nitrogen uptake. The same applies
to the amount of sulphur, which are low in
all three fractions.

The nitrogen content of the
aboveground litterfall for 2022 was as-
sessed as average — it was in the range
between the lower and upper limits spec-
ified in the manual for common beech lit-
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Fig. 2. Reaction (pH,,,) of the aboveground litterfall fractions for the period of 2011-2022.
Note: F — foliar fraction, W — wood fraction, FS — fruits and seeds.

terfall (Table 1). lts quantity differs in the
individual fractions throughout the study
period (Fig. 3). It should be noted that
most significantly total nitrogen differs in
FS fraction, followed by F fraction and
most stable it is in W.

The mean org. C/N ratio also differed
in wide range in the studied fractions.

The highest mean value was obtained in
W — 70, which corresponds to the slow
decomposition of organic matter. It was
also high in fraction F — 52. FS fraction
was with the fastest decomposition rate —
org. C/N = 48.

Due to increased air pollution in the
late 20th century, the sulphur concentra-
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Fig. 3. Total nitrogen content in aboveground litterfall fractions for the period
of 2011-2022 and ICP Forests criteria.
Note: F — foliar fraction, W — wood fraction, FS — fruits and seeds.
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tions in deciduous litterfall are monitored
in the forest monitoring system.

According to several authors (Koptsik
et al. 1998, Michel and Seidling 2017), the
high concentrations of sulphur in the lit-
terfall are associated with more intensive
acidic atmospheric depositions.

The obtained data showed that the sul-
phur concentration in the aboveground lit-

terfall from Vitinya permanent sample plot
for the observed period was between the
minimum and maximum limits (Fig. 4). A
decreasing trend of sulphur concentrations
in F fraction is observed since 2011. The
obtained data for 2022 (Table 1) shows
that sulphur concentrations are low and
very close to the minimum concentrations
specified in the ICP Forests Manual (2020).

3

N

BF oW

mFS

-
1

Sulfer content, mg-g-'

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 min

Year

max
ICP
Forest

Fig. 4. Sulphur concentration in aboveground litterfall fractions for the period
of 2011-2022 and ICP Forests criteria.
Note: F — foliar fraction, W — wood fraction, FS — fruits and seeds.

The quantity of macronutrients in litter-
fall play a crucial role in their re-entry on
the soil surface. The content of phospho-
rus and calcium in F fraction is low, as in
the previous 3 years, with values close to
the minimum. They vary slightly around
the lower limit for these elements. In W,
phosphorus and calcium are even in lower
concentrations — for phosphorus they vary
around 1.0, and for calcium — below the
limit of determination of the method (less
than 3.0 mg-g™"). The results obtained in
2022 confirm that calcium shows a clear
tendency to accumulate in the FS fraction.
In all studied fractions the concentrations

of magnesium are assessed as low. It
should be noted that potassium concen-
trations vary widely from low to high. The
low amounts of the main macro elements,
such as calcium and magnesium in the lit-
terfall is a prerequisite for low amounts in
the mineral part of the soil as well. That
can lead to more intensive process of soil
impoverishment.

As for the trace elements, such as
iron, manganese, copper and cadmium,
the negative trend from previous years is
maintained - their concentrations have in-
creased in the F fraction. This is most pro-
nounced for the more mobile elements,
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especially for manganese, which has very
high values in F fraction, exceeding the
maximum values. The concentration of
cadmium in the F and W fractions is very
high. The accumulation of cadmium in the
FS fraction exceeds the indicated upper
limit of concentration for this element.
Copper concentrations are high in F and
W fractions. It should be noted that FS
fraction accumulates very high concen-
trations of copper and lead. Their values
are close to the maximum specified in ICP
Forests Manual (2020). The accumulation
of trace elements in W and FS fractions
of the beech litterfall indicates their in-
creased concentration and mobility in the
soil solution, as well.

Conclusions

In 2022, the reaction of the aboveground
litterfall in the individual fractions remain
in the acidic spectrum. For the observed
period it should be noted that the con-
centrations of phosphorus and calcium
remain low. Higher uptake and accumula-
tion of trace elements with acidic functions
in the aboveground litterfall and the high-
er acidity obtained in all fractions indicate
ongoing acidification process of the soil
solution and vice versa. The decreasing
trend of sulphur concentrations in foliar
fraction continues. More concern are the
higher concentrations of manganese in
F fraction and cadmium in FS fraction,
which exceeds the maximum values spec-
ified in the ICP Forests Manual (2020). To
determine whether there is a contamina-
tion with these heavy metals, their con-
centrations must also be traced in the soil
depth.
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Abstract

The root endophytic fungi coexist in a mutualistic relationship within their host plants. This
study aimed to analyse the complex relationships between these plants and their fungi, revealing
insight into the abundance of microbial communities living in the root systems of distinct Pterido-
phyte species inside this protected environment in the Gunung Tukung Gede Nature Reserve,
Indonesia, and explore the potential functional roles of these fungal communities in the ecosys-
tem. The research was carried out between July 2022 and January 2023. The roots of Pterido-
phyta were sampled randomly from three stations. The environmental variables examined were
temperature, soil pH, moisture, and light intensity. The fungi were isolated and cultured in the
PDA medium, which could then be identified. There were eight genera of root endophytic fungi:
Aspergillus sp., Trichoderma sp., Phoma sp., Phialophora sp., Penicillium sp., Paecilomyces sp.,
Humicola sp., and Fusarium sp. In the designated conservation zones, this mutualistic connection
contributes to the preservation of ecosystem health and biodiversity by being essential to Pterido-
phyta’s resilience and intake of nutrients.

Keywords: conservation zone, diversity, ecosystem, mutualistic.

Introduction

Pteridophytes are essential to the ecology
and growth of terrestrial ecosystems. The
plants are seedless taxa having a vascu-
lar system, megaphylls, and spore dis-
semination as their reproductive mecha-
nism (Aros-Mualin et al. 2021). Particular-

ly in areas with high humidity, like tropical
rainforests, Pteridophytes are frequently
seen in Indonesian woods. These ancient
plants significantly impact biodiversity and
ecological stability due to their unique re-
productive strategies and widespread.
Gunung Tukung Gede Nature Reserve
(GTGNR) is a forest area with an altitude
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of 125-750 m with climate type A (tropical)
and an average rainfall of £2151 mm-yr
(Sunarti 2011). Many Pteridophyte plants
are found in the area. Information on bio-
diversity in the ecosystem at GTGNR that
has been inventoried, such as flora diver-
sity, as in the research of Djarwaningsih
(2011), who managed to find 167 species
of plants and fauna diversity, including
mammals, birds, and reptilians. Khastini
et al. (2021) reported on the diversity of
entomopathogenic fungi from this area,
but information on the diversity of root en-
dophytic fungi is still lacking.

Various symbiotic microorganisms,
known as root endophytic fungi, have
attracted increasing attention in recent
years as one of the many variables affect-
ing the health and adaptation of Pterido-
phytes. These fungi serve essential eco-
logical functions within forest ecosystems
and act as a source of germplasm with po-
tential applications in food and medicine
(Suraida et al. 2013). Root endophytic
fungi can colonise plant root tissues but
do not inhibit the growth and develop-
ment of their host plants (Sun et al. 2022).
They can increase the growth of their host
plants by optimising the absorption of nu-
trients through the structures they form or
by producing growth-regulating hormones
(Khastini 2018). They can produce sec-
ondary metabolite compounds that can
be isolated into antimicrobial compounds
and kill or inhibit pathogens (Harahap
et al. 2017). Root endophytic fungi live
in the roots and have the potential to in-
fluence plant communities (Rillig et al.
2014). Sporophytes and gametophytes
of Pteridophytes form symbiotic associa-
tions with them (Muthukumar and Prabha
2012). This mutualistic symbiosis is es-
sential for plant establishment, survival,
and health. The host plant obtains nutri-
ents from the fungi and provides a carbon

supply to them (Muthukumar et al. 2014).
One of the advantages that fungal coloni-
sation confers upon the host plant is the
enzymatic degradation of organic nutrient
sources in the soils and the subsequent
transfer of the resulting products to plants.
This is because root endophytic fungi
are widely distributed in the rhizosphere
or rhizoplane of plants growing in soils.
They can increase drought tolerance re-
sistance to soil pathogens, increase soil
aggregate stability, and increase plant
growth and vyield so that it can be devel-
oped as a biological fertilizer (Watts et al
2023). Their role is quite important, so in-
formation on the diversity of microorgan-
isms is needed.

Microhabitats play a critical role in cre-
ating the ecology of Pteridophyte commu-
nities in GTGNR. A complex interaction
of variables, such as differences in the
species mix of plants, the texture of the
soil, and the presence of nearby flora,
distinguishes these microenvironments.
Pteridophytes flourish in these varied
and dynamic environments, exhibiting
extraordinary resilience and ecological
value. Notably, they play a crucial role in
preserving the stability of the ecosystem
inside the reserve due to their capacity to
reduce water loss, primarily through the
activity of their sporophytes. Numerous
adaptive traits have developed in these
plants, including waxy cuticles on fronds
that ward off water vapor, sensitive sto-
mata that respond to variations in soil and
air temperatures, and leaf water potentials
that are influenced (Krieg and Chambers
2022). In contrast, gametophytes rely on
their capacity to endure and recover from
water fluctuation since they lack xylem, ef-
fective waxy cuticles, or stomata.

This study explores the variety of root
endophytic fungi in Pteridophytes to un-
cover what is beneath the forest floor of
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Gunung Tukung Gede Nature Reserve.
It aims to analyse the complex relation-
ships between these plants and their fun-
gi, revealing insight into the abundance
of microbial communities living in the root
systems of distinct Pteridophyte species
inside this protected environment. This
study adds to the growing knowledge
on plant-fungus interactions by concen-
trating on a particular and comparatively
unexplored ecological niche of the Pteri-
dophytes root endosphere in a biodiverse
hotspot.

Object and Method

The object of the study

Root endophytic fungi were isolated from
the Pteridophyta plant roots in GTGNR
as illustrated in Figure 1. The sampling
location was divided into three research
stations, | and Il in the eastern area while
Station Il was in the western area. It rep-
resents distinct conditions: open vegeta-
tion, closed vegetation, and near settle-
ments condition. Samples were collected
using random sampling in the plot. Plots
were determined based on a plot size of
5x5 m.

Based on observation, Station |
(Fig. 2A) is a typical open vegetation
area, was dominated by Pleocnemia ir-
regularis (C. Presl) Holttum with medium
density. There are also three other spe-
cies of Pterydophyta found in the station,
e.g., Davallia denticulate (Burm. f.) Kuhn,
Cyclosorus terminans (Wall. ex Hook.)
Shing, Christella sp. The soil texture is
loamy sand. Gnetum gnemon L. trees
planted by residents surround this station
but are not intertwined, so the Pterido-
phytes underneath get high sunlight.

Station I, with closed vegetation

(Fig. 2B), is dominated by Stenochlaena
palustris (Burm. f.) Bedd. plants with a
high density. Pleocnemia irregularis (C.
Presl) Holtt. and Adiantum tenerum Sw.
are two other species found in this sta-
tion. The soil texture is clayey loam. This
station is surrounded by Pterospermum
Jjavanicum Jungh., which is intertwined so
that the Pteridophyte below are blocked
from sunlight.

Station Ill is located near residential ar-
eas (Fig. 2C) dominated by Christella den-
tata (Forssk.) Brownsey & Jermy plants
with moderate density. The soil texture is
sandy loam. This station is surrounded by
Shorea sp. that is not intertwined so that
the Pteridophytes underneath are blocked
from sunlight.

Environmental factors

Environmental parameters such as tem-
perature, relative humidity and light inten-
sity at the sampling sites are measured
and documented using Fluke 971 Tem-
perature Humidity Meter and Digital Lux
Meter Photometer Smart Sensor AS823.
The environmental parameters can be
viewed in Table 1.

The average temperature of the coldest
month in the GTGNR s typically around
15 °C, while the average temperature of
the hottest month is around 25 °C. The
absolute minimum temperature recorded
in the area is 10 °C, and the absolute
maximum temperature is 30 °C. The
average annual temperature is approx-
imately 20 °C. Regarding precipitation,
the average monthly precipitation varies
throughout the year. The highest monthly
average precipitation is typically around
300 mm, while the lowest monthly aver-
age precipitation is around 50 mm. The
total annual precipitation is approximately
1500 mm.


https://war.wikipedia.org/w/index.php?title=Franz_Wilhelm_Junghuhn&action=edit&redlink=1
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Fig. 2. Sampling site condition: A — Station I, B — Station Il, C — Station lIl.

Table 1. Condition of environmental factor of the sampling station.

Sta- GPS coordinates Tempera-  Relative Light Soil  Soil

tion ture, °C  humidity, % intensity, lux type pH
| 6°817.16” S, 106°0'18.84" E 28 51 809.6-10? Ultisol 3.94
Il 6°8'8.22" S, 106°0'36.48” E 26 58 10.6-102 Ultisol  3.92
Il 6°838.4” S, 105°58'52.32" E 27 48 29.8-10? Latosol 6

Isolation and colonisation process
of root endophytic fungi
in Pteridophyta plant

Isolation of root endophytic fungi was
carried out using a modification of the
surface sterilisation method of Khastini
et al. (2022). About 30 root samples of
Pteridophyte were collected in each of
the stations. They were washed with tap
water to remove debris and then cut into
approximately 1 cm. The segment root
samples were washed with 70% alcohol
for 1 min, followed by a solution of NaOCI
0.1% for 15 min, and rinsed three times
using sterile water using a vortex mixer.
The sterile root segments were air-dried
overnight and then planted into PDA, pH
6.0. If mycelia growth was observed on
PDA, they were then transferred to a new
PDA. Single spore isolation is commonly
performed to obtain a pure culture of the
fungal isolate.

The pure isolates obtained were ob-
served for their morphological character-
istics macroscopically and microscopical-
ly using a compound microscope (Leica
DMS500). Macroscopic observations were

based on colony colour, colony dorsal col-
our, colony surface, fungal colony growth
diameter, and concentric circles. Micro-
scopic observations can be seen from the
presence or absence of septa on hyphae,
hyphal pigmentation, spore shape and or-
namentation, and spore stalk shape and
ornamentation (Khastini 2016). All iso-
lates were identified based on their mor-
phological characteristics (Barnett and
Hunter 1998, Seifert and Gams 2011) as
well as compared with well-identified liv-
ing cultures from the collection of Biology
Education Laboratory, UNTIRTA.

A methodical approach was used to in-
vestigate fungal growth within the root, fol-
lowed Khastini etal. (2012). Pteridophyte’s
root system was carefully removed from
the shoot. To get rid of any unnecessary
items such as soil particles attached to it,
it was first cleaned. After 20 min of clear-
ing in 10% KOH at 80 °C, the roots were
neutralised in 1% HCI for a further 20 min
at the same temperature. The roots were
dyed with a solution of 0.05% cotton blue
in 50% acetic vinegar to aid in the visibili-
ty of fungal structures. To conduct further
investigation, the roots were sectioned
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by a freezing microtome to a thickness
of 10-25 ym mounted in phenol glycerin
jelly, carefully placed on slides and exam-
ined under a light microscope (Leica DM
2500) for microscopic details.

Result and Discussion

Isolation of root endophytic fungi
associated with Pteridophyta plants

The results of the identification of root
endophytic fungi obtained as many as
21 isolates with 8 different genera of root
endophytic fungi, these are Aspergillus,

Trichoderma, Phoma, Phialophora, Peni-
cillium, Paecilomyces, Humicola, and Fu-
sarium (Table 2).

The composition of root endophytic
fungi identified at each research station
varies. Penicillium sp. and Paecilomy-
ces sp. fungi were only found at Station
I. Phialophora sp. and Phoma sp. fungi
were only found at Station Il. Humicola
sp., Trichoderma sp. and Aspergillus niger
Tiegh. were only found at Station Ill. Some
of these fungi were only found at one sta-
tion, while others were at more than one.
Aspergillus oryzae was found at stations
I and I, and Aspergillus fumigatus Frese-
nius at stations | and Ill. The difference in

Table 2. Identification results of root endophytic fungi species in Pteridophytes.

. . . Identification of root Isolate
Station  Species Pteridophytes Local name endophytic fungi code
Aspergillus oryzae (Ahl- AP
burg) E. Cohn
. . Paku andam/  Aspergillus fumigatus Fre- .
Pleocnemia irregularis Paku kapal senius. APi2
Paecilomyces sp. APi3
[ e Fusarium sp. APi4
Davalia denticulate (Burm. Aspergillus oryzae ADd1
_______ f.) Kuhn Pakutertutup Fusarium sp. ADd2
_______ Cyclosorus terminans - Penicillium sp. ACt1
. Aspergillus oryzae AC1
Chr/ste.I_Ia e Fusarium sp. AC1
Fusarium sp. BSp1
A il BSp2
Stenochlaena palusatris Paku kalakai ;ﬁg%p;i;r};zse B:E 3
- e _Phoma sp. BSp4
o . Paku andam/ . .
______ {-"Ieocnem/a"/rregular/s _ Paku kapal _I_—'usar/um“sp. BPi1
_Adiantum tenerum ___Paku suplir Fusarium sp. _Batt
Aspergillus niger Tiegh. CCd1
Christella dentata Aspergillus fumigatus
. CCd2
_______ B __Fresenius
m- Christellasp. - Trichoderma sp. cc1
Lygodium scandens L. Sw. Pakg hatg/Paku Humicola sp. CLs1
....... . .......ribu-ribu - .
Pteris multifida Poir. Aspergillus niger CPm1
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composition is due to differences in hab-
itat and vegetation type. The noted vari-
ations in endophytic fungal composition
are caused mainly by environmental vari-
ables. The interactions between soil fertil-
ity and the ecological environment shape
endophytic fungal composition. According
to studies by Min et al. (2016), this impact
indirectly affects the structure and compo-
sition of the endophytic fungus population.
Environmental factors can influence dif-
ferences in the composition of endophytic
fungi. According to Table 2, Stations | and
Il have the highest number of isolates, but
it is higher at Station | because it has a low
pH of 3.94. Station Il is stated to have low
diversity in fungal isolates. The condition
is due to two main factors, namely low hu-
midity and high pH compared to other sta-
tions. Low humidity at Station Ill can affect
the diversity of endophytic fungi that can
grow in the area. Many fungi, including en-
dophytic, have specific pH ranges within
which they can grow optimally. When the
pH level exceeds these optimal ranges, it
can inhibit their growth, leading to a lower
diversity and abundance of these species
in the environment. This phenomenon is
well-documented in Geisen et al. (2021),
where it is observed that fungi with acidic
growth preferences may be less abundant
in environments with high pH levels.
Humid weather plays an important role
in the growth of endophytic fungi. Its abili-
ty to facilitate the spread of fungal spores
through rain splashes and wind affects the
diversity of endophytic fungi that can grow.
In addition, comparisons between Station
Il and other stations show that the low hu-
midity and high pH at Station Il contribute
to the low diversity in the area. Manurung
et al (2022) stated that humid weather in-
fluences the growth of endophytic fungi.
Pteridophyte growth is significantly influ-
enced by temperature. Different species of

these plants thrive temperature ranges of
26-28 °C because they are susceptible to
temperature changes. Most Pteridophytes
grow better in moderate temperatures,
while some can adapt to colder climates,
while others perform better in warmer
climates. Temperature has a crucial role
in the growth and spread of Pteridophytes
because it influences the rate of
photosynthesis, the activity of enzymes,
and the total metabolic activities.

The pH of the soil and its surround-
ings significantly affects the development
of Pteridophytes. Different species have
varying pH requirements, with many pre-
ferring slightly acidic to neutral soils. This
preference is due to the enzymatic ac-
tivities of Pteridophytes, which are often
optimised under these pH conditions. For
example, enzymes involved in nutrient
uptake and metabolic processes are more
active in slightly acidic to neutral soils, fa-
cilitating the growth and development of
Pteridophytes (Mishra et al 2021). It can
be seen that the pH levels at each re-
search station varied, with Station | having
a low pH of 3.94, which is likely to support
a higher diversity of fungi due to its op-
timal pH conditions for the growth of the
isolated endophytes. In contrast, Station
Ill, which is stated to have low diversity
on fungal isolates, may have a higher pH
level of 6, making it less favourable for the
growth of certain endophytic fungi. This
observation aligns with the general un-
derstanding that pH plays a crucial role in
determining the growth and dominance of
these fungi.

One important aspect controlling the
growth of Pteridophytes is light intensi-
ty. Although variety may not be directly
impacted, it has a major impact on plant
development, with Station | showing the
highest plant growth due to its highest
light intensity 809.6-102 lux. According to
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Behera and Biswal (1990), the Pterido-
phyta plant is a shade plant, Pteridophyta
responds to various light intensities in a
somewhat complicated way. These plants
can tolerate various lighting situations;
however, many prefer shaded or partially
shaded settings. Desiccation may result
from exposure to too much light, whereas
photosynthesis and general development
may be hampered by inadequate light.
Pteridophytes frequently flourish in the
woodland understory, where plants get fil-
tered or dappled sunlight.

Soil moisture levels significantly in-
fluence Pteridophyte development and
dispersion. A somewhat regular range of
soil moisture content is revealed by the
soil moisture levels at stations I, I, and
[, which vary from around 48 % to 58 %.
Since they lack the drought-resistant char-
acteristics in certain higher plants, most
Pteridophytes depend on regular soil
moisture to survive. The amount of water
in the soil impacts the plant’s capacity to
absorb nutrients, exert turgor pressure,
and stay well hydrated. For the growth of
fern sporophytes, which depend on wa-
ter to distribute their reproductive spores,
adequate soil moisture is essential. It is
supported by Qian et al. (2022) that the
Pteridophytes cannot effectively manage
transpiratory water loss.

The study’s findings should be under-
stood in the context of the complex inter-
actions between pH, temperature, and
other environmental factors that influence
the growth and distribution of fungi in GT-
GNR. It is well recognised that environ-
mental elements, including soil moisture,
nutrient availability, and habitat heteroge-
neity, significantly impact fungal diversity
in addition to pH and temperature. For
instance, research conducted in cross
coastal and inland Santa Barbara Coun-
ty, California by Mordecai et al. (2012)

discovered that soil moisture significantly
impacted the fungus population’s make-
up. Similarly, Naranjo-Ortiz and Gabaldén
(2019) discovered that in a temperate
forest environment, the availability of nu-
trients and habitat heterogeneity had a
significant role in determining the makeup
of the fungal population. In order to fully
understand the study’s conclusions, it is
essential to consider the holistic interac-
tions between pH, temperature, and other
environmental variables. Comprehending
these intricate interplays is crucial in clar-
ifying the factors that influence the fungal
composition of the reserve and influenc-
ing conservation and management tactics
meant to maintain its fungal biodiversity.
We may obtain a more comprehensive
picture of the ecological processes influ-
encing fungal communities in GTGNR by
incorporating a variety of environmental
characteristics into our research.

Among the isolated endophytic fungi, a
variety of colony morphologies have been
reported (Fig. 3), ranging from Aspergil-
lus’s fluffy, cotton-like texture to Penicilli-
um’s unique powdery look. Initial insights
into the possible functional variety and
ecological functions of the detected endo-
phytic fungus linked with the Pteridophyte
can be gained from these apparent differ-
ences in colony formation. The physical
variations point to adaptations to different
ecological niches and substrate prefer-
ences, which raises the possibility of a
variety of roles these fungi may play in the
endosphere of the plant.

The isolation of endophytic fungus
from Pteridophyta plant roots has re-
vealed an interesting variety, particularly
the existence of three different species
of Aspergillus, e.g A. oryzae, A. niger, A.
fumigatus Fresenius (Fig. 3A-C). Com-
prehending the different characteristics of
various Aspergillus species is crucial for
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Fig. 3. Macroscopic picture of root endophytic fungi: A — Aspergillus oryzae,
B — A. niger, C — A. fumigatus, D — Trichoderma sp., E — Phoma sp., F — Paecilomyces sp.,
G — Penicillium sp., H — Phialophora sp., | — Humicola sp., J — Fusarium sp.

the objective of biodiversity analysis and
possible agricultural applications. A. ory-
zae is one strain of Aspergillus that has
been shown to have beneficial impacts
on plant growth and protection. This is
consistent with the results of Wen et al.
(2022), who found and effectively isolated
A. oryzae from the Paris polyphylla Sm.
rhizome in Dali. Furthermore, Galeano et
al. (2021) revealed that the endophytic
fungus A. niger 9-P showed activity as-
sociated with the development of plant
growth-promoting (PGP) features when it
was isolated from native fodder grass in
the Pantanal of Nhecolandia area. Study
conducted by Jiang et al. (2022) which
revealed the presence of the endophytic
fungus A. fumigatus, is another important

addition in providing evidence of possible
symbiotic connections.

As for the Trichoderma (Fig. 3D) the
green colonies with a glanular surface,
concentric circles, no exudate drops, and
yellowish green colony back colour. These
colonies grow rapidly, first white, and then
greenish. According to Tseng et al. (2020),
Trichoderma sp. endophytic strain en-
hances host growth and protects against
pathogen attack. Our comprehensive re-
search shows a noteworthy correlation
between Pteridophyta plants and these
fungi, adding to the growing information
about endophytic fungi.

Furthermore, the complex relationship
that exists between Pteridophyta plants
and the fungal communities that are as-
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sociated with them is strengthened by
the presence of a variety of filamentous
ascomycetes in the roots of these plants,
such as Paecilomyces sp., Penicillium
sp., Phialophora sp., Humicola sp., and
different species of Fusarium. Tseng et al.
(2020) highlight the dynamic character of
interactions between fungal species and
Pteridophyta plants, suggesting that the
two may have a mutualistic connection.
Nejad et al.’s (2022) finding of Phoma sp.
in vascular tissue adds to our knowledge
by illuminating other connections between
Phoma and Pteridophyta species.

All of these study results make a sub-
stantial contribution to understanding the
intricate connections that exist between
endophytic fungus and Pteridophyta
plants. There are developing practical
uses for this information, which goes be-
yond taxonomic considerations. As Musa
et al. (2023) have shown, Paecilomyces
lilacinus, for example, may reduce heavy
metal stress, giving host plants a useful
benefit in harsh environmental settings.
According to Toghueo and Boyom (2020),
endophytic Penicillium sp. is highly ad-
aptable, as evidenced by its capacity to
flourish in a various ecological niche and

protect host plants from a range of stress-
ors. Furthermore, as shown by Almeida
et al. (2020), ecological activities of Phia-
lophora sp. are increased by its potential
as a bio-control agent against fungi linked
to plant illnesses. Together, these many
discoveries deepen our comprehension of
the complex.

Colonisation process of root
endophytic fungi associated
with Pteridophyta plants

Based on the root section, it can be seen
than the endophytic fungi will colonise the
root cortex area and develop the fungal
structure inside. Based on observation,
several identified endophytic fungal struc-
tures, including conidiophores, vesicles,
conidia, and microsclerotium, are pre-
sented in Figure 4. Colonising root endo-
phytic fungi in the cortical area of plant
roots involves several stages, including
recognition, attraction, penetration, and
the emergence of a mutualistic relation-
ship. This symbiotic relationship benefits
both the fungus and the plant; the fungus
aids in nutrient uptake and stress toler-
ance, and the plant provides sugars and

Fig. 4. The colonisation structure of endophytic fungi in the Pteridophyta root:
A — asexual reproduction structure, B — microsclerotium as a spesialised structure
within the root cell (photo by F. I. Nurunnisa).
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organic molecules (Alam et al. 2021). This
intricate interaction is necessary for the
environment’s long-term viability and the
health of plants.

Various fungi, such as arbuscular
mycorrhizae, epiphytic lichens and mi-
crofungi, pathogens, saprotrophs, and
pathogens are reported to be associated
with the Pteridophyte (Del Olmo-Ruiz and
Arnold 2014). The colonisation of Pterido-
phyte roots by endophytic fungi is closely
related to the development of these or-
ganisms. The Pteridophytes and the root
endophytic fungus have a favorable con-
nection. The fungus colonised the plant’s
root tissues in this symbiotic relationship,
expanding their hyphae into the surround-
ing soil. This colonisation significantly im-
pacts Pteridophyte development in many
ways.

Pteridophytes play a critical role in
maintaining biodiversity and sustaining
various ecosystems, as demonstrated
by these environmentally relevant inter-
actions between Pteridophyta plants and
root-endophytic fungus, especially in pro-
tected areas. By assisting in nutrient ab-
sorption, particularly for phosphorus and
micronutrients, which are frequently in
short supply, the association helps Pteri-
dophyte adapt to various environmental
circumstances. By making it easier for
Pteridophyta species to get nutrients, fun-
gi aid in their recovery from disturbances
and promote their growth in nutrient-poor
soils. It becomes essential to maintain
this mutualistic connection in conserva-
tion zones to preserve the general health
and ecological balance of these crucial
ecosystems and the survival and vigor of
Pteridophyte populations. Conservation
initiatives aimed at protecting Pteridophy-
ta and their fungal partners are essential
for these plants’ well-being and preserving
biodiversity in these unique environments.

Conclusion

We conclude that the important role of the
relationship between Pteridophyta and
root-endophytic fungi is very closely relat-
ed to environmental factors in the Gunung
Tukung Gede Nature Reserve. Pterido-
phytes serve an important role, highlight-
ing ecological significance and adaptable
features. In conclusion, research on en-
dophytic fungi isolated from Pteridophyta
plant roots has given us a thorough un-
derstanding of the complex interactions
within these ecosystems. Different Asper-
gillus species have been identified, and
the presence of filamentous ascomycetes
such as Paecilomyces sp., Penicillium
sp., Phialophora sp., Humicola sp., and
different Fusarium species highlights how
dynamic and intricate the relationships
between fungus and Pteridophyta plants
are. These discoveries deepen the knowl-
edge of the complex relationships among
endophytic fungal communities. Those
endophytic fungi also provide insights into
ecological dynamics and have potential
implications in plant resilience and envi-
ronmental management, extending be-
yond the field of taxonomy.

References

ALAM B., Li J., GE Q., KHAN M.A., GONG J.,
MeHMOOD S., YUAN Y., GONG W. 2021.
Endophytic Fungi: From Symbiosis to
Secondary Metabolite Communications
or Vice Versa? Frontiers in plant science
12, 791033. 24 p. https://doi.org/10.3389/
fpls.2021.791033

ALMEIDA A.B., Concas J., CAMPOS M.D., Ma-
TERATSKI P., VARANDA C., PATANITA M.,
MuroLoO S., RoMANAZzI G., FELIX M.D.R.
2020. Endophytic Fungi as Potential Bio-
logical Control Agents against Grapevine
Trunk Diseases in Alentejo Region. Biology



194 R. O. Khastini, I. D. Lestari, I. J. Sari, and F. |. Nurunnisa

9(12), 420. 23 p. https://doi.org/10.3390/
biology9120420

AROS-MUALIN D., NOBEN S., KARGER D.N.,
CARVAJAL-HERNANDEZ C.l., SALAZAR L.,
HERNANDEZz-RoJAS A., KLUGE J., SUNDUE
M.A., LEHNERT M., QUANDT D., KESSLER
M. 2021. Functional Diversity in Ferns is
Driven by Species Richness Rather Than
by Environmental Constraints. Frontiers in
plant science 11, 615723. 11 p. https://doi.
org/10.3389/fpls.2020.615723

BARNETT H.L., HUNTER B.B. 1998. lllustrated
Genera of Imperfect Fungi. 4th ed. USA:
Prentice-Hall Inc. 218 p.

BEHERA Y.N., BiswAL B. 1990. Leaf senes-
cence in fern: effect of duration, intensity
and quality of light. Environmental and ex-
perimental botany 30(2): 181-186. https://
doi.org/10.1016/0098-8472(90)90063-A

DeEL OLmo-Ruiz M., ARNOLD A.E. 2014. In-
terannual variation and host affiliations of
endophytic fungi associated with ferns at
La Selva, Costa Rica. Mycologia 106(1):
8-21. https://doi.org/10.3852/13-098

DJARWANINGSIH T. 2011. Flora diversity in
the Cikolelet village area — Tukung Gede
mountain natural reserve, Serang — Bant-
en [Keragaman flora di wilayah desa Ci-
kolelet — Cagar Alam Gunung Tukung
Gede, Serang — Banten]. Special Edition of
the Biological Research Periodical [Berk.
Penel. Hayati Edisi Khusus] 5A: 15-20 (in
Indonesian). https://berkalahayati.org/files/
journals/1/articles/251/submission/251-
785-1-SM.pdf

GALEANO R.M.S., FRANCO D.G., CHAVES P.O.,
GIANNESI G.C., Masul D.C., RULLER R.,
CoRREAB.O., BRAsSIL M.D.S, ZANOELO F.F.
2021. Plant growth promoting potential of
endophytic Aspergillus niger 9-p isolated
from native forage grass in Pantanal of
Nhecolandia region, Brazil. Rhizosphere
18, 100332. https://doi.org/10.1016/j.rhi-
sph.2021.100332

GEISEN S., HooveN F.C., KosTenko O.,
SNOEK L.B., PutteN W.H. 2021. Fun-
gal Root Endophytes Influence Plants
in a Species-specific Manner that de-
pends on Plant's Growth Stage. Journal
of Ecology 109(4): 1618—-1632. https://doi.

org/10.1111/1365-2745.13584

HARAHAP |., ELSIE, AULIA R. RAHMI R.A. 2017.
Isolation of Endophytic Fungi from Vetiver
Root Plants (Vetiveria zizanioides L.) and
Antifungal Activity Test against Candida
albicans [lsolasi Cendawan Endofit dari
Tanaman Akar Wangi (Vetiveria zizanioi-
des L.) dan Uji Aktivitas Antifungi terhadap
Candida albicans]. Prosiding 2nd CELSci-
Tech UNRI, vol. 2: 36—42 (in Indonesian).
https://ejurnal.umri.ac.id/index.php/PCST/
article/view/265/166

JIANG Y., Wu J., KAwAGISHI H., JIANG C.,
ZHou Q., ToNG Z., TOoNG Y., WANG P.
2022. Study on Secondary Metabolites
of Endophytic Fungus, Aspergillus fumi-
gatus, from Crocus sativus L. Guided by
UHPLC-HRMS/MS-Based Molecular Net-
work. International Journal of Analytical
Chemistry 2022, 7067665. 11 p. https://doi.
org/10.1155/2022/7067665

KHASTINI R.O., OHTA H., NARISAWA K. 2012.
The role of a dark septate endophytic fun-
gus, Veronaeopsis simplex Y34, in Fu-
sarium disease suppression in Chinese
cabbage. Journal of Microbiology 50(4):
618-624. https://doi.org/10.1007/s12275-
012-2105-6

KHASTINI R.O. 2016. Dark Septate Root Endo-
phytic Fungi in the Root System of Avicen-
nia sp. Origin of the Pulau Dua Banten Na-
ture Reserve and its Potential as a Produc-
er of Antibacterial Compounds [Cendawan
Endofit Akar Bersepta Gelap Pada Sistem
Perakaran Avicennia sp. Asal Cagar Alam
Pulau Dua Banten dan Potensinya sebagai
Penghasil Senyawa Antibakteri]. Prosiding
Seminar Nasional from Basic Science to
Comprehensive Education Makassar, 26
Agustus 2016, 1992: 167-173 (in Indone-
sian).

KHASTINI R.O. 2018. Isolation and Screening
of Root Endophytic Fungi from the Rhi-
zosphere of Talas Beneng [Isolasi, dan
Penapisan Cendawan Endofit Akar Asal
Rhizosfer Talas Beneng]. Jurnal Biotek
6(2): 25-36 (in Indonesian). https://doi.
org/10.24252/jb.v6i2.6823

KHASTINI R.O., MARYANI N., LESTARI I|.D.,
RiFQIAWATI I., MiLLaAH N.U. 2021. Diver-



Record of root endophytic fungi associated with Pteridophytes from Gunung ... 195

sity of Entomopathogenic Fungi from
Gunung Tukung Gede Nature Reserve.
Bioeduscience 5(2): 116—121. https://doi.
org/10.22236/j.bes/526004

KHASTINI R.O., SUKARNO N., SUHARSONO
U.W., HAsHIDOKO Y. 2022. Isolation and
Growth Response of Root Mutualistic Fungi
on Several Agriculture and Forestry Plants
[Isolasi dan Respons Tumbuh Cendawan
Mutualistik Akar pada Beberapa Tana-
man Pangan dan Kehutanan]. Indonesian
Journal of Agricultural Sciences [Jurnal
llmu Pertanian Indonesia] 27(1): 85-94
(in Indonesian). https://doi.org/10.18343/
jipi.27.1.85

KRIEG C.P., CHAMBERS S.M. 2022. The ecol-
ogy and physiology of fern gametophytes:
A methodological synthesis. Applications in
Plant Sciences 10(2), e11464. 13 p. https://
doi.org/10.1002/aps3.11464

MANURUNG P.L., RAHMAWATI R., KURNIATU-
HADI R. 2022. Inventaritation of Endophyte
Fungi from Avicennia Marina Leaves in
Mempawah Mangrove Center, Pasir Vil-
lage, Mempawah, West Borneo. Lenter-
aBio: Berkala limiah Biologi 11(3): 378-384
(in Indonesian). https://doi.org/10.26740/
lenterabio.v11n3.p378-384

MIN J., CHEN L., XIN H.-L., ZHENG C.-J., RAH-
MAN K., HAN T., QIN L.-P. 2016. A friend-
ly relationship between endophytic fungi
and medicinal plants: a systematic review.
Frontiers in Microbiology 7, 906. 14 p.
https://doi.org/10.3389/fmicb.2016.00906

MisHRA A., GOoND S.K., KUMAR A., SHARMA
VK., VERMA S.K., KHARWAR R.N. 2012.
Sourcing the Fungal Endophytes: A Ben-
eficial Transaction of Biodiversity, Bioac-
tive Natural Products, Plant Protection
and Nanotechnology. In: Satyanarayana
T., Johri B. (Eds), Microorganisms in Sus-
tainable Agriculture and Biotechnology.
Springer, Dordrecht: 581-612. https://doi.
org/10.1007/978-94-007-2214-9_26

MoRDECAI E.A. 2012. Soil moisture and fun-
gi affect seed survival in California grass-
land annual plants. PloS one 7(6), €39083.
8 p. https://doi.org/10.1371/journal.
pone.0039083

MusaM., JAN F.G., HAMAYUN M., JAN G., KHAN

S.A., REHMAN G., ALl S., LEE |.J. 2023. An
Endophytic Fungal Isolate Paecilomyces li-
lacinus Produces Bioactive Secondary Me-
tabolites and Promotes Growth of Solanum
lycopersicum under Heavy Metal Stress.
Agronomy 13(3), 883. 17 p. http://dx.doi.
org/10.3390/agronomy 13030883

MuTHUKUMAR T., PRABHA K. 2012. Fungal
associations in gametophytes and young
sporophytic roots of the fern Nephrolepis
exaltata. Acta Botanica Croatica 71(1):
139-146. https://doi.org/10.2478/v10184-
011-0056-3

MUTHUKUMAR T., SATHIYARAJ G., PRIYAD-
HARSINI P., UMA E., SATHIYADASH K. 2014.
Arbuscular mycorrhizal and dark septate
endophyte fungal associations in ferns
and lycophytes of Palni Hills, Western
Ghats, southern India. Revista Brasileira
de Botanica 37(4): 561-581. https://doi.
org/10.1007/s40415-014-0085-y

NARANJO-ORTIZ M.A., GABALDON T. 2019.
Fungal evolution: major ecological adapta-
tions and evolutionary transitions. Biolog-
ical reviews of the Cambridge Philosoph-
ical Society 94(4): 1443—-1476. https://doi.
org/10.1111/brv.12510

NeEJAD M.S., NAJAFABADI N.S., AGHIGHI S.,
PAKINA E., ZARGAR M. 2022. Evaluation
of Phoma sp. Biomass as an Endophyt-
ic Fungus for Synthesis of Extracellular
Gold Nanoparticles with Antibacterial and
Antifungal Properties. Molecules (Basel,
Switzerland) 27(4), 1181. 15 p. https://doi.
org/10.3390/molecules27041181

QIAN H., KESSLER M., VETAAS O.R. 2022. Pte-
ridophyte species richness in the central Hi-
malaya is limited by cold climate extremes
at high elevations and rainfall seasonality
at low elevations. Ecology and Evolution
12(5), €8958. 14 p. https://doi.org/10.1002/
ece3.8958

RiLLic M.C., WENDT S., ANTONOVICS J.,
HEMPEL S., KOHLER J., WEHNER J., CARU-
so T. 2014. Interactive effects of root endo-
phytes and arbuscular mycorrhizal fungi on
an experimental plant community. Oecolo-
gia 174: 263-270. https://doi.org/10.1007/
s00442-013-2759-8

SEIFERT K.A., GAMs W. 2011. The Genera of



196

R. O. Khastini, I. D. Lestari, I. J. Sari, and F. |. Nurunnisa

Hyphomycetes, CBS biodiversity series
No.9. Utrecht, The Netherlands: CBS-
KNAW Fungal Biodiversity Center. Per-
soonia — Molecular Phylogeny and Evolu-
tion of Fungi 27(11): 119-129. 11 p. https://
doi.org/10.3767/003158511X617435

SUN R.-T., FENG X.-C., ZHANG Z.-Z., ZHOU N.,

FENG H.-D., Liu Y.-M., HASHEM A., AL-AR-
JANI A.-B.F., ABD ALLAH E.F., Wu Q.-S.
2022. Root Endophytic Fungi Regulate
Changes in Sugar and Medicinal Composi-
tions of Polygonum cuspidatum. Frontiers
in Plant Science 13, 818909. 11 p. https://
doi.org/10.3389/fpls.2022.818909

SUNARTI S. 2011. Research on Forest Vegeta-

tion in the Gantung Rock and Pagar Rock
Areas, Mount Tukung Gede Nature Re-
serve, Serang [Penelitian Vegetasi Hutan
di Wilayah Cadas Gantung dan Cadas
Pagar, Cagar Alam Gunung Tukung Gede,
Serang]. [Berk. Penel. Hayati Edisi Khusus]
5A: 109-119 (in Indonesian). https://berka-
lahayati.org/files/journals/1/articles/266/
submission/266-842-1-SM.pdf

SURAIDA S., SUSANTI T., AMRIYANTO R. 2013.

Diversity of Ferns (Pteridophyta) in the
Recognize Forest Park, Jambi City [Keane-
karagaman Tumbuhan Paku (Pteridophyta)
di Taman Hutan Kenali Kota Jambi]. Prosid-

ing Semirata FMIPA, Universitas Lampung:
387-392 (in Indonesian). https://jurnal.fmi-
pa.unila.ac.id/semirata/article/view/640
ToGHUEO R.M.K., Bovyom F.F. 2020. Endo-
phytic Penicillium species and their agricul-
tural, biotechnological, and pharmaceutical
applications. Biotech 10(3), 107. https://
doi.org/10.1007/s13205-020-2081-1
TSENG Y.-H., ROUINA H., GROTEN K., RAJA-
NI P, FURcH A.C.U., REICHELT M., BALD-
WIN |.T., NATARAJA K.N., SHAANKER R.U.,
OELMULLER R. 2020. An Endophytic Tricho-
derma Strain Promotes Growth of lts Hosts
and Defends Against Pathogen Attack.
Frontiers in plant science 11, 573670. 16 p.
https://doi.org/10.3389/fpls.2020.573670
WaTTs D., PaLomBo E.A., CAsTiLLO A.J,
ZAFERANLOO B. 2023. Endophytes in Ag-
riculture: Potential to Improve Yields and
Tolerances of Agricultural Crops. Microor-
ganisms 11(5), 1276. 29 p. https://doi.
org/10.3390/microorganisms11051276
WEN J., OKYERE S.K., WANG S., WANG J.,
XE L., RAN Y., Hu Y. 2022. Endophytic
Fungi: An Effective Alternative Source of
Plant-Derived Bioactive Compounds for
Pharmacological Studies. Journal of fungi
(Basel, Switzerland) 8(2), 205. 45 p. https://
doi.org/10.3390/jof8020205



FORESTRY IDEAS, 2024, vol. 30, No 1 (67): 197-207

Oleoresin Baeckea frutescens L. activity against
Pleurotus ostreatus (Jacq. ex Fr.) PKumm.

Renhart Jemi”

Department of Forestry, Faculty of Agriculture, University of Palangka Raya,
Central Kalimantan 27111, Indonesia. ‘E-mal: jemi@for.upr.ac.id

, Nuwa'®, and Lamboris Rianto Sitorus

Received: 30 January 2024 / Accepted: 06 June 2024 / Available online: 13 June 2024

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License.

Abstract

This study aims to determine the oleoresin activity of Baeckea frutescens L. against the fun-
gus Pleurotus ostreatus (Jacq. ex Fr.) PKumm. and to analyse its most active component. The
research method used was ethanol solvent maceration extraction, and then fractionation was
carried out using successive solvents, namely n-hexane, chloroform, and ethyl acetate. Then
the P. ostreatus antifungal test, and analysis of the most active compound components using
Gas Chromatography-Mass Spectrometry were applied. The results showed that B. frutescens
oleoresin produced a yield of 11.41 % in ethanol extract. The most active antifungal activity was
found in ethanol oleoresin soluble oleoresin with IC . = 177 +02 mg-L™". It contains 21 bioactive

L . (50) - . . .
compounds consisting of 4 antifungal components, namely quinic acid, a-terpineol, linalool, and

2-cyclohexen-1-one.

Key words: antifungal, bioactive, extract, GC-MS, quinic acid.

Introduction

Indonesia has 4000 types of wood, and
80-85 % of them fall into durable classes
IIl and IV. Types of wood that have a low
durability class tend to be easily attacked
by wood-destroying organisms. Those
that most commonly attack tropical areas
are wood rotting fungi. As a result of fungal
attacks, the strength of the wood decreas-
es because the cell wall components that
strengthen the wood have been damaged.
One of the wood rot fungi is Pleurotus os-
treatus (Jacq.ex Fr.) P. Kumm. According

to Singh and Singh (2014) the fungus P.
ostreatus attacks softwood. Overcoming
attacks by wood-destroying fungi means
preserving forests.

Overcoming wood damage by P. os-
treatus can be done by using preserv-
atives. Most of the preservatives used
today are synthetic so they can cause
environmental pollution. To prevent this,
alternative materials are needed using bi-
odegradable preservatives. The materials
are easy to obtain and can be renewed.
One of them is extractive substances con-
tained in plants which have bioactive prop-
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erties and are able to kill wood-destroying
organisms (Setiawan et al. 2019). Extrac-
tive substances are secondary metabolic
products of compounds that function eco-
logically and can be obtained from various
types of plants. One of them is Baeckea
frutescens L. which is a needle-leaved
shrub from the Myrtaceae family (Supan-
di et al. 2019, Huong et al. 2023) which
has the potential to be used for its leaves.
They produce extractive substances in the
form of essential oil. Previous research re-
sults stated that the leaves and twigs of
B. frutescens produce essential oil which
has anti-inflammatory, anti-oxidant, an-
ti-bacterial, anti-fungal, anti-microbial and
cytotoxic activity (Razmavar et al. 2014,
Navanesan et al. 2015, Irma 2016, Nisa et
al. 2017, Shahruzaman et al. 2019).

So far there have been no research
reports regarding the activity of B.
frutescens oleoresin against the fungus
P. ostreatus. The results of research on
oleoresin from frutescens are predomi-
nantly Capsicum frutescens L. (Do et al.
2021). It is a semi-solid extract consisting
of resin and essential oils, obtained from
extraction using organic solvents. Based
on this background, research was carried
out on the extraction of oleoresin from B.
frutescens leaves, then its activity was
tested on the fungus P. ostreatus, and
the chemical content of the oleoresin was
analysed. The aim of the research was to
determine the activity of P. ostreatus and
the oleoresin content of B. frutescens.

Material and Methods
Taking B. frutescens leaves
and preparing leaf samples

B. frutescens leaves were obtained from
forest areas in Kereng Bangkirai, Seban-

gau District, Palangka Raya City, Cen-
tral Kalimantan (located at 2°16°14.595"
to 2°06'18.8" S and 113°50'35.255" to
113°45’06.3" E). The leaves were har-
vested and then dried in the open. Drying
until the leaf moisture content is 10-15 %
(Zahra et al. 2019). The dried leaves were
blended, then filtered by passing 40 mesh
particles and held in 60 mesh. The leaf
powder needed was 500 g.

Maceration

B. frutescens leaves with a dry weight of
250 g were macerated in ethanol at room
temperature with a pressure of 1 atm for
24 h while stirring. The ratio of simplicia to
solvent is 1:5 (v/v). The maceration pro-
cess was repeated with stirring every three
hours, for 15 min until a clear filtrate was
obtained. The ethanol extract solution ob-
tained was evaporated with a rotary evap-
orator at a temperature of 45-50 °C until
the solvent was concentrated. The evap-
orated extract solution was placed in a
1000 mL glass above a batch of water at a
temperature of 45-50 °C to evaporate the
remaining solvent in the extract and obtain
a thick extract (Setiawan et al. 2019).

Stratified fractionation of ethanol
extract

50 mL of ethanol extract from B. frute-
scens leaf powder was put into a funnel
separator for multilevel fractionation.
Fractionation in stages, using the first
solvent n-hexane 100 mL. This mixture
was shaken for 10-15 min and left until
separation occurred between the ethanol
and n-hexane solvents. Fractionation of
the n-hexane obtained. Next, the residue
obtained was mixed with chloroform sol-
vent. In the same way, separation is car-
ried out and the chloroform and residue
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fractions are produced. In the final stage,
the resulting residue is mixed with ethyl
acetate solvent. The multistage fraction-
ation process is shown in Figure 1. The
extract from each fraction was concentrat-
ed using a rotary evaporator to evaporate
the remaining solvent and produce a thick
extract (Setiawan et al. 2019).

The ethanol extract of 100 mL was
subjected to multilevel fractionation with
different solvents sequentially n-hexane,
chloroform, and ethyl acetate. The frac-
tionation process consists of a mixture of
crude extract, solvent, and distilled water
in a ratio of 1:2:2. The crude extract mix-

ture was shaken in a separatory funnel
for 10—15 min and then left until synchro-
nisation occurred between the dissolved
extract and the crude extract which dis-
solved in ethanol. Each filtrate fraction
obtained was evaporated using a rotary
evaporator to evaporate the remaining
solvent and produce a thick extract (Se-
tiawan et al. 2019).

Cultivation of the fungus

The fungus used was P. osteratus which
belongs to the group of wood-decaying
fungi (Nakazawa et al. 2017). It was first

Leaf maceration

A\ 4

Ethanol extract*

\ 4

N-hexane fraction*

Residue

\ 4

Chloroform fraction*

Residue

l

l

Ethyl acetate fraction*

Residue

Fig. 1. Scheme of multistage oleoresin extraction using 4 solvents.

Note: * tested for fungus P. ostreatus.
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cultured on potato dextrose agar (PDA)
growth medium for 7 days. The composi-
tion of the growth medium is as follows:
1 L contains 50 g glucose, 120 g onion
extract, 50 g glucose, 0.3 g K,HPO,,0.2 g
MgSO,.7H,0, 5 g polyptone and 30 g agar
powder at pH 6.0.

Anti-fungal activity testing

Testing of all oleoresins, which were ob-
tained from maceration and fractionation
was realised. The treatments were vari-
ations in the concentration of extractive
substances as follows: 0, 50, 100, 250,
500, and 1000 mg-L™". Previously the Petri
dish was autoclaved for 15 min at a tem-
perature of £120 °C with a pressure of
1 atm. Poured with media and oleoresin
according to the treatment, each treat-
ment was repeated 3 times and planted
with P. osteratus mushrooms. Next, it
was incubated at 25 °C for 7 days in a
dark room. The inhibitory activity of fun-
gal growth by extractive substances was
carried out at the end of the incubation
period, by measuring the growth diameter
and comparing it with the growth of con-
trol mycelium. The basis for determining
anti-fungal activity uses the formula (1)
(Kamaruzzaman et al. 2021).

Percent inhibition = (C-T)-C'-100, (1)
where: T is the area of mycelium in the

treatment petri dish, and C is the area of
mycelium in the control Petri dish.

Data analysis

Data on the percentage of inhibition of fun-
gal growth were analysed with probit to de-
termine the value of IC(so). Calculations us-
ing the SPSS 17.0 program. A compound
was declared active if it had an IC ., value
<1000 mg-L" and inactive if it had an IC .,
value >1000 mg-L"' (Meyer et al. 1982).

Gas chromatography-mass
spectrometry (GC-MS) analysis

Atotal of 0.5 mg of oleoresin B. frutescens
which had the highest inhibition was car-
ried out by the GC-MS test. The results
were analysed and adjusted using the
WILLEY7.LIB database. GC-MS brand
is Shimadzu; Type: GCMS QP2010 Plus.
The analysis was carried out at the Com-
modity and Environmental Testing Labo-
ratory, Center for Industrial Research and
Standardisation. Banjarbaru South Kali-
mantan Indonesia.

Results and Discussion

Oleoresin antifungal B. frutescens

As a result of maceration of the leaves
of B. frutescens with ethanol solvent it
was obtained 11.41 % oleoresin, 2.55 %
n-hexane, 2.01 % chloroform, and 0.50 %
ethyl acetate. The differences in yields
produced were due to differences in the
polarity of each solvent. B. frutescens
oleoresin which is soluble in several sol-
vents was then tested for the activity of
the P, ostreatus fungus. The results of the
fungal growth inhibition test are shown in
Table 1 and the growth of fungal myceli-
um at several oleoresin concentrations is
shown in Figure 2.

Table 1. IC,, value of B. frutescens oleo-
resin against P. ostreatus fungus.
No Soluble IC(EO), Classifi-
oleoresin mg-L"* cation*
1 Ethanol 177 £0.21  Active
2 n-hexane fraction 242 +0.15 Active
3 Chloroform fraction 233 £0.61 Active
4 Ethyl acetate frac- 270 $0.14  Active

tion

Note: * Classification is according to Meyer
et al. (1982).
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50 mg-L!

500 mg-L"

1000 mg-L""

Fig. 2. Effect of B. frutescens oleoresin concentration on the growth of P. ostreatus
mycelium (photo by L. R. Sitorus).

Table 1 displays the results of B. frute-
scens oleoresin activation test on the
growth of P. ostreatus mycelium with IC ,
=177 £0.2 t0 270 £0.14 mg-L". As well as
the anti-fungal activation of B. frutescens
oleoresin, all of them are classified as ac-
tive because IC;, < 1000 mg-L"*" (Meyer
et al. 1982). However, the ethanol soluble
oleoresin extract was the most active of
the four. This is because the ethanol sol-
uble oleoresin extract has the lowest |C(50)
=177 +0.2 mg-L" and was able to inhibit
the mycelium of P. ostreatus fungus com-
pared to the four oleoserin extracts. The
research results of Wu et al. (2021) stated
that the ethanol extract of Fagus crenata
Blume wood was able to inhibit the delig-
nification process and hydrolytic enzyme
reactions of P, ostretaus. The research re-
sults of Fakhrudin et al. (2015), Hastuti et
al. (2018), Dewi et al. (2019). stated ole-

oresin from Ginger rhizomes and Polyg-
onum minus Huds. is with a higher phe-
nol content, so it can inhibit the growth of
Trichophyton rubrum Sabour.

Content of oleoresin compound B.
frutescens which dissolves in ethanol

B. frutescens oleoresin in ethanol extract
had the most active P. ostreatus growth
inhibition activity than the n-hexane frac-
tion, chloroform fraction, and ethyl acetate
fraction. So, the selection was made to
remove the content of the oleoresin com-
pound using GC-MS analysis which is
presented in Figure 3.

Analysis of the components of the ole-
oresin compound B. frutescenes in the
ethanol extract showed 21 compounds
and the literature review which are pre-
sented in Table 2.
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Tc

4,412,024
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22372

T T
100 200 260

Fig. 3. Chromatogram of B. frutescens oleoresin in ethanol extract.

Note: Retention time (RT) 2.160 = propanoic acid; RT 7.356 = 1,8-cineole; RT 9.182 = lin-
alool; RT 11.692 = a-terpineol; RT 18.239 = (-)-caryophyllene oxide; RT 18.388 = quinic acid;
RT 18.451 = B-selinene; RT 18.691 = 3,4-dimethoxyphenyl propionamide; RT 19.188 = 3-me-
thoxymethyl-2,5,5,8a-tetramethyl-6,7,8,8a-tetrahydro-5h-chromene; RT 19.440 = 2-cyclohex-
en-1-one; RT 20.519 = anthracene, 9-trimethylsilyl; RT 20.604 = pluchidiol; RT 20.775 = (R)-2-
benzyl proline methylamide; RT 20.98 = ergostane-3,5,6,12,25-pentol, 25-acetate; RT 21.497
= 4-methoxy-3-(methoxymethyl)phenol; RT 21.624 = 4,4,8-trimethyl-tricyclo [6.3.1.0 1,5] dodec-
ane-2,9-diol; RT 21.797 = 2-propenoic acid; RT 22.009 = phi-aspidinol; RT 22.372 = 1-butanone;
RT 23.183 = Methan; RT 24.317 = Urs-12-en-28-al.

Table 2. GC-MS of B. frutescenes oleoresin in ethanol extract.

Content, Compound

Compound Sl Bioaactive (references)
% formula
Propanoic acid - 2274 C,H., Antimicrobial (Zhang et al. 2011)
. Antiinflammatory (Santos and
1,8-cineole 90 5499 C,H,O Rao 2000)
Linalool 82 1912 C,H,O Antifungal (Dias et al. 2018)
a-terpineol 86 3.047 C,H180 Antifungal (An et al. 2019)
. Anticancer and analgesic (Fidyt
(-)-caryophyllene oxide 80 0822 CH,O etal. 2016)
Quinic acid 0.214 C,H,0O, Antifungal (Ma and Ma 2015)
. Antioxidant (Chandra et al.
B-selinene 0224 C,H, 2017)
3,4-dimethoxyphenyl propio- Antibodies (Fernandez-Martinez
namide 0.825  C,H.NO, et al. 2001)
3-methoxymethyl-2,5,5,8a-te-
tramethyl-6,7,8,8a-tetrahy- 14.564 C, H,0O,

dro-5h-chromene
2-cyclohexen-1-one 0842 CH,.O Antifungal (Shakil et al. 2013)
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Content, Compound

Compound Sl % formula Bioaactive (references)
Anthracene, 9-trimethylsilyl 1082 C_H,Cl ?ggf)ce”e (Sirimanne et al.
Pluchidiol 0.845 C,H,,CINO,

(R)l-2-benzyl proline methyl- 0635 C.H.NO
am|de 12" '15 2
Ergostane-3,5,6,12,25-pentol,

25-acetate 0.272 CyH,0,

Antimicrobial and antiinflamma-
4-methoxy-3-(methoxymethyl) 0.383 CH, O tory (Manivannan and Shopna
phenol 91273

2017)

4,4 8-trimethyl-tricyclo [6.3.1.0
1,5] dodecane-2,9-diol 0175 C,H,,NO

. . Antimicrobial (Murdoch et al.
2-propenoic acid 0.195 C,H,0, 2007)
phi-aspidinol 2179 CH, O,
1-butanone 33.435 C,H,0O

Antimicrobial (Rawat and Singh
Methan 1.754 CH, 2019)

Urs-12-en-28-al 1589 C,H,O

30 48

Note: Sl is similarity index.

Table 2 explains the components of the
dominant B. frutescens oleoresin com-
pound, namely 1,8-cineole, 3-methoxym-
ethyl-2,5,5,8a-tetramethyl-6,7,8,8a-tet-
rahydro-5h-chromene and 1-butanone.
The 1,8-cineeole gives the characteristic
aroma of fresh camphor, and spicy and
anti-fungal properties to the oleoresin of
B. frutescens (Tadtong et al. 2015, Kim
et al. 2018). In the ethanol extract, 4 ac-
tive antifungal compound components
were obtained, namely a-terpineol, linal-
ool, 2-cyclohexen-1-one and quinic acid
(Shakil et al. 2013, Ma and Ma 2015,
Kong et al. 2019, Li et al. 2022). The dom-
inant compounds contained were from the
terpenoid group. The most abundant ter-
penoids are monoterpenes and sesquiter-
penes with amounts of C10 and C15. The
two types of terpenoids had differences in
boiling points which can affect gas chro-
matography, compounds with low boiling

points will come out first into the detector.
This is possible because a lower boiling
point causes the compound to evaporate
more easily so the retention time is fast-
er. The retention time of each compound
component is determined by the boiling
point of the compound component (Hari-
aningsih et al. 2017). Due to the low simi-
larity index (Sl) of standard mass spectra
from the NIST12, NIST62 and WILEY229
tool libraries cannot be used. Supporting
data through searching mass spectra
from previous research results were found
as well. So further Sl analysis was carried
out with a literature study of fragmentation
patterns. The compounds 1,8-cineole, lin-
alool, a-terpineol, (-)-caryophyllene oxide
resulted from GC-MS analysis in Table
2. According to the similarity index value
with the results of GC-MS analysis of B.
frutescenes essential oil it is the same
as the similarity index value resulting
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from research using essential oils from
B. frutescenes leaves from research by
Saad et al. (2021), Jemi et al. (2021) and
Tam et al. (2004). The Sl of a compound
showed that it is close to 100 %, indicating
that it is getting closer to the compound
standard (Fitriani et al. 2020).

Based on the results of GC-MS analy-
sis and literature searches, the four com-
pounds are anti-fungal. Of them, the more
dominant is quinic acid based on the num-
ber of -OH functional groups. Because the
-OH groups are reactive and capable of
damaging fungal cell walls and cannot be
eliminated by fungal enzymatic reactions.
So, the non-functioning of lignolytic en-
zymes results in disrupted fungal growth
and ultimately death (Shakil et al. 2013,
Ma and Ma 2015, Kong et al. 2019, Broda
2020, Li et al. 2022).

Conclusion

B. frutescens oleoresin produced the
highest yield in ethanol extract, followed
by the n-hexane, chloroform, and ethyl
acetate fractions. Ethanol-soluble olere-
sin was the most active in inhibiting the
growth of P. ostreatus. It also contains
anti-fungal compounds, namely quinic
acid, a-terpineol, linalool and 2-cyclohex-
en-1-one.

The research results recommend that
B. frutescens oleoresin can be processed
and used as an environmentally friendly
wood preservative, especially against at-
tacks by the fungus P. ostreatus. This can
reduce the use of synthetic preservatives.
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