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Abstract

Microbial activity is one of the important processes for biochemical cycles in soil and forest floor of ecosystems.
Because, some of the carbon dioxide and nutrients needed by plants are released during the microbial activity. In
this study, the relationships between environmental factors (moisture, temperature, pH, electric conductivity, C,
N, Na, Ca, Mg, K, P) and seasonal variations of microbial respiration, microbial biomass-C and metabolic quotient
(qC0O2) in the forest floor and soil (0-5cm) under three adjacent fir plantation plots (Abies nordmanniana ssp.
bornmuelleriana Mattf. (Ab), Abies cilicica Carr. (Ac) and Abies nordmanniana ssp. nordmanniana Mattf (An))
are investigated in Ataturk Arboretum, located in Istanbul-Turkey. A bimonthly sampling (from May-2012 to
March-2013) was carried out by collecting 54 samples for each soil and forest floor samples within each species.
According to the results, soil microbial respiration (SMR) has a significantly lower value in A, plot. Although
SMR and soil microbial biomass-C (SMBC) were correlated with moisture and temperature in A, plot, they were
correlated with nutrients in the other plots. In general, an increase in soil respiration rates was observed in autumn
and early spring. Forest floor microbial respiration (FFMR), microbial biomass-C (FFMBC) and metabolic quotent
(qCO») did not differ among the plots. The measured FFMR, FFMBC and qCO; parameters were lower in autumn
than spring. Forest floor microbial parameters were thought to be drived by the variation of nutrients quantities.
As a result, the microbial processes in both soil and forest floor were changed with the effect of different factors,
although there was no clear difference among the plots.

Keywords: Microbial respiration, Microbial biomass-C, qCO-, Abies

Introduction

Microorganism activities are one of the most important ecosystem components evaluated as an indicator
of soil quality protection and sustainability (Kara and Bolat, 2008; Bolat et al., 2015; Oyedele et al.,
2015). Microbial biomass and microbial respiration are considered as an index to evaluate soil microbial
activity and health (Schoenholtz et al., 2000; Mariani et al., 2006).

Soil microbial biomass plays an essential role in soil fertility and nutrient retention in terrestrial
ecosystems (Allen and Schlesinger, 2004) and serves as a resource of nutrients available for plant
development. For instance, soil microbial biomass variations reflect immobilization levels—
mineralization of nutrients (carbon and nitrogen) (Yang et al., 2010). Similarly, Oktay and Tecimen
(2016) indicated that nitrogen mineralization in summer was close to zero and this fact could happen
due to microbial immobilization. Microbial biomass is a viable component of soil organic matter,
accounting for 1-5% of the total organic matter content (Jiang et al., 2009) and faster response to
alterations in soil than soil organic matter (SOM) (Brookes et al., 2008; Araujo et al., 2010; Haripal and
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Sahoo, 2014). The chemical and physical properties of the soil can both directly and indirectly affect
the distribution and structure of the decomposer community. Many studies have investigated the
relationships among microbial community structure, activity and environmental factors such as
moisture, temperature, pH, nitrogen, carbon and nutrients (Na, Ca, P, Mg, S, etc.) (Diaz-Ravina et al.,
1993; Priess and Folster, 2001; Nsabimana et al., 2004; Pietri and Brookes, 2008; Pei et al., 2016; Soong
et al., 2018; Wang et al., 2018). However, the precise and detailed mechanism of how the microbial
community structure or activities respond to changes in environmental parameters is still uncertain
(Singh, 2018).

Vegetation can directly influence the microbial activity and microbial biomass through the impact on
microclimate and the amount and quality of the forest floor. Relatedly, Prescott and Grayston (2013)
stated that vegetation characteristics affect the microbial activity and microbial community structure.

Due to the release of carbon dioxide and nutrients during the process (Glassman et al., 2018), litter
decomposition is an important process for the nutrient cycle in soils of forest ecosystems. Litter
decomposition rate is affected by abiotic (litter chemistry, nutrient presence, etc.) and biotic (soil
microorganisms, fauna, etc.) factors (Wang et al., 2018). For example, low nutrient concentration in the
forest floor can reduce microbial respiration and biomass (Priess and Félster, 2001). In addition, Prescott
and Grayston (2013) emphasized that examining the relationships between cations in the forest floor
and the microbial community can be instructive in understanding the mechanisms underlying different
nutrient cycles and microbial community structures under different tree species.

The Abies family (Pinaceae) is represented by two species and six subspecies in Turkey (Cakir, 2018).
Abies nordmanniana ssp. bornmuelleriana Mattf., Abies nordmanniana ssp nordmanniana Mattf. and
Abies cilicica Carr. are the most common abies species in Turkey. These species constitute to 670390
ha of entire forest area in Turkey (OGM, 2013) and are found in different regions such as Marmara,
Mediterranean and Black Sea. In the sense of this study, it is crucial to state that these tree species were
planted in Atatiirk Arboretum in 1960. It is determined that the stands have the same site characteristics
such as soil type, climate etc. (Cakur, 2018).

The aim of the study is to investigate the seasonal changes of microbial parameters (microbial respiration
and microbial biomass carbon) in forest floor and soil under three fir species in the same site and their
relationship with various environmental factors (moisture, temperature, pH, electric conductivity, C, N,
Na, Ca, Mg, K, P).

Material and Methods
Research Area

The study area, Atatiirk Arboretum, is located in Belgrad Forest in Istanbul, Turkey (41°09'48"—
41°10'55" N and 28°5727"-28°59"2 7" E, 140 m asl.). According to the long-term data from the
Bahcekoy Meteorology Station, the average annual temperature and precipitation is 13.0 °C and 1121
mm, respectively. Belgrad Forest has a maritime climate with moderate water deficiency in summers.
The soil in the research area is Luvisol (WRB) and soil texture is loamy. The vegetative period lasts for
7.5 months (230 days) on average (Cakir, 2018).

Field data

Sampling was carried out in three adjacent fir plantation plots (Abies nordmanniana ssp.
bornmuelleriana Mattf., Abies cilicica Carr. and Abies nordmanniana ssp nordmanniana Mattf).
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Sampling was performed at the central 40 x 40 m plot within each plot to minimize the negative edge
effects. The sample plots had homogeneity of abiotic environmental conditions (the aspect, slope,
elevation and soil type). Sampling was carried out by collecting both 54 samples in soil and forest floor
within each species (3 species x 3 cores x 6 dates = 54 cores) on each sampling date (a bimonthly from
May-2012 to March-2013). Soil samples were taken from the upper 5 cm of soil layer with steel soil
cores with a 100 cm?® volume. The forest floor organic matter was collected from 0.25 m? area. Three
replicated samples (soil and forest floor) were taken systematically and composited on each plot.

Chemical Measurements

Soil samples were oven-dried at 105 °C and entire roots and materials larger than 2 mm were removed
by use of 2 mm sieve. Soil acidity (pH) and electrical conductivity (EC) were measured from 1:2.5 and
1:5 ratios of soil to deionized water soil slurry, respectively. Exchangeable cations (K, Ca, Mg, Na) in
10 g soil samples were extracted with ammonium acetate solution (1 N, pH = 7). Exchangeable P in 2
g samples were extracted with sodium bicarbonate solution (0.5 M, pH =8.5). The concentrations of
the individual cations were determined by ICP/OES (Perkin EImer Optima DV7000) (Akburak et al.,
2018).

The dry mass of forest floor samples was determined at 65 °C for 48 h. Samples were digested with
concentrated HNOs (% 65) and H20, (% 37) in a microwave oven (Berghoff Speedwave). The total
concentration of elements (P, K, Ca, Mg, Na) were measured by ICP/OES (Perkin Elmer Optima
DV7000). The carbon (C) and nitrogen (N) contents of soil and forest floor were determined with dry
combustion method, using a LECO Truspec CN-2000 analyzer (Cakir and Akburak, 2017).

Microbial parameters measurement

To measure microbial respiration (MR), soil samples (20 g oven-dry soil equivalent) and forest floor
samples (5 g oven-dry mass equivalent) were incubated for 7 days at 25 °C in 500 ml vessels and 10 ml
of sodium hydroxide (1 M) was placed in the media to absorb the respired CO,-C. The released CO,—C
was determined by adding BaCl, and later titrating with 1 M hydrochloric acid in the end of every 7
days (Alef and Nannipieri, 1995). Microbial biomass-C (MBC) was determined by the substrate-induced
respiration (SIR) method. SIR was acquired by adding 60 mg glucose to soil samples (20 g oven-dry
soil equivalent) . The released CO; was trapped in 0.05 M sodium hydroxide for 4-h incubation at 25
°C and measured by titration (Alef and Nannipieri, 1995). The metabolic quotient, qCO,, was calculated
by dividing microbial respiration with microbial biomass carbon (qCO; = MR / MBC) (Anderson and
Domsch, 1986).

Statistical analysis

All data were tested for normal distribution using the Kolmogorov-Smirnov test. The data that did not
accord with normal distribution were transformed with Box-Cox transformation. The significance of
differences among tree species was tested by one-way analysis of variance (ANOVA) followed by
Duncan test (p <0.05). In addition, correlations between microbial parameters and environmental
variables were determined using the simple Pearson correlation coefficient. The statistical analyzes were
performed in SPSS 21.0 package program.

Results

Soil

Soil N, Mg and K ratio were significantly lower in A, plot compared to other fir plots. However, P was
significantly higher in A, plot. Soil C and C/N ratios in A¢ plot were significantly higher (p < 0.05) than
the other two plots. Soil pH was significantly higher (p < 0.05) in A, plot.
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The respiration rate ranged from 0.18 - 1.04 pg CO»-C g hin the Ap, 0.36 - 0.72 ug CO.-C g h™in A¢
plot, and 0.47 - 1.01 ug CO2-C g h™in A, plot (Figure 1). SMR in the A, plot was significantly and 1.46
times higher in the Ay, plot, 1.33 times higher in the A¢ plot (p <0.05). Although SMBC and SqCO;
were at the lowest level in the Ay plot, there were not statistical differences among the plots (Table 1).

Table 1: Chemical, physical and microbial properties of soil in the study plot

A. bornmuelleriana A. cilicica A. nordmanniana
Mean + Std.Er. Mean * Std. Er Mean + Std. Er
SMR (ug CO,-C g h) 0.49+0.07 a 05420.04b 0.72+0.06 b
SMBC (mg C g h) 0.27+0.03a 0.32+0.04a 0.31+0.03a
SqCO; (g CO,-C mg C ) 1.84+022a 195+0.24a 240£022a
SN* (%) 0.17+0.01b 0.19+001a 0.18+0.01 ab
SC* (%) 528+0.55b 6.91+044a 465+0.38Db
SCN 29.57+155b 3537+115a 25.33+1.31c
SM™ (%) 28.75+28la 3496 £3.07a 3159+3.10a
ST* (°C) 16.08+1.24a 16.69+1.29a 16.02+1.26 a
pH" 5.15+0.08 a 5.08+0.08a 5.58 £0.03 b
EC” (1S cm) 178.73+19.58 a 185.52+13.90a 198.41+11.58a
Ca (mg kg) 1177.21+66.45a 1337.27 £52.83a 1357.92 +£70.06 a
Na (mg kg?) 1740 £150a 24.41+2.10b 1536+ 1.40a
K (mg kg) 88.93+7.90b 12463 +9.24 a 11147 +8.16 a
Mg (mg kg") 11895+ 7.52b 237.32 £30.07a 198.13+22.61a
P (mg kg) 4762+549a 42.16+3.10a 31.43+1.601b

SMR : Soil microbial respiration, SMBC: Soil microbial biomass-Carbon, SqCO,: Soil metabolic quotient,

SN: Soail nitrogen, SC: Soil carbon, SCN: Carbon/nitrogen, SM: Soil moisture, ST: Soil temperature, pH: Soil acidity,
EC: Soil electric conductivity, Ca: Calcium, Na: Sodium, K: Potassium, Mg: Magnesium, P: Phosphorous.

Means with different letters in the same line are different (P < 0.05).

“*” From Cakir (2018)

While SMR showed temporarily a parallel change among plots, an increase were observed for the
respiration rates in autumn and early spring in all plots (Figure 1a). SMBC temporarily decreased from
spring to autumn and reached the highest level in March in all plots (Figure 1b). SQCO, showed a parallel
change among all plots and reached its highest level in September (Figure 1c). Additionally, a high
level of change for both SMR and SqCO, was observed in A, plots (Figure 1a, ).

A positive relationship was found between SMR and SMBC, SqCO2, N, P, EC, SM (soil moisture) in
the Ay plots, with SqQCO, ST (soil temperature) in the A, plots. Whereas, there was only a significant
positive relationship with Na and K in the A¢ plots (p < 0.05). Additionally, a negative relationship was
determined with SM in the A, plot and with SCN in the A plot (Table 2).

In terms of SMBC, there was a positive relationship with EC and P in A, plots, while the only significant
one was between with K in A¢ plots and with SM in A, plots. However, while there was no negative
relationship in A, plots, SMBC showed negative relation with SQCO; and C in A. plot and with SqCO2,
SM, EC and Ca in A, plot (Table 2).

In terms of SqCO2, while there was no significant relationship in Ac plot, linear correlations were
determined with N and SM (Ab plots) and ST and EC (An plot). In addition, An plot had a negative
relationship with SQCO2 and SM (Table 2).
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[a] SMR [b] SMBC

May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar

mm A bornmuelleriana mma A, cilicica A. nordmanniana mm  A. bornmuelleriana A, cilicica A. nordmanniana

[c] SqCO,

May Jul Sep Nov Jan Mar

mm  A. bornmuelleriana A, cilicica A. nordmanniana

Figure 1: Seasonal variations of soil microbial parameter. (a: SMR; Soil microbial respiration, b: SMBC; Soil
Microbial Biomass-C, ¢: qCO2; metabolic quotient).

Forest floor

In terms of FFMR, FFMBC, and FFqCO;, no significant differences were encountered among the plots.
The mass of the forest floor (FF) in A, was significantly higher than the A, and A. (p < 0.05) although
in A, the FFC was significantly lower than the other plots (Table 3). K concentrations in A, plot were
significantly different from A and A, plots.

FFMR in all plots showed a decline in the autumn period (Figure 2a). FFMBC temporarily decreased
from spring to autumn (Figure 2b). In addition, FFqCO. showed a parallel change among all plots,
reaching its highest level in November (Figure 2c).

According to relationships between the variables, the amount of FFMR in the Ay plot showed a linear
correlation with FFMBC, FFqCO; and Ca, and a negative correlation with Na. While there was a positive
relationship with FFMBC and FM, a negative correlation was observed with N, C, P in the An plot.
While it showed a positive relationship with FFMBC, FFM and a negative correlation with N, C, P in
the A, plot was observed. In the A. plot, FFMR had a positive correlation with FFMBC and FFqCO2,
and a negative relationship with P (Table 4).

In terms of FFMBC, there was no linear correlations in the A, and A. plots, while there was a linear
correlation with K in the A,. However, there were negative correlations with Na in A, plot, with P in A¢
plot and with FFqCO,, Ca in A, plots (Table 4).
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In respect of FFqCO,, there was a positive correlation with Ca and a negative correlation with K in the
Ay plot. While it showed a negative correlation with FFN and Mg in the A. plot and CN, C and K in the
A, plot. Also, there was a linear correlation between FFqCO; and FF in the A, plot (Table 4).

Table 2: Pearson correlation coefficients among the soil variables in the study

A.bornmuelleriana  SMR SMBC SqCO2 SN SC SCN SM ST pH EC Ca Na K Mg
SMBC 0.48

SqC0O2 0.73 -0.22

SN 0.59 0.29 0.48

SC 0.40 0.21 0.33 0.87

SCN 0.24 0.15 0.17 0.68 094

SM 0.56 -0.14 0.67 030 031 0.23

ST -0.21 031 -0.39 0.04 003 0.08 -0.72

pH -0.06  -0.13 0.05 -0.11 -0.08 -0.02 0.12 -0.18

EC 0.49 0.47 0.24 0.68 071 0.67 0.17 016 0.28

Ca -0.12  0.07 -0.15 015 045 062 -0.04 020 007 047

Na 0.24 0.44 -0.02 050 048 042 -0.10 043 -0.08 0.72 044

K 0.36 0.30 0.21 070 051 035 -0.03 012 -0.06 063 019 0.74

Mg 0.18 0.27 0.07 047 057 063 -014 033 001 072 079 065 0.60

P 0.58 0.49 0.24 063 067 061 040 -007 -033 052 029 042 030 036
A. cilicica SMR SMBC SqCO2 SN SC SCN SM ST pH EC Ca Na K Mg
SMBC 0.39

SqCO2 022 -081

SN -0.15  -0.37 0.33

sC -0.34  -0.42 0.25 0.93

SCN -0.46  -0.40 0.14 0.77 0.95

SM 0.03 -0.11 0.14 -0.42 -0.46 -0.46

ST 0.21 0.29 -0.19 0.16 0.11  0.07 -0.82

pH 012 040 -0.32 034 026 018 0.03 0.04

EC -0.22  -0.29 0.19 072 065 051 -030 016 031

Ca -0.18 -0.15 0.08 027 030 030 -0.03 -0.10 0.10 0.21

Na 0.47 0.26 0.01 0.25 0.16  0.12 -0.46 049 -0.010 0.15 -0.05

K 053 044 -0.11 024 006 -004 -019 026 035 -005 -0.27 067

Mg 032 012 0.07 040 037 034 -029 015 023 -003 -0.06 068 0.76

P -0.15 -0.16 0.11 040 031 020 -0.16 -003 -0.06 039 053 -0.01 -013 -0.20
A. nordmanniana SMR SMBC SqCO2 SN SC SCN SM ST pH EC Ca Na K Mg
SMBC -0.01

SqCO2 0.64  -0.76

SN 0.16  0.02 0.08

sC 022 -0.32 0.34 0.66

SCN 022 -0.38 0.38 040 094

SM -0.50 0.44 -0.65 0.00 -0.38 -0.50

ST 072  -0.29 0.69 003 036 045 -0.90

pH -0.13  0.11 -0.20 0.07 015 014 0.23 -0.21

EC 0.04  -0.60 0.44 014 035 032 -026 024 044

Ca -0.27  -0.57 0.22 -0.02 036 044 -015 004 008 051

Na 0.24 -0.10 0.21 014 034 033 -0.07 024 048 059 0.23

K 0.27 -0.30 0.37 0.26 047 041 -024 040 040 0.73 0.26 0.73

Mg 025 -0.36 0.39 052 065 053 -0.09 025 044 063 040 062 081

P 042 0.20 0.13 023 038 038 -0.08 023 002 -006 -024 022 017 0.10

SMR : Soil microbial respiration, SMBC: Soil microbial biomass-Carbon, SqCO,: Soil metabolic quotient, SN: Soil nitrogen, SC: Soil carbon,
SCN: Carbon/nitrogen, SM: Soil moisture, ST: Soil temperature, pH: Soil acidity, EC: Soil electric conductivity, Ca: Calcium, Na: Sodium,
K: Potassium, Mg: Magnesium, P: Phosphorous. Significant differences (P < 0.05) are marked with bold and italic
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Table 3: Chemical, physical and microbial properties of the forest floor in the study plot

A. bornmuelleriana

A. cilicica

A. nordmanniana

Mean = Std. Er

Mean + Std. Er

Mean + Std. Er

FFMR (ug CO-Cg h') 418+0.64a 426+0.62a 470+0.66 a
FFMBC (mg C g h?) 2.40+0.28a 1.96+0.24 a 2.37+03la
FFQCO; (ug CO-Cmg C h) 1.99+0.36a 222+027a 2.39+0.36a
FFEN* (%) 158+0.02a 1.19+0.03a 1.39+0.03a
FFC* (%) 42.96 +£0.46 a 41.92+0.88a 37.09+1.19b
FFCN* 27.32+0.43ab 28.26 +0.83 a 26.45+0.82b

FF* (g m?) 1027.02 £49.97 a 1005.04 + 67.28 a 1452.86 + 84.61 b
FFM (%) 4493+212a 41.27+2.98a 46.97 £2.04 a

Ca (mg kg) 14326.67 + 369.46 a 14650.83 + 567.98 a 14272.50 + 498.38 a
Na (mg kg’) 54.08 £5.26a 68.23+8.30a 5257+4.46a

K (mg kg) 922.75+42.78 a 1081.77 +34.37b 1072.517 +50.21 b
Mg (mg kg) 1193.82 + 46.69 a 1291.25+30.11a 1339.583 + 42.89 a
P (mg kg) 475.67 +8.08 a 462.04+12.92 a 479.192+9.46a

FFMR : Forest floor microbial respiration, FFMBC: Forest floor microbial biomass-Carbon, FFqCO,: Forest floor metabolic
quotient, FFN: Forest floor nitrogen, FFC: Forest floor carbon, FFCN: Forest floor Carbon/nitrogen, FF: Forest floor amount,

FFM: Forest floor moisture, Ca: Calcium, Na: Sodium, K: Potassium, Mg: Magnesium, P: Phosphorous. Means with different
letters in the same line are different (P < 0.05).

“*” from Cakir (2018)
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Figure 2: Seasonal variations of forest floor microbial parameters. (a: FFMR, Forest floor microbial respiration,
b: FFMBC: Forest Floor Microbial Biomass-C, ¢: FFqCO2: Forest Floor metabolic quotient)
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Table 4: Pearson correlation coefficients among the forest floor variables in the study

A.bornmuelleriana  FFMR FFMBC FFgCO2 FFN FFC FFCN FF FFM Ca Na K Mg
FFMBC 0.72

FFgCO2 0.63 -0.02

FFEN 0.17 0.01 0.16

FFC 0.11 0.14 0.06 0.32

FFCN -0.09 0.09 -0.12 -0.75 0.38

FF 0.24 -0.08 0.26 0.34 0.3 -0.34

FFM 0.23 0.39 -0.13 -0.14 -042 -0.15 0.04

Ca 0.50 0.19 0.48 -0.19 0.06 0.22 0.22 -0.25

Na -0.69 -0.63 -0.30 -0.21 -0.16 0.11 -0.25 -0.15 -0.08

K -0.29 0.37 -0.72 -0.10 -0.05 0.07 -0.36  0.35 -0.52  0.11

Mg 0.04 0.15 -0.18 031 -0.28 -0.49 011 032 -0.22 002 049

P 0.38 0.15 0.19 -0.21  -0.05 0.20 0.07 -0.17  0.63 014 -035 -0.03
A. cilicica FFMR FFMBC FFqCO2 FFN FFC FFCN FF FFM Ca Na K Mg
FFMBC 0.76

FFgCO2 0.46 -0.08

FFEN -0.23 0.09 -0.45

FFC 0.07 0.04 -0.22 -0.18

FFCN 0.15 -0.02 0.06 -0.71  0.82

FF -0.23 -0.31 0.29 004 -0.72 -0.57

FFM 0.06 0.27 -0.14 050 -0.39 -0.56 0.25

Ca 0.07 -0.06 -0.20 026 030 0.05 -0.12  -0.01

Na -0.20 -0.09 -0.37 0.28 0.19 -0.03 0.06 -0.02 075

K -0.19 -0.19 -0.37 0.05 0.25 0.16 -0.10 -0.21 0.71 0.87

Mg -0.22 0.07 -0.46 066 -0.03 -0.36 -0.26 034 013 0.09  -0.03

P -0.50 -0.50 -0.38 0.48  0.09 -0.19 -0.10 -0.03 0.70 054 055 0.48
A. nordmanniana FFMR FFMBC FFqCO2 FFN FFC FFCN FF FFM Ca Na K Mg
FFMBC 0.62

FFgqCO2 0.36 -0.50

FFN -0.47 -0.27 -0.24

FFC -0.50 0.06 -0.60 0.45

FFCN -0.26 0.26 -0.53 -0.14 081

FF 0.24 -0.25 0.59 -0.57 -0.61 -0.37

FFM 0.46 0.11 0.35 -0.27 -043 -0.24 0.02

Ca -0.36 -0.48 0.26 0.00 0.8 0.25 0.29 -0.18

Na 0.02 -0.15 0.15 023 0.12 -0.03 -0.18 052  0.02

K 0.11 0.43 -0.46 014 -0.02 -0.17 -0.27  -031 -081 -041

Mg 0.39 021 0.19 -0.52 -0.41 -0.17 0.27 -0.18 -042 -053 043

P -0.56 -0.26 -0.27 039 047 0.28 -0.04 -059 0.66 -0.07  -022 -0.57

FFMR : Forest floor microbial respiration, FFMBC: Forest floor microbial biomass-Carbon, FFqCO,: Forest floor metabolic quotient, FFN:
Forest floor nitrogen, FFC: Forest floor carbon, FFCN: Forest floor Carbon/nitrogen, FF: Forest floor amount, FFM: Forest floor moisture, Fe:
Iron, Ca: Calcium, Na: Sodium, K: Potassium, Zn: Zinc, Cu: copper, Mg: Magnesium, Mn: Manganese, P: Phosphorous. Significant
differences (P < 0.05) are marked with bold and italic

Discussion
Soil

Soil basal respiration provides an estimate of microbial activity (Bolat et al., 2015). The SMR rate
obtained in the study sites ranged from 0.18 to 1.04 ug CO»-C g h". These results are similar to those
obtained with other studies (Hofman et al., 2004; Bolat, 2014; Bolat et al., 2015). SMR in A, plot was
significantly lower than other species. This may be due to the low amount of N, SM and SMBC in this
plot compared to other fir species in the study site. Previous studies indicated that change of microbial
respiration have relation with factors such as mineralized N, moisture and MBC (Priess and Folster,
2001; Nsabimana et al., 2004).

Generally, a temporary increase in respiration rates was observed in fall and spring across all plots. As
it was pointed out in Bolat et al. (2015), this increase might be a consequence of a promoting microbial
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activity which was triggered by higher soil temperature and moisture in these seasons. In addition, there
were significant differences among the related species in July and November. Baldrian (2017) pointed
out that seasonal variation is the most important driving force of microbial change with the soil
temperature. When the interactions between SMR and variables are examined, it was seen that ST has
a strong effect on SMR in the A, plot, while the presence of nutrients (N, Na, K and P) in the A, and
A plots were effective on SMR. As the results demonstrated in many studies, the microbial respiration
is related to available nutrients (Cheng et al., 2013; Li et al., 2015; Spohn, 2015; Wang et al., 2018) and
microbial biomass (Mariani et al., 2006; Bolat et al., 2015; Qu et al., 2018). Likewise, Spohn (2015)
found that respiration have linear correlation with soil temperature. Wang et al. (2003) suggested that
soil respiration under favorable temperature and moisture conditions was principally determined by
substrate supply rather than by the pool size of MBC. As a result, it can be stated that different
environmental factors have different effects on microbial process among plots.

The mean SMBC values were not showed significant differences among the plots. This may be due to
the fact that soil properties (such as ST, SM and pH) that affect SMBC do not differ between the plots.
However, in terms of seasonal variations, SMBC decreased from spring to autumn and reached its
highest level in all plots in March. Similar to the results of this study, Qu et al. (2018) stated that MBC
was showed an increase early in the growing season (May) and then gradually decrease (July). This
seasonal change may have two possible causes. The first one is the seasonal change in soil moisture and
temperature. Second, the reduction in soil microbial biomass may be the result of mineralization of
nutrients as stated by Jia et al. (2005). Soil microbial biomass is strongly affected by multiple factors
such as local abiotic conditions and plant traits (Pei et al., 2016). Considering the relationship between
SMBC and environmental variables, there is a positive relationship with EC and P in the Ay, plot, while
there is a positive relationship only with K in the A plot, with SM and a negative relationship with EC
and Ca in the A, plot. Previous studies showed that the microbial biomass is strongly dependent on soil
properties such as exchangeable Ca, and pH (Wolters and Joergensen, 1991; Agnelli et al., 2001). While
the relationships between MBC and C, N were determined in the studies (Park et al., 2002; Mariani et
al., 2006; Pei et al., 2016), no significant relationships were detected in presented study. Similar to
current study results,Tan et al. (2008), Pei et al. (2016), Docherty et al. (2015) and Cheng et al. (2013)
stated that moisture and nutrients have significant relationships with SMBC. The results showed that
although SMBC under different tree species did not differ, soil microbial biomass are drived by different
factors.

The gqCO- is a measure that varies according to the state of the microbial biomass, the availability of
nutrients; and various abiotic factors (Wardle and Ghani, 1995; Gongalves et al., 2009). qCO. showed
a parallel change between plots and reached its highest level in September. This situation can be
explained as in this period, with moisture and temperature changes (low moisture and high temperature)
as it was stated by Yuan and Yue (2012). In addition, SqCO; has generally changed at high levels in A,
plot. Increase of qCO, was interpreted as a microbial response to adverse environmental stresses that
was observed when the soil conditions were unfavorable (Wardle and Ghani, 1995). SqCO; had a
positive relationship with N and SM in the A, plots, had a negative relationship with SMBC in the A¢
plot and had a positive relationship with ST and EC, and had a negative relationship with SM in the A,
plot. These results show that moisture is the limiting factor in A, plot and microbial biomass plays a role
as the limiting factor in A plots.

Forest floor

In this study, FFMR ranged from 0.41 to 9.24 ug CO.-C g h'. These values are lower than the values
found for fir forests by Bolat et al. (2015). Although the a mean FFMR values did not differ significantly
among the species, forest floor properties (FFC, FFCN, FF and K) differed among plots. FFMR in all
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plots was observed as it decreased in the autumn period and an increase afterwards. This can be
explained by the change in the amounts of FMBC. In relation to this, when the relationships among the
variables were evaluated, it showed a linear correlation between FFMR and FFMBC in all plots. In
addition, FFMR had a positive correlation with Ca in the Ay plot, a positive relationship with FM and a
negative relationship with N, C and P in the A plot. Also, it has shown the only negative relationship
with P in the A¢ plot. Wardle (1992) stated that microbial activity may also be limited by the availability
of N or P. Contrary to the presented study results, Allen and Schlesinger (2004) found a linear
correlation between FFMR and C, N, P. As a result, nutrient status may also affect the activity of the
microflora.

Microbial biomass mediates the conversion of biogenic nutrients between inorganic and organic
components (Wu et al., 2000). FFMR values were similar and there was no difference between the plots
in terms of average FFMBC amounts. It had decreased from spring to autumn in terms of the temporal
change. This variation can be caused by changes in temperature and humidity. Similar to the study
results, Butenschoen et al. (2011) found that the litter microbial biomass decreases with increasing
temperature. In addition, it is possible to say that the mobilization and immobilization status of nutrients
can be temporally effective. As a matter of fact, when the relationships between FFMBC and variables
are evaluated, there was no positive relationship in the A, and Ac plot while there was a positive
relationship with K in the A, plot. On the contrary, the results showed a negative relationship with Na
in A, plot, with P in A¢ plot and with Ca in A, plot. This observation shows that different nutrients may
have a limiting effect on a variation of forest floor microbial biomass among the plots.

The mean values of FFqCO. were not showed a significant difference among the plots like the other
microbial parameters and it reached the highest level in November. This can be explained by the
mobilization process of nutrients. Because the FFqCO, showed a negative relationship with K in the A,
plot, with P in the A. plot, and with Ca in the A, plot. This result supports the view that the limiting
factors mentioned above were caused by different nutrients.

Conclusion

In the presented study, SMBC, SqCO- values did not show a significant difference among the three
different fir species, and SMR has the lowest value in Abies nordmanniana ssp. bornmuelleriana Mattf.
plot. While SMR and SMBC were associated with moisture and temperature conditions in the Abies
nordmanniana ssp hordmanniana Mattf plot, they had interactions with nutrients (N, Na, K and P) in
other plots. Microbial parameters in forest floor did not differ between plots. Temporarily, a decrease in
microbial parameters have been detected from spring to autumn in plots. Forest floor microbial
parameters prominently changed under the influence of nutrients (Ca, N, C, P and K). As a result, in this
short-term study, although there was no clear difference between the plots, the microbial processes in
both soil and forest floor changed with the effect of different factors. These results will contribute to
understanding the relationships between microbial processes and biochemical cycles in plantations. In
future studies, considering the long-term measurements of these interrelations, including microbial
community structure and enzyme activities, will also provide a clearer evaluation opportunity in
plantations constituted different species.
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Abstract

The objective of this study was to review natural ecosystems and agroecosystems to compare the abundance of
soil microbial communities and also plant growth. This study used a random block design method, each soil from
both ecosystems is planted with corn and string beans. Each treatment is repeated three times and arranged in
random block design. At the end of the study, head height, root display and leaf count were calculated. The results
showed that soils from agroecosystems had greater microbial abundance and good plant growth responses. The
results showed that agroecosystems are ecosystems that have an abundance of microbial communities that are the
most good compared to forest ecosystems. This has an impact on good growth responses in agroecosystems
compared to forest ecosystems.

Keywords: Agriculture ecosystem, plant growth promoting agents, natural ecosystem

Introduction

Healthy soils are the capacity of soils to function, within the boundaries of natural and managed
ecosystems, to maintain crop productivity, maintain water and air quality, support human welfare, and
provide habitat for biodiversity (Doran and Zeiss, 2000; Gugino et al., 2009). Human impacts on soil
health largely arise from the need to meet the growing food, fiber and fuel needs of the population. In
recent decades significant efforts have been made to increase agricultural productivity through increased
fertilization and application of pesticides, increased irrigation, land and crop management, and large-
scale land conversion (Tilman et al., 2001).

Recently, awareness and concern have begun to emerge that agricultural intensification is putting
tremendous pressure on the capacity of soils to maintain other functions that lead to large-scale
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ecosystem degradation and long-term loss of productivity (Foley et al., 2005; Vitousek et al., 2009). For
example, the conversion of natural ecosystems into agricultural land has caused huge environmental
costs, including desertification, increased greenhouse gas emissions, decreased organic matter in the
soil, loss of biodiversity, and changes in biogeochemical and hydrological cycles (Balmford et al., 2005).
Modern agriculture thus faces major challenges not only in terms of ensuring global food security by
increasing crop yields but also reducing environmental costs especially in the context of a changing
environment and increasing competition for land, water and energy (Chen et al., 2014). Therefore, this
study aims to examine the natural ecosystems represented by pine forests and agroecosystems to
compare the abundance of soil microbial communities and also plant growth. The hypothesis are
microbes in forest soils are higher than in agroecosystem soils because forest land is still virgin and
there is no additional input from humans

Material and Methods

Site Properties

The experiment was conducted at the pine forest ecosystems Mount Halimun Salak National Park, sub
district Pamijahan Bogor district, West Java -6.689177, 106.680534 and Cikabayan Experimental
Station, Dramaga Campus of IPB University, Bogor district West Java -6.550665, 106.715212.

Material

The materials used were soil samples from pine forest ecosystems were taken from the Mount Halimun
Salak National Park, Bogor, and soils from agroecosystems from the Cikabayan Experimental Station,
Dramaga Campus of IPB, Bogor, sweet corn seed varieties of bonanza and peanut varieties of zebras,
sterile aquades, Pikovskaya media, Martin jelly and TSA. The equipment used is equipment for
analyzing soil properties in the field and laboratories, stationery, and a computer set.

Method

Time and Place of Implementation

The research activities were carried out from September to December 2019 in the Experimental Station
and Education Laboratory, Plant Protection Department, Faculty of Agriculture, Dramaga Campus of
IPB.

Planting Media Preparation

The planting media used in this study were soil samples with soil depth 0-20 cm latosol type soil, clay
soil texture with pH 6, this soil belongs to the type of Mediterranean land with moderate sensitivity to
erosion from pine forest ecosystems taken from the Mount Halimun Salak National Park, Bogor, and
soil from agroecosystems latosol type soil with soil depth 0-20 cm, clay soil texture with pH 6 from the

Cikabayan Experimental Station, Dramaga Campus of IPB, Bogor. Each soil sample is then prepared in
a planting tub with a size of 38 x 30 x 15 cm.

Planting of planting material
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The planting material used consists of sweet corn seeds of bonanza varieties and peanut varieties of
zebra. Each tub is planted with 5 seeds. Then maintained until the age of 4 weeks with treatment in the
form of watering and weeding.

Plant growth measurement

At the end of the study it was observed that plant growth included 1) the height of the canopy measured
from the ground surface to the highest canopy, 2) the number of leaves, and 3) the length of the roots
measured from the base of the stem to the tip of the root.

Population Observation and Enumeration of Soil Microbes

Each soil sample was taken from each treatment as much as 1 g and put in 10 mL of sterile aquades.
Then it is diluted serially until dilution 10*. Soil suspensions at dilutions 10~ and 10** were taken 0.1
mL and grown on Pikovskaya, Martin jelly, and TSA media by the scatter method. Microbial
enumaration is done by calculating the total plate count based on BSN (2006) using the formula:
N = Lc
[(1 xn1) + (0.1 x n2]x(d)

The items in the formula refer to:

N = Number of product colonies, expressed in CFU per mL
¢ = Number of colonies in all plates was counted

nl = Number of plates in the first dilution is calculated

n2 = Number of plates in the second dilution is calculated

d = The first dilution is calculated

Data analysis

This study used a randomized block design with 3 replications. The data obtained were processed using
SAS program version 9.1. The treatments that showed significant differences were further tested by
Duncan’'s test at 5% level.

Results
Abundance of Soil Microbial Communities

Exploration results of soil microbial communities from agroecosystems and forests found bacteria,
fungi, and phosphate solubilizing bacteria in each treatment (Table 1). However, the abundance of soil
communities tends to be more common in soils from agroecosystems than in pine forest ecosystems.
Meanwhile, soil from agroecosystems planted with peanuts showed the greatest abundance of soil
microbes, namely bacteria of 2.74 x 105 CFU mL™?, fungi of 1.86 x 104, fungi of CFU mL?, phosphate
solubilizing bacteria of 2.74 x 105 CFU mL*. Meanwhile, the smallest abundance of microbes is shown
by soil from pine forest ecosystem planted with peanuts, with a number of bacteria of 6.27 x 103 CFU
mL%, fungi with too little amount to count, and phosphate solvent bacteria of 4.36 x 104 CFU mL .
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Table 1. Soil microbial populations in the treatment of agroecosystems and pine forests.

No Treatments Bacteria Fungi Phosphate Solvent Bacteria
(CFU mLY) (CFUmL™?) (CFUmL™?)

1 T1E1 9.04 x 10* TSUD 2.61 x 10*

2 T2E1 2.74 x 10° 1.86 x 10* 2.74 x 10°

3 T1E2 1.97 x 10* 6.56 x 10° 4.36 x 10*

4 T2E; 6.27 x 10° TSUD 4.36 x 10*

Remarks : TLE1 = corn plants on agroecosystem soils, T2E1 = peanut plants on agroecosystem soils, TLE2 = corn
plants on exocytes of pine forests, T2E2 = peanut plants on soils of pine forest ecosystems.

Growth response of corn and peanut plants

Based on plant growth parameters, the best ecosystem for maize and long bean growth is agroecosystem
compared to pine forest ecosystem (Table 2). The results of the analysis of variance showed that the two
plants growing media from the agroecosystem had a significant influence on the height of the canopy
compared to the pine forest ecosystem. The difference in height of the canopy between corn in the
agroecosystem and forest ecosystem planting media was 30.75 cm, and the difference in the canopy
between the peanuts in the agroecosystem and forest ecosystem planting media was 9.85 cm.
Meanwhile, for the root length variation, in the long bean plant based on the analysis of variance, there
was no real effect of the use of growing media from both ecosystems.

Table 2. Response of growth of corn and peanuts in planting media from different ecosystems

No Treatments Canopy Height Root Length Number of Leaves
1 T.Ex 49.40a 44.76a 4.80c

2 T2E; 30.58h 36.87a 15.60a

3 LE1= 18.65¢ 6.93b 3.67c

4 T2E> 20.73c 44.33a 10.93b

Remarks : TLE1 = corn plants on agroecosystem soils, T2E1 = peanut plants on agroecosystem soils, TLE2 = corn
plants on exocytes of pine forests, T2E2 = peanut plants on soils of pine forest ecosystems. The numbers in the
same column followed by the same letter are not significantly different at the 5% test level (Duncan's test).

However, the corn planted in agroecosystem planting media showed a significant effect on increasing
root length compared to pine forest ecosystem planting media by selecting root length increase of 37.83
cm. In the parameters of the number of leaves, the only real effect is on the planting of peanuts. The
results of the analysis showed that the agroecosystem planting media showed a real effect on the number
of peanut leaves compared to the pine forest ecosystem.

Discussion

Soil microbial communities show that their abundance is high in agroecosystems compared to forest
ecosystems. Agroecosystem which is an artificial ecosystem occurs practices of soil management, crop
rotation, periodic fertilization; and the application of pesticides resulting in temporal and spatial changes
in the physical and chemical properties of soils in agricultural systems (Carbonetto et al., 2014). Such
agroecosystems represent a rapidly fluctuating environment with highly variable resource gradients and
create greater bio-physical and chemical heterogeneity compared to forest ecosystems, thus providing a
variety of gaps for microbial growth (Trivedi et al. 2016). Microbial communities in natural systems
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may be limited by the availability of nutrients and therefore the addition of fertilizers can allow
colonization by new species from regional ponds (Crowther et al., 2014; Figuerola et al., 2015).

In this study, the composition of soil microbes found in abundance in agroecosystem soils correlated
with the growth parameters of corn and peanuts in soil media from agro-systems. The presence of
microbial communities on the soil has several roles including as biological fertilizer, providing
phosphorus to be absorbed by plants, nitrogen fixation, siderophor production, and phytohormone
production (Mehmood et al., 2018). The presence of microbes in the form of bacteria from the PGPR
group in the soil not only rapidly colonizes the rhizosphere soils and enhances the absorption ability of
plant nutrients but also is beneficial in suppressing disease through various mechanisms. One of the
nutrients that plants need is phosphorus.

Phosphorus is an important nutrient taken from the soil by plants in the form of phosphate anions
(Nautiyal et al., 2000). Because of its highly reactive nature, phosphate anions can be obtained by plants
with cation precipitation (Alz *, Mg *). The availability and unavailability of phosphorus for plants
depends on the quality of the soil because phosphorus is very insoluble in the soil, therefore only a
limited amount of phosphorus is available for plants (Yadav and Dadarwal, 1997). It has been
documented by many researchers that Hydroxyapatite, di-calcium phosphate, rock phosphate and
tricalcium phosphate are transformed into soluble forms by various species of beneficial bacteria present
in the soil and these beneficial bacterial species are called phosphate solvent bacteria (PSB) (Chen et
al., 2006; Rodriguez and Fraga, 1999). Various mechanisms are followed by PSB to dissolve phosphates
that are not available including the release of enzymes and the production of certain acids (Greiner et
al., 2001). PSB inoculation not only increases plant growth parameters but also significantly increases
overall crop yields (Moura et al., 2001).

Conclusion

The results showed that agroecosystems are ecosystems that have an abundance of microbial
communities that are the most good compared to forest ecosystems. This has an impact on good growth
responses in agroecosystems compared to forest ecosystems. The limitation in this study are, this study
has not been able to identify the type and function of microbes, but this study has implications that can
determine the level of soil health through the observed abundance of microbes.
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Abstract

The quality fit produce by distribution function such as the Weibull depends to an extent the type of estimator used
to derive its parameters. Inappropriate choice of estimator could affect management decision. Though several
estimators have been developed for the Weibull function, their application to forestry have been relatively few.
Therefore, this study evaluated ten estimators of the Weibull parameters using tree diameter data from five
production forest plantations in Nigeria. The estimators were generalized least type | and type I, L-moment,
moments, maximum likelihood, percentiles, rank correlation, least squares, U-statistics and weighted least squares.
The quality of fits of the Weibull function were evaluated with Kolmogorov-Smirnov, Anderson-Darling, Cramer-
von Mises, Akaike information criterion and Bayesian information criterion. Relative rank sum from the evaluation
statistics of the methods was analysed using One-way analysis of variance. The results showed that weighted least
square had the smallest statistics and relative rank, but not significantly different from L-moment, moments and
maximum likelihood (p > 0.05). The performances of least squares, generalized least type | and type Il, percentiles
and U-statistics were relatively poor. Thus, either the weighted least squares, moments-based or MLE could be used
for the Weibull function in the diameter distribution of forest stands in Nigeria.

Keywords: Moment-based methods; weighted least squares, maximum likelihood; Eucalyptus camaldulensis,
Gmelina arborea; Tectona grandis

Introduction

The roles of diameter distribution in forest management and planning cannot be overemphasized. It
provides information on product specification, value and volume production of forest stand (Gorgoso et
al. 2012). It is also a useful tool for planning silvicultural treatments, determining age distribution and
stand stability (Carretero and Alvarez 2013). Yield estimates are often derived from diameter distribution;
and a common practice is to apply statistical function such as the Weibull to characterise the number of
trees per ha into diameter classes. Class volume is then obtained by substituting the diameter class
midpoint and mean height mean derived from height-diameter model into appropriate volume function
(Burkhart and Tomé, 2012).

The accuracy and precision in characterising tree diameter using statistical function depends on the
estimator used to derive the distribution (Zhang et al. 2003, Ogana and Gorgoso-Varela 2015). The
Weibull function is the commonly used statistical function to characterise diameter distribution because
of its relative flexibility, simplicity, ease of computing relative frequency of trees in diameter class and
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has different parameter estimators (Rubin et al. 2006, Carretero and Alvarez 2013). Several estimators
including generalized least type | and type Il, L-moment, logarithmic moment, maximum likelihood
estimator, method of moments, percentiles, rank correlation, least squares, U-statistics and weighted least
squares, etc. have been developed for the Weibull function (Sadani et al. 2019). However, not all the
methods have been evaluated in forestry, especially in Nigeria.

In Nigeria, most of the production forest plantations are predominantly of Eucalyptus camaldulensis
Dehn, Gmelina arborea Roxb and Tectona grandis Linn. Large investments in the plantations have been
made in the country to meet the demand of wood and wood products (Ogana, 2019). The diameter
distributions of these stands have been described using the Weibull function fitted with maximum
likelihood and percentiles estimators (e.g., Ajayi 2013, Ekpa et al. 2014, Saka 2014, Ogana et al. 2020,
Ogana and Ekpa 2020). Other studies that have applied the moments, least squares, percentiles, maximum
likelihood methods for the Weibull function outside Nigeria include Poudel and Cao (2013), Gorgoso-
Varela and Rojo-Alboreca (2014), Sun et al. (2019), etc. Inappropriate choice of estimator to derive the
diameter distribution could affect the quality of fit and overall management decision. Therefore, the aim
of this study was to evaluate different estimators of the Weibull distribution to characterise tree diameters
in five production forest plantations in Nigeria.

Methodology

Data

The data for this study were collected from five different production forest plantations of Gmelina
arborea, Tectona grandis and Eucalyptus camaldulensis in Nigeria. Two plantations of G. arborea and T.
grandis are situated in Omo Forest Reserve (FR), Ogun State. The reserve lies between Latitude 6°35' —
7°05' N and Longitude 4°10" — 4°19" E. The second G. arborea and T. grandis plantations are in Oluwa
FR and Gambari FR, respectively. Oluwa FR is in Ondo State of Nigeria and lies between Latitude 6°55’
— 7°20' N and Longitude 3°45' — 4°32" E (Onyekwelu 2001). While Gambari FR is in Oyo State of
Nigeria and lies between Latitude 7°21' — 7°55'N and Longitude 3°53’ — 3°9'E (Adedeji et al. 2015). The
E. camaldulensis plantation is in Afaka FR situated between Latitude 10.58° — 10.68°N and Longitude
7.35° — 7.37°E of Kaduna State, Nigeria. Diameter at breast height (1.3m above the ground, dbh in cm)
data of 1,052, 1,079, 1,370, 1,916 and 3,988 trees from G. arborea in Oluwa FR, G. arborea in Omo FR,
T. grandis in Gambari FR, T. grandis in Omo FR and E. camaldulensis, respectively were available for
this study. The descriptive statistics of the data are presented in Table 1.

Table 1: Descriptive statistics of the data set

Species Mean Max Min SD N trees
G. arborea in Oluwa FR 23.0 54.5 3.0 10.4 1052
G. arborea in Omo FR 19.5 49.6 4.6 8.9 1079
T. grands in Gambari FR 19.6 39.2 5.8 6.2 1370
T. grands in Omo FR 17.9 37.9 6.0 5.3 1916
E. camaldulensis 10.5 47.4 2.0 6.3 3988
All species 15.8 54.5 2.0 8.4 9405

Two-Parameter Weibull Function
The probability density function (pdf) and cumulative distribution function (cdf) of the commonly used
two-parameter Weibull function (Weibull 1951) are expressed as:
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@ =5() ew(-()) £, 1)
F(x)=1—exp (— (g)c) Eq. [2]
Where: f(x) = pdf; F(x) = cdf; ¢ = shape parameter (c > 0); b = scale parameter (b > 0).

Estimation methods

Ten estimation methods of the Weibull function were evaluated in this study. These include: generalized
least type | (GLS1) and type Il (GLS2), L-moment, maximum likelihood estimator (MLE), method of
moments, percentiles, rank correlation (Rank), least squares (LS), U-statistics (U-stat) and weighted least
squares (WLS). Some these estimators are presented in Appendix. Detailed information including the
derivations on the various estimators of the Weibull distribution can be found in Teimouri et al. (2013)
and Sadani et al. (2019). Each method was used to fit the Weibull distribution to the diameter data from
the five forest plantations and for all species combined. The ‘ForestFit’ package (Teimouri, 2020)
implemented in R (R Core Team, 2017) was used for the analysis.

Evaluation statistics

Five evaluation statistics were used to assess the ten estimation methods of the Weibull distribution. For
each estimation method, the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC),
Anderson-Darling (AD), Cramer-von Mises (CvM) and Kolmogorov-Smirnov (KS) statistics were
computed. The smaller the statistics are, the better the method.

Akaike Information Criterion (AIC):

AIC =2 @; [ln(b) — () + (1 -0o)n (%) 4 (%)CD +2p Eq.[3]
Bayesian Information Criterion (BIC):
BIC =2 <; [ln(b) — () + (1 -0o)n (%) + (%)CD + pln(n) Eq.[4]

Kolmogorov-Smirnov (KS) statistics:
KS = max{maxlsisni [Fn(xi) - Fo(xj)]: maxi<isn, [Fo (xj) - Fn(xi—l)]} Eq. [5]

Anderson-Darling (AD) statistic:

AD = —n; — Z @ = D[ (F(x)) + in(1 = FuCximn) ] /g Eq.[6]
j=1
Cramer-von Mises (W?) statistic:
= (. —05)° 1
w2 =Z{F(xi)—(l - )} e Eq.[7]

=1

Where F(x) is the observed cumulative frequency distribution for x; (i ranged from 1 to n); Fo(x;) is the
theoretical cumulative frequency distribution; b and c are the scale and shape parameters of the Weibull
distribution; p is the number of parameter; In is the natural logarithm
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Ranking of Methods
Relative rank introduced by Poudel and Cao (2013) was used in this study. It is given by:

R, = 1+w Eq. [8]

Smax—Smin

where R; = relative rank of method i (i = 1, 2, ..., m); m = number of methods evaluated (10 estimation
methods), Si = evaluation statistics value of method i; Smax and Smin = maximum and minimum values of
Si, respectively. The relative rank is real number between 1 (best) and 10 (worst). For each estimation
method, the relative ranks were summed across the five evaluation statistics, analysed and plotted. One-
way analysis of variance (ANOVA) was then used to analysed the relative rank sum of the ten methods at
5% level of significant. Methods that were significantly different were separated with Duncan multiple
range test (DMRT).

Results

The estimates of the parameters of the Weibull distribution from the ten fitting methods are presented in
Table 2. The estimated Weibull shape and scale parameters from the ten methods ranged from 2.1418 to
2.4344 and 25.8840 to 26.50, respectively in the G. arborea stand in Oluwa FR. For G. arborea stand in
Omo FR, the shape and scale parameters, respectively, ranged from 1.9808 to 2.5347 and 21.8721 to
22.3649. The values of the parameters ranged from 3.4436 to 3.7408 and 21.6373 to 21.8576, and 3.5456
to 4.0992 and 19.40 to 20.0427, respectively in the T. grandis stands in Gambari FR and Omo FR,
respectively. In the case of the E. camaldulensis stand, the shape and scale parameters, respectively,
ranged from 1.6306 to 2.2042 and 11.4237 to 12.0086. For the pooled data i.e., all species, the estimates
of the shape and scale parameters ranged from 1.8245 to 2.1318 and 17.6678 to 17.8696, respectively.
There was lack of fit for the Weibull distribution fitted with weighted least squares (WLS) to the pooled
data.

The evaluation statistics of the ten methods for fitting the Weibull distribution by species and all species
showed that the WLS and L-moment had in most cases smallest values (Table 3). However, L-moment,
moment and Rank correlation (Rank) had the best evaluation statistics for all species combined. Larger
AD, CvM and KS were observed in the least squares (LS), generalized least squares both type 1 (GLS1)
and type 2 (GLS2) for most of the stands.

The plot of the relative rank sum (mean + standard errors) for the ten estimation methods are presented in
Figure 1. A boundary line was used to demarcate the methods with relative rank sum < 20 from those >
20. The L-moments, MLE, moment and WLS methods were within the lower region of 0 — 20. The
method of WLS had the smallest value. Though Rank correlation had average value that was < 20, its
upper limit was slightly beyond the boundary line. The GLS1, GLS2, LS, Percentiles and U-statistics (U-
stat) methods were those above the boundary line. Further result from the analysis of variance (ANOVA)
showed a significant difference in the relative rank sum of the ten methods. Methods within the same
region were not significantly different; whereas methods between regions were significant (Figure 1).
That is, no significant difference between L-moments, MLE, moment, Rank and WLS methods; but they
differed significantly from those in the upper region, i.e., GLS1, GLS2, LS, Percentiles and U-stat
methods.

The graph of the observed and fitted Weibull function with three best methods in the individual stand and
all species combined are presented in Figure 2a to f. In all cases, the fitted Weibull function approximated
the observed diameter distribution of the stands. Only in diameter class of 10 cm in the E. camaldulensis
stand that the Weibull function underestimated the relative frequencies of trees.
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Table 2: Estimated parameters from the fitting methods in the different forest stands

G. arborea in Oluwa G. arborea in Omo T. grandis in T. grandis in Omo
Methods FR FR Gambari FR FR E. camaldulensis All species

Shape Scale Shape Scale Shape Scale Shape Scale Shape Scale Shape Scale
Gregl 2.4344 25.9581 2.5347 21.9922 3.6167 21.8199 3.9603 19.9357 2.1847  12.0081 2.1318 17.8682
Greg2 2.4005 25.9667 2.5009 21.9986 3.5805 21.8227 3.9341 19.9368 21777 12.0086 2.1269 17.8696
L-moment 2.3308 25.9835 2.3064 21.9751 3.5413 21.7553 3.7872 19.8221 1.8560  11.8403 1.9562 17.7859
MLE 2.3957 26.0239 2.3729 22.0366 3.4436 21.7791 3.5456 19.8623 1.8145  11.9133 1.9813 17.8520
Moment 2.3640 25.9781 2.3320 21.9719 3.5128 21.7647 3.7346 19.8375 1.7267 11.7973 1.9472 17.7839
Percentiles 2.1418 26.5000 1.9808 22.3649 3.7408 21.6373 3.8542 19.4000 1.6306  11.4592 1.8245 17.7000
Rank 2.3294 25.8967 2.3051 21.9260 3.5398 21.8576 3.7860 20.0427 1.8557  11.9879 1.9561 17.7998
LS 2.4318 25.8840 2.4907 21.8721 3.6816 21.6825 4.0992 19.6996 2.1836 11.7236 2.1278 17.6678
U-stat 2.3792 26.0340 2.4373 21.9945 3.6348 21.7324 4.0082 19.7663 2.2042 11.6967 2.0771 17.7867
WLS 2.2765 26.0916 2.2185 21.9719 3.5336 21.6450 3.6885 19.6116 1.8468  11.4237
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Table 3: Evaluation statistics of the different methods in the forest stands

G. arborea in Oluwa FR

G. arborea in Omo FR

Methods AIC BIC AD CvM KS AIC BIC AD CvM KS

GLS1 7839 7849 2.6348 0.4243  0.0405 7689 7699 9.1294 1.3084 0.0738
GLS2 7838 7848 2.1462 0.3403  0.0382 7686 7696 8.0777 1.1563 0.0703
L-moment 7839 7849 1.5073 0.2088  0.0336 7681 7691 4.3173 0.5020 0.0480
MLE 7838 7848 2.0551 0.3267 0.0362 7680 7690 5.1622 0.6833 0.0570
Moment 7838 7848 1.7483 0.2642 0.0357 7680 7690 4.5788 0.5622 0.0509
Percentiles 7864 7874 2.7141 0.1839 0.0319 7741 7751 7.9843 0.5831 0.0642
Rank 7839 7849 1.5849 0.2217 0.0361 7681 7691 4.3238 0.5008 0.0468
LS 7839 7849 2.6767 0.4258 0.0426 7686 7696 7.8353 1.0976 0.0665
U-stat 7838 7848 1.8668 0.2908 0.0349 7681 7691 6.4073 0.8962 0.0633
WLS 7843 7853 1.3275 0.1386  0.0272 7688 7698 3.9870 0.3621 0.0485

T. grandis in Gambari FR T. grandis in Omo FR
GLS1 8882 8892 2.2988 0.3040  0.0333 11943 11954 12.6178 2.1889 0.0697
GLS2 8879 8890 2.1600 0.2933  0.0320 11936 11947 12.0843 2.0950 0.0683
L-moment 8878 8888 1.7886 0.2166  0.0288 11912 11923 8.1486 1.1846 0.0554
MLE 8875 8886 2.0496 0.2794  0.0348 11892 11903 8.6319 1.1061 0.0498
Moment 8877 8887 1.8190 0.2307  0.0307 11904 11915 7.9756 1.1456 0.0546
Percentiles 8898 8909 2.7256 0.2082  0.0275 11955 11966 8.6557 0.6535 0.0388
Rank 8877 8888 2.2677 0.3333  0.0339 11908 11919 12.0068 2.1737 0.0698
LS 8890 8900 2.2199 0.1939  0.0279 12001 12012 12.8293 1.7148 0.0627
U-stat 8884 8895 2.0201 0.2111  0.0290 11965 11976 11.0646 1.6048 0.0621
WLS 8879 8889 1.6047 0.1567  0.0284 11907 11918 6.5598 0.6024 0.0383
E. camaldulensis All species
GLS1 25147 25160 113.1166  20.0076  0.1395 65458 65472 46.9262 5.6606 0.0575
GLS2 25134 25147 1115718 19.7491  0.1387 65451 65465 45.7733 5.5162 0.0569
L-moment 24818 24830 64.8736 9.6506 0.0923 65362 65376 22.0706 1.9715 0.0341
MLE 24812 24824 66.4468 9.8241 0.0909 65359 65373 23.8078 2.3434 0.0380
Moment 24830 24843 67.1428 8.8588 0.1009 65364 65378 21.8793 1.9121 0.0348
Percentiles 24895 24907  77.3515 9.3111  0.1221 65466 65480 30.3126 2.5521 0.0459
Rank 24815 24828  69.3386 10.9219  0.0991 65362 65376 22.1679 1.9914 0.0340
LS 25202 25214 100.8920  16.2469  0.1257 65473 65487 44.1083 4.8872 0.0533
U-stat 25252 25265 104.6804  16.6574  0.1267 65403 65418 34.3245 3.8464 0.0492
WLS 24845 24857 61.0646 7.5250 0.0918 nf nf nf nf nf
nf = no fit
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Figure 1: Bar graph of relative rank sum of ten Weibull parameter estimation methods. Methods in the same region are not significant, while between regions are
significant.
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Figure 2: Observed and fitted Weibull function with three best methods across the stands.
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Discussion

Ten methods have been evaluated for fitting the two-parameter Weibull function to five forest stands in
Nigeria. There was little variation in the estimates of the shape and scale parameters from the ten
methods. However, the estimate of the shape parameter from Percentiles tend to have lower value for
relatively skewed stands e.g., G. arborea in Omo FR, E. camaldulensis and for all species combine. Much
of the variabilities in relative rank sum of the ten methods came from these skewed stands. Whereas only
little variations exist in the methods for stands with gaussian shape (symmetric) such as the T. grandis
stands in Gambari FR and Omo FR. This shows that some of the estimators (e.g., GLS1, GLS2, LS,
Percentiles and U-stat) of Weibull parameters are most appropriate for stands with gaussian structure
(symmetric). Other methods such as L-moment, MLE, Moment, Rank and WLS estimators can be used to
fit Weibull function to both symmetric and asymmetric stands.

Heavily skewed or asymmetric structure for plantations could be due to thinning, poor forest
management, illegal exploitation and other forms of disturbances. The E. camaldulensis and G. arborea
stands have been previously reported to have suffered from severe disturbance — both anthropogenic and
wind damage (Ogana et al. 2017, 2018). Though silvicultural practices such as selection cutting can be
used to convert even-aged stand to uneven-aged (reverse J-shaped), it is not a common practice in
Nigeria.

Among the suitable methods identified for fitting the Weibull function, only the MLE and moments have
been frequently used to model diameter distribution of forest stands especially in Nigeria (e.g. Ajayi
2013, Ige et al. 2013, Ogana et al. 2015, Ogana and Gorgoso-Varela 2015). In Spain, Carretero and
Alvarez (2013) found MLE and moment to be less efficient compared to LS for fitting two-parameter
Weibull to Cork oak stands. Gorgoso et al. (2007) reported similar result for beech stand in northwest
Spain. Recently, Gorgoso-Varela et al. (2020) observed smallest KS value for MLE in three species - E.
globulus Labill, Pinus radiata D. Don. (temperate forest) and G. arborea (tropical forest). Though
numerically the L-moment and WLS methods had the best results in all the stands, their relative ranks are
not significantly different from MLE and moments. The application of L-moment and WLS to fit the
Weibull function has been limited in forestry.

One important factor to consider in the selection of an estimator is relative simplicity (i.e., ease of
estimation) without compromising the quality of fits. The estimation procedures of the five suitable
methods (estimators below the boundary line) vary in complexity. The moment-based estimators are
handier compared to MLE and WLS. In consequence, when complex estimators do not outperform a
simpler alternative, the simpler method should be selected (Gorgoso-Varela et al. 2019, 2020).

Conclusion

This study has evaluated the performance of ten estimators for fitting the Weibull function to some
production stands in Nigeria. The quality of fit produced by the Weibull function varies with the different
estimators. While some estimators such as the least squared, generalized least squared type 1 and 2,
percentiles and the U-statistics are more appropriate for stands with gaussian structure; other estimators -
the moment-based, MLE, rank and weighted least square can be used to fit Weibull function to stands
with either symmetric or asymmetric structure.
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Abstract

DNA barcoding has been proposed as a powerful taxonomic tool for species identification genetically. The Consortium for
the Barcode of Life (CBOL) Plant Working Group has recommended the combination of rbcL & matK as the core plant
barcode. Rhododendron of Nepal shows genetic diversity due to which 31 different species were reported till date, found in
Nepal based on morphological character only. For the genetic identification first time, we collected different samples from
the central and western parts of Nepal and also based on its phytochemical too. Cold extraction was performed using methanol
as solvents. The crude extracts were tested for the presence of phytochemicals such as alkaloids, Saponin, glycosides, tannins,
flavonoids, and Coumarins. The extract was also used for antimicrobial assay into five different pathogenic micro-organisms.
MIC was done for calculating the minimum effective concentration of the extract. Then TLC was done to separate the
compound. The methanol extract was analyzed for core secondary metabolites by HPLC-QTOF-MS and found more than
20 important medicinal compounds. DPPH assay was also done with crude extracts for identifying antioxidant potency of
the extracts. Among samples compared, Gulmi and Palpa showed the best result for antioxidant assay with minimum 1C50.
Similarly, phenolic content was also checked and samples from Palpa showed high phenolic content. Finally with the rbcL
and MatK gene loci was amplified and sequenced and based on alignment with NCBI-BLAST databased it show the 99.98%
similarly for the R.arboreum. The final contig was submitted to NCBI and get the accession number LC456605.1 and were
submitted to the BOLD database for the final authentication and succeed for the first time to publish DNA barcode of
Nepalese plants.

Keywords: DNA Barcode, rbcL +matK, Antimicrobial, Antioxidant, and DPPH.

Introduction

Rhododendron is classified as the earliest of the flowering plants. It has been in existence for 800 million years
ago (Vikas Kumar, 2019) .The first rhododendron was observed in the temperate zone of northern hemisphere
and the fossil of oldest rhododendron was found in the southern China, in a place where three Chinese province
of Yunnan, Sichuan and Tibet meet (Wang et al., 2014) the area is situated around 1000 kilometers of Nepal).
The first rhododendron was brought into Britain in 1656 from the European Alps, where the plant was classified
and named as Rhododendron hirsutum. (Liu et al., 2012) Correspondingly, after Linnaeus introduced the
classification of plants under Species Plantarum, genus Rhododendron was included for the first time. However,
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at that time, only five species of Rhododendron were known. Coming to this time, 1024 species of rhododendron
has been found (Meijon et al., 2010)

Nepal can be classified into several climatic conditions because of varying range of altitude i.e. from 67m in the
lowly plain to 8848 m on the top of Mount Everest. It is known that temperature decreases by 6°C for every 1000
m rise in temperature, Nepal foster the growth of several vegetation that include various species (Liu etal., 2012)
of Rhododendron is also termed as “Laliguras” in Nepal and is the national flower of Nepal.

Nowadays, this taxonomic system is generally accepted by Rhododendron specialists. (COX PA, 1997) However,
the Rhododendron genus still has some problems at various systematic classification levels and there is no simple
or universal manner to discriminate the various species within the genus. Rhododendron arboreum is a rapidly
evolutionary genus within the angiosperms in recent years with many closely related species and there are many
artificial and natural hybrids.(Kress et al. 2005)

The DNA barcoding, based on a short DNA sequence to identify species ( Hebert et al. 2003) has been proposed
as a rapid, accurate, and convenient taxonomic tool.( Hebert et al. 2003) The Consortium for the Barcode of Life
(CBOL) Plant Working Group recommended the rbcL + matK combination as a barcode sequence in the plant
kingdom, and they also suggested that ITS (ITS2) and psbA-trnH were good candidates for plant DNA barcoding,
because of their fast evolution rates. (Kress et al., 2005) One of the problems for plant DNA barcoding was that
the previous studies were mainly carried out on a large scale and rarely on a specific genus, with many closely
related species, so some studies suggested that species identification using standard DNA sequences should be
carried out within a narrow taxon (such as the genus) (Li, Tong, & Xing, 2016). One of the challenges for any
DNA barcode is its utility in discriminating closely related species.(Newmaster et al. 2008; Wong et al. 2013).
One of the challenges for any DNA barcode was its ability in discriminating closely related species (i.e., sister-
species).(Liu et al., 2012; Newmaster et al., 2008).

The stem and roots of Rhododendron arboreum have medicinal importance. They have been used to cure illness.
Even though, there are some cases but there is substantial evidence to support.

Rhododendron arboreum is also a source of traditional medicine in the Himalayas. One method of preparation is
making a powder from the flower which is mixed with the starch of the boiling rice and given to the patient
suffered from dysentery. Another remedy is to make a paste from the leaves and apply it to the forehead in the
treatment of headaches. It is also used to treat skin diseases. An extract of the bark is used in the treatment of
coughs, diarrhea and dysentery. In Ayurvedic medicine rhododendron plants are used to treat jaundice, diabetes,
piles, enlargement of the spleen, liver disorder and worms. According to common folklore in Nepal a sip of the
juice of the Lali Guras (Garg, 2017) flower dissolves fish bones stuck in the throat. Some Rhododendron species
in the high mountains are used to make herbal teas. According to herbalist Amchi Lhakpa the tea “clears your
stomach and improves digestion. It is helpful with lung and stress disorders involving general weakness of the
body. It helps reduce fever and swelling of the abdomen due to the indigestion of food, restores the natural balance
after changes in climate or water, and relieves numbness of the extremities, swelling and itching of the throat, or
a feeling of thirst”.(Scott, 2010) Rhododendron arboreum experience natural and anthropogenic pressures and the
later factors are realized as the main cause of their population decline (Mainra et al. 2010; Pokhrel, 1999). The
color of the flower ranges from blood red, or pink to white. Rhododendron bears large compact clusters of about
20 flowers. The corolla is tubular, bell-shaped, 4-5 cm long and wide, 5 lobed. The grained wood of
Rhododendron arboreum is utilized in making handles of ‘Khukhri’, packsaddles, gift-boxes, gunstocks and posts
(Paul et al. 2005). Flowers and leaves are used as decorations around the houses and temples by adjusting into

ropes made of munja grass (Shrivastav, 2012).
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Phytochemical processing of raw plant materials is essentially required to optimize the concentration of known
constituents and also to maintain their activities (Andriani et al., 2019) Extraction is an important step in the
itinerary of phytochemical processing for the discovery of bioactive constituents from plant materials. Selection
of a suitable extraction technique is also important for the standardization of herbal products as it is utilized in
the removal of desirable soluble constituents, leaving out those not required with the aid of the solvents.

Medicinal plants are currently in considerable significance view due to their special attributes as a large source
of therapeutic (Deepak et al. 2019) phytochemicals that may lead to the development of novel drugs. Most of the
phytochemicals from plant sources such as phenolics and flavonoids have been reported to have positive impact
on health and cancer prevention(Venugopal et al. 2012) as also found in Rhododendron arboreum too. Plants are
able to produce a large number of diverse bioactive compounds (Sharma et al. 2016). High concentrations of
phytochemicals,(Deepak and Lamichhane 2019) which may protect against free radical damage, accumulate in
fruits and vegetables(Kathirvel and Sujatha 2016) .

Phytochemical consumption is associated with a decrease in risk of several types of chronic diseases due to in
part to their antioxidant and free radical scavenging effects (Zhang et al., 2015). Recent research has also
highlighted their potential role in improved endothelial function and increased vascular blood flow (Shrivastav
2012).

The use of plant extracts, as well as other alternative forms of medical treatments, was of great popularity in the
late 1990s. The reason for this is due to increase in antimicrobial resistance, and the need of treatments for new
emerging pathogens. Antimicrobial susceptibility testing is carried out to screen whether the extracts are potential
antimicrobial agents and measure the antimicrobial activity of the substance. An antimicrobial susceptibility test
is a determination of the least amount of an antimicrobial chemotherapeutic agent that will inhibit the growth of
a microorganism in vitro using a tube dilution method, agar cup or disc diffusion method. The test may function
as an aid in the selection of chemotherapeutic agent by the physician (Prajapati et al., 2018).

The effectiveness of antibiotics can be assessed by their ability to suppress bacterial growth, described by the
MIC, or by their ability to kill bacteria, characterized by the minimal lethal concentration (MLC). MIC is usually
derived by means of tests in solid media.

It involves the application of antibiotic solutions of different concentrations to cups, wells or paper discs, placed
on the surface of or punched into agar plates seeded with the test bacterial strain. Antibiotic diffusion from these
sources into the agarose medium leads to inhibition of bacterial growth in the vicinity of the source and to the
formation of clear ’zones’ without bacterial lawn. The diameter of these zones increases with antibiotic
concentration.(Contreras-Lynch et al., 2017).

Material and Methods:

Study Area : Sample were collected in the month of February 206-17 from Bagmati province and Province no 5
(Lumbini Zone i.e Palpa /Gulmi and Rolpa) at altitude of 1350m (Palpa) to 3400 (Rolpa) and 1200m (Kathmandu
valley).

Sample Preparation: Sample were air dried after collection for a week in dark room and herbarium file was

created and identified by Tirtha Maiya Shrestha and deposited to the Kathmandu University to get the voucher
number.(KU_2017_Rho P5 and KU_2016_Rho P3).
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Extract preparation: The shade dried whole plant sample was taken, crushed in Grinder to make it in powder

form and mixed with methanol. The mixture was stirred for about half an hour. Then the mixture was kept for 48
hours at room temperature. After 48 hours, the solution was filtered and fresh methanol was added to crude
extract. The filtrate extract was evaporated using shaker. The final extract was weighted to and yield of extract
was calculated.

Phytochemical screening : Test for Sterols and Triterpenes (Leibermann- Burchard’s Test).

Extract solution was concentrated to yield a residue. This residue was dissolved in 1ml of acetic anhydride
followed by 1 ml of Chloroform. Appearance of brown ring between the junctions of the two liquids with upper
layer green indicates the presence of sterols while the brown ring with upper layer violet indicates the presence
of triterpenes.

Test for the Coumarins

Extract solution is concentrated to yield a residue. The residue was dissolved in hot water.

After cooling, the solution was divided into two test tubes. To one of the test tubes, 10% (v/v) Ammonium
hydroxide (NH40OH) was added until the solution becomes basic. The other test tube was used as control.
Observation of fluorescence indicates the presence of Coumarins.

Test for Tannins and Polyphenols (or Ferric Chloride Test)

1 ml of the extract solution was mixed with 1 ml of water. To this solution, 3 drops of 1% (w/v) Ferric Chloride
(FeCI3) was added. Appearance of Blue-Black or Violet color indicates the presence of Tannins and/or
Polyphenols.

Test for Reducing sugars (or Fehling’s Test)

1 ml of the extract was mixed with 1 ml of water. To this solution, 1ml of Fehling’s reagent (1:1 mixture of
Fehling’s reagent A and Fehling’s reagent B) was added. The resulted mixture was warmed over a water bath for
half an hour. Appearance of Brick-red precipitate indicates the presence of reducing compounds.

Test for Saponins
2 ml of the extract was shaken vigorously for 30 seconds in a test tube. Persistence of thick froth (about 1 cm)
height even after 30 minutes indicates the presence of Saponins.

Test for Glycosides
4ml of the extract solution was dried till 2 ml. 1-2 ml of NH4OH was added and shaken. Appearance of Cherish
Red color indicated the presence of Glycosides.

Test for Flavonoids

To 4 ml of the extract solution, 1.5 ml of 50% Methanol solution was added and warmed.

Metal Magnesium was added to the solution. Then 5-6 ml of conc. HCI was added. Appearance of the following
was sought: Black color — indication of Flavonoids .Orange color — indication of Flavones .Violet color —
indication of Flavanones.

Test for Alkaloids:
5 ml of extract was concentrated to yield a residue. Residue was dissolved in 3 ml of 2% (v/v) HCL.
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Few drops of Mayer’s reagent were added. Appearance of the dull white precipitate indicated the presence of
basic alkaloids.

Microbial analyses

Bacillus subtilis, Pseudomonas, K. pneumonia, Streptococci, Candida albicans strains used for microbial
analyses.

Sample Preparation

200 mg of each extracts was dissolved in 1000ul of DMSO separately i.e 200mg/mi

This sample was used as crude to check for its antimicrobial activity

Preparation of microbial culture

First respective strain of bacterial sample with ATCC (American Type Culture Collection) number was obtained.
Nutrient Broth of desired volume were prepared in culture tubes and autoclaved at 121° ¢ at 15lbs pressure. With
the help of cotton swab, a bacterial sample from standard sample was scrapped and it was dipped in broth. Then
all culture tubes were tagged correspondingly and incubated at 37° C for 12 hours

Disc Diffusion protocol

Filter paper disc of (6mm in diameter) are made .MH agar of desired volume was prepared and autoclaved at
121°C and 15lbs pressure. Autoclaved media was then poured into sterilized petri plates under LAFH and allowed
to set. The microbial sample from culture tube was swabbed in MH agar using sterilized L shaped spreader.15ul
of each extracts of the preparation under test poured and dried in the paper disc with the help of a micropipette,
It was then gently placed at the different sites of the Petri dish containing the inoculated medium .The plates were
then incubated at a temperature of 37°C. After 6 hours, the zones of inhibitions were measured with the help of a
measuring ruler from the circumference of the disc

b) MIC (Minimum inhibitory Concentration)

After observation of crude extract, the sample showing antimicrobial activity was processed to its MIC.
e Various lowered concentration i.e. 100mg/ml, 50mg/ml, 20mg/ml, 10mg/ml, 5mg/ml from
crude sample was prepared as per following calculation:
For 100mg/ml
Concentration of crude sample (s1) = 200mg/ml
Desired concentration (s2) = 100mg/ml
Final volume (v2) = 1ml
Volume to take (v1) = X
S1*v1=s2*Vv?2
V1= (s2*v2)/sl
V1= 500ul
For 50mg/mi
Concentration of crude sample (s1) = 100mg/ml. Desired concentration (s2) = 50mg/ml
Final volume (v2) = 1ml .VVolume to take (v1) = X
S1*v1=s2*Vv2
V1= (s2*v2)/s1
V1= 500ul
For 20mg/ml
Concentration of crude sample (s1) = 50mg/ml. Desired concentration (s2) = 20mg/mi
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Final volume (v2) = 1ml. Volume to take (v1) = X
S1*v1=s2*v2

V1= (s2*v2)/sl

V1= 400ul

For 10mg/ml

Concentration of crude sample (s1) = 20mg/ml. Desired concentration (s2) = 10mg/ml
Final volume (v2) = 1ml.Volume to take (v1) = x

S1*v1=s2*v2

V1= (s2*v2)/s1

V1= 500ul

For 5mg/ml.

Concentration of crude sample (s1) = 10mg/ml. Desired concentration (s2) = 5mg/ml
Final volume (v2) = 1ml .Volume to take (v1) = X

S1*v1=s2*v2

V1= (s2*v2)/sl

V1= 500ul

e As the calculation respective volume was taken and final volume was made to be 1ml by
adding DMSO. Then Disc diffusion method was carried.

C) Antioxidant analysis

a) Free radical scavenging activity (DPPH Assay)

The DPPH assay method is based on the reduction of DPPH, a stable free radical. The free radical DPPH with an
odd electron gives a maximum absorption at 517 nm. When antioxidant reacts with DPPH, which is a stable free
radical becomes paired off in the presence of a hydrogen donor and is reduced to the DPPH and as consequence
the absorption is decreased from the DPPH. When a solution of DPPH is mixed with that of a substance that can
donate a hydrogen atom, then this gives rise to the reduced form (Diphenyl picrylhydrazine; non radical) with the
loss of violet color.

b) Preparation of DPPH solution

DPPH solution of 100Um was prepared by dissolving 3.94mg of DPPH in 100ml of methanol. It was protected
from light by covering the bottle with aluminum foil.

C) Preparation of standard solution

100mg/ml stock solution of Ascorbic acid was prepared by dissolving 10mg Ascorbic acid in 1ml methanol. Test
solution of 1,2,4,6 and 8 pg /ml of Ascorbic acid was prepared from stock by dilution.

d) Preparation of test sample

10mg of plant extract was dissolved in 1ml of methanol to prepare stock solution of 10mg/ml. Test solution of
1,2,4,6 and 8 pg /ml was prepared from the stock by dilution.

Experiments were done in triplicate.

e) Estimation of DPPH scavenging activity
Estimation was done in two ratios (1:1 and 1:3)
a. For 1:1 ratio
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. 1ml methanol and 1 ml of DPPH solution were mixed as control.

° 2ml methanol was taken in Eppendorf tube as blank.

. 1ml ascorbic acid was mixed with 1 ml DPPH as standard.

. Iml plant extract was mixed with 1ml DPPH as sample.

b. For 1:3 ratio

° 0.5ml of methanol and 1.5ml of DPPH solution were mixed as control.

o 2ml of methanol was taken in Eppendorf tube as blank.

. 0.5 ml ascorbic acid was mixed with 1.5ml DPPH as standard.

. All of these mixtures were immediately kept in dark to prevent from light.
° After 30minutes, absorbance was noted in 517nm.

f) Calculation of 1C50

IC50 was calculated from % inhibition. Absorbance at 517nm was determined after 30 minutes using UV-Visible
Spectrophotometer and 1C50 was determined. The capability to scavenge the DPPH radical was calculated using
following equation.

%scavenging= (A.-A1)/A;*100
Where, A o= absorbance of DPPH solution

A 1= absorbance of DPPH along with different concentration of extract. IC50 was calculated from
equation of line obtained by plotting a graph of concentration verses % scavenging of DPPH.

0) Determination of Total Phenol content.

Total phenol content estimation was done using Folin Ciocalteu’s (folin) technique with little modification.
Aliquots of 1ml and standard Gallic acid (20, 40, 60, 80 and 100) g /ml were placed in test tube. Then 5 ml of
Folin Ciocalteu’s reagent and 4.5ml of distilled water was mixed. 4 ml of 7% sodium carbonate was added after
5 minutes. Then after shaking it was incubated at 40°% in water bath for few minutes. Then absorbance was
measured at 760nm using UV-Visible spectrophotometer. The experiments were done in triplicates and the blank
was made using reagent blank with solvent. Standard Gallic acid was used for calibration curve plotting. Total
phenol content was expressed as milligrams of Gallic acid equivalents per gram of fresh weight (mg GAEgFW).

h) Determination of Total Flavonoid content

Total flavonoid content was measured by using Aluminum chloride colorimetric assay. 1 ml of standard rutin
solution (100,200,400,600 and 800) pg /ml and 1 ml of aliquots was positioned into test tube. Then 200ul distilled
water was added in each tube.150ul of NaNO- was added and incubated for 5 minutes at room temperature. Then
150ul of AICI; was added. After 6 minutes 2ml of sodium hydroxide was added and final the volume of each test
tube was made to 5 ml by adding distilled water. The solution was shake well and incubated at room temperature
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for 15 minutes. Finally observance was measured at 510nm using UV-Visible spectrophotometer. Total flavonoid
content was measured as mg rutin equivalent (mg RT/g).

. DNA Isolation and Sequence analysis

Genomic DNA extraction. was done with Zymo mini prep kit as per manual .( Quick-DNA™ Plant/Seed Miniprep
Kit Catalog No. D6020). (kit).

For PCR and sequencing with reference to | bold Manual (Hollingsworth et al., 2009; Kress, 2017; Kress et al.,
2005) . We followed the same criteria to get plant authentication by using rbcL and matK gene loci amplification.
We used Mega X (Stecher, Tamura, & Kumar, 2020) for phylogenic analysis and online tool of | bold Database
(Bold, 2013) for identification. NCBI databased is used for identification and Blankt for sequence submission.
EMBL-ebi tools were used for identification of 6 ORF and amino acid recognition site identification.

Results and Discussion

Extractive values of the extract from Rhododendron
The extractive values and the percentage yield of the leaves of various sample of Rhododendron arboreum. The
highest yield was 6.8% from the Palpa. The total phytochemical extract yield is shown in table 1.

Table 1: Extract Percentage yield

Plants Weight of leaf sample  Weight of crude extract % yield
(gm) (gm)

Dhul 41.69 0.86 2.06

Dhu2 40.29 1.24 3.07

Gull 30.96 0.68 2.20

Gul2 20.15 0.81 4.02

Pall 4591 1.67 3.63

Pal2 31.52 2.15 6.8

Roll 3151 1.48 470

Rol2 31.47 1.06 3.37

Phytochemical Screening

We have carried out qualitative test for phytochemicals present in Rhododendron arboreum extract. Analysis was
carried out for methanol extract. Saponin, Glycosides, Alkaloid, Steroids and Flavonoids were present except
Coumarins. The presence or absence of seven different phytochemical are shown in table 2.

Table 2: Phytochemical screening of Rhododendron arboreum sample

Plants/ Coumarins Saponin Glycosides Alkaloids Steroids Reducing Flavonoids
Properties Sugar

Dhul - ++ ++ ++ ++ ++ ++

Dhu2 - ++ ++ ++ ++ ++ ++

Gull -- ++ ++ ++ ++ ++ ++

Gul2 -- ++ ++ ++ ++ ++ ++
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Pall - ++ ++ ++ ++ ++ ++
Pal2 - ++ ++ ++ ++ ++ ++
Roll - ++ ++ ++ ++ ++ ++
Rol2 - ++ ++ ++ ++ ++ ++

Antibacterial Assay

From extract of each sample, 200 mg was taken and dissolved in 1ml DMSO to make concentration of 200mg/ml.
After incubation zone of inhibition was observed and radius of zone of inhibition was measured in mm from
center of disc. Finally it was found that the biggest zone of inhibition was found from sample of Gulmil i.e. 14
mm with respect to Bacillus subtilis.

The antioxidant activity of the extract was analyzed using the standard DPPH solution and compare with standard
Ascorbic acid. The highest scavenging Activity was shown by Rhododendron arboreum species from Gulmi
(gull) sample and found to be 77.27%.

DNA isolation and PCR: Genomic DNA was extracted from the raw explant of the sample by Zymo plant DNA
extraction kit and was found to be 80ng/uL, by spectrophotometric method and for amplification and sequencing
it was send to Barcode Bioscience Pvt.Ltd laboratory, and final sequence was assemble and developed the contig
of rbcL gene and introduced as DNA barcode after bioinformatics analysis using online and offline tool.

Contig Sequence of rbcL gene

The pcr product of rbcL gene was sequenced by Sanger sequencing and the final contig prepared with compilation
of reverse and forward region which is as show below.

ATCAAGCTGGTGTTAAGATTACAAATTGAATTATTATACTCCTCAGTATGAAACCAAAGATACTGATATC
TTGGCAGCATTCCGAGTAACTCCTCAACCGGGAGTTCCACCTGAAGAAGCAGGGGCCGCGGTAGCTGCGG
AATCTTCTACTGGTACATGGACAACAGTGTGGACTGATGGACTTACTAGCCTTGATCGTTACAAAGGGCG
ATGCTACCACATCGAGCCTGTTGCTGGAGACGAAAATCAATATATTGCTTATGTAGCTTATCCTTTAGAC
CTTTTTGAAGAAGGTTCTGTTACTAACATGTTTACTTCCATTGTGGGTAATGTATTTGGGTTCAAAGCCC
TGCGCGCTCTACGTCTGGAAGATCTACGAATCCCTGTAGCGTATGTTAAAACGTTCCAAGGACCGCCTCA
TGGTATCCAAGTTGAAAGAGATAAATTGAACAAGTACGGTCGTCCCCTGTTGGGATGTACTATTAAACCT
AAATTGGGGTTATCTGCTAAAAA

DNA Barcoding: Sequence analysis with NCBI BLAST OUTPUT
The above contig was submitted in NCBI for Gl accession number and finally gets LC 456605.1
submitted to nBLAST mode in NCBI database for Rhododendron arboreum plant identification based on
rbcL gene sequence alignment.

Phylogenetic Analysis: To find the close ancestor relationship among the available data source from NCBI
, We compare rbcL gene of Rhododendron arboreum sequence with 10 closest similar sequence with
Mega X software and found that the sequence similarity among them,which finally endorse for the
development of rbcL gene DNA Barcode formation of Nepalese sample.
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DNA Barcode of rbcL Gene: With due analysis of rbcL gene sequence with NCBI Blast and Mega X it is
confirmed that the provide sequence belong to Rhododendron arboreum, since we develop the DNA barcode with
of it.

The project has helped to reveal various biological activities of Rhododendron arboreum collected from different
locations of the country. All the Samples showed presence of secondary metabolites (Table 2) such as Saponins,
Glycosides, Alkaloids, Sterols, Reducing Sugars and flavonoids but not Coumarins which was further analyzed
by different related tests. The antibiotic activity ranging from 2 mm to 14 mm in inhibition radii against Bacillus
subtilis, 5 to 14 mm against Pseudomonas, 4 to 9 for Klebsiella pneumonia, and 4 to 10 mm for Streptococcus
using 200 mg/ml solution of each sample. Sample 1 (Pall) collected from Palpa region of Nepal showed the
highest activity against all these bacteria. However, none of them showed any activity against Candida albicans
showing the antibiotic tolerance that may be the key finding as it can be further implementation for new drug
discovery. The same sample showed highest activity in DPPH bioassay very close to Ascorbic acid which can be
stated from the regression analysis of DPPH for the 1C50 value analysis of Ascorbic acid. All this might be due
to the high content of Phenol in this sample. The extract yield of Palpa show the highest percentage among all the
location of Nepal (Table 1). This detailed results show that Rhododendron arboreum has medicinal importance
and the traditional healers use in specified community proves the facts. These results should be further validated
scientifically by more rigorous scientific studies in days to come.

Also, this project highlights the necessity of assessing the right model for data evaluation and calculation which
is justified by the results of MIC. As all the tests were performed using crude extract and so, the result cannot be
validated. It is advised to test using isolated pure compound extracts for confirming the results presented here.

The promising result obtained from the research stimulates further research on the plant and its metabolites, and
their safety concerns in human health. The great medicinal importance of this plants provokes the serious concerns
for its preservation and conservation from the concerned authority. As evident from the above results and the
PCR products of matK and rbcL gene) using specific primers of DNA demanded the barcoding of the genes in
the given sample the genus of the sample is Rhododendron arboreum. The Phylogenic analysis with Mega X also
support the close relationship among the Rhododendron species available data bases. This is first time ever
reported in Nepal for any DNA barcoding of Medicinal plant, among the all genes rbcL and matK barcoding used
for the analysis, all showed similarity to arboreum species. Yet more to elaborate among the genetic diversity of
Rhododendron species of Nepal as we get success only in one species out of 31 as registered in flora of Nepal.
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