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Chapter 1

Nitrogen Cycling and Soil 
Amelioration in Camellia oleifera 
Plantations
Bangliang Deng and Ling Zhang

Abstract

Camellia oleifera Abel. is one of the four woody edible oil trees around the world, 
which is also an important economic species in subtropical China. It is mainly 
cultivated in subtropical region, where the soil constrains the yield of C. oleifera oil 
due to its low fertility and pH. Thereby, intensive management including fertiliza-
tion practice, especially intensive nitrogen (N) input, has been developed as a vital 
way to enhance oil yield in C. oleifera plantations. However, excessive nitrogen 
input increases soil nitrous oxide (N2O) emissions and soil acidification, limiting 
sustainable development of economic forests. As one of the important greenhouse 
gases, N2O is 265 times greater than carbon dioxide in global warming potential on 
100-year scale. To mitigate soil N2O emissions and soil acidification, soil ameliora-
tion, including applications of biochar, nitrification inhibitors, and urease inhibi-
tors, played an important role in sustainable management of C. oleifera plantations. 
This chapter reviewed soil nitrogen cycling, N2O emissions, and soil amelioration in 
C. oleifera plantations, which will benefit the sustainable management of C. oleifera 
plantations and hence the development of C. oleifera industries.

Keywords: Camellia oleifera, biochar, nitrification inhibitor, soil amelioration, 
sustainable forest management, urease inhibitor

1. Camellia oleifera

Camellia oleifera Abel. as a native edible oil tree has a long cultivation history 
in subtropical China [1]. It is a perennial and evergreen species with synchronous 
flowers and fruits. The cultivation area and total product value of C. oleifera have 
reached 4.47 million ha and 102.4 billion Chinese yuan, respectively [2]. With rapid 
development, the C. oleifera oil accounted for 80% domestic high-end vegetable 
edible oils in 2018 from China. High habitat suitability area for C. oleifera cultivation 
in China has been up to 4.94% [3].

Specially, C. oleifera oil and oils derived from palm, olive, and coconut are the 
four major woody edible oils in the world [4]. The C. oleifera oil is characterized 
by remarkable antioxidant activity [5] and high content of unsaturated fatty acids 
(about 83%) [6].

Camellia oleifera can survive and adapt to low-fertility acid soil. Generally, 
it usually is used in the conservation of soil and water as well as afforestation in 
barren hill. Therefore, C. oleifera is an excellent species with both ecological and 
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economic advantages. Development of C. oleifera industry would be beneficial for 
the safety of edible oil and the conservation of soil and water in China.

As a typical economic tree, intensification such as water management, fertil-
ization, and trimming takes an important part in the management of C. oleifera 
plantations. Notably, organic matter, available phosphorus, and pH value was low 
in C. oleifera plantation soils [7], constraining the yield of C. oleifera oil. Therefore, 
intensive management with fertilization is often performed in C. oleifera planta-
tions [1].

2. Challenges

Fertilization is the major way of intensive management, efficiently improving 
the yield of oil in C. oleifera plantations. However, a large amount of nitrogen (N) 
input increased the risk of soil N leaching and gaseous N (e.g., nitrous oxide (N2O), 
nitric oxide (NO), ammonia (NH3)) losing [8]. In addition, excessive N input 
induced soil acidification [9].

2.1 Nitrous oxide emissions

Nitrous oxide, as the major ozone-depleting substance [10], has been recognized 
to be an important greenhouse gas. Especially, the potential of N2O for global 
warming is 265 times than that of carbon dioxide [11]. The concentration of N2O is 
ranging from 270 ppb in pre-industrial period to 329.9 ppb in 2017 [12].

Soil systems contributed the largest source of N2O emissions (13 Tg N2O-N yr−1), 
of which human activities accounted for 54% [13]. Nitrogen input such as N deposi-
tion and N fertilization often increased N2O emissions and altered the process of N 
transformation [14–17]. Generally, soil N2O emissions had a positive and linear rela-
tionship with N input [18]. About 120 Tg N was contributed by human activities per 
year [13]. Therefore, intensive N input often leads to high emissions of soil N2O [19].

2.1.1 Nitrification and denitrification

Nitrification and denitrification are the two main pathways of N2O emissions 
(Figure 1) [20–22], which produced global 70% soil N2O emissions [13].

Figure 1. 
Nitrification- and denitrification-related pathways [20–22].
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2.1.2 Influence factors

Soil N2O emissions can be influenced by soil environmental factors such as soil 
moisture, temperature, oxygen (O2), and pH condition [23, 24].

2.1.2.1 Soil moisture

Soil moisture is a vital factor that affects soil N2O emissions. Generally, soil N2O 
emission rates reached the peak when soil water-filled pore space (WFPS) was 
60–70% [25]. For example, soil N2O emissions were significantly higher under 60% 
WFPS conditions than that under flooded conditions [26].

2.1.2.2 Soil temperature

Effects of soil temperature on N2O emissions were more complex than that of 
soil moisture. For example, warming increased soil N2O emissions from boreal 
peatland [27] and alpine meadow [28]. Soil N2O emissions had an exponential 
increased relationship with incubation temperatures [29]. A significant positive 
correlation was presented in N2O emissions and soil temperature from different 
soil types (paddy, orchard, forest, and mountain) [30]. Although warming did 
not affect soil N2O emissions from northern peatlands, it suppressed N2O emis-
sions under N addition conditions [31]. By contrast, the effects of warming on soil 
N2O emissions from alpine meadow soil were not observed [32]. Consistently, no 
significant increase of soil N2O emissions was found with increasing incubation 
temperatures [33]. Previous study reported that soil moisture and temperature can 
explain 86% of soil N2O emissions [34].

2.1.2.3 Soil O2 concentration

Soil O2 concentration was closely related with soil moisture and soil mechani-
cal composition. Generally, soil with higher water content and larger clay fraction 
had lower soil O2 concentrations. Lower soil O2 concentrations mainly promoted 
soil N2O emissions via denitrification [20, 35]. The production of N2O and NO was 
increased when O2 concentration decreased from 21% to 0.5% in a laboratory study 
[36]. Similarly, field study reported that soil N2O emissions increased with increas-
ing soil O2 concentrations in wetland [37].

2.1.2.4 Soil pH

pH played an important role in the activity of microbes [38]. Indeed, soil acidifi-
cation [39] and soil pH amelioration [40] significantly influenced soil N2O emis-
sions. However, other researchers reported that there was no significant correlation 
between N2O emissions and pH [41].

pH influenced the activity of nitrification- and denitrification-related enzymes 
[42]. Generally, soil acidification increased N2O emissions [42]. Compared with 
ammonia-oxidizing bacteria (AOB), ammonia-oxidizing archaea (AOA) were 
higher in activity and resistance from acid soil [43]. However, the domination of 
AOB was increased by increasing soil pH [44]. Additionally, archaeal amoA genes 
had a wide pH range of about 3.7–8.65, which had high activity in extreme environ-
ments such as high temperature and extreme acid [45].
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2.1.3 Nitrous oxide emissions from Camellia oleifera plantation soils

Our previous field study (1 year) found that soil N2O emissions were 
92.14 ± 47.01 mg m−2 in control treatment and were 375.10 ± 60.30 mg m−2 in 
fertilization treatment (400 kg NH4NO3-N ha−1) from C. oleifera plantations [1].

2.2 Soil acidification

Acid soil (pH < 5.5) as a main soil type covers about 30% free ice land [46]. 
However, soil acidification has been becoming more and more serious [47]. Soil 
acidification should be taken into consideration due to its constraint in the sustain-
able development of agricultural sector [48]. In China, soil pH (except alkaline soils 
at pH 7.10–8.80) from crop fields reduced by 0.13–0.76 during the year 1980–2000 
[49]. For example, soil pH (surface layer) decreased by 0.30 units from 1981 to 
2012 in Sichuan Province, China [47].

With a long cultivation history, C. oleifera was widely cultivated in acid or 
strongly acid soil in subtropical China [7]. The optimum pH for the growth of C. 
oleifera is 5.5–6.5 [50]. However, acid deposition [51] and intensive N input [49] may 
stimulate soil acidification from C. oleifera plantations. Additionally, long-term N 
input may also increase the toxicity of aluminum (Al) [52], limiting the sustainable 
development of C. oleifera.

Soil acidification from C. oleifera plantations is mainly related to the following 
factors.

2.2.1 Precipitation

Long-term precipitation increased the loss of base cations such as Ca2+, Mg2+, 
K+, and Na+, reducing the soil pH buffering capacity. In addition, long-term pre-
cipitation promoted the accumulation of Al3+ and Fe3+ in soil, which could further 
hydrolyze to Fe(OH)3 or Al(OH)3 and release 3H+.

2.2.2 Plant physiology

When plant roots absorb a NH4
+ from soil, an H+ will release into soil; in turn, 

absorbing a NO3
− from soil will release an OH− into soil [53].

Organic acid (R▬COOH) from root exudates can release an H+ after hydrolysis. 
In addition, anions of organic acids (e.g., citric acid and malic acid) can chelate with 
Al3+ in the soil and inhibit the root system that absorbs Al3+, alleviating Al3+ toxicity 
to plant growth [48, 54, 55].

Plants such as C. oleifera [56] can uptake Al3+ by roots, promoting the accumula-
tion of Al3+ in surface soil via litter decomposition [57]. The accumulation of Al3+ 
can replace the base cations such as Ca2+, Mg2+, K+, and Na+ and accelerate leaching, 
hence reducing the pH buffering capacity of top soil.

2.2.3 Microbial-mediated nitrification

For example, NH4
+ transfers to NO3

− along with the 2H+ release 
(NH4

+ + 2O2 → NO3
− + H2O + 2H+) [53]. AOB, AOA, and fungi can participate in 

the process of nitrification [20]. Nitrification includes the pathway of ammonia 
oxidation to hydroxylamine, the pathway of hydroxylamine oxidation to nitrite, 
and the pathway of nitrite oxidation to nitrate (Figure 1) [58]. Ammonia can be 
oxidized by AOA or AOB to hydroxylamine via ammonia monooxygenase (amo). 
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Hydroxylamine can be oxidized to nitrite by hydroxylamine oxidoreductase. Nitrite 
can be oxidized to nitrate by nitrite oxidoreductase.

2.2.4 Oxidation of sulfur-containing organics

Oxidation of sulfur mineral, for example, oxidation of FeS2, will produce 2H+ 
(2FeS2 + 7O2 + 2H2O → 2Fe2+ + 4SO4

2− + 4H+).
Oxidation of sulfur-containing organics will release 4H+ (2Organic-S + 3O2 + 

2H2O → 2SO4
2− + 4H+).

2.2.5 Intensive nitrogen fertilization

Intensive NH4
+ input can replace the base cations such as Ca2+, Mg2+, K+, 

and Na+ and accelerate leaching, reducing the pH buffering capacity of top 
soil [59]. Hydrolysis of soil NH4

+ will generate NH3 (gas) and consume an OH− 
(NH4

+ + OH− = NH3↑ + H2O) [60].
Acidic fertilizers such as Ca(H2PO4)2 will gradually release H+, hence increasing 

soil acidification (Ca(H2PO4)2 → CaHPO4 + H3PO4, H3PO4 → H+ + H2PO4 → 2H+ + 
HPO4

2− → 3H+ + PO4
3−).

2.2.6 Acid deposition

Acid deposition (water-soluble acid gases such as CO2 and sulfur dioxide) and N 
deposition (especially NH4

+-N) increased soil acidification [51]. Precipitation with 
H+ can replace the soil base cations such as Ca2+, Mg2+, K+, and Na+, which directly 
reduce the soil pH buffering capacity [51].

2.2.7 Other factors

For example, deforestation and other land uses can reduce litter accumulation 
in surface soil, hence declining the accumulation of base cations such as Ca2+, Mg2+, 
K+, and Na+ that generate from litter decomposition [61].

2.3 Effects of soil acidification on nitrous oxide emissions

Acid soils have been facing an increased risk of acidification due to human 
activities, especially intensive N fertilization [47, 49, 62]. For example, after 6 years 
of application of 600 kg Urea-N ha−1 yr−1, soil pH was significantly decreased (soil 
pH in control and fertilization treatment was 5.1 and 4.9, respectively) from a tea 
plantation in Yixing City, Jiangsu Province, China [63]. A meta-analysis of 1104 
field data showed that a negative correlation between soil N2O emissions and pH 
(3.34–8.7) (N2O-N = −0.67x + 6.55, R = 0.22) is negatively related with N fertiliza-
tion [9]. Moreover, deposition of sulfur dioxide increased soil acidification, stimu-
lating soil N2O emissions [64].

The mechanism of soil acidification on the stimulation of soil N2O emissions is 
complex, which may include (but not limited to) the following points.

2.3.1 Chemical decomposition of nitrous acid

Under acidic conditions, pH < 5.5, NO2
− (HNO2, pKa = 3.3) will natu-

rally decompose into NO and/or NO2 (3HNO2 ⇌ 2NO + HNO3 + H2O or 
2HNO2 ⇌ NO + NO2 + H2O) [65]. Soil NO can be further transformed to N2O with 
Fe2+ when it was not escaping soil [65].
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absorbing a NO3
− from soil will release an OH− into soil [53].

Organic acid (R▬COOH) from root exudates can release an H+ after hydrolysis. 
In addition, anions of organic acids (e.g., citric acid and malic acid) can chelate with 
Al3+ in the soil and inhibit the root system that absorbs Al3+, alleviating Al3+ toxicity 
to plant growth [48, 54, 55].

Plants such as C. oleifera [56] can uptake Al3+ by roots, promoting the accumula-
tion of Al3+ in surface soil via litter decomposition [57]. The accumulation of Al3+ 
can replace the base cations such as Ca2+, Mg2+, K+, and Na+ and accelerate leaching, 
hence reducing the pH buffering capacity of top soil.

2.2.3 Microbial-mediated nitrification

For example, NH4
+ transfers to NO3

− along with the 2H+ release 
(NH4

+ + 2O2 → NO3
− + H2O + 2H+) [53]. AOB, AOA, and fungi can participate in 

the process of nitrification [20]. Nitrification includes the pathway of ammonia 
oxidation to hydroxylamine, the pathway of hydroxylamine oxidation to nitrite, 
and the pathway of nitrite oxidation to nitrate (Figure 1) [58]. Ammonia can be 
oxidized by AOA or AOB to hydroxylamine via ammonia monooxygenase (amo). 

7

Nitrogen Cycling and Soil Amelioration in Camellia oleifera Plantations
DOI: http://dx.doi.org/10.5772/intechopen.92415

Hydroxylamine can be oxidized to nitrite by hydroxylamine oxidoreductase. Nitrite 
can be oxidized to nitrate by nitrite oxidoreductase.

2.2.4 Oxidation of sulfur-containing organics

Oxidation of sulfur mineral, for example, oxidation of FeS2, will produce 2H+ 
(2FeS2 + 7O2 + 2H2O → 2Fe2+ + 4SO4

2− + 4H+).
Oxidation of sulfur-containing organics will release 4H+ (2Organic-S + 3O2 + 

2H2O → 2SO4
2− + 4H+).

2.2.5 Intensive nitrogen fertilization

Intensive NH4
+ input can replace the base cations such as Ca2+, Mg2+, K+, 

and Na+ and accelerate leaching, reducing the pH buffering capacity of top 
soil [59]. Hydrolysis of soil NH4

+ will generate NH3 (gas) and consume an OH− 
(NH4

+ + OH− = NH3↑ + H2O) [60].
Acidic fertilizers such as Ca(H2PO4)2 will gradually release H+, hence increasing 

soil acidification (Ca(H2PO4)2 → CaHPO4 + H3PO4, H3PO4 → H+ + H2PO4 → 2H+ + 
HPO4

2− → 3H+ + PO4
3−).

2.2.6 Acid deposition

Acid deposition (water-soluble acid gases such as CO2 and sulfur dioxide) and N 
deposition (especially NH4

+-N) increased soil acidification [51]. Precipitation with 
H+ can replace the soil base cations such as Ca2+, Mg2+, K+, and Na+, which directly 
reduce the soil pH buffering capacity [51].

2.2.7 Other factors

For example, deforestation and other land uses can reduce litter accumulation 
in surface soil, hence declining the accumulation of base cations such as Ca2+, Mg2+, 
K+, and Na+ that generate from litter decomposition [61].

2.3 Effects of soil acidification on nitrous oxide emissions

Acid soils have been facing an increased risk of acidification due to human 
activities, especially intensive N fertilization [47, 49, 62]. For example, after 6 years 
of application of 600 kg Urea-N ha−1 yr−1, soil pH was significantly decreased (soil 
pH in control and fertilization treatment was 5.1 and 4.9, respectively) from a tea 
plantation in Yixing City, Jiangsu Province, China [63]. A meta-analysis of 1104 
field data showed that a negative correlation between soil N2O emissions and pH 
(3.34–8.7) (N2O-N = −0.67x + 6.55, R = 0.22) is negatively related with N fertiliza-
tion [9]. Moreover, deposition of sulfur dioxide increased soil acidification, stimu-
lating soil N2O emissions [64].

The mechanism of soil acidification on the stimulation of soil N2O emissions is 
complex, which may include (but not limited to) the following points.

2.3.1 Chemical decomposition of nitrous acid

Under acidic conditions, pH < 5.5, NO2
− (HNO2, pKa = 3.3) will natu-

rally decompose into NO and/or NO2 (3HNO2 ⇌ 2NO + HNO3 + H2O or 
2HNO2 ⇌ NO + NO2 + H2O) [65]. Soil NO can be further transformed to N2O with 
Fe2+ when it was not escaping soil [65].



Advances in Forest Management under Global Change

8

2.3.2 Shifts in microbial communities and abundance

Generally, the abundance of AOB was lower in soil pH < 5.5 than that in neutral 
soil pH. Here, nitrification was weak and almost disappears at soil pH < 4 [66]. 
However, AOA could mediate the process of ammonia oxidation in extremely strong 
acidity soil (pH: 4.2–4.47) [43]. Another study reported that the abundance of AOB 
was positively correlated with pH (R2 = 0.2807), while the abundance of AOA was 
negatively correlated with pH (R2 = 0.2141) [67]. For example, AOA dominated in 
acid paddy soil (pH 5.6), while AOB dominated in alkaline soil (pH 8.2) [68]. Previous 
research indicated that fungi were the main microbial community that mediated N2O 
emissions in acid soil [69, 70]. Additionally, fungi-mediated denitrification accounted 
for 70% soil N2O emissions from a 100-year-old tea plantation (soil pH 3.8) [71].

In acid soils, the activity of N2O reductase was inhibited, leading to higher N2O 
emissions in lower soil pH [72]. Indeed, there was a positive correlation between 
the abundance of nirS, nirK, or nosZ and soil pH (4.0–8.0) and a negative correla-
tion between N2O/(N2O + N2) and soil pH [73]. In agreement, N2O/(N2O + N2) 
was negatively correlated with soil pH (3.7–8.0) (R2 = 0.759, P < 0.001), and lime 
addition decreased N2O/(N2O + N2) [74]. The ratio of N2O/(N2O + N2) increased 
with decreasing pH (5.57–7.06) (R2 = 0.82) [75]. Consistently, soil pH was nega-
tively correlated with N2O/N2 [76]. Intensive management consistently decreased 
soil pH and increased the ratio of N2O/(N2O + N2) [77]. Increasing dolomite dosage 
increased soil pH and hence increased the transcription of nosZ genes and reduced 
the potential of N2O production in acid soils [26].

2.3.3 Microbes increased resistance to soil acidification

Laboratory study showed that the potential of soil N2O emissions was increased 
with decreasing pH (soil pH ranging from 2.96 to 6.26) from tea plantations in 
Japanese [78]. In addition, higher soil N2O emissions and lower abundance of nosZ 
genes were observed in soil pH at 3.71 (control) than in pH at 5.11, 6.19, and 7.41 
(lime amelioration) under NO3

−-N fertilization (50, 200, and 1000 mg kg−1) from a 
100-year-old tea plantation [79]. Field study found a negative correlation between 
soil N2O emissions and pH (pH 3.6–5.9) (N2O-N = 636.6* e−0.8028 * pH, R = −0.93) 
from Betula pendula Roth forest [80]. Thus, denitrifying microorganisms may have 
been adapted extremely to acid soil environments, resulting in high N2O emissions 
when soil acidification happened.

3. Sustainable forest management

Soil amelioration (e.g., application of lime, biochar nitrification inhibitors, and 
urease inhibitors) plays an important role in mitigation of soil acidification and N2O 
emissions.

3.1 Lime

Lime as an ameliorant was often used to amend acid soils in southern China due 
to increasing soil pH. It can relieve the toxic effect of soil Al3+ on plant growth by 
reducing soil exchangeable H+ [81]. Lime addition increased soil pH and salt satura-
tion [82]. In addition, application of lime can reduce soil N2O emissions [40]. For 
example, under 60% WFPS or flooded conditions, dolomite addition at medium- or 
high-dose levels (1 or 2 g kg−1 soil) can reduce N2O emissions and increase the tran-
scription of nosZ genes (N2O → N2) by increasing acid soil pH from a rice-rapeseed 
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rotation system [26]. However, lime addition reduced the content of soluble organic 
carbon in the soil layer 10–30 cm [83]. Consistently, long-term lime addition 
increased the soil pH but stimulated the decomposition of soil organic carbon [84].

3.2 Biochar

Biochar was stable in the soil from Amazon basin of Brazil, and biochar input 
improved soil fertility [85]. This discovery accelerated the development of tech-
nologies for biochar application in soil amelioration.

Biochar is a carbon (C)-rich solid material by pyrolyzing of organic biomass such as 
crop straw, forestry by-products, urban waste, industrial by-products, animal manure, 
and urban sludge at low oxygen and high temperature (250–700°C) condition [86]. 
Biochar has been characterized by a high pH, specific surface area, degree of aroma-
tization, and porosity. In addition, biochar is rich in C-containing functional groups 
(e.g., C–H, C–O, C=C and C=O) and relatively stable organic C. The physicochemical 
properties of biochar were mainly determined by pyrolysis temperature [87].

Presently, biochar was widely used as a soil ameliorant in agriculture and 
forestry field. For example, our previous studies reported that C. oleifera fruit shells 
are ideal feedstock for producing biochar as they are rich in C and N [1, 88]. Biochar 
includes the following advantages:

1. Carbon recalcitrance of biochar can increase soil C pool. The potential of bio-
char in mitigation of greenhouse gas emissions was 1.0–1.8 Pg CO2-Ceq yr−1 [89].

2. Biochar had excellent physicochemical characteristics in soil nutrient retention 
and utilization [90, 91] and water conservation [92]. Additionally, biochar can 
increase the plant resistance to Al3+ toxicity [81], the clone of arbuscular my-
corrhizal fungi, and crop yield [93, 94]. It can decrease continuous cropping 
obstacles such as root-knot nematode [95] and Ralstonia solanacearum [96].

3. Biochar is rich in macro- and microelements [97], which can reduce the dosage 
of fertilizer.

3.2.1 Effects of biochar on soil nitrous oxide emissions

The physicochemical properties of biochar and soil can interactively influence 
soil N2O emissions [98]. However, the effects of biochar on soil N2O emissions 
varied, including positive effects [99], negative effects [100], and no effects [101].

Biochar addition increased soil N2O emissions with the release of N from biochar 
[102]. By contrast, biochar reduced soil N2O emissions with (1) increased NO3

−-N 
immobilization [103]; (2) increased copy numbers of nosZ gene [104, 105]; and 
(3) increased toxic effects of polycyclic aromatic hydrocarbons and other toxic 
substances (pyrolysis by-products) on N-cycle microorganisms [106].

3.2.2 Effects of biochar on soil pH buffer capacity

Biochar that increased soil pH buffer capacity may predominantly correlate 
with biochar riches in oxygen-containing functional groups in surface. The anions 
of weakly acidic functional groups can associate with H+, hence increasing soil 
pH. Meanwhile, exchangeable base cations can release into the solution, thus 
increasing soil pH buffer capacity [107, 108]. In addition, soluble silicon (Si) such as 
H3SiO4

− (present at a high pH) can combine with H+ and generate H2SiO3 precipita-
tion [107, 108].
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rotation system [26]. However, lime addition reduced the content of soluble organic 
carbon in the soil layer 10–30 cm [83]. Consistently, long-term lime addition 
increased the soil pH but stimulated the decomposition of soil organic carbon [84].

3.2 Biochar

Biochar was stable in the soil from Amazon basin of Brazil, and biochar input 
improved soil fertility [85]. This discovery accelerated the development of tech-
nologies for biochar application in soil amelioration.

Biochar is a carbon (C)-rich solid material by pyrolyzing of organic biomass such as 
crop straw, forestry by-products, urban waste, industrial by-products, animal manure, 
and urban sludge at low oxygen and high temperature (250–700°C) condition [86]. 
Biochar has been characterized by a high pH, specific surface area, degree of aroma-
tization, and porosity. In addition, biochar is rich in C-containing functional groups 
(e.g., C–H, C–O, C=C and C=O) and relatively stable organic C. The physicochemical 
properties of biochar were mainly determined by pyrolysis temperature [87].

Presently, biochar was widely used as a soil ameliorant in agriculture and 
forestry field. For example, our previous studies reported that C. oleifera fruit shells 
are ideal feedstock for producing biochar as they are rich in C and N [1, 88]. Biochar 
includes the following advantages:

1. Carbon recalcitrance of biochar can increase soil C pool. The potential of bio-
char in mitigation of greenhouse gas emissions was 1.0–1.8 Pg CO2-Ceq yr−1 [89].

2. Biochar had excellent physicochemical characteristics in soil nutrient retention 
and utilization [90, 91] and water conservation [92]. Additionally, biochar can 
increase the plant resistance to Al3+ toxicity [81], the clone of arbuscular my-
corrhizal fungi, and crop yield [93, 94]. It can decrease continuous cropping 
obstacles such as root-knot nematode [95] and Ralstonia solanacearum [96].

3. Biochar is rich in macro- and microelements [97], which can reduce the dosage 
of fertilizer.

3.2.1 Effects of biochar on soil nitrous oxide emissions

The physicochemical properties of biochar and soil can interactively influence 
soil N2O emissions [98]. However, the effects of biochar on soil N2O emissions 
varied, including positive effects [99], negative effects [100], and no effects [101].

Biochar addition increased soil N2O emissions with the release of N from biochar 
[102]. By contrast, biochar reduced soil N2O emissions with (1) increased NO3

−-N 
immobilization [103]; (2) increased copy numbers of nosZ gene [104, 105]; and 
(3) increased toxic effects of polycyclic aromatic hydrocarbons and other toxic 
substances (pyrolysis by-products) on N-cycle microorganisms [106].

3.2.2 Effects of biochar on soil pH buffer capacity

Biochar that increased soil pH buffer capacity may predominantly correlate 
with biochar riches in oxygen-containing functional groups in surface. The anions 
of weakly acidic functional groups can associate with H+, hence increasing soil 
pH. Meanwhile, exchangeable base cations can release into the solution, thus 
increasing soil pH buffer capacity [107, 108]. In addition, soluble silicon (Si) such as 
H3SiO4

− (present at a high pH) can combine with H+ and generate H2SiO3 precipita-
tion [107, 108].
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3.3 Nitrification inhibitor

Nitrification inhibitors are a class of organic compounds that can inhibit the 
activity of nitrifying bacteria.

Nitrification inhibitors, especially synthetic nitrification inhibitors (e.g., 
dicyandiamide (DCD) and 3,4-dimethylpyrazole phosphate (DMPP)), were 
widely used in agriculture for improving N use efficiency. Ammonia-oxidizing 
bacteria and AOA are the major microbial communities in nitrification and deni-
trification, and both contain amo enzyme that can catalyze ammonia oxidation 
(NH4

+-N → NH2OH). Synthetic nitrification inhibitors such as DCD and DMPP 
mainly inhibit nitrification by suppressing the activity of amo enzyme (a Cu-copper 
cofactor enzyme). In addition, biological nitrification inhibitors also can inhibit soil 
nitrification [109, 110]. In the mid-1980s, researchers found that Brachiaria humidi-
cola cv. Tully (CIAT 679), a single community forage, had lower nitrification rates 
than a single legume community or bare land [111]. This phenomenon stimulated 
further studies on biological nitrification inhibitors. The first biological nitrification 
inhibitor (methyl 3-(4-hydroxyphenyl) propionate: MHPP) was identified from 
the root exudate of Sorghum bicolor in 2008, which mainly inhibited the activity of 
amo enzyme [112]. Subsequently, biological nitrification inhibitor (brachialactone) 
from the root exudate of Brachiaria humidicola was found to inhibit the activity of 
amo enzyme [113]. The Nanjing Soil Research Institute of China firstly found and 
identified a biological nitrification, 1,9-decanediol, from the root exudate of rice, 
which can inhibit the activity of amo enzyme [114].

Ammonium N can be adsorbed by soil colloids, while soil NO3
−-N (the end 

product of nitrification) easily can be leached to groundwater by precipitation. In 
addition, microbial-mediated nitrification is closely related with soil N2O emissions 
[20–22]. Nitrification inhibitors can effectively inhibit soil nitrification, slowing the 
transformation of NH4

+-N to NO3
−-N and hence reducing the NO3

−-N leaching and 
N2O emissions.

An evaluation from 62 field studies showed that although nitrification inhibi-
tors increased 20% NH3 emissions, they reduced 48% inorganic N leaching, 44% 
N2O emissions, and 24% NO emissions and increased 58% plant N utilization, 
9% grain yield, 5% straw yield, and 5% vegetable yield [115]. Consistently, other 
studies evaluated that nitrification inhibitors decreased by 38% [116], 50% [117], 
or 73% [118] N2O emissions and decreased by 0.3 t CO2e ha−1 yr−1 [119]. Similarly, 
DCD did not increase crop yields but reduced 35% N2O emissions [120]. A meta-
analysis showed that DCD rather than DMPP significantly increased 6.5% crop 
yield as well as DCD and DMPP decreased N2O emissions by 44.7% and 47.6%, 
respectively [121].

Therefore, application of nitrification inhibitors could reduce N2O emissions 
and mitigate environmental pollution after intensive N inputs.

3.4 Urease inhibitors

Urease inhibitors are a class of compounds that can slow soil urease activity 
(Figure 2). Addition of urease inhibitors after urea input can inhibit the hydrolysis 

Figure 2. 
The chemical equation of urea hydrolysis with urease catalysis.
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of urea via inhibiting the activity of urease, hence reducing NH3 volatilizations and 
N2O emissions. Additionally, the application of urease inhibitors also contributes 
to increase N utilization efficiency and reduce NO3

−-N leaching. N-(n-butyl)
thiophosphoric triamide (NBPT) is one of the most wide and effective urease 
inhibitors.

Urease, a Ni-copper enzyme, has two Ni−O bidentate ligands, specifically cata-
lyzing urea into NH3 and CO2. Urea only can bind with one specific Ni−O ligand of 
urease, but NBPT can bind with two Ni−O bidentate ligands of urease and generate 
a tridentate ligand [122], hence inhibiting the activity of urease.

Presently, a meta-analysis reported that a nonlinear response was presented 
in soil NH3 volatilizations and N input [123]. Application of NBPT can effectively 
inhibit NH3 volatilizations. For example, 530 mg NBPT kg−1 urea treatment delayed 
NH3 volatilizations and decreased accumulation of NH3 volatilizations compared 
with the control treatment. NH3 volatilizations were linearly related with the 
NBPT dosage in the range of 0–1000 mg NBPT kg−1 Urea (0, 530, 850, 1500, and 
2000 mg NBPT kg−1 Urea) [124]. Other study reported that NBPT increased 27% 
oat yield and 33% crop N uptake [120].

The effects of NBPT on N2O emissions were controversial. For example, NBPT 
can reduce 80% N2O emissions [117]. No effects of NBPT (0.07%, NBPT/Urea-N, 
w/w) on N2O emissions were observed [125]. Similarly, there was no change of 
N2O emissions with NBPT (250 mg NBPT kg−1 Urea) addition from urea-fertilized 
(50 kg Urea-N ha−1) soil [126].

Additionally, NBPT can reduce N2O emissions from alkaline soils but has no 
effects on acidic soils [127], which indicated that pH plays a key role in the regula-
tion of NBPT effects on N2O emissions. Further laboratory study showed that NBPT 
inhibited nitrification, stimulating N2O emissions from alkaline soils (pH 8.05) but 
not affecting N2O emissions from acid soils (pH 4.85). This finding suggested that 
the effect of NBPT on soil N2O emissions is not only influenced by pH but also by 
other unknown factors [127].

Generally, urease inhibitors correlated with nitrification inhibitor could mitigate 
N2O emissions. A meta-analysis showed that urease inhibitors and nitrification 
inhibitors interactively reduced 30% N2O emissions [116]. For example, a field 
study reported that the combination of NBPT (0.3%, NBPT/Urea-N, w/w) and 
DCD (0.3%, DCD/Urea-N, w/w) reduced 32.1% soil N2O emissions with the addi-
tion of 519 kg Urea-N ha−1 from banana plantation, but did not affect the yield of 
banana [128].

4. Sustainable management in Camellia oleifera plantations

Our previous incubation study found that although biochar application 
increased N2O emissions, DCD addition decreased soil N2O emissions under urea 
fertilization from C. oleifera field [88]. Our field study showed that N2O emission 
rates were inhibited by biochar or DCD application and the effects of biochar 
application on mitigation of cumulative N2O were comparable to DCD addition in 
C. oleifera plantations [1]. Compared with control treatment, available N (NH4

+-N 
and NO3

−-N) was not affected by NH4NO3, NH4NO3 + DCD, or NH4NO3 + biochar 
treatment [1]. In addition, the seed yield of C. oleifera was higher in NH4NO3 or 
NH4NO3 + biochar treatment than that in control or NH4NO3 + DCD treatment 
(Figure 3). Soil amelioration is necessary and improves N use efficiency and pH, 
mitigating N2O emissions. Soil amelioration plays an important role in the sustain-
able management of oil safety in C. oleifera plantations.
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3.3 Nitrification inhibitor
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Ammonium N can be adsorbed by soil colloids, while soil NO3
−-N (the end 

product of nitrification) easily can be leached to groundwater by precipitation. In 
addition, microbial-mediated nitrification is closely related with soil N2O emissions 
[20–22]. Nitrification inhibitors can effectively inhibit soil nitrification, slowing the 
transformation of NH4

+-N to NO3
−-N and hence reducing the NO3

−-N leaching and 
N2O emissions.

An evaluation from 62 field studies showed that although nitrification inhibi-
tors increased 20% NH3 emissions, they reduced 48% inorganic N leaching, 44% 
N2O emissions, and 24% NO emissions and increased 58% plant N utilization, 
9% grain yield, 5% straw yield, and 5% vegetable yield [115]. Consistently, other 
studies evaluated that nitrification inhibitors decreased by 38% [116], 50% [117], 
or 73% [118] N2O emissions and decreased by 0.3 t CO2e ha−1 yr−1 [119]. Similarly, 
DCD did not increase crop yields but reduced 35% N2O emissions [120]. A meta-
analysis showed that DCD rather than DMPP significantly increased 6.5% crop 
yield as well as DCD and DMPP decreased N2O emissions by 44.7% and 47.6%, 
respectively [121].

Therefore, application of nitrification inhibitors could reduce N2O emissions 
and mitigate environmental pollution after intensive N inputs.

3.4 Urease inhibitors

Urease inhibitors are a class of compounds that can slow soil urease activity 
(Figure 2). Addition of urease inhibitors after urea input can inhibit the hydrolysis 

Figure 2. 
The chemical equation of urea hydrolysis with urease catalysis.
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C. oleifera plantations [1]. Compared with control treatment, available N (NH4
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−-N) was not affected by NH4NO3, NH4NO3 + DCD, or NH4NO3 + biochar 
treatment [1]. In addition, the seed yield of C. oleifera was higher in NH4NO3 or 
NH4NO3 + biochar treatment than that in control or NH4NO3 + DCD treatment 
(Figure 3). Soil amelioration is necessary and improves N use efficiency and pH, 
mitigating N2O emissions. Soil amelioration plays an important role in the sustain-
able management of oil safety in C. oleifera plantations.
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5. Conclusions

Soil acidification, especially induced by N fertilization, will inhibit the activ-
ity of N2O reductase and increase the abundance of N2O-producing fungi as well 
as the acid resistance of N2O-producing microorganisms, hence the ratio of N2O/
(N2O + N2). In addition, NO2

− will generate NO under soil pH < 5.5 condition, 
which will further transform into N2O. Under the background of global acidifica-
tion, the soil from C. oleifera forest also suffers the potential risks of soil acidifica-
tion and N2O emissions. Mitigation of soil acidification and N2O emissions by soil 
amelioration is necessary and improves N use efficiency and soil pH from C. oleifera 
plantations. Soil amelioration such as biochar and nitrification inhibitor plays an 
important role in sustainable forest management in C. oleifera plantations.
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Research Progress of Forest Land 
Nutrient Management in China
Zhi Li, Yanmei Wang, Xiaodong Geng, Qifei Cai  
and Xiaoyan Xue

Abstract

Forest land fertilization is a supplement and regulation method based on the 
regular pattern of forest physiological activity and nutrient demand, combined 
with the ability of soil to supply nutrient elements. We summarized the impor-
tant achievements and influential events of forest land fertilization and nutrient 
management in modern times, and discussed the main problems of forest land 
fertilization at this stage. The main theories of comprehensive nutrition diagnosis 
method, formula fertilization method, site nutrient effect fertilization model, 
and ASI-based balanced fertilization method were analyzed. The main scientific 
research institutions, main tree species, and main research results of forest fer-
tilization research are described. The development trend of the comprehensive 
nutrition diagnosis method, the combination of forest fertilization theory and 
environmental ecology principle, the combination of fertilization and forest ori-
ented cultivation goal, the application of precise fertilization technology in forest 
land, the development of new forest specific fertilizer, the research of plant nutri-
tion molecular genetics, the research of root state and rhizosphere microecosys-
tem, the application of advanced technology and technology, and the development 
and application of new nonpollution fertilizer were discussed. It is an important 
research direction to apply the existing research results to forestry production and 
improve the quality.

Keywords: forest land fertilization, nutrient cycle, forest soil, nutrient management, 
new fertilizer

1. Introduction

Forest resource is one of the most important resources on earth and the basis of 
biodiversity. It can not only provide a variety of precious wood and raw materials 
for production and life but also provide a variety of food for human economic life. 
More importantly, it can regulate climate; conserve water and soil; prevent and 
mitigate natural disasters such as drought and flood, sandstorm, hail, etc.; purify 
air and eliminate noise; and other functions [1, 2]. With the growth of global 
population and some sudden natural risks, similar events such as the continuous 
spread of the current COVID-19, people are under the pressure of living space and 
means of life, which increases the demand for food and timber, and at the same 
time, the area of forests in many regions is sharply reduced, which requires more 
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forest products to be produced in a short time, especially some economic forests, 
which require the same production cycle to get more output [3, 4].

At present, China’s forestry industry is still in extensive development. 
Although the state has increased the investment in forestry industry in recent 
years, the overall quality of forestry industry needs to be improved, which is 
manifested in the strong singleness of forestry construction and the failure to 
form a good forestry ecosystem [5, 6]. In addition, in the utilization of forestry 
resources, the ability of fine finishing of products is not strong, and the technical 
content of forest products is low, which will inevitably affect the overall economic 
benefits of forestry and will be detrimental to the sustainable development of 
forestry industry [7].

Forest fertilization is a supplement and adjustment method based on the regu-
lar pattern of forest physiological activities and nutrient demand, combined with 
the ability of soil to supply nutrient elements [8]. It is also a forest management 
measure to improve soil fertility, improve forest nutrient status, and promote tree 
growth, so as to achieve high quality, high yield, high efficiency, and low cost. 
Some countries began to apply fertilizer to forest land before the Second World 
War, such as Europe, the United States, Japan, Australia, etc. Due to the rapid 
economic development after the War, the demand for wood is increasing, and the 
application of fertilizer measures in forest production is increasingly extensive 
[9, 10]. China’s forestry fertilization research began in the late 1950s and then 
developed slowly until the 1970s. The fertilization area increased year by year 
[11]. Through the efforts of generations, people have made significant progress 
in plant nutrition physiology, nutrition diagnosis, fertilization technology, and 
fertilizer creation and made outstanding contributions to the protection of 
human food supply [12]. Forestry fertilization has also been recognized by most 
forestry producers in production, but up to now, the research on forest fertiliza-
tion is still in the experimental stage. In addition, the lack of knowledge and 
technical experience leads to the phenomena of poor afforestation effect, slow 
growth of trees, high afforestation cost, and low yield [13]. In many developed 
countries, forest fertilization is regarded as an important means to build fast-
growing artificial forest, and the yield-increasing effect of forestry fertilization is 
very significant [14].

Combined with relevant research results, we reviewed the landmark events and 
their impacts on forest land fertilization; analyzed the existing problems and put 
forward corresponding solutions; then looked forward to the future development 
direction of forest land fertilization, in order to provide basis for domestic and 
foreign forestry fertilization; and also provided reference for forestry management 
and fertilizer research.

2. Research progress of forest fertilization

After 1840, Leibig put forward the theory of plant mineral nutrition, which is 
widely accepted [15]. However, what elements are needed in the process of plant 
growth and development has become a research hotspot at that time. The essential 
nutrient elements for plant growth refer to the indispensable nutrient elements in the 
process of crop growth. If the essential nutrient elements lack, the plant cannot grow 
and develop normally, blossom, and bear fruit and will cause disease. At present, 
there are 17 kinds of essential nutrients for crops, which are carbon (C), hydrogen 
(H), oxygen (O), nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), sulfur (S), iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), 
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boron (B), molybdenum (Mo), nickel (Ni), and chlorine (Cl) (Figure 1). According 
to the demand of crops for various elements, 17 elements are divided into a large 
number of elements (C, H, O, N, P, K), medium elements (Ca, Mg, S), and trace 
elements (Fe, Mn, Cu, Zn, B, Mo, Ni, Cl). They are equally important in the growth 
process of plants and irreplaceable. In addition, there are also some nutritional ele-
ments called beneficial elements; although these elements are not necessary for plant 
growth, they have certain nutritional effects on plants, such as cobalt (CO), which is 
necessary for nitrogen fixation of legume rhizobia, so it has a good impact on legume 
growth. Sodium (Na), silicon (Si), iodine (I), selenium (Se), strontium (Sr), and 
vanadium (V) are also beneficial elements.

France is the first country to carry out the experiment of forest land fertiliza-
tion. In 1847, French scientists applied fertilizer to forest land with plant ash, 
ammonium salt, and slag, which increased the growth of trees by 17–26% [16]. 
In the middle nineteenth century, German scientists found that harvesting dead 
branches and leaves from forest land would lead to a sharp decline in forest 
productivity and began some early fertilization experiments [17, 18]. Some other 
countries in Europe have also carried out afforestation and fertilization experi-
ments and achieved results, but due to the slow effect of forest fertilization, 
the research process is relatively slow [19, 20]. Forest land fertilization did not 
enter the practical stage until the 1950s. With the reduction of forest resources, 
global economic recovery, and the development of fertilizer industry, forest 
land fertilization-related scientific research and production applications have 
been developed rapidly [21]. In 1973, the Food and Agriculture Organization 
of the United Nations (FAO) and the International Union of Forest Research 
Organizations (IUFRO) held an International Symposium on forest fertiliza-
tion in Paris, with a wide range of research contents. After that, the research on 
forest fertilization has become more and more comprehensive and in-depth in 
the world, which has changed from a single direction to a multi-level and multi-
functional comprehensive research. Some countries have carried out long-term 

Figure 1. 
Nutrient elements for plant growth. Drawing: Zhi Li.
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boron (B), molybdenum (Mo), nickel (Ni), and chlorine (Cl) (Figure 1). According 
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of the United Nations (FAO) and the International Union of Forest Research 
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Figure 1. 
Nutrient elements for plant growth. Drawing: Zhi Li.
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positioning observation on forest fertilization in combination with the research 
on forest ecosystem [22].

In the 1950s, China began to carry out forest fertilization experiments and small-
scale productive fertilization and then gradually developed from economic forest 
to timber forest [23]. At the national forest fertilization conference held in 1985, 
there are many species studied, such as Cunninghamia lanceolata (Lamb.) Hook, 
Phyllostachys edulis (Carrière) J.Houz, Vernicia fordii (Hemsl.) Airy Shaw, Camellia 
oleifera Abel., Juglans regia L., Populus tomentosa Carrière, Eucalyptus robusta Smith, 
etc. The main research contents covered the effects of different fertilizers, different 
amounts and proportions on the growth and yield of forest trees; the control of 
forest diseases through fertilization; the application of isotope tracer technology; 
the diagnosis of forest nutrition, etc. Until at the end of the twentieth century, the 
cultivation direction of short-term timber forest was defined, and the special topic 
of “Research on fertilization technology and measures for maintaining soil fertility 
of main industrial timber forest” was set up. In 1995, a seminar on forest fertiliza-
tion and nutrition was held in Beijing. The results of the research were exchanged 
among the seedlings and young forests of Cunninghamia lanceolate, Ziziphus jujuba 
Mill. var. spinosa (Bunge) Hu ex H. F. Chow, Eucalyptus robusta, Populus, Pinus ellip-
tic, Pinus caribaea Morelet, and the middle-aged and mature forests of some species 
(Pinus massoniana Lamb.). Based on the theory of forest site productivity and 
nutrient productivity, the model of site nutrient effect fertilization was discussed 
systematically [24]. Up to now, a set of mature technology of nutrition diagnosis 
and fertilization has been formed in China’s agriculture. However, due to the long 
cycle of forestry production, the single function of fertilizer, and the short duration 
of fertilizer effect, the utilization ratio of forest trees to fertilizer is relatively low, 
and some even pollute the environment. Therefore, the research and promotion of 
forest-specific fertilizer can improve the nutritional status of trees and promote the 
growth of trees, which is an important direction of fertilizer research in the new 
century [25].

Looking at the development of forest fertilization experiment in China, it can 
be seen that the main research object of fertilization effect at this stage is mostly the 
young forest period of forest trees, usually using the conventional method of agri-
cultural fertilization, lacking systematic technology, and theoretical support system, 
so there is a big controversy. Because the growth cycle of forest is long, the natural 
environment factors of forest are complex, and the amount of fertilization is difficult 
to control. However, the implementation of large-scale organization is more difficult, 
which often results in the phenomenon of excessive or insufficient amount of fertil-
ization. Therefore, it is necessary for researchers to conduct in-depth study on the 
methods and theories of forest fertilization. With the rapid development of modern 
economy and the continuous improvement of forest intensification, China needs to 
vigorously carry out in-depth research on forest fertilization technology, strive to 
develop forest modernization and intensification, create an efficient and high-quality 
ecological environment, and realize the sustainable development of forestry.

3. Main theories and methods of forest fertilization research in China

The purpose of fertilization is to improve the nutritional status of trees, promote 
the growth of trees, and increase the unit yield. At the same time, through fertil-
ization, the forest soil status is improved and the soil fertility is improved. Over 
the years, forestry researchers have studied fertilization technology in the aspects 
of fertilizer selection, amount and time, and gained valuable experience and 
achievements.
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Comprehensive nutrition diagnosis and steady-state nutrition method are based 
on plant nutrition mechanism. Forest nutrition diagnosis is a technology to study 
the correlation and influence between forest nutrition and various nutrients held by 
forest soil. It is a method to predict, judge, and evaluate fertilization effect [26].

Formula fertilization method is based on field experiment, soil classification, 
and pre-production ration. According to the regular pattern of plant fertilizer 
demand, soil fertilizer supply capacity and fertilizer efficiency, the researchers 
put forward the proportion scheme of microelements and microelements and the 
corresponding fertilization technology [27]. The main methods are soil fertility 
grading ratio method, nutrient balance quantitative method, soil fertility differ-
ence subtraction method, nutrient abundance and deficiency index method, field 
experiment proportion method, yield determination by soil, nitrogen determina-
tion by yield, fertilizer supplement method due to lack of elements, etc. Before 
using these methods, there should be a large number of information data about the 
characteristics of crop fertilizer demand, soil fertilizer supply capacity, fertilizer 
effect, and so on. In the process of using these methods, we should closely combine 
the high-yield and high-quality cultivation techniques such as irrigation, cultiva-
tion, soil improvement, and soil and water conservation.

Based on the theory of forest environmental productivity and nutrient produc-
tivity, a fertilization model of environmental nutrient effect was established [28]. 
Different from the conventional methods of forest fertilization experiment, the for-
mula fertilization model of forest site nutrient effect is used to determine the neces-
sity of forest land fertilization, the dynamic and static relationship between forest 
growth and nutrient absorption, the curve of soil nutrient capacity and intensity, 
and the target benefit equation through the measurement of site and nutrient effect 
parameters and correlation coefficient. Based on this set of curves and equations, 
the optimal target yield increase, the increment of effective nutrients required for 
reaching the target, the corresponding amount and formula of fertilizer applica-
tion, and the optimal period and method of fertilizer application are determined. It 
is widely applicable, not limited by the region and the growth stage of trees, and has 
high accuracy and popularization value in application.

There is also a forest nutrient diagnosis balanced fertilization method, 
also known as ASI method (the method recommended by the Agro Services 
International Inc., ASI for short) [29]. It is mainly aimed at the soil conditions in 
different regions, the fertilizer demand characteristics of different tree species, and 
the research contents of formula fertilization and balanced fertilization technology. 
A variety of special compound fertilizers rich in N, P, K, Zn, Fe, Mn, B, and other 
large, medium, and microelements, organic matter, and humus have been devel-
oped. Now, they are mostly used in economic tree species.

At present, the development and application of various compound fertilizers 
have fundamentally solved and met the needs of fertilization for fast-growing and 
high-yield forests and economic forests in forestry and made forestry fertilization 
develop from simple fertilizer, formula fertilizer, to organic multiple special fertil-
izer to high-tech direction.

4. Main units and species of forest fertilization research in China

According to the reality of China’s economic reform and forestry practice, many 
scientific research institutions and forestry workers in China have done a lot of 
relevant research and put forward the forestry development theory and practice 
results of fertilization for different forest management processes. These theories 
have played a positive role in guiding China’s forestry development, such as:
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Beijing Forestry University has carried out researches on Populus [30], Castanea 
mollissima BL. [31], Larix gmelinii (Rupr.) Kuzen. [32], and Acacia mearnsii De Will 
[33]; Nanjing Forestry University has carried out researches on Populus [34], Carya 
illinoinensis (Wangenh.) K. Koch [27], Ginkgo biloba L. [35], and Cyclocarya paliurus 
(Batal.) Iljinsk. [36]; Northeast Forestry University has carried out researches on 
Larix gmelinii [37], Fraxinus mandshurica Rupr. [38], and Betula platyphylla Suk. 
[39]; Northwest Agricultural and Forestry University has carried out researches on 
Malus domestica “Changfu-2” [40], Ziziphus jujuba [41], etc.; Hebei Agricultural 
University has carried out researches on Juglans regia [42], Castanea mollissima [43], 
Malus domestica Borkh.CV.Red Fuji [44], and others; Central South University of 
Forestry and Technology has carried out research on Camellia oleifera [45], Vernicia 
fordii [46], Pyrus pyrifolia “Whangkeumbae” [47], Cunninghamia lanceolate [48], 
Phyllostachys edulis [49], etc.; Zhejiang Agriculture and Forestry University has 
carried out research on Phyllostachys praecox C. D. Chu et C. S. Chao “Prevernalis” 
[50], Phyllostachys edulis [51], Castanea mollissima [52], Carya cathayensis Sarg. [53], 
Torreya grandis Fort.et lindl [54], etc.; Fujian Agriculture and Forestry University 
has carried out research on Cunninghamia lanceolata [55], Castanea henryi (Skan) 
Rehd. et Wils. [56], etc.; Chinese Academy of Forestry has been carried out research 
on Populus [57], Castanea mollissima [58], Paulownia Sieb.et Zucc. [59], etc.; and 
Jiangxi Agricultural University has carried out research on Camellia oleifera [60], 
Phyllostachys edulis [61], Eucalyptus robusta [62], Cinnamomum camphora var. 
linaloolifera Fujita [63], Evodia rutaecarpa (Juss.) Benth. [64], etc.

Take the research of Jiangxi Agricultural University that I studied as an exam-
ple. The College of Forestry in Jiangxi Agricultural University is at the forefront 

Figure 2. 
The College of Forestry, Jiangxi agricultural university, has developed the special fertilizer for Camellia 
oleifera to guide the precise fertilization and intensive nutrient management. Photo: Zhi Li. Notes: (A) special 
formula fertilizer for Camellia oleifera. (B) Special fertilizer for organic and inorganic oil tea. (C) the 
Camellia oleifera forest land. (D) Farmers apply special fertilizer for Camellia oleifera.
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of the country in terms of high-yield and intensive management measures and 
balanced fertilization technology of Camellia oleifera, and its achievements have 
reached the international leading level. It has developed the special fertilizer 
for Camellia oleifera, which ensures the high-quality and high-yield of Camellia 
oleifera. It is used to guide the precise fertilization and intensive management of 
Camellia oleifera, and realize the sustainable management of Camellia oleifera 
forest (Figure 2) [65].

In recent years, the forest fertilization research team of Jiangxi Agricultural 
University has also carried out research on balanced fertilization technology and 
formula of Eucalyptus robusta, Evodia rutaecarpa, Ziziphus jujuba, Cunninghamia 
lanceolata, and other tree species, meeting the needs of Jiangxi forestry production 
[66]. The vegetation restoration of rare earth mines in South Jiangxi relies on good 
nutrient management technology, which makes afforestation of barren wasteland 
successful [67]. The related research results include: (1) establishing the indica-
tors of soil nutrient abundance and deficiency and leaf nutrient diagnosis (critical 
value) of economic forest species such as Phyllostachys edulis (Figure 3), Camellia 
oleifera, Eucalyptus robusta (Figure 4), and Evodia rutaecarpa, which provide 
the basis and scientific basis for the diagnosis and balanced fertilization of main 
economic forest species in Jiangxi Province; (2) based on this, the balanced fertil-
ization formula for Phyllostachys edulis and Camellia oleifera, in Jiangxi Province, 
was formulated, and special fertilizers for Phyllostachys edulis and Camellia oleifera 
were developed; (3) the spatial heterogeneity of soil nutrients in Phyllostachys 
edulis and Camellia oleifera plantation was studied, which provided scientific 

Figure 3. 
The College of Forestry, Jiangxi agricultural university, has developed the special fertilizer for Phyllostachys 
edulis to guide the reconstruction after freezing disaster, precision fertilization, and intensive nutrient 
management. Photo: Zhi Li. Notes: (A) the Phyllostachys edulis forest suffered from freezing disaster; (B) 
the special formula fertilizer for Phyllostachys edulis; (C) Farmers apply special fertilizer for Phyllostachys 
edulis; and (D) after precision fertilization and intensive nutrient management, the growth of Phyllostachys 
edulis forest was exuberant.
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Figure 4. 
Vegetation restoration and afforestation with nutrient management technology in rare earth mines in South 
Jiangxi Province, China. Photo: Zhi Li. Notes: (A and B) Rare earth tailings are barren. (C and D) Successful 
afforestation through nutrient management technology.

Figure 5. 
Soil nutrient management and vegetation restoration in the subtropical mountain meadow of Wugong 
Mountain, Jiangxi Province, China. Photo: Zhi Li. Notes: (A and B) Seriously degraded Wugong Mountain 
meadow. (C and D) Our researchers are doing vegetation restoration experiments.
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basis for precise fertilization; (4) using artificial neural network to predict the 
DBH of Phyllostachys edulis forest, the average simulation accuracy is 93.13%; 
(5) a computer nutrient management information system for balanced fertiliza-
tion of Phyllostachys edulis in a small area has been developed, which provides 
an advanced technology and decision-making platform for large-scale balanced 
fertilization and sustainable management of Phyllostachys edulis; (6) the coupling 
technology of water and fertilizer was studied to improve the yield and quality of 
Camellia oleifera; and (7) studies on nutrition and physiological/mechanism of 
tree growth and development.

In addition, the researchers of Jiangxi Agricultural University have carried out 
systematic research on soil nutrient management of subtropical mountain meadow 
[68–71] (Figure 5) and obtained a series of scientific research results [72–75], 
providing a good scientific guidance for the protection and degradation restoration 
of mountain meadow which was a special ecosystem element [76–78].

5. Characteristics and difficulties of fertilization in forest land

Forest land soil is the soil under forest cover, which is one of the organic compo-
nents of forest ecosystem. Compared with conventional farmland and other uses of 
soil, forest land soil has special characteristics because of the impact of forest litter, 
woody plant root group, forest biological community, and special environmental 
conditions of forest ecosystem.

5.1 Characteristics of forest fertilizer demand

The regular pattern and absorptive capacity of forest trees are obviously dif-
ferent from that of most crops, with deep root, large root range, and low nutrition 
demand; most trees are perennial, immobile, and non-intercropped, with long-
term and continuous nutrient supply; the growth cycle of general trees is long, with 
complex influencing factors and difficult nutrition diagnosis; moreover, the growth 
and development law of different trees is different [79].

5.2 Fertilization requirements for forest land

The fertilization in forest land is mainly based on base fertilizer, supplemented 
by top dressing; the spacing between plants and rows is large, and hole fertilization 
is often used, so it is difficult to apply fertilizer in mountainous area, and the times 
of fertilization are not many; the time, method, and amount of fertilization vary 
according to the characteristics of tree species [25].

5.3 Difficulties in forest land fertilization

The spatial heterogeneity of forest land nutrients is large, and the difficulty of 
nutrient diagnosis is large. The growth cycle of forest trees is long, the effect is slow, 
and the short-term fertilizer effect is not necessarily obvious. The spacing between 
trees and rows is large; there are many weeds in the forest, which need to be applied 
in caves; and the workload is large. The trees grow in mountainous areas, but the 
transportation conditions in mountainous areas are poor, so the cost of fertilization 
is high. The research on forest fertilization is also relatively late, and the nutrient 
characteristics of most trees are unknown. The method of fertilization is still in its 
infancy; at present, there are few special fertilizers for trees in the market [80].
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Figure 4. 
Vegetation restoration and afforestation with nutrient management technology in rare earth mines in South 
Jiangxi Province, China. Photo: Zhi Li. Notes: (A and B) Rare earth tailings are barren. (C and D) Successful 
afforestation through nutrient management technology.

Figure 5. 
Soil nutrient management and vegetation restoration in the subtropical mountain meadow of Wugong 
Mountain, Jiangxi Province, China. Photo: Zhi Li. Notes: (A and B) Seriously degraded Wugong Mountain 
meadow. (C and D) Our researchers are doing vegetation restoration experiments.
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basis for precise fertilization; (4) using artificial neural network to predict the 
DBH of Phyllostachys edulis forest, the average simulation accuracy is 93.13%; 
(5) a computer nutrient management information system for balanced fertiliza-
tion of Phyllostachys edulis in a small area has been developed, which provides 
an advanced technology and decision-making platform for large-scale balanced 
fertilization and sustainable management of Phyllostachys edulis; (6) the coupling 
technology of water and fertilizer was studied to improve the yield and quality of 
Camellia oleifera; and (7) studies on nutrition and physiological/mechanism of 
tree growth and development.

In addition, the researchers of Jiangxi Agricultural University have carried out 
systematic research on soil nutrient management of subtropical mountain meadow 
[68–71] (Figure 5) and obtained a series of scientific research results [72–75], 
providing a good scientific guidance for the protection and degradation restoration 
of mountain meadow which was a special ecosystem element [76–78].

5. Characteristics and difficulties of fertilization in forest land

Forest land soil is the soil under forest cover, which is one of the organic compo-
nents of forest ecosystem. Compared with conventional farmland and other uses of 
soil, forest land soil has special characteristics because of the impact of forest litter, 
woody plant root group, forest biological community, and special environmental 
conditions of forest ecosystem.

5.1 Characteristics of forest fertilizer demand

The regular pattern and absorptive capacity of forest trees are obviously dif-
ferent from that of most crops, with deep root, large root range, and low nutrition 
demand; most trees are perennial, immobile, and non-intercropped, with long-
term and continuous nutrient supply; the growth cycle of general trees is long, with 
complex influencing factors and difficult nutrition diagnosis; moreover, the growth 
and development law of different trees is different [79].

5.2 Fertilization requirements for forest land

The fertilization in forest land is mainly based on base fertilizer, supplemented 
by top dressing; the spacing between plants and rows is large, and hole fertilization 
is often used, so it is difficult to apply fertilizer in mountainous area, and the times 
of fertilization are not many; the time, method, and amount of fertilization vary 
according to the characteristics of tree species [25].

5.3 Difficulties in forest land fertilization

The spatial heterogeneity of forest land nutrients is large, and the difficulty of 
nutrient diagnosis is large. The growth cycle of forest trees is long, the effect is slow, 
and the short-term fertilizer effect is not necessarily obvious. The spacing between 
trees and rows is large; there are many weeds in the forest, which need to be applied 
in caves; and the workload is large. The trees grow in mountainous areas, but the 
transportation conditions in mountainous areas are poor, so the cost of fertilization 
is high. The research on forest fertilization is also relatively late, and the nutrient 
characteristics of most trees are unknown. The method of fertilization is still in its 
infancy; at present, there are few special fertilizers for trees in the market [80].
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6. Development trend of forest land fertilization

The main direction of forest land nutrient management and fertilizer research is 
still to improve the utilization efficiency of forest nutrient elements and reduce the 
environmental pollution caused by nutrient elements or some non-nutrient elements 
brought in by fertilization [81]. According to the needs of the industry, the targeted 
cultivation and intensive management of trees will be carried out to realize the 
fertilization of trees (specialization, long-term, and precision), so as to achieve the 
development goal of high yield, high quality, and efficiency, taking into account 
the ecological benefits of the environment and the overall social benefits [82].

At present and in the future, the development mode of forest land fertilization 
includes using the comprehensive nutrition diagnosis method, combining with 
the principle of site productivity, improving the accuracy and comparability of 
analysis, revealing the law of forest nutrition balance, detecting the mechanism 
of nutrient absorption and utilization, and determining the relationship between 
the growth and absorption of different growth stages of plants and the rate of soil 
fertilizer supply [83]. Combining the theory of forest fertilization with the principle 
of environmental ecology, we can improve the productivity of forest land and keep 
the human ecological environment in harmony [84, 85]. Fertilization should be 
combined with the goal of forest-oriented cultivation. As a basic technical measure 
of forest cultivation, fertilization should be classified under different cultivation 
goals, and its research results should also be carried out in production according 
to the cultivation goal [86]. The application of forest land precision fertilization 
technology and the application of forest nutrition management information system 
supported by 3S technology in forest land fertilization will achieve precision 
fertilization for different tree species, different soil, and different development 
stages and improve fertilizer utilization rate [87]. In view of the long-term nature 
of the absorption of nutrient elements by trees and in order to meet the demand of 
large-scale operational fertilization in mountain forest areas, the development of 
new forest-specific fertilizer will gradually develop to high concentration, slow 
effect, and special compound fertilizer [88]. In the study of plant nutrition molecu-
lar genetics, while improving the fertilization methods, we should focus on the 
research and cultivation of good varieties to adapt to the specific soil environment, 
so as to realize the transformation from suitable trees to suitable varieties [89]. The 
research frontier of root state and rhizosphere micro ecosystem is to explore the 
dynamics of soil root interface nutrients and their environment, so as to clarify 
the biological effectiveness of soil nutrients [90]. The application of high-tech 
technology, such as atomic absorption spectrometer, electron probe, and various 
automatic analyzers, provides necessary conditions for diagnosis and fertilization 
[91]. In forest is a very important factor in the formation of water source of rivers 
and lakes. The safety of fertilizer application in forest land is closely related to the 
safety of water body, so the research and application of new nonpollution fertilizer 
is particularly important [92].

7. Conclusion

As an important green raw material, trees are favored under the great devel-
opment of ecological construction. In recent years, China’s demand for wood is 
growing day by day. The cultivation of artificial forest, timber forest, and the 
construction of industrial raw material forest have been greatly supported by 
policies and funds. With the rapid development of plantation and the continuous 
improvement of its area, it still faces the problems of insufficient total amount of 
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forest resources and poor quality. However, for a long time, the utilization rate of 
fertilizer in China is low, which has caused great economic losses and also brought 
great impact on the environment. Research and development of new fertilizer can 
effectively solve the above problems. Although there are still some problems in the 
manufacturing process of new fertilizer, due to its outstanding advantages, it will 
usher in greater development in the near future.

The research of forest land fertilization is developing rapidly, and rational 
fertilization has become an important technical measure to cultivate short rota-
tion industrial timber forest and accelerate economic forest benefits. At the same 
time, many forestry workers realize that the simple fertilization cannot achieve 
the expected effect on greatly improving the growth of trees. In addition to some 
technical problems that limit the fertilizer effect to a certain extent, how to reason-
ably apply fertilizer according to the water status of forest land is the key to the 
problem. It needs to be especially pointed out that at present, most of the research 
on water and fertilizer balance is in agricultural production and has made great 
achievements, while the research on water and fertilizer balance in forestry is still 
in its infancy. Therefore, how to apply the existing research results to the forestry 
production and speed up the solution to the backward situation of China’s forestry 
production should be one of the future research topics for forestry workers.

In addition, nutrient management in forest ecosystems should consider the 
ecological effects of fertilization under the context of global climate change, consid-
ering the potential interactions among global change factors [93, 94], nutrient input 
[95], and internal element cycling within forest ecosystems [96–101]. For example, 
in plantations experiencing intensive management, N input may induce more N 
leaching due to excessive application, especially in areas characterized by acid soils 
[101, 102]. To prevent such N loss from soil to happen, soil amelioration should be 
employed to decrease N leaching via runoffs, trace gas emissions, or volatilization 
[102, 103], increasing the fertilization efficiency of agricultural practice [101, 102]. 
Presently, biochar has been widely used in soil amelioration or mitigation of soil 
trace gas (especially those containing N) [103, 104]. Thereby, future fertilization 
practice could be combined with soil amelioration strategies to obtain efficient fer-
tilization practice and nutrient management in forest or plantation soils [103, 104].
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6. Development trend of forest land fertilization

The main direction of forest land nutrient management and fertilizer research is 
still to improve the utilization efficiency of forest nutrient elements and reduce the 
environmental pollution caused by nutrient elements or some non-nutrient elements 
brought in by fertilization [81]. According to the needs of the industry, the targeted 
cultivation and intensive management of trees will be carried out to realize the 
fertilization of trees (specialization, long-term, and precision), so as to achieve the 
development goal of high yield, high quality, and efficiency, taking into account 
the ecological benefits of the environment and the overall social benefits [82].

At present and in the future, the development mode of forest land fertilization 
includes using the comprehensive nutrition diagnosis method, combining with 
the principle of site productivity, improving the accuracy and comparability of 
analysis, revealing the law of forest nutrition balance, detecting the mechanism 
of nutrient absorption and utilization, and determining the relationship between 
the growth and absorption of different growth stages of plants and the rate of soil 
fertilizer supply [83]. Combining the theory of forest fertilization with the principle 
of environmental ecology, we can improve the productivity of forest land and keep 
the human ecological environment in harmony [84, 85]. Fertilization should be 
combined with the goal of forest-oriented cultivation. As a basic technical measure 
of forest cultivation, fertilization should be classified under different cultivation 
goals, and its research results should also be carried out in production according 
to the cultivation goal [86]. The application of forest land precision fertilization 
technology and the application of forest nutrition management information system 
supported by 3S technology in forest land fertilization will achieve precision 
fertilization for different tree species, different soil, and different development 
stages and improve fertilizer utilization rate [87]. In view of the long-term nature 
of the absorption of nutrient elements by trees and in order to meet the demand of 
large-scale operational fertilization in mountain forest areas, the development of 
new forest-specific fertilizer will gradually develop to high concentration, slow 
effect, and special compound fertilizer [88]. In the study of plant nutrition molecu-
lar genetics, while improving the fertilization methods, we should focus on the 
research and cultivation of good varieties to adapt to the specific soil environment, 
so as to realize the transformation from suitable trees to suitable varieties [89]. The 
research frontier of root state and rhizosphere micro ecosystem is to explore the 
dynamics of soil root interface nutrients and their environment, so as to clarify 
the biological effectiveness of soil nutrients [90]. The application of high-tech 
technology, such as atomic absorption spectrometer, electron probe, and various 
automatic analyzers, provides necessary conditions for diagnosis and fertilization 
[91]. In forest is a very important factor in the formation of water source of rivers 
and lakes. The safety of fertilizer application in forest land is closely related to the 
safety of water body, so the research and application of new nonpollution fertilizer 
is particularly important [92].

7. Conclusion

As an important green raw material, trees are favored under the great devel-
opment of ecological construction. In recent years, China’s demand for wood is 
growing day by day. The cultivation of artificial forest, timber forest, and the 
construction of industrial raw material forest have been greatly supported by 
policies and funds. With the rapid development of plantation and the continuous 
improvement of its area, it still faces the problems of insufficient total amount of 

35

Research Progress of Forest Land Nutrient Management in China
DOI: http://dx.doi.org/10.5772/intechopen.93185

forest resources and poor quality. However, for a long time, the utilization rate of 
fertilizer in China is low, which has caused great economic losses and also brought 
great impact on the environment. Research and development of new fertilizer can 
effectively solve the above problems. Although there are still some problems in the 
manufacturing process of new fertilizer, due to its outstanding advantages, it will 
usher in greater development in the near future.

The research of forest land fertilization is developing rapidly, and rational 
fertilization has become an important technical measure to cultivate short rota-
tion industrial timber forest and accelerate economic forest benefits. At the same 
time, many forestry workers realize that the simple fertilization cannot achieve 
the expected effect on greatly improving the growth of trees. In addition to some 
technical problems that limit the fertilizer effect to a certain extent, how to reason-
ably apply fertilizer according to the water status of forest land is the key to the 
problem. It needs to be especially pointed out that at present, most of the research 
on water and fertilizer balance is in agricultural production and has made great 
achievements, while the research on water and fertilizer balance in forestry is still 
in its infancy. Therefore, how to apply the existing research results to the forestry 
production and speed up the solution to the backward situation of China’s forestry 
production should be one of the future research topics for forestry workers.

In addition, nutrient management in forest ecosystems should consider the 
ecological effects of fertilization under the context of global climate change, consid-
ering the potential interactions among global change factors [93, 94], nutrient input 
[95], and internal element cycling within forest ecosystems [96–101]. For example, 
in plantations experiencing intensive management, N input may induce more N 
leaching due to excessive application, especially in areas characterized by acid soils 
[101, 102]. To prevent such N loss from soil to happen, soil amelioration should be 
employed to decrease N leaching via runoffs, trace gas emissions, or volatilization 
[102, 103], increasing the fertilization efficiency of agricultural practice [101, 102]. 
Presently, biochar has been widely used in soil amelioration or mitigation of soil 
trace gas (especially those containing N) [103, 104]. Thereby, future fertilization 
practice could be combined with soil amelioration strategies to obtain efficient fer-
tilization practice and nutrient management in forest or plantation soils [103, 104].
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Plant Invasion and N2O Emission 
in Forest Ecosystems
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Abstract

Nitrogen (N) is a key factor for any ecosystem and has been found limited for 
biomass production. More N in forest ecosystem and their efficient utilization will 
contribute to the maximization in their growth, competition, and reproduction. 
Invasive plants capture and utilize more N than native plants and accelerate N 
cycles through altering the structure and community of soil microbes and the litter 
decomposition rates, under microclimate conditions, resulting in an increase of 
N availability. All these factors are promoting the invasiveness of plants and cause 
further ecological and economic damage and decline in native biodiversity. Plant 
invasions affect soil microbial community, soil physiochemical properties, and 
litter decomposition rates, promoting N cycle and releasing more nitrous oxide 
(N2O) into the atmosphere, further facilitating global warming, causing changes in 
the geographic ranges of some invasive species. Also, a better understanding of the 
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1. Introduction

Biological invasion and global climate change pose threats to the loss of biodiver-
sity, genetic diversity, agriculture output, and ecosystem service change worldwide, 
thus causing huge economic loss [1–5]. Furthermore, global warming causes global 
climate change in the present era. Various exotic components including water vapor, 
ozone, and greenhouse gases (GHGs) play a role in the atmosphere absorbing an 
amount of the emitted radiation from Earth’s surface and then re-emitting it back 
to Earth, further increasing the surface temperature and resulting to disasters like 
floods, hurricanes, and drought [6–8]. N2O, CO2, and CH4 are mostly produced 
naturally as a biological process and by anthropogenic activity. These GHGs 
amounted about 80% of total the GHGs [8, 9]. N2O is a major long-lived GHG with 
a global warming potential of about 310 times greater than of CO2 over a lifetime of 
100 years [10] and is also involved in the atmospheric ozone depletion [11, 12], and 
>80% of global N2O emissions are projected to be linked to soil microbial activity 
[13]. A reorientation of multidimensional problems between forest and climate 
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Abstract

Nitrogen (N) is a key factor for any ecosystem and has been found limited for 
biomass production. More N in forest ecosystem and their efficient utilization will 
contribute to the maximization in their growth, competition, and reproduction. 
Invasive plants capture and utilize more N than native plants and accelerate N 
cycles through altering the structure and community of soil microbes and the litter 
decomposition rates, under microclimate conditions, resulting in an increase of 
N availability. All these factors are promoting the invasiveness of plants and cause 
further ecological and economic damage and decline in native biodiversity. Plant 
invasions affect soil microbial community, soil physiochemical properties, and 
litter decomposition rates, promoting N cycle and releasing more nitrous oxide 
(N2O) into the atmosphere, further facilitating global warming, causing changes in 
the geographic ranges of some invasive species. Also, a better understanding of the 
mechanism, affecting factors, impacts, and control of the invasive species will lead 
to proper forest management. Proper and effective management will ensure the 
control of invasive species which includes invasive plant inventory, early deduction 
and rapid response, management plan and implication, and government support.
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1. Introduction

Biological invasion and global climate change pose threats to the loss of biodiver-
sity, genetic diversity, agriculture output, and ecosystem service change worldwide, 
thus causing huge economic loss [1–5]. Furthermore, global warming causes global 
climate change in the present era. Various exotic components including water vapor, 
ozone, and greenhouse gases (GHGs) play a role in the atmosphere absorbing an 
amount of the emitted radiation from Earth’s surface and then re-emitting it back 
to Earth, further increasing the surface temperature and resulting to disasters like 
floods, hurricanes, and drought [6–8]. N2O, CO2, and CH4 are mostly produced 
naturally as a biological process and by anthropogenic activity. These GHGs 
amounted about 80% of total the GHGs [8, 9]. N2O is a major long-lived GHG with 
a global warming potential of about 310 times greater than of CO2 over a lifetime of 
100 years [10] and is also involved in the atmospheric ozone depletion [11, 12], and 
>80% of global N2O emissions are projected to be linked to soil microbial activity 
[13]. A reorientation of multidimensional problems between forest and climate 
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changes is a complex issue. Climate change affects forest composition, and in 
addition, forest disturbances such as destruction and degradation further facilitate 
plant invasion which results to acceleration of the global GHG emissions [14–16]. 
Disturbances in the forest ecosystem lead to a loss of biodiversity, loss of biomass, 
and decreased forest regeneration potential [17]. The modification of abiotic and 
biotic factors will affect the exchange rate of GHG emission released into the 
atmosphere by forest soil, primarily through changes in microbial-mediated process 
and plant-derived process (e.g., photosynthesis) [18–20]. Therefore, adopting 
effective forestry and sustainable management practices will ensure productivity, 
N2O mitigation, and biodiversity [21]. Soil N2O production has been widely linked 
to soil microbial activity [12], which can be affected by litter and rhizosphere inputs 
of invasive plants [22], land-use legacy, and many other factors which are still 
unknown [23]. These changes to forest ecosystems can accelerate nutrient cycling 
and increase soil N2O production to the atmosphere [24]. The world’s forests are 
likely to face an increasing number of invasions in the future. It is necessary to 
identify the existing invasions and their potential for expansion and then set up 
invasive species management plan [25]. Managing forest invasion involves avoid-
ing entry, eradicating nascent species, biological control, choosing host trees for 
resistance, and using cultural practices (silviculture and restoration) to mitigate 
invader impacts.

The problem on biological invasion is highlighted. It poses a threat to any eco-
system which includes forest ecosystems, causing economic and ecological damages 
worldwide. The factors contributing to plant invasion include microbial facilitation, 
global warming, and nutrients availability which make it more complex and still 
unknown. Based on the previous literature, we tried to understand and discuss the 
following issues: plant invasion in forest ecosystems, factors contributing to plant 
invasions, and soil N process and N2O emission in the context of forest plant inva-
sion. The aim of our study is to highlight the mechanism of plant invasion and its 
control and management in the context of sustainable forest management.

2. Effects of global warming on plant invasion

The rising GHGs in the atmosphere such as N2O emission and other global 
change components affecting temperature can help hinder or promote plant inva-
sions [26, 27]. For example, species may increase in size with warming and decline 
of canopy transpiration [28, 29]. Furthermore, previous studies and models indicate 
that invasive plant often responds unpredictably to global change components [26]. 
The response of plant species to elevated temperature depends on the features of 
their ecological and physiological characteristics. The previous study demonstrated 
that invasive species (Lantana camara) respond significantly to elevated tempera-
ture with increasing allopathic effects and high growth rate, suggesting that global 
warming may increase the invasions of plant species [30]. The world’s climate with 
rising temperature can change the interaction, physiology, phenology, and dispersal 
pattern of plant species, and the introduced species may have an advantage over 
the native species in terms of responding more to this climate change [29]. The 
introduction of alien plant species is considered to survive if the introduced range is 
likely to their native range, temperature being a key factor for their further expan-
sion, reproduction, and growth [31, 32]. Global warming provides opportunity for 
invasive species to expand into regions where they could not previously survive and 
reproduce [4]. In addition, drought resulting from the climate change can affect 
biodiversity which further results in a warmer climate region, therefore damaging 
soil properties and affecting the plant nutrient uptake ability. These changes can 
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threaten important biodiversity and foods for local populations. Drought and warm 
climate are likely due to an expansion of invasive species and can also lead to biodi-
versity loss and changes in frequency and intensity, which can affect seed germina-
tion, potential growth of young plants, and ecosystem services [33]. To date, global 
warming has been related to the rapid expansion of native plant populations [34, 35] 
and colonization of newly exposed land on local scale, although natural colonization 
of the region would occur. Consequently, under climate change, non-native species 
are likely to interfere with native biodiversity [36]. Climate change has also effects on 
plant-soil feedback such as the interaction among soil microbes and plants. Global 
warming as one of the components of climate change greatly affects input to the soil 
by litter production from decomposition [37, 38]. Warming affects seed germination 
of plants, for which invasive species show positive response specially in the summer 
season. Also, the total biomass of invasive species can be affected by global warming 
and they show high response in winter season compared to native species [39].

3. Forest plant invasions

The plant species in forest ecosystems can successfully grow when the intro-
duced range is likely in their native habitat and can further expand and become 
invasive with unlimited soil resources, rising temperature, and soil microbial 
facilitation with a positive interaction to species [31, 32]. The success of plant inva-
sion in forest ecosystems can be affected by many factors: rising temperature [30], 
landscape structure [40], and disturbance, especially harvest-induced disturbance 
which increased the abundance of invasive plant species [41–43]. The overstory 
harvest increases the microclimate temperature. Such factors and resources avail-
ability at the proper time can help the introduced species invade in forest ecosys-
tems [44]. Such types of impact change in forest succession alter nutrients, carbon 
and water cycle, and the competition between native and invasive plant species is 
a much more threat to changes in ecosystem services. Plantation and regeneration 
forests are also at risk due to rapid plant invasions [45]. In order to impose an impact 
on ecological systems, invasive species not only required high-relative biomass, 
but they should also have characteristics that differ from those already present in 
the native species, which are necessary to drive ecosystem process [46]. The traits 
between invasive and native plants in forests can differ due to invasive species being 
assigned with higher resource utilization, fast-decaying leaf, more decomposition, 
high photosynthetic rate, relative growth rate, and higher specific leaf area [47–51]. 
Higher forest canopy cover can lessen the plant invasion, and it may limit the light 
source for invaded species when it is demanding for more light [52].

4. Forest management with plant invasions

Plant invasion in forest ecosystem is causing economic and ecological damage and 
threatens biodiversity conservation [52]. Forest management is required to identify 
the invasive species and its invasion stages and possible expansion and then set up a 
plan for its control [25], The inventory of invasive plants will help on proper manage-
ment and planning. It is based on the invasive species status, distribution, and effects 
and threats to forest ecosystem [53]. Early deduction of invasive species and their 
identification, based on to confirm whether it is new to the area and measure its estab-
lishment, expansion to other areas as well as predict its impact on the forest ecosystem 
and loss will lead to effective management plan. The rapid response with effective 
management/plan can lessen the further invasion with daily basis monitoring [53]. 
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management/plan can lessen the further invasion with daily basis monitoring [53]. 
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Forest management includes prevention of arrival and dispersal of invasive species 
and their biological control as well as silviculture and restoration practices to lessen 
invasion impacts [45]. Restoration should be based on choosing plant species which 
suit to the condition of the target area [53]. For example, to increase the forests 
canopy cover may resist those invading species which demanding for more light, 
thus, invasive species with high resource demanding can be managed by proper way 
to minimize its further effects [54]. Also, a better understanding of the mechanism, 
affecting factors, impacts, and control of the invasive species will lead to a proper 
forest management. The (Figure 1) model is based on invasive species management,  
a stepwise model leading an effective management of species.

5. Forest plant invasions and soil N cycling

N is a key factor determining the outcome of interspecific competition in many 
ecosystems [55–57]. Previous literature found invasive plants dominant over the 
native plants because of they have more nutrient utilization, high photosynthetic 
rate, increased biomass production, more N availability from litter, high decompo-
sition rate [58]. In addition invasive species produce fast-decaying litter [48]. Such 
characteristics of plant invasions can accelerate/increase soil N cycling by altering 
soil microbial community which further affects N2O emission and forest ecosystem 
services in the invaded site [59, 60]. It may vary the types of plant invasion, such as 
woody plant invasion and N-fixing plants which have more significant impacts on 
N cycling than their alternatives. There is no difference between the responses of 
forests, wetlands, and grasslands to plant invasions [49].

Figure 1. 
A stepwise model is leading an effective forest management of invasive species (adapted from [53]).
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N is a key nutrient, limiting factor for biomass production in forest ecosystems 
[57, 61]. No plant is suitable for all habitat to grow potentially [47, 62, 63]. However, 
invasive plants efficiently utilize resources showing maximization in growth, com-
petition, and reproduction and improving their invasiveness characteristics [57, 62, 
64, 65]. The N use efficiency of invasive plants is enhanced by many ways such as N 
fixation, photosynthetic N use efficiency, and N mineralization, allowing invasive 
species to have an advantage over native plant population [47, 56, 57, 66].

Rapid nutrient cycles especially N cycle may promote the invasiveness of plants 
[49, 59, 67, 68]. Also, increased N availability may affect the activity of soil micro-
bial community with invasive plants and contribute to further invasion and provide 
a favorable environment for soil microbes [46, 59, 69]. Plant invasion changed  
(a) soil microbial community, (b) physiochemical properties, and (c) litter decom-
position rate, which can affect the soil N cycle.

a. Plant invasion helps in the succession of soil microbes and promotes their func-
tions, further facilitating plant invasions [70–72]. Some finding suggests that 
invasive plants in the invaded site may cause positive structural change in micro-
bial community, which results in negative effects on native plant community, 
establishment, growth, and the whole ecosystem [56, 73]. Increasing the avail-
ability of N by invasive plants through changed in soil microorganism structure 
and community in result rapid decomposition, or through N2 symbiotic fixation 
can further accelerate the N cycles [49, 58, 59, 74, 75]. These changes of plant 
invasion and especially the symbiotic N fixers have large effects on N cycles [58].

b. There is considerable evidence that plant invasion may alter physiochemical 
properties of soil. For example, invasive plants may cause soil moisture reduc-
tion with rapid evapotranspiration because of the long survival and rapid 
growth of invasive plants [75–77]. Some studies also observed a positive asso-
ciation between plant invasion and soil moisture [78]. Invasion of plants results 
in high pH value in soil, such as more ammonium and nitrate absorption result 
in acidification and alkalinization [78–80]. Si et al. [81] findings show that low-
degree plant invasion increased soil pH value, but high-degree plant invasion 
did not. A decrease in soil pH values caused by invasive plants could improve 
the solubility of P in soil, which contributes to further plant invasion [82]. Such 
factors, soil pH, soil moisture, and temperature are regulating soil microbes, 
soil N availability, litter decomposition rate, and community structure, thus 
also affecting the physiochemical properties effects on plant invasions [83, 84].

c. Fast-decaying litter of invasive species increases soil nutrients, especially N [83]. 
Thus, invasive plants obtain more nutrients especially N, and fast decomposi-
tion might also impact N cycle and further promote plant invasions [83, 85, 86]. 
Leaf litter quality and remarkable condition in the surrounding environment 
created by plants such as an increase in soil temperature and moisture can affect 
litter decomposition rate [87]. Invasive plants are often found with higher leaf N 
concentration affecting litter decomposition rates [51].

Soil N availability and transformation (mineralization, nitrification and deni-
trification) process from unusable form to usable form for plants is a key factor for 
primary net production. The involved microbes in nitrification and denitrification 
process are associated with N2O emission [12, 88]. More N2O emissions from the 
forest soil further accelerate global warming, thus greatly affecting N inputs to the 
soil by litter production through rapid decomposition by invasive plants [37, 51]. 
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trification) process from unusable form to usable form for plants is a key factor for 
primary net production. The involved microbes in nitrification and denitrification 
process are associated with N2O emission [12, 88]. More N2O emissions from the 
forest soil further accelerate global warming, thus greatly affecting N inputs to the 
soil by litter production through rapid decomposition by invasive plants [37, 51]. 
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Invasive plants are often found with high soil N content because of the fast-decaying 
litter production [48], which may affect the activity of soil microbial community, 
providing favorable environment to them [59, 69], such as increase in soil tempera-
ture [87], which may not be the same case for native species (Figure 2).

6. Forest plant invasions and soil N2O emissions

Nitrous oxide is a major GHG which contributes to the depletion of ozone layer 
and is released from soils [90]. It has been widely linked to soil microbial activity 
[12]. Soil biota can be affected through litter and rhizosphere inputs of invasive plant 
species and may stimulate nutrient release via litter effect. Furthermore, invasive 
plants support more decomposers [22] and can modify soil enzyme activity [91], as 
well as fast-decaying litter from the invasive species [48], land-use legacy and many 
other factors alter soil microbial communities [23], further accelerate N cycling and 
increasing N2O emissions altering the atmosphere composition [24]. The emission 
of N2O to the atmosphere further facilitating global warming is expected to change 
the geographic ranges of some invasive species [26, 92], creating new opportunity 
for the establishment and development of introduced species, and can also affect the 
phenology of invasive species [93]. We define that more N concentration causes more 
N2O emission. Hall et al. [16] show that canopy N concentration has effects on N2O 
emission where the canopy concentration of invasive species was higher than that 
of native plants, especially in the summer season, and vary between forest types. By 
comparison remote estimates of canopy N in either season did not properly predict 
N2O emission in the dry forest ecosystems. However invasive Morella faya increased 
N2O emission in dry and wet forest ecosystem but the effects was most significant 
when the forest canopy dominated by Morella faya individual and with few  other  
plant species in the overstory or understory. In addition, an increase in the soil pH 
and abundance of nosZ and nirK genes results in decreasing N2O emission [94].

7. Conclusion

Plant invasion alters ecosystem service which results to huge economic loss and 
ecological loss worldwide. There are many factors behind the invasive plant success. 

Figure 2. 
The dynamic feedback diagram between invasive plants, soil properties, and soil N cycles (modified from [89]).
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Chapter 4

Increasing Biodiversity of Russian 
Taiga Forests by Creating Mixed 
Forest Cultures of Scots Pine and 
Siberian Larch
Elena Runova

Abstract

Studies were conducted in the Padunsky forest area of the Bratsk district of the 
Irkutsk region in order to identify the influence of self-sowing that appears in the 
young growth of Scots pine, created by sowing or planting due to the self-seeding of 
Scots pine, which can be proved by the age of test trees that are less than 1–3 years 
old than the forest cultures. Birch and aspen appear in the composition, Siberian 
larch and Siberian pine appear in a small amount, and at some test plots, silver birch 
takes up to six units. Such forest cultures require thinning to avoid changing to soft-
leaved species. The parameters of the macroscopic structure of Scots pine wood and 
the thickness of the bark at the base of the trunks, depending on the age of forest 
cultures, have been determined. To solve the choice of the most effective method of 
reforestation and increase the economic value of the young stands formed in vari-
ous types of forest-growing conditions, the effectiveness of various methods and 
technologies of reforestation has been evaluated. As a result of the work performed, 
it was established that regardless of the year when the forest cultures are created, 
self-seeding always appears in the plantations. The smallest amount of self-sowing 
appeared on relatively poor fresh soils in the cowberry-grass type of forest. The 
greatest amount of self-seeding can be seen in the motley grass type forests with 
relatively rich wet soils.

Keywords: biodiversity, taiga ecosystems, mixed stands, scots pine, Siberian larch

1. Introduction

In the context of modern global climate change, forest ecosystems play an 
important part in stabilizing the ecological state. According to international stan-
dards, mixed, complex forests that have a large biological diversity are of particular 
importance. In this regard, the forests of the Irkutsk region are mostly of natural 
origin, often based on pyrogenic factors. Many forests are classified as high conser-
vation value forests according to FSC standards. Basically, the forests of the Irkutsk 
region belong to light-coniferous taiga. Recently, the content of larch in the total 
composition of the forests of the Irkutsk region has been decreasing both in per-
centage terms by area and by age groups. In this regard, a special task is to preserve 
and multiply mixed pine and larch plantations of natural and artificial origin in the 
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Angara region on the example of the Irkutsk region. The relevance of the topic lies 
in the study of the state of mixed pine-larch stands on the example of forests in the 
Irkutsk region and recommendations for the creation of pine-larch forest crops.

The features of growth of mixed and complex pine stands were studied by 
many authors: Buzykin and Pshenichnikov [1]; Varaksin et al. [2]; Gvozdev [3]; 
Klyuchnikov [4]; and Plaksiva et al. [5]. However, the regularities of the composi-
tion and growth, formation, and structure of mixed stands of the East Siberian 
taiga are not fully studied, especially for the Irkutsk region. The author [6–9] 
studied the growth and formation of pine and larch plantations in the conditions of 
the Angara taiga region (on the example of the Irkutsk region).

The scientific novelty of the research is that on the basis of the conducted 
research and generalization of information about the regularities of formation, 
growth and structure of mixed forest cultures, the dynamics of formation of the 
main inventory indices, and the quality of the stem wood of artificially grown 
mixed crops were studied. For the first time, forest management and inventory 
indices of mixed pine and larch plantations in the Angara region of the Irkutsk 
region, various age classes, and forest cultures were observed for the study areas. 
The features of the formation of annual rings of pine and larch in mixed forest 
cultures were studied.

2. Research methodology and methods

The research methodology was based on a systematic approach to the studied 
natural objects. The methods of establishing sample plots, which are generally 
accepted in forest research, were used. Processing of inventory indices was carried 
out according to generally accepted methods [6, 10–12].

One of the main tasks of the modern development of forest science is to study 
the dynamics of mixed stands in order to grow more productive and biologically 
more stable productive stands, which should contribute to a more rational use of 
natural resources, the preservation of biological diversity. Mixed pine-larch stands 
often have higher productivity than pure stands. However, in recent years, the area 
and stocks of Siberian larch are decreasing, and this tree species is losing its pre-
dominant function as the main forest-forming species of the taiga forests of Eastern 
Siberia. The scientific novelty of the work and its significance lies in the study of the 
growth and development of mixed pine-larch stands and the study of the possibility 
of creating artificial forest stands of mixed composition, characterized by higher 
productivity and stability. For proper forest management, it is necessary to study 
the regularities of changes in inventory indices that take into account the co-growth 
of light-loving species of Scots pine (Pinus sylvestris L.) and Siberian larch (Larix 
sibirica Ldb.) and their silvicultural and biological characteristics.

To achieve this goal, the following tasks are set:

• To study the processes of formation, growth, and productivity of mixed pine-
larch stands under the age of 40.

• To study the dynamics of individual inventory indices of mixed stands.

The main method of collecting experimental data was a field survey of plantings 
at permanent and temporary sample plots. The main method of collecting experi-
mental data was a field survey of plantings at permanent and temporary sample 
plots. For each sample plot, a forest geobotanical description was made, indicating 
the features of the stand, young growth, undergrowth, ground cover, and terrain. 
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Then a continuous list of trees of Scots pine (Pinus sylvestris L.) and Siberian larch 
(Larix sibirica Ldb) was carried out at the age of 40 years using conventional 
measuring devices: altimeters-eclimeters, measuring fork for 1-cm stem diameter. 
Data of inventory indices was processed using statistical methods. The research 
program consisted of a comparative assessment of the growth and development of 
young pine (Pinus sylvestris L.) and Siberian larch (Larix sibirica Ldb.) in the most 
widespread types of forest at the sample plots in the Irkutsk region. The areas with 
200–250 pine and larch trees were selected, which ensured the determination of the 
average diameter and other inventory indices with an accuracy of ±2–3%.

The Resistograph 4450 device by RINNTECH, Germany, was used to assess the 
quality of the wood of test trees. The cuttings of the studied trees were drilled with 
a thin drill needle. The device allows measuring the relative density of wood and 
fixing dense (healthy) wood and internal damage rot in the initial stage of develop-
ment, highly developed rot, and cavities, without causing harm to growing trees or 
samples. According to the obtained resistogram graphs, the percentage of healthy 
wood or wood rot damage was determined.

When processing test results, the following characteristics were calculated: 
a sample arithmetic average, sample square mean deviation, average error S of 
the sample average, and sample coefficient of variation V as a percentage relative 
accuracy of determining the sample average.

3. Research result

While processing the collected experimental materials, the following results 
were obtained, which characterize the average morphometric indicators of the 
sample plots of Scots pine and Siberian larch at the age of 5 up to 40 years in the 
cowberry-grass and motley grass type of forest that are the most common ones in 
the studied region.

In Figure 1, the dynamics of the average height of young pine trees of different 
age groups is presented.

The figure shows the height of trees in meters (axis of ordinates) for age periods 
up to 5 years, from 6 up to 10 years, from 11 up to 20 years, from 21 up to 30 years, 
and from 31 up to 40 years. The equation describing the relationship between the 
height and age periods is also presented. The graphs shown in Figures 1–8 charac-
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Angara region on the example of the Irkutsk region. The relevance of the topic lies 
in the study of the state of mixed pine-larch stands on the example of forests in the 
Irkutsk region and recommendations for the creation of pine-larch forest crops.
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the Angara taiga region (on the example of the Irkutsk region).
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main inventory indices, and the quality of the stem wood of artificially grown 
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accepted in forest research, were used. Processing of inventory indices was carried 
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growth and development of mixed pine-larch stands and the study of the possibility 
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productivity and stability. For proper forest management, it is necessary to study 
the regularities of changes in inventory indices that take into account the co-growth 
of light-loving species of Scots pine (Pinus sylvestris L.) and Siberian larch (Larix 
sibirica Ldb.) and their silvicultural and biological characteristics.

To achieve this goal, the following tasks are set:

• To study the processes of formation, growth, and productivity of mixed pine-
larch stands under the age of 40.

• To study the dynamics of individual inventory indices of mixed stands.

The main method of collecting experimental data was a field survey of plantings 
at permanent and temporary sample plots. The main method of collecting experi-
mental data was a field survey of plantings at permanent and temporary sample 
plots. For each sample plot, a forest geobotanical description was made, indicating 
the features of the stand, young growth, undergrowth, ground cover, and terrain. 
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Then a continuous list of trees of Scots pine (Pinus sylvestris L.) and Siberian larch 
(Larix sibirica Ldb) was carried out at the age of 40 years using conventional 
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Data of inventory indices was processed using statistical methods. The research 
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young pine (Pinus sylvestris L.) and Siberian larch (Larix sibirica Ldb.) in the most 
widespread types of forest at the sample plots in the Irkutsk region. The areas with 
200–250 pine and larch trees were selected, which ensured the determination of the 
average diameter and other inventory indices with an accuracy of ±2–3%.
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quality of the wood of test trees. The cuttings of the studied trees were drilled with 
a thin drill needle. The device allows measuring the relative density of wood and 
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accuracy of determining the sample average.
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were obtained, which characterize the average morphometric indicators of the 
sample plots of Scots pine and Siberian larch at the age of 5 up to 40 years in the 
cowberry-grass and motley grass type of forest that are the most common ones in 
the studied region.

In Figure 1, the dynamics of the average height of young pine trees of different 
age groups is presented.

The figure shows the height of trees in meters (axis of ordinates) for age periods 
up to 5 years, from 6 up to 10 years, from 11 up to 20 years, from 21 up to 30 years, 
and from 31 up to 40 years. The equation describing the relationship between the 
height and age periods is also presented. The graphs shown in Figures 1–8 charac-
terize the average dendrometric indicators of increasing dendrometric indicators for 
age groups, generalized according to the data from 12 permanent and 45 temporary 

Figure 1. 
Dynamics of the average height of young pine trees of different age periods.
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Figure 3. 
Dynamics of changes in the relative basal area of young pine growth by age periods. The figure shows the relative 
basal area of trees (axis of ordinates) by age period up to 5 years, from 6 up to 10 years, from 11 up to 20 years, 
from 21up to 30 years, and from 31 up to 40 years. The equation describing the relationship between the basal 
area and age periods is also presented. The density of plantings allows forming quite productive stands.

Figure 4. 
Dynamics of changes in the growing stock of young pine growth per 1 hectare by age periods. The figure shows 
the growing stock of stands per 1 hectare in cubic meters (axis of ordinates) for age periods up to 5 years, 
from 6 up to 10 years, from 11 up to 20 years, from 21 up to 30 years, and from 31 up to 40 years. The equation 
describing the relationship of the growing stock by age periods is also presented. According to Figure 4, it can be 
assumed that by the age of logging, the stand can form a fairly good operational reserve.

Figure 2. 
Dynamics of changes in the average diameter of young pine trees by age periods. The figure shows the diameter 
of trees in centimeters (axis of ordinates) for age periods up to 5 years, from 6 up to 10 years, from 11 up to 
20 years, from 21 up to 30 years, and from 31 up to 40 years. The equation describing the relationship between 
the diameter and age periods is also presented. As it can be seen from the graph in Figure 2, at the age of 
40 years, the average diameter of the studied plantings reaches 9.8 cm at the height of 1.3 m.
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Figure 5. 
Dynamics of changes in the height of young larch plants by age periods.

Figure 6. 
Dynamics of changes in the average diameter of young larch plants by age periods. The figure shows the 
diameter of trees in centimeters (axis of ordinates) for age periods up to 5 years, from 6 up to 10 years, from 11 
up to 20 years, from 21 up to 30 years, and from 31 up to 40 years. The equation describing the relationship of 
diameter by age periods is also presented.

Figure 7. 
Dynamics of changes in the relative basal area of young larch growth by age periods. The figure shows the 
relative basal area of trees (axis of ordinates) by age period up to 5 years, from 6 up to 10 years, from 11 up to 
20 years, from 21 up to 30 years, and from 31 up to 40 years. The equation describing the relationship of basal 
area by age periods is also presented.
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plots with a total area of 14.25 hectares, as well as statistical processing of the 
taxation description at the plot of 128 hectares, while young growth of natural and 
artificial origin were studied.

As we can see from Figure 1, the height of young growth increases with age, 
while the most intensive increase in height occurs at the age period from 21 up to 
40 years. The maximum height of a pine tree at the age of 40 is approximately 10 m, 
which corresponds to bonitet class III.

Figure 2 shows the dynamics of changes in the average diameter of young 
growth of trees by age periods. From the graph in Figure 2, it is possible to trace the 
dynamics of increasing the average diameter from 0.37 to 9.5 cm at the age of 40.

Figure 3 shows the dynamics of relative density and basal area of young pine 
growth by age periods. It is interesting that the average density of the stand at the 
age of 1–10 years is relatively small (0.5–0.55), and by the age of 40 years, the basal 
area reaches a value of 0.76. Such young plants can already be referred to high-
density plantings.

Figure 4 shows the dynamics of changes in the growing stock of young pine 
growth per 1 hectare by age periods. At the age up to 10, it was impossible to 
determine the growing stock because there are no volume tables for such thin-sized 
stems. The period from 21 up to 40 years is characterized by a significant increase in 
the average stock per 1 hectare and reaches a value of up to 115.9 cubic meters per 1 
hectare.

Figures 5–8 show generalized results of studies of young larch growth for 
different age periods. The materials obtained at the sample plots and as a result of 
processing the taxational descriptions of the Padunsky forest area of the Irkutsk 
region are statistically processed and generalized. As it can be seen from the fig-
ures, the inventory indices differ somewhat from the inventory indices of young 
pine growth.

The figure shows the height of trees in meters (axis of ordinates) for age periods 
up to 5 years, from 6 up to 10 years, from 11 up to 20 years, from 21 up to 30 years, 
and from 31 up to 40 years. The equation describing the relationship of height and 
age periods is also presented.

Figure 5 shows the dynamics of changes in the height of young plants by age 
periods. The change in height can be described by a logarithmic curve with suf-
ficient accuracy (correlation coefficient 0.99). The maximum height at the age of 
31–40 years is 10 m, which exactly corresponds to the height of pine trees of the 

Figure 8. 
Dynamics of changes in the growing stock per 1 hectare of young larch growth by age periods. The figure shows 
the growing stock of stands per 1 hectare in cubic meters (axis of ordinates) for age periods up to 5 years, 
from 6 up to 10 years, from 11 up to 20 years, from 21 up to 30 years, and from 31 up to 40 years. The equation 
describing the relationship of the growing stock by age periods is also presented.
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same area. These results prove the successful co-growth of Scots pine and Siberian 
larch as light-loving tree species that are biologically well compatible throughout 
pathogenesis.

Figure 6 shows the change in the average diameter of young larch trees by age 
periods. The relationship of the dynamics is also described by a polynomial curve, 
with a maximum diameter of 9.5 m, which also corresponds to the data on pine 
trees. This coincidence indicates a good compatibility of pine and larch as light-
loving and fast-growing tree species.

Figure 7 shows the dynamics of changes in the relative basal area of young larch 
growth by age periods. The stand density is relatively low and ranges from 0.5 to 
0.67, which is lower than that of the Scots pine. This is due to the more powerful 
root system of the larch which requires more space to accommodate.

Figure 8 shows the dynamics of changes in the growing stock of 1 hectare of 
young larch growth by age periods. This relationship is relatively well described by 
a polynomial curve with a high degree of accuracy. The growing stock per 1 hectare 
is small and reaches 95–100 cubic meters per 1 hectare which is lower than that of 
young pine trees which can also be explained by the relatively small stand density. 
However, larch at the age of maturity can reach a large stock (up to 500 m3), which 
is higher than that of pure stands of Scots pine at the same age.

A sample plot in the Kuitun forest area of the Irkutsk region was selected as an 
example of creating mixed forest cultures of Siberian larch and Scots pine. Forest 
cultures were created at the site of the fire. The area of forest cultures is 214 hect-
ares; forest cultures were created by sowing in 1997. Currently, the age of forest 
crops is 21 years. When creating forest crops, a partial pre-sowing preparation of 
the soil was carried out with PLP-135 plow. The distance between the furrows is 
2 m, and the width of the plowed furrow is 1.3 m. The scheme for creating forest 
crops is shown in Figure 9.

The plot has the type of forest vegetation conditions B2 with fresh sandy loam 
soil, the forest is of the cowberry-grass type. The seeds were purchased in the 
Republic of Tuva (Kyzyl). Pine and larch seeds have the 1 class of quality. Sowing 
was carried out in spring, when sowing the seeds were evenly mixed in the propor-
tion of 70% larch and 30% pine. Seeding was carried out manually in rows. The 
seedlings sprouted perfectly, and now we have an excellent example of creating 
mixed larch-pine forest crops.

Figures 10 and 11 show photos of experienced larch and pine forest crops. 
The photo shows that the larch is taller than the pine. The trunks are flat and fully 
wooded. Thinning in rows is required, as overgrown forest crops are too dense in 
the rows (Figure 11).

Figure 9. 
Diagram of the creation of mixed forest crops.
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For a detailed study, four sample plots of 0.5 ha were established in forest crops. 
The number of trees in the test areas was 1300–1400, which is enough for statistical 
processing of materials. Processing of materials was carried out separately for the 
elements of the forest—larch and pine. The general characteristics of forest crops at 
sample plots are presented in Table 1.

Figure 11. 
The state of forest crops in a row.

Figure 10. 
Experimental mixed forest cultures of larch and pine (the current composition of 7L3S).
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For more detailed information on the tax indicators, the total data for four 
sample areas is given. The total area of the inventory was 2.0 hectares. Table 2 
shows the inventory indices of larch.

The average cross-sectional area of one tree is 0.0068 m2, the average diameter 
is 9.3 cm, the average height is 11.3 m, and the relative basal area is 0.56; the bonitet 
class is first, the growing stock per 1 ha is 51.5 m3, and the average volume of the 
tree is 0.0245 cubic meters.

Figure 12 shows the relationship between the height and diameter for larch at 
the sample plots.

As we can see from Figure 12 and Table 2, the height and diameter are inter-
related. The height ranges from 5.2 to 12.0 m. As an example, Figure 13 shows the 
distribution of the number of trees by stem diameter at sample plot 2.

On the ordinate axis, you can see the percentage of the total number of trees and 
on the abscissa axis, the diameter at the height of 1.3 m in centimeters.

As we can see from Figure 13, the distribution does not follow the normal distri-
bution curve, and the trees with a diameter of 6–10 cm prevail. However, it should 
be noted that there are trees with a diameter of 12 and even 14 cm.

Age and 
composition

Type of 
forest and 

type of 
vegetation 
conditions

Average 
height, m

Average 
diameter, 

cm

Average 
site index 
(bonitet), 

class

The 
average 
relative 

basal area

Average 
stock per 

1 ha

Area, 
ha

21 year
7Л3С

Cowberry 
/В2

10.1 ± 0.30 8.7 ± 0.32 1.5 0.77 ± 0.22 73.6 ± 3.22 .0.4

Larch Cowberry 
/В2

11.3 ± 0.50 9.3 ± 0.41 1.0 0.56 ± 0.17 51.7 ± 2.11 0.4

Pine Cowberry 
/В2

8.9 ± 0.25 8.1 ± 0.34 3.0 0.21 + 0.05 21.9 ± 0.95 0.4

Table 1. 
Average taxation indicators of mixed forest crops of larch and pine.

D1,3 The 
number 
of trees, 

pieces/%

Average 
height, m

Cross-
sectional 

area of one 
trunk, m2

Sum of 
cross-

sectional 
areas of stem 
diameter, m2

Volume 
of one 
trunk, 

m3

Volume 
of stem 

diameter, 
m3

4 337/7.9 5.2 ± 0.2 0.0013 0.4381 0.0037 1.2469

6 1283/30.5 6.8 ± 0.3 0.0028 3.5924 0.0101 12.9583

8 1206/28.5 8.5 ± 0.4 0.0050 6.0300 0.0261 31.4766

10 874/20.7 10.7 ± 0.5 0.0078 6.8172 0.0261 22.8114

12 302/7.2 11.5 ± 0.5 0.0113 3.4126 0.0672 20.2944

14 218/5.2 12.0 ± 0.7 0.0154 3.3572 0.0672 14.2464

Total per 
2.0 ha

4220/100.0 23.6475 103.034

Total per 
1 ha

2110 11.8275 51.51

Table 2. 
The results of the inventory of larch trees at the sample plots.
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Table 1. 
Average taxation indicators of mixed forest crops of larch and pine.

D1,3 The 
number 
of trees, 

pieces/%

Average 
height, m

Cross-
sectional 

area of one 
trunk, m2

Sum of 
cross-

sectional 
areas of stem 
diameter, m2

Volume 
of one 
trunk, 

m3

Volume 
of stem 

diameter, 
m3

4 337/7.9 5.2 ± 0.2 0.0013 0.4381 0.0037 1.2469

6 1283/30.5 6.8 ± 0.3 0.0028 3.5924 0.0101 12.9583

8 1206/28.5 8.5 ± 0.4 0.0050 6.0300 0.0261 31.4766

10 874/20.7 10.7 ± 0.5 0.0078 6.8172 0.0261 22.8114

12 302/7.2 11.5 ± 0.5 0.0113 3.4126 0.0672 20.2944

14 218/5.2 12.0 ± 0.7 0.0154 3.3572 0.0672 14.2464

Total per 
2.0 ha

4220/100.0 23.6475 103.034

Total per 
1 ha

2110 11.8275 51.51

Table 2. 
The results of the inventory of larch trees at the sample plots.
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Table 3 shows the total data for four sample plots of pine trees.
The average cross-sectional area of one pine tree is 0.006 m2, the average 

diameter is 8.1 cm, the average height is 8.7 m, the relative basal area is 0.21, the 
bonitet class is third, and the growing stock of pine for 1 hectare is 18.5 m3. The total 
growing stock of larch and pine per 1 hectare is 70.02.

Figure 14 shows the relationship between the height and diameter for pine trees 
at the sample plot.

As it can be seen from Figure 14 and Table 3, the relationship between the 
height and diameter has a fairly high degree of correlation R2 = 0.9323, and the 
height of the pine tree ranges from 5.8 to 11.7 m. As an example, Figure 15 shows 
the distribution of the number of pine trees by stem diameter at sample plot No 2.

As it can be seen from Figure 15, the distribution of pine by stem diameter 
approximates the normal distribution curve. Most pine trees are from 6 up to 10 cm in 

Figure 12. 
Relationship of height and diameter in experimental larch forest cultures. On the ordinate axis, the height is in 
meters; on the abscissa axis, the diameters are in centimeters.

Figure 13. 
Distribution of the number of larch trees by stem diameter.
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diameter. It is important to track the dynamics of growth in height for pine and larch. 
In Table 4 data on the annual growth of larch and pine for the last 2 years are given.

As it can be seen from Table 4, larch has the highest annual growth in height, 
and for 2016 and 2017, the increase is higher than the average total growth which 
is 0.42 m on average, and the increase in height over the past 2 years for some trees 
reaches 0.61 m. The average total increase for 21 years is 0.42 (column 4). Let us 
consider the growth in height of pine trees.

The average total increase for 21 years is 0.33 (column 4). As it can be seen from 
Table 5, the pine tree also has a good annual growth in height, and for 2015 and 
2016, the growth is higher than the average total growth, which on average is 0.033 
m, and the growth in height over the past 2 years for some stem diameter reaches 
0.60. On average, the growth of pine is lower than that of larch.

D1,3 The 
number 
of trees, 
pieces%

Average 
height, m

Cross-
sectional 

area 
of one 
trunk, 

m2

Sum of 
cross-

sectional 
areas 

of stem 
diameter, m2

Volume 
of one 
trunk, 

m3

Volume 
of stem 

diameter, 
m3

4 141/7.9 5.8 ± 0.2 0.0013 0.1833 0.0010 0.1410

6 539/30.1 7.0 ± 0.3 0.0028 1.5092 0.0107 5.7673

8 527/29.6 8.1 ± 0.4 0.0050 2.6350 0.0225 11.8575

10 438/24.5 10.9 ± 0.54 0.0078 3.4164 0.0225 9.8550

12 143/7.9 11.7 ± 0.58 0.0113 1.6159 0.0657 9.3951

Total 
per 
2.0 ha

1788 9.3598 37.0159

Total 
per 
1 ha

894 8.7 ± 0.4 0.006 4.6799 0.00244 18.5079

Table 3. 
The results of the inventory indices of pine at the sample plots.

Figure 14. 
Relationship of height and diameter of experimental pine forest crops. On the ordinate axis, we can see height 
in meters and on the abscissa axis, diameter at the height of 1.3 m in centimeters.
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diameter. It is important to track the dynamics of growth in height for pine and larch. 
In Table 4 data on the annual growth of larch and pine for the last 2 years are given.

As it can be seen from Table 4, larch has the highest annual growth in height, 
and for 2016 and 2017, the increase is higher than the average total growth which 
is 0.42 m on average, and the increase in height over the past 2 years for some trees 
reaches 0.61 m. The average total increase for 21 years is 0.42 (column 4). Let us 
consider the growth in height of pine trees.

The average total increase for 21 years is 0.33 (column 4). As it can be seen from 
Table 5, the pine tree also has a good annual growth in height, and for 2015 and 
2016, the growth is higher than the average total growth, which on average is 0.033 
m, and the growth in height over the past 2 years for some stem diameter reaches 
0.60. On average, the growth of pine is lower than that of larch.
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number 
of trees, 
pieces%

Average 
height, m
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area 
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trunk, 
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6 539/30.1 7.0 ± 0.3 0.0028 1.5092 0.0107 5.7673
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1788 9.3598 37.0159

Total 
per 
1 ha

894 8.7 ± 0.4 0.006 4.6799 0.00244 18.5079

Table 3. 
The results of the inventory indices of pine at the sample plots.

Figure 14. 
Relationship of height and diameter of experimental pine forest crops. On the ordinate axis, we can see height 
in meters and on the abscissa axis, diameter at the height of 1.3 m in centimeters.
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Figure 15. 
Distribution of the number of pine trees by stem diameter. On the ordinate axis, we can see the percentage of 
the total number of trees and on the abscissa axis, the diameter at the height of 1.3 m in centimeters.

Tree view D1,3 Growth in height, 
2015, m

Growth in height, 
2016, m

Average total height 
increase, m

1 2 3 4 5

Larch 4 0.28 ± 0.05 0.21 ± 0.05 0.19 ± 0.05

6 0.38 ± 0.05 0.23 ± 0.05 0.25 ± 0.05

8 0.38 ± 0.05 0.36 ± 0.05 0.31 ± 0.05

10 0.61 ± 0.05 0.60 ± 0.05 0.40 ± 0.05

12 0.63 ± 0.05 0.61 ± 0.05 0.43 ± 0.05

14 0.63 ± 0.05 0.60 ± 0.05 0.44 ± 0.05

Average 
result

0.48 ± 0.5 0.44 ± 0.05 0.42 ± 0.05

Table 4. 
Annual growth of the larch in height according to the materials of sample plots.

Tree view D1,3 Growth in height, 
2015, m

Growth in height, 
2016, m

Average total height 
increase, m

1 2 3 4 5

Pine tree 4 0.23 ± 0.03 0.21 ± 0.03 0.21 ± 0.03

6 0.28 ± 0.05 0.20 ± 0.04 0.26 ± 0.05

8 0.34 ± 0.08 0.34 ± 0.07 0.30 ± 0.06

10 0.56 ± 0.07 0.56 ± 0.09 0.40 ± 0.07

12 0.58 ± 0.08 0.60 ± 0.09 0.43 ± 0.09

Average 
result

0.38 ± 0.062 0.38 ± 0.064 0.33 ± 0.06

Table 5. 
Annual growth of pine trees by height based on the materials of sample plots.
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Additionally, using the Resistograph 4450 device, the quality of the wood was 
evaluated by examining the cross section of test pine and larch trees (40 trees in 
total). Resistograms showed high strength indicators of the cross section of a tree in 
the butt part without signs of a decrease in the hardness of the wood (Figure 16).

From the resistogram (Figure 16), it can be concluded that the Siberian larch wood 
is healthy, there are no pathologies, and there is a significant decrease in the strength; 
the presence of rot is not observed. The difference between the relative density of early 
wood (60 for early wood) and late wood (162 for late wood) is particularly clear. The 
drop in the relative density values at the beginning and at the end of the resistogram 
shows the passing through the bark of the studied cross sections of the tree.

From Figure 17 it can be seen that the wood is healthy and there are no any 
pathologies. The difference in the relative density of early and late wood is less than 
that of larch and ranges from 60 for early wood to 108 for late wood. On the basis 
of comparison of the resistograms, we can conclude that the relative density of late 
wood of Siberian larch is about 50% higher than that of Scots pine.

Figure 16. 
Resistograms of Siberian larch. On the ordinate axis, we can see the relative density of Siberian larch wood 
according to the Resistograph 4450 device and on the ordinate axis, the diameter at the base of the tree in 
centimeters.

Figure 17. 
Resistograms of scots pine. On the ordinate axis, we can see the relative density of Siberian larch wood according 
to the Resistograph 4450 device and on the ordinate axis, the diameter at the base of the tree in centimeters.
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Additionally, using the Resistograph 4450 device, the quality of the wood was 
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total). Resistograms showed high strength indicators of the cross section of a tree in 
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that of larch and ranges from 60 for early wood to 108 for late wood. On the basis 
of comparison of the resistograms, we can conclude that the relative density of late 
wood of Siberian larch is about 50% higher than that of Scots pine.

Figure 16. 
Resistograms of Siberian larch. On the ordinate axis, we can see the relative density of Siberian larch wood 
according to the Resistograph 4450 device and on the ordinate axis, the diameter at the base of the tree in 
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Figure 17. 
Resistograms of scots pine. On the ordinate axis, we can see the relative density of Siberian larch wood according 
to the Resistograph 4450 device and on the ordinate axis, the diameter at the base of the tree in centimeters.
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4. Chapter conclusions

The studies conducted to identify the growth and structure of wood of experi-
mental mixed forest crops allow us to draw the following conclusions:

1. The main inventory indices of mixed pine-larch stands, including the compo-
sition of stands, are formed in the cowberry and cowberry-mixed grass and 
mixed types of forest at the young age.

2. Young trees in these types of forests have an average productivity that is ap-
proximately equal to bonitet class III; mixed young trees of pine and larch 
represent stable stands with high biological diversity.

3. Experimental mixed forest crops of pine and larch with the total area of 214 
hectares, established in the Irkutsk region, indicate that pine and larch by the 
age of 21 have good growth and development. At the same time larch is higher 
than pine and can grow up to bonitet class 1.

4. The closure in the rows is high; in general, per 1 hectare the stand density is 
0.77 which means that in the rows the density is more than 1.0. In these forest 
crops, thinning is required to provide additional opportunities for growth 
and development of forest crops [12, 13]. It is recommended to expand the 
creation of mixed pine-larch and larch-pine forest crops both by sowing and 
planting.

5. In forest cultures, slender full-wood trees are formed with good physical and 
mechanical properties of wood. Thinning young plants (a sufficiently high 
degree of thinning 35–50%) can achieve more uniform placement of trees in 
rows, which will increase diameter and height, reduce the severity of intra- 
and interspecific competition, and increase the productivity of experimental 
forest crops. It is also recommended to practice creating mixed forest crops 
of pine and larch by sowing or planting in appropriate forest-growing condi-
tions, thereby preserving larch as the predominant tree species of Russian 
forests and increasing the biological diversity of light taiga forests in Eastern 
Siberia [7–9].

6. The prospects for further development of research should be seen in a fur-
ther study of the growth and development of light-coniferous mixed stands 
in the Irkutsk region of the Angara region in the design and construction of 
a mathematical model for the dynamics of light-coniferous taiga plantations 
with the aim of increasing their biological stability and productivity, as well as 
improvement of the quality of the trunk and tree canopy and physicomechani-
cal properties of wood of pine and larch, silvicultural measures in particular 
to optimize the quantity of sowing and planting, and commercial thinning in 
young stands improving the composition and quality characteristics of pine 
and larch stands.
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I express my gratitude to my colleagues who participated in the collection and 
processing of research materials: I. A. Garus, D. V. Serkov.
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Abstract

Habitat loss due to human activities and climate change is synergistically posing 
serious threats to the global biodiversity leading to irreversible extinction of several 
species. In wake of recent extinction, several forests are declared as protected areas 
where no more human activities are allowed. However, the scope of these protected 
areas got broadened from mere conservation to poverty alleviation and sustainable 
development during the past decades. Though these protected areas seem to be sup-
portive of the biodiversity conservation, several challenges and gaps have emerged 
that need to be addressed for effective conservation and sustainable management in 
these protected areas. Therefore, the present chapter aims to address the roles, chal-
lenges, and approaches for conservation, and sustainable management in protected 
areas of India. Based on the published literature, we have found that protected areas 
proved to be a successful strategy for the conservation of wild animals and plants. 
However, management of poaching, man-wildlife conflicts, funding, extensive 
resource use, and tourism is still a challenge for some national parks of the country. 
Although governmental policies have addressed some of these challenges, only 
limited success has been achieved so far. Therefore, further studies need to assess 
the efficiency of protected areas for biodiversity conservation and devise the 
mechanisms for effective sustainable management of these protected areas.

Keywords: biodiversity conservation, national parks, protected areas, sustainable 
management

1. Introduction

The variability in all life forms at different scales on the earth is collectively 
termed as biodiversity. Further, biodiversity is not evenly distributed on the globe 
as tropical regions are relatively more diverse than other geographical regions. It is 
an integral component that ensures and sustains our own life by providing neces-
sary services from oxygen to clean water and from food to clothing. Despite their 
central role in sustaining life, species are disappearing at alarming rates, and it has 
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Abstract

Habitat loss due to human activities and climate change is synergistically posing 
serious threats to the global biodiversity leading to irreversible extinction of several 
species. In wake of recent extinction, several forests are declared as protected areas 
where no more human activities are allowed. However, the scope of these protected 
areas got broadened from mere conservation to poverty alleviation and sustainable 
development during the past decades. Though these protected areas seem to be sup-
portive of the biodiversity conservation, several challenges and gaps have emerged 
that need to be addressed for effective conservation and sustainable management in 
these protected areas. Therefore, the present chapter aims to address the roles, chal-
lenges, and approaches for conservation, and sustainable management in protected 
areas of India. Based on the published literature, we have found that protected areas 
proved to be a successful strategy for the conservation of wild animals and plants. 
However, management of poaching, man-wildlife conflicts, funding, extensive 
resource use, and tourism is still a challenge for some national parks of the country. 
Although governmental policies have addressed some of these challenges, only 
limited success has been achieved so far. Therefore, further studies need to assess 
the efficiency of protected areas for biodiversity conservation and devise the 
mechanisms for effective sustainable management of these protected areas.

Keywords: biodiversity conservation, national parks, protected areas, sustainable 
management

1. Introduction

The variability in all life forms at different scales on the earth is collectively 
termed as biodiversity. Further, biodiversity is not evenly distributed on the globe 
as tropical regions are relatively more diverse than other geographical regions. It is 
an integral component that ensures and sustains our own life by providing neces-
sary services from oxygen to clean water and from food to clothing. Despite their 
central role in sustaining life, species are disappearing at alarming rates, and it has 
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been estimated that about 27% of the total species are facing threats to extinction 
[1]. Much of today’s large-sized vertebrate animals represent less than 5% of their 
historical ranges. Many species such as the greater one-horned rhino (Rhinoceros uni-
cornis), Asiatic lion (Panthera leo persica), and the hard-ground barasingha (Rucervus 
duvaucelii branderi) are restricted to microscopic remnants of their historical range. 
The biggest threats are posed by habitat destruction by human activities together 
with changing climatic conditions. Therefore, there is an urgent need to take mea-
sures to protect biodiversity in order to sustain life on earth.

Several strategies and measures have been proposed for biodiversity conserva-
tion that varies with the type of habitat and their requirement. Protected areas are 
one of the prominent strategies for the in situ conservation of species and their 
habitats. However, this concept is not recent to India, and provisions for the estab-
lishment of reserved forests and laws such as the death penalty for killing elephants 
date back to the third century B.C. as mentioned in Kautilya’s Arthashastra [2]. 
Many of today’s existing national parks once served as a hunting preserve for the 
local Maharajas and Emperors during the colonial and precolonial era [3]. It was 
in 1936 when the Hailey (now Jim Corbett) National Park was formally notified as 
to the first national park of the country, and there were only four national parks 
till the 1970s (Figure 1). However, the continued hunting and habitat destruc-
tion resulted in a dramatic decrease in the population of tigers in the country. In 
the wake of this alarming decline of tigers, the then prime minister of India, Late 
Smt. Indira Gandhi, launched the “Project Tiger” in 1973, which still stands as the 
world’s most comprehensive tiger conservation initiative. She established nine tiger 
reserves, hired guards to patrol them, and forcibly moved whole villages outside 
their perimeters. These efforts proved to be fruitful as the tiger numbers topped to 
4,000 along with an increase in their prey, and thus, India had put forward a global 
model for wildlife conservation. Since then, the protected area network of the 
country increased exponentially after the 1980s, and presently there are about 104 

Figure 1. 
An exponential increase in the total number of national parks in the country India after the 1970s [4].
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IUCN Category II national parks covering an area of 40,501 km2, which is 1.23% of 
the geographical area of the country [4]. Currently, there are about 870 protected 
areas in 2019 including 104 national parks, 551 wildlife sanctuaries, 88 conservation 
reserves, and 127 community reserves.

Although these protected areas were initially established for biodiversity 
conservation, their objectives have now expanded to also include human-centered 
socioeconomic development. Besides being critical to preserving global biodiversity 
and stemming from the extinction crisis, these protected areas bring tremendous 
cultural, ecological, spiritual, and scientific benefits to society. Now, a new para-
digm of conservation incorporates the socioeconomic development of local people 
and encourages the sustainable use of resources within the protected areas. This 
approach promotes the utilizing of various benefits from protected areas for the 
socioeconomic development of the local residents. Thus, the scope of national 
parks has been broadened to poverty alleviation and the development of the nation. 
Although this paradigm shift has been widely accepted and appreciated, there are 
some challenges to the effective management of these protected areas.

Therefore, the present chapter aims to assess the roles and challenges of 
national parks for biodiversity conservation and sustainable development in India 
using published case studies. To accomplish this, we have searched the available 
literature databases, viz., Web of Science, Scopus, Google Scholar, ScienceDirect, 
and NCBI, using keyword combinations such as “National parks AND India,” 
“Sustainable development AND India,” “Wildlife sanctuary AND India,” and “pro-
tected areas AND India” from the year 1985 to recent. Additionally, gray literature 
from other additional sources including books, unpublished theses, governmen-
tal reports, and newsletters was also consulted. After removing the duplicate, 
insignificant, and inappropriate studies, in total, 50 more relevant studies were 
included for the preparation of this chapter. Here, we have first discussed the major 
roles of national parks in conservation, tourism, and ecosystem services. Then 
various challenges faced by national parks such as conservation, tourism, resource 

Figure 2. 
Major roles, challenges, and approaches for sustainable development of protected areas in India.
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use, human relocation, and conflicts have been discussed. In the next section, two 
major conservation paradigms, i.e., preservationism and sustainable use, their 
merits, and demerits are discussed. Furthermore, major challenges to conservation 
and management of national parks are highlighted with suitable examples from 
Indian case studies (Figure 2).

2. Role of national parks

National parks including tiger reserves not only conserve biodiversity but also 
play an important role in local people’s livelihoods by providing several direct and 
indirect benefits and services [5]. These areas are important components of tourism, 
agro-biodiversity, spirituality, capacity building, poverty reduction, and sustainable 
development. The ecological, economic, social, and cultural benefits provided by 
protected areas both conserve biodiversity and support human well-being. Apart 
from providing economic benefits through sustainable use of bioresources, these 
areas also serve as important sites for documenting and quantifying biodiversity 
and various services provided by them. In addition, protected areas act as a buffer to 
mitigate the impacts of environmental disturbances and climate change.

2.1 Biodiversity conservation

National parks are the critical tool to conserve biodiversity in the face of the 
global crisis of species extinction and the loss of the world’s natural capacity to sup-
port all life and human existence. This can be evidenced by the fact that a large pro-
portion of biological diversity exists only in protected areas. Many national parks 
of the country harbor important wild relative of cultivated crops and thus serving 
as a reservoir of agro-biodiversity. Furthermore, some species like brow-antlered 
deer (Rucervus eldii eldii), the Indian rhinoceros (Rhinoceros unicornis), the Asiatic 
lion (Panthera leo persica), and other large vertebrates can be found only in some 
national parks, and their populations outside are almost diminished. According to 
the report of the country-wide assessment of the status of tigers, co-predators, and 
their prey in India, there are about 1,706 tigers occupying 81,881 km2 of the area in 
2010. This 20% increase in tiger numbers is due to the good management of tiger 
reserves and protected areas. Thus, national parks in India proved to be an effec-
tive strategy for species conservation. While conserving species, these areas also 
protect habitat, and therefore these are effective for checking land use pressures 
throughout the world as most of the national parks have maintained their borders 
against human-based encroachment [6]. Furthermore, healthier ecosystems with 
high biodiversity tend to resist erosion, soil loss, or water quality loss. According 
to a study conducted by the Indian Institute of Forest Management (IIFM) Bhopal, 
it has been estimated that the stock value of tiger reserves to protect and conserve 
tigers vary from INR 22 to 656 billion [7].

2.2 Ecosystem services

Protected areas provide a range of associated economic, social, cultural, and 
spiritual benefits, which are together called ecosystem services. Clean water, clean 
air, access to food sources, buffers of weather events, cultural and spiritual values, 
and raw materials for consumers are some of the ecosystem services that ensure 
the well-being of humanity. Many cities and villages directly rely on these natural 
reserves for essential resources such as clean drinking and irrigation water. For 
example, the metropolitan city of Mumbai receives its drinking water from the 
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Sanjay Gandhi National Park [8]. About 70% of protected areas of the country are 
inhabited by local communities and also partly grazed by local livestock. Almost 
60% of protected areas are subjected to the collection of non-timber forest prod-
ucts [9]. For example, forest products like fuelwood, fodder, and green leaves are 
consumed and sold by the local people living close to Kalakad Mundanthurai Tiger 
Reserve [10] and Kumbhalgarh Wildlife Sanctuary [3]. Furthermore, natural and 
cultural resources in tiger reserves are important drivers of tourism, supporting 
local earnings, and employment [7]. A study conducted by the Indian Institute of 
Forest Management, Bhopal, provided quantitative and qualitative estimates for 
as many as 25 ecosystem services from selected tiger reserves of the country. It 
revealed that the benefits originating from selected tiger reserves had a monetary 
value ranging from INR 8.3 to 17.6 billion annually. In terms of unit area, this 
translates into INR 50,000–190,000 per hectare per year. While creating a new 
tiger reserve in the Pilibhit-Dudhwa landscape, covering an area of approximately 
1000 km2 would cost approximately INR 500 billion [7].

2.3 Wildlife tourism

Although tourism in India is dominated by its cultural heritage, wildlife also acts 
as a significant component of tourism in the country. Since India is now hosting 
more than 50% of world tigers, therefore it is a center of attraction for a large 
number of domestic and foreign tourists every year. Further, national parks repre-
sent the beauty of undisturbed nature, and thus, it significantly attracts tourists, 
enthusiasts, and nature lovers, though the number of tourists has fallen in some 
national parks such as Keoladeo of Rajasthan [11]. Therefore, wildlife and nature 
tourism can potentially benefit local communities economically by creating oppor-
tunities for jobs and businesses. For example, some of the local Adivasis of Sanjay 
Gandhi National Park are employed within the park as caretakers of the animals, 
security guards, cleaners, casual labor, and workers in the lion and tiger safari [12]. 
Similarly, local people associated with ecotourism in Kaziranga National Park of 
Assam not only became economically well-equipped and enjoys better living condi-
tions, but they also feel more politically empowered [13]. Furthermore, the Gonda 
people of Pench National Park earn livelihoods for their unique traditional arts and 
dance activities, which can alleviate poverty and improve the quality of life among 
these people. Thus, national parks are an important source of earning money for 
both local people and the government. For example, the park authorities of Sariska 
National Park collect and deposit to the state government about INR 28–53 lakh per 
year, while the Pench National Park has collected a revenue of about INR 28,808,123  
during 2016–2017 [14]. Furthermore, it can also potentially promote the participa-
tion of local stakeholders for the effective conservation of biodiversity. Though the 
number of visitors in national parks and wildlife sanctuaries are increasing in the 
country, it still contributes less than 10% of all tourism in India. The park offers 
unusually large numbers of local employment opportunities for non-park staff [11].

3. Challenges to national parks

Although protected areas provide opportunities for biodiversity conserva-
tion and sustainable development, numerous challenges related to the effective 
management of national parks also emerge which need to be addressed. It has been 
acknowledged that many of the national parks in the country are under pres-
sure from the clearing, hunting, logging and, to a lesser extent, fire and grazing. 
Also, the majority of eco-development projects have not effectively addressed the 
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importance of local concerns [15, 16]. These issues and conflicts have developed a 
confidence crisis and negative attitude in local people’s perceptions. Furthermore, 
linking economic benefits to conservation is difficult where wildlife is highly 
endangered, pressure on biomass resources is high, and stakeholders are many. 
This could be more serious if the economic benefits from the parks are few and the 
number of beneficiaries is large.

3.1 Conservation

India takes pride in tiger conservation worldwide through the establishment 
of tiger reserves under its Project Tiger. However, it turned a matter of shame, 
when the news of the disappearance of all the tigers from the Sariska National Park 
haunted all the conservationists, nature lovers, and the whole country in December 
2004. Investigations revealed that poachers along with local villagers and trading 
middlemen had been killing the tigers since July 2002 [14]. This local extinction of 
tigers from the Sariska was the first confirmed tiger extinction in a Tiger Reserve, 
though Kailadevi Wildlife Sanctuary was also speculated for the local extinction of 
tigers. Not only in Sariska but more recently in 2010, the Panna Tiger Reserve has 
also become “tigerless,” and even Sanjay Gandhi National Park may face the same 
in upcoming years [17]. Thus, wildlife conservation is not ensured against human 
pressures even under the well-controlled mechanisms of protection [18].

Apart from poaching, habitat degradation and destruction by various human-
mediated activities possess serious threats to the wildlife even in the protected 
areas. For example, developmental works cause habitat degradation and fragmenta-
tion as happened in the Raja Ji National Park and Corbett National Park [19]. Also, 
the expansion of pastoralists creates pressure on wildlife, which results in increased 
human-wildlife conflicts [19].

Wild animals including tigers and elephants are frequently killed by surround-
ing villagers citing various reasons such as damage to crops, preying of livestock, 
and killing of local people. A series of such incidents can be cited in different pro-
tected areas such as poisoning and killing of elephants in Bandipur National Park 
and Palamau Tiger Reserve, poisoning of wild dogs in Kanha Tiger Reserve, and 
killing of tigers in Dudhwa Tiger Reserve, Kanha Tiger Reserve, Nagarjunasagar-
Srisailam Tiger Reserve, and Pench National Park. Thus, human-wildlife conflicts 
pose a major constraint for the conservation and sustainable development of pro-
tected areas. The nature and intensity of these conflicts vary with bio-geographical 
distribution and social characteristics [20].

Many protected areas in Chhattisgarh and Jharkhand are under the control 
of Naxalites (a group of people following the legacy of Marxism-Leninism), and 
these people often poison wild animals citing that they kill people. For example, 
as many as 20 cases of tiger poisoning were reported from the Nagarjunasagar-
Srisailam reserve of Andhra Pradesh. The control of Naxalites is so prominent in 
some areas that no forest guard had even courage to enter in the Indravati reserve of 
Chhattisgarh since 2002.

3.2 Resource use

Regulating and managing resource use and extraction has always been a major 
challenge for protected area management. However, increased intensity of con-
servation efforts has introduced a complex bribery system, which opened another 
window to local people for accessing forest resources [3]. Further, activities of 
smugglers and poachers such as Veerappan continue to extract a substantial amount 
of forest resources, kill wildlife, and even murder government officials in some 
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protected areas. This access eventually increased extensive pressure from the local 
communities in the form of illicit tree felling, grazing, and extraction of various 
forest products leading to the degradation of the forest [21]. Such reports of for-
est degradation also echoed from the Bhadra Tiger Reserve, Biligiri Rangan Hills 
Temple Sanctuary, and Sariska National Park. These activities lead to poaching, 
jhum cultivation, construction, and developmental activities, which resulted in the 
extinction of some primates and other wildlife animals [22]. All these activities and 
resource use intensity lead to altered vegetation through time [23] resulting from 
reduced richness, regeneration, and density of forest trees [24]. Thus, man-made 
activities become more serious threats than natural fire and grazing in protected 
areas [6]. This is why the rate of forest loss is still high in some protected areas, not 
only in India but across the world [25]. Therefore, it becomes essential to protect 
natural areas from human impacts in such severe cases.

Local people are severely restricted or relocated from protected areas such as 
Sariska Wildlife Sanctuary, the Gir Forests, and Dachigam National Park for the 
sake of conservation during the 1970s, and thus, another important challenge has 
emerged for the sustainability of protected areas. The Baigas were displaced from 
the Banjar Valley Reserved Forest (now the Kanha National Park) because their 
slash and burn agriculture was interfering with the regeneration of the Sal (Shorea 
robusta C. F. Gaertn.). After the launch of Project Tiger in 1973, several relocations 
including Bandipur, Kanha, Nagarhole, and Ranthambhore National Park were 
carried and funded by the government [26], and recently the Adivasis and slum 
dwellers have been isolated from the Sanjay Gandhi National Park in Mumbai [12]. 
Whenever such a relocation takes place, there are great chances of compromise of 
livelihoods and rights of the local communities and forest dwellers. For example, 
the livelihoods of local communities were severely affected after displacement 
from Kuno Wildlife Sanctuary and Tadoba Andhari Tiger Reserve. The Sariska 
rehabilitation was ineffective because many spaces to which villagers were relocated 
lacked basic facilities and many residents returned to their original village in the 
sanctuary [14]. Such memories develop a negative attitude of local communities 
toward subsequent relocation programs. This eventually leads to the conflicts which 
again hinder the conservation and sustainable management of protected areas. 
The Indian Institute of Public Administration, New Delhi, in 1989 reported that 
most of the forest managers have communicated about the cases of illegal grazing, 
hunting, and poaching in wildlife reserves. Furthermore, the forest guards have 
faced offenses such as setting reserves on fire, and while opposing such offenses, 
they often get attacked and assaulted by local communities [9]. Thus, the growing 
conflict between forest staff and local people perceived as an emerging threat to 
conservation.

3.3 Wildlife tourism

Wildlife tourism works both ways; if it provides economic benefits on the one 
hand, it can also prove to be detrimental for biodiversity on the other hand. Tourism 
often causes environmental degradation and threat for biodiversity leading to a 
compromise in ecological services. For instance, in Kashmir, tourism has caused 
increased extraction of forest resources such as firewood and other raw materials. 
The construction of hotels and guesthouses in forests causes forest degradation 
and deforestation, and after construction, they pollute the environment due to 
unscientific disposal of solid and liquid waste. This results in ecological disturbance 
by soil erosion and forest destruction [27]. The increasing number of tourists 
and their management has appeared as another challenge for the sustainability of 
protected areas. The number of visitors in protected areas of India has increased 
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importance of local concerns [15, 16]. These issues and conflicts have developed a 
confidence crisis and negative attitude in local people’s perceptions. Furthermore, 
linking economic benefits to conservation is difficult where wildlife is highly 
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faced offenses such as setting reserves on fire, and while opposing such offenses, 
they often get attacked and assaulted by local communities [9]. Thus, the growing 
conflict between forest staff and local people perceived as an emerging threat to 
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increased extraction of forest resources such as firewood and other raw materials. 
The construction of hotels and guesthouses in forests causes forest degradation 
and deforestation, and after construction, they pollute the environment due to 
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by soil erosion and forest destruction [27]. The increasing number of tourists 
and their management has appeared as another challenge for the sustainability of 
protected areas. The number of visitors in protected areas of India has increased 
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several folds only during the past few years. However, the levels of sustainability 
and carrying capacity are not estimated for many protected areas. Although the 
increased number of tourist visitors is often blamed for the negative impacts and 
environmental degradation, the lack of resources for effective visitor management 
technologies is also the real gap that one should blame for. This is because all the 
money collected locally needs to be submitted to the central government in most 
national parks in the country [8]. Nevertheless, tourism is not considered a major 
problem in some national parks such as Keoladeo National Park of Rajasthan [11]. 
Similarly, increased pilgrimage tended to degrade the biodiversity and habitat 
in some protected areas such as Periyar Tiger Reserve and Sariska National Park. 
Further, the economic benefits generated from tourism are not shared with local 
inhabitants, which causes a conflict between local communities and park authori-
ties [5]. A recent study found that lack of coordination among various stakeholders 
and lack of government incentives are the most significant barriers to sustainable 
development in protected areas of the country [28].

4. Conservation models

“Preservationism” and “sustainable use” are perhaps the two conservation mod-
els among the conservationists of India. Although both conservation models aim 
to conserve bioresources and landscapes, “preservationism” restricts any human-
mediated activities, whereas the “sustainable use” approach advocates the involve-
ment of local people [29]. The sustainable use approach involves local communities 
for conservation of biodiversity with extractive human use, while preservationists 
argue that some species especially large vertebrates, habitat specialists, and other 
sensitive species cannot be conserved with high human densities and extractive 
use of forests. Both the paradigms have their own strengths and weaknesses, and 
therefore, none of the models can be explicitly applied to all the cases.

4.1 Preservationism

The preservationist paradigm of conservation is based on its biological, ecologi-
cal, and ethical values of each species. It considers that mere maintaining ecosystem 
services and sustainable use do not go to preserve all the forms of biodiversity. 
Thus, it advocates strictly protecting natural ecosystems from human activity and 
ensuring that they are minimally altered [29]. Successful implementation of this 
approach has resulted in fruitful results, which are evident from the fact that most 
of the threatened wildlife is now only restricted to protected areas. For example, 
the Asiatic lions and the wild Ass can only be spotted in Wildlife Sanctuaries of 
Gujarat. Similarly, Kaziranga National Park of Assam has now become home to the 
single highest population (more than 60% individuals) of one-horned rhino and 
the Asian water buffaloes in the world. Further, the number of tigers has increased 
significantly from 268 in 1972 to more than 2900 in 2018 through the establishment 
of tiger reserves.

Although this approach is most common and successful for the conservation 
of large vertebrate animals and another organism including plants, it too has some 
demerits. The restriction of human activities and resource use usually gives rise to 
conflicts with local communities and administration. It emphasizes more on law 
and order problems, protection, poaching, and illicit resource use. Resettlements 
carried out in this approach often considered overly bureaucratic, authoritarian, 
and expensive. Furthermore, civil engineering works such as the construction of 
roads, waterholes, and watchtowers are taken more into consideration rather than 
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conservation aspects such as implementation and effective management of wildlife. 
Therefore, preservationists must prove with examples that they can compensate 
the costs of local communities for their extractive use and livelihoods along with 
conservation of endangered species and ecosystems.

4.2 Sustainable use

It has been observed that several local communities use resources in a much 
judicious way rather than exploiting the resources. These traditional resource use 
practices involve temporal shifts in resource use such as food preference, hunt-
ing, spatial limitations for some forest areas (such as sacred groves), and shifting 
agriculture. Such resource use patterns of indigenous communities are considered 
sustainable which forms the basis of “sustainable use” paradigm of conservation in 
India [29]. This paradigm assumes that the upkeep and survival of biodiversity can 
be enhanced by providing control to local communities for traditional manage-
ment as their livelihoods depend on biological resources. For example, nomadic 
Changpas of Ladakh have sustained their pastoralist lifestyles for centuries and 
coexisted with endangered wild species like the Snow leopard [8]. Similarly, the 
Indian state Kerala has attained social sustainability through their mutualistic 
equitable resource use rather than unequal competitive resource consumption 
[30]. Thus, when local communities are provided with the complete access and 
management of land use like shifting cultivation and pastoralism, local sustain-
ability is maintained, and biodiversity is conserved in a more effective way [29]. 
However, this is not the case in every protected area and these traditional practices 
are not being followed in some reserved areas. For example, Kailadevi Wildlife 
Sanctuary, which was considered as a successful model of participatory conserva-
tion, has too suffered from the local extinction of tigers. Similarly, intensive jhum 
cultivation in a locally managed forest has not only reduced forest cover but also 
caused a decline in biological diversity [31]. Further, many local people such as 
Tibetan refugees, Gujjar, and other pastoralists do not follow the traditional prac-
tices of pastoralism that were maintained for centuries [8, 19]. Similarly, selling 
of community-owned reserves and growing of cash crops in northeast India have 
increased during the past decades [32]. Thus, traditional sustainable practices no 
longer seem to exist in reality, and they are being faded away even in sacred groves 
[33]. Therefore, this approach needs to put forward as examples for the successful 
conservation of large vertebrate species such as the tiger and elephant compatible 
with extractive use and high-density human populations. Before adopting any 
sustainable use models, the impact of uncontrolled human pressures on wildlife 
should be evaluated carefully [18].

5. Approaches for sustainable management

India followed the “preservationism” model for biodiversity conservation during 
the initial establishment of protected areas, but it resulted in increased conflicts 
with local people. In order to buffer conflicts of the local people, India was the 
first country to introduce the concept of “Joint Forest Management” in its National 
Forest Policy, 1988, which has the provision of involving the local communities 
for sustainable conservation and management of forests. Thus, there is a shifting 
paradigm from “preservationism” to “sustainable use” approach during the recent 
times. This approach is managing forest resources with varying degrees of success 
by taking care of community needs and aspirations for the past 30 years. Although 
rural communities and forest officers are developing a positive attitude toward 
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Further, the economic benefits generated from tourism are not shared with local 
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ties [5]. A recent study found that lack of coordination among various stakeholders 
and lack of government incentives are the most significant barriers to sustainable 
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4. Conservation models

“Preservationism” and “sustainable use” are perhaps the two conservation mod-
els among the conservationists of India. Although both conservation models aim 
to conserve bioresources and landscapes, “preservationism” restricts any human-
mediated activities, whereas the “sustainable use” approach advocates the involve-
ment of local people [29]. The sustainable use approach involves local communities 
for conservation of biodiversity with extractive human use, while preservationists 
argue that some species especially large vertebrates, habitat specialists, and other 
sensitive species cannot be conserved with high human densities and extractive 
use of forests. Both the paradigms have their own strengths and weaknesses, and 
therefore, none of the models can be explicitly applied to all the cases.

4.1 Preservationism

The preservationist paradigm of conservation is based on its biological, ecologi-
cal, and ethical values of each species. It considers that mere maintaining ecosystem 
services and sustainable use do not go to preserve all the forms of biodiversity. 
Thus, it advocates strictly protecting natural ecosystems from human activity and 
ensuring that they are minimally altered [29]. Successful implementation of this 
approach has resulted in fruitful results, which are evident from the fact that most 
of the threatened wildlife is now only restricted to protected areas. For example, 
the Asiatic lions and the wild Ass can only be spotted in Wildlife Sanctuaries of 
Gujarat. Similarly, Kaziranga National Park of Assam has now become home to the 
single highest population (more than 60% individuals) of one-horned rhino and 
the Asian water buffaloes in the world. Further, the number of tigers has increased 
significantly from 268 in 1972 to more than 2900 in 2018 through the establishment 
of tiger reserves.

Although this approach is most common and successful for the conservation 
of large vertebrate animals and another organism including plants, it too has some 
demerits. The restriction of human activities and resource use usually gives rise to 
conflicts with local communities and administration. It emphasizes more on law 
and order problems, protection, poaching, and illicit resource use. Resettlements 
carried out in this approach often considered overly bureaucratic, authoritarian, 
and expensive. Furthermore, civil engineering works such as the construction of 
roads, waterholes, and watchtowers are taken more into consideration rather than 

83

Sustainable Management of National Parks and Protected Areas for Conserving Biodiversity…
DOI: http://dx.doi.org/10.5772/intechopen.92435

conservation aspects such as implementation and effective management of wildlife. 
Therefore, preservationists must prove with examples that they can compensate 
the costs of local communities for their extractive use and livelihoods along with 
conservation of endangered species and ecosystems.

4.2 Sustainable use

It has been observed that several local communities use resources in a much 
judicious way rather than exploiting the resources. These traditional resource use 
practices involve temporal shifts in resource use such as food preference, hunt-
ing, spatial limitations for some forest areas (such as sacred groves), and shifting 
agriculture. Such resource use patterns of indigenous communities are considered 
sustainable which forms the basis of “sustainable use” paradigm of conservation in 
India [29]. This paradigm assumes that the upkeep and survival of biodiversity can 
be enhanced by providing control to local communities for traditional manage-
ment as their livelihoods depend on biological resources. For example, nomadic 
Changpas of Ladakh have sustained their pastoralist lifestyles for centuries and 
coexisted with endangered wild species like the Snow leopard [8]. Similarly, the 
Indian state Kerala has attained social sustainability through their mutualistic 
equitable resource use rather than unequal competitive resource consumption 
[30]. Thus, when local communities are provided with the complete access and 
management of land use like shifting cultivation and pastoralism, local sustain-
ability is maintained, and biodiversity is conserved in a more effective way [29]. 
However, this is not the case in every protected area and these traditional practices 
are not being followed in some reserved areas. For example, Kailadevi Wildlife 
Sanctuary, which was considered as a successful model of participatory conserva-
tion, has too suffered from the local extinction of tigers. Similarly, intensive jhum 
cultivation in a locally managed forest has not only reduced forest cover but also 
caused a decline in biological diversity [31]. Further, many local people such as 
Tibetan refugees, Gujjar, and other pastoralists do not follow the traditional prac-
tices of pastoralism that were maintained for centuries [8, 19]. Similarly, selling 
of community-owned reserves and growing of cash crops in northeast India have 
increased during the past decades [32]. Thus, traditional sustainable practices no 
longer seem to exist in reality, and they are being faded away even in sacred groves 
[33]. Therefore, this approach needs to put forward as examples for the successful 
conservation of large vertebrate species such as the tiger and elephant compatible 
with extractive use and high-density human populations. Before adopting any 
sustainable use models, the impact of uncontrolled human pressures on wildlife 
should be evaluated carefully [18].

5. Approaches for sustainable management

India followed the “preservationism” model for biodiversity conservation during 
the initial establishment of protected areas, but it resulted in increased conflicts 
with local people. In order to buffer conflicts of the local people, India was the 
first country to introduce the concept of “Joint Forest Management” in its National 
Forest Policy, 1988, which has the provision of involving the local communities 
for sustainable conservation and management of forests. Thus, there is a shifting 
paradigm from “preservationism” to “sustainable use” approach during the recent 
times. This approach is managing forest resources with varying degrees of success 
by taking care of community needs and aspirations for the past 30 years. Although 
rural communities and forest officers are developing a positive attitude toward 
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forest conservation, there are still some concerns like the functioning of forest 
committee, the role of women, freedom of working, and participatory approach in 
forest conservation and management [34].

5.1 Conservation

The human-wildlife conflict was one of the major challenges for the conserva-
tion of species within protected areas. The government of India launched the 
eco-development project in the 1990s, to minimize such conflicts and effective 
conservation. In order to promote human security and protecting biodiversity 
simultaneously, the government of India introduced financial compensation as a 
policy against human-wildlife conflicts around the protected areas of the country. 
Similarly, some compensation incentives are instituted in Wildlife Trust of India 
(WTI) in response to crop damage, livestock, or human injuries caused by wildlife 
in protected areas. For example, crop loss due to wildlife is compensated by pro-
viding equivalent incentives under the “grain-for-grain” scheme in Pakke Tiger 
Reserve and northeast states of India [35]. Similarly, active bio-fences consisting 
of beehives or defensive crops (with pungent smell and thorns) were used to keep 
away elephants and other wild animals in Kaziranga National Park of Assam. 
Several services are implemented by WTI to help the cases of human-wildlife 
conflicts such as Mobile Veterinary Service, Guardians of the Wild, Primary 
Response Teams (PRTs), Rapid Response Teams (RRTs), and Sociologist-Biologist-
Veterinarian expert teams that have been constituted to respond and handle 
human-wildlife conflict cases in Dudhwa National Park of Uttar Pradesh. Further, 
the safety of wildlife was ensured by developing canopy bridges in Chakrashila 
Wildlife Sanctuary of Assam, regular removal of snares from Bandipur Tiger 
Reserve of Karnataka, and installation of low voltage solar-powered fences in 
parts of Wayanad Wildlife Sanctuary, Aralam Wildlife Sanctuary, and Kaziranga 
National Park.

5.2 Resource use

Often resource use in many protected areas of the country is banned or 
restricted. According to the Supreme Court orders (dated 14.02.2000 and 
21.02.2000 in I.A. No. 548 in WP No. 202/1995), the removal of dead, diseased, 
dying, or wind-fallen trees, driftwood, and grasses, etc. is restrained from any 
national park or game sanctuary [36]. This develops conflicts among the local 
people and forest officials, which is one of the major challenges for sustainability 
in protected areas. Later, the Government of India enacted the Scheduled Tribes 
and Other Traditional Forest Dwellers (Recognition of Forest Rights) Act, 2006, 
with provisions to acknowledge rights within forests including within protected 
areas. Until recently, bamboo has been considered as a “tree” in the country under 
the Indian Forest Act, 1927, and its felling and transit required prior permission 
from the forest department. However, a recent amendment has taken out bamboo 
from the category of “trees,” and now local farmers can freely cultivate and harvest 
bamboo. This major step by the Indian government has economically empowered 
almost 20 million people including farmers, forest dwellers, and poor sections of 
society. Moreover, it has not only enhanced the income of farmers but also created 
job opportunities through boosting bamboo-dependent industries like handicraft 
industries in the country. Furthermore, the local people especially poorer sec-
tions, support conserving wildlife as it did not affect their livelihood as far as their 
primary needs are met [16].
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5.3 Eco-development

Several eco-development projects have been launched in the country to reduce 
the dependency of local people from forest products, enhancing their livelihoods. 
Currently, such eco-development projects are running in more than 80 protected 
areas of the country, most of them are centrally funded, while few heritage sites 
have received grants from international organizations such as Global Environment 
Facility and the World Bank.

In order to conserve large mammals and sensitive species that are threatened by 
human-wildlife conflicts, village relocations are often carried out. Many villagers 
are happy after relocation outside the protected areas, as they were provided with 
better facilities such as land for cultivation, drinking water, electricity, jobs, etc. 
Such happy relocations have been carried out satisfactorily in Nagarhole National 
Park of Karnataka and Sariska National Park of Rajasthan. In Bhadra wildlife 
sanctuary of India, the resettled families are satisfied with the relocated sites as they 
are now living a better life with all necessary facilities such as electricity, drinking 
water, transport, market, etc. [37].

Under these projects, the cooperation of local communities has been awarded in 
terms of economic incentives and legal support as evidenced by the Periyar National 
Park. Further, the money collected by tourism is used to pay for salaries of members 
and park management and to build up a community development fund. However, 
these developmental activities are only promoted as long as the biodiversity and 
wildlife are not exploited. Despite enormous funding from India Eco-Development 
Project, the people-initiated natural management could no longer be managed to 
sustain the tigers and their prey [18].

6. Recommendations for sustaining national parks

Government policies for conservation and sustainable development of protected 
areas must respect the social and cultural traditions of the community while pre-
paring rules and regulations. The management and action plans of the government 
should consider the improved development of both local people and protected area. 
Also, the state rules must consider the local adaptation and cultural traditions of a 
specific community. Thus, the selection of a conservation approach must be chosen 
wisely based upon the needs and requirements of the protected area. For example, 
the “sustainable use” approach may not be effective for species that are highly 
sensitive to human interference. Similarly, “preservationism” will not be effective 
in protected areas with a high density of local people that are highly dependent 
on forests for their livelihoods. Further, the governmental policies like compensa-
tion policy are governed by the bureaucratic style that is quite different from the 
environmental governance at local levels. Therefore, such policies are needed to 
be designed in such a manner that it considers the ecological and social dimension 
of human-wildlife conflicts so as to achieve better conservation and development 
priorities [38].

The governmental action plans must be clear enough and transparent in order 
to avoid conflicts and disputes. For example, the agreements for resource use and 
conservation between park officials and local communities must be very clear and 
transparent. Similarly, the rights and duties of local communities and forest should 
be undoubtedly defined, so as to avoid any disputes later on. Also, there should 
not be any incompatibility or inconsistency between state rules and local institu-
tions. Further, the boundaries and zones of any protected area should be clearly 
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forest conservation, there are still some concerns like the functioning of forest 
committee, the role of women, freedom of working, and participatory approach in 
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5.2 Resource use
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restricted. According to the Supreme Court orders (dated 14.02.2000 and 
21.02.2000 in I.A. No. 548 in WP No. 202/1995), the removal of dead, diseased, 
dying, or wind-fallen trees, driftwood, and grasses, etc. is restrained from any 
national park or game sanctuary [36]. This develops conflicts among the local 
people and forest officials, which is one of the major challenges for sustainability 
in protected areas. Later, the Government of India enacted the Scheduled Tribes 
and Other Traditional Forest Dwellers (Recognition of Forest Rights) Act, 2006, 
with provisions to acknowledge rights within forests including within protected 
areas. Until recently, bamboo has been considered as a “tree” in the country under 
the Indian Forest Act, 1927, and its felling and transit required prior permission 
from the forest department. However, a recent amendment has taken out bamboo 
from the category of “trees,” and now local farmers can freely cultivate and harvest 
bamboo. This major step by the Indian government has economically empowered 
almost 20 million people including farmers, forest dwellers, and poor sections of 
society. Moreover, it has not only enhanced the income of farmers but also created 
job opportunities through boosting bamboo-dependent industries like handicraft 
industries in the country. Furthermore, the local people especially poorer sec-
tions, support conserving wildlife as it did not affect their livelihood as far as their 
primary needs are met [16].
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5.3 Eco-development

Several eco-development projects have been launched in the country to reduce 
the dependency of local people from forest products, enhancing their livelihoods. 
Currently, such eco-development projects are running in more than 80 protected 
areas of the country, most of them are centrally funded, while few heritage sites 
have received grants from international organizations such as Global Environment 
Facility and the World Bank.

In order to conserve large mammals and sensitive species that are threatened by 
human-wildlife conflicts, village relocations are often carried out. Many villagers 
are happy after relocation outside the protected areas, as they were provided with 
better facilities such as land for cultivation, drinking water, electricity, jobs, etc. 
Such happy relocations have been carried out satisfactorily in Nagarhole National 
Park of Karnataka and Sariska National Park of Rajasthan. In Bhadra wildlife 
sanctuary of India, the resettled families are satisfied with the relocated sites as they 
are now living a better life with all necessary facilities such as electricity, drinking 
water, transport, market, etc. [37].

Under these projects, the cooperation of local communities has been awarded in 
terms of economic incentives and legal support as evidenced by the Periyar National 
Park. Further, the money collected by tourism is used to pay for salaries of members 
and park management and to build up a community development fund. However, 
these developmental activities are only promoted as long as the biodiversity and 
wildlife are not exploited. Despite enormous funding from India Eco-Development 
Project, the people-initiated natural management could no longer be managed to 
sustain the tigers and their prey [18].

6. Recommendations for sustaining national parks

Government policies for conservation and sustainable development of protected 
areas must respect the social and cultural traditions of the community while pre-
paring rules and regulations. The management and action plans of the government 
should consider the improved development of both local people and protected area. 
Also, the state rules must consider the local adaptation and cultural traditions of a 
specific community. Thus, the selection of a conservation approach must be chosen 
wisely based upon the needs and requirements of the protected area. For example, 
the “sustainable use” approach may not be effective for species that are highly 
sensitive to human interference. Similarly, “preservationism” will not be effective 
in protected areas with a high density of local people that are highly dependent 
on forests for their livelihoods. Further, the governmental policies like compensa-
tion policy are governed by the bureaucratic style that is quite different from the 
environmental governance at local levels. Therefore, such policies are needed to 
be designed in such a manner that it considers the ecological and social dimension 
of human-wildlife conflicts so as to achieve better conservation and development 
priorities [38].

The governmental action plans must be clear enough and transparent in order 
to avoid conflicts and disputes. For example, the agreements for resource use and 
conservation between park officials and local communities must be very clear and 
transparent. Similarly, the rights and duties of local communities and forest should 
be undoubtedly defined, so as to avoid any disputes later on. Also, there should 
not be any incompatibility or inconsistency between state rules and local institu-
tions. Further, the boundaries and zones of any protected area should be clearly 
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demarcated for the effective implementation of action plans. The governance and 
legislation must be conveyed effectively to the forest officials and local people in 
order to develop confidence and local participation. Thus, increasing awareness 
about their rights will be effective for sustainable forest management in India [23].

Enforcement and implementation of governmental policies have remained a 
great challenge for the effective management and sustainability of protected areas 
in the country. This can be overcome by employing a sufficient number of local 
people as forest staff and forest guards. This forest staff should be trained well and 
equipped with modern facilities and good communication skills. In cases where 
human resettlements are necessary for conservation, newer sites must provide a 
better quality of life for the local population in order to achieve effective and volun-
tary human relocations. The government must put forward examples of providing 
improved necessary facilities (such as education, medical, household, etc.), good 
infrastructure (such as water supply, sewerage, transportation, and electricity, 
etc.), income sources, and other cultural-, religious- and ritual-oriented require-
ments with the relocated sites. This will develop a positive attitude and respect for 
rules associated with conservation.

India has scope for both collaboratively managed and community conserved 
protected areas because many of the protected areas in the country are distin-
guished by human settlements and resource use [8, 39]. Thus, the participation of 
local people becomes necessary for achieving sustainability in such areas because 
these people will be directly involved in any intervention to be implemented. These 
people including women should be encouraged to get involved in management 
plans by providing incentives in the form of social and economic benefits. The 
economic benefits generated from the developmental activities like tourism should 
be shared and rewarded for effective conservation activities of the local people. 
However, in many cases, wildlife conservation became a second priority for villag-
ers. Therefore, national parks should not be always projected for economic benefits; 
rather we must highlight the roles of wildlife and forests for essential services and 
ecological balance. Local communities should be encouraged to protect the environ-
ment and bioresources for future use.

If any conflicts or disputes arise during implementation, they must be mini-
mized through communication and respecting the local cultural rules in order to 
develop confidence in governmental policies and good relations with forest officials. 
Therefore, the formation of some local conservation councils that chiefly include 
local people and associated NGOs will be effective for moderating disputes and 
management of the protected area. Further, the efficiency of any protected area 
depends on basic management practices such as enforcement, local participation, 
boundary demarcation, and direct compensation to local communities. Therefore, 
effective management of national parks demands increase and moderation in fund-
ing [6]. Thus, businessmen, industrialists, private organizations, and international 
bodies should provide financial assistance to the protected area development.

Tourism activities that operate within ecological capacities and also contribute 
to the economic prosperity of local communities can be referred to as sustainable 
tourism. This approach can generate economic benefits to local communities, which 
might be more supportive of conservation as well as development. Further, tour-
ism also makes people aware from corporate and other external agencies about the 
beauty of charismatic animals and undisturbed forest landscapes. Thus, tourism 
helps to raise funding for biodiversity conservation which would be more effective 
for keeping conservation programs longer. However, the sustainability of each 
protected area must be ensured before promoting any tourism-related activities. 
To accomplish this, the number of tourists needs to be regulated depending upon 
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the carrying capacity of each protected area. Further, impacts of tourism need to 
be evaluated periodically, and infrastructural facilities should be developed by 
promoting low-impact activities such as walking trails and other nonconsumptive 
wildlife utilization. Local communities participate actively and support conser-
vation when they see direct economic benefits from activities such as tourism. 
Tourism that involves local communities can further result in fruitful development 
of these protected areas.

7. Conclusions

Protected areas were initially established to conserve biodiversity in the face of 
inevitable human-centered development. However, they have emerged as a critical 
tool for not only safeguarding species but also for poverty alleviation, improving 
human livelihoods, and overall development of a nation. This broadened scope of 
protected areas has posed several challenges for effective conservation and sustain-
able management. Among major challenges, human activities such as extractive 
resource use, grazing, development, and tourism are disproportionately degrading 
and compromising the sustainability of the forests in such protected areas. The lack 
of baseline data and research is exaggerating the issue, and therefore, further stud-
ies need to carefully assess these impacts in order to develop effective management 
strategies.

The conservation paradigm in the country has been shifted from “preservation-
ism” to “sustainable use” approach during the past decades. Now, local resource 
use and socioeconomic development are advocated, which often compromise the 
long-term ecological balance and biodiversity conservation. Therefore, a sustain-
able future demands a balanced approach including both preservationism and 
sustainable use depending on the needs of target species to be conserved and local 
inhabitants. The diverse ecosystems and ethnic groups of India do not allow a 
single conservation approach to be implemented successfully across the country. 
Therefore, a feasible approach based on primary field data should be promoted 
for the successful conservation of the species and ecosystems. Further, the success 
and failure of any protected areas should be judged on the basis of conservation 
of species and ecosystems rather than planning whether to restrict or allow local 
communities and other such factors.
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the carrying capacity of each protected area. Further, impacts of tourism need to 
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promoting low-impact activities such as walking trails and other nonconsumptive 
wildlife utilization. Local communities participate actively and support conser-
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able management. Among major challenges, human activities such as extractive 
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and compromising the sustainability of the forests in such protected areas. The lack 
of baseline data and research is exaggerating the issue, and therefore, further stud-
ies need to carefully assess these impacts in order to develop effective management 
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long-term ecological balance and biodiversity conservation. Therefore, a sustain-
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inhabitants. The diverse ecosystems and ethnic groups of India do not allow a 
single conservation approach to be implemented successfully across the country. 
Therefore, a feasible approach based on primary field data should be promoted 
for the successful conservation of the species and ecosystems. Further, the success 
and failure of any protected areas should be judged on the basis of conservation 
of species and ecosystems rather than planning whether to restrict or allow local 
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Chapter 6

Gypsum/Desulfurization Fly Ash/
Activated Shale Char/Claystone
of Şırnak with Popped Biochar
Composite Granules as Fire
Inhibitor for Fire Hazard Risk
in Forest Management
Yıldırım Ismail Tosun

Abstract

Chemical hydrate analysis using gypsum and lime solution was carried out for
dehydration of ashes in heavy heat and fire conditions. The 20–50 g pasted popped
char samples soaked at higher temperatures of 750 and 500°C showed higher dehy-
dration and heat sorption capacities and became increasingly nonlinear isotherm
due to loss of ash surface on granule sites and dehydrogenation. However, this
sorption of popped char was slower than other materials such as expanded clay,
because microwave permittivity was attributed to their pore differences in solute
molarities and sorption mechanisms. Inhibition of hydrate and CO2 source cooling
flame was tested in our research to avoid the spread of forest fires into live bushes
and forest areas due to distribution of hot flame of wind. The prospects were
designed for construction of materials, such as bubbled gas, for arresting house
fires. The similar materials can be produced using bio-waste materials and by-
products of construction wastes or forest soil filling. In this study, porous limestone
and porous anhydrite metalized stone absorbed the bubbled balls with microwave
melted recycling anhydrite metalized powders covering the surface to avoid com-
bustion. In this investigation, the recrystallized gypsum and powdered limestone
were reroasted in microwave to melt anhydrite with the porous cores and basalt
granules and even the bubbling of anhydrite metalized granules. The fillers finished
was used for fire arrestor powder and soil, absorbing heat of fire which were
determined as metalized coal carbon-rich forest soil were investigated for arrestor
on floor test and deterioration of soil and heat sorption were calculated, respec-
tively. For this purpose, heat resistance, heat sorption, and soil combustion experi-
ments were conducted. As defined, the test results were conducted by comparing
metal powders with high heat. The production flow sheet and advantageous process
parameters using recycling coal shale and anhydrite gypsum microwave processing
parameters were defined. To recrystallize anhydrite metalized carbon limestone,
the composite balls of marls having the relation between composite rock formation
and discontinuity at production have been established.
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1. Introduction

In order to protect the environment with rich bioresources for life, the nature
needs to take real precautions and humans should reduce the source of greenhouse
gases. The wild bushes, forests, and nature are highly needed for human life with
increasing population. The energy consumption needs alternative clean and renew-
able energy sources. The bushes and forest fires have become important research
topics in order to take precautions on time in this century. This mobile production of
the fire inhibitor unit project was critical in forest soil mixture of biomass-based
waste and garbage and clean, renewable, and sustainable alternative inhibitor source.

The consumption of natural resources in inhibitor production is increasing par-
allel to the construction materials for inhibiting fire at house needs today. The
production of low-thermal-value waste bio carbon resources is limited in terms of
quantities. It enables the evaluation of biotechnological byproducts related to waste
management over food processing technology with advanced technological incin-
eration systems. Environmental norms allow the production of the necessary waste
fuels such as waste oil as fuel, that is, compatible with biogas production,
biopyrolysis or gasification became the high-cost benefaction. In Turkey, the forest
fire and the filler production form bioresources rather attracted so critical signifi-
cance on even less intensive areas of Eastern Anatolia and Southeastern Anatolia
region, especially in the low populated steep mountains and high plateaus such as
the provinces of Şırnak, Hakkari, and the surrounding steep mountains forest areas,
the production of bio resources for production forest fire inhibitor soils and humus
soils from waste bio resources for cleaner nature and renewable bio energy produc-
tion by means of mobile units using incineration or pyrolysis method will provide
the development of the South-East Anatolian region and also the industrial devel-
opment and diversification will increase [1–5].

Flexible and regional targets for a mobile solid waste incineration from an
environmental and economic perspective are:

• The 3 ton/hour mobile plant where the waste sorting process is performed for
inhibitor soil, and material production resources were processed to acquire
secondary materials to be evaluated.

Waste type Waste statistics

Heat value,
kJ/kg

Country, actual
million ton/year

Eastern Anatolian region,
actual 1000 tons/year

Textile, rubber, plastics 18,200 0.6 2.1

Wood, cardboard, paper 17,600 2.4 1.6

Organic municipal waste 13,500 2.2 29

Animal waste 13,500 1.9 21

Forestry and agricultural biomass 18,500 2.8 63

Total 18,000 9.9 116.7

Table 1.
Total amount of municipal waste divided into actual values in Turkey and Eastern Anatolian Region in 2012.
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• Biological treatment or carbonization units of biomass and conversion to
compost, which are a market value or energy production by producing
inhibitors by mixing and treatment.

• Reduction of the amount of waste to be sent to regular storage by thermal
treatment systems, making it inert and obtaining energy.

• Reduction of landfill and use of forest fills for inhibiting reclamation and at
least the reduction of forest fire as given in Table 1 [5], and Figure 2 shows the
forest management methods in the elimination of forest fires in the country.

2. Forest fire management

2.1 Forest fires

The rainforests in Amazon still burned many years at a record rate: Brazil
experienced more than 76,000 fires in 2019, whereas the total was about 40,000 in
2018. About 10,000 of this year’s fires shown in Figure 1 resulted in catastrophic
devastation of fire smoke caused by harsh weather conditions. Figure 1 shows every
fire that unwillingly flamed in central South America since August 2019.

In Amazon, most of the fires were started by farmers and loggers and caused by
human facts for industrial or agricultural purposes. However, forest fire caused
harsh climate change, which increased flaming and widening fire devastation.

There were more than 76,000 fires in Brazil so far this year, but the issue has
not changed any human urbanization, and other parts of South America were
burning too.

Global Forest Watch, an organization sponsored by the World Resources Insti-
tute, monitors forests and tracks fires using satellite data. The group reported more
than 109,000 fire alerts in Brazil between August 13, 2019, but the map of current
blazes shows fires in many other regions as well, as shown in Figure 1. So far this
year, Brazil’s neighbor, Bolivia, has experienced more than 17,400 fires. Paraguay,
to the south, has had just fewer than 10,000, and Colombia, to the north, 14,000.
Venezuela had experienced the second-highest number of fires of 26,500 in 2019:
that was one-third of Brazil’s forest fire totally.

Australia had one of the most fires on earth, and bushfires form part of the
natural cycle of its landscapes. However, the dry weather and high summer

Figure 1.
Part of the Amazon jungle burning near the city of Novo Progresso, Brazil, on 23 August. Nacho Doce/Reuters.
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temperature factors such as high climate risk trends, weather patterns, and vegeta-
tion management by humans may not contribute to the intensity of hard seasons as
seen in Figure 2, and the most destructive fires in Australian history preceded by
extreme high temperatures, low relative humidity, and strong winds on last
November 2019, which combine to create ideal conditions for the rapid spread of
fire. Forest experts and land management accepted that severely below average fuel
moisture attributed to record-breaking temperatures and drought, accompanied by
severe fire weather, is the primary cause of the 2019 Australian bushfire. The
devastating flames were likely to have been exacerbated by long-term trends of
warmer and dryer weather over the Australian land mass. Nonetheless, the political
nature of many of the crisis and its associated issues has also resulted in the circu-
lation of large amounts of disinformation regarding the causes of the fire activity, to
the neglect of credible scientific research, expert opinion, and previous government
inquiries, as shown in Figures 3–5. The precautious methods were prepared
regarding forest land urban interface mapping, showing fire fuel risk and tempera-
ture risk on mapping as in Figure 5.

2.2 Fuel management

The spatial distribution of tree and bush was considered in the fire management
models. The forest plantation characteristics such as land, thermal, physical, and
chemical properties of tree elements were constructed. Fuel data of forest were a
powerful source of knowledge used for software enabling representation of any

Figure 3.
Rainfall deciles, from January to November 2019.

Figure 2.
Maximum temperature deciles.
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vegetation community in the landscape, simultaneously integrating the required
attributes for running complex fire simulation in the background.

GPS and phone to phone was always provided safe control on internet connec-
tion, a touch-screen, and a camera remote control improved extinguishing period
following the stages shown in Figure 6.

Fire fight commander and team led by the fire extinguishing method following
discussion with expert field operators reported a major concern about the visibility
on the screen of such weather tools emergency station stage for an observation cam
device and available in a field operating car.

Figure 4.
Forest Fire Danger Index (FFDI), Spring 2019.

Figure 5.
Forest fires on the Amazon region in Global Forest Watch map.

Figure 6.
Fire fight commander and team over the fire reports and weather conditions.
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The data entailing simulation of vegetation growth with and without fire was
also shown from risk factors, and the assessment of the wild-land fire risk was
calculated on map. It is organized on five step risk parameters as shown in Figure 7:

The fire management software made a map over fuel risk and extinguishing
system and put the information related to weather and climate conditions together.
The forest fire showed risk parameters made available outstanding feedback from
forest fire managers within the fire as shown in Figures 8 and 9.

2.3 Main tools for fire management

The forest plantation and dry matter characteristics regarding wet land, thermal,
and climate risks, physical and chemical properties of tree elements covered the
reporting previously in order to eliminate the fuel potential risks. The reported high
risk areas contained the parameters such as fire ecology and wet land; fire risk
distribution; forest ecology of local plant species; fire land management risk; mon-
itoring and assessment of fire areas; fire weather conditions; wind; and
extinguishing plan.

The methods were practiced at the following stages:

• Fire ignition patterns for control flame of forest fire.

• Case studies: detailed assessments on selected management risks.

• Prescribed burning practice (extensive training): at least 5 days of burning.

2.4 Extinguishing by slurry mud or foam

The flame of fire on sites could be inhibited by foaming agent mixed water
pouring or muddy water pouring by plane carriers that used effectively on
extinguishing work and fire management in urban interface or forest urbanization
intercontact area, mainly found in various regions all over the world. In Şırnak, the
lightweight materials may be evaluated and investigated for fire flame inhibitor in
this study such as: Altered Limestone (Şırnak Center), Marly Limestone (Şırnak
Center), Marl (Şırnak Center), Cizre White Porous Limestone (Şırnak Cizre),

Figure 7.
The organized fire team work that included the extinguishing plan and method is followed by team on risk
mapping and data logging.

100

Advances in Forest Management under Global Change

Figure 8.
Forest Fire Flame Danger Index, 2019.

Figure 9.
Forest Fire Urbanization Wind Danger Index, 2019.
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Porous Limestone (Cizre Stream), Volcanic Cinder, Midyat Limestone, and Şırnak
Coal Mine Waste Marly Shale.

The light porous limestone and marl of Şırnak province can be used as concrete
aggregates due to lightweight strength. However, this region consisted of brownish-
yellow limestone formations, heterogeneous and carbonates containing 30–45%
weight decrease and carbon dioxide dissociation at flame temperature of fire at
800°C regarding dissociation kinetics as extinguisher water slurries.

The various local industrial wastes were used as extinguishing work of fly ash
materials [1–3]. Fly ashes of desulfurization units like gypsum are defined as
extinguishing slurry materials that inhibiting flaming properties of forest fire but
have binding hydrate properties that are finely ground and dissociated chemically
with alkali hydrates at flame temperature and providing moisture flame environ-
ments [6]. Fly ash provided rain water hydrated soil, low permeability capturing
rain water, controlling the lightweight material, dust easily inhibiting dry leafs and
woods, and the sulfate effect on soil for humus [5]. It is estimated that there are 600
million tons of fly ash in the world today, but only 10% of it is evaluated in concrete
and as filler in road pavement covering technology [7]. Fly ash has a wide range of
uses in concrete because of lowering cost of concrete, saving energy, and reducing
environmental problems [8]. Use of fly ash in extinguisher fire inhibitor slurry
mixtures; decreasing the combustion of wood and light weight flying matters in
certain proportions, the use of fly ash instead of granule decreasing the oxygen take
up or transfer into high heat flame [9]. The effects of fly ash on the mechanical
properties of pavement were studied extensively. In this study, the effects of Silopi
fly ash as filler additive on hot combustion chamber for decreasing combustion heat
of coal were determined. In this study, the effect of amount of ash replaced to fine
gypsum amount, change on flame inhibition ability, oxygen take-up ability, and
lightweight slurry density of water mixture at 10–20% weight was determined.

The weight ratio of lightweight limestone, shale, marly shale, and fly ash greatly
affected the water content in inhibiting filler material significantly. Bottom aerated
combustion of fuel matter in the forest peat and flaming radiated fire development
could be inhibited by the stone matters of the fuel flaming styles as shown in
Figures 10 and 11.

This fire extinguishing work prepared model risk patterns as shown in Figure 10
by fire hazard maps, on a daily basis, by combining fuel models, forest area topog-
raphy, soil conditions, and dynamic factors such as wind direction, air wind speed,
air temperature, relative humidity, and fuel moisture content, as shown in
Figures 12 and 13.

The parameters regarding fire features improved the control implemented
recently as follows:

Figure 10.
Forest fire movement with below fired peat with high planted organic soil.
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Figure 11.
Forest fire movement with below ignited forest fire, peat with high planted organic soil as happening in Amazon
and Indonesian Rain Forests.

Figure 12.
Software used in forest fire risk management with dry peat or aggregated banning soil, fuel management, and
fire risks.

Figure 13.
Forest fire movement with below fired peat with high planted organic soil, fire fuel model.
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• fuel matter balance dry matter and decayed matters over wet matter forest fuel
data (Figure 14);

• the dry matter removal and manipulating a vegetation matter;

• the fuel source data for fire model simulations; and

• the environmental risk mapping and mapping over the base of urbanization
and impacts at fire as shown in Figures 10 and 12.

2.5 Inhibitors as activated clays and hydrated clay matters

There are hydrated layers mainly in clay minerals and lattice layers associated
with the inner layer hydrates and the metal oxide with clay lateral surfaces. The
water molecules in the spheres surrounding the exchangeable cations are exchange
degree of polarization of the alkali metal cation and the surface silanol groups (Si-
OH) resulting from the breakage of the Si-O-Si bonds in the tetrahedral layer, in the
exchange of the Al3+ and Mg2+ cations in the octahedral layer, and the Si4+ and Al3+

and Fe3+ cations in the tetrahedral layer as shown in Figure 5, associated with metal
atoms on the crystal edges. The oxygen planes in the space between the plates act as
a pair of electrons [9].

The increasing demand of clay utilization for advanced material technology and
the limited reserves of high quality bentonites push the researchers and the opera-
tors/producers to evaluate the lower quality calcium and mixed shales for the of
hydrates in fire inhibition use. The technological properties of fly ashes, however,
can be upgraded by the application of hydrating and activating acids. Mostly, wet
concentration methods such as decantation, cycloning, and centrifuging have been
applying and water quality and ion type/amount which the water carries becomes
more important to control the further activation process since clays carry the
releasable and exchangeable cations on interlayers which interact with ions in
water. Table 2 comprised the inhibiting values over extinguishing manner of flame.

In this study, the effect of water quality (ion type and amount in water) was
subjected to the concentration and further alkali activation tests with mixed type
shale, asphaltite deposits in Şırnak. The water slurries including different salts namely
CaCl2.2H2O foaming and AlCl3.6H2O foaming were used as fire inhibition media in
concentration by mixing and agitation. The effect of water quality on concentration
and alkali activation was declared based on pH, viscosity, solid ratio, and size.

Figure 14.
Dry fuel source, forest fire movement risk with below fired peat soil, and visualization of fire risks on dry fuel
matters.
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Şırnak shale contained marly carbonates over 45% providing carbonates with the
clay minerals of the smectite group, shows colloidal properties when mixed with
water, and its properties such as water are due to the three-layered crystal structure
(Figure 15) [9].

2.6 The methods used ın forest fire management

The investigation of water resources and logging in the Şırnak, Mardin, and
Batman provinces was effectively carried out, and construction debris is widely
distributed in the forest area to protect urbanization from fire near village location.

Inhibitor type Waste inhibitors

25-Td heat calcination
value, kJ/kg

Td temperature,
°C

Hydrate
weight, %

Carbonate
weight, %

Talc 38,200 613 10.6 2.1

Montmorillonite 27,600 456 12.4 1.6

Zeolite 33,500 565 12.2 2.9

Bentonite 23,500 430 11.9 2.1

Fly ash 18,500 425 12.8 6.3

Gypsum 18,000 250 19.9 0.7

Limestone 59,900 815 42

Marly shale 45,400 845 11 22

Table 2.
Total inhibiting values in Eastern Anatolian region in Turkey.

Figure 15.
Shale clay structure, Şırnak resource in Turkey regarding hydrate.
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Figure 16 shows the methods used mainly in construction of water pools for both
farming and extinguishing of local forest areas. Inhibitor aggregates roads and high
amount of fly ash as municipal waste for forest fire management in Turkey. In
Eastern Anatolian Region, high amount of inhibitor waste was used for forest fire
inhibition over 120,000 tons fine aggregate as gypsum and ash material with Şırnak
Asphaltite wastes and construction debris.

2.6.1 Hydrate sorption matter

The large specific surface area inhibiting fire flame could be water content and
evaporation heat of used in industrial foamed water extinguishing purposes as
natural materials. Hydrated liquid absorbents and solid adsorbents generally used
fly ash matters of desulfurization unit contained mainly gypsum hydrates. It can be
classified as waste group is one of fly ash minerals or inhibiting filler for flame and
more with foamed matter base with sponged stones and hydrated minerals such as
containing 85% montmorillonite, is an aluminum hydrosilicate with a colloidal
property. When mixed with water, density of a few solid swelling bentonite is about
2.6 g/cm3.

Shale clay is calcium in many countries clay is a general name of Al Mg silicate
hydrates and the main hydrate content of which montmorillonite can change
mainly cation and be defined as clay with Ca;. Attapulgite, 2MgSi8O20 (OH2) 4
(OH) The palygorskite expressed by the formula 4H2O an aqueous magnesium,
aluminum Silicate. Sepiolite is 6 Mg 9 Si 12 O 30 (OH) 4 6H 2 O group is aqueous
Mg silicate. In these minerals channel-shaped pores water bound to crystal structure
with molecules. The shale clays contained in this group is micropore and channels
and large surface area over 11% due to the possession of various substances inhibi-
tors and high adsorbing capacities.

3. Materials and methods

Wood straw and oak wood char composite type fuel was used as combustion
flame test. The fly ash used in the experiments was put into 30 cm dish plate half at

Figure 16.
Total amount of municipal waste for forest management in Turkey and Eastern Anatolian Region in fly ash use
of Şırnak Asphaltite.
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half wit fuel content obtained from the Şırnak inhibitor lightweight filler at fine size
at 0.1 mm and the chemical composition of the fly ash and inhibitors are given in
Tables 3 and 4 regarding flaming combustion and adsorption matter [10–13].

Reaction heat adsorption:

E ¼ kA logKpRT (1)

Cellulose Cþ O2 ! CO2 (2)

Cellulose 2CþO2 ! 2CO (3)

The materials of fly ash as inhibitor and popped carbon as shale of Şırnak
asphaltite from waste material of Şırnak evaluated in forest fire control as shown in
Table 5.

In this study, the specific unit weights are given in Table 6. Degree of hydrate or
carbonate inhibiting ability rates of the filler was determined by evaluating the 3-
ton briquetting compression test results (Table 5). Combustion weight TGA tests
showed higher burning inhibition ability for the Şırnak fly ash and gypsum mixture
at 30/70 weight rate so that they gave higher advantageous effect on compaction of
road pavement.

In ASTM standards [5], the amount of mixing pine wood and lightweight
inhibiting filler rates was taken, however at the amount of wood and porous aggre-

Reaction log A[log (s)] E [kJ/mol] [kJ/kg]

(1) Hemicellulose 16.32 186 0

(1) Cellulose 19.44 242 0

(1) Lignin 8.98 107 0

(2) Hemicellulose 11.42 145 �20

(3) Hemicellulose 15.93 202.4 255

(2) Cellulose 10.11 150.5 �20

(3) Cellulose 14.52 196.5 255

(2) Lignin 6.89 111.4 �20

(3) Lignin 9.18 143.8 255

Table 3.
Kinetic constants used in a-priori modeling, following Bellan’s kinetic scheme [6, 10].

Property Units Value

Thermal conductivity k W/m K 0.13

Density ρ kg/m3 490

Specific heat capacity cp J/kg K 2300

Surface emissivity ϵ — 0.95

Thermal conductivity of char kchar W/m K 0.08

Density of char ρchar kg/m3 330

Specific heat capacity of char J/kg K 1100

Table 4.
A-priori modeling parameters for wood, taken from Ref. [6].
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Components Şırnak fly ash Şırnak mid ash

SiO2 39.71 20.71

Al2O3 10.53 10.53

Fe2O3 6.62 4.62

S + A + F 68.6 68.6

CaO 16.56 26.56

MgO 3.41 12.41

SO4 3.02 11.02

K2O 2.44 2.44

Na2O 0.55 0.55

Ignition loss 5.74 14.74

Free CaO 4.13 12.13

React. SiO2 21.12 14.12

React. CaO 8.72 2.72

Table 5.
Seyitömer and Şırnak Silopi fly ash chemical compositions and aggregate compliance with standard values
ASTM C616.

Inhibitor Type Size, mm 25 min 40 min 50 min 60 min Density 1.1 1.2 1.3

Şırnak shale �0.15 88 87 85 80 1.55 36 47 52

�0.5 + 0.15 88 87 85 80 1.55 36 47 52

�1 + 0.5 88 87 85 80 1.55 36 47 52

Sırnak marly shale �0.15 78 77 75 80 1.65 36 47 52

�0.5 + 0.15 78 77 75 70 1.65 36 47 52

�1 + 0.5 78 77 75 70 165 36 47 52

Şırnak porous limestone �0.15 75 74 85 70 1.45 36 47 52

�0.5 + 0.15 75 74 72 66 1.45 36 47 52

�1 + 0.5 75 74 72 66 1.45 36 47 52

Şırnak gypsum �0.15 48 47 72 66 1.55 36 47 52

�0.5 + 0.15 48 47 85 80 1.55 36 47 52

�1 + 0.5 48 47 85 80 1.55 36 47 52

Şırnak shale 50%+ �0.15 58 57 85 80 1.55 36 47 52

Şırnak gypsum 50% �0.5 + 0.15 58 57 85 80 1.55 36 47 52

�1 + 0.5 58 57 85 80 1.55 36 47 52

Sırnak marly shale 50%+ �0.15 68 67 85 80 1.55 36 47 52

Şırnak gypsum 50% �0.5 + 0.15 68 67 85 80 1.55 36 47 52

�1 + 0.5 68 67 85 80 1.55 36 47 52

Şırnak porous limestone
50%+

�0.15 68 67 85 80 1.55 36 47 52

Şırnak gypsum 50% �0.5 + 0.15 68 67 85 80 1.55 36 47 52

�1 + 0.5 68 67 85 80 1.55 36 47 52

Şırnak shale 30%+ �0.15 59 57 85 80 1.55 36 47 52

Şırnak gypsum 70% �0.5 + 0.15 59 57 85 80 1.55 36 47 52
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Inhibitor Type Size, mm 25 min 40 min 50 min 60 min Density 1.1 1.2 1.3

�1 + 0.5 59 57 85 80 1.55 36 47 52

Şırnak shale 70%+ �0.15 73 74 85 80 1.55 36 47 52

Şırnak gypsum 30% �0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 73 74 85 80 1.55 36 47 52

Table 6.
Şırnak inhibitor material properties and slurries and aggregate time 50% fuel flame weight with standard
values ASTM C6167.

Inhibitor with fly ash type Size, mm 25 min 40 min 50 min 60 min Density 1.1 1.2 1.3

Şırnak shale + fly ash �0.15 73 74 85 80 1.55 36 47 52

�0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 73 74 85 80 1.55 36 47 52

Sırnak marly shale + fly ash �0.15 73 74 85 80 1.55 36 47 52

�0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 73 74 85 80 1.55 36 47 52

Şırnak porous limestone +
fly ash

�0.15 73 74 85 80 1.55 36 47 52

�0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 73 74 85 80 1.55 36 47 52

Şırnak gypsum + fly ash �0.15 73 74 85 80 1.55 36 47 52

�0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 73 74 85 80 1.55 36 47 52

Şırnak shale 50%+ �0.15 73 74 85 80 1.55 36 47 52

Şırnak gypsum 50% + fly
ash

�0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 73 74 85 80 1.55 36 47 52

Sırnak marly shale 50%+ �0.15 73 74 85 80 1.55 36 47 52

Şırnak gypsum 50% + fly
ash

�0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0,5 73 74 85 80 1.55 36 47 52

Şırnak porous limestone
50%+

�0.15 73 74 85 80 1.55 36 47 52

Şırnak gypsum 50% �0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 96 1

Şırnak shale 30%+ �0.15 73 74 85 80 1.55 36 47 52

Şırnak gypsum 70% + fly
ash

�0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 94 0.2

Şırnak shale 70%+ �0.15 73 74 85 80 1.55 36 47 52

Şırnak gypsum 30% + fly
ash

�0.5 + 0.15 73 74 85 80 1.55 36 47 52

�1 + 0.5 94 0.2

Table 7.
Seyitömer and Sirnak Silopi fly ash chemical compositions and aggregate compliance with standard values
ASTM C616.

109

Gypsum/Desulfurization Fly Ash/Activated Shale Char/Claystone of Şırnak with…
DOI: http://dx.doi.org/10.5772/intechopen.92592



Components Şırnak fly ash Şırnak mid ash
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Na2O 0.55 0.55
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Free CaO 4.13 12.13

React. SiO2 21.12 14.12

React. CaO 8.72 2.72

Table 5.
Seyitömer and Şırnak Silopi fly ash chemical compositions and aggregate compliance with standard values
ASTM C616.
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108

Advances in Forest Management under Global Change
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gate content, amounts of mixture components used in forest fire extinguishing
mixture covers used for this experimentation are given in Tables 6 and 7.

3.1 Gypsum/desulfurization fly ash

Gypsum is generally used as construction material: manufacture of wallboard,
cement, plaster of Paris, soil conditioning, and a hardening retarder in portland
cement. Varieties of gypsum known as “satin spar” and “alabaster” are used for a
variety of ornamental purposes; however, their softening and impurity limit their
durability (Table 8).

The inhibitor compositions of Şırnak location were determined by means of
standard methods. The inhibitor materials were ground by vibration milling to
�0.1 mm. Inhibitor samples of the Şırnak aggregate rocks from masonary plants

Chemical classification Hydrous sulfate, CaSO4.2H2O, 98.3%

Color Clear, colorless, white

Streak White

Luster Vitreous, sugary

Diaphaneity Transparent to translucent

Cleavage Perfect

Mohs hardness 2

Specific gravity 2.3

Diagnostic properties Cleavage, specific gravity, low hardness

Chemical composition Hydrous calcium sulfate, CaSO4.2H2O

Crystal system Monoclinic

Uses Used to manufacture dry wall, plaster, and joint compound. An
agricultural soil treatment and fire inhibitor.

Table 8.
Physical properties of gypsum of Şırnak.

Component Siirt
Limestone

Hasankeyf
Limestone

Mardin
Limestone

Şırnak Porous
Limestone

Marly
Shale

SiO2 3.53 5.42 14.14 2.12 38.53

Al2O3 2.23 5.43 4.61 1.71 14.61

Fe2O3 1.59 2.48 334 0.58 7.59

CaO 41.48 34.23 39.18 45.22 19.48

MgO 2.20 12.28 4.68 7.41 3.28

K2O 0.1 1.83 3.12 0.40 2.51

Na2O 0.3 1.24 1.71 0.21 0.35

Ignition
Loss

36.19 24.11 25.43 48.04 13.09

SO3 0.22 0.31 0.20 0.02 0.32

Table 9.
The chemical analysis of lightweight inhibiting slurry fillers of Şırnak Province, lightweight limestone, marl,
and shale.
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provided in the Mardin, Batman, and Şırnak province in the experiments were
given in Table 9. The amount of marly shale and porous silty limestone was
efficient in fire inhibition reducing flame.

Prior to the preparation of the bright section, a liquid yellow epoxy resin was
impregnated with the samples in a medium vacuum. This resin penetrates into the
pores and makes the pores appear easier under the microscope (Figure 17).

4. Results and discussions

4.1 Flame inhibitor/extinguisher source: gypsum/fly ash/light shale

Mobile solid waste management included incineration of municipal wastes for
thermal energy need and following landfill. However, the fire inhibitor soil pro-
duction technologies from recycling, composting of waste became one method with
other feasible mobile units of humus and agro soil production. In this studied case,
the classified waste products were tested for inhibitor construction material, and
fire inhibitor soil must be able to be developed for forest management and fire
control and be aware that the inhibitor materials and composite products to be
obtained from them must be processed by the gypsum or fly ash. These plaster
sources widely used in construction and markets are also likely to be sensitive to the
quality and quantity of the supply. The distribution of fly ash and biomass wastes in
Şırnak province is shown in Table 10.

Mobile waste management is flexible in terms of design, compliance, and oper-
ation, and it needs to be able to adapt to existing social, economic, and

Figure 17.
(a) Marly shale, (b) Mardin limestone, (c) porous Hasankeyf limestone, and (d) the Siirt limestone.
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Prior to the preparation of the bright section, a liquid yellow epoxy resin was
impregnated with the samples in a medium vacuum. This resin penetrates into the
pores and makes the pores appear easier under the microscope (Figure 17).
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Mobile solid waste management included incineration of municipal wastes for
thermal energy need and following landfill. However, the fire inhibitor soil pro-
duction technologies from recycling, composting of waste became one method with
other feasible mobile units of humus and agro soil production. In this studied case,
the classified waste products were tested for inhibitor construction material, and
fire inhibitor soil must be able to be developed for forest management and fire
control and be aware that the inhibitor materials and composite products to be
obtained from them must be processed by the gypsum or fly ash. These plaster
sources widely used in construction and markets are also likely to be sensitive to the
quality and quantity of the supply. The distribution of fly ash and biomass wastes in
Şırnak province is shown in Table 10.
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environmental conditions in the best way possible. Mobile/integrated systems
including such waste inhibitor production and solid waste management units pro-
vide the flexibility to direct waste to other treatment systems as much feasible and
waste sources of inhibitor soils provided even humus source of forest soil by
protection natural conditions change (Figure 1).

The mobile solid waste inhibitor system should also be planned on a large scale in
the regional base. The need for a range of waste disposal options can be envisaged as a
reason for the large-scale plan to benefit from the demand and scale economics of
recycled materials, compost, or energy at a certain quality and quantity [7–9, 14–17].

Mobile solid waste incineration can be successfully applied in areas with
populations less than 500,000, depending on their work in various applications.
The combustion system to be applied in this measure is also the amount of waste
that depends on the nature and characteristics. The basic operations are mainly as
follows:

4.1.1 Şırnak asphaltite: activated shale char/claystone

The scope of this fire inhibiting material production was filling material based
porous solid heat absorption matter, for which the study was aimed metallization
Şırnak asphaltite char as soil, fire arrestor source. In order to evaluate Şırnak
asphaltite fine and other local limestones and gypsum for fire arrestor instead of
construction material. The common burning of matter and metalized resources
within the special fire arms is designed and proposed by providing legal and insti-
tutional, economic and environmental impact assessment. However, the use of
Şırnak asphaltite and biomass source to develop materials against fire and tests of
combustion weight change with standard flame and burning tests in laboratory
ASTM D1373.

This situation of fire extinguishing matter was considered as metalized char
instead of energy sources for better competitive. The fire management materials
and safety market was caused additional policy tools needing to emphasize that EU
and safety policy and law by environmental concerns drawn from Turkey.
According to the potential policy instruments included the country determined the
specified safety deviation from the materials fire inhibiting methods and guarantees
to domestic targets including sustainable energy sources. The domestic forest
potential and fire management regarding gross wood consumption had a certain

Component% Şırnak Gypsum Şırnak fly ash

SiO2 1.44 21.48

Al2O3 1.12 13.10

Fe2O3 0.51 7.52

CaO 34.41 18.48

MgO 0.08 4.20

K2O 0.10 2.61

Na2O 0.05 1.95

Ignition loss 21.9 1.92

SO3 26.22 0.32

Table 10.
Chemical compositions of the studied inhibiting fillers for forest fire extinguishing.
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share on concern to forest fire target (below 10%) should be management on high
risk policy and legislation. The fire legislations reported from bio resources in
renewable energy production and electric power for heating comprised separate but
integrated objectives. These policies and laws only for biomass separate, but can
also include an integrated target. All use of renewable sources in the EU target of
achieving 12% market share for the biomass should be increased up to 300%.
Regarding forest management at high risk fields in Turkey, appropriate potential
control instruments and methods included forest fuel control and distribution to
public-private sector and fire extinguishing lorry rods, construction ways, observa-
tion stations, aggregate road used in easy transport to high fuel risk zones, flexible
loans, low interest loans, property first operating subsidies and/or grants and
related service for consumers willing to use discounts as well as other financial
support mechanisms. A potential wood market instrument of state was not required
to support loans on forest management forever.

4.2 Inhibitor soil source as Şırnak asphaltite in Şırnak Province

The fluidized bed combusting of Şırnak asphaltite is producing 415 MW thermal
power plant of CİNER in Silopi for electricity in compliance with the addition of
limestone at the weight rate of 25% to the fluidized bed boiler on environmental
norms to cut SOx of low quality coal with 46% ash and 7% total sulfur combustion.
The high ash of low quality types of coals was unfeasible in combustion systems and
energy production facilities. The low quality coals are needed in inhibitor construc-
tion material production and mortar materials or pavement in road, and material
technology provided also enables the production of liquid and gaseous mixing
byproducts of fly ash and flue gas as fire inhibitor [15]. However, agricultural waste
materials and humus chemical nature of them require a variety of mixing methods
for soil amendments. For this purpose, alternative renewable energy resources need
to process them to provide the basic information required in the laboratory and on
pilot scale. The methods use feasible process in fire inhibitor materials, waste
biomass, and metalized derivative shale chars as fly ash in the local area. So,
significant design works for Shale char need to obtain as the char derivatives from
the wastes as available fire inhibitor resources (Figure 18).

Figure 18.
Emission control with ESF, combustion with Şırnak chalk, limestone, and fly ash at weight rate of 25%, in
Şırnak thermal station.
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4.3 Fire inhibitor granule/sand/soil: mobile unit for waste
carbonization-metalized char carbonization in Şirnak

In this study, porous limestone and porous anhydrite metalized stone absorbed
the bubbled balls with microwave melted recycling anhydrite metalized powders
covering the surface to avoid combustion. In this investigation, the recrystallized
gypsum and powdered limestone were reroasted in microwave to melt anhydrite
with the porous cores and basalt granules and even the bubbling of anhydrite
metalized granules. The products finished was used for fire arrestor powder and
soil, absorbing heat of fire which were determined as metalized coal carbon rich
forest soil were investigated for arrestor on floor test and deterioration of soil and
heat sorption were calculated, respectively. For this purpose, heat resistance, heat
sorption, and soil combustion experiments were conducted. As defined, the test
results were conducted by comparing metal powders with high heat. The produc-
tion flow sheet and process advantageous parameters using recycling coal shale and
anhydrite gypsum microwave processing parameters were defined. To recrystallize
anhydrite metalized carbon limestone, the composite balls of marls having the
relation between composite rock formation and discontinuity at production have
been established.

In the tests, the Şırnak asphaltite sample was used as shown in Figure 19, and
the reduction of the coal samples was shown in melt anhydrite fractions. The
chemical melt anhydrite temperature was continuously weighed, and the metalized
carbonization analysis was carried out in the bath microwave oven. The test results
are shown in Figure 3 for biomass pellets and coal sample. As shown in the figure,
the effect of addition is determined in combustion experiments, the heat absorption
as hydrated/dehydrated gypsum, the reactor temperature was 500°C and metalized

Figure 19.
TGA weight decrease during experimental flame combustion.
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anhydrite only 10% metalized coal carbon soil pellet and slaked pores expanded in
microwave treatment. The metalized carbonization weight ratio was varied to 750°C,
and waste carbon samples were analyzed for heat hold-up by burning.

4.4 Microwave radiated metallized sponge char production

Porous compost production by char was managed in pilot systems using retort
combustion systems that are adaptable to flexible and variable fuels in need of low
quality fuel. In real applications, char waste fuel qualities were not be fully metal-
ized in a variety of fluid and grate combustion systems. However, environmental
effects were reduced due to semi-burning. Burning biowaste or Şırnak asphaltite
slime in the fluidized bed manufactured by ALFA Company, combustion and
energy production were developed within the scope of char and combustion wastes
to char [6, 18, 19]. Char production systems in the integrated solid waste manage-
ment can provide energetic energy production with biogas plant. The combustion
inhibition or flame inhibitor porous char granules occurred on the coarse sized
material is shown in Figure 16 and flame model in Figures 20 and 21.

Mobile plant carbonization system with the following design produces
integrated energy with the biogas plant (Figure 2):

• separation of metal waste and pet wastes;

• classification of biological wastes and drying and storage in pools;

• biogas anaerobic conversion of bio wastes;

• mobile combustion; and

• energy production.

Integrated solid waste incineration is evaluated as more advantageous in some
countries. Mobile systems, however, provide economic benefits in the areas of low
population density in our country and in cities. The separation of metals from scrap
or recycling from household waste has often been an expensive cost step. However,

Figure 20.
Integrated fluidized bed biogas and solid waste incineration.
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are shown in Figure 3 for biomass pellets and coal sample. As shown in the figure,
the effect of addition is determined in combustion experiments, the heat absorption
as hydrated/dehydrated gypsum, the reactor temperature was 500°C and metalized

Figure 19.
TGA weight decrease during experimental flame combustion.
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anhydrite only 10% metalized coal carbon soil pellet and slaked pores expanded in
microwave treatment. The metalized carbonization weight ratio was varied to 750°C,
and waste carbon samples were analyzed for heat hold-up by burning.

4.4 Microwave radiated metallized sponge char production

Porous compost production by char was managed in pilot systems using retort
combustion systems that are adaptable to flexible and variable fuels in need of low
quality fuel. In real applications, char waste fuel qualities were not be fully metal-
ized in a variety of fluid and grate combustion systems. However, environmental
effects were reduced due to semi-burning. Burning biowaste or Şırnak asphaltite
slime in the fluidized bed manufactured by ALFA Company, combustion and
energy production were developed within the scope of char and combustion wastes
to char [6, 18, 19]. Char production systems in the integrated solid waste manage-
ment can provide energetic energy production with biogas plant. The combustion
inhibition or flame inhibitor porous char granules occurred on the coarse sized
material is shown in Figure 16 and flame model in Figures 20 and 21.

Mobile plant carbonization system with the following design produces
integrated energy with the biogas plant (Figure 2):

• separation of metal waste and pet wastes;

• classification of biological wastes and drying and storage in pools;

• biogas anaerobic conversion of bio wastes;

• mobile combustion; and

• energy production.

Integrated solid waste incineration is evaluated as more advantageous in some
countries. Mobile systems, however, provide economic benefits in the areas of low
population density in our country and in cities. The separation of metals from scrap
or recycling from household waste has often been an expensive cost step. However,

Figure 20.
Integrated fluidized bed biogas and solid waste incineration.
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with the acquisition of biosolid wastes from the domestic source of the waste, the
incineration system has been made feasible.

The conductive heat values could be determined by calorimetric studies
regarding equations below:

4.5 Porosity and matrix content

The microwave metalized char led to relatively low heat conductivity of mass
heat conduction of 53%. After application of recycling of waste asphaltite slime, the
pyrolysis char extraction increased to about 11.7%. The char extraction from the
waste samples in the conventional furnace at 600 and 700°C yielded values of 15
and 17% low heat conductive char products, respectively.

Microwave metalized char work could be integrated into such a system in order
to make pretreatment faster and more economical. The proposed process that
includes even microwave pyrolysis circuit was retorted for conducting heat by
microwave oven. The test results in this study were given by TGA burning weight
decrease of oak and fire inhibitor addition at half weight rate in the dish pot in TGA
are shown in Figures 22 and 23. The granule composting was obtained by
briquetting method under microwave radiation as permittivity loss and heat
absorbance as temperature change are shown in Figures 24 and 25.

TGA weight decrease during experimental flame combustion results is shown in
Figure 5.

4.6 Stone type

The problems of water collection in dry climates and hard hot conditions of the
water storage pools became advantageous for the production of muddy slurry
preparations. The inhibiting slime coal matter such as coal ash particles had a
property of noncombusting and low-heat conducting rate than fines; thus, temper-
ature control during fire combustion could be avoided. Additionally, there will be

Figure 21.
Inhibitor flame solid waste incineration model on fire.
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fly ash dust that may control during flaming by the high-specific surface area over
12–22 m2/g and low heat conduction for complete combustion by microwave met-
alizing char. The carbonaceous matter in the gypsum compost adsorbed much flame
heat. The most important matter was the metalized char carbon and waste slime
carbon. The constituents of the inhibiting source carbon were amorphous metalized
inertia.

Figure 22.
TGA weight decrease during experimental flame combustion by fly ash, Şırnak shale, limestone and Şırnak
gypsum.
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Such limestones containing limonite and iron hydroxides provided the inhibitor
hydrate in flame extinguishing with microwave pretreatment to break down the
matrix of the oxides and metal hydrated matters or passivity the carbonaceous
matter before calcinations by heat absorption. The methods included hydrating,
pressure hydration, metalized char lining, and flame inhibiting gaseous matter

Figure 23.
TGA weight decrease during experimental flame combustion by Şırnak shale, porous limestone and Şırnak
gypsum.
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output of waste. Microwaves could be utilized as an alternative source of energy for
hydrate treatment of composts in some of the unit operations such as porous
metalized carbon and metal oxides known to be very good microwave absorbers,
and they rapidly and selectively inhibited heated flame matters. In the present
study, the microwave pyrolysis of a coal sample with coal pyrite and copper pyrite
was investigated. The porous limestone was very responsive to microwave heating,
and this resulted in almost semi-reactive porous matter for calcination and in some
cases active porous compost of the material as shown in Figure 20.

The changes in the heat absorbing behavior of the limestone were monitored,
and the optimum conditions for metalized char pyrolysis rate were established as
shown in Figure 24.

Eight hundred powered microwave radiation over the 10 g powder samples
reached a temperature of about 500°C in metalized calcination of compost, while
the 10 g sample reached temperature long time to about 500°C. Generally, in
laboratory scale microwave metalizing, the sample temperature increases with

Figure 24.
Time effect of metalized char processing time on briquetted matter by temperature in microwave char
metallization.

Figure 25.
Porosity effect on temperature in microwave char metalizing.
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sample mass. In contrast to conventional heating, in microwave systems, the heat is
generated internally, and thus, the metalized product porous mass covered heat loss
from the sample. There were porosity and density factor that controlled the flame
inhibiting weight decrease by fire heating behavior. For samples with a relatively
low mass, the high surface area to volume ratio restricted the flame power. The rate
of temperature rises, and the maximum attainable temperature could be inhibited
by slurry composts. As a result, the conductivity at soil peat values was relatively
low, and the soil sample was effectively coupled with inhibition of the fire dish. On
the other hand, for the same cross-sectional area of the clay pot, as the sample mass
depth was increased, there was a reduction in the surface area to inhibition volume
ratio, and this reduced the inhibition matter in fire loss from the bottom, leading to
a higher flame and fire temperature. Additionally, as Pot dish depth mass decreased,
there was more efficient inhibition on fuel material to reduce interaction with the
fire field.

5. Conclusions

The inhibitor granules and water granule slurries at lightweight matter resulted
in successive heat absorption in the flame plasma, and the composite granules of
gypsum in the bubble composite form were so effective. The shale hydrated was
also effective with metalized carbon content and hydrate content.

The microwave radiation metallization of char showed heat absorption in the
flame increasing process time and sample mass in the flame. Due to the heat
decrease response of the composite gypsum to carbon, low slurry densities of 1.2
and 1.3 kg/lt were found to be suitable for inhibition flaming as higher densities
resulted in bubbling and foaming of the metalized char/anhydrite. The waste met-
alized char/shale/anhydrite weight rates after radiation route in microwave were
over 25%, and the bubbling route was continued in the flaming fire period of wood
to those obtained by conventional heating. The main advantages of microwave
melting were that both the total flaming heat rates conducted to metalized char
gypsum surface equally disseminated pores, and the cooled bubbling over cooling
rates was higher, and the specific energy area of solid matters in flame was lower
than in fly ash composite granule.

Şırnak porous limestones containing 20% porosity and the high gypsum content
discarded as sponge stone from aggregate stocks swept to waste products. Şırnak
produces the porous gypsum stones by construction stone product about 50,000
tons per annum for swept to waste broken stone wall matter to dispose, Siirt and
Şırnak porous limestone was not also evaluated. Those waste stone products both
should mainly be evaluated as fire inhibitor material as sponge isolator stone. Those
must be evaluated in terms of high valuable metal contents emitting heat conduc-
tion and radiation. In this study, samples were subjected to microwave melting of
metalized anhydrite shale tailings, fly ash, and subsequently pelletized and
subjected to microwave bubbling briquetting over stone surface blocking to clus-
ters. Porous limestone sand, fine waste of porous limestone were wide advanta-
geous in filer raw material sequence in the region containing disseminated
distribution of low and high quality cementing limestones. The porous limestones
over 50–70% were produced by filler construction or isolation stones processed at
least 100,000 tons waste. Every year about a few million tons of limestones could be
used as waste fire inhibitor or extinguishing material. The granule in a particle size
of these wastes usually occurs below 10 mm in size, which may be advantageous for
the evaluation of shock wave şolator composite stone production. The evaluation of
those waste sources in sponge composite iron stone block production was prompted
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as chemical properties in the microwave process, and feasible production of sponge
composite iron stone was managed in this study.

Abbreviations

A pre-exponential factor [s�1]
cp specific heat capacity [J/kg K]
E activation energy [kJ/mol]
heat of pyrolysis [J/kg]
hc convective heat transfer coefficient [W/m2 K]
k thermal conductivity [W/m K]
L depth of the sample [mm]
heat flux [kW/m2]
R universal gas constant [J/mol K]
T temperature [°C]
t time [s]
Y mass fraction
z depth into the sample [m]
ε emissivity
κ radiative absorption coefficient [m�1]
reaction rate per unit volume [kg/m3 s]
ρ density [kg/m3]
σ Stefan-Boltzmann constant [J/K]
0 initial
e external
d destruction
g gas
i condensed-phase species index
ig at ignition
r in-depth radiation
s solid
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Romania
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Abstract

Spectacular spatial dynamics of forest areas is one of the biggest challenges 
for the scientific world, concerned with completing the methodologies devoted 
to new methodological approaches, to provide new information that is indispens-
able in assessing the impact of deforestation within the ecosystem. In this study, 
we analyzed the evolution of the deforested areas, using the fractal fragmentation 
index (FFI). The research is based on high-resolution satellite images of forest areas 
between 2000 and 2017. The use of fractal algorithms allowed the modeling of the 
grinding patterns, identifying obvious differences between compact and frag-
mented cuts. Information is needed especially in the evaluation of the areas cleared 
because of illegal actions. Research has shown spectacular increases in deforestation 
in the mountain area, the northern and central groups of the Eastern Carpathians 
being the most fragmented geographical regions in Romania. The study showed 
that deforestation led to the fragmentation of forests, which generates major 
natural changes. The results obtained can contribute to the identification of new 
approaches in national forest fund management policies by establishing a critical 
fragmentation threshold.

Keywords: fractal analysis, deforestation, forest fund, ecosystem,  
fragmentation of the forest

1. Introduction

Forests represent perhaps the most complex terrestrial ecosystem, given their 
ecosystem role, as well as habitat and socioeconomic development. The increasing 
pressure exerted by the global economy and climate change leads to the degrada-
tion and shrinking of global forest areas [1–4]. The reduction of the forest area and 
its degradation have negative repercussions on the environment, in general, but 
especially on the quality of the air, the soil, and the security of the water resources 
[5–12]. Thus, a series of programs and researches were initiated aimed at evaluat-
ing, monitoring, and reporting the physical and biological states of the forest 
(Convention on Long-Range Transboundary Air Pollution (CLRTAP) [13];  
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UN Collaborative Programme on Reducing Emissions from Deforestation and 
Forest Degradation (REDD) [14]; International Long Term Ecological Research 
Network (ILTER) [15]; NASA’s Carbon Monitoring System (CMS) [16]; Climate 
Change Initiative (CCI) [17]).

The reduction of forest areas as well as the process of fragmentation of the forest 
is a ubiquitous problem worldwide. Haddad et al. estimated that half of the planet’s 
forests are less than 500 m from an inhabited area and most of the forested areas 
have an area of less than 10 hectares [18].

The satellite images offer an unprecedented perspective on the spatial evolution of 
the cover surfaces with forest vegetation, allowing the mapping of the compactness 
of the surfaces as well as their degree of fragmentation over time [19–22].

Forest fragmentation assessments have been completed for many countries, 
such as Canada, China, the Democratic Republic of Congo, India, the UK, or the 
USA [23–26]. Many of the researchers who developed these studies point out that 
fragmentation of forest areas has negative effects on the natural ecosystems by 
increasing the isolation, creating artificial margins, and reducing the basic areas 
of habitats.

In Romania, forests are under pressure due to climate changes (extreme tem-
peratures, low rainfall, strong winds, and even tornadoes) and natural disturbances 
(insect outbreaks), but mainly due to anthropogenic causes (various forms of prop-
erty, poor pest control, illegal logging, large demands on wood for export, etc.). 
Although Romania’s forest area is estimated at about 29% of the country’s total area, 
well below the EU average level of 40%, logging is still at a high rate [27].

A continuous, accurate, and reliable monitoring of the territorial evolution of 
forests as well as their state of sanogenesis is required both locally, in Romania, and 
regionally, Europe or worldwide. Such monitoring systems can be based on the 
information provided by the satellite monitoring networks correlated with on-site 
measurements and with accurate methods of quantification [28–32].

Establishing methods of continuous observation and accurate determination of 
long-term environmental changes is necessary to ensure the sustainability of the 
forest ecosystem and the efficiency of the planned ecological restoration [33].

The method proposed in this study wants to perform a fractal analysis regarding 
the deforestation of forests at the level of Romania.

2. Methodology

In order to start the analyses for GIS and fractal methods used, we downloaded 
layer (a raster image in tiff format) corresponding to the granule with the top-left 
corner at 50°N, 20E (in which Romania is situated), containing the forest loss (loss 
year) data, for the 2001–2018 [34].

The images prepared for the fractal analyses followed a step-by-step algorithm, 
consisted on the extraction by mask procedure. The input feature mask was 
the vector limit of each relief unit of Romania, in our case 11 vector limits (the 
Carpathians, the Subcarpathians, the West Hills, the Danube Delta, Transylvania 
Depression, Dobrogea Plateau, Mehedinți Plateau, Getic Plateau, Moldova Plateau, 
Romania Plain, and West Plain). For each of the 11 input limits, 21 images in tiff 
format were exported providing pixels with useful informations. The first image 
exported contains the geographical limit for the relief unit, the other 18 images 
contain the yearly forest loss, from 2001 to 2018, and another image contains the 
cumulated forest loss for the entire period (2001–2018) and the last image the 
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tree-cover information. We have to mention that for the best results, all the images 
exported were in black-and-white tones (the pixels corresponding to limits, to 
the forest loss, and to the tree cover were in white, while the background was in 
black color). Other important aspects were the scale and the image position: in 
order to avoid the information errors that might have appeared during the export 
processes, for each input feature mask (relief unit), the same scale and the same 
unmoved image position were kept.

The exported images provided useful informations that were extracted by using 
some specific softwares for the fractal and nonfractal analyses. We mentioned 
that, depending on the surfaces of the relief units, the images were exported to 
different scales and analyzed later fractal objects. Thus, for the Carpathians, the 
exported images kept the scale 1:1,750,000; for Subcarpathians, 1:1,300,000; the 
Transylvanian Depression, 1:1000,000; Moldova Plateau, 1:1,500,000; Dobrogea 
Plateau, 1:800,000; Getic Plateau, 1:650,000; Mehedinți Plateau, 1:200,000; the 
West Hills, 1:1,500,000; Romania Plain, 1:1,350,000; West Plain, 1:1,500,000; and 
the Danube Delta, 1:600,000. Even if the exported images were analyzed at dif-
ferent scales, the pixel sizes being the same for each exported image, there were no 
distortions or errors in their subsequent processing.

The applicability of fractal geometry is limited not only to static phenomena but 
also to the study of dynamic phenomena, in evolution, such as the phenomena of 
growth in biology or of development of urban populations [35].

A versatile possibility to determine the deforestation patterns but also their 
impact on forest compaction is the fractal fragmentation index (FFI). FFI is a 
recent indicator and describes fractal fragmentation and can also be interpreted 
as an index of compaction of the analyzed surfaces, being a dimensionless 
indicator [36].

The FFI is calculated using the equation (Eq. (1)):

  FFI =  D  A   −  D  P   =   lim  
ε→0

    
(

  log N (ε)  _ 
log   1 _ ε  

  
)

  −  lim  
ε→0

    
(

  log  N ′   (ε)  _ 
log   1 _ ε  

  
)

   (1)

where FFI is the fragmentation fractal index,   D  A    is the fractal dimension of 
the summed areas, and   D  P    is the fractal dimension of the summed perimeters;  ε  
represents the size of the box;  log N (ε)   represents the number of contiguous and 
non-overlapping boxes needed to cover the object area; and  log  N ′   (ε)   represents the 
number of contiguous and non-overlapping boxes needed to cover only the object’s 
perimeter.

When the value of the indicator has  FFI = 0 , it means that the analyzed fractal 
objects (in our case the deforested areas or forests) are very small, of the order of 1–4 
pixels, so that their outline cannot be extracted,   D  A   D =   D  P    =0. When the FFI value 
tends to be 1, the occupied areas are large and compact.  FFI = 1 , when analyzing a 
Euclidean object, 100% compact, without any discontinuity (DP = 1 and DA = 2). 
When the areas occupied by the fractal are smaller, more dispersed, and more frag-
mented, the value of the FFI approaches more than 0. The FFI was calculated using 
IQM-plugin-FFI, available online at https://sourceforge.net/projects/iqmplugin-ffi/, 
for open source software IQM 3.5 [37].

The analysis of the evolution of the analyzed parameter is carried out through a 
series of steps. In advance, IQM 3.50 software is downloaded from https://source-
forge.net/projects/iqm/files/latest/download; then, IQM-plugin-FFI is downloaded 
from the address https://sourceforge.net/projects/iqm-plugin-ffi/files/latest/down-
load. The downloaded plug-in is inserted in the plug-in folder of the IQM program, 
and a series of steps are taken.
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Step 1: Import the images into the information quality metric (IQM - An 
Extensible and Portable Open Source Application for Image and Signal Analysis in 
Java) [File—Open Image(s)] (Figure 1).

Step 2: Convert RGB images into 8 bits [Process—Convert Image–extract G] 
(Figure 2).

Step 3: Open the FFI plug-in [Plug-in—Image—FFI v2.0].
Method P-Dimension (Pyramid Dimension) is selected (because it is much 

faster than box counting and the results are similar), and the number of boxes is 9; 
then press Preview and the fractal analysis is done (Figure 3).

Figure 2. 
Convert RGB images to 8 bits.

Figure 1. 
Importing images to analyze.
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Step 4: This gives the FFI value on the last column of the displayed table 
(Figure 4).

3. Study area

Romania is a state located in the Southeast of Central Europe, on the lower 
Danube, north of the Balkan Peninsula, and on the northwestern shore of the Black 
Sea. The population, at the level of 2019, is estimated at 19.4 million citizens. On 
its territory are the southern and central parts of the Carpathian Mountains and 
the lower Danube basin. It borders Bulgaria to the south, Serbia to the southwest, 
Hungary to the northwest, Ukraine to the northeast, the Republic of Moldova to the 
east, and the Black Sea to the southeast (Figure 5).

Figure 3. 
Using the FFI plug-in.

Figure 4. 
Obtaining the results of the FFI index.
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According to the National Institute of Statistics, Romania’s forest fund covers an 
area of 6,529,000 hectares, representing 27.3% of the country’s territory. The total 
volume of forest stands is estimated at over 1340 million m3.

The multifunctional character of forests is given by their multiple roles: 
ecological, economic, and social. From a socioeconomic point of view, forest 
exploitation generates resources, especially wood, but it also plays an important 
role in the regeneration of water resources and air quality. Their use is multiple 
starting from the energy role (about half of the renewable energy consumed in the 
EU is produced from wood mass), for timber, paper industry, wood fiber panels, 
etc. The relationship between man and the forest is complex, and the dependence 
is obviously mutual.

The territory of Romania represents a point of intersection between different 
biogeographic regions: Arctic, Alpine, Western and Central European, Pannonian, 
Pontic, Balkan, sub-Mediterranean, and even Colchian and Turanic-Iranian. This 
high level of diversity of ecological conditions/systems also determines a great diver-
sity of flora and fauna, estimated at 3700 species of plants and over 33,000 species of 
animals. A large number of these species (over 220 plants and over 1000 animals) are 
endemic species, adapted to local conditions and are found only in Romania.

Important areas of natural, virgin, and quasi-virgin forests are preserved in 
Romania. However, these areas are rapidly narrowing, currently occupying only 
about 280,000 hectares, that is, less than half of the existing area 20–25 years ago. 
These forests are located in a proportion of 99% in mountain regions (in karst areas, 
in hard-to-reach regions, on steep slopes and screes) and only in a proportion of 1% 
in the hill and plain regions (hard-to-reach areas of the Danube Delta or compact 
forest massifs located at a considerable distance from localities). Most of them 
are located in the area of beech and spruce and mixtures of spruce, fir, and beech. 
Currently, parts of the virgin and quasi-virgin forests of unique value, including for 
the biodiversity of natural ecosystems, are included in officially protected areas.

Figure 5. 
Romania—Study area.
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The division of the property regime of the national forestry fund after the 
1990s, the great dynamics of the laws in the forestry field, the lack of a coherent 
policy in this field, and the desire for quick financial gains generated significant 
deforestation of the forests at the national level. The lack of precise statistics of the 
deforested surfaces and the quantities of wood exploited has generated at the level 
of some groups of researchers or environmental organizations of solutions for the 
prevention and quantification of the deforested areas.

4. Results

Economic pressure and extreme environmental factors have led to the reduction 
of forest areas worldwide. Romania has also registered a marked dynamics of the 
national forestry fund in the last decades.

The division of forest fund ownership, inadequate or poorly applied legislation, 
poor monitoring of the way the wood is exploited, and the occurrence of natural 
phenomena that have affected the forest (wind blows, biological attacks, etc.) led to 
the reduction of forest areas and especially to a strong fragmentation of them.

Finding methods that determine the most precisely deforested areas, the density 
of the existing forest, and its territorial fragmentation is of great importance for 
sustainable management of the national forestry fund but also within a sustainable 
development of the environment (protection against landslides, floods, air quality, 
groundwater resources, etc.).

The analysis was performed according to the types of relief units and their 
degree of forest cover. Thus, it is found that socioeconomic and natural factors of 
the last decades have generated a decrease of the compaction of the forest areas 
(Figure 6). The most affected unit of relief is that of the Carpathian Mountains and 
of the Mehedinți Plateau. All the relief units have suffered over time decreases of 
the compaction of the forest surface following the deforestation.

The tested and analyzed method may also indicate the technical way of extracting 
the wood from the logging. A selective extraction of valuable and mature trees or a 

Figure 6. 
Evolution of the compaction of the areas occupied by the forest, at the level of relief units, between 2001 and 
2018, in Romania.
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Figure 8. 
Dynamics of cumulative deforestation.

“shaved” exploitation, regardless of the size and nature of the successive species within 
those plots. This can be determined by comparing the obtained values of the FFI at the 
level of any reference year in the analyzed period.

By performing the value difference of the FFI obtained at the level of 2018 and 
the one from 2001, it can be seen which relief unit was more intense and more 
fragmented and deforested (Figure 7).

The area of the Carpathian Mountains, by the nature of the relief, leads to the 
clearing of surfaces arranged on different slopes and positions. This is also due 
to the access to the exploited plots and the shelving of the species. Instead, in the 
Romanian Plain or in the Danube Delta where the forest surfaces are composed of 

Figure 7. 
The degree of fragmentation of forests, obtained by comparing the value of the FFI 2018–FFI 2000.
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the same species, the exploitations are generally made from the marginal areas of 
the forest fund; thus, a decrease of the forested surface is recorded, but maintaining 
its degree of fragmentation, in general.

If the deforestation is done on small and isolated surfaces from year to year, 
the values of the FFI will be zero or very close to zero. The more the deforestation 
is done in continuation of the previous deforestation, expanding some deforested 
areas spatially, the more the value of the FFI will increase.

The Carpathian Mountains have reduced accessibility to the forest fund. In the 
absence of adequate exploitation technologies (funiculars, helicopters, etc.), the 
arrangements in the immediate vicinity of the roads are overexploited [38].  

Figure 9. 
Annual dynamics of deforestation, by relief units, between 2001 and 2018.

Figure 10. 
The average of the FFI deforestation index, between 2001 and 2018 (plateau, green color; plain, yellow color; 
mountain and premontane units, brown color).
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The Carpathian Mountains have reduced accessibility to the forest fund. In the 
absence of adequate exploitation technologies (funiculars, helicopters, etc.), the 
arrangements in the immediate vicinity of the roads are overexploited [38].  

Figure 9. 
Annual dynamics of deforestation, by relief units, between 2001 and 2018.

Figure 10. 
The average of the FFI deforestation index, between 2001 and 2018 (plateau, green color; plain, yellow color; 
mountain and premontane units, brown color).
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In the relief units where the forest fund is naturally fragmented and the access is 
much easier, we have forest exploitations on various locations (Figure 8).

It can be seen that the deforestation carried out within all the relief units varied 
from year to year. They are highlighted by the values of the annual FFI for each 
relief unit separately (Figure 9).

Figure 10 shows the average FFI for all 18 years of analysis. The most compact 
deforestation, on average, took place in the Mehedinți Plateau, in the Carpathian 
Mountains, and in the Danube Delta. Instead, they were more fragmented in the 
plains and hills (Subcarpathians).

5. Conclusion

Today, logging is one of the most important pressures on the natural environ-
ment, which causes major imbalances on all systemic components, the most impor-
tant being the modification of microclimates [39, 40], floods, and landslides [41, 42]. 
In many specialized works, the need to develop methodologies for obtaining data 
on deforested surfaces and patterns in which they are made, especially for illegal 
cutting, is highlighted [43–46]. Fractal analysis offers a considerable amount of 
information, regarding the spatial characteristics of some fractal objects, whether 
or not they are in dynamics. The proposed index quantifies these characteristics, 
being very useful in establishing patterns.

Fractal analysis has proven to be a versatile method for evaluating the dynamics 
of deforestation, as well as identifying deforestation patterns; thus, it can be used 
complementary to the classical analyses by which data are obtained. FFI is useful 
in quantifying the degree of fragmentation and implicitly fractal compaction of 
forest areas and also provides important information on the effect of deforestation 
on forests, identifying also the moments of agglutination (clustering) of cumulative 
deforestation.

Being a fractal index, the FFI analyses are invariant at scale, bringing a sig-
nificant addition to the classical analyses, thus being relevant in the realization of 
strategies for forest management. The FFI was used in the analysis of deforestation 
in Romania and the effect of deforestation at the county level [19, 36], indicating 
in all cases that fragmentation of forests increases following deforestation, having 
negative consequences on the stability of the hydrographic network and on the 
habitats. Like any fractal analysis, FFI analysis has limitations. For a correct analy-
sis, but also to be able to make comparisons, all images, which are analyzed, must be 
at the same resolution, scale, and position and equally binarized.

In this study, FFI analysis allowed a clear differentiation of some patterns 
regarding the degree of fragmentation of the forests, but also of the compaction of 
the cumulative deforestation from the relief units in Romania, highlighting dif-
ferent dynamics. Thus, we have shown that the fragmentation of the forest is also 
relevant for the complex methodologies for calculating the flood risk and offers 
new perspectives for understanding the way in which the economic pressure on the 
forests is manifested.
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Abstract

With the rapid development of intelligent agriculture and precision agriculture,
computer image processing technology has been widely used to solve various prob-
lems in the agricultural field. In particular, the advantages of convolutional neural
networks (CNNs) in image classification have also been widely used in the auto-
matic recognition and classification of plant diseases. In this paper, a deep
convolutional neural network named LeafNet capable of recognizing the seven
types of diseases from tea leaf disease images was established, with an accuracy of
up to 90.23%, aiming to provide timely and accurate diagnostic services in the
remote and topographic tea plantation in China. At the same time, the traditional
machine learning algorithm is applied for comparative analysis, which extracts the
dense scale-invariant feature transform (DSIFT) of the image and constructs the
bag of visual word (BOVW) model to express the image based on the DSIFT
descriptor. The support vector machines (SVMs) and multilayer perceptron (MLP)
were used to identify tea leaf diseases, with an accuracy of 60.91 and 70.94%,
respectively.

Keywords: tea leaf disease, deep learning, convolutional neural network,
dense SIFT, bag of visual word

1. Introduction

Tea has a long history of cultivation in China, and the tea planting area and yield
rank first in the world. According to statistical data, in 2016 China’s 17 provinces
had a total of 2.87 million hectares of tea plantation and production, and the total
output of tea reached 2.4 billion tons [1]. As the main tea-producing areas in China
are mainly distributed in subtropical regions, the natural environment differs due
to geographical latitude and topographical conditions. The tea tree is a perennial
evergreen woody plant, which grows in warm and humid growth environment.
However, these regions are conducive to the breeding and reproduction of diseases.
In recent years, the tea planting area has increased year by year, and the tea leaf
diseases have risen continuously, which has seriously threatened the quality and
yield of tea. Because the distribution of tea areas in China is mostly in high moun-
tain areas, the infrastructure construction in these areas is relatively lagging behind,
and the occurrence of tea leaf diseases is often not controlled in a timely and
effective manner, resulting in huge economic losses. Therefore, being able to detect
and identify diseases early in the field is an important task to ensure the sustainable
development of the tea industry.
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With the rapid development of intelligent agriculture and precision agriculture,
computer image processing technology has been widely used to solve various prob-
lems in the agricultural field. In particular, the advantages of convolutional neural
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matic recognition and classification of plant diseases. In this paper, a deep
convolutional neural network named LeafNet capable of recognizing the seven
types of diseases from tea leaf disease images was established, with an accuracy of
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diseases have risen continuously, which has seriously threatened the quality and
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and the occurrence of tea leaf diseases is often not controlled in a timely and
effective manner, resulting in huge economic losses. Therefore, being able to detect
and identify diseases early in the field is an important task to ensure the sustainable
development of the tea industry.
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The diagnosis of plant diseases is usually based on the appearance of the disease.
When the leaves of a plant are infected by a disease, the appearance of the leaves
will change significantly. Each disease usually has a discernible leaf color and tex-
ture symptom, and plant diseases can be diagnosed based on these characteristics.
However, farmers mainly rely on their own experience to diagnose plant diseases
with their own senses. Due to the limitation of knowledge background, there are
ambiguities in the diagnosis. Most tea trees in China are planted in mountainous
areas, which are large, difficult to investigate in the field, and inefficient. Relying on
agricultural experts to diagnose tea leaf diseases is not only time-consuming but also
costly. The transportation and infrastructure conditions in these places are limited.
Finally, the expert must have experience and knowledge in various disciplines and
need to understand all the symptoms of the disease and the causes of the diversity of
the disease. At the same time, because China’s agricultural population is relatively
large and the number of experts engaged in agricultural services is extremely lim-
ited, it is necessary to establish a system that can diagnose tea leaf diseases in a
timely and accurate manner.

The current diagnostic methods of plant diseases mainly include microscope
identification, molecular biology technology, and spectroscopic technology, but the
first method is time-consuming and subjective. Even experienced plant pathologists
may have wrong judgments, leading to inaccurate conclusion. The latter two
methods are currently considered more accurate, and their main disadvantages are
the high labor intensity and the requirement of specific instruments.

With the rapid development of intelligent agriculture and precision agriculture,
machine learning methods and computer image processing technologies have been
applied to the identification of plant diseases [2, 3], providing a new method for
detecting plant diseases, which can help farmers and researchers quickly and accu-
rately identify the types of plant diseases. The general approach based on machine
learning and computer image processing technology is first to manually design and
extract disease image features, namely, global features, such as color features [4],
shape features [5], texture features [6], or two or more than three features [7–11],
and local features, using scale-invariant feature transform (SIFT), speeded-up
robust features (SURF), dense scale-invariant feature transform (dense SIFT), and
pyramid histograms of visual words (PHOW) [12–14]. After extracting the fea-
tures, they are identified and classified using different classifiers, such as artificial
neural networks [15, 16] and support vector machines [17, 18]. Because traditional
machine learning relies on features extracted manually, the resulting recognition
system is not fully automated.

At present, most of the researches on tea using computer vision technology
focus on tea quality detection [19], tea species identification [20], and tea leaf
disease information query and management based on expert systems [21]. Because
the expert system has limited knowledge and needs to be updated and maintained
on a regular basis, it is also limited for noncomputer professional technicians. For
some literatures, the identification of tea diseases is based on hyperspectral [22] or
infrared thermal images [1]. These methods are easy to operate and have high
accuracy, but the cost of the instrument is not suitable for widespread promotion.

In recent years, the popularity of the Internet has led to the explosive growth of
Internet data, and the technical performance of computers and smartphones has
continued to improve. These factors are the main reasons that have led to wide-
spread attention for deep learning. Deep learning refers to the process of learning
sample data through a certain training method to obtain a deep network structure
containing multiple levels [23]. Deep learning is a branch of machine learning. Its
essence is also a neural network, but the number of hidden layers is more than one
layer, which is an extension of artificial neural networks. “Neural network” is a
component of deep learning.
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The concept of deep learning was first mentioned by Professor Geoffrey Hinton
of the University of Toronto in a paper on back-propagation algorithms. The con-
cept of “depth” was used to represent large artificial neural networks. With the
introduction of deep learning, more and more researchers have begun to develop
large-scale neural network systems. These deep neural network systems can take
the characteristics from the original data, can work alone without human manipu-
lation, and then can use what humans have learned to learn new things.

The advantage of the deep learning is that it does not require artificial feature
extraction but this is obtained automatically by the network. It can solve nonlinear
separable problems and has strong generalization ability and robustness. Among
them, the most widely used is the convolutional neural network, which is a deep
neural network. Images can be directly used as input data, eliminating the compli-
cated process of feature extraction and data reconstruction in traditional machine
learning algorithms. At the same time, the multilayer network structure of the
convolutional neural network maintains a high degree of invariance to image trans-
lation, scaling, or lighting changes [18]. At present, convolutional neural networks
have been applied to the identification and diagnosis of plant diseases [24–26].

In recent years, many researchers in the world have used machine learning
algorithms to build many disease recognition systems, but because the characteris-
tics of each plant disease are different, the different machine learning methods will
have different recognition effects. Hence, based on previous studies, this paper uses
deep convolutional neural networks to identify and classify tea leaf diseases. At the
same time, the traditional machine learning algorithm is compared with the pro-
posed convolutional neural network, and a recognition system suitable for the tea
leaf disease is found through comparative analysis.

2. Date acquisition

The existing databases on the network such as ImageNet, PlantVillage, and
CIFAR-1 datasets do not have sufficient tea leaf disease images and some studies

Figure 1.
Typical example images of tea leaf diseases used in this manuscript. (1) Red leaf spot (Phyllosticta theicola Petch).
(2) Algal leaf spot (Cephaleuros virescens Kunze). (3) Bird’s-eye spot (Cercospora theae Bredde Haan).
(4) Gray blight (Pestalotiopsis theae Steyaert). (5) White spot (Phyllosticta theaefolia Hara). (6) Anthracnose
(Gloeosporium theae-sinensis Miyake). (7) Brown blight (Colletotrichum camelliae Massee).
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have collected disease photos in indoor or controlled environments. These factors
have made the recognition system designed to identify diseases under natural light
conditions to have certain limitations, so a new disease data set is constructed in
this paper.

Tea leaf disease images were all captured using the Canon PowerShot G12
camera in the natural light environment of the tea garden in Chibi and Yichang
within Hubei Province. The images were taken about 20 cm directly above the
leaves with autofocus mode at resolution of 4000 � 3000 pixels. A total of 3810
disease images were collected, which contained 7 diseases, and all disease images
have been identified by plant pathologists. The identification criteria used for the
tea leaf diseases were based on the previously described identification schemes
[27, 28]. In order to meet the requirements of the model algorithm and reduce the
computational complexity of the network, all disease images are resized to
256 � 256 pixels and 750 � 750 pixels, respectively. Figure 1 shows the types of tea
leaf diseases used in this experiment. Data amplification processing is performed on
a smaller number of disease images so that the number of the seven diseases image
is balanced. Data amplification processing improves the generalization ability of the
classifier, which is more conducive to network training. Three different methods
were used to alter the image input and improve classification (Figure 2). A total of

Figure 2.
Examples of data augmentation used for red leaf spot images. (a) Initial; (b) flip horizontal; (c) flip vertical;
(d) rotated 180°; (e–g) randomly cropped; (h) right-rotate 90°; (i) left-rotate 90°.
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7905 tea leaf disease images were obtained after the amplification treatment
(Table 1). The 80/20 ratio of training/test data is the most commonly used ratio in
neural network applications. In addition, a 10% subset of the test dataset was used
to validate the dataset [29].

3. Tea leaf disease identification based on BOVW model

Traditional machine learning algorithm is a shallow architecture that contains
one or two nonlinear transformation layers. It can automatically learn the underly-
ing laws in the data and use the learned rules to make predictions. In the field of
computer vision, many models can be realized by manually designing and
extracting the visual characteristics of the image in advance, and the image content
is converted into a quantitatively calculated information description form, after
being processed by the shallow structure model.

3.1 Image visual feature

The extraction and selection of image visual features is an important means to
transform the image content into a quantitatively calculated information descrip-
tion form, which mainly include global features and local features. Global features
refer to the overall attributes of the entire image, mainly including color features,
texture features, and shape features. These features are features that can be directly
observed by the eyes. Global features are pixel-level shallow features with good
stability, real-time performance, and simple and easy-to-implement algorithms.
However, their shortcomings are high feature dimensions, large amount of calcula-
tions, and changes in image scale, lighting, and perspective. Local features are
features extracted from local areas of the image, including corners, lines, edges, and
areas with special attributes. Local features are distinguishable and robust to
changes in lighting, rotation, perspective, and scale, as well as low dimensions and
easy implementation.

The scale-invariant feature transform (SIFT) is local feature descriptor proposed
by David G. Lowe in 1999 [30]. The SIFT descriptor maintains invariance to image
rotation, translation, scaling, affine transformation, perspective and brightness
changes, and noise and also maintains stability. And it can be combined with other
algorithms to form a new optimization algorithm, thereby increasing the operation
speed.

Class Training Validation Testing

(1) White spot 941 118 117

(2) Bird’s-eye spot 955 120 119

(3) Red leaf spot 890 111 111

(4) Gray blight 893 112 111

(5) Anthracnose 880 110 110

(6) Brown blight 920 115 115

(7) Algal leaf spot 846 106 105

Total 6325 792 788

Table 1.
Tea leaf disease dataset in this manuscript.
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The traditional SIFT descriptor mainly extracts stable feature points in the
image, which will lead to loss of some information in the image and long calculation
time. And the number of feature points extracted from each image is different,
which will inevitably lead to different dimensions. Lazebnik et al. improved the
number and distribution of SIFT descriptors to obtain dense SIFT [31]. The main
difference between the dense SIFT descriptor and the traditional SIFT descriptor is
that the sampling method is different. The SIFT descriptor constructs a scale space
to detect and filter feature points. The dense SIFT algorithm applies a fixed-size
rectangular window for sampling from the left to the right of the image and from
the top to the bottom according to the specified step size. The center of the window
is used as a key point, and an image block composed of 16 pixels around the center
is divided into 4 � 4 pixel-sized units. Within each pixel, the SIFT algorithm is used
to calculate the gradient histogram in 8 directions and obtain 4 � 4 � 8 = 128
dimensional feature vectors to form a DSIFT descriptor. The feature points
extracted by this method are uniformly distributed, and the specifications are the
same; they maintain good stability to illumination, changes in perspective, and
affine transformation, scaling, and rotation.

3.2 Bag of visual word-based feature representation

Bag of visual word (BOVW) model was mainly applied to text classification and
retrieval technology. The core idea of the bag of visual word model is to treat text as
a collection of different words, ignoring the word order, grammar, and syntax of
the text, and these words are discrete and independent of each other or do not
depend on the presence of other words. The frequency of each word in the text is
counted and is represented with histogram so that each text is represented as a
vector.

Due to the successful application of the BOVW model in text retrieval, Csurka
et al. introduced the BOVW model to the field of computer vision [32]. Think of an
image as a document and the features of the image (usually referred to as local
features) as the words that make up the image. Unlike the words in the text, there
are no ready-made words in the image. We need to extract independent features
from the image, which are called visual word. Similar features can be regarded as a
visual word. In this way, the image can be described as an unordered set of visual
words (local features). Although local features (such as SIFT) also can describe an
image, each SIFT is a 128-dimensional vector, and an image contains hundreds or
thousands of SIFT descriptor. The calculation amount is very large, so these vectors
are clustered, and the cluster center was used to represent a visual word.

The image classification using BOVW model mainly includes the following
steps:

1. Image feature extraction and description: Local feature vectors of the entire
training set image are obtained through methods such as point-of-interest
detection, dense sampling, or random sampling. Commonly used local features
include SIFT descriptor and SURF descriptor.

2.Construct a visual vocabulary: After obtaining the local feature vectors of all
sample images, use the k-means algorithm to cluster the local feature vectors.
The k-means algorithm is an unsupervised learning algorithm. It divides the
data into different categories through an iterative process and then calculates
the Euclidean distance between each data and various types of centers [33].
The smaller the distance, the higher the similarity. k represents the number of
clusters, and means represents the mean of the data in the clusters. If there are
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k cluster centers (i.e., visual words), then the size of the visual vocabulary is
also k. This manuscript selects 1000 visual words, and the size of the visual
vocabulary is 1000.

3.Representing images by word frequency: using the vocabulary as a standard,
count the number of occurrences of each visual word in the image, and each
image becomes a word frequency vector corresponding to the visual word
sequence in the vocabulary, that is, each image is represented by a 1000-
dimensional numerical vector.

4.Select classifier to classify the 1000-dimensional numerical vector generated in
the previous step as the input of the classification.

3.3 Classifiers

3.3.1 Support vector machines

Support vector machines (SVMs) were proposed by Corinna Cortes and Vapnik
in 1995 [34]. It is a learning method based on VC statistical theory and structural
risk minimization criteria. It has advantage in solving small sample, nonlinear, and
high-dimensional pattern recognition problems. The basic idea of the SVMs is to
map the low-dimensional space vector to the high-dimensional space through the
nonlinear transformation defined by the inner product. In this high-dimensional
space, the optimal classification hyperplane is determined according to the maxi-
mum geometric distance between the support vector and the classification plane.
SVMs were initially used to classify two-class problems in the analysis of linear
separable cases and require smaller sample sizes and an appropriate train rule,
which have led to widespread use in image classification and recognition.

With the deepening of research on support vector machines, many scholars have
carried out various toolkits in order to make them suitable for specific fields. In this
manuscript a linear classifier LIBLINEAR designed by Professor Lin Zhiren of the
National Taiwan University is used, mainly for processing large-scale data and
features [35]. LIBLINEAR can be used in the following three cases: when the
number of features is much larger than the number of samples; when the number of
features and samples is large; and when the number of features is much smaller
than the number of samples. Because the complexity of the linear classifier is lower
than the nonlinear classifier, the training operation time is greatly reduced, and the
training performance of the linear and nonlinear classifiers is also comparable under
a large amount of data.

3.3.2 Multi-layer perceptron

The perceptron was proposed by Rosenblatt in 1958 [36]. It is an artificial neural
network structure and the earliest feed-forward neural network. A single-layer
perceptron contains only two layers, namely, the input layer and the output layer.
Due to its limited mapping capability, it can only achieve linearly separable classi-
fication problems. A multi-layer perceptron has one or more hidden layers between
the input layer and the output layer, which is mainly used for nonlinear classifica-
tion and regression. The training algorithm is consistent with the traditional multi-
layer neural network and also uses a back-propagation algorithm.

Perceptron in this manuscript uses a three-layer structure. Because the extracted
features are 1000-dimensional vectors, the input layer contains 1000 nodes, the
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hidden layer contains 100 nodes, and the output layer contains 7 nodes, which refer
to the number of types of tea leaf disease.

4. Deep learning network construction

The network architecture designed in this manuscript was improved based on
the classic model AlexNet model, named as LeafNet. The total number of parame-
ters (weights and deviations) of the classic AlexNet network reaches more than 60
million, the parameters of the convolution layer comprises 3.8% of the total net-
work parameters, and the parameters of the fully connected layer comprises 96.2%
of the total. Therefore, by reducing the number of LeafNet’s convolutional layer
filters and the number of fully connected layer nodes, the total number of network
parameters is reduced, and the computational complexity is reduced. The recogni-
tion model has a relatively simple structure and a small amount of calculation,
which effectively reduces the problem of overfitting.

4.1 Network structure

LeafNet consists of five convolutional layers, two fully connected layers, and a
classification layer. The number of filters for the first, second, and fifth
convolutional layers is half of those used in AlexNet’s filters. In addition, the num-
ber of neurons in the fully connected layer is set to 500, 100, and 7, respectively.
The entire network structure is shown in in Table 2.

In this experiment, except for the last layer, the rectified linear unit (ReLU)
activation function is selected instead of the traditional sigmoid and tanh functions.
The main disadvantages of the sigmoid and tanh functions are the large amount of
calculations, and when the input is large or small, the output is relatively smooth,
the gradient is small, and it is not conducive to the weight update, which ultimately
cause the network to fail to complete the training. ReLU is more in line with the

Layer Parameters Activity function

Input 227 � 227 � 3 �
Convolution1(Conv1) 24 convolution filters (11 � 11) 4 stride ReLU

Pooling1(Pool1) Max pooling (3 � 3) 2 stride �
Convolution2(Conv2) 64 convolution filters (5 � 5) 1 stride ReLU

Pooling2(Pool2) Max pooling (3 � 3) 2 stride �
Convolution3(Conv3) 96 convolution filters (3 � 3) 1 stride ReLU

Convolution4(Conv4) 96 convolution filters (3 � 3) 1 stride ReLU

Convolution5(Conv5) 64 convolution filters (3 � 3) 1stride ReLU

Pooling5(Pool5) Max pooling (3 � 3) 2 stride �
Full Connect 6(fc6) 500 nodes 1 stride ReLU

Full Connect 7(fc7) 100 nodes 1 stride ReLU

Full Connect8(fc8) 7 nodes 1 stride ReLU

Output 1 node Softmax

Table 2.
Layer parameters for the LeafNet.
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principle of neuron signal excitation. It will make some neurons’ output 0, making
the network sparse and reducing the interdependence of parameters, effectively
alleviating overfitting. At the same time, ReLU has better transmission error char-
acteristics and solves the problem of gradient disappearance, so it makes the train-
ing network converge faster.

After the nonlinear neuron output of the first two convolutional layers, a local
response normalization operation is introduced. It is a normalization operation and
mimics the lateral inhibition phenomenon of neurobiology. Local response normal-
ization creates a competition mechanism for the output of local neurons. Local
response normalization creates a competition mechanism for the output of local
neurons, making the neurons with large responses larger, thereby enhancing the
generalization ability of the model.

The first two fully connected layers have introduced the dropout operation. The
dropout technique is an effective solution to overfitting via the training of only
some of the randomly selected nodes rather than the entire network [37]. In this
article, the dropout ratio is set to 0.5.

Softmax is the activation function of the last fully connected layer, which is
mainly used in the output layer of multi-classification problems. It can make the
sum of all output values equal to 1. That is, the output value of multiple classifica-
tions is converted into a relative probability, in which the category which has a high
relative probability is the predicted value.

4.2 Training network

LeafNet’s training uses stochastic gradient descent (SGD) technique. The weight
values of all convolutional layers and fully connected layers are initialized with a
Gaussian distribution, and the bias is initialized with a constant of 1. This setting
guarantees that the input of the ReLU activation function is a positive number and
can also speed up the training speed of the network [25]. Because the number of
samples is small, the batch size is set to 16. Batch training can improve the conver-
gence speed of the network and keep the memory usage at a low level. The initial
learning rate of all layers of the network is set to 0.1. The learning rate is reduced
according to the decline of the error, and each time it is reduced to 0.1 times the
original learning rate in subsequent iterations, with the minimum threshold of the
learning rate set to 0.0001. The number of epochs was set as 100, while the weight
of decay was set to 0.0005 and the momentum was set to 0.9 [38]. LeafNet is
implemented using Matlab’s MatConvNet toolbox. The network training is
performed on a Windows system, configured with a Core i7-3770K CPU, 8 GB of
RAM, and accelerated training via two NVIDIA GeForce GTX 980 GPUs.

5. Performance measurements

As mentioned in [39], the classification accuracy and mean class accuracy
(MCA) are used to evaluate the performance of the algorithm. CCRk is first defined
as the correct classification rate for class k, as shown in Eq. (1):

CCRk ¼ Ck

Nk
(1)

Where Ck is the number of correctly identified for class k and Nk is the total
number of elements in class k. Classification accuracy is then defined by Eq. (2):
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principle of neuron signal excitation. It will make some neurons’ output 0, making
the network sparse and reducing the interdependence of parameters, effectively
alleviating overfitting. At the same time, ReLU has better transmission error char-
acteristics and solves the problem of gradient disappearance, so it makes the train-
ing network converge faster.

After the nonlinear neuron output of the first two convolutional layers, a local
response normalization operation is introduced. It is a normalization operation and
mimics the lateral inhibition phenomenon of neurobiology. Local response normal-
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sum of all output values equal to 1. That is, the output value of multiple classifica-
tions is converted into a relative probability, in which the category which has a high
relative probability is the predicted value.
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Gaussian distribution, and the bias is initialized with a constant of 1. This setting
guarantees that the input of the ReLU activation function is a positive number and
can also speed up the training speed of the network [25]. Because the number of
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Where Ck is the number of correctly identified for class k and Nk is the total
number of elements in class k. Classification accuracy is then defined by Eq. (2):
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Accuracy ¼
P

kCCRk �NkP
kNk

(2)

Lastly, MCA is determined using Eq. (3):

MCA ¼ 1
k

X
k

CCRk (3)

6. Results and analysis

In this study, the accuracy of the SVM, MLP, and CNN classifiers in determining
disease states for tea leaves from images was evaluated. The results of these analyses
are shown in Figure 3. Error matrices were used to evaluate the accuracy of tea
leaf disease recognition classifiers (Tables 3–5). From these data, although LeafNet
algorithms are significantly better than SVM and MLP algorithms, three recognition
algorithms can usually correctly identify most tea leaf diseases. Traditional machine
learning algorithms extract the surface features of images, and the number is lim-
ited. The ability to represent image features is not strong, resulting in a low accu-
racy rate for identifying diseases. However, the CNN can automatically extract the
deep features of the image, which can more accurately express the features of the
disease image, so its recognition accuracy is higher.

It can be seen from the error matrix that the recognition accuracy of MLP and
SVM for the seven tea leaf diseases is 70.94% and 60.91%, respectively, and the
MCA is 70.77% and 60.62%, respectively. In the two algorithms, the correct rate of
the bird’s-eye spot is the highest, but there is no obvious regularity for the rest of
diseases. The bird’s-eye spot is clearly distinguishable, characterized by small
and dense red-brown dots, which are significantly different from other disease
characteristics, so its accuracy of identification is high.

The recognition accuracy of tea leaf disease by SVM and MLP algorithm is not
high, which is caused by artificial selection of features. The recognition effect of
SVM and MLP algorithm largely depends on whether the artificially selected fea-
tures are reasonable, and researchers usually rely on personal experience when
selecting features. Although better results can be obtained using artificial feature

Figure 3.
Accuracy (%) of disease classification for each of the three classification models in recognizing the seven
candidate tea diseases.

148

Advances in Forest Management under Global Change

W
hi
te

sp
ot

B
ir
d’
s-
ey

e
sp

ot
R
ed

le
af

sp
ot

G
ra
y
bl
ig
ht

A
nt
hr

ac
no

se
B
ro
w
n
bl
ig
ht

A
lg
al

le
af

sp
ot

Se
ns

it
iv
it
y

A
cc
ur

ac
y

M
C
A

W
hi
te

sp
ot

11
1

3
0

0
3

0
0

94
.8
7%

90
.2
3%

90
.1
6%

B
ir
d’
s-
ey
e
sp
ot

1
11
7

0
0

0
0

1
98

.3
2%

R
ed

le
af

sp
ot

0
0

95
7

0
8

1
85
.5
9%

G
ra
y
bl
ig
ht

0
0

4
96

3
7

1
86

.4
9%

A
nt
hr
ac
no

se
5

0
1

6
97

1
0

88
.1
8%

B
ro
w
n
bl
ig
ht

0
1

15
2

0
97

0
84

.3
5%

A
lg
al

le
af

sp
ot

1
1

2
2

1
0

98
93

.3
3%

T
ab

le
3.

E
rr
or

m
at
ri
x
sh
ow

in
g
th
e
cl
as
sif
ic
at
io
n
ac
cu
ra
cy

of
th
e
Le
af
N
et

al
go
ri
th
m
.

149

Automatic Recognition of Tea Diseases Based on Deep Learning
DOI: http://dx.doi.org/10.5772/intechopen.91953



Accuracy ¼
P

kCCRk �NkP
kNk

(2)

Lastly, MCA is determined using Eq. (3):

MCA ¼ 1
k

X
k

CCRk (3)

6. Results and analysis

In this study, the accuracy of the SVM, MLP, and CNN classifiers in determining
disease states for tea leaves from images was evaluated. The results of these analyses
are shown in Figure 3. Error matrices were used to evaluate the accuracy of tea
leaf disease recognition classifiers (Tables 3–5). From these data, although LeafNet
algorithms are significantly better than SVM and MLP algorithms, three recognition
algorithms can usually correctly identify most tea leaf diseases. Traditional machine
learning algorithms extract the surface features of images, and the number is lim-
ited. The ability to represent image features is not strong, resulting in a low accu-
racy rate for identifying diseases. However, the CNN can automatically extract the
deep features of the image, which can more accurately express the features of the
disease image, so its recognition accuracy is higher.

It can be seen from the error matrix that the recognition accuracy of MLP and
SVM for the seven tea leaf diseases is 70.94% and 60.91%, respectively, and the
MCA is 70.77% and 60.62%, respectively. In the two algorithms, the correct rate of
the bird’s-eye spot is the highest, but there is no obvious regularity for the rest of
diseases. The bird’s-eye spot is clearly distinguishable, characterized by small
and dense red-brown dots, which are significantly different from other disease
characteristics, so its accuracy of identification is high.

The recognition accuracy of tea leaf disease by SVM and MLP algorithm is not
high, which is caused by artificial selection of features. The recognition effect of
SVM and MLP algorithm largely depends on whether the artificially selected fea-
tures are reasonable, and researchers usually rely on personal experience when
selecting features. Although better results can be obtained using artificial feature

Figure 3.
Accuracy (%) of disease classification for each of the three classification models in recognizing the seven
candidate tea diseases.

148

Advances in Forest Management under Global Change

W
hi
te

sp
ot

B
ir
d’
s-
ey

e
sp

ot
R
ed

le
af

sp
ot

G
ra
y
bl
ig
ht

A
nt
hr

ac
no

se
B
ro
w
n
bl
ig
ht

A
lg
al

le
af

sp
ot

Se
ns

it
iv
it
y

A
cc
ur

ac
y

M
C
A

W
hi
te

sp
ot

11
1

3
0

0
3

0
0

94
.8
7%

90
.2
3%

90
.1
6%

B
ir
d’
s-
ey
e
sp
ot

1
11
7

0
0

0
0

1
98

.3
2%

R
ed

le
af

sp
ot

0
0

95
7

0
8

1
85
.5
9%

G
ra
y
bl
ig
ht

0
0

4
96

3
7

1
86

.4
9%

A
nt
hr
ac
no

se
5

0
1

6
97

1
0

88
.1
8%

B
ro
w
n
bl
ig
ht

0
1

15
2

0
97

0
84

.3
5%

A
lg
al

le
af

sp
ot

1
1

2
2

1
0

98
93

.3
3%

T
ab

le
3.

E
rr
or

m
at
ri
x
sh
ow

in
g
th
e
cl
as
sif
ic
at
io
n
ac
cu
ra
cy

of
th
e
Le
af
N
et

al
go
ri
th
m
.

149

Automatic Recognition of Tea Diseases Based on Deep Learning
DOI: http://dx.doi.org/10.5772/intechopen.91953



W
hi
te

sp
ot

B
ir
d’
s-
ey

e
sp

ot
R
ed

le
af

sp
ot

G
ra
y
bl
ig
ht

A
nt
hr

ac
no

se
B
ro
w
n
bl
ig
ht

A
lg
al

le
af

sp
ot

Se
ns

it
iv
it
y

A
cc
ur

ac
y

M
C
A

W
hi
te

sp
ot

79
11

0
2

19
1

5
67
.5
2%

60
.9
1%

60
.6
2%

B
ir
d’
s-
ey
e
sp
ot

12
89

0
4

1
10

3
74

.7
9%

R
ed

le
af

sp
ot

2
4

59
23

2
19

2
53
.1
5%

G
ra
y
bl
ig
ht

0
0

13
70

8
17

3
63

.0
6%

A
nt
hr
ac
no

se
19

0
5

13
56

11
6

50
.9
1%

B
ro
w
n
bl
ig
ht

0
2

19
17

3
73

1
63

.4
8%

A
lg
al

le
af

sp
ot

9
10

12
13

3
4

54
51
.4
3%

T
ab

le
4.

E
rr
or

m
at
ri
x
sh
ow

in
g
th
e
cl
as
sif
ic
at
io
n
ac
cu
ra
cy

of
th
e
SV

M
al
go
ri
th
m
.

150

Advances in Forest Management under Global Change

W
hi
te

sp
ot

B
ir
d’
s-
ey

e
sp

ot
R
ed

le
af

sp
ot

G
ra
y
bl
ig
ht

A
nt
hr

ac
no

se
B
ro
w
n
bl
ig
ht

A
lg
al

le
af

Sp
ot

Se
ns

it
iv
it
y

A
cc
ur

ac
y

M
C
A

W
hi
te

sp
ot

83
13

0
3

15
1

2
70

.9
4%

70
.9
4%

70
.7
7%

B
ir
d’
s-
ey
e
sp
ot

6
10

0
0

6
1

5
1

84
.0
3%

R
ed

le
af

sp
ot

1
1

80
17

0
11

1
72
.0
7%

G
ra
y
bl
ig
ht

0
0

9
81

6
14

1
72
.9
7%

A
nt
hr
ac
no

se
13

0
4

10
73

8
2

66
.3
6%

B
ro
w
n
bl
ig
ht

0
5

16
15

3
75

1
65
.2
2%

A
lg
al

le
af

sp
ot

6
5

9
10

4
4

67
63

.8
1%

T
ab

le
5.

E
rr
or

m
at
ri
x
sh
ow

in
g
th
e
cl
as
sif
ic
at
io
n
ac
cu
ra
cy

of
th
e
M
LP

al
go
ri
th
m
.

151

Automatic Recognition of Tea Diseases Based on Deep Learning
DOI: http://dx.doi.org/10.5772/intechopen.91953



W
hi
te

sp
ot

B
ir
d’
s-
ey

e
sp

ot
R
ed

le
af

sp
ot

G
ra
y
bl
ig
ht

A
nt
hr

ac
no

se
B
ro
w
n
bl
ig
ht

A
lg
al

le
af

sp
ot

Se
ns

it
iv
it
y

A
cc
ur

ac
y

M
C
A

W
hi
te

sp
ot

79
11

0
2

19
1

5
67
.5
2%

60
.9
1%

60
.6
2%

B
ir
d’
s-
ey
e
sp
ot

12
89

0
4

1
10

3
74

.7
9%

R
ed

le
af

sp
ot

2
4

59
23

2
19

2
53
.1
5%

G
ra
y
bl
ig
ht

0
0

13
70

8
17

3
63

.0
6%

A
nt
hr
ac
no

se
19

0
5

13
56

11
6

50
.9
1%

B
ro
w
n
bl
ig
ht

0
2

19
17

3
73

1
63

.4
8%

A
lg
al

le
af

sp
ot

9
10

12
13

3
4

54
51
.4
3%

T
ab

le
4.

E
rr
or

m
at
ri
x
sh
ow

in
g
th
e
cl
as
sif
ic
at
io
n
ac
cu
ra
cy

of
th
e
SV

M
al
go
ri
th
m
.

150

Advances in Forest Management under Global Change

W
hi
te

sp
ot

B
ir
d’
s-
ey

e
sp

ot
R
ed

le
af

sp
ot

G
ra
y
bl
ig
ht

A
nt
hr

ac
no

se
B
ro
w
n
bl
ig
ht

A
lg
al

le
af

Sp
ot

Se
ns

it
iv
it
y

A
cc
ur

ac
y

M
C
A

W
hi
te

sp
ot

83
13

0
3

15
1

2
70

.9
4%

70
.9
4%

70
.7
7%

B
ir
d’
s-
ey
e
sp
ot

6
10

0
0

6
1

5
1

84
.0
3%

R
ed

le
af

sp
ot

1
1

80
17

0
11

1
72
.0
7%

G
ra
y
bl
ig
ht

0
0

9
81

6
14

1
72
.9
7%

A
nt
hr
ac
no

se
13

0
4

10
73

8
2

66
.3
6%

B
ro
w
n
bl
ig
ht

0
5

16
15

3
75

1
65
.2
2%

A
lg
al

le
af

sp
ot

6
5

9
10

4
4

67
63

.8
1%

T
ab

le
5.

E
rr
or

m
at
ri
x
sh
ow

in
g
th
e
cl
as
sif
ic
at
io
n
ac
cu
ra
cy

of
th
e
M
LP

al
go
ri
th
m
.

151

Automatic Recognition of Tea Diseases Based on Deep Learning
DOI: http://dx.doi.org/10.5772/intechopen.91953



classification, these features are specific to certain datasets. If you use the same
features to analyze different data sets, the results may be very different, which is a
problem inherent in these technologies.

LeafNet has the best recognition effect on the bird’s-eye spot, which may be due
to the obvious plant pathological symptoms and the strong recognition ability of the
LeafNet algorithm. The white spot disease was the second, while the other diseases
range from 84 to 93%. Because of the similar pathological characteristics of the gray
blight, red leaf spot, and brown blight, the classification accuracy of the three
diseases is lowest. The symptoms of gray blight and brown blight diseases are too
similar, which both exhibit annulations in their late stage and cannot be distin-
guished. In addition, the symptoms of white spot and bird’s-eye spot diseases both
include reddish brown spots at early stages. In addition, both anthracnose and
brown blight diseases are typified by waterlogged leaves during early disease stages,
while symptoms are different in the later stages. Some diseases can occur in tea
plants throughout the year, although some diseases occur at distinct times. Conse-
quently, diseases diagnosed at different times may affect the accuracy of disease
identification. Another factor that affects the accuracy may be that the tea leaf can
be infected with two or more diseases at the same time. This is because when the tea
leaf is infected by one pathogen, the leaves are suffering from physiological weak-
ness, and the second pathogen can easily infect. Therefore, the above factors
explain the main reasons for the low accuracy of the test model in some diseases.

In addition, the performance of LeafNet is compared with the method of Refer-
ence [40], which contains 10 diseases of 3 crops with a maximum accuracy of
97.3%. Therefore, the performance of LeafNet is slightly lower than Reference [40],
which used currently popular transfer learning algorithm. The main advantages of
this algorithm are as follows: the network can converge quickly when the data set is
small; easy to implement; and shorter training time. Therefore, in the future we will
continue to research on and apply transfer learning algorithms to identify more
plant diseases.

7. Conclusion

CNNs have developed into mature techniques that have been increasingly
applied in image recognition. The computational complexity needed for neural
network analyses is considerably reduced compared to other algorithms, and it also
significantly improves computing precision. Concomitantly, the high fault tolerance
of CNNs allows the use of incomplete or fuzzy background images, thereby effec-
tively enhancing the precision of image recognition.

Feature extraction is an important step in image classification and directly
affects classification accuracies. Thus, two feature extraction methods and three
classifiers were compared in their abilities to identify seven tea leaf diseases in the
present manuscript. These analyses revealed that LeafNet yielded the highest accu-
racies among SVM and MLP classification algorithms. CNNs thus have obvious
advantages for identifying tea leaf diseases. Importantly, the results from the pre-
sent study highlight the feasibility of applying CNNs in the identification of tea leaf
diseases, which would significantly improve disease recognition for tea plant agri-
culture. Although the disease classification accuracy of the LeafNet was not 100%,
improvements upon the present method can be implemented in future studies to
improve the method and provide more efficient and accurate guidance for the
control of tea leaf diseases.

In this manuscript, the expansion process of sample data is a time-consuming
process, but with the continuous growth of network information resources, the
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number of tea tree disease images will continue to increase, so we must collect
images of different morphological features in the early, middle, and late stages of
each disease and continuously expand the tea tree disease data set to make the data
set more detailed and comprehensive.

At present, disease recognition is based on computer system operations. How-
ever, as the performance of smartphones continues to improve, the recognition
model of deep convolutional neural networks is migrated to android-based mobile
applications. It can timely and accurately obtain relevant information about diseases
and can provide help for the control of tea tree diseases.
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classification, these features are specific to certain datasets. If you use the same
features to analyze different data sets, the results may be very different, which is a
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LeafNet has the best recognition effect on the bird’s-eye spot, which may be due
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images of different morphological features in the early, middle, and late stages of
each disease and continuously expand the tea tree disease data set to make the data
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Chapter 9

Forest Conservation Management
Using SWOT Analysis and QSPM
Matrix (Case Study in the Baluran
National Park, East Java,
Indonesia)
Adil Siswanto

Abstract

The Quantitative Strategic Planning Matrix (QSPM) has been succeeded and
implemented by the Baluran National Park (BNP) managers as an institution
strategy. This study wants to discuss the internal and external factor evaluation and
the priority strategy analysis of forest conservation management using a survey
method with collection of data by a questionnaire with a proportional random of
170 respondents of households. They are 120 as a member of Forestry Community.
Training Center and 50 respondents of local government and staff of BNP. Priority
strategy analysis consists of (1) optimizing the public participation to save the
natural tourism, (2) the transparency and accountably to maximize the conserva-
tion effort and the implementation of sustainable tourism, and (3) optimization the
resources as a tourist attraction. The practical implications are provided information
to a manager or related parties of the importance of internal and external factors
that affect the success of management strategy plan. Originalities of this research
are the internal and external factors, performing plotting on a matrix internal-
external, as well as considering and comparing the external and internal factors in
the SWOT matrix. The results can be taken by a decision in the formulation of
priority strategies by using analysis of QSPM.

Keywords: forest, conservation, management, quantitative strategic
planning matrix

1. Introduction

According to [1], National Park is a conservation area that has different types of
flora and fauna that can be relied upon to ensure the survival of human beings in the
present and in the future. Refs. [1, 2] indicated that almost of the protected areas
face threats and interference in the form of encroachment and illegal cultivation is
increasing from time to time. Refs. [1, 3] also stated that the reason of threats and
disturbances in the conservation area: (1) because of the institutional role of
National Park are still weak in increasing the public participation; (2) the level of
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public awareness is still low against the values of environmental conservation;
(3) the level of education or knowledge are still low; (4) the lack of agricultural
land; and (5) isolated villages around the conservation areas.

Darusman [4] says there are at least four reasons why the public participation is
very important in the national park management paradigm: (1) the public partici-
pation is an integral part of the National Park ecosystem; (2) public participation is
a very large part of the subject and object of development in Indonesia; (3) public
participation is a party and has been marginalized by development; and (4) public
participation is an enormous strength and significantly either positively or nega-
tively to the presence of the National Park conservation area.

Baluran National Park can be developed: (1) as a tourism activities based on
natural resources, organized with following the principles of ecotourism to mini-
mize the impact of tourism activities, (2) encourage the conservation of National
Park, (3) stimulate economic growth of local people, and (4) provide experiences
and conservation education for tourists.

Forest Conservation Management Benefits are able to (1) improve quality and
quantity of timber; (2) reduce soil erosion; (3) improve water quality; (4) provide
wildlife habitat; (5) sequester carbon in the soil; (6) increase energy source of
biomass; and (7) reduce forest health risk of pests and invasive species [5, 6].

Refs. [5, 6], also gives some recommendations of forest management plan,
include the need for a supporting institutional, legal, and policy framework that is
not just different but more dynamic, to facilitate resource management adaptation
and preparedness in a period of accelerating environmental change.

According to the State of The World’s Forests [7], “Sustainable forest manage-
ment”, “ecologically sustainable forest management”, “forest ecosystem manage-
ment”, the “ecosystem approach” to forest management and “systemic forest
management” are among the many terms used to describe concepts and practices
that incorporate the three pillars of sustainable forest management – economic,
environmental and socio-cultural aspects – to varying degrees.

Singh et al. [8] state that “strategy intent and strategic mission influenced by
external environment consisting of opportunities, threat or constraint, and internal
environment such as strengths and weakness. The external environment was
developed by external conditions such as economic trends, political or legal envi-
ronment, socio-culture environment, and global environment, which is affect to the
company’s performance. “Singh advises to do this study by using the value chain
analysis”.

Some research conducted by Fries [9] stated that the strategy is influenced by
variables organization are consisting of: (1) goals and values; (2) resources and
capabilities; (3) structure and system; and (4) environment variable such as (i)
competitors; (ii) communities; (iii) customers; (iv) government; (v) industry;
(vi) institutions; (vii) interest group; and (viii) media and public.

The research of Singh et al. and Fries [8, 9] that provide a gap to be studied by
using a variable internal to the organization concerning with the analysis of the
value chain by Michael E Porter [10] and the external variable organization based
on a research by Jochen [9].

Feurer [11] stated that there are five stages in the preparation of the strategic
plan an institution, such as (1) identification and classification of the organization’s
resources by identifying strengths and weaknesses; (2) identifying the organiza-
tional capabilities regarding what can be done organization for more effective and
efficient in the face of competitors; (3) utilize the potential resources and it is ability
to manage and achieve an competitive advantage in a sustainable manner and
immediately get some results; (4) choose a strategy that using the organization’s
resources very well and skills, also related to external opportunities; and (5) identify
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gaps of resources that need to be filled by additional investment, expand and
upgrade the resource-based organization.

Koontz and Weihrich [12] state that the design stage is the establishment so
many strategic plans of the mission, objectives, policies, procedures, rules, pro-
grams, and budgets, where this stage is tiered and hierarchical. The study objectives
are analyze and explained by the formulation of priorities strategic of the Baluran
National Park (BNP) through Quantitative Strategic Planning Matrix (QSPM).

According to Ref. [13], it is said that the Quantitative Strategic Planning Matrix
(QSPM) has become widely used among strategic management professors and
students for two decades. However, the Quantitative Strategic Planning Matrix
(QSPM) has not been widely adopted by strategic planning consultants and organi-
zations. Kazem Zare and Sepideh Karimi [14] also said that the Strength-
Weakness-Opportunity-Threat (SWOT) analysis is a powerful strategic tool for
evaluating an organization according to internal and external key factors. David and
David [13] stated that analytical tools are used by the Strength-Weakness--
Opportuniy-Threat (SWOT) Matrix and Boston Consulting Group (BCG) Matrix
that generate strategies and it can be evaluated by a Quantitative Strategic Planning
Matrix (QSPM).

According to Ref. [15] the management system in Baluran National Park sepa-
rated by three zones (see Figure 1). Based on Director general of forest Conserva-
tion and Nature Number SK.228/IV- SET/2012 and the date in December, 26, 2012
stated that some zone in Baluran National Park has include for: (1) Zone around
6920.18 Ha (27.68%); (2) Rimba Zone around 12,604.14 Ha; (3) Advantages Zone
around 1856.51 Ha (7.43%); (4) Traditional Zone around 1349,21 Ha (5.36%); (5)
Zone around 738.19 Ha (2.95%); (6) Security Zone around 1174.96 Ha (4.70%); and
also (7) Rehabilitation Zone around 365.81 Ha (1.46%).

2. Materials and methods

Quantitative Strategic Planning Matrix (QSPM) are (1) one of approach for
strategic management at the top level to evaluate strategic opportunities; (2) a

Figure 1.
Internal-external/I-E matrix Forest conservation management in the Baluran National Park Using SWOT
Analysis and QSPM Matrix.
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method of analysis that compare the activity of suitable alternative strategies;
(3) a method of analysis can provide for three (3) stages of strategy formulation
framework analysis; (4) is an analytical tool that is able to select the best
strategy objectively by using inputs and management techniques with easy
computational [16].

To implement strategy forest conservation management by using Quantitative
Strategic Planning Matrix (QSPM) analysis, within three stages as follows: (1) The
first stage for preparing an external factors evaluation matrix (EFEM), and internal
factor evaluation matrix (IFEM), (2) arrange external or internal matrix, then
determines the strategy to be taken.

The sampling method is proportional random sampling and unit analysis is the
heads-of-household who are members of the forestry community training center
(120 people) and local government and staff of Baluran National Park with 50
people (see Table 1).

Quantitative Strategic Planning Matrix (QSPM) are (1) one of approach for
strategic management at the top level to evaluate strategic opportunities;
(2) a method of analysis that compare the activity of suitable alternative strate-
gies; (3) a method of analysis can provide for three stages of strategy
formulation framework analysis; (4) is an analytical tool that is able to select the
best strategy objectively by using inputs and management techniques with easy
computational.

No Key external factors Weight Value
rating

Score

Opportunities

1 Global support to conservation of natural resources in developing

countries with tremendous natural wealth 0.05 3.88 0.19

2 Communication is getting better and coordinated between the parties 0.09 3.40 0.31

3 Policy budget resource management and transparency 0.12 2.84 0.34

4 BNP located in geographical zones that are growing rapidly 0.07 3.28 0.23

5 The Minister of forestry policies are encouraging management
programs and development

0.07 3.32 0.23

Threats

1 Population growth around buffer village of BNP with the space
requirements and ever increasing economic

0.14 3.04 0.43

2 The global economic downturn and the availability of jobs 0.09 3.28 0.30

3 Growth objects and attractions around BNP 0.12 2.76 0.33

4 The behavior of tourists and residents in the area of BNP
uncontrolled, potentially causing damage to forests

0.09 2.96 0.27

5 The rise of rare flora and fauna trade that affect the extraction of
natural resources

0.03 3.68 0.11

6 Local government policies that are inconsistent as influenced by
economic and political dynamics

0.13 3.32 0.43

7 Growth objects and attractions around BNP 0.12 2.76 0.33

Total 1.00 — 3.16

Table 1.
The external factor evaluation (EFE) matrix.
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3. Results and discussions

3.1 The External Factor Evaluation Matrix (EFEM)

The steps must be carried out by other agencies or managers to implement the
strategy of forest management using by analysis Quantitative Strategic Planning
Matrix (QSPM) within three stages as follows: (1) The first stage for preparing an
evaluation matrix external factors (EFE), and internal factor evaluation matrix
(EFI), (2) arrange external or internal matrix form (EI), then determines the
strategy to be taken. External factors are outside the organization that affect to the
successful of forest management, and may be divided into opportunities as the
external factors that it can encourage a successful management of BNP, and threats
from outside the organization as a factor, it has also been increase the risk of failure
to achieve management goals. The matrix evaluation of external factors is influence
to the management strategy of Baluran National Park (BNP) is presented in
Table 1.

Note that there are five opportunities and six threats facing by Baluran National
Park (BNP). Fifth opportunities include (1) the existence of global support to
conservation of natural resources in developing countries with a wealth of out-
standing natural, (2) the communication is getting better and coordinated between
the parties, (3) Policies institutional accountable and transparent in the manage-
ment of budget and resources, (4) Baluran National Park (BNP) lies in the geo-
graphical zone that is growing rapidly, (5) the policy of the Ministry of Forestry are
encouraging management programs and development.

While the six threats faced by manager of Baluran National Park (BNP) are:
(1) the population growth around Baluran National Park (BNP) with space
requirements and economic growth (2) the global economic downturn and job
availability, (3) Growth of object and tourist attractions around Baluran National
Park (BNP) not able to provide incentives and to improve a welfare of the sur-
rounding community, (4) behavior of tourists and residents in the area of BNP
uncontrolled, potentially causing damage to forests, (5) the trade of flora and fauna
that affect extraction of natural resources of Baluran National Park (BNP), and (6)
local government policies that are inconsistent as influenced by economic and
political dynamics. The weight and value given to each of the external factor is
based on the same criteria as is done in EFE. EFE matrix analysis results showed that
the total value is multiplied by the weight to the overall external factor is 3.16.

The analysis of the internal factors that influence the forest management indi-
cates that there are seven strengths and nine weaknesses that affect the perfor-
mance of forest management. Seventh strengths are: (1) biological and non-
biological diversity; (2) sustainability empowerment program with potential own-
ership of social assets that have the support of various parties; (3) Buffer zone
(Bitakol) entrance area as a Baluran National jungle zone; (4) the relationship
between Baluran National Park (BNP) with local people are good enough; (5) the
relationship and coordination with the local government runs well; (6) training to
improve quality of human resources of Baluran National Park (BNP) good, this is
indicated partly by the success of the staff who pass the competency of perfor-
mance; and (7) the wealth of biodiversity is able to attract the attention of the
academics to conduct a study and research.

Internal weaknesses are internal factors in forest management that affect forest
management organization to reach a destination that has been set. The results of the
analysis of internal factors indicate nine weakness in forest management, namely:
(1) the amount of the area has been disturbed habitat for the invasion of exotic
species; (2) disturbance forests increasingly high due to the lack of participation and
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method of analysis that compare the activity of suitable alternative strategies;
(3) a method of analysis can provide for three (3) stages of strategy formulation
framework analysis; (4) is an analytical tool that is able to select the best
strategy objectively by using inputs and management techniques with easy
computational [16].
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4 BNP located in geographical zones that are growing rapidly 0.07 3.28 0.23
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uncontrolled, potentially causing damage to forests

0.09 2.96 0.27

5 The rise of rare flora and fauna trade that affect the extraction of
natural resources
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Table 1.
The external factor evaluation (EFE) matrix.
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3. Results and discussions

3.1 The External Factor Evaluation Matrix (EFEM)
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awareness; (3) resource management wizard which has not been optimal so it is not
able to provide benefits in improving the welfare of the surrounding community;
(4) enforcement of tourist activity that has not been done properly; (5) law
enforcement is not optimal and transparent; (6) the conservation efforts Bull have
not shown optimal results; (7) the interaction of people still harm the BNP based on
characteristic of the socio-demographic aspects; (8) many memorandum of under-
standing (MOU) has not been implemented optimally; and (9) unavailable the road
map of research, so the research focused on the needs of researchers and research
objects.

The weight of each internal factor indicates the importance of each factor in forest
management. Figures weights between 0.0 indicate that these factors are not impor-
tant up to 1.0 indicating that the weights are very important and affect the success of
forest management. Grades or rankings indicate how effective the strategy of forest
management set will increase the internal strength or overcome internal weaknesses
that exist. Based on the analysis of EFI is known that the total amount is 4.64. It means
Baluran National Park has good potential internal factors (Table 2).

3.2 The Strength-Weakness-Opportunity-Threat (SWOT) Matrix

Based on the strengths and weaknesses found in Baluran National Park (BNP),
which has been described above, it will be found through a StrengthWeakness-
Opportunity-Threat (SWOT) analysis of forest management strategy to support the
vision and mission. The use of Strength-Weakness-Opportunity-Threat (SWOT)
analysis in this study aims to look at the feasibility of the potential of the region to
be managed with public participation as the key to a successful program to create a
sustainable forest management that is capable of providing independence and
prosperity of society.

Strength-Weakness-Opportunity-Threat (SWOT) Matrix used is to find
development options besides the main strategy that has been determined. Strength-
Weakness-Opportunity-Threat (SWOT) Matrix is built based on the results of the
analysis of strategic factors both internal and external factors which consist of

Table 2.
The Internal Factor Evaluation (IFE) Matrix.
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strengths, weaknesses, opportunities and threats. Here is a Strength-
Weakness-Opportunity-Threat (SWOT) analysis matrix of Baluran National
Park (BNP) (Table 3).

IFAS

Strengths Weakness

1.Biodiversity 1.A large area of habitat has been
disturbed

2. Sustainability programs related to
community empowerment which
receives support

2.Natural tourism is not optimal.

3.Bitakol area as an entrance area in
Baluran National jungle zone Good
relationships with community
institutions

3.Regulation of tourist activities not
enforced properly

4.Well�run and coordinated
relationships with local
government

4.Law enforcement has not been
optimal.

5.High�quality human resources 5.Bull conservation has not shown
optimal results

6.Biodiversity attracting academics
to do research

6. Interactions of people still hurt BNP

7.MOU has not been implemented

8.No road map for researchers

EFAS

Opportunities Strategy SO Strategy WO

1.Global support
for
conservation

Strategies that use strengths to take
advantage of opportunities.

Strategies that minimize weakness in
order to exploit opportuninties.

2. Improving
communication

BNP forest management strategies
(S 1,2,3,4,5,6,7; O 1,2,3,4,5)

The strategy of exploiting global support
for the restoration of degraded areas.
(W 1,2,4; O 1,2,3,4,5,6,7,8,9)

3.Resource
management
transparency

4.BNP as a main
corridor of the
Java�Bali

5.Encouraging
management
programs
strategy

Utilizing the global support strategy and
communication efficiency coordination
to enhance tourism competitiveness
BNP. (W 3,4,5,6,7,8,9; O 1,2,3,4,5)

Threats Strategy ST Strategy WT

1.Population
growth

Strategies that use strengths to
overcome threats.

Strategies that minimize weakness and
avoid threats.

2.The global
economic
downtown

Draw up strategies for optimizing the
preservation around BNP

The strategy of exploiting the objects and
attractions of natural resources in
transparency and accountability of
management policies to maximize
conservation efforts, including
implementation of sustainable tourism in
TN Baluran

163

Forest Conservation Management Using SWOT Analysis and QSPM Matrix (Case Study…
DOI: http://dx.doi.org/10.5772/intechopen.92217



awareness; (3) resource management wizard which has not been optimal so it is not
able to provide benefits in improving the welfare of the surrounding community;
(4) enforcement of tourist activity that has not been done properly; (5) law
enforcement is not optimal and transparent; (6) the conservation efforts Bull have
not shown optimal results; (7) the interaction of people still harm the BNP based on
characteristic of the socio-demographic aspects; (8) many memorandum of under-
standing (MOU) has not been implemented optimally; and (9) unavailable the road
map of research, so the research focused on the needs of researchers and research
objects.

The weight of each internal factor indicates the importance of each factor in forest
management. Figures weights between 0.0 indicate that these factors are not impor-
tant up to 1.0 indicating that the weights are very important and affect the success of
forest management. Grades or rankings indicate how effective the strategy of forest
management set will increase the internal strength or overcome internal weaknesses
that exist. Based on the analysis of EFI is known that the total amount is 4.64. It means
Baluran National Park has good potential internal factors (Table 2).

3.2 The Strength-Weakness-Opportunity-Threat (SWOT) Matrix

Based on the strengths and weaknesses found in Baluran National Park (BNP),
which has been described above, it will be found through a StrengthWeakness-
Opportunity-Threat (SWOT) analysis of forest management strategy to support the
vision and mission. The use of Strength-Weakness-Opportunity-Threat (SWOT)
analysis in this study aims to look at the feasibility of the potential of the region to
be managed with public participation as the key to a successful program to create a
sustainable forest management that is capable of providing independence and
prosperity of society.

Strength-Weakness-Opportunity-Threat (SWOT) Matrix used is to find
development options besides the main strategy that has been determined. Strength-
Weakness-Opportunity-Threat (SWOT) Matrix is built based on the results of the
analysis of strategic factors both internal and external factors which consist of

Table 2.
The Internal Factor Evaluation (IFE) Matrix.

162

Advances in Forest Management under Global Change

strengths, weaknesses, opportunities and threats. Here is a Strength-
Weakness-Opportunity-Threat (SWOT) analysis matrix of Baluran National
Park (BNP) (Table 3).
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3.3 Quantitative Strategic Planning Matrix (QSPM)

The last stage prioritization strategy that should be taken in the management of
Baluran National Park (BNP) which is capable of improving the sustainability of
economic, ecological and social is the analysis of Quantitative Strategic Planning
Matrix (QSPM). Each strategy was analyzed to determine its ability to improve the
internal strength to take advantage of existing opportunities, as well as to overcome

3.The growth of
tourism

BNP for the welfare of the local
community

4.The behavior
of tourists and
the residents.

(village buffer)

5.The rise of the
rare flora and
fauna trade

(S 1,2,3,4,5,6,7; T 1,2,3,4,5,6) (W 1,2,3,4,5,6,7,8,9; T 1,2,3,4,5,6)

6.Local
government
policies

Table 3.
A SWOT matrix.

Table 4.
Quantitative Strategic Planning Matrix Applied to Forest Conservation in Baluran National Park.
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internal weaknesses by controlling the threat to be faced. In the analysis of Quanti-
tative Strategic Planning Matrix (QSPM), that this capability is also called the
appeal. Rated appeal is 1–4, where 1 = not attractive, 2 = somewhat attractive,
3 = quite interesting, and 4 = very interesting.

Research results indicate by optimizing resource of destinations and tourist
attractions is 5.79 (Table 4). Strategies to increase public participation in the man-
agement of natural tourism is 5.82, the value strategy utilizing management policies
are transparent and accountable to maximize conservation efforts, including the
implementation of sustainable tourism is 5.80.

Priority strategies based on the analysis Quantitative Strategic Planning Matrix
(QSPM) specified three priorities that have a total value attractiveness score (TAS)
is highest include (1) increasing public participation in the management of natural
tourism, (2) utilizing the management policy that is transparent and accountable to
maximize efforts conservation, including the implementation of sustainable tour-
ism, and (3) optimizing resources destinations and attractions Baluran National
Park (BNP).

4. Conclusions

Developing a Quantitative Strategic Planning Matrix (QSPM) makes it less likely
that key external/internal factors will be overlooked or weighted inappropriately in
deciding which alternative strategies to pursue. Although developing a Quantitative
Strategic Planning Matrix (QSPM) requires a number of subjective decisions, mak-
ing small decisions along the way enhances the probability that the final strategic
decisions will be best for the firm.

As evidence for the Baluran National Park (BNP) examined in this paper, the
Quantitative Strategic Planning Matrix (QSPM) can be a useful strategic planning
tool even for small firms. Priority strategies based on the analysis Quantitative
Strategic Planning Matrix (QSPM) which include (1) increasing public participation
in the management of natural tourism with a value of 5.82; (2) utilizing forest
management policies are transparent and accountable to maximize conservation
efforts, including the implementation of sustainable tourism in TN Baluran with a
value of 5.80; and (3) optimizing resources destinations and attractions with a value
of 5.79.
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