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Abstract
Himalayan moist temperate forests have the highest contributing values in the forest resourc-

es of Pakistan. These forests provide timber for commercial and domestic use, non-wood forest 
products that are abundantly available for local farmers and the international market. These for-
ests are also source of fresh water to the lowlands. Locals and nomads are highly dependent 
on these forests for their livestock production. Silvicultural systems and tending operations are 
important management tools for the optimization and utilization of forest resources. Edaphic and 
biotic factors are also influenced by these systems for biomass production. There are two different 
silvicultural systems applied in the management: protection and conservation, i.e. selection sys-
tem (also including group selection) and clear felling system. The group selection and clear felling 
system were applied for experimental purpose in the 1980s. At present, only selection system 
with 3D’s (dead, dying and diseased), and damaged trees logging is accepted in different parts of 
the Himalayan moist temperate forest. Before 1992, 1.9 % and 88.6 % of activities were found for 
clear felling and selection system, respectively. Tending operations are also inactive in different 
parts of the forests. Tending activities i.e. weeding 21.1 %, cleaning 88.6 %, thinning 16.1 % and 
improvement felling 1.43 % average, were recorded to examine the active status in the study 
area. Studies must be conducted for the protection, conservation and management optimisation 
of these valuable forest resources.

Key words: afforestation, harvesting system, Himalayan temperate forest, management ac-
tivities, species composition.

erous forests (Müller et al. 2019). These 
forests are the major source of palatable 
plant species (Khan 1985), they also pro-
vide fuel-wood and medicinal plants to 
the local community (Sher and Al-Yemeni 
2011). Due to the heavy exploitation, in-
tensive utilization and recreational activi-
ties (Rashid et al. 2011) in these valuable 
ecological niches, the fauna and floristic 
community become near to extinct (Al-Ye-
meni and Sher 2010, Sher and Al-Yemeni 

Introduction

Ecologically and biologically Pakistan 
is one of the richest countries, including 
high mountains of Himalayan, Karakorum 
and Hindu Kush and deep Indian ocean 
with high diversity (Hussain 1984). Forest 
ecosystems are one of the major parts of 
the natural richness. Production is one 
of the key elements of forest resources 
and their services especially in the conif-
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2011). Special management is demand-
ed, for wildlife biodiversity maintenance in 
many cases (Moser et al. 2002).

To get maximum benefits without de-
stroying these forests, foresters need 
sustainable management rules and inte-
grated plans. Harvesting or silvicultural 
system is the scientific method to utilize 
these forests properly. Silvicultural sys-
tems are the ′set of silvicultural opera-
tions by which forest crops are tended, 
harvested, and replaced by new crops 
– this constitutes a Silvicultural Systems′ 
(Troup 1952) for standard definition (As-
sociation 1953, Champion et al. 1965b). 
Availability of environmental resources to 
establish and create new individuals and 
survivors are provided by the silvicultural 
treatments and tending operations (Harp-
er et al. 1965, Lewandowski et al. 2015). 
According to studies during four decades 
of span, plant compositions, differenc-
es were significantly shifted through the 
years, the sites were degraded due to re-
duction (35 %) in species richness, forbs 
and grasses ratio was increased due to 
an increase in acidity and change of the 
soil chemical composition (Mcgovern et 
al. 2011). The distribution of natural re-
generation, its amount and types are also 
determined by the interaction of a wide 
range of overstorey and understorey veg-
etation with climatic and edaphic factors 
(Bataineh et al. 2013). The soil have un-
dergone large changes in the past years 
due to environmental pressure (Mcgov-
ern et al. 2013), which affects the species 
composition, structure, and diversity of 
the forest stands. That ultimately influ-
enced the choice of silvicultural systems 
and tending operations in the mountain-
ous forest with scattered vegetation.

Outdoor recreation is the key eco-com-
mercial service of these mountainous for-
ests. Flora and fauna are highly diversi-

fied in its nature, great importance for pro-
tection and scientific management is re-
quired, for forest resources conservation 
and sustainability. Silvicultural systems 
and tending operations are important 
management tools for the optimization 
and utilization of forest resources. The 
present study is focused on identifying 
management activities and status of for-
est for conservation, protection and pro-
duction level.

Material and Methodology

Moist temperate forest of Pakistan – Eco-
logical consideration: Forests in Pakistan 
cover about 6.6 % of the country area 
(5,832,506 ha), where Himalayan moist 
temperate forests cover about 0.7 % 
(572,508 ha) of the total country area. 
These forests are found in Khyber Pakh-
tunkhwa (P), Punjab (P) and Azad Jammu 
and Kashmir (S) (Province (P), State (S)) 
at high altitudes (900–3500 m) (Bukhari et 
al. 2012) (Fig. 1). Typically represented by 
conifers, vertically on the down from these 
forests subtropical pine forests and on top 
sub-alpine and alpine pastures are found 
(Champion et al. 1965a). Dry temperate 
forests are found while moving horizontal-
ly from these ones which are surrounded 
by great mountainous ranges of Asia, re-
corded rainfall in the area is 635 mm to 
1524 mm (detail is given in Table. 1).

The Himalayan moist temperate for-
est is further classified for more precise 
and accurate research work as shown 
in Table 2 and Figure 2 (Champion et al. 
1965a). The geological formations of Him-
alayan moist temperate forest areas are 
mainly occurring on gneisses and schists 
(Shah and Moon 2004), also extended 
over shales, conglomerates, limestone, 
granites and quartzites (Champion et al. 
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1965a). Loamy soils are predominant in 
the area showing a wide range of distribu-
tion and accumulation of acid humus of a 
considerable depth likewise those found in 
the spruce forest (Tayor and Hoon 1934). 
According to the forest working plan of 
Himalayan moist temperate forest these 
forest stands fall in site quality II (moder-
ate) for vegetation growth and rarely sites 
are with site quality I (high) (Lughmani 
1961, Shah 1967, Yusuf 1955).

Data collection and analysis

Data were based on working/management 
plan of the forest divisions. The data were 
categorized into management activities 
(cultural operation, tending operation, and 
silvicultural system) along vegetation type 
and stand density shown in Table 1. Data 
was collected through random selection of 
forest division. For statistical analysis, fre-
quency distribution and percentage for ac-
tivities were examined. Thirty forest divi-

sions were examined for past and present 
management practices; due to variation in 
the area of forest, percentages of different 
activities were recorded. Rstudio, Sigma-
plot and PAST statistical packages were 
used. Data were representing through bar 
chart, histogram and line graph.

Problems of the area

Due to limited access to the study area 
(April to September) and also limited 
growing season (June to August), the re-
search activities need extensive planning. 
Due to the high influence and pressure of 
tourist activities (infrastructure), the study 
area is exposed to degradation during the 
summer season. Population pressure (en-
croachment, shifting cultivation, grazing, 
extensive fodder and medicinal plant col-
lection) also plays its negative role in the 
degradation of the forest cover, enhanc-
ing the erosion activities (Saeed 2003). 
Terrain and topography also affect the 

Fig. 1. Study area (ArcGIS 10.6 Academic version).
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research activities in the area for the pur-
pose of improvement and development of 
forest stands (Champion et al. 1965b).

Results and Discussion

Past and present silvicultural or har-
vesting systems: Due to the limited for-
est resources and less intense vegetation 
cover in Himalayan moist temperate for-
ests, the silvicultural (harvesting) systems 
have very limited application. In the past 
(1947–1992) these forests were harvest-
ed under proper silvicultural system, i.e. 
selection system (this system is applied 
due to low vegetation cover, steep terrain 
and also due to recreational activities in 
the area). In the 1980s one-hectare plot 
were harvested for research purpos-
es under group selection system, and 
one-hectare plot were clear felled under 
clear felling system. Besides that, strip 
clear-felling were also observed in Kund 

forest in the 1980s. Since 1993 until pres-
ent, green felling were banned, only 3D 
(dead, dying and diseased), wind fallen, 
top/half broken and snow damaged trees 
are harvested under prescribed selection 
system. The presentation of the research 
plots is given in Table 1.

The period before 1992 shows clear 
indication in Fig. 3 of scientific and man-
agement activities in the study area (av-
erage of percentage is about 1.9 % in 
clear felling area, whereas an average of 
88.6 % activities was found in the selec-
tion system). After 1992 there is a clear 
indication of less management activities 
in the study area shown in Fig. 4 (no evi-
dence of clear felling system were found, 
whereas selection system was partially 
working after 1999 by the government 
and average 14.56 % activities were 
active). The comparison between the pe-
riods is also illustrated on Fig. 5, which 
graphically represents the activities be-
fore and after 1992. 

Fig. 2. Structure of forest types in Himalayan moist temperate forests of Pakistan  
(Champion et al. 1965a).
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Silviculture or tending operations: 
Silviculture or tending operation tends to-
ward the improvement of the forest crop 
(Short and Radford 2008) by providing 
species selection and reducing the cano-
py, as well as the intensity of damages. 
The tending operation may be defined 

as ‘any treatment or tending designed to 
enhance growth, quality, vigour, and com-
position of the stand after establishment 
or regeneration and prior to final harvest’ 
(Helms 1998). According to the species 
composition, the operations were carried 
out in the forest area. Weeding is not com-

Fig. 3. Silvicultural system (Harvesting system) – past.
Note: X-axis – Forest division as plots (administrative zones for forest management),  

Y-axis – harvesting system share of activities, %.

Fig. 4. Silvicultural system (harvesting system) – present.
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pulsory because weeds are very rare in 
the area and mostly highly nutritional and 
palatable plant species were found due 
to favourable growth condition. Clean-
ings was done just before the plantation 
or afforestation activities. Due to the low 
density and cover in the study area, thin-
ning operation is very limited except for 
some special treatment. Pruning was also 
done during summer and before winter 
for fuel-wood collection and also for seed 
collection (Lughmani 1961, Shah 1967, 
Yusuf 1955).

Combine representation of tending op-
eration before 1992, whereas the activities 
after green felling ban were discounted in 
the research area. Weeding (WD) activi-
ties were about 21.1 % on average, clean-
ing (C) activities are higher in number but 
they are not clearly categorized by the 
department (88.6 % average), thinning (T) 
and improvement felling (IF) were found 
16.1 % and 1.43 % average, respectively 
shown in Fig. 6.

Conclusions

The discussion for conclusion is based on 
the available literature and past history of 
silvicultural operation in the mountainous 
region. Mountain forests show many prob-
lems worldwide (Borůvka et al. 2005). Due 
to the high recreational (tourism), conser-
vation (wildlife), commercial (timber, me-
dicinal plants and livestock), protection 
(watershed) and historical/geological (Hi-
malayas) values of the Himalayan moist 
temperate forests, sustainable manage-
ment of the forest must be focused for the 
future development of the area, as well as 
of the rest of the country (Champion et al. 
1965a). For the sustainable development 
of these mountainous forests, develop-
mental indicators must be defined before 
aim towards strategic and operational ac-
tivities (Golusin and Ivanović 2009). The 
socio-economic condition and livelihood 
of communities living in or adjacent to 
these forests are completely dependent 

Fig. 5. Combined representation of harvesting data in the research area.
Note: X-axis shows forest division as research plots as administrative zones, Y-axis shows the 

share of harvesting activities in the region before and after green felling ban.
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on these forests (De Sousa et al. 2015). 
These forests have high potential as a wa-
tershed for the water reservoirs (Tarbela 
and Mangla) and also a source of fresh 
water to all reservoirs of Pakistan. Study 
areas are highly productive for the fodder 
collection, livestock grazing and high value 
of medicinal plants, which are affected by 
the lack of research (Abbasi et al. 2012). 
Present and past harvesting system and 
management systems in the area are only 
focused on trees (main crop), very little 
importance was given to the understorey 
vegetation or undergrowth.

Impacts of harvesting or silvicultur-
al systems: Organizationally, as well as 
technically, timber harvesting or silvicul-
tural systems are complex systems due 
to the advancement in the technology 
(Shegelman et al. 2015). These systems 
exposed the area for many environmen-
tal, biological and social factors, research 
study related to the impact of harvesting 
system on the undergrowth, site index 
and site quality, growth of the regenera-
tion, composition, yield production, tree 
growth, diversity, and economic consid-

eration must be taken into account for 
the sustainable management of the area 
(Chaudhary et al. 2016). These areas are 
very sensitive to erosion, to reduce the 
rate of erosion or its control, vegetation 
cover plays a vital role for the protection 
and conservation of these watersheds 
(Bataineh et al. 2013).

Impact of silviculture/tending oper-
ations: Tending operations also plays an 
important role in the growth and establish-
ment of forest stands (Novák et al. 2015, 
Short and Radford 2008). Impacts of these 
operations affect the growth of the main 
crop, regeneration establishment, growth, 
space to the undergrowth, biomass pro-
duction, and soil potential for the growth 
and also for supply fuel-wood. Tending 
operations will also help the livelihood and 
socio-economic conditions of the local 
communities. Studies aimed in the future 
will also provide a good understanding of 
the management of these forests, to re-
duce the high flood risk, land destabiliza-
tion, sustainable eco-tourism, and eco-
logical diversity. The integrated manage-
ment plan for the optimum production and 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Sh
ar

e 
of

 te
nd

in
g 

op
er

at
io

ns
(0

-1
00

), 
%

Forest division, plots number
Tending operation IF_B1992 Tending operation T_B1992
Tending operation C_B1992 Tending operation WD_B1992

Fig. 6. Tending operations or silviculture practices in the research area.



 Past and Present Silvicultural Systems and Tending Operations in Himalayan ... 47

contribution to climate change, mitigation/
adaptation, and carbon sequestration is 
also required for future management and 
development of forest resources (Kumar 
et al. 2016).
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