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 الخہص

ر  الگنجت اک اطمہعل احلبظ دقماری ابنایتت ویمکیٹن اک زجتہی،الگنج
 ف
ی

 

ن
اہلگن ںیم پ اےئ اجےن واےل وک

 

اری قیقحت ربیخ وتخپوخناہ ےک علض ش
م
ت   ہ

  وچاھتیئ 

 

ی رمع اور  وشنامن   رشح رپ رموکز ےہ۔ہطقن رمک

 

 ی عن
ن

 پ  ی اور رجشی واعق اگنر

 

، ریثک ریغتم پ 

ت
 

اامعتسل  اک رطہقی اکر PCQ اسخ

  اقمم ےس
م
ر  ےک اغلب اوناع رپ لمتشم یھت ےب رطب رطےقی ےس ان   ومنہن دنبی  ۔ہ

 ف
ی

 

ن
اقنط   02رکےت وہےئ اچسیل فلتخم اقمامت وج ہک وک

  
م
 ہ ہعطق  02ہ

 

ذرہعی داپ

 

  ہطقن ےس زپ   اسہی وپدوں وک بب
م
  ےک افےلص ےس ےئل ےئگ۔ہ

ٹ

 
  رداس ےک یھب ےئل ےئگ۔  0.2م

ٹ

 
 م

ر  اور افوٹئ وس ویش  

ٹ

می کٹ
ہ

وللکیج وصخایصت ،)یتبسن اثکتف،یتبسن دعتد اور یتبسن اینبدی اپ  پ ا(اس ےک العوہ اوطس وتمیقں، اثکتف یف 

m اینبدی اپ  پ ا 

2

 اوی انبوٹ   پ اچن ولخمط اور  اچر اخصل اوناع ےک 
م
ذسک اور زہ

ٹ  

ر  اک اسحیب لمع یھب ایک ایگ۔ اس ےک زرےعی امہ یتمیق اب

ٹ

می کٹ
ہ

یف 

ا، ۱ان ںیمرگوہ ولعمم ںیک۔ 

 

ی ااپ
ھ

ت

من
س

ا  ا  

 

 ی ااہن،  اسیب ڈنپرو رگوہ، ۲۔اسیب ڈنپرو،  پ ائ
چ
ی ل

 ی ااہن رگوہ ۳۔پ اسنئ و
چ
ی ل

۔ڈسرس دویدارا اور پ اسنئ و

بر اجیئ اور ڈسرس ۴اور 
سٹ
ک

 ی ااہن، اسیب ڈنپرو،  پ اسنئ رو
چ
ی ل

 ی ااہن رگوہ ی  ونیع )اخصل(اقمامت سج ںیم پ اسنئ و
چ
ی ل

ا ،  پ اسنئ و

 

ی ااپ
ھ

ت

من
س

ا  ا  

 

۔پ ائ

ل
ب
 ی ااہن ےک اغلب اوناع پ اےئ ےئگ سج   سب ےس زپ ادہ اثکتف  20 کرک ۔ںی۔ ل اچسیل اقمامت ںیم ےس دویدارا اقب

چ
ی ل

اقمامت ںیم پ اسنئ و

ی ااہن    62اقمامت ےس اشمدہہ ایک ایگ  سج    زپ ادہ ےس زپ ادہ   9امندنئے رپ لمتشم یھت۔اس رطح اسیب ڈنپرو وک   092
ھ

ت

من
س

ا ا  

 

امندنئے ، پ ائ

لاور ڈسرس دویدارا 

ت
 

بر اجیئ اور دنب مخت درخ
سٹ
ک

وک پباارتلبیت دو اور اچر اقمامت  (Quercus baloot)وک نیت نیت اقمامت،پ اسنئ رو

ر  ریہ۔  7.0اور  7.4ےس احلص ایک ایگ نج   اثکتف 

ٹ

می کٹ
ہ

  یف 

ٹ

 
 م

  وہج ےس الگنجت وک  پ ااتسکن ںیم پ اےئ اجےن واےل دورسے الگنجت   رطح ان الگنجت   ادتبایئ دروجں ںیم الخء  پ اپ ا ایگ  سج 

ا ےہ۔ریثک ریغتایت

ت

ی درہج دنبیزجتہی لریغ پ ادیئار وصتر ایک اجپ

 

ی عن
 ہ
ی

 NMS ordination  وک زپ   اسہی وپدوں ےئلیک اامعتسل رک ےک

 ے رگوسپ   لکش ںیم ولعمم رک ایل

ٹ

ر  زجتہی ےک زرےعی اچر  پب

ٹ

سٹ
کل
 بیت اک اشمدہہ ایک ایگ۔ دروتخں ےک ابنہیت وک وارڈ 

ت

 ایگ۔ہی ام ابنہیت ےک پ

 وعالم، یٹم   یعبط وصخایصت ا

 

 
ور یٹم رگوپ ارڈی نشین لسلست رپ لمکم وطر رپ الوگ وہےت ۔ںی۔ اموحایلیت وعالم اسیج ہک رغجاایفیئ وعالم،زیم

 رگوپ ےئلیک ولعمم رک ایل ایگ۔
م
 اک ذغتہی ہ

   ،ایس رطح(P<0.001) سب ےس زپ ادہ قلعت 
م
زپ ادہ ےس زپ ادہ روےنک    پ این وک ( M.W.C.H)دنلبی ےن اظہ

،

ت

ی یٹم( ںیم یھب pHالصح 

 

چ کن

 اور 

ٹ

،سلٹ

ت

 
اک قلعت پ اپ ا ایگ۔ہکبج دورسے  (P<0.05)،  پ این   یمک، یٹم   یعبط وصخایصت)ری

 لسلست   اینبد رپ

 

ن

 

 ش
ی

 

 ی
ن

  ںیہن رکےت۔ دنلبی ارڈ
م
 ق ینعی قلعت اظہ

 

 مسق اک  ف
ی
 اور P<0.05 رپ  Axes II اور  Axes I انعرص سِک

P<0.01   لسلست رپ 

 

ن

 

 ش
ی

 

 ی
ن

ر  زجتہی   اینبد رپ اچر رگوپ پ اےئ ےئگ اور ہی ام رگوسپ ارڈ

ٹ

سٹ
کل
  رکےت ۔ںی۔ 

م
 Superقلعت اظہ

imposed  وہےت ۔ںی۔ 
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 PiceaاورPinus wallichiana, Abies pindrow,Cedrus deodara  لللاچر اغلب اوناع 

smithiana ےک دروتخں ںیم رمع اور وشنامن 

  

ارے اطمہعل ےک دوران اچروں اوناع ےک ےک فلتخم اسپ
م
  رشح وک یھب ولعمم ایک ایگ۔ہ

 ق رےنھک واال

 

راہوساےئ   Significant ظ رطقاحلب رطقپ اپ ا ایگ  ہکبج نیت اوناع ےک درایمن رمع  Correlation درایمن تہب زپ ادہ ف

ا۔ Significant ےک وج ہک    Abies pindrowای   ونع

ت

  ںیہن رکپ
م
ونع    Pinus wallichianaقلعت وک اظہ

 ےس ولعمم   یئگ۔اس رطح 072اسل وج ہک  202زپ ادہ ےس زپ ادہ رمع 

ت
 

  وچڑے درخ

ٹ

 
  زپ ادہ ےس Abies pindrowلیٹنیس م

 ےس ولعمم رک ایل ایگ۔ڈسرس دویدارا ےک  007اسل وج ہک   700زپ ادہ رمع 

ت
 

  وچڑے درخ

ٹ

 
   رمع 027یٹنیس م

ت
 

  وچڑے درخ

ٹ

 
یٹنیس م

ا    زپ ادہ ےس زپ ادہ رمع اسل ہکبج 229

 

ی ااپ
ھ

ت

من
س

ا ا  

 

اسل ولعمم   یئگ۔وشن امن   رشح وک ولعمم رکےن ےئلیک الگنجت   اموحایلیت  202 پ ائ

 درایمین

ت

 ی

ت
 

 ےس رکیل ہتخپ درخ

ت

 ےک الخء ےک اسھت اسھت پبادیلا مخت احل

ت
ت

 رجشاکریکی یھب قیقحت   یئگ سج ےس ہی پبات اشمدہہ ایک ایگہک وق

 ،  وشنامن   رشح ںیم ریغت ہعمب فلتخم دبتیلی پ ایئ

ت
ت

  dbhیئگ۔اس دصقم ےئلیک نیت فلتخم وحاےل، وشنامن   رشح ںیم ریغت ہعمب وق

  

اسپ

 الکوسں اور اوطس رمع ںیم ریغت ہعمب فلتخم رطق   الکوسں اک نیعت ایک ایگ۔وشنامن   رشح ااھٹروںی دصی ےک اقمےلب ںیم ایھچ ریہ ہکبج 

ت
ت

وق

 ان ںیم یمک واعق وہ یئگ۔ ےک الخء ےک اسھت

  رکےت  disturbance ےک اطمقب الگنجتاجت ام دےئ ےئگ وحاہل  
م
 اظہ

ت

  وہج ےس وشنوامن ںیم ریغ پ ادیئار احل

ذا الگنجت ہتسخ احیل اک اکشر ۔ںی اور ان وک وفحمظ انبےن ےئلیک رضوری وعالم اایتخر رکےن   رضورت ےہ۔

 

ل۔ںی۔ل
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ABSTRACT 
 

 The focus of our study was quantitative vegetation description, community 

analysis, structure of forests, multivariate analysis and dendroecology, (age, 

growth rates) investigation of Shangla Pine Forests of Khyber Pakhtunkhwa. Forty 

different stands dominating conifers species were selected randomly for this study 

using point centered quarter method (PCQ). In each stand 20 points were taken at 

every 10 meter intervals. Ground flora was also recorded by using circular plot of 

2.5 meter at each point. Phytosociological attributes (relative density, relative 

frequency and relative basal area) and absolute values (density ha
-1

and basal area 

m
2
 ha

-1
) were calculated for each site. On the basis of importance value index and 

floristic composition five communities and four pure monospecific conifer stands  

were recognized i.e. Abies pindrow - Picea smithiana community, Pinus wallichiana - 

Abies pindrow community, Cedrus deodara - Pinus wallichiana community, Picea 

smithiana - Pinus wallichiana community and monospecific stands of Pinus wallichiana, 

Abies pindrow, Pinus roxberghii and Cedrus deodara. Among these forty stands Pinus 

wallichiana was present in 32 stands which was the leading dominant species with 

the highest density of 296 individuals ha
-1 

followed by Abies pindrow which was 

observed in 9 stands with highest 86 basal area m
2
 ha

-1
, Picea smithiana and 

Cedrus deodara recorded from three locations, Pinus roxberghii from 2 sites and 

angiospermic tree Quercus baloot from 4 sites with very low 47 density ha
-1

 and 

4.1 m
2
 ha

-1
 basal area. Structure of these forests showed gaps in early dbh size 

classes as reported in many forests of Pakistan; however these gaps were due to 

illegal cutting and due to failure of regeneration. Therefore these forests are 

considered unstable.   
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Multivariate analysis i.e. classification, ordination of tree species and NMS 

for understory vegetation was applied to examine the vegetation pattern. Four 

major groups of tree vegetation were recognized for cluster analysis. All the 

groups were superimposed on ordination plane. Environmental characteristics 

(topographic factors, edaphic factors, soil physical properties and soil nutrients) 

were also evaluated for each group. Elevation was highly significant (P<0.001), 

pH, maximum water holding capacity, soil moisture and soil physical properties 

(sand, silt and clay) also showed significant (P < 0.05) relation, while the other 

variables did not show any significant relation. On the ordination basis elevation 

showed significant (P < 0.05 to P < 0.001) relation on axis 1 and axis 3. Cluster 

analysis of understory vegetation were also resulted into four groups, all these four 

groups were superimposed on ordination plane.  

Age and growth rates of different sized trees of four dominant tree species 

Pinus wallichiana, Abies pindrow, Cedrus deodara and Picea smithiana were 

estimated. In our study Age and growth rates of all four species showed highly 

significant correlation, diameter and age showed significant relation among three 

species, except Abies pindrow which did not show significant relation. The highest 

age was 326 years for Pinus wallichiana with 143 cm dbh sized tree. For Abies 

pindrow highest age was 412 years with 114 cm dbh size tree. Cedrus deodara 

134 cm dbh tree attained 339 years while Picea smithiana highest age was 320 

years. Forest ecology (Dendroecology) was also investigated to understand growth 

rates and its changes with the passage of time from seedling stage to mature tree of 

the study area. For this purpose three different aspects, variation in growth rates 

with time, variation in growth rate with different dbh size classes and variation in 

mean age with different diameter classes were find out. Growth rate was good in 

18 century while it was decreased with passage of time. All these aspects showed 

non-ideal condition of the forest growth due to disturbances. Therefore forests are 

in critical situation and prompt action should be taken to save these forests. 
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CHAPTER 1 

DESCRIPTION OF THE STUDY AREA 

1.1 Geography of Shangla District. 

District Shangla is located in the province of Khyber Pakhtunkhwa Pakistan. It is 

composed of many beautiful small valleys, which are situated between the hillocks, 

covered by forests, surrounded by high mountains. Shangla was remained the part of 

District Swat until notification in July 10, 1995 when it was declared as a separate district 

by the Provincial Government of Khyber Pakhtunkhwa. Alpurai is the headquarter of the 

district which is situated in the center of the district. The total area of the district is 

sorrounded by 1,586 square kilometers. The district lies between 33.08o to 34.31o North 

Latitude and 72 .33o to 73.01o East Longitude. In the north side it touches District 

Kohistan, in the East side by Battagram District and Kala Dhaka (Tor Ghar), in the West 

side it meets with District Swat and in the South by District Buner. Majority of the people 

are speaking Pashto language but Gujri, Kohistani and Hindko languages are also 

common. National language of Pakistan Urdu, is also spoken and understood. People of 

Shangla mostly work abroad in different countries and different parts of the Pakistan. 

Most of the people of the district depend upon agriculture sector. Despite of a high fertile 

soil, the size of the land holdings is very small. Desi Ghee (milk oil) and honey are the 

major products. The main fruits in the district are apple, walnut, plum, pear, persimmon 

(Amlook), mango, guava and apricot. Mushrooms of high quality are also cultivated. 

Popular crops are wheat, maize, and vegetables which are mostly consumed within the 

district. The wool from sheep is consumed locally in manufacturing of blankets and other 

woolen items. 

Most of the inhabitants are Afghani (Pashtuns). The major tribes in the area are 

Afghan, Gujar /Ajar, Syed, Mian and Khattak etc. Most of the people are living in small 

houses (made of Clay, stones and woods). A house usually consists of 2-3 rooms and a 

verandah. Joint family and Hujra (Betak) system is very common. Khyber Pakhtunkhwa 

is also known as the „land of hospitality‟ and the people of District Shangla seem to be 

http://en.wikipedia.org/wiki/Pakistan
http://en.wikipedia.org/wiki/Urdu_language
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the true picture of this title. They are famous for their great hospitality. According to 

the National Human Development Report; Shangla has the lowest human development 

index in the province and second lowest in the overall country. 

The topography of Shangla District is dominated by high mountains and narrow 

valleys. These mountains are the Western extremities of the Great Himalaya Range. The 

elevation of the district ranges from 1300 to 3,440 meters above sea level. The highest 

altitude point is (3,440m) situated near Kuz Ganrshal in the north side of the district. 

Some important beautiful and lush green valley‟s includes Shalkho Mountain near Lower 

Alpurai, Karral near Pirabad, Bahadarsar near Lilownai, Jabba near Basi and Pirsar near 

Besham Shang. There are some isolated agricultural fields most suitable for highly 

demanded cross pollinated vegetables and crops. In Shangla, most of the people depend 

on the natural resources. The local people of the community cut down the forest trees due 

to increased population and demands of agricultural fields for domestic purposes, because 

they have no alternative resources of fuel like coal, gas and electricity. During snow 

season one household cut 2 to 3 trees for his family and livestock. In Shangla local 

people directly depend on the wood from the open forest. In Shangla there was abundant 

of our national tree (Cedrus deodara) which is now depleted and in high risk, because 

most of the people are depended on these resources. In these areas, the illegal smuggling 

of wood is on extreme, since it is the most backward district of Khyber Pakhtukhwa 

Pakistan. According to a published government report, this district is on the top in ratio of 

poverty throughout KPK. Keeping in view low standard of living of its people, lack of 

infrastructure, severe cold winter, isolated geography and damages due to the devastating 

earth quake the people of Shangla District demanded positive attention, measurements 

response from government and NGOs for its sustainable natural resources, reconstruction 

and rehabilitation.  
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1.2. History of Shangla District 

             Shangla is the most important and historical Valley in South Asia: it is the home 

to several Buddhist hermits. A small Hindu community is also living in the Chakesar area 

of the district. Pir Sar is famous not only in the District Shangla but also in the entire 

region. It is historically important for its rich historical sites of Buddhists remains. It is 

said that the Sir. Alexander the Great's Army in 326 B.C (see Aornos) was visited to the  

region known as Ghorband in the North West of Shangla, they fought a battle with the 

local people at the Mount Pir Sar. Visited Pirsar, Dandai and camped at Pir sar for a few 

days and then went back from the area without further conquering. 

            There are also relics of the ancient Greek period at Pir Sar and Hindu Shahi in 

Qalandar-Ajmair. In the 15th century District Shangla witnessed a population shift from 

neighbor country Afghanistan (Pakhtun tribe Yousafzais) with locals migrating into 

Hazara. Another well-known area is Chakesar Valley. This village historically is the 

center of the District Shangla and thus was important for both the inhabitants and the 

invaders. For the protection of this village from invaders the local people set up four 

fortresses around this village and this was thus called Char Hesar which later converted 

into Chakesar. 

           A Hindu community consisting of about 7 to 8 families is  the part of this village. 

Locally these people are called Pukhtana which means the leaders in a sense. Pashto, 

or Pukhto is language of the Pashtuns and also is a code of conduct which is known with 

same name as Pukhto or some times Pukhtunwali. The leading and dominant people in 

this area and other nearby villages like Puran, Martung etc, were historically responsible 

for maintaining law and order in the area and hence were called Pukhtana which literally 

means Pashtoons and the people responsible for implementing the code of conduct 

known as "Pukhto". The decedents of these ancient lords are called Pukhtana. In these 

inhabitants each sub-tribe or clan carries whole or part of the name of their great 

grandfather normally followed by Khel which means tribe. Out of total population of 

75,000 people about 5,000 are "Pukhtana" in Chakesar. 

https://en.wikipedia.org/wiki/Aornos
https://en.wikipedia.org/wiki/Pashto_language
https://en.wikipedia.org/wiki/Pukhto
https://en.wikipedia.org/wiki/Puran
https://en.wikipedia.org/wiki/Martung
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Surrounding Chakesar area many mountains and valley are situated. The weather 

in the summer season mostly moderate and pleasent, and remain cold in the winter. The 

mercury goes below few degrees below the freezing point in December, January and 

February. The people mainly depend on cutting of woods for their household cooking as 

well as for warming their houses. Therefore rapid deforestation is a problem in this area 

right now and will be a great issue in the near future. The Swat State merged with Khyber 

Paktunkhwa in 1969 and all the state employee were absorbed in the central government.  

1.3 Geography of Khyber Pakhtunkhwa 

Khyber Pakhtunkhwa (KPK) is the province of Pakistan formerly known as North 

West Frontier Province (NWFP) located in North West of the country and borders with 

Afghanistan. Naran (Kaghan) valleys, Swat and Shangla valleys, Kalam and Upper Dir are 

the areas famous for its tourism. The climate of KPK varies immensely as it mainly 

mountainous region. Most of the northern areas are extremely cold in winter with 

temperature regularly below zero. The summer is pleasant with heavy rainfall in some 

areas like in Swat and Shangla District (1200 mm approximately) and with low humidity. 

One of the hottest places of Asia is situated here i.e. Jacobabad while on the other hand, the 

northern mountains have temperate weather in the summer and intensely cold in winter. 

1.4 Natural resources of Shangla District. 

The natural resources can be usesd for our better life style and for development of 

these areas. The Shangla district is full of natural resources in which water is the main 

source of the district. Other resources of the district are forest, medicinal plants, wildlife, 

tourism, fishes, fruits, vegetables and small hydal power units. The water resources are 

depending on the snow and rain. Shangla has higher potential for hydel power generation; 

in this regard one such project is underway at Khan Khowar. From this area two big 

rivers join with River Indus. Water recourse generated about 73 to 75 mega watt 

electricity which supplied to Punjab. This is also used for the water tube well and about 

2% of water is used for the cultivation. The district being situated on much height above 

sea level has thick and open gymnospermic forests comprising of Fir, Spruce, Kail, Blue 
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Pine, Chir and Deodar trees are dominating. These forests are a great source of income 

for the district. Moreover large number of medicinal plants of economic importance is 

found in the area. Some of these are Tarkha, Unab, Banafsha, Mushkibala, White Rose, 

Mint etc. The area has a variety of Fauna like Markhur, Brown Bear, Leopard, Snow 

Leopard, Wolf, Monkeys, Pigeon, Dove, Chakor and Snakes etc. 

Few photographs of Pine forests of Shangla District are pictured during field work. 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.: 1 Mix forests of Pinus wallichiana and Abies pindrow from study area. 
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Fig. 2 Mix forest of Picea smithiana and Pinus wallichiana at Jabba (Lilownai). 

 

 

 

 

 

 

 

 

Fig. 3 Abies pindrow thick forest at Shalkho area. 
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1.5 CLIMATE 

Shangla District is located in moist temperate area of Himalayan range of Khyber 

Pakhtunkhwa Province of Pakistan. The climate of the district varies due to altitudinal 

variation in different parts. In this district winter season remains extremely cold in the 

upper parts, while in the lower part it remains moderate. The rain and snowfall mostly 

depends on atmospheric condition. The annual rainfall is approximately 1415.9 mm and 

snow season last about 3 to 6 months from October to the end of February on the 

mountains peaks. Snow fall is the main source of water which is used for the domestic, 

agriculture and the hydro power energy. Mostly in this district the weather remains 

pleasant and moderate whole year. The temperature in summer ranges between 17oC to 

30oC while in winter the temperature ranges from zero to 20oC. Besham and Martung 

areas remains hot in the summer season. Farming is major income generating activity 

which largely depends upon rain water and only 2% of the cultivated area depends on 

irrigation channels. In Shangla District there is no meteorological station. The weather 

data, i.e temperature, precipitation and relative humidity described in our study was 

recorded at nearest station.  

1.6 Hydrography 

 Many of springs and streams flow through out the District as the rain last for long 

period in winter and summer. Four streams naming Danakol khowar, Pati khowar and 

Dandai khowar originating from the upper areas join to form Kanga khowar at Jadkool 

area that ultimately flow into River Indus. The main stream is the Ghowar-Band and 

Kana Khowar, Etai Khowar and Kangala Khowar which flow into River Indus at 

Besham, Kabalgram and Jadkool, respectively.  
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Table 1.1 Month-wise Temperature, Precipitation and Relative Humidity. 
 

 Mean monthly temperature Precipitation 
Relative 

Humidity 

Months Minimum Maximum (Millimeters) % 

January -2.4 11.2 111.4 69.7 

February -1.3 12.1 172.6 69.2 

March 3.1 16.2 242.2 66.4 

April 7.7 22.4 167.9 57.4 

May 11.6 27.6 88.0 47.9 

June 15.7 32.5 51.3 41.7 

July 19.3 31.4 145.7 60.3 

August 18.5 30.2 159.8 69.2 

September 13.6 29.0 81.8 64.1 

October 7.6 25.0 53.7 59.5 

November 2.5 19.9 50.7 59.5 

December -0.9 13.8 90.7 67.4 
 

Source: District Census Report of Shangla, July 2000. 

1.7 Occupations 

Mostly the people of District Shangla are uneducated and earn their living by 

farming in their fields.Many other are farming as tenants on the lands owned by the land 

lords of the area. Some of the people are working in foreign countries, other parts of the 

country and some are government servants. 

1.8 Agriculture 

 Most of the local inhabitants are involved in agriculture. The land of the District 

Shangla is much fertile but as compared to the number of the owner the agricultural 

holdings are very few and small. The main crops grown in the area are maize, wheat, 

barely and rice but sugar cane is very rarely grown. Vegetables like spinach, lady-finger, 

bean, potato, radish, turnip and peas are grown for domestic consumption.  
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Table: 1.2. Some major crops by their areas and production, grown in District 

Shangla. 

 

Crop 
Area (in hectares) / Season Production (in tones) / Season 

Irrigated Un-irrigated Total Irrigated Un-irrigated Total 

Kharif Crop 

Maize 1357 35598 36955 2068 35884 37952 

Rice 1446 - 1446 3092 - 3092 

Rabi Crop 

Wheat 1312 16455 17767 1580 15000 16580 

Barely 62 373 435 70 313 383 

Source: District Census Report of Shangla, July 2000. 

1.9 Forestry 

Shangla Valley has dense forested areas. These forests are situated mainly 

between altitudes 1,200 to 3,000 meters above the sea level. These forests are managed 

by the district forest department. The total forested area is about 98,000 acres. According 

to Shah (2005) These forests suffering ecological problems by climatic factors like 

snowfall, wind, light, drought and erosion and biotic factors including grazing, browsing, 

lopping and cutting of plants. Torch wood extraction from pines, illicit filling, 

encroachment, fires and smuggling are also major threats. 

1.10 Horticulture 

 Shangla is oneof the area where variety of fruits grown like Apple, Walnut, Plum, 

Pear, Persimmon (Amlook), Guava and Apricot. Goojai (Morchella) is also naturally 

found in the area of forest floor. Morchella is highly priced mushroom that sells at about 

Rs 6000 per Kg.  
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Table 1.3. Area under Orchards, in District Shangla. 

Fruit orchards Area (in hectares) Production (in tones) 

Apricot 18 180 

Apple 40 222 

Pear 15 260 

Peaches 20 202 

Plum 15 142 

Walnut ds 90 905 

Persimmon 20 180 

Source: District Census Report of Shangla, July 2000. 

Table 1.4.  Land utilization, of District Shangla 

Land utilization status Area (in hectares) 

Total reported area 137442 

Cultivated area 41759 

Net sown area 39986 

Current fallow 1773 

Un-cultivated area 95683 

Waste area 3860 

Forest area 44407 

Non available for cultivation 47416 

Source: Agriculture office Shangla/ Alpurai (2008). 
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Table.1.5 Main locations and site Characteristics of each stands of study area. 

Stand 

No 

Location and sites                      Elev  

(m) 

Slope 

(º) 

Aspect         Can         Com... 

1 Shangla Top Near Mangar 

Kot. 

2120 30 NW Open Pw. Pure 

2 Rehman  Abad  (Pagorai) 1490 30 NE Open Pw  Pure 

3 Picho Banda  (Dawlat 

Kalay) 

1560 40 W Open Pw Pure 

4 Matta Karin  (Dherai) 1720 30 SE Open Pw Pure 

5 Wachobi Card (Rahim 

Abad) 

1780 35 W Open Pw  Pure 

6 Kwaro Alpurai. 1795 45 NE Open Pw Pure 

7 Nakhtaro Ghar Machaarr 1990 45 NW Close Pw Pure 

8 Matta Morr Macharr 2 1890 40 NW Close Pw Pure 

9 Kotkay.1 Malak Khail 1790 45 N Moderate Pw Pure 

10 Kotkay .2  Near  

PuranMorr 

1780 50 NW Open Pw Pure 

11 Kandao. 1 ( Pir Khana)  2690 45 SW Close ApPure 

12 Kandao. 2  Near Ajmeer 1790 40 SE Close Pw Pure 

13 Bahadar Sar (Lilownai 

Hill) 

2810 35 S Moderate ApPure 

14 Mann Sar (Copper Sar)  2620 40 E Moderate Ap/Ps 

15 Safaray Karrall Near Mann 

Sar 

2780 45 W Close Ap/Ps 

16 NakhterNao (Kotkay)  2040 50 W Open Pw Pure 

17 Board Near Kotkay 2130 30 W Open Pw Pure 

18 Shangla Top.1 Check Post 2540 40 SW Moderate Pw Pure 

19 Shangla .2 Near Chishma 

Hotel 

2550 40 S Open Pw Pure 

20 Alpurai Dipu  Police Line 1650 35 NE Open Pw Pure 
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21 Lilownai Near Dipu 1610 30 N Moderate Pw Pure 

22 Yakh Tangay Poran Hill 2620 40 W Open Pw Pure 

23 Yakh Tangay Near 

Sharono 

2190 40 NW Close Pw/Ap 

24 Chakat (Near Karora) 1990 40 W Open Pw Pure 

25 Goli butt Near Radar 

Tower 

2000 40 SW Close Pw Pure 

26 Yakh Tangay Check Post 

Hill 

2180 45 W Open Pw Pure 

27 Yakh Tangay 2 Kandao 

Hill 

2240 40 W Close Pw/Ap 

28 Yakh Tangay 3 Bazar Koat 2260 30 NE Open Pw Pure 

29 Yakh Tangay 4 Near Sar 

Thana 

2160 45 E Open Pw Pure 

30 Yakh Tangay 5 Acharo 2120 30 NE Moderate Pw/Ap 

31 Kandaow Chakesar 2223 28 SE Open Pw/ Qb 

32 Bakht Banda  (Chakesar) 2369 33 S Moderate Ap/ Pw 

33 Poran  Towa (Dherai) 2103 25 NE Open Pw/ Qb 

34 Sanela Poran. 1298 30 NE Open PrPure 

35 Bund Dherai. 2014 35 W Open C d/ Pw 

36 Pitao Dherai 1451 40 NE Open Pr Pure 

37 Chaat Kandaow 2089 45 N Open Cd /Pw 

38 Nala Opal (Karora) 2094 50 S Moderate Cd  Pure 

39 Souray bund Shalkho 2556 R. Top R. Top Close Ap Pure 

40 Matai Jabba Lilownai 2374 28 NE Open Ps/ Pw 

 

Key to abbreviation: Elve = Elevation, Can = Canopy, Com = Community, R. top = 

Ridge top, N, = north, E = east. W = west, S = south. 
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Fig. 4: Study area map of Shangla District, showing locations of Stands. 
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1.11 Aims of the Study 

Since no vegetational information was available from the area, hence present 

study aimed to provide information about plant, communities, soil, population structure, 

their multivariate analysis and dendroecological information of the Pine Forests of 

District Shangla.  



 

 

PARTI 

PHYTOSOCIOLOGY
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1 Introduction 

Study area is surrounded by high mountains which are full of vegetations, however due to 

a huge number of illegal cutting of old and mature trees the climate of the area is totally 

effected. No comprehensive phytosociological work was presented from Shangla District 

of Pakistan. Therefore no information was available about the soils, plant communities, 

quantitative knowledge of vegetation and ecology of this area.Ahmed (1986) carried out 

Quantitative vegetation survey of some foot hills of Hamalayan region. Hussain et al., 

(1993) sampled quantitatively the vegetation of different graveyards of Sawabi District. 

Siddiqui et al.,(2009) presented the phytosociological structure of Pinus roxberghii (chirr 

pine) in lessor Himalayan and Hindukush range of Pakistan. Wahab et al., (2010) 

conducted phytosociological study of pine forest throughout District Dir. Khan et al., 

(2013) carried out vegetation–environmental relationships in the forests of Chitral 

District. Siddiqui et al., (2013) studied vegetation-environment relationship of conifer 

dominating forests of moist temperate range of Himalayan and Hindukush regions of 

Pakistan. Their investigation focused on quantitative description of other moist temperate 

conifer forest vegetation ignoring this area. Therefore present study would be the first 

quantitative vegetational study of the area. In this chapter brief description of 

Phytosociological work is presented which has been done in other parts of Pakistan.  

2.2 Phytosociological Studies 

In Pakistan, the earlier ecological studies were generally observational. Champion et 

al.,(1965) described the forest types of Pakistan. Its formation extended along the whole 

length of Pakistan, including Hindukush and Himalayan ranges between the subtropical 

pine forests to the sub-alpine formation. In his book “Forest types of Pakistan” he 

described forests of Pakistan mainly on the basis of variation in temperature, moisture 

and elevation. Their study covered the vegetation survey of all provinces. He concluded 

that species alone could not always be used to indicate a climatic zone, according to him 

several species having wide ecological tolerance to different climatic regions. 
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            However, with the passage of time gradually quantitative methods were 

introduced and the vegetation was described using quantitative methods. Various workers 

like Ahmed & Qadir (1976), Ahmed (1986, 1988, 1989), Ahmed et al.,(1989, 1991). 

Ahmed et al., (1990 a & b), Ahmed et al., (2006); Khan et al., (2008) and Siddiqui et al., 

(2009) have investigated the phytosociology of different mountainous areas of Pakistan.  

            Chaghtai and Yousaf (1976) presented four communities from Kohat. They 

focused on the ecology of the native vegetation of Kohat. They noticed that Acacia 

adhatoda and Acacia malcolmia communities were dominated by Acacia modesta on 

more meisic sites, while other communities were reported on stream beds and on greatly 

disturbed open and xeric sites. They also suggested that biotic interference will be taken 

by Cappiris decidua which can form a climax with Salvadora oleoides. 

             Quantitative phytosociological survey was carried out by Ahmed and Qadir 

(1976) along the way of Gilgit to Goppis, Yasin & Phunder. They sampled 46 different 

locations by using Plottless method and 10 communities were recognized on the basis of 

physiognomy floristic composition, and importance value index. The maturity and 

homogenaty of stands were also studied. 

           Chaghtai and Shah (1978) conducted the phytosociological studies in the 

graveyards of Peshawar District. They made a comparative study of the available Na+, 

K+, Ca++, NO3 and PO4 in the soil of graveyard and adjacent wild land. Soil of the 

graveyard was rich in Ca++ and PO4. They concluded that the number of species in a 

community was limited by the degree of salinity and texture. Amount of CaCo3 content in 

soil governed the dominance of species in the communities. 

           In the Baluchistan Province of Pakistan, an ecological survey based on the 

phytosociology of wastelands of Quetta-Pashin Districts, was conducted by Kayani et al., 

(1984). They recognized six communities of vegetation from the sampling site. They also 

established correlation between vegetation and properties of soil (physical and chemical).  

            Ahmed(1986) carried out a Quantitative survey of vegetation of some foot hills of 

Hamalayan region. He sampled seventeen stands along Silk Road from Gilgit to Passu 

and reported six plant communities on the basis of species dominance, importance values 
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and similarity index. He found some homogenous communities with low soil fertility in 

this area. Similarly Ahmed (1988a) sampled 32 locations along road side, Gilgit to 

Chillas and Astore from northern dry temperate area. He recognized 15 plant 

communities on the basis of floristic composition and similarity. Ahmed (1988b) also 

presented the population structure of planted tree species of Quetta, Baluchistan. 

             Chaghtai et al., (1988) described the ecology of an upland forest, near Noshera 

and analyzed vegetation along slope gradient. The vegetation along slope gradient 

comprises of Olea ferruginea, Monotheca buxifolia, Acacia modesta, Dodonea viscosa 

and cymbopogon jawarancusa .The first three species were dominated species. 

              Kayani et al., (1988) conducted quantitative survey of vegetation in Nasirabad 

and Sibbi districts of Baluchistan. They recognized nine plant communities out of twenty 

stands of vegetation sampled. They studied their relationship with soil, physical and 

chemical properties. 

             Temporal changes in vegetation of Mirjani top (alt.2980m) Gallis Hazara were 

presented by Chaghtai et al., (1989) they noticed that considerable changed occurred in 

vegetation of the study area due to climate. Conclusion were made that grazing, 

avalanches and fast blowing winds were the major factors  which did not allow the 

conifer and other broad leaved species to get established there. 

             In Baluchistan, the regeneration status of Juniperus excelsa was discussed by 

Ahmed etal.,(1989). They did class frequency distribution and examined the regenerating 

seedlings. The results showed that the population of regenerating seedling was 

satisfactory in this area.  

           Ahmed et al., (1990a) described the present state of Juniper in Rodhmallazi forest 

from Baluchistan. They explained the forest population by studying their density, basal 

area, age and growth rate. They found great variation among age and growth rate of 

similar diameter trees 

            Ahmed et al., (1990b) sampled Juniperus excelsa and also population structure 

and dynamics of Baluchistan Pakistan. Density basal area, age and growth rate were 
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calculated, strong correlation was found between basal area and density. They collected 

some tree sections to estimate their age and growth rate. They also analyzed soil for 

selected physical and chemical characteristics and their degree of disturbance due to 

logging and burning. 

Hussain et al., (1993) quantitatively sampled the vegetation of 20 different 

graveyards in District Sawabi (KPK).Three main communities, Dilbergia sisso, Meliaa 

zedarch, Zizyphus mauritiana with two sub types and Acacia modesta with five sub types 

were recognized on the basis of similarities index, IVI, and floristic composition. Due to 

various disturbances (a biotic and biotic) there was great variation in species dominance. 

They suggested that the vegetation type may be changed due to water seepage from near 

by Tarbela dam. 

             Awan et al., (2002) carried out the impact of soil characteristics on vegetation of 

Swat District and recognized 10 plant communities on the basis of importance values of 

three leading dominants. It was observed that in Swat district soil of the mountainous 

areas were generally shallow to moderately deep having loamy and gravely texture. It 

was concluded that variation in the vegetation between different soil types and the 

particular soil was attributed to the variation in water availability and other microclimatic 

differences.  

            Malik and Malik (2004) recognized seven plant communities viz,1. Adiantum- 

Olea, 2. Acacia modesta, 3. Dodonaea – Acacia themedia, 4. Pinus – Themeda, 5. 

Imperata – Pinus, 6. Pinus roxberghii and 7.  Pinus carica - Themada from Kotli hills 

during moonsoon of 2000 in Azad Jammu and Kashmir. They investigated there 58 total 

plant species, out of which 9 species were woody, 13 were shrubby and remaining 36 

were herbaceous. They suggested that the area need complete protection from biotic 

interferences, deforestation, grazing and human influence. 

            Ahmed et al., (2006) conducted phytosociology study in different climatic zones 

of Hamalayan region of Pakistan, based on population structure, floristic composition and 

importance value. 24 different communities and four monospecific forest vegetation was 

recognized. Quantitative description showed similar floristic composition but differs in 

quantitative values. 
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            Phytosociological attributes of different plant communities of Pir Chinasi Hills of 

Azad Jammu and Kashmir was carried out by Malik and Hussain, (2007). The vegetation 

of Pir Chinasi hills has been protected from biotic interference and can be used as a 

typical example of natural vegetation showing vigorous growth. Environmental factors 

such as climate soil condition, temperature, humidity, rain fall, wind and biotic factors 

were studied in relation to vegetation structure. They recognized 13 plant communities 

having 77 plant species. It was found that chemical contents of soil played a significant 

role in giving particular shape to these communities. 

             Wahab et al., (2008) presented the dynamics of some pine forests of Afghanistan 

closed to the Pakistan boundary.  They found two monospecific and one bispecific 

communities from the study area. Age and growth rates were also obtained without any 

significant relation. Tree seedlings indicated poor regeneration status of the forests. 

              Siddiqui et al., (2009) discussed the phytosociology and structure of Pinus 

roxberghii (chir pine) in lessor Hamalayan and Hindukush range of Pakistan. They 

sampled 13 stands in different areas in altitudinal range from 7590-1700 meters. 

Phytosociological attributes and absolute values were calculated and circular plot to asses 

the vegetation on the forest floor. Dodonaea viscosa, Punica granatum, Erodium 

viceasativa, Daphnem uronata were the most common Angiosperm associated with chir 

pine. They concluded that the forest area in unstable and in degraded stage and would be 

vanished if not maintained on scientific principles.  

            Ahmed et al., (2009) described the structure of Olea ferruginea (Royle) forest of 

Lower Dir. They recognized 10 communities with similar floristic composition but 

different quantitative values. They concluded that the forest showed no recruitment since 

last 10 to 15 years. 

             Hussain et al.,(2010) studied  phytosociology and structure of Central Karakuram 

National Park of Northern areas of Pakistan. They used point center quarter method 

(PCQ) for tree species and circular plots for understory vegetation. Five stands of trees 

were dominated and eight stands of bushes were also recorded. Pine tree species were 

distributed as a pure stands in different sites with higher density and basal area. Diameter 
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size class structure of trees species and bushes gives current status and also future trends 

of these forests. These forests show irregular size class distribution, therefore these 

forests and vegetation need some special attention to save and protect it. 

            Khan et al., (2010a) conducted studies on broad leaved species, Monotheca 

buxifolia forests along an altitudinal gradient in District Dir Lower. They studied species 

richness, and diversity with respect to change in altitude. Similarly Khanet al., (2010 b) 

carried out structure and regeneration potential of broad leaved species associated with 

Monotheca buxifolia in District Dir Lower. They concluded that Monotheca buxifolia and 

Quercus baloot showed good generation potential but the associated broad leaved species 

were at the risk of elimination. They recommended some out lines for the future research 

and sustainable management of these species.   

             Ahmed et al., (2010) presented description of Deodar community from 

Himalayan range of Pakistan on the basis of phytosociology, floristic composition of the 

tree species and importance value index. Seven Deodar mix communities and Deodar 

pure forest were recognized and described quantitatively, while poor floristic similarities 

were found on forest ground between communities. Communities were related to 

differences in climatic zones, microclimatic conditions and degree of disturbances.   

              Akbar et al., (2011) presented quantitative description and structure of some 

forests of Skardu District of northern areas of Pakistan. Two gymnospermic tree species 

and one angiospermic tree species were recorded in these forests. Gymnospermic species 

were widely distributed and dominant with the association of angiospermic species. Size 

class structure shows gaps in each tree species indicating unstable conditions of these 

forests due to anthropogenic disturbances. 

            A phytosociological analysis, structure and physiochemical analysis of soil in 

Quercus baloot forest in Chitral, Hindukush range was presented by Khan et al., (2010b). 

They studied eight stands at four different valleys i.e Gol National Park (GNP) 

Bumburate, Rumber and Birr at an altitudinal range of 1770 to 2370m asl. They 

recognized pure community of Quercus baloot at five stands while at three locations, 

Quercus baloot was found as a co-dominant tree species. It was observed that Quercus 
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baloot and Quercus dilitata large size trees were at the risk of elimination due to 

anthropogenic factors.  

             Wahab et al., (2010) conducted phytosociological study in pine forest throughout 

district Dir. They sampled twenty five pine forests. A total of six pine tree species 

belonging to two families and five genera were recorded from various stands at different 

altitudes, exposure and degree of slopes. They recognized ten communities on the basis 

of importance values and floristic composition of the stands. Pinus wallichiana - Deodar 

community was the most widely distributed community of the study area. 

              Ahmed et al., (2010) presented the phytosociological analysis of selected 

graveyards of upper Swat. They recognized seven different communities and identified 

54 families and 95 species. Some of them were herbs, shrubs and 20 were tree 

respectively. They showed that the vegetation of the selected graveyards is comparatively 

less disturbed and the floristic compositon was different from elsewhere due to religious 

sanctities. They also recommended that these natural forests may be saved by mutual 

conservational efforts of local community and government departments. 

            Siddiqui et al., (2011) presented the vegetation description, disturbance factors 

and distribution of trees and under storey species of moist temperate conifer forest of 

southern Hamalayan and Hindukush regions of Pakistan. Five conifer species and seven 

Angiospermic species were sampled. Among conifers, Pinus wallichiana occupied 

highest frequency found in 35 stands, while Abies pindrow occurred in 27 stands with 

high importance value and density. Cedrus deodara which was found in different 

climatic conditions recorded from 22 sampling sites. Angiosperm species were associated 

with conifers attained with very low frequency. Grond vegetation was also assessed to 

find the associated vegetation of the forest. Similarly Siddiqui (2011) presented the 

quantitative vegetation description of moist temperate conifers forest of Hamalayan 

region of Pakistan. They recognized that the moist temperate forests were highly 

disturbed due to anthropogenic disturbances. 

             Akbar et al., (2011) conducted quantitative study of forest vegetation on the basis 

of phytosociological analysis and maximum importance value index. They recognized 
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five communities of mix tree species. Eighty three plant species of various herbs, shrubs, 

tree seedling were observed and identified. These important forests are existing under 

anthropogenic threats and environmental disturbances. They also suggested that stands 

with paucity of seedling shall need more serious attention. 

             Hussain et al., (2013) described the quantitative community description from 

Central Karakuram National Park Gilgit Baltistan. On the basis of phytosociology they 

recognized six communities quantitatively. They had seen poor floristic similarities 

between communities at different elevation and sloop. Pine tree species were also 

distributed as a pure stands in different areas with higher density and basal area. They 

also shown that vegetation was deteriorating under anthropogenic disturbance therefore 

need some special attention to protect this forest. 

             Ilyas et al., (2012) describe vegetation conservation and threats to mountain 

temperate forest ecosystem of Qalagai Hills Swat, which is under severe anthropogenic 

pressure in the form of logging deforestation, overgrazing and clearance of forest for 

Terrance cultivation. They present endeavors were under taken to assess the structure and 

composition of the existing vegetation of the area with the aim to suggest strategies for 

the conservation of this threatened ecosystem. They identified eight plant communities 

based on floristic composition, on the basis of highest importance values, similarities 

index, topography, physiognomy and adaphic factors.  

            Siddiqui et al., (2013) studied vegetation-environmental relationship of conifer 

dominating forests of moist temperate belt of Himalayan and Hindukush regions of 

Pakistan. Their investigation focuses on quantitative description of moist temperate 

conifer forest vegetation. Thirteen forest community types were recognized on the basis 

of dominance (importance value) and its relation to associated topographic and climatic 

characteristics.  

             Sher et al.,(2013) carried out phytosociological study of summer vegetation of 

Sundan Galli Hills, Bagh District of Azad Kashmir, Pakistan. They recognized thirteen 

plant communities on the basis of importance values. They described the biomass of the 

forbs increased with increasing in altitude up to 2350mbut on the south facing slope it 
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gradually decreased towards the top. This shows quite opposite behavior regarding 

biomass on the same slope for the grasses. 

           Khan et al., (2016) carried out quantitative phytosociological analysis of pine 

forests of Indus Kohistan Khyber Pakhtunkhwa. They evaluated 7 tree species and their 

communities in 30 different locations. They recognized six communities and four 

monospecific stands of different gymnosperm tree species. 

2.3 Multivariate studies 

            In Pakistan Multivariate analysis (Stand ordination) was initiated by Shaukat 

(1968) followed by Ahmed (1973). Ahmed (1976) described the vegetation complex 

around Skardu area of Gilgit-Baltistan. The vegetations of different areas of the Pakistan 

have been discussed by some other scholars, like Hussain et al., (1994) Analyzed 

phytosociology and ordination of the vanishing tropical deciduous forest of Sawabi 

District of Khyber Pakhtunkhwa. Thy recognized three communities and also discussed 

the multivariate analysis, sociological relationship among the leading dominants in the 

trees, shrubs and herbs layer of the community and soil. It was concluded that soil pH and 

CaCO3and P2O5 were the most controlling factors in the distribution of the vegetation.  

            Awan et al., (2001) recognized twenty one plant communities of vegetation of 

Swat using multivariate technique (Cluster analysis).  

            Malik and Hussain (2006) presented classification and ordination of different 

plant communities of Lohibehr Reserve Forest and its surroundings, in Rawalpindi. They 

used Agglomerative Clustering two way indicator species analysis (TWINSPAN) and 

Detrended Correspondence Analysis (DCA) for community analysis. They also 

concluded that based on floristic composition classification and ordination techniques 

provided very similar results.   

            Malik and Hussain (2007) discussed the influence of Broussonetia papyrifera on 

the native scrub forest at the Hamalayan foothills, Margala Hills National Park (MHNP) 

Islamabad, Pakistan and its relation ship with ecological gradients which are important in 
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term of its spatial distribution. They used Cluster Analysis (CA) for species assembledge 

pattern and ordination analysis such as DCA, CCA and PCA to establish the relationship 

with the underlying ecological gradients. 

             Dasti et al., (2007) examined vegetation composition and multivariate analysis of 

Pothwar Plateau. Five plant communities were recognized on the basis of cluster analysis. 

The most noticeable feature indicated by this analysis was the separation of mountain 

complex communities from flat lowland community and clearly disjunctive patterns in 

the vegetation. They also used ordination to understand the relationship between 

vegetation, topography and soil properties. 

Multivariate analysis of alpine Meadow vegetation of Chapursan Valley of Pakistan was 

given by Wazir et al., (2008). They used Presence/absence data for classification and 

ordination of both sites and species. On the basis of cluster analysis they recognized 5 

vegetation types and discussed in the context of topography and edaphic heterogeneity. 

On the other hand using multivariate analysis of roadside vegetation and ecological 

aspects around Havalian City was evaluated by Sheikh et al., (2009). The floristic data 

were analyzed by using DCA and CCA ordination. About 63 plants species and five 

communities were recognized along 5 major roadsides as demarcated by DCA and CCA. 

They investigated environmental factors and its relationship with the vegetation structure. 

           Jabeen and Ahmed (2009) used two types of ordination techniques (DCA; CCA) 

to quantify the soil- vegetation relationship and floristic composition of Ayub National 

Park. They indicated that classification of vegetation data with TWINSPAN resulted in 

dichotomy while DCA and CCA expose the presence of four major plant communities 

and confirmed the species correlation with soil parameters. 

            Saima et al., (2009) described the floristic composition of vegetation of Ayubia 

National Park District Abbottabad, along an 18 km long transect. They analyzed 

vegetation data by multivariate analysis i.e cluster analysis, DCA ordination and 

correlation coefficient to detect relationship between environmental factors and species 

distribution. 
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           Ahmed (2009) studied growth, distribution, classification and correlation of 

herbaceous vegetation with edaphic factors of Margalla Hills National Park, Islamabad, 

using multivariate techniques viz. TWINSPAN and DCA ordination.  

           Ahmed et al., (2010) conducted a phytosociological study of vegetation of 

Motorway, Pakistan. TWINSPAN and DCA ordination were applied to classify and 

ordinate the data. TWINSPAN classified the vegetation into two major communities, 

which are further divided into sixteen sub communities.  

          Siddiqui et al., (2010) used multivariate techniques including cluster analysis and 

ordination to investigate vegetation- environmental complex of pine forests in moist 

temperate areas of northern Pakistan. Forty one stands of conifer forests of moist 

temperate areas were investigated. The vegetation study occurred between 1600m to 

3100m above the sea level. Significant correlation was found between vegetation 

composition and environmental variables on some places. The groups derived from tree 

vegetation data and that obtained by understorey vegetation also disclosed close 

correspondence.  

             Khan et al., (2011) conducted multivariate analysis on the vegetation of 

Hindukush range in Pakistan, concentrating on the structure and regeneration potential of 

Monotheca buxifolia and associated tree species. Twenty stands were chosen for the 

study at different locations in the Dir District of the Hindukush range in Pakistan. They 

also investigated relationships between environmental factors and vegetation.  

            Ahmed et al., (2011) successfully used TWINSPAN and DCA ordination to 

classify and ordinate the vegetation of Cedrus deodara dominating forests from 

mountainous areas of Pakistan. Khan (2011) investigated the vegetation pattern of Chitral 

district, Pakistan by using TWINSPAN, Ward‟s cluster analysis and DCA ordination, 

while Wahab (2011) evaluated the quantitative vegetation description of District Dir 

Pakistan by using Ward‟s cluster analysis and NMS ordination. 

           Ahmed (2012) used multivariate analysis and CCA ordination to conduct species 

response to environmental variables in Ayubia National Park, Pakistan. They classified 
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the species distribution and abundance in the Park. They recorded 59 species belonged to 

32 families.  

           Khan et al., (2012) A community analysis of Quercus baloot Griff, forest from 

District Dir, Upper Pakistan. They surveyed twenty two relatively undisturbed 

Quercusbaloot dominating stands on different physiographic situations in District Dir. 

The purpose of the study was to investigate the types and structure of plant communities 

and ecological status of Quercos baloot using agglomerative cluster analysis and 

detrended corresponded analysis (DCA ordination). 

          Khan et al., (2013) carried out vegetation – environmental relationships in the 

forests of Chitral District of Hindukush range of Pakistan. They investigated the 

composition of plant communities to quantify their relationships with environmental 

parameters in the Chitral area. They also analyzed and evaluated edaphic and topographic 

factors. 

           Khan and Hussain (2013) conducted a survey of natural vegetation of semi arid 

areas of Karak District of Khyber Pakhtunkhwa using Hierarchical Cluster Analysis 

(HCA) and Detrended Correspondence Analysis (DCA) for the plant species and also 

community analysis. Classification and ordination techniques provided similar results 

based on the floristic composition and communities analysis.  

    Siddiqui et al., (2016) evaluated the vegetation composition and assessment of under 

storey species of Malam Jabba forest, KPK using multivariate techniques Agglomerative 

Cluster analysis (Ward‟s method) and Principle Component Analysis (PCA) to ordinate 

these groups on all three axes.  

Bokhari et al., (2016) studied floristic composition and communities of some pine 

forested areas of Azad Kashmir using multivariate (Ward‟s method) analysis in order to 

analyze the effects of past earthquakes and landslides on vegetation of these areas. 

Rahman et al., (2017) surveyd Pinus wallichiana-dominated understory 

vegetation of the temperate forests of Swat District to estimate the structure, composition 

and ecological associations of the forest vegetation. A total of 92 species with 77 genera 

belonging to 45 families were recorded. Importance value indices (IVI) were calculated 
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and subjected to ordination techniques, i.e. canonical correspondence analysis (CCA)and 

detrended correspondence analysis (DCA). 

As mention earlier that no phytosociological / multivariate work was carried out 

from forests of Shangla District; therefore it was necessary to conduct this research in this 

area.  
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CHAPTER 3 
MATERIALS AND METHODS 

3.1 Sampling 

 Sampling was carried out in conifer dominating forests, throughout their 

geographical limits in Shangla Mountains during summer seasons of 2013 and 2014. 

Though some forests are disturbed but mature and least disturbed forests were selected for 

quantitative sampling. Point Centered Quarter (PCQ) Method of Cottam and Curtis (1956), 

was followed for quantitative sampling. In each forest (stand) 20 points were taken at 10 

meter intervals following Ahmed and Shaukat (2012). Ground flora was also recorded by 

using circular plot of 2.5 meters at each point. Phytosociological attributes (relative density, 

relative frequency and relative basal area) and absolute values (density ha-1 and basal area 

m2 ha-1) were calculated by following the method of Mueller- Dombois and Elenbearg 

(1974) and Ahmed & Shaukat (2012). Slope angle was recorded by using slope meter. 

Global positioning system (GPS) was used to obtain geographical coordinates, i.e 

elevation, Longitude and Latitude. Importance Value Index (Brown and Curtis, 1952) was 

used to rank each plant species. While species with highest importance value in each stand 

was considered as first dominant species. Each plant community was then given name on 

the basis of the first two dominant species. Unknown plant species were collected from 

each stand and then identified with the help of flora of Pakistan (Nasir & Ali, 1970-1989; 

Ali & Qaiser, 1993-2008) 

3.2 Phytosociological Calculations 

Following formulae were used for forest vegetation analysis. 
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Mean area occupied by an individual (M) = (d1)2 

 

                           
     

 
 

 

                                   
                             

                                       
     

 

Density ha-1 of a species (D) = 
  

   
                   

 

Basal area of a species (B) = D x average basal area for a species 

 

                 

dbh = Diameter at breast height of a main stem using dbh measuring tape.  

Radius of the tree (r) = ½ dbh  

Circumference = 2 r 

= 3.14159 
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3.2 Size class structure 

It was obtained by following Ahmed (1984) and Ahmed &Shaukat (2012). During 

sampling at each PCQ point, extra pine trees were sampled which were closed to the 

main trees. Density ha-1of each stand was calculated as per formulas described before. 

Different species were designed in various colors to show in a graph throughout all 

sampling locations. Following Ahmed (1984) tree dbh classes were obtained. 

Class 1 = 10.1 – 20 cm dbh trees 

Class 2 = 20.1 – 30 cm dbh trees 

Class 3 = 30.1 – 40 cm dbh trees 

Class 4 = 40.1 – 50 cm dbh trees 

Class 5 = 50.1 – 60 cm dbh trees 

Class 6 = 60.1 – 70 cm dbh trees 

Class 7 = 70.1 – 80 cm dbh trees 

Class 8 = 80.1 – 90 cm dbh trees 

Class 9 = 90.1 – 100 cm dbh trees 

Class 10 = 100.1 – 110 cm dbh trees 

Class 11 = 110.1 – 120 cm dbh trees 

Class 12 = 120.1 – 130 cm dbh trees 

Class 13 = 130.1 – 140 cm dbh trees 

Class 14 = 140.1 – 150 cm dbh trees 

Class 15 = 150.1 – 160 cm dbh trees 

Class 16 = 160.1 – 170 cm dbh trees 

Trees density of each class was calculated on per hectare basis and showed by bar 

graph. For further description we have divided these classes into small class, medium 

class, large class, extra-large class, mature classes and over mature classes following 

Ahmed and Shaukat (2012). 

1. Small class (10 to 30 cm dbh) 

2. Medium class ( 30.1 to 60 cm dbh) 

3. Large size class ( 60.1 to 90 cm dbh) 

4. Extra-large class ( 90.1 to 120 cm dbh) 
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5. Mature class (120.1 to 150 cm dbh) 

6. Over mature class (150.1 to 180 cm dbh). 

Density size class distribution in various classes show the structure of the pure or 

mixed forest on which future trends of the species or forest may be predicted. 
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CHAPTER 4  

POPULATION DESCRIPTION 

4.1 Introduction 

             Quantitative description and floristic composition of study area (distribution 

pattern of different tree species, density ha-1 and basal area m2 ha-1) of each stand and dbh 

size class structure of individual species of each stands are discussed in this chapter. 

Species distribution, abundance, size of trees and composition are mainly influence by 

topographic condition of area, so bearing these points in mind, forest structure of the 

Shangla District is described based on size classes and relation among density, basal area, 

slope and elevation. 

            Most of the natural forest resources of Pakistan are located in the mountainous 

regions of the Himalaya, Hindukush and Karakoram ranges, where more than 60% of the 

natural forest resources are distributed. Forests played a vital role to enhance the 

economy of any country, so adequate forest area is crucial for different natural resources. 

Population characteristics are one of the necessary features for ecology and sustainable 

administration of forest resources. The different variations in plant diversity and 

population structure are largely due to anthropogenic effects and other biotic factors. 

          Population structure of forests discussed in terms of size classes and in the forms of 

the individuals (Harper and White 1974). Sukumar et al.,(1992) stated that successful 

conservation of forest ecosystems will ultimately depend upon an understanding of forest 

ecosystem dynamics. Some other scholars stated that using of diameter distribution 

transversely a range of diameter class is an aspect of structure of a stand (Koope et al., 

1994). Kelly and Larson (1997) encountered the principal problems studying population 

dynamics of different communities of forest and observed that enough time required 

following individuals from germination to death. (However now dendrochronological 

method have over come these problems) and stem densities are used to infer past 

fluctuation in population size to predict future trends.With pasage of time increased in 

population growth should increasing demand of forest products and forest land, together 

put the remaining patches of forests on the verge of extinction. Detailed population 
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analysis and regeneration status of the forests are necessary as they form the basis for 

future plans to manage and restore these valuable forest resources. Therefore, the present 

study is significant in generating useful baseline in order to conserve and manage the 

native flora and fauna of these forest ecosystems. 

            During the last few decades these forests facing various anthropogenic pressures 

such as illegal cutting of trees, forming agriculture fields, construction of houses and over 

grazing by animals.There is no measure to quantify or express overall forest 

structure.Ecologically temperate forests of Pakistan are divided into moist and dry 

temperate, depending on the rainfall, humidity and temperature. In moist temperate zone 

high summer rainfall occurs where mountain masses stand exposed to the moist 

southwest winds. Moist temperate forests of Pakistan are distributed in narrow belt 

mostly evergreen natural forests of conifers, growing between elevations of 1500-4000 

meters above sea level in the northern mountainous regions of Pakistan and Kashmir. 

Economically coniferous forests are more important as they are Pakistan‟s major sources 

of commercial timber. However they should not be used for timber due to limited 

distribution (3% of land). Many workers conducted different ecological studies 

i.e.population dynamics and structure of different mountainous forests of the Pakistan, 

like Ahmed et al., (1988b) investigated population structure of different planted tree 

species of Quetta Baluchistan. Ahmed et al., (1990a) studied Juniperus excelsa structure 

and dynamics in Baluchistan. Ahmed et al., (1991) also investigated Pinus gerardiana 

forests in Baluchistan and describe their vegetation structure and dynamics. Siddiqui et 

al., (2009) studied the structure of some pine forests of Lesser Himalayan and Hindukush 

range of Pakistan on the basis of tree diameter and stated that anthropogenic disturbance 

and overgrazing area the reasons for theunstable forest structure. Ahmed et al., (2010) 

studied population structure of Cedrus deodara dominating forest from Himalayan and 

Hindukush range of Pakistan. Akbar et al., (2010) investigated the phytosociology and 

structure of Skardu District. Hussain et al., (2010 and 2011) reported the quantitative 

study of Central Karakoram National Park, Gilgit-Baltistan. Khan et al., (2011) and 

Wahab (2011) also investigate the vegetation structure and dynamics of Chitral and Dir 

districts of Pakistan respectively. However no one presented size class structure from 

present study area. 
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4.2 RESULTS 

This study was conducted in June to September 2013 and 2014. During this study 

total six tree species were recorded out of which five species were coniferous and one 

was non-coniferous, i.e Quercus baloot. Conifer species were Pinus wallichiana, Abies 

pindrow, Cedrus deodara, Picea smithiana and subtropical species Pinus roxberghii 

which were present in the area as dominant species. Each forest stand described 

individually according to their location, altitude from mean sea level, geographical 

coordinates, environmental characteristics and topographic features. Physical and 

observational features like forest condition, disturbance factor, ground surface, soil, 

understory species and their status are discussed. Size class structure (Fig.4.1) of each 

stand is also discussed in this chapter with graphical representation 

4.2.1 Stand description of individual forest, floristic composition and 

density size class structure. 

Description of the study area, quantitative floristic composition and density size 

class structure of each stand is describedin present section. (Fig. 4.1), shows the 

distribution pattern of all species in different size classes of forty stands. Population 

structure of forest is described on individual stands basis to show the present status and 

future trends of these forests. Over all structure of the forest, soil characteristics and 

anthropogenic disturbances was also described. 

4.2 .1.1 Stand 1. Shangla Top. 

 Pure forest of Pinus wallichiana was located near Mangarkot border of Shangla 

and Swat districts, at 2120m elevation between North latitude 34o88 and East longitude 

72.60 on North West facing exposure with 30o Slope angle (Table1.1).  

Density size class structure of stands is presented in (Fig. 4.1), showing 

distribution of tree species in different size classes. The canopy of this forest was open. 

Ground surface was covered with litters and dry leaves, branches and cones of trees were 

scattered on the ground surface. This forest was very thick due to high rain fall in the 
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area, now it is a disturbed area due to construction of road and illegal cutting of large and 

old trees.  All huge trees were eliminated by the local people for making their houses and 

for burning purposes. Ground vegetation was usually disturbed due to human interference 

and overgrazing. The soil of the surface was sandy, small pieces of gravels, pebbles and 

sedimentary rocks were scattered. Few cut stumps were also present here. 

The density of Pinus wallichiana was calculated as 56 stems ha-1with 14.5 basal 

area m2 ha-1 (Table 3.1). In this forest small, medium and large size trees were found 5%, 

55% and 40% respectively. The number of individual in small class is low. Density of 

trees increases in middle classes and then further decreases in the large classes. Extra 

large and mature classes were not recorded in this forest stand. Low number of 

individuals and gaps in extra large and mature class‟s show extensive cutting (Fig. 4.2). 

This unstable forest may disappear with time if no action is taken for its management and 

conservation. 

4.2 .1.2 Stand 2 Rehman Abad (Pagorai) 

 Pure forest of Pinus wallichiana was situated in Pagorai Natai about 1490m altitude on 

north facing slope at 30o slope angle.   

             The forest canopy was open. Large numbers of chopped stumps were present. 

The ground surface was covered with litters and dry leaves of pine trees. Soil erosion was 

common phenomena. Due to soil erosion roots of many trees were exposed in this area. 

Soil consisted of pieces of pebbles and sedimentary rocks. The soil was partially covered 

with ground flora and its color was brown. Some standing dead pine tree species were 

also seen in the area their branches had been cut by the local people for burning purposes 

or other domestic need. Ground vegetation was  disturbed due to animal grazing. Dry 

leaves and dry branches were present on ground. Lichens were seen thriving on the bark 

of trees and dead stems.  

             The density of this monospecific pure forest was 353 stems ha-1with 71 basal area 

m2 ha-1. In this forest the small class show 5% individuals, density of medium class 

increases to 72.5 %, large class show 20% density and in extra large class it is only 2.5 

%. Some gaps due to absence of trees in a particular class were also found showing the 
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anthropogenic disturbance.Uneven structure of the forest may be saved by promoting 

seedling growth in this forest area. 

4.2.1.3 Stand 3 Picho Banda Dawlat Kalay. 

            This monospecific pure forest of Pinus wallichiana was located near Picho Banda 

DawlatKalay at 1560m elevation on western exposure with 40o steep slope.  

           The canopy of this forest was open. This forest is away from road side, but still 

under grazing and humandisturbances. Some patches of grasses were also observed. This 

was a private property theirfore some large sized trees were present here. However due to 

cutting and deforestation mostly old trees were absent. Soil was covered with ground 

flora with yellowish brown in color and soft.   

The tree density of this forest was 243 stems ha-1 and 64.7 basal area m2 ha-1. In 

this stand small class was totally absent which show cutting or no recruitment, however 

the higher tree frequency in medium class representing bell shaped distribution which 

was 60% and then decreases in large size classes while extra-large and mature classes 

were absent. This forest show the unstable condition.  Size classes of this forest show 

abnormal distribution with some negative skewness. The gaps in some classes shows the 

anthropogenic activity and indicated that this vegetation may be vanished in future if 

cutting and over grazing is not banned.   

4.2.1.4. Stand 4-Matta Karin (Dherai). 

            This pure forest of Pinus wallichiana was located at Matta Karin Union Council 

Dherai at 1720m elevation. Slope angle was 30o with South East aspect. 

Many huge stems were chopped and their remains were present on the surface. 

The tree canopy was open. Ground was fully covered with litters, dry leaves and branches 

of trees. Dry cones of trees were also scattered. This forest seems better than other 

forests. Soil was composed of pebbles of sedimentary rocks. Some disturbance occurs in 

this stand. Few plants stems were burn, and lopped, however most of the plants were 

healthy.  
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             The density of this monospecific forest was recorded as 317 stem ha-1 with 53.4 

m2 ha-1basal area. In which small size class contained 2.5%, trees middle class shows 

high density 92.5 % and large class received only 5% density while extra large and 

mature classes were absent. This forest shows the unstable condition therefore need 

attention to save it in future. 

4.2.1.5-Stand 5-Wachobi Card (Rahim Abad). 

             This pure forest of Pinus wallichiana was situated at Rahimabad near Wachobi 

Card Hill at about 1780m elevation on West facing aspect with 45o slope angle. 

             This forest was spread over wide area but due to the disturbance, overgrazing and 

human interference now restricted to a small area. Many chopped stems as well as 

chopped branches of trees were also observed. The canopy was open. The forest was not 

protected and a large number of cut branches and trees were seen on the way of the study 

area. The ground flora was also highly disturbed. The surface of ground was mostly 

rocky due to exposed rocks. Different varieties of lichens were seen on exposed rocks.  

Forest was covered with litter including cut branches, dry cones, dry leaves and grasses. 

In addition, ground flora was also disturbed due to overgrazing and land sliding which is 

a common phenomenon. Soil was hard and dry composed of pebbles, gravels and 

sedimentary materials and brown in color.  

           The tree density and basal area of this stand was 314 stems ha-1 with 68.6 m2 ha-1 

basal area. Among trees, small size class was distributed with 2.5%, medium class had 

75% and large class attained 22.5% individual‟s size classes of this forest is representing 

bell shaped distribution. This area also needs special attention for its conservation and 

management. 

4.2.1.6-Stand 6.Kwaro (Alpurai) . 

             This monospecific forest of Pinus wallichiana was located at an altitude of 

1795m on east south facing aspect, with 45o slope angle.  

              It is near to the district head quarter and district forest office Alpurai Shangla. 

This forest was a thick forest but now there is no old tree present in this forest due to 
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illegal cutting of large trees for their domestic uses i.e for making building materials 

houses and some time furniture. The surface was mostly rocky because of large exposed 

rocks. Due to high rain fall most of the area is covered with grasses and bushes, but due 

to deforestation the forest is endangered. A large number of dead pine trees were present 

in the area. Ground is fully covered with dry leaves litter and dry cones of pine trees. Soil 

was covered with rich ground flora. Lichens were seen on exposed rocks and stems of the 

trees.  

             Here the density of this pure Pinus wallichiana forest was calculated as 295 

stems ha-1 with 52.8 m2 ha-1basal area. In this stand 100% of tress individuals found only 

in medium class, small and large classes are totally absent which shows huge cutting of 

young and old tress or poor recruitments of seedling. If seedling growth is not promoted 

in this forest and anthropogenic disturbances is not controlled the vegetation will be 

disappear in future. 

4.2.1.7-Stand 7 Nakhtaro Ghar Machaarr. 

               Pure Pinus wallichiana trees were located at about 1990m elevation on 

northwest facing aspect with 45o slope angle at Machaarr valley of Shangla. 

             This forest was spread over a large area. The canopy was closed. It was a thick 

forest, but due to high disturbance it is restricted to a small forested area. Land sliding, 

overgrazing and human interference is a common phenomenon.The huge trees were cut 

down extensively. Some chopped stems were also observed. Due to soil erosion roots of 

the many trees were exposed.  Soil was hard and dry due to the presence of pebbles and 

stones and the absence of grasses. 

             Trees density was 298 stems ha-1 with 126.9 basal area m2 ha-1 in tree population, 

small size class is absent showing gap in size class trees, medium class attained 15% 

individuals, while large class have higher number of individuals (80%) which is 

gradually decreases in extra-large class which is 5%. Mature size class is not present 

which shows the cutting of huge trees. Gaps in small classes shows disturbance and 



Chapter 4    POPULATION DESCRIPTION 

 

39 

instability which indicates that like other forests this vegetation may be vanished if no 

action has taken for its conservation.  

4.2.1.8-Stand 8. Matta Mor Machaarr 2. 

              This monospecific forest of Pinus wallichiana was sampled at 1890m elevation 

of North West exposure on 40o slope at Machaarr Matta Morr. 

              Mature and old trees were removed and many chopped trees were present in the 

forest. Canopy was closed. High rain fall and snow covered these mountains in winter. 

Large numbers of trees are disturbed but still a huge number of trees and bushes are 

present in the area. The rain water eroded the soil from several places, exposing roots of 

several trees. The rocks were bare and different kinds of lichens were growing on these 

rocks and on the chopped stumps. Though it is a private property but human interference 

and domestic animal grazing has disturbed the whole forest. 

In this population the density and basal area was computed as 372 stems ha-1 and 

91.5 m2 ha-1 basal areas respectively. In this stand small size class contained low (2.5%) 

individuals, medium class having 75% individuals while large class occupies only 22.5% 

individuals. This forest also needs attention to promote seedling growth. 

4.2.1.9-Stand 9 Kotkay1 Malak Khail. 

This pure forest of Pinus wallichianis present near Malak Khail Kotkay at about 

1790m elevation above mean sea level on North facing slope with 45o slope angle.  

Like other forests of the study area, huge trees were missing here. The overall 

canopy was moderate. Ground surface was muddy and full of flora. The soil was brown 

and soft.  Forest was disturbed due to cut stump and burn stems. Land sliding is a 

common phenomenon. Some large exposed rocks were also seen in this forest.  

Here the density of this forest was 298 stems ha-1 with 40.5 m2 ha-1basal area. 

Small class is totally absent, it means either cutting or there is no recruitment in this 

forest. Medium class have 95% individuals, while large class is gradually decreases to 
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only (5%) individuals indicating great threat to this forest. This species will be 

disappearing in future gradually if illegal cutting is not banned. 

4.2.1.10-Stand 10. Kotkay 2 near Puran Morr. 

This pure forest of Pinus wallichiana was sampled at about 1780m  from Puran 

road side near Kotkay on Northwest aspect with 50o slope angle.  

This forest was not conserved. Heaps of chopped branches were seen. The 

Canopy was open.  Surface of ground was covered with litter and dry leaves of pine trees. 

Land sliding was also seen. Due to high rain fall and land sliding the roots of the trees 

were exposed. Some large rocks were also exposed.  Soil was consisted of pebbles, 

gravels and sedimentary materials. Ground vegetation was disturbed due to overgrazing.  

            The density of this monospecific forest was about 375 stem ha-1and basal area 

was 71.3 m2 ha-1. Like previously described forests the small classes are absent in this 

stand, medium class attained 87.5%  individuals, while large class occupied only 13%  

individuals which indicates the unstable condition of this forest. This unstable forest may 

disappear in future if no action has taken for its conservation. 

4.2.1.11-Stand 11. Kandao 1 (Pir Khana). 

Abies pindrow dominated stand was situated at about 2690m on Southwest facing 

aspect with 45o steep slope. 

According to the local people this use to be a thick forested area with full of 

diverse vegetation because it was away from the town. The canopy was closed at this 

forest. Some huge pine trees were present. Ground was full of litters including dry leaves 

and dry branches of the trees.  The forest became disturbed due to illegal cutting of large 

pine trees. Number of disturbed pine was 28, cut stump were 17 and dead trees were 7. 

The surface of soil was brown and full of rich ground flora. Lichens of different colors 

and sizes were seen on exposed rocks and on the bark of trees. 

             Density of the tree and basal area of this forest was about 379 stem ha-1 and 139.4 

m2 ha-1 respectively. Among the population of Abies pindrow small class was totally 
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absent, medium class has 47.5% individuals while large class contained 42.5% 

individuals per ha, whereas extra-large class having only 10% individuals. By promoting 

seedling growth these forest may be saved. 

4.2.1.12-Stand 12. Kandao 2 (Ajmeer). 

            This pure forest of Pinus wallichiana was located at about 1790m altitude at  

Southwest side of Kandao area near Ajmeer Valley at 40o slope angle. 

            The canopy was closed. High mountains covered with vegetation flora. Huge 

trees were present in this area. Many chopped stumps were also observed. Forest was 

disturbed due to thunder storms, fast winds, land sliding as well as deforestation. The 

ground surface was mostly rocky due to exposed rocks. Large number of huge logged 

trees was present in the area waiting for transfer to the lower areas. Some people were 

busy in cutting down the large pine trees and others were collecting the branches of the 

logged trees. This forest was not conserved. Many rocks were spread over the surface of 

the forest and exposed. The average rain fall ishigher in this area, so the soil surface was 

full of vegetation flora. 

         The total tree density of the forest was 293 stem ha-1with 141.14 basal area m2 ha-1. 

In this monospecific stand of Pinus wallichiana the small classes were totally absent, 

whereas medium class, large class, extra-large class, mature class and over mature class 

achieved 25%, 60%,10%.2.5% and 2.5% individuals respectively, showing the bell 

shaped distribution. The gaps were present in some classes which indicated the cutting 

and unstable condition of the forest. Future of this forest is unsecure unless steps are 

taken for its management and conservation.  

4.2.1.13-Stand 13. Bahadar Sar forest. 

At Bhadar Sar near Lilownai Abies pindrow monospecific forest was located at 

about 2810m elevation on east south facing aspect, with 35o slope angle. 

These mountains are mostly rocky but most of the part was composed of green 

valleys.  The canopy at this forest was moderate. Both sides of the forest were fully 
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covered by pine trees. The human population contained few homes in the area. The cold 

streams and small lakes were found in the area where cattle‟s of the lower villagers were 

grazing. Soil was brown and soft. Countless huge stems were chopped and their remains 

were seen on the ground. Ground flora was extremely disturbed.  Lopping of the branches 

of the healthy pine trees was also seen.  

            In this Abies pindrow monospecific stand, the forest density was 384 stems ha-1 

with 145.3 m2 ha-1basal area. Among which small size class is totally absent, medium 

class occupied 35%, large class 52.5% and extra-large class captured 12.5% individuals 

while mature and over mature classes were not found. The gaps in small size classes 

indicating no regeneration possibility due to extensive grazing and illegal cutting. If 

proper action is not taken and cutting not banned this valuable forest will be destroyed in 

future and this species will be disappeared gradually. 

4.2.1.14-Stand 14.Mann Sar forest. 

                     This mix forest of Abies pindrow and Picea smithiana was located at 2620 

m altitude on east facing exposure with 40o slope angle near Copper Sar.  

            This forest was away from roadside and local population. The canopy of this 

forest was moderate. Mountains were mostly rocky due to exposed rocks covered with 

bushes and herbs. The ground surface was covered with flora. The forest was not 

protected so deforestation and anthropogenic effects degrading the forest badly. 

Countless huge cut stems remains were present in the area. Ground surface was covered 

with dry leaves, litters and cut branches of trees. Like other forests, understory species 

were also highly disturbed due to overgrazing and anthropogenic disturbances.  

The trees density of this mix forest was 302 stems ha-1. Abies pindrow and Picea 

smithiana shared 242 and 60 stems ha-1 respectively with 75 and 43 m2 ha-1 basal area 

respectively. In this forest Abies pindrow showed better distribution in medium classes, 

but no distribution in small size classes, Picea smithiana showed distribution in large and 

mature size classes only which indicated the unstable condition of this species. Abies 

pindrow showed 50% distribution in medium class, 41% in large class and only 9% in 
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extra large class, while Picea smithiana attained 62.5% in large classes, 12.5% in extra 

large and 25% in mature class. The graph shows no recruitment in both species. Gaps 

were present in some classes which shows disturbance. It is indicated that these species 

may be vanished in future if prompt actions are not taken. 

4.2.1.15-Stand 15. Safaray Karrall 

At this area mix forest of Abies pindrow and Picea smithiana was located on 2780 

m elevation at west facing aspect with 45o slope angle. 

The canopy was closed at this stand due to a huge number of pine tree species. 

Many chopped stumps were observed. Some trees of lower sides were destroyed by fire. 

Disturbed pines were large in number. The forest floor was covered with litters, dry 

leaves and branches of trees which were cut down by the people. Some healthy and old 

trees were present in the area. The intensity of land sliding and soil erosion was also seen. 

Understory vegetation was disturbed by overgrazing. Few standing dead trees were also 

present in the area. 

The density of stand was 351 stems ha-1. The dominant Abies pindrow attain 290 

stem ha-1 with 108.9 m2 ha-1basal area and Picea smithiana was distributed with 61 stems 

ha-1 with 32 m2 ha- 1basal area. Abies pindrow was absent in small size class whereas in 

medium class it attained 30% trees, large class 61%, while extra-large class had 9% 

individuals. Small class was  absent in Picea smithiana while medium class contained 

42.8%, large class 28.6% and extra-large class 28.6% trees. The gaps in small classes 

show that there is anthropogenic activity indicating that this vegetation may be vanished 

in future, if illegal cutting and overgrazing are not banned.  

4.2.1.16-Stand 16. Kotkay 3 (Nakhtar Nao). 

             At this location pure stand of Pinus wallichiana was growing on 2040m altitude 

facing west steep slope of 50o. 

            Several huge trees were growing in this forest with logged trees. The canopy of 

this forest was open. Due to illegal cutting the forest is totally disturbed. Branches of 

some trees were broken and scattered on ground. The rocks were exposed due to soil 
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erosion. The ground surface was rocky and the soil was shallow consisting pebbles and 

sedimentary rocks.  

            The tree density of Pinus wallichiana forest was 373 stem ha-1, in which medium 

size trees occupied 85%, large class 12.5% and extra-largetrees occupied only 3% 

individuals gaps were present in small class which means that either cutting or there is no 

recruitment in this forest. If seedling is not promoted this forest vegetation will be 

vanished in future. 

4.2.1.17-Stand 17. Board Near Kotkay. 

Near Kotkay, monospecific forest of Pinus wallichiana was situated on about 

2130m elevation towards West facing aspect with 30o   slope angle. 

Countless number of mature trees of this specieswas removed. Many chopped 

trees were observed. The canopy was open. Land sliding occurs in rainy season. Ground 

was covered with litters, dry leaves anddry cones. The ground flora was very disturbed 

due to overgrazing. The rain water eroded the soil from forest and roots of several trees 

were exposed. Rocks were also exposed and different types of lichens were seen on the 

surface of exposed rocks.  

In this forest, the density of trees was 391 stems ha-1, its 2.5% individuals were 

distributed in small class, 92.2% in medium class and only 5% in large class, extra-large 

and mature classes were not found.The graphs show a bell shape distribution. This forest 

may be protected if seedlings are promoted. 

4.2.1.18-Stand 18.Shangla Top 1 Forest. 

This pure monospecific forest of Pinus wallichiana was located near Police check 

post at about 2540m elevation between 34o88 north latitude and south longitude 72.59 on 

Southwest aspect with 40o slope angle. 

It was disturbed due to road construction and grazing of domestic animals.. The 

canopy was moderate type in this forest. Many huge trees were seen in the area. Some cut 

stem were also found. Soil erosion was observed. The forest was covered with rich 
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vegetation flora. Dry cones and dry leaves of trees were scattered on the ground surface. 

Due to high rain fall in the area most of the trees roots were exposed. The grazing 

pressure was also found and few cattle‟s were seen in the forest. Soil was muddy and 

brown in color. 

Here the density of trees was 345 stems ha-1. The small class is totally absent, 

medium class contained 50%, large class occupied 47% while extra-large class contained 

only 3% individuals which shows extensive cutting and no recruitment in this forest. 

Prompt action should be taken for its conservation.  

4.2.1.19-Stand 19.Shangla Top 2 Forest. 

In this forest sampling was carried out on about 2550m elevation near motel sites 

at South facing aspect having 40o slope angle. 

Like other forests this forest is also disturbed due to human interferences and 

animals grazing. Small and huge stems were missing in this forest. Many cut stems and 

chopped stumps were observed. Canopy at this forest was open type. Soil was brown and 

soft. Ground flora was disturbed. Dry leaves and cones were also scattered on the ground. 

The trend of soil erosion was seen. Many fire affected trees were observed at the site. 

Rocks were exposed in the area. 

Here the density of this forest was 290 stem ha-1. In this forest small class was 

totally absent while medium class contained 27.5%, large class 67.5% and extra large 

class attained 5% individuals. Illegal cutting and overgrazing if not stopped this forest 

will be disappear in future. 

4.2.1.20-Stand 20. Alpurai near Dipu Police Line. 

This pure monospecific forest of Pinus wallichiana was sampled on 1650m 

altitude at northeast aspect with 35o slope angle. 

Most of the trees were found small probably the huge and old trees were removed. 

Some cut stumps and dead trees were also present in the forest. Due to road and human 

population this forest was degraded. Canopy was open. Ground surface was covered with 
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vegetation flora due to high rain fall in the area. Some bad shape pine tree species were 

also found.  Soil erosion and land sliding was a common phenomenon. Soil was black 

and composed of pebbles and sedimentary rocks. The roots of the trees were exposed due 

to the soil erosion. Many cut branches of healthy trees were also scattered in the area. 

In this forest tree density was 354ha-1. Small class was not found which indicates 

no recruitment from the past. Only medium and large classes are present with 80 and 

20% individuals respectively showing unstable condition of the forest. This important 

species need special attention for its conservation from the concerned authorities.  

4.2.1.21-Stand 21. Lilownai Forest. 

At Lilownai area Pinus wallichiana  pure forest was growing near police line 

Dipu Hill on about 1610 m elevation at north facing aspect with 30o slope angle.  

Huge and mature trees were absent due toextensive illegal cutting. This forest was 

also disturbed due to human population, pathway and over grazing animals. Canopy was 

moderate type. Countless chopped stumps were present in the forest. Ground vegetation 

was also disturbed due to overgrazing. Exposed rocks were present in the area on which 

Lichens attached. Dry leaves and dry cones of trees were scattered on the ground. Soil 

was composed of rich ground flora and pebbles of rocks. 

Density of trees was computed as 336 per ha-1with 65.9 m2 ha-1basal area, like 

previous forests small class is also absent in this stand while medium and large class 

contained 92.5% and 7.5% individuals respectively. Extra large and mature classes was 

not found which indicates illegal cutting of trees. Due to absence of small class 

individuals poor recruitment was evident. If seedling is not promoted these species will 

be disappear in future.  

4.2.1.22-Stand 22.Yakh Tangay Poran Hill. 

This pure forest of Pinus wallichiana was sampled from Yakh Tangay forest near 

Police check post on West facing aspect. Elevation was 2620m above mean sea level 

with 40o slope angle. 
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Ground surface was muddy covered with flora. Disturbed area due to the 

construction of road side in the forest and animal grazing. The canopy was open. 

Numerous cut stem were present also pine sprouting seedlings were observed. The 

ground surface was also disturbed due to overgrazing. Soil erosion was also seen. Roots 

of trees were exposed and badly disturbed due to high rain fall and soil erosion. Soil was 

yellowish and muddy type, composed of small pebbles 

Tree density of the forest was 409 per ha-1with 132.11 ha-1 basal area.Among 

these trees medium class occupied 47.5% individuals, large class 50% and extra-large 

class was only 2.5% individual‟. Gaps in small classes represent the disturbance or 

uneven condition of the forest. Prompt action should be taken for promoting seedling; 

stop illegal cutting of trees and grazing of animals. These activities should be banned for 

its better recruitment and conservation. 

4.2.1.23-Stand 23.Yakh Tangay near Sharono. 

Pinus wallichiana and Abies pindrow mix forest was situated on 2190 meters 

elevation near Sharono area facing Northwest aspect with 40o slope angle. 

This forest was also disturbed. Many huge stems were scattered on the ground 

surface. The canopy was closed at this forest. Some places water and glaciers eroded the 

soil. Roots of the many trees and rocks were exposed. Soil was rich of vegetation where 

gravels and pebbles were also found. Ground was covered with litters. Dry cones and dry 

leaves of trees were abundant. Many species of Lichens were attached to the surface of 

the exposed rocks and cut stems. Pinus wallichiana was dominant specie while Abies 

pindrow was its associated species. Seedlings and saplings of both species were also 

recorded in large quantity. 

This forest was dominated by Pinus wallichiana with 367 trees ha-1 out of 385 

trees ha-1 stand density. It occupied 90% of total stand density. Pinus wallichiana 

occupied 63% individuals in medium size class and 37% in large size classes. Abies 

pindrow occupied 19 tress ha-1 with 10% of the total stand density. Both species show no 

individuals in small size class. Medium and large classes attained 50% individuals in 
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each class, whereas extra large and mature classes were not found. Gaps in small classes 

indicates the instability of the forest which needs some special attention. It seems that 

Abies pindrow would be vanish soon from this community. 

4.2.1.24-Stand 24.Chakat near Karora. 

This pure monospecific forest of Pinus wallichiana was sampled from Chakat 

Hill near Karora on 1990 meter altitude at West facing aspect with 40o steep slope. 

Mature and large trees were removed. Countless chopped stumps were also 

present. Canopy was open in this forest. During our sampling many people were busy in 

cutting the trees and branches of huge and healthy trees. The ground flora was highly 

disturbed. Soil surface was rich of litters. Countless dead trees were present in the forest. 

Some people were taking away those cut stem to the lower areas for timber and fire wood 

purposes.  

Stand density of trees was calculated as 327 stems ha-1with 94.2 basal area m2 ha-

1. Small class was absent while medium class contained 70% individuals whereas large 

class occupied 30% individuals, extra large and mature classes were not present. Gaps in 

some classes are created due to illegal cutting, which required prompt action in this 

regard.  

4.2.1.25-Stand 25.Goli Butt Forest. 

Pure monospecific forest of Pinus wallichiana was situated on 2000 meter at 

southwest facing aspect with 40o slope angle in Goli Butt forest. 

Like others this forest was also extremely disturbed. Mature and healthy trees 

were removed. Some chopped and cut stumps were also present. The canopy was open at 

this forest. Ground surface was full of vegetation. Rocks were exposed. Branches of trees 

were scattered in the forest due to lopping of healthy trees. Ground flora was also highly 

disturbed.  

The trees density was 396 ha-1with 87.5 basal area m2 ha-1. Small class contained 

low (2.5%) individuals, medium class was high(80%), large class was 10% and extra 
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large class decreases gradually containing only 2.5% individuals.  Illegal cutting and over 

grazing should be stopped to save this vegetation from vanishing. 

4.2.1.26-Stand 26.Yakh Tangay 1 Forest. 

This pure forest of Pinus wallichianawas sampled at about 2180m elevation near 

check post area, on west facing aspect with 45o steep slope. 

This forest containing mostly huge trees but was not protected. A large number of 

chopped stumps and logged trees were observed. The canopy of this forest was open. 

Hundreds of goats were seen grazing in the forest. Ground was covered with litters, dry 

scales, cones and dry leaves of trees. Some people were busily in cutting of the huge trees 

with different tools. A number of rocks were exposed. Due to the soil erosion the roots of 

many trees were also exposed. Ground flora was also disturbed. Soil was dry and 

contained pebbles and gravels. 

The density of this pure Pinus wallichiana stand was 346 stem ha-1 with 158.9 m2 

ha-1basal area.In this stand small size class was totally absent. Medium class contained 

20%, large size class, 62.5% whereas extra large class contained 17.5% individuals. Gaps 

in small classes indicate the unstable condition of the forest which needs some special 

attention to conserve the forest. 

4.2.1.27-Stand 27. Yakh Tangay-2 Kandao Hill. 

Mix forest of Pinus wallichiana and Abies pindrow was located on 2240m 

elevation at west facing slope near Kandao area with 40o angle. 

Mature and huge trees were present in this forest. Like other forests this forest 

was also disturbed. Small sized plants like sapling and seedling were disturbed. Canopy 

was closed at this stand due to some old and large trees. Soil was muddy and the surface 

was covered with ground flora. Surface of ground was fully covered with litters including 

dry leaves and cones. Many rocks were spread over the ground. Some large rocks were 

also exposed. Lichens were seen on the exposed rocks and stems. 
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Fig. (4.1) shows that Pinus wallichiana occupied 280 ha-1 and 109.4 m2 ha-1 basal 

area, whereas Abies pindrow contained 49 trees ha-1 and 13.15 m2 ha-1basal area 

respectively.  Pinus wallichiana occupied 44% individuals in medium size class, 47% in 

large class and only 9% in extra large size class. Abies pindrow attained 67% individuals 

in medium size class and 33% in large size class.Small size class was not found in both 

species which indicates degrading conditionof these species. If illegal cutting and over 

grazing are not stopped this forest vegetation will be disappear in future. 

4.2.1.28-Stand 28.Yakh Tangay 3 Bazaar Koat. 

This forest was located at northeast facing slope on 2260 meter elevation above 

sea level where slope angle was 30o. 

This forest was widely distributed forest of Yakh Tangay area. Huge trees were 

present and some cut stem were also seen in the forest.  The canopy was open. Ground 

was full of groundflora. Dry leaves, cut branches and dry cones were also found. A huge 

number of saplings and seedlings of Pinus wallichiana and Abies pindrow were present. 

Showing that Abies pindrow was associated species but due to its cutting now only 

seedlings and saplings are distributed. If not protected Abies pindrow would vanished 

completely in future. 

Land sliding was a common phenomenon. Lichens of different species were 

attached to the exposed rocks and stems. Soil contained pebbles, gravels and sedimentary 

rocks. Ground flora was also disturbed due to overgrazing. Density of this monospecific 

Pinus wallichiana forest was computed as 392 stems ha-1 with 158.8 m2 ha-1 basal areain 

which small class was totally absent. Medium size classes having 30% individuals, large 

size class attained 57.5% and extra-large size class occupied 12.5% individuals. Gaps in 

small class indicates the unstable condition of the forest, which need some special 

attention from the concerned people to save this valuable forest. 

4.2.1.29-Stand 29.Yakh Tangay-4 Sar Thana. 

This monospecific forest of Pinus wallichiana was sampled at the elevation of 

2160 meter on east facing 45o steep slope near Masjid side  area. 
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Disturbance was due to deforestation, illegal cutting of healthy plants and their 

branches. Eleven cut stumps and 14 cut stems were observed in this stand. Canopy was 

open at this forest. Dry leaves and dry cones were scattered on the forest floor. Ground 

flora was also highly disturbed. Soil erosion was a common phenomenon. Rocks were 

exposed. Lichens were attached to the exposed rocks and exposed stems. Soil was hard 

containing gravels, pebbles and sedimentary rocks. Few patches of grass were also 

present. This forest was dominated by Pinus wallichiana with 381 density ha-1 and 115.4 

m2 ha-1 basal area. It occupied 2.5% individuals in small size class, 57% in medium size 

class, 12.5% in large and 2.5% in extra largesize class. Gaps were found indicating the 

uneven structure of the forest. This situation may be controlled by promoting 

regeneration. 

4.2.1.30-Stand 30.Yakh Tangay 5 Acharo. 

Mix forest of Pinus wallichiana and Abies pindrow was sampled on 2120m 

elevation at 40o Northwest slope near Acharo area.                     

This is a thick and huge forest which is spread over a large area. The canopy was   

moderate. Many cut stumps were scattered in this area. Some local people were cutting 

the branches of these trees for domestic uses, but still a huge number of old and large 

trees distributed in this forest. Ground surface was full of vegetation. Dry leaves and 

cones of trees were scattered on the ground. Rocks were present and exposed. Lichens 

were seen attached to the exposed rocks and trees trunks. Soil surface was muddy and 

shallow.  

Density and basal area were calculated as, Pinus wallichiana attained 279 stem 

ha-1 and 92.6 m2 ha-1basal areas, while co-dominant Abies pindrow occupied 93 stems ha-

1 and 48.8 m2 ha-1basal areas respectively. Pinus wallichiana small class was absent, 

medium size class attained 50%, large class 47% individuals and only 3% in extra-large 

size class. Abies pindrow the associated species show no individuals in small size class. 

Medium class contained 20% individuals, large class, 40% and extra-large class also 40% 

individuals. Future of this forest is under great threat due to gaps in small classes; 

however this forest may be saved by promoting regeneration. 
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4.2.1.31-Stand 31.Kandaow Chakesar 

This mix forest of Pinus wallichiana and Quercus baloot was distributed at the 

elevation of 2223 on the South-east facing aspect with 28o slope angle. 

This forest is started from Kandaow and spread to Dhanakool on the other side to 

Bakht Banda forest. The canopy was open because of illegal cutting of big and mature 

trees. Cutting of the trees for burning purposes is the only way of getting fuel for cooking 

and keep them warm during harsh winter. Ground surface was full of vegetation. Soil was 

shallow with pebbles and gravels. Over all forest was disturbed.  

Density of this mix forest was 320 tress ha-1 in which Pinus wallichiana the 

dominant species occupied 268 ha-1 with 50 m2 ha-1 basal areas. Associated species 

Quercus baloot attained 52 density ha-1 with 5 m2 ha-1 basal area. In this forest Pinus 

wallichiana small size class attained low number of (3%) individuals, 85% in medium 

class and 12% individuals in large size class. Quercus baloot occupied 29% in small size 

class and 71% in medium class. Large and extra-large size class species were not found. 

If illegal cutting and over grazing are controlled this forest may be a better forest in 

future. 

4.2.1.32-Stand 32.Bakht Banda Chakesar 

Mix forest of Abies pindrow, Pinus wallichiana and Quercus baloot was located 

near Bakht Banda area of Chakesar valley. Abies pindrow was dominant tree species 

associated with Pinus wallichiana and Quercus baloot were sampled at about 2369m 

height. Slope angle was 33o at South facing aspect. Canopy was moderate type. 

The total density of the area was 377 individuals ha-1. Abies pindrow was leading 

dominant specie with 184 density ha-1 while Pinus wallichiana and Quercus baloot attain 

164 and 23 density ha-1 respectively. According to the local people it was a big thick 

forest, some huge trees were growing in the forest but, due to illegal cutting and 

anthropogenic effects some of the large trees are badly affected. Some large stems of 

trees and their branches were distributed on the forest floor. Soil was muddy. It was 

slightly better than other forests because  it is far away from the local community. Cattles 

of the local people were grazing in the area. 
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Tree density of this mix forest was 377 ha-1 in which Pinus wallichiana occupied 

170 trees ha-1. Small size class attained 6% individuals, medium class 31% individuals 

and large size class attained 64% individuals. Abies pindrow density was 183 stems ha-1 

in which small class occupied 3% individuals, medium class 10%, large class attained 

59% individuals whileextra-large size class attained 28% individuals. Associated species 

Quercus baloot occupied 24% stand density which was found in small and medium size 

classes.In near future this forest have no danger, however situation of this forest may be 

impovered by promoting regeneration and stop illegal cutting. 

4.2.1.33-Stand 33-Poran Towa 

Towa is a small valley of Puran Tehsil of District Shangla with altitude of 

2103meter.  Exposure of the area was North-East facing with 25o slope. 

Canopy was open type which means the area is disturbed, due to absence of old 

and huge trees. Ground surface was also highly disturbed. A large number of chopped 

stumps and cut branches were present on the ground surface. Soil was shallow which 

contains pebbles, gravels and sedimentary rocks. Few patches of grass were also present. 

Stand density was 375 ha-1 out of which Pinus wallichiana attained 300 trees ha-1 while 

associated species Quercus baloot occupied 75 stems ha-1. Small sized class of Pinus 

wallichiana attained 5% individuals, medium class 56% individuals and large size class 

attained 39% individuals. Associted species Quercus baloot showed higher individuals in 

small size class attained (63% individuals), 31% individuals in medium size class and 

only 6% individuals in large size class. The future trend of this forest may be improved 

with some special attention by concerned people and organizations. 

4.2.1.34-Stand 34-Sanela Poran 

Sanela is situated in Puranarea with the elevation range of 1298m on North- East 

facing slope while the degree of slope was 30o. This area falls in subtropical region of 

Shangla District.  

Pinus roxberghii was distributed as a pure species having 322 density ha-1with 

33.3m2 ha-1 basal area. It seems to be flat distribution with some small gaps. Now it is a 

young forest, no old and huge trees were found in this forest due to cutting. Canopy was 
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open. Ground flora was also disturbed due to human and animals interference. Dry leaves 

and cones were also scattered on the ground. Soil was brown and soft. The trend of soil 

erosion was also seen. Patches of grasses were also present. In small size class the 

number of individuals was computed as 25 %, in medium class 73% low 2% in large size 

class. Extra-large and mature classes were not found. It may be secure if further illegal 

cutting and over grazing has banned. 

4.2.1.35-Stand 35-Bund Dhaerai 

Mix stand of Pinus wallichiana, Cedrus deodara and Quercus baloot was situated 

at Manz Bund of Dherai area at the elevation of 2014m at West facing exposure on 35o 

slope angle.           

Total stand density was 290 species ha-1in which Pinus wallichiana was 145 trees 

ha-1 while Cedrus deodara and Quercus baloot attained 109 and 36 density ha-1 

respectively. Due to cutting of old and large trees canopy was open. According to the 

local people it was a thick forest of Cedrus deodara but after the local people cut down 

the large and healthy trees for their domestic purposes and burning of woods now it 

became a small forest. where now deodar became 2nd dominant species. Ground flora was 

also disturbed. Some of the dead stumps and branches of trees were present on the ground 

surface. Animals were grazing in the forest freely. Soil was sandy type, consisted of 

pebbles and gravels. Pinus wallichiana small size class attained 40% individuals, 

medium class attained 55% individuals and large class attained low individuals (5%.) 

Cedrus deodara small class attained 17% individuals, medium class 27% and large class 

attained 57% individuals. Quercus baloot attained 30% individuals in small size class and 

70% individuals in medium class. Seedling must be introduced and maintained for proper 

recruitment and conservation of this precious forest. 

4.2.1.36 -Stand 36-Pitao Dherai 

Pitao is situated in Dherai Union Council of District Shangla at elevation of 

1451m on North-East facing slope while degree of slope was 40o.This forest indicating 

subtropical condition of the study area. This area is also included in subtropical part of 

Shangla District. 
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Pinus roxberghii was distributed as monospecific species having densityof 225 

ha-1. Canopy was open. According to the people of the area it was thick forest but after 

the flood of 2010 in Pakistan most of the part of this forest was push down to lower areas. 

Dry cones of trees were present on the ground surface. Rocks were present and exposed. 

Soil was soft and clay type. Density of this forest was 225 stems ha-1 with 20.3 m2 ha-1 

basal area. Only small and medium size classes were found at 23% and 77% individuals 

without large trees, indicating disturbances. Although only young trees recorded here, if 

illegal cutting and overgrazing has controlled it will be a better forest in future. 

4.2.1.37-Stand 37.Chaat Kandaow. 

This mix forest of Cedrus deodara and Pinus wallichiana was located on upper 

part of Chaat area at about 2089m altitude. Slope angle was 45o at North facing exposure. 

Forest overall density was 358 stems ha-1. The dominant Cedrus deodara attaine 

295 stems ha-1and co-dominant Pinus wallichiana occupied 63 stems ha-1 respectively. 

The forest was not conserved and its canopy was open. In some trees lower branches 

were chopped. Many huge cut stems were also observed. The ground surface was hard, 

dry and covered with thin layer of litter. Cones of trees were present on the ground 

surface and scattered. Rocks were exposed due to over grazing and water erosion. Soil 

was consisted of pieces of gravels, pebbles and sedimentary rocks. In this forest Cedrus 

deodara small size class attained 5% individuals, 52% individuals in medium class, 38% 

individuals in large class and 6% in extra-large size class. Pinus wallichiana the second 

dominant species occupied 7% individuals in small class, 50% individuals in medium 

size class and 43% individuals in large size class, while extra-large and mature sized trees 

were not found. Illegal cutting is common in this forest therefore if special attention is not 

paid to this valuable forest and seedling growth is not promoted it would be disappear in 

future. 

4.2 .1.38-Stand 38-Nala Opal 

Cedrus deodara pure forest was located at 2094m altitude on South facing 

exposure with slope of 50o in Nala area between Chakesar and Karora. 
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According to the people of the area a huge part of this forest was cut down by the 

forest department, but the local people strictly banned the cutting of  pine trees. They 

allowed cutting of only lower branches of unhealthy trees and other broad leaved trees. 

Canopy was moderate type. The trees height seemed relatively greater than other forests. 

The people of lower areas leave their animals in the forest for grazing freely over five to 

six months in summer season. Over all forest was a thick forest due to presence of old 

and huge trees. Rocks were exposed and lichens of different species were attached to the 

surface of rocks and chopped stumps. Soil was muddy and hard. Ground flora was highly 

disturbed. 

            In this forest the density was 334 stems ha-1, with 94.6 m2 ha-1 basal area. Among 

this forest small size class attained 8% individuals, medium class 56 % individuals, large 

size class 30% density decreases with increase in diameter gradually at about 6% 

individuals in extra-large class. If the proper conservation will not imposed this forest 

may be disappear in upcoming years. 

4.2.1.39-Stand 39-Shalkho Forest. 

Monospecific pure forest of Abies pindrow was located at 2556 meters on West 

facing aspect at ridge top of Souray Bund area near Gandaow.   

This forest is a thickest forest of Shangla District. It is a conserved forest. The 

canopy of this sky touching forest was closed. Lots of huge and old trees were present in 

the forest because it is for away from residential area. This forest is spread over a large 

part of Shangla District and extends up to Swat District. It is the home of wild animals 

like monkeys, bears and snakes due to many huge trees in this forest. During data 

collection we had seen some people were cutting pine trees at the lower side. Ground 

surface was fully covered with litter including dry leaves and cones. Soil was rich of 

ground flora consisted of pebbles, gravels and sedimentary rocks. Patches of grasses were 

also observed in the forest.  

 Density of this pure Abies pindrow forest was 371 stems ha-1with 142.7 m2 ha-1 

basal area. Small size class occupied only 1%, medium class attained 35%, large class 
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48% and extra-large class 16% individuals. The diagram (Fig. 39) shows bell shape 

distribution. Although it is a better forest than others but, illegal cutting and over grazing 

should be banned for the better conservation of this valuable forest. 

4.2.1.40-Stand 40-Jabba forest. 

This mix forest of Picea smithiana and Pinus wallichiana was located on North-

East facing exposure with 28o slope angle at about 2374meter altitude, near Lilownai 

area.  

Canopy was open at this forest. Although it is a conserved forest but, many 

logged trees were present in the forest. Lots of cut branched trees were also seen. Ground 

was covered with litter and dry cones of pine trees. Ground flora was extremely disturbed 

due to animal grazing and human interference to the area. The soil was muddy and 

covered with thin layer of flora. Land sliding and soil erosion was common phenomena 

and roots of some trees were exposed due to heavy rain and snow fall.  

Total stand density was 303 stems ha-1 out of which Picea smithiana the dominant 

specie occupied 246 stems ha-1, while Pinus wallichiana  attained 57 stems ha-1. Picea 

smithiana small size class attained 3% individuals, 31% individuals in medium class, 

52% individuals in large class and 14% individuals were present in extra-large class. 

Pinus wallichiana occupied  7% , 53% and 40% in small, medium and large size classes 

respectively. Future of this forest is threatened by extensive cutting and other 

anthropogenic disturbances, if special attention will not paid and this practice not stopped 

this forest may be disappear in upcoming years. 
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 Abies pindrow   

Cedrus deodara  

Picea smithiana  

Quercus baloot  

Pinus roxberghii  

 

Fig. 4.1 Size class distribution of tree species from 40 stands of District Shangla. Trees 

diameter distribution and number of trees ha-1, each individual tree species are 

differentiated by different colors. 
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4.3-Correlation of overall Stand density ha
-1

 and total basal area m
2
 ha

-1
 with 

topographic variables 

Correlation of over all 40 stands is shown in (Table 4.1). Significant correlation 

(P < 0.01) was found in between stand density ha-1 and basal area m2 ha-1 whereas non 

significant correlation was present in between stand density with topographic variables. 

The individual tree species Pinus wallichiana and Abies pindrow showed highly 

significant correlation (P< 0.001) between density and basal area m2 ha-1 respectively, 

Pinus wallichiana do not show any correlation between densities with topographic 

factors. Abies pindrow exhibited highly significant correlation P< 0.001 (Table 4.2) 

between density and elevation, while Abies pindrow density and slope did not show 

significant correlation. Correlation between overall basal area m2 ha-1 with topographic 

factor elevation showed highly significant correlation P < 0.001 (Table 4.1) while total 

basal area exhibited non-significant correlation with slope. Pinus wallichiana do not 

show correlation between basal area and topographic factors. Abies pindrow showed 

highly significant correlation P< 0.001 (Table 4.2) between basal area and elevation 

whereas they exhibited non significance correlation between basal area and Slope. Other 

pine tree species Cedrus deodara, Picea smithiana, Pinus roxberghii and one 

Angiospermic specie Quecus baloot were present in less than six stands, therefore they 

were not correlated. 

Table 4.1 Correlation between stand density ha- / basal area m2 ha-1 and density ha-1/ 

basal area m2 ha-1 with topographic factors 

No 

 

r value Significance level 

1 Density ha-1 / Basal area m2 ha-1 0.535 P < 0.01 

Topographic factors 

2 Elevation / Density ha-1 0.273 ns 

3 Slope / Density ha-1 0.054 ns 

4 Elevation / Basal area m2  ha-1 0.67 P < 0.001 

5 Slope / Basal area m2 ha-1 0.089 ns 
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Fig. 4.2 Correlation between stand density ha-1 withbasal area m2 ha-1and density ha-1/ 

basal area m2 ha-1  with elevation and slope. 
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Table 4.2 Correlation between density ha-1 and basal area m2 ha-1with topographic 

variables of Pinus wallichiana and Abies pindrow tree species 

No  r value Significance level 

 

Pinus wallichiana 

1 Density ha-1 / Basal area m2 ha-1 
0.679 P < 0.001 

2 
Elevation / Density ha-1 0.118 NS 

3 
Slope / Density ha-1 0.236 NS 

4 Elevation / Basal area m2 ha-1 0.050 NS 

5 Slope / Basal area m2 ha-1 0.062 NS 

Abies pindrow 

1 Density ha-1 / Basal area m2 ha-1 0.976 P < 0.001 

2 Elevation / Density ha-1 0.894 P < 0.001 

3 Slope / Density ha-1 0.114 NS 

4 Elevation / Basal area m2 ha-1 0.823 P < 0.001 

5 Slope / Basal area m2 ha-1 0.212 NS 
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Fig. 4.3 Correlation between density ha-1 with basal area m2 ha-1with slope and elevation. 
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4.4 DISCUSSION 

This chapter deals with the study of population structure of moist temperate pine 

forest including some subtropical pine forests of District Shangla of Khyber 

Pakhtunkhwa Pakistan. The concentration of this study was to evaluate the vegetation of 

the study area, their density ha-1of tree species, basal area m2 ha-1, size class structure of 

each stands and overall size class structure of dominant pine tree species. Density, basal 

area and average diameter relationship in trees of a community was studied by Goff and 

Zedler (1968) in western Great lakes of Wisconsin. They also examined mean diameter 

and diameter difference between species within a large number of stands analysis to show 

the position structure occupied by a species in relation to other species which it occurred. 

Overgrazing is a common phenomenon and is allowed in all forested areas. The density 

ranged was observed from 55 to 409 stems ha-1 in District Shangla. Among these stands 

the lowest density was recorded 55.6 ha-1 at Mangar Koat forest near Shangla top of 

Pinus wallichiana forest and highest density was found at mix forest with Pinus 

wallichiana dominant species was 409 stems ha-1 at Poran Hill Yakhtangay area. 

Similarly, among individual species lowest tree density was obtained from Abies pindrow 

(19 stems ha-1) at Yakh Tangay-1 area, a mix forest of Pinus wallichiana and Abies 

pindrow. Similarly Cedrus deodara and Picea smithiana highest densities were recorded 

334 and 246 stems ha-1from Nala and Jabba forests respectively. Pinus roxberghii and 

Quercus baloot showed highest densities at SanelaPoran and Towa Poran forests with 

225 and 75 stems ha-1 respectively. Rocks and roots of most of the trees were exposed 

due soil erosion and land sliding. 

Large number of conifer trees like Pinus wallichiana, Abies pindrow different 

classes are present in the whole area indicates better regeneration pattern in the study 

area, while other species like Cedrus deodara, Picea smithiana, Pinus roxberghii and 

broad leaves specie Quercus baloot were also found in the area in very few stands which 

indicates that a great threat to these species. In these forty stands mostly the small class 

individuals were absent or very low in numbers, which indicates the poor recruitments of 

these species which is a great threat to the vegetation of the study area. It is a non-ideal 

situation of the forest and the regeneration of these forests is very poor and the structure 
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of these forests is in critical situation. Wahab et al., (2008) reported less individuals in 

small classes of Picea smithiana forests from Afghanistan indicated lack of recruitment 

in the area. Similarly Ahmedet al., (2010) investigated Cedrus deodara from Hindukush 

and Himalayan regions of Pakistan found the same situation. 

 Wahab (2011) studied low individuals of Pinus wallichiana from Batharae area 

of District Dir and suggested that the seedling of these species need attention and 

conservation for the better growth and survival. Siddiqui et al., (2011) observed some 

gaps in the different dbh size classes from the moist temperate areas forests of Pakistan. 

Khan et al., (2011) also reported gaps in small classes of Picea smithiana and Abies 

pindrow forest of Gol National Park Chitral. Due to long and continuous history of 

disturbances Ahmed et al., (2011) concluded that gaps in small size class structure does 

not mean that recruitment is not takes place they may be due to illegal cutting. Therefore 

protecting seedlings may help to improve forest condition. In these forty stands of the 

study area most of the forest stands did not show the ideal situation and showing uneven 

structure, this type of distribution of vegetation shows disturbances (Spies, 1998). Soil 

erosion, land sliding was observed in many areas due to poor ground flora. Animal 

grazing and logged stems were also seen. Branches of healthy trees were seen on the 

forest floor. People cutting trees for their domestic uses. Some exposed rocks were also 

found in the area. Ground flora was disturbed and growing in patches. 

            On the basis of present investigation, it is concluded that extreme anthropogenic 

disturbance and poor growth of seedlings prevail in these important forests, if 

government and forest departments did not show prompt concern these species would be 

disappear very soon from the area in upcoming years. It is suggested that due to extreme 

disturbances, each forest should be managed and protected from anthropogenic 

disturbances individually for the conservation of biodiversity.  
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CHAPTER 5 

COMMUNITY ANALYSIS 

5.1 Introduction 

Pakistan is rich in biodiversity; composed of different climatic zones having a 

huge range of fauna and flora. Approximately 6000 plant species of different medicinal 

and commercial importance are found in Pakistan (Nasir & Ali 1972). However with 

passage of time the diversity is deteriorating due to anthropogenic disturbances that lead 

to vanish huge number of species (Parveen and Hussain 2007). Biodiversity was 

considered as an important approach for evaluating of forest ecosystem. According to 

Dewwanthi, (2008) facotors that determine species composition remains unknown, 

without identification of plant communities, dynamics and characteristics. Pakistan has 

five important ranges of mountains i.e. Western Himalayas range, Karakoram Range, 

Hindukush range, Suleiman range and Khirthar range Khan, (2011). Most of the areas of 

Shangla District lies in moist temperate area of Himalayan Range of Khyber 

Pakhtunkhwa province of Pakistan. 

Champion et al., (1965) investigated different forests of Pakistan and findout that 

dry and moist temperate areas shows high species diversity as well as diversity of plant 

communities.  In this chapter an attempt is made to discuss and analyze the communities 

based on their floristic composition and phytosociological aspects. As mentioned before 

no vegetational quantitative work has carried out in this area before, therefore this study 

would be the first attempt in the Shangla District to provide a detailed quantitative 

description of plant communities their phytosociology and floristic composition for the 

management of forest vegetation and conservation. 

5.2.1 Description of Communities 

Phytosociological analysis of 40 stands of different conifer dominating tree 

species is described in this chapter. Details of sites and main locations along with 

ecological characteristics of sampling stands are given in chapter-1, (Table 1.4). 

Phytosociological attributes (relative density, relative frequency and relative basal area) 

and absolute values (density ha-1 and basal area m2 ha-1) are given in Table (5.1). 
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Mean values of phytosociological attributes of six dominant species are presented in 

(Table 5.2) while stands included in each community and range of elevation, slope and 

aspect are shown in (Table 5.3). 

           The result shows four monospcific pure stands and five communities on the basis 

of importance value index (IVI) and floristic composition. 

Communities and pure stands were recognized as follows. 

5.2.1.1  Pinus wallichiana Monospecific pure stands 

5.2.1.2  Abies pindrow Monospecific pure stands 

5.2.1.3  Pinus roxberghii Monospecific pure stands 

5.2.1.4  Cedrus deodara Monospecific pure stands 

5.2.1.5  Abies pindrow – Picea smithiana Community 

5.2.1.6  Pinus wallichiana– Abies pindrow community 

5.2.1.7  Pinus wallichiana–Quercus baloot community 

5.2.1.8  Cedrus deodara - Pinus wallichiana community 

5.2.1.9  Picea smithiana - Pinus wallichiana community 

5.2.1.1 Pinus wallichiana Monospecific pure stands 

Pinus wallichiana monospecific pure stands were found at 23 different locations of 

Shangla District. Elevation ranged from 1490 to 2620. Degree of slope was from 30oto 

50o(Table.1). This species was widely distributed in all Shangla District. Canopy was 

mostly open in these stands because of illegal cutting and human disturbances. Ground 

surface was mostly full of litters, grasses, bushes and boulders. Various cut stems were 

also seen in these sites. In these monospecific stands Pinus wallichiana density ranged 

from 55 to 409 ha-1with 14.47 to 132.11 basal area m2 ha-1. Lichens of different colors 

and shapes were seen thriving on the bark of trees and dead stems. Soil was mostly soft 

and loamy but in some stands it was hard and dry composed of pebbles, gravels and 

sedimentary materials and some time brown in color.  
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In these forests ground flora was found in diverse shape among which Asplenium 

ceterach was found as dominant species in 14 sites with range of 6.5 to 18.4 % releative 

frequency, Hedera nepalensis was found in 13 stands with range of 5.8 to 21 %, Berberis 

lycium with 5.8 to 13 % relative frequency. Other species which were found as rare 

species like Achyranthus aspera, Adiantum venustum, Amaranthus tricolor Anaphalis 

scopulosa, Artimesa griffithiana, Artemisia maritima, Bistorta amplixicula, Cannabis 

sativa, Carpesium nepalense, Cenchrus penusaliformis cicota virosa, Conyza bonarensis, 

Corbichonia decumbers, Delphinum lacosti, Dicliptera bupleuroides, Digiteria 

sanguinalis, Drypteris stewartii, Echinopes, Elaengnus anguspifolia, Ficus palmate, 

Fragaria orientalis, Fragaria nubicola, Geranium Wallichianum, Impaliense 

braclycenera, Indigofera gerardiana, Juglans regia, Launaea procum, Leptorhabdo 

spariflora, Mentha longifolia, Ocimum bacilicum, Panicum milaceum, Persicana 

punctata, Pinus wallichiana seedlings, Pinus roxberghii seedlings, Pteridium aquilinium, 

Phragmites karka, Punica granatum, Quercus baloot seedlings, Ricinis communis, Rubus 

fruticosus, Rumex hastatus, Solanum nigrum, Spodiopogan cortolifer, Strobilanthus  

asropurporus Tagetis minuta, Urtica dioica, Verbascum  thapsus Viola canescens, and 

Xanthium stramonium 

. 

5.3.1.2 Abies pindrow Monospecific pure stands 

At three locations, Abies pindrow was sampled as a single dominating species. These 

stands were present at the elevation from 2556 to 2810 meter above mean sea level with 

26o and 45o steep slopes. 

               In these pure monospecific stands density range was from 371 to 384 ha-1with 

139.38 to 145.37 basal area m2 ha-1 (Table.2). The canopy was closed and moderate type. 

Abies pindrow was present purely at 3 locations. As these forests are present at high 

elevation and for away from local community so these forest are least disturbed than 

other forests.The surface of soil was brown and full of rich ground flora. Lichens of 

different colors and sizes were seen on exposed rocks and on the bark of trees. 
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             In these forests Asplenium ceterach was found in all three site with 9.3 to 10.1 % 

relative frequency other species were Adiantum capillusveneris, Allium sativum, Alisma 

plantago, aquatica, Artemisia maritima, Berberis lycium, Cannabis sativa, Conyza  

bonarensis, Corbichonia decumbers, Digiteria sanguinalis, Dicliptera bupleuroides, 

Drypteris  stewartii, Fragaria nubicola, Hedera nepalensis, Launaea procum, Mentha  

longifolia, Morchella esculenta, Ocimum bacilicum, Paeonia emodi, Phragmites karka, 

Polygonatum multiflorium Ricinis communis, Solanum nigrum, Tagetis  minuta, Urtica 

dioica,Viola canescens were distributed. 

5.2.1.3 Pinus roxberghii monospecific pure stands 

Pinus roxberghii pure monospecific stands were distributed at the elevation of 

1298 to 1451m above sea level at two different locations stand no 34 Puran side and 

stand no 36 Dherai Ghurband side of Shangla Disirict. Density range was from 225 to 

322 h-1with 20.36 to 33.38 basal area m2 ha-1, Slope angle was from 30o to 40o. In these 

stands the canopy was open because it was a young forest and the sign of disturbance 

were also seen. Soil erosion was also observed. Soil was soft and clay type in both stands. 

Due to illegal cutting and animals grazing highly disturbedspecies of Pinus roxberghii are 

present in lower level of the district. 

             From these two Pinus roxberghii pure stands, Ammannia baccifera,Bistorta 

amplixicula, Cicota virosa, Hedera nepalensis, Morus nigra, Pinus roxberghii seedlings, 

Verbascum  thapsus were common species found in both sites in which Verbascum 

thapsus contained 4.8 frequency in stand 36 and highest value 16.4% relative frequency 

range in stand 34, while Asplenium ceterach,Berberis lycium, Conyza bonarensis, 

Geranium Wallichianum, Portulaca oleracea and Nasturtim officinale were also found in 

single site. 

5.2.1.4 Cedrus deodara monospecific pure stands 

Cedrus deodara monospecific pure forest was found only in one stand (38) at 

Nala area near Karora at the elevation of 2094m above sea level. Density was 334 ha-1 
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with 50o slope angle. in this area community was not recognized, so the stand was named 

based on only dominant monospecific species. Canopy was moderate type. Some old and 

huge trees were present in this stand. Seedlings of Cedrus deodara were observed on the 

forest floor under the pure stand of Cedrus deodara. 

        Ground flora was dominated by Polygonatum multiflorium with 14 % relative 

frequency followed by Hedera nepalensis and Panicum milaceum with 12.3 % relatve 

frequency. Berberis  parkeriana and Impaliense braclycenera were attain low 7% relaive 

frequency distribution, other species were recorded in this forest were Poligonatum 

verticelatum, Rubus fruticosus, Solanum nigrum, Tagetis minuta and Ocimum bacilicum. 

5.2.1.5 Abies pindrow  – Picea smithiana Community 

Abies pindrow, Picea smithiana community was recorded from two different 

locations of study area. This community was recognized at Mann Sar and Safary Karrall. 

These stands were present on East and West facing slopes with 40o and 45o steep slopes. 

Elevation ranges were from 2620 to 2780m above mean sea level. IVI range was from 

63.36 to 80.74 % of dominant species Abies pindrow while co-dominant Picea smithiana 

attained low frequency 19.26 and 36.64 %,  while density range was 242 to 290 ha-1 and 

60.54 to 61.49 h-1 with 74.72 to 108.94 and 32.16 to 43.20 basal area m2 ha-1 

respectively.The presence of land sliding and soil erosion was observed. Understory 

vegetation was disturbed by overgrazing. Few stumps of pine trees were also present in 

the area, due to anthropogenic disturbance.  

             A total of 13 species from ground flora were recorded under this community. Six 

species, were frequently distributed in both stands i.e Abies pindrow seedlings, Ajuga 

parviflora, Ammannia baccifera,Cenchrus penusaliformis, Fragaria  orientalis, Rubus  

fruticosus, while other species Anaphalis scopulosa, Artimisa griffithiana,Cannabis 

sativa, Picea smithiana, Morchella esculenta, Trillium govanianum  and Urtica dioica  

occured in single stands. 
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5.2.1.6 Pinus wallichiana – Abies pindrow  community 

This community was recorded from four different locations of sampling area i.e 

stands no 23, 27, 30 and 32. Elevation range was from 2120m to 2223m above  sea level. 

Slope angle was 30o to 40o with North West at two stands while other two stands were 

facing West-South aspects. Dominant species Pinus wallichiana contained 42 to 95% 

importance value while co-dominant Abies pindrow showed 5.17 to 53.55 % IVI. Density 

range was from 170 to 367 ha-1 with 53.45 to 109 basal area m2 ha-1 of Pinus wallichiana 

while co-dominant Abies pindrow attained 19.30 to 184 density ha-1 with 5.32 to 94.01 

basal area m2 ha-1respectively. Quercus baloot was the associated species in this 

community present only in stand no 32with a very low quantity. 

            Like other stands, the ground flora showed poor floristic composition. 

Anaphalisscopulosa with 17.3 % relative frequency was observed with highest value 

among all other species of ground flora. Many species were observed common present in 

each stand. These are Adiantum venustum, Achyranthus aspera, Asplenium ceterach, 

Artimisa griffithiana, Anaphalis scopulosa, Berberis lycium, Artimisa griffithiana, 

Cannabis sativa, Conyza bonarensis, Elaengnus anguspifolia, Geranium 

Wallichianum,Hedera nepalensis, Impaliense braclycenera, Indigofera gerardiana, 

Launaea  procum, Persicana punctata, Leucus notans,Mentha spicatalinn, Morchella 

esculenta, Panicum milaceum, Pteridium aquilinium, Phragmites karka, Rubus 

fruticosus, Rumex dentatus, Spodiopogan  cortolifer, Skimmia laureolia, Tagetis minuta 

and Urtica dioica. Conyza bonarensis, Hedera nepalensis with 4.5% relative frequency 

and Skimmia laureolia with 4.6 % relative frequency were found in this community.  

5.2.1.7 Pinus wallichiana – Quercus baloot community 

 Pinus wallichiana and Quercus baloot community was observed in two stands on North 

and North-East facing aspects. Slope angle was 25o and 28owith 2223 and 2103m 

elevations respectively. Dominant species Pinus wallichiana attained 88 % importance 

value, while Quercus baloot was presented with 13 % importance value. Canopy of both 

stands was open due to illegal cutting and human disturbances.Understory vegetation and 

seedling of trees were highly disturbed. Dominant species Pinus wallichiana density was 
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268 to 300 h-1 with 50 to 53 basal area m2 ha-1while Quercus baloot attained low density 

52 to 65 ha-1 with 4.9 to 6.8 basal area m2 ha-1. 

          Ground flora was diverse and the community showed poor floristic composition. A 

total of 21 species found in both stands in which Hederanepalensis and Conyza 

bonarensis were found as common species with 9.7-13.2 and 8.1-9.4 % relative 

frequency respectively. Other species Adiantum venustum, Ammannia baccifera, Rubus 

fruticosus, Berberis parkeriana, Bistorta amplixicula, Corbichonia decumbers, 

Dicliptera bupleuroides, Elaengnus anguspifolia, Indigofera gerardiana, Mentha 

spicatalinn, Morus nigra, Ocimum bacilicum, Panicum milaceum, Pinus roxberghii 

seedlings, Polygonatum multiflorium, Solanum nigrum and  Verbascum  thapsus were 

observed as in single stand.  

5.2.1.8 Cedrus deodara - Pinus wallichiana Community 

This community was sampled from two different locations, (stands 35 and 37) at the 

elevation from 2014 and 2089m while degree of slope was between 33o and 35o.Canopy 

was open in both stands because of anthropogenic disturbance and animal grazing. 

Ground flora was rich. Soil erosion and land sliding were also observed. The soil 

collected from these stands was hard, muddy and composed of sedimentary rocks. Cedrus 

deodara was the dominant species having values of IVI 44-88%, density, 109 and 295 ha-

1 and basal area (32 and 100 m2 ha-1). Co-dominant species Pinus wallichiana was 

distributed with 12 to 45% IVI, density was 63 to 145 ha-1 and 6 to 18 m2 ha-1 basal areas. 

The associated species Quercus baloot was observed with low density and basal area. 

         The ground flora observed in these two stands 11 species were found in each stand, 

in which, Conyza bonarensis and  Juglans regia were found in both stands with 9.4-14.8 

and 6.3-6.6 % relative frequency rspectively. Conyza bonarensis was observed as the 

highest relatve frequency 14.8 %, followed by Echinopes specis with 14.1 % and Leucus 

notans with 13.1 % relative frequency, while the lowest relative frequency was observed 

for Portulaca oleracea, Tagatis minuta, and Plygonatum multiflorum with 4.9 % relaive 

frequency in both stands. Other species Amaranthus tricolor, Ammannia baccifera, 

Berberis  parkeriana, Cicota  virosa, Hedera nepalensis, Impaliense braclycenera 
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Indigofera gerardiana, Nasturtim officinale, Panicum milaceum, Solanum nigrum, 

Strobilanthus asropurporus, Verbascum  thapsus, and Xanthium stramonium were found 

as rare species with different relative frequencies.  

5.2.1.9 Picea smithiana - Pinus wallichiana Community 

This community was sampled from Jabba (stand 40) occured on North-East 

facing with 28o steep slope. Elevation was 2374 m above sea level. Canopy was open at 

this stand because of the illegal cutting of old and mature trees and overgrazing. Soil 

erosion land sliding was also observed. Picea smithiana the leading dominant species 

showed high 83% importance value with a density of 246 ha-1and 97 m2 ha-1 basal area. 

Co-dominant Pinus wallichiana occurred with 17% importance value having 57 stem ha-1 

and 15 m2 ha-1 basal area. 

          Most of the conifers species are at great threat in the whole district. Seedlings and 

saplings of Pinus wallichiana and Picea smithiana were also present with the undrstorey 

vegetations in low number. Ground surface was full of bushes and herbs. Associated 

understorey species were Adiantum capillusveneris, Amaranthus tricolor, Asplenium 

ceterach, Berberis lycium, Cenchrus penusaliformis, Fragaria nubicola, Fragaria 

orientalis, Impaliense braclycenera, Morchella esculenta, Paeonia emodi, Picea 

smithiana, Solanum nigrum and Verbascum thapsus. 
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Table.5.1 Phytosociological Attributes and absolute values of tree species in forty stands from 

Shangla District of KPK. Pakistan. 

Main Locations, Sites 

and Stands 
Species Name 

Phytosociological Attributes Absolute Values 

R.F 
R.B.

A 
R.D IVI     D.ha

-1 BA m
2 

ha
-1 

1 
Mangarkot 

Pinus wallichiana 100 100 100 100 55.61 14.47 
(Shangla Top)  

2 Rehman Abad Pinus wallichiana 
100 100 100 100 

 

353 
71.04 

3 

Picho Banda 

Pinus wallichiana 
100 100 100 100 242.81 64.71 

(DawlatKalay) 

4 Matta Karin Pinus wallichiana 100 100 100 100 317.46 53.41 

5 

Wachobi Carr 

Rahim Abad. Pinus wallichiana 
100 100 100 100 313.81 68.56 

6 Kwaro (Alpurai) Pinus wallichiana 100 100 100 100 295.43 52.85 

7 

NakhtaroGhar 

Pinus wallichiana 
100 100 100 100 298.29 126.89 

Machaarr. 

8 

MattaMor 

Pinus wallichiana 
100 100 100 100 371.61 91.56 

(Machaarr) 

9 Kotkay 1 Pinus wallichiana 100 100 100 100 298.04 40.49 

10 Kotkay 2 Pinus wallichiana 100 100 100 100 375.58 71.33 

11 Kandao1 (Ajmer) Abies pindrow 100 100 100 100 379.2 
 

139.38 

12 Kandao 2 (P.K) Pinus wallichiana 100 100 100 100 293.46 141.14 

13 BahadarSar Abies pindrow 100 100 100 100 383.71 145.37 

14 Man sar Abies pindrow 80 80 63.36 74.45 242.18 74.72 

    Picea smithiana 20 20 36.64 25.55 60.54 43.2 

15 Safaray Abies pindrow 82.5 82.5 77.21 80.74 289.86 108.94 

    Picea smithiana 17.5 17.5 22.79 19.26 61.49 32.16 

16 NakhterNao Pinus wallichiana 100 100 100 100 372.68 75.55 

17 Board Kotkay Pinus wallichiana 100 100 100 100 390.96 62.48 

18 Shangla Top 1 Pinus wallichiana 100 100 100 100 345.17 103.7 

19 Shangla Top 2 Pinus wallichiana 100 100 100 100 289.987 109.61 

20 Alpurai Dipu Pinus wallichiana 100 100 100 100 354.33 84.06 

21 Lilownai (P.L) Pinus wallichiana 100 100 100 100 335.75 65.88 

22 Poran Hill (Y.T) Pinus wallichiana 100 100 100 100 409.36 132.11 

23 Yakh Tangay 1 Pinus wallichiana 95 95 94.48 94.83 366.68 91.08 

    Abies pindrow 5 5 5.52 5.17 19.3 5.32 

24 Chakat (Karora) Pinus wallichiana 100 100 100 100 327.3 94.29 

25 Goli butt Pinus wallichiana 100 100 100 100 396.03 87.56 

26 Yakh Tangay 2 Pinus wallichiana 100 100 100 100 346.78 158.88 

27 YakhTangay 3 Pinus wallichiana 85 85 89.28 86.43 280.23 109.44 

    Abies pindrow 15 15 10.72 13.57 49.45 13.15 
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28 YakhTangay 4 Pinus wallichiana 100 100 100 100 392.12 158.83 

29 YakhTangay 5 Pinus wallichiana 100 100 100 100 381.47 
 

115.43 

30 Acharo (Y.T) Pinus wallichiana 75 75 65.47 72.07 278.97 92.6 

  

 

Abies pindrow 25 25 34.53 27.95 92.99 48.84 

31 Chakesar Kandao Pinus wallichiana 83.75 91.1 83.75 86.2 268.62 50.4 

  

 

Quercusbaloot 16.25 8.9 16.25 13.8 52.12 4.93 

32 Bakht Banda Abies pindrow 48.75 63.17 48.75 53.55 183.81 94.01 

 

Kandaow Pinus wallichiana 45 35.92 45 41.97 169.67 53.45 

 
Quercus baloot 6.25 0.91 6.25 4.48 23.56 1.36 

33 Poran Towa Pinus wallichiana 80 99.93 80 88.31 299.88 74.40 

  

 

Quercus baloot 20 0.07 20 11.69 74.97 6.80 

34 Sanela Poran. Pinus roxberghii 100 100 100 100 224.69 20.36 

35 Bund Dherai Pinus wallichiana 50 33.94 50 44.64 144.85 18.12 

  
Cedrus deodara 37.5 59.68 37.5 44.9 108.65 31.86 

  
Quercus baloot 12.5 6.38 12.5 10.46 36.22 3.41 

36 Pitao Dherai Pinus roxberghii 100 100 100 100 224.69 20.36 

37 Chaat Kandaow Cedrus deodara 82.5 99.94 82.5 88.31 295.51 100.38 

  

 

Pinus wallichiana 17.5 0.06 17.5 11.69 62.68 5.72 

38 Nala Opal Cedrusdeodara 100 100 100 100 334.37 94.66 

39 Shalkho Abies pindrow 100 100 100 100 371.43 142.74 

40 Jabba Lilownai Picea smithiana 81.25 86.42 81.3 83 246.5 97.22 

  

 

Pinus wallichiana 18.75 13.58 18.7 17 56.88 15.28 

 

Key to abbreviations: 

RF= relative frequency, RBA = Relative Basal Area, RD = Relative Density, D ha-1 = density per 

hector, Ba m2 ha-1 = basal area m2 ha-1, IVI = Importance value index.  
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Table 5.2 Summary of Mean values of six dominant tree species of study area. 

Key to abbreviation: PNST = Presence in number of stands, D = density, B.A = Basal 

area, ± = Standard error, IVI = Importance value index. 

S.No 

Name of 

Species 

PNS

T 

Mean 

IVI 

Mean D. ha-1 
Mean 

B.A m
2
ha

-1 

Dominant 

1st     2nd    3rd 

1 Pinus wallichiana 32 88.84 ± 4.31 296.42 ± 17.35 79.85± 7.01 29 3 - 

2 Abies pindrow 9 61.71 ± 12.71 223.54 ± 48.18 85.83 ± 18.06 6 3 - 

3 Picea smithiana 3 42.60 ±20.27 122.84  ±  61.82 57.52 ±  20.10 1 2 - 

4 Cedrus deodara 3 77.73 ±16.76 246.17 ± 69.67 75.63 ± 21.94 2 1 - 

5 Pinus roxberghii 2 100 ±100 273.21 ± 48.52 26.87 ± 6.51 2 - - 

6 Quercus baloot 4 10.10 ±  1.99 46.71 ± 11.08 4.12 ± 1.15 - 2 2 
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Table .5.3 Communities, stand numbers and topographic attributes of communities are 

listed below. 

S. No. Name of Community Stand No. 
Elevation  Slope  

Aspect 
Range  (o) 

 

1 
Pinus wallichiana 1 to 10 12,16,17, 1490…2620 30…50 

NW,N,NE

, 

 

(Pure) 18,19,20,21,22,24, 

  

W,SW,S 

 

 

 

25, 26, 28, 29.    

2 Abies pindrow 11,13.39 2556…2810 26….45 
SW,S,R.to

p 

 

(Pure) 

    

3 
Pinus roxberghii 34,36 

1298….145

1 
30…..40 NE. 

 

(Pure) 

    

4 Cedrus deodara 38 2094 50 S. 

 

(Pure) 
    

5 Abies pindrow / 14, 15 2620...2780 40…45 E,W. 

 

Picea smithiana. 

    

6 Pinus wallichiana / 23, 27,30,32 
2120….224

0 
30….40 NW,W, 

 

Abies pindrow. 

   

NE,S 

7 
Pinus wallichiana / 31,33 

2103…..222

3 
25…..28 SE,NE. 

 

Quercus baloot. 

    

8 Cedrus deodara / 35,37 
2014…..208

9 
33….35 W,N. 

 

Pinus wallichiana. 
    

9 Picea smitiana / 40 2374 28 NE. 

 

Pinus wallichiana. 
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Table (5.2) shows the mean values of dominant six tree species of the study area 

while table (5.3) postulates the number of stands, elevation range, slope angles and range 

of aspects occupied by different tree communities in Shangla District. Pinus wallichiana, 

Abies pindrow, Pinus roxberghii and Cedrus deodara showed the highest possible 

(100%) relative phytosociological attributes due to the pure stands. In dominant tree 

species Pinus wallichiana occupied the highest (296) mean density ha-1while highest 

basal area (86 m2 ha-1) was shown by Abies pindrow. Pinus roxberghii attained highest 

IVI (100%) containe considerable low mean (27) basal area with 2nd larger individual 

(273 ha-1). Highest basal area species Abies pindrow showed 4th position in density ha-1. 

Table (5.3) indicated that Cedrus deodara pure stand was distributed on South, Pinus 

roxberghii on North-East and Picea-Pinus wallichiana community was restricted to 

North-East aspects. Pinus wallichiana was distributed in thirty two stands while Abies 

pindrow was recorded from 9 stands. Other tree species showing limited distribution i.e 

present in 2 to 4 stands. 

 

5.3 DISCUSSION 

  In this study four monospcific pure stands and five communities were recorded 

from Shangla District. Among these forty stands Pinus wallichiana was present as 

leading dominanat species in the whole study area while, cedrus deodara and Picea 

smithiana occur in very low quantity. Pinus wallichiana the leading dominant species 

occurring in 32 stands, in twenty three stands it was present as monospecific species 

while it occured first dominant in 29 stands and in three stands it was present as second 

dominant species with other gymnospermic species. Champion (1965) observed Pinus 

wallichiana from different sites of moist temperate areas and they declare that this 

species required more moisture conditions than dry temperate zones species. Beg et al., 

(1975) recognized Pinus wallichiana Blue-pine forest as a dry temperate zone species. 

Ahmed et al., (2006) recorded Pinus wallichiana pure stands from Nalter (Gilgit-

Baltistan) on South facing aspects at about 2770 m altitude and from Takht-e-Suleiman 

Balochistan at 3100 m elevation. They also recorded Pinus wallichiana from moist 
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temperate mixed forests of Murre and Lower Topa, Jhika Gali, with associated species 

Quercus incana at about 1970 to 2250m elevations. Pinus wallichiana occurred as 

dominant species with 63% density and 88% basal area, while associated species 

Quercus baloot attained low density and basal area. According to Ahmed et al., (2006), 

this species has wide ecological implitude distributed from moist temperate to dry 

temperate areas and upto timber line. Wahab et al., (2010) observed Pinus wallichiana 

monospecific pure forest from Batharae, Tormang dara at about 1875 m elevation. 

Density was obtained 43 stems ha-1with 39.63 basal area m2 ha-1. Akbar et al., (2011) 

recorded Pinus wallichiana pure stands from 10 different locations of Skardu and Astore 

Districts of Gilgit-Baltistan. The range of density of these pure stands were 92 to 180 ha-1 

with 8.72 to 36.02 basal area m2 ha-1. Siddiqui et al., (2013) recorded Pinus wallichiana 

monospecific pure forest from two different places i.e., Chikar, Azad Kashmir and 

Patriata, Murre. Pinus wallichiana was present as dominating species with association to 

seven non-conifer understorey species. The density range was 135 to 429 ha-1 with 69 to 

78 m2 ha-1 basal area.  

Pinus wallichiana and Abies pindrow community was recorded from four 

different locations of sampling area. This type of community was observed by Khan, 

(2011) reported this community from Chitral District at about 2775m elevation with 

closed canopy. Khan et al., (2016) investigated Pinus wallichiana-Abies pindrow 

community at six different locations of Indus Kohistan under dry temperate region. 

Siddiqui et al.,(2011) and Bokhari (2011) analyzed this community in moist temperate 

areas from Suddhan Gali, Azad Kashmir. 

Pinus wallichiana-Quercus baloot community was recorded in two  forests. 

Dominant species was Pinus wallichiana followed by Quercus baloot with low 

importance value. Due to illegal cutting, human disturbances and animal grazing 

understory vegetation and seedling of trees were highly disturbed.  Wahab (2011) 

observed this community of Pinus wallichiana-Quercus baloot from Bhagam in Nehag 

Dara forests of District Dir at about 2190 m elevation. They also recorded eleven 

understorey species in which Indigofera gerardiana and Rubus fruticosus were observed, 
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both these species are also present in our study area under this community which shows 

wide ecological distribution in these forests. 

Abies pindrow the second dominant species of the Shangla District was present at 

9 stands in which 6 stands it was distributed as first dominant species while in 3 stands it 

occured as second dominant species with other gymnospermic species. Out of these 9 

stands Abies pindrow occured as pure species in 3 stands. According to Ahmedet al., 

(2006) it preferred dry temperate areas of Pakistan but also reported from moist 

temperate areas showing wide ecological amplitude. Iqbal et al., 2014 recorded Abies 

pindrow from 7 different sites of study area. In these seven stands Abies pindrow was 

found as pure specie in two stands while in five stands it is also found in association with 

Pinus wallichiana and Picea smithiana. 

         Wahab et al., (2008) observed Abies pindrow pure stands from Satto Khwar in 

Usherie Valley at about 2670 m elevation. The density of this pure species was 123 ha-

1with 24.6 basal area m2 ha-1. Akbar et al., (2010) reported this species as a pure stand 

from District Astore at about 3464 m altitude. They calculated Abies pindrow density as 

107 trees ha-1 with 7.87 m2 ha-1 basal area. Siddiqui et al., (2013) investigate Abies 

pindrow monospecific forest from Lalazar, (Naran, Kaghan valley) on 3000m elevation. 

The density was 189 trees ha-1 with 109 m2 ha-1 basal area. They observed that this 

species area is extensively disturbed due to human disturbances, because only two 

understorey species were recorded from the area. 

 

 

 

 

 

 

 

 

 

        Abies pindrow pure forest at Shalkho area stand no 39. 
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Abies pindrow and Picea smithiana community was recorded from two sites of Shangla 

Districts. Similar type of community were also recorded by Wahab (2011) from District 

Dir, Siddiqui et al. (2013; 2015) from moist temperate areas of Sri, Shogran and Malam 

Jabba forest and Khan et al., 2016 from Indus Kohistan District of Khyber Pakhtunkhwa. 

           Pinus roxberghii monospecific pure species were observed from two different 

locations i.e,  Puran side and Ghurband side Dherai (Pitao) at the elevation range of 1298 

to 1451m above sea level.  The stand density of these pure stands range was from 225 to 

322 h-1with 20.36 to 33.38 basal area m2 ha-1. Slope angle was 30o to 40o. In these stands 

the canopy was open because it was a young forest and the sign of disturbance were also 

seen. Pinus roxberghii species were also present at other locations with very few amounts 

which din‟t make community with other species. Pinus roxberghii species mostly prefer 

to grow in lower elevations and gentle slopes. Due to human interferences these gentle 

slopes are mostly converted to human population and cultivated lands.  

          Cedrus deodara the national tree of Pakistan was distributed at 3 locations of study 

area of Shangla District. At two sites it was found as first dominant species while second 

dominant species in one stand. At one stand it was recorded as monospecific pure species 

near at Nala area closed to Karora with elevation of 2094m above sea level. Density was 

334 ha-1 on 50osteep slope. Canopy of this species was moderate type. As it was reported 

to closed canopy but due to human disturbance and illegal cutting of old and healthy trees 

it converted to moderate type canopy. In this forest some old and huge trees were also 

observed. In this stand community was not recognized, then on the basis of only 

dominanted species the forest was named as Cedrus deodara pure forest. Champion et 

al., (1965) described this species under the moist temperate forest. Siddiqui et al., (2013) 

observed two monospecific forests of Cedrus deodara from Naran and Kaghan valley, 

which is moist temperate area. These stands were located at the elevation of 1650 m and 

2500 m respectively. The density range of these pure stands was 284 to 410 ha-1 with 36 

to 50 m2 ha-1 basal area. The presence of these species in moist temperate areas indicates 

wide ecological amplitude of this species.Wahab et al., (2008) investigate Cedrus 

deodara from dry temperate zone. Ahmed et al., (2006) recorded this species from Astore 

District (sub-alpine area).Wahab et al., (2008) recorded Cedrus deodara pure stands from 

Afghanistan, Surgulo sar purely dominated by this species. No other tree species were 
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exhibited there. All the tree species were young. Ahmed et al.,(2010) sampled Cedrus 

deodara pure monospecific forest from twelve different locations of Northern areas of 

Pakistan. Elevation range was from 1650 to 2770 m. In these pure monospecific deodar 

forests density was ranged from 99 to 457 trees ha-1 with 6.35 to 115 basal area m2 ha-1. 

They concluded that mostly deodar is found in dry temperate areas, while in moist 

temperate areas few pure stands were also present. Khan et al., 2011 observed Cedrus 

deodara monospecific pure forest from three locations of District Chitral. These single 

dominating species were present at about 2125 to 2900 m elevation above mean sea level. 

The density range of these monospecific tree species was from 100 to 322 h-1with 7.84 to 

76.45 basal area m2 ha-1. 

          As Cedrus deodara was present in very few stands of the study area indicates the 

great threat to the species if government and local forest department did not take prompt 

action for the conservation of these species it may be vanished very soon. 

Cedrus deodara and Pinus wallichiana community was observed in two stands, where 

Cedrus deodara was dominant followed by Pinus wallichiana. A total of 21 species of 

ground flora was also recorded in this community. Juglans regia was common species 

found in both stands with 6.3 and 6.6 % relative frequency. Ahmed et al., (2010) also 

reported Cedrus-Pinus wallichiana community from 22 different locations of moist 

temperate areas of Himalayan range of Pakistanfrom 1950m elevation to 2700m 

elevation.  

           Picea smithiana was obtained in three different locations of sampling area in 

which Picea smithiana was present as first dominant in one stand while in two stands it 

occurs as second dominant species. At Jabba near Lilownai it was present with Pinus 

wallichiana with density of 246 ha-1and 97 m2 ha-1 basal area.  In other two stands it 

makes community with Abies pindrow at Mann sar and Safaray as a co-dominant species. 

This type of community was observed by Wahab et al., (2008) from Sheshan, 

Afghanistan. Picea smithiana tree species were mostly large in size having lowest density 

35 trees h-1with basal area 15.9 m2 ha-1. They also observe that this species is also present 

in nearby areas of Pakistan with high values of density and basal area.  

Picea- Pinus wallichiana community was sampled from one forest with 2374m 

elevation. Eleven species of understorey vegetaion were recorded from this area. 
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Dominant species Solanum nigrum with 12.4 % Fragaria nubicola 11.2 % and Cenchrus 

penusaliformis with 10.1 % relative frequency. This community was recorded by Hussain 

(2013) from three locations of Central Karakoram National Park, Northern areas of 

Gilgit-Baltistan with 3110 to 3512m elevation. They also recorded 42 species of ground 

flora from these areas. Wahab (2011) also sampled Picea-Pinus wallichiana community 

from District Dir. Ahmed et al., (2006) reported Picea-Pinus wallichiana community 

from dry temperate areas of Astore District of Gilgit-Baltistan with 3300m elevation. 

Akbar (2013) also recognized this community from Rama and Mushken forests of Gilgit-

Baltistan with elevation ranged from 2719 to 3275m. They also observed Fragaria 

nubicola understorey species with 5 % relative frequency which is also present in our 

study area. Which shows wide ecological implitude in these areas. 

           Among these conifers species a broad leaved species Quercus baloot were also 

recoeded from the study area with association pine species. This species was present in 

four locations, in which two stands it was 2nd dominant species and other two stands it 

was found as third species. Khan et al.,(2010a) and (2010b) was also recorded this 

species from different locations of Dir and Chitral Districts. Like other studies in 

Pakistan, present investigation also suggested that these pine tree species are distributed 

either in pure form or forming communities with other pine or broad leaved species. Then 

numerical values or phytosociological attributes are depended on the degree of 

disturbance and their values are within the range of other studies in different areas of 

Pakistan. 

         This area is potentialy suitable for the forest which offers habitate for wildlife, 

medicinal plants and other tree communities. However, it needs an ecological effort for 

its restoration, improvement and proper management to reduce pressure on forest 

resources. Quality of seeds and seedlings of suitable plants should be provided free of 

cost for rehablitation and reforestation of endangered plant habitate. To improve the 

socio-economic condition and livelihood of the area, awareness programs regarding to 

ecological problems should be arranged to save this important bio-resources for the 

future.    
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CHAPTER 6 

MULIVARIATE ANALYSIS 

6.1 Introduction 

In ecology multivariate analysis are the most important and popular technique to 

understand the relationship between species and their communities which is commonly 

used in different fields (Orloci and Kenkel 1985). This technique has been utilized widely 

to summarize huge data set, to investigate and detect the variables pattern and describe 

the interpretation among the species and their environment. This methodology was used 

by various ecologists to explore and summarize the ecological data (Shaukat 1994).  

       The term Ordination in ecology was introduced for the first time by Goodall (1954), 

while ordination techniques were developed by Mclntosh (1985). Polar ordination was 

developed and introduced by Bray and Curtis (1957). Both ordination and classification 

are very important to understand vegetation ecology (Ahmed 1984). 

         In Pakistan multivariate analysis (stand ordination) was initiated by Shaukat and 

Qadir (1971) then Ahmed, (1973, 1976) and Ahmed et al., (1978) presented stand, 

species and environmental ordination respectively. Other workers also explained the 

importance of this method for the vegetation analysis in different periods of time i.e. 

Shaukat et al., (1980 and 1988), Khan et al., (1987), Hussain  et al., (1994), Awan et al., 

(2001), Shaukat et al., (2005), Malik and Hussain (2007), Dasti et al., (2007), Wazir et 

al., (2008), Saima et al., (2009), Jabeen and Ahmed (2009), Ahmed et al. (2009), Ahmed 

et al., (2010, 2011) Khan (2011), Wahab (2011), Siddiqui (2011), Nazim (2011), Akbar 

(2013), Siddiqui et al., (2013 and 2014), Hussain (2013), Bokhari et al., (2016) and 

Siddiqui et al., (2016). 

       In this chapter we have used multivariate analysis to explore and investigate the 

relationship between vegetation of Shangla District with environmental factors, which 

may be helpful and beneficial for us to understand the relationship of plant species with 

environmental variables. 
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6.2-Materials and methods 

6.2.1-Vegetation sampling:Forty mature stands of conifer tree species were sampled 

using Point centered Quarter (PCQ) Method of Cottam & Curtis, (1956) while 

phytosociological attributes including relative and absolute density and basal area of tree 

species were computed following Mueller-Dombois & Ellenberg (1974); Kent & Coker 

(1992) and Ahmed & Shaukat (2012). The details of sampling procedure have been 

described in previous chapter-3. 

       The environmental co-ordinates i.e latitude, longitude, slope angle, aspect, altitude 

and soil components of each stand were also recorded and included in this analysis.  

6.2.2-Soil analysis: Soil was also collected from each site of study area randomly at 

least three samples were taken at every stand and then mix them together making a 

composite sample for each. Litters were removed from the surface of the soil and dug out 

from upper surface to 20 cm by using soil auger. After taking about 500g soil keep them 

in the polythylene bags, labeled them with permanant marker, sealed and brought them to 

the laboratory. In the laboratory these soil samples were then air dried at 25 to 30 oC, 

sieved them lightly and passed through 2 mm sieve and anlyzed for different 

physiochemical analysis. 

pH, Salinity, TDS and Conductivity: Different soil chracteristics like soil pH, 

Salinity, conductivity,Total dissolved solids (TDS) were obtained and analyzed. 20 gm of 

soil was weighed and made a paste with distilled water and filtered with the help of 

Whatman filter paper No.42. These filtered samples were then taken in small beakers. 

Soil pH, total dissolved solids, salinity; conductivity was determined using multi-

parameter meter (HANNA Multiparameter, Meter. Model HI 9828).  

Maximum Water Holding Capacity: (MWHC) was determined following the 

method of Keen (1931). For this purpose pebbles, leaves and roots of plants were 

removed from the soil surface with the help of sieve. The soil was then put in the tin cans 

having holes in the bottom and filter paper to cover the holes. These tins were then kept 

in the tray, half filled with water for a specific period of time so that the soil completely 

saturated. The excessive water was then removed from the tin with the help of blotting 
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papers. These saturated soil samples were taken in empty and clean cans and weighted on 

an electric balance. All the samples were then oven dried and weighted. Following 

formula was used to calculate Maximum water holding capacity. 

Maximum water holding capacity= Loss in weight / Oven dried weight × 100 

Organic Matter: For the determination of soil organic matter weight the 10 g sieved 

soil in washed crucibles with distilled water and keep them carefully in the furnace for 5 

to 6 hours at 550oC to 660 oC. After burning, these crucibles remained in furnace for 

about 24 hours to cool down samples. All these crucibles with soil samples, taken out 

from furnace and weighed. Finally subtracted the soil weight from the initial weight of 

the soil and calculate the organic matter of soil by applying weight loss following the 

ignition method of Dean (1974).  

Phosporus (P) was estimated following the method of Vanado-Molybdate-Yellow 

(Barton‟s Reagent) described by Jackson (1962) for this purpose Tri-acidic mixture for 

digestion was prepared by using HNO3: HCLO4: H2SO4 (5:3:1,V/V/V). 1 g sieved dried 

sample was taken in 50 ml digestion flask, add 10 ml tri-acidic mixture and heat to 

reduce the volume up to 3ml allowed to cool and diluted to mark. Solution (a) 25 g of 

Ammonium Molybdate was dissolved in 400 ml of distilled water, and (b) 1.25g 

Ammonium Metavandate was dissolved in 300 ml boiling water. After cooling add 250 

ml of concentrated HNO3 slowlyand keep them at room temperature. The solution (a) and 

(b) were mixed with each other to make final volume 100 ml and stored at room 

temperature. 2 ml extract was dissolved in 2 ml of Barton‟s Reagent and make final 

volume 50 ml with distilled water. Absorbance was noted at 470 nm after 30 minutes 

against reagent blank. Total Phosphorus was calculated as in percentage.  

Soil texture: Soil have particles of different sizes  called sand, silt, and clay. Sands are 

the largest particles of the soil. Silt is the mid-size particles of soil. Clay is the smallest 

and fine sized soil particles. For the determination of the percentage of sand, silt, and clay 

followed the pipette method this method was used by Cornell Nutrient Analysis 

Laboratory (CNAL). Website: www.css.cornell.edu/soiltest.  
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6.2.3-Statistical analysis: For the statistical analysis data were subjected to computer 

program following Orloci and Kenkel (1986) and Shaukat & Siddiqui (2005). Two main 

types of multivariate analyses were employed namely cluster analysis and ordination. For 

cluster analysis Ward‟s hierarchical agglomerative method was used following clustering 

techniques (McCune and Grace, 2002). Principal Component Analysis (PCA) was used 

for the purpose of ordination of tree vegetation data. The two dimensional non-metric 

multidimensional scaling (NMS) ordination method was used for understorey vegetation 

following (Minchin 1987, Grace & McCun, 2002 and Enright et al., 2005).Beside simple 

linear correlation of single environmental variables; environmental gradients were also 

correlated with the components of the PCA vegetation ordination. Both Ward‟s cluster 

analysis PCA ordinations and NMS were performed using the computer program-

package PC-ORD version 5.10 (Grace and McCune, 2002; McCune & Meford, 2005) as 

used briefly by Siddiqui et al., (2010a), Wahab, (2011) and Hussain, (2013).  Correlation, 

mean and standard error (±) were computed (using MS. Excel 2010) to find out the 

relationship between individual environmental variables with the PCA components. To 

categorize the vegetation into groups the importance value of trees and frequency of 

understory vegetation was taken. The differences between environmental variables 

among groups obtained for cluster analysis derived with single-way analysis (ANOVA) 

for tree vegetaion data set as well as understorey vegetations and the results were then 

summarized in the form of tables. Understory vegetation was divided into different 

categories on the basis of actual frequency i.e (I). 10 -20 % Rare, (II) 21-30% Occasional, 

(III) 31-40% Frequent, (IV) 41-50% Abundant and (V) 51-60% Very abundant following 

Tansley & Chipp (1926) and Tansley (1946), which is used by Khan, (2011), Hussain, 

(2013) and Akbar, (2013). 
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6.3-Results 

6.3.1-Classification 

6.3.1.1-Ward’s Cluster analysis of Stands (Tree vegetation data) 

The Dendrogarm was built using Ward‟s clustering method (Fig. 6.1) which clearly 

separate out the four major groups of vegetation and on the basis of these groups 

environmental variables are also divided into four groups. Characteristics of vegetation 

groups (mean ± SE) are presented in Table 6.1 while the environmental features (mean ± 

SE) of each group are given in Table 6.2. Table 6.3 showed the dominance of tree species 

based on the groups derived by Ward‟s cluster analysis.Except group IV all groups 

belongs to the moist temperate area. 

6.3.1.1.1-Group-I Pinus wallichiana Dominant Group: 

The largest group, appeared as dominant species in twenty eight stands comprises 

of three sub groups which are given as follow. 

 Group1 (a): it is composed of 21 stands of pure Pinus wallichiana species. 

 Group1 (b): this group contains 3 stands of two species Pinus wallichiana and Abies 

pindrow association. 

 Group 1 (c): in this group two gymnosperm and one angiosperm species are associated 

within four stands.  

6.3.1.1.2-Group I (a) Pinus wallichiana association: 

The sub group of Group 1 represented by 21 stands of Pinus wallichiana association was 

present as pure monospecific tree species in these stands. Average importance value was 

100 in this group. As compare to the other groups this is the largest group.  

           This group was situated at 1953.1±69 mean elevation above sea level with highest 

39.05 ±1.41 slope angles as compare to the other group‟s. The edaphic features of this 

group-I(a) showed mean value of total dissolved salts (TDS) 68.0±6.8 g/L, water holding 

capacity (WHC) 12.24.±0.06%, salinity 0.06±0.01%, conductivity 136.6±13.7 μS/cm and 
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Soil moisture 24.5± 1.2%. The soil of this group was alkaline in nature having the mean 

value of pH 7.94±0.04. While in case of the soil nutrients this group showed the mean 

value of Organic matter 0.6±0.0% and Phosphorus 0.43±0.09%. Like other 

properties of soil physical properties were also estimated in this group. Mean 

value of sands were 53.37 ± 1.90%, for silt 32.37 ± 1.63% and 13.9 ± 1.53% for clay 

were found. 

6.3.1.1.3-Group I (b) Pinus wallichiana and Abies pindrow association: 

This is a sub group of Group 1 comprises of 3 stands having 2 gymnospermic tree species 

which are Pinus wallichiana and Abies pindrow. Pinus wallichiana the leading dominant 

species with 98.33±1.67 average importance value and co-dominant species Abies 

pindrow contributed very low 1.67±1.67 average importance value. 

          The mean elevation of this group was 2203.3 ± 29.6m with 38.3 ± 4.4 mean slope 

angle. Edaphic condition of this group showed variable results i.e mean value of TDS 

was 48.67 ± 5.36, maximum water holding capacity 11.70±0.9, salinity 0.04± 0.0, 

conductivity 96.67 ± 10.09 %, Soil moisture was 23.4 ± 1.8 % The pH was 8.06±0.03% 

which is alkaline in nature. Soil nutrients organic matter content was 43 ± 0.030 and 

Phosphorus was 0.23 ± 0.03% (mean ± SE) for soil texture mean sands, silt and clay were 

also observed, 51.73±7.66, 36.9 ± 7.36 and 11.3 ± 1.13% respectively. 

6.3.1.1.4-Group-I (c) Pinus wallichiana mix Group: 

 This group consists of four stands with two coniferous species i.e Pinus wallichiana, 

Abies pindrow average importance value was 80.9±2.2 and 10±6.1 respectively while 

angiospermic species Quercus baloot contributed 9.0±5.2 % importance value for this 

group.     

        With respect to topographic characteristics this group is associated with an average 

elevation of 2171.5±35 meter with 30.8±3.3 steep slope.  

        Edaphic features of this group showed mean value of TDS 71.3 ± 19.1, maximum 

water holding capacity 9.5±0.6, salinity 0.07±0.02, conductivity 143.8 ± 37.6 and soil 

moisture was 18.9 ± 1.2 %. The pH was observed as 7.8 ± 0.2% mean value. Soil 

nutrients of this group showed the mean value of organic matter 0.7 ± 0.2 and phosphorus 
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contain 0.33 ± 0.11%. The physical properties sands, silt and clay were also analyzed for 

this group. Sands were 49.4 ± 5.0%, silt was 42.0 ± 6.0% and mean value of clay was 8.7 

± 2.6%.  

6.3.1.1.5-Group II Abies pindrow and Picea smithiana association: 

This groups includes total of 5 stands, predominantly Abies pindrow occur with 92.5±4.6 

% average importance value while co-dominant Picea smithiana attained 7.5±4.6% 

average importance value. 

        As compare to other groups this group of vegetation was recorded on highest 

elevation (2691.2 ± 47.6 m) with 34.0 ±7.48 slope angle. The edaphic variables of this 

group were recorded i.e TDS 44.4 ± 7.01; maximum water holding capacity 15.4 ± 1.81, 

salinity 0.04 ± 0.01, conductivity82.6 ± 7.59 and soil moisture was 30.8 ± 3.61%. The pH 

was observed as 7.78 ± 0.09 %. In the case of soil nutrients this group showed 0.42 ± 

0.07 % organic matter and 0.53 ± 0.17 % phosphorus. Physical properties of soil were 

also observed. Sands were 45.88 ± 2.59%, silt was 34.48 ± 3.11% and clay was 19.64 ± 

4.22% of this group. 
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Fig.6.1: Dendrogram derived from Ward‟s Cluster analysis, using importance 

value of tree species, showing four different groups.  
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Table. 6.1 Four groups derived from Ward‟s cluster analysis of 40 stands and their 

average tree species composition (average importance value for each group). 

 

Tree Species  
Group 

1 (a) 

Group 1 

(b) 

Group 1 

(c ) 

Group 

2 

Group 

3 

Group 

4 

Pinus wallichiana 100±0 98.33±1.67 80.9±2.2 * 26.3±9.3 * 

Abies  pindrow * 1.67±1.67 10±6.1 92.5±4.6 9.75±9.75 * 

Cedrus deodara * * * * 44±20.7 * 

Picea smithiana * * * 7.5±4.6 16.25±16.25 * 

Pinus  roxburghii * * * * * 100±0 

Quercus baloot * * 9.0±5.2 * 3.75±2.5 * 
 

Note: (*) = Absent, (±) = Standard error.     

6.3.1.1.6-Group III Mix group of Conifer dominating species 

This group was consists of five stands. These stands were 32,35,37,38 and 40 

respectively. Four conifers tree species and an angiospermic tree species was found in 

this group. The dominant species was Cedrus deodara attained 44±20.7 average 

importance value, Pinus wallichiana, Picea smithian, Abies pindrow and Quercus baloot 

contributed 26.3 ± 9.3, 16.25 ± 16.2, 9.75 ± 9.75, 3.75 ± 2.5% average importance value 

respectively.  

The mean elevation of this group was slightly lower 2188=76.2 than previous 

group while the mean slope was 38.2 ± 4.04 higher than previous group.  The edaphic 

feature of this group showed mean value of TDS 51.2±4.9, maximum water holding 

capacity 12.05 ± 0.83, salinity 0.05±0.0, conductivity 108 ± 12.73 and soil moisture 24.1 

± 1.7%. pH of this group was  (7.60 ± 0.06). 

Soil nutrients of this group showed the mean value (0.48± 0.05) for organic 

matter and (0.46± 0.09) was observed for Phosphorus. Soil texture i.e mean sands; silt 

and clay were 47.56 ± 5.85, 43.44 ± 5.61 and 9 ± 0.6 % respectively. 
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6.3.1.1.7-Group IV Pure Pinus roxberghii association 

This group is the smallest group among all groups consisting of two pure stands 

of Pinus roxberghii.  Each stand of Pinus roxberghii contains 100 ± 00% average 

importance values in this group. This group belongs to the subtropical area. 

         The topographic appearances of this group revealed comparatively low elevation 

1374.5 ± 76.5 m with 35.0 ± 5 slope angles.  The edaphic feature of this group showed 

mean value of TDS 45.0 ± 17.0, water holding capacity 8.07 ± 4.23, salinity 0.04 ± 0.02, 

conductivity 89.5 ± 34.5, and soil moisture 16.14 ± 8.46. The soil pH was observed as 

7.40 ± 0.02. Soil texture was also estimated i.e. sand, silt and clay. Sands were 27 ± 

0.0%, silt was 53.8 ± 11.0% and clay was 19.2 ± 11.0%. Soil nutrients mean organic 

matter was 0.4 ± 0.2 and Phosphorus was 0.3± 0.0. 

Table: 6.2. The mean values ± SE of environmental variables (topographic, edaphic and 

soil nutrient) based on three groups derived from Ward‟s cluster analysis using tree 

vegetation data of 40 stands of Shangla district. (Mean ± SE). 

Variables Group 1 Group Group Group 

 1(a) 1(b) 1(c) 2 3 4 

1. Topographic variables  

1.Elevation(m) 1953.1 ± 69.7 2203.3 ± 29.6 2171.5± 35.0 2691.2 ± 47.6 2188±76.25 1374.5±76.5 

2. Slope 39.05 ±1.4 38.33  ± 4.41 30. 8 ± 3.3 34 ± 7.48 38.2 ± 4.04 35 ± 5 

2- Edaphic variables  

1.pH 7.94  ± 0.04 8.06±0.03 7.8 ± 0.2 7.78 ± 0.09 7.60 ± 0.06 7.40 ± 0.02 

2.WHC 12.24 ± 0.06 11.7 ±0.9 9.5 ± 0.6 15.4 ± 1.81 12.05 ± 0.83 
8.07 ± 

4.23 

3.Salinity 0.06 ± 0.01 0.04± 0.0 0.07 ± 0.02 0.04 ± 0.01 0.05  ± 0.0 0.04 ± 0.02 

4.Cond 136.5 ±13.7 
96.67 ± 

10.0 

143.8 ± 

37.6 

82.6  ±  

7.59 
108 ± 12.73 89.5 ± 34.5 

5.TDS 68.0 ± 6.8 48.67± 5.3 71.3 ± 19.1 44.4 ± 7.01 51.2 ± 4.95 45.0 ± 17.0 

6. Soil Moisture 24.5 ± 1.2 23.4 ± 1.8 18.9 ± 1.2 30.8 ± 3.61 24.1 ± 1.7 16.14 ± 8.46 
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3- Soil Texture 

1. Sand 53.37 ± 1.9 51.73 ± 7.66 49.4 ± 5.0 45.88 ± 2.59 47.56 ± 5.85 27 ± 0.0 

2. Silt 32.37 ± 1.6 36.93 ± 7.36 42.0 ± 6.0 34.48 ± 3.11 43.44 ± 5.61 53.8 ± 11.0 

3. Clay 13.9 ± 1.5 11.33 ± 1.13 8.7 ± 2.6 19.64 ± 4.22 9 ± 0.6 19.2 ± 11.0 

4- Soil nutrients 

1. OM 0.62 ± 0.07 0.43 ± 0.03 0.7 ± 0.2 0.42 ± 0.07 0.48 ± 0.05 0.4 ± 0.2 

2. Phos 0.43 ± 0.09 0.23 ± 0.03 0.33 ± 0.11 0.53 ± 0.17 0.46 ± 0.09 0.3 ± 0.0 

 

SE = Standard error, WHC = Water holding capacity. OM. = Organic matter of soil in %. 

TDS = Total dissolved salt, Cond = conductivity, Phos = Phosporus. 

6.4. Univariate analysis of variance (ANOVA) 

Using Ward‟s cluster analysis four groups of tree vegetation were derived. Environmental 

characteristics i.e topographic factors, edaphic factors, soil physical properties and soil 

nutrients (Table 6.2) were also analysed by using univariate analysis of variance 

(ANOVA).  

         The topographic variables elevation value was highly significant P < 0.001 with 

10.15 F. ratio while slope was found non-significant with 0.8 F. ratio. Among all the 

edaphic variables pH was observed significantly correlated 0.01 with 5.73 F ratio.  

Maximum water holding capacity and soil moisture were also showed significant P < 

0.05 correlation with 2.76 F ratio for each respectively. 

        Salinity, conductivity and TDS were found non-significant. Soil texture i.e. sands, 

silt and clay were also showed significant correlation P < 0.05) with 3.24, 2.96 and 3.38 

F. ratios respectively. In case of soil nutrients soil Organic matter was highly significant 

correlation (P < 0.001) with 7.12 F ratio while Phosphorus was non-significant. 
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Table-6.3 Analysis of variance of individual environmental variables (topographic, 

edaphic, soil texture and soil nutrients) four groups were derived by Ward's cluster 

analysis using tree vegetation data of 40 stands.   

Source of Variation SS df MS F P-level 

1- Topographic Variables 

1 Elevation      

 Between Groups 3337292.82 5 667458.57 10.15 P< 0.001 

 Within Groups 2236902.77 34 65791.26   

 Total 5574195.6 39    

2 Slope 

 Between Groups 307.81 5 61.56 0.814 NS 

 Within Groups 2571.17 34 75.62   

 Total 2878.98 39    

2- Edaphic Variables 

1 PH 

 Between Groups 1.043235 5 0.208647 5.73 P< 0.01 

 Within Groups 1.240102 34 0.036474   

 Total 2.2833375 39    

2 WHC 

 Between Groups 115.4212 5 23.08424 2.766 P< 0.05 

 Within Groups 283.7654 34 8.346041   

 Total 399.1866 39   
 

 

3 Salinity 

 Between Groups 0.003552 5 0.00071 0.981 NS 

 Within Groups 0.024625 34 0.000724   

 Total 0.028178 39    

4 Conductivity 

 Between Groups 19125.115 5 3825.023 1.251 NS 

 Within Groups 103938.26 34 3057.008   

 Total 123063.38 39    

5 TDS 

 Between Groups 4271.35833 5 854.2717 1.116 NS 

 Within Groups 26021.4167 34 765.3358   

 Total 30292.775 39    

6 Soil Moisture 

 Between Groups 461.68485 5 92.33697 2.766 P< 0.05 

 Within Groups 1135.0615 34 33.38416   
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 Total 1596.7464 39    

3. Soil Texture 

1 Sands 

 Between Groups 1421.31148 5 284.2623 3.241 P< 0.05 

 Within Groups 2981.75952 34 87.69881   

 Total 4403.071 39    

2 Silt 

 Between Groups 1278.40024 5 255.68005 2.967 P< 0.05 

 Within Groups 2930.09476 34 86.179258   

 Total  39    

3 Clay 

 Between Groups 716.5828095 5 143.3166 3.384 P< 0.05 

 Within Groups 1440.14819 34 42.3573   

 Total 2156.731 39    

4- Soil Nutrients 

1 Organic matter  

 Between Groups 9564.9254 5 1912.985 7.120 P< 0.001 

 Within Groups 9135.4484 34 268.6897   

 Total 18700.374 39    

2 Phosphorus 

 Between Groups 0.24110417 5 0.048221 0.406 NS 

 Within Groups 4.04083333 34 0.118848   

 Total 4.28193750 39    

Note: SS = Sum of square, MS = Mean square, F = F ratio, df = Degree of freedom, P 

level = Probability level and ns = Non-significant. 

 

6.4-Ordination 

6.4.1.1-PCA ordination of tree vegetation data 

For the ordination purpose Principal Component Analysis was used to find out the 

relationship among different soil factors i.e. topographic variables, (Elevation and slope) 

edaphic, factors, soil physical properties, soil nutrients, with Importance value index of 

tree species (Table 6.4). Four main groups were also isolated by Ward‟s cluster analysis 

which are clearly superimposed on PCA ordination with axis 1and 2, 1and 3& 2 and 3 

(Fig. 6.2 to 6.4). It was  observed that there was no overlapping among these groups in 

two axis, 1,2 and 1,3  while in axis 2,3 there was little overlapping in between two groups 
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so the only one stands which were away from their concerned group considered them as 

isolated stand. Group 1 was the largest group among all four groups having 28 stands. 

This group was further divided into three sub group‟s i.e.  Group I (a), group I (b) and 

group I (c) due to the different co-species composition.  Pinus wallichiana was 

dominated species in all three sub groups. Group-I was clearly separate out on all Axes. 

This Group is present on Axis 1-2, 1-3 and 2-3 

        Group I (a) consists of 21 stands dominated by Pinus wallichiana comprises on only 

one species. Group I (a) was located on the average elevation of 1953.1 ± 69.7 m and 

39.05 ± 1.41 slope angles Group I (b) contained Abies pindrow as a co-dominant species. 

This group is occurring in three stands. The average elevation of this group was 2203.3 ± 

29 m with 38.33±4.4 slope angle. Group I (c) is composed of four stands. This sub group 

associated species were Abies pindrow and Quercus baloot. This group is located on 

2171.5±35 m average elevation and 30.8± 3.3 average solpe angle.  

         Group-II was composed of 5 stands in which Abies pindrow was dominant species 

with co-dominant Picea smithiana. This group was recorded on the highest  average 

elevation of 2691.2 ± 47 with 34.0 ± 7.4 slope angle. Since Abies pindrow occupied 

highest position than Pinus wallichiana. 

        Group-III composed of 5 stands dominated by Cedrus deodara and co-dominant 

Pinus wallichiana, Picea smithiana, Abies pindrow and an angiospermic species Quercus 

baloot. This group is located on the average elevation of 2188.0 ± 76 with 38.2 ± 4 

average slope angle. 

        Group-IV was smallest group separated on the basis of monospecific condition. In 

this group two stands i.e stand 34 and 36 were recorded as pure Pinus roxberghii stands. 

The lowest average elevation was recorded as 1374.5 ± 76.5 with 35 ± 5 average slope 

angle. This group represent only in dry temperate condition. 



Chapter 6 MULIVARIATE ANALYSIS 

 

  104 
 

 

 

Fig. 6.2: PCA stand ordination between axis 1 and 2 of tree species based on IVI. 
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Fig. 6.3: PCA stand ordination between axis 1 and 3 of tree species based on IVI. 
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Fig. 6.4: PCA stand ordination between axis 2 and 3 of tree species based on IVI. 
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6.4.1.2- Relationship (correlation coefficients) of 3 ordination axes with 

environmental variables 

Results of correlation between three axes of PCA ordination with different 

environmental variables are presented in (Table. 6.4). Ordination on axis 1 was 

significantly correlated with elevation (P < 0.05) and silt (P < 0.05) while the other 

environmental variables did not show significant correlation. On axis 2 ordination show 

significant correlation (P <0.005) only on silt of soil and the remaining variables were not 

significantly correlated. Ordination on axis 3 was highly significant correlation (P<0.001) 

on elevation and significant correlation on maximum water holding capacity and soil 

moisture, while the other environmental variables did not show significant correlation.  

Table-6.4 Relationship (correlation coefficients) of environmental variables (topographic 

variables, edaphic variables, Soil texture and soil nutrients) with 3 PCA ordination axes 

obtained by tree vegetation data. 

 Axis 1 Axis 2 Axis 3 

S. No. Variables R 

 

Prob. Level 

 
R 

 

Prob. Level 

 
R 

 

Prob. Level 

 

1- Topographic variables 

1 Elevation 0.316 P < 0.05 
-

0.309 NS 0.509 P < 0.001 

2 Slope 

-

0.079 NS 0.122 NS 

-

0.044 NS 

        

2- Edaphic variables 

1 pH 
-

0.511 NS 
-

0.321 NS 0.059 NS 

2 MWHC 0.144 NS 

-

0.319 NS 0.235 P< 0.05 

3 Salinity 
-

0.240 NS 0.008 NS 0.127 NS 

4 Conductivity 

-

0.262 NS 

-

0.017 NS 0.094 NS 

5 TDS 
-

0.263 NS 
-

0.013 NS 0.093 NS 

6 

Soil 

moisture 0.144 NS 

-

0.329 NS 0.245 P < 0.05 
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3- Soil Texture 

1 Sand 

-

0.346 NS 

-

0.309  0.224 NS 

2 Silt  0.255 P < 0.05 0.423 P < 0.005 
-

0.088 NS 

3 Clay 0.228 NS 
-

0.149 NS 
-

0.198 NS 

4- Soil nutrients 

1 
OM -

0.240 NS 0.008 NS 0.124 NS 

2 
Phosphorus 

0.136 NS 0.017 NS 0.128 NS 

 

Key to abbreviations: r = Correlation coefficient, NS = Non-significant, Prob. Level = 

Probability level OM. = Organic matter of soil in %. TDS = Total dissolved salt. 

6.5-Understorey vegetation data 

6.5.1.1- Ward’s Cluster analysis of stands 

Cluster analysis of understorey vegetation based on frequency using Ward‟s method is 

presented in (Fig.ure 6.5). Average frequency of understorey vegetation is given in Table 

6.5 while environmental variables are shown in Table 6.6. Environmental variables 

(elevation, slope, water holding capacity, salinity, organic mater, sand silt and clay) are 

used in matrix 1 while frequency of understorey vegetation used in matrix II when use 

PC-ORD statistical software, so 4 groups of vegetation are well separated out on the basis 

of environmental variables which are briefly described as follows in Table 6.7. 

Group-I This group is the largest group among all groups which is further divided into 

two sub groups, Group-I (A) and Group-I (B) which are briefly described as follow. 

Group-I (A) is a large group of understorey vegetation which is composed of eleven 

stands and about twenty nine species among them Digeteria sanguinalis, Fragaria 

nubicola, verbascum thapsus and  Pinus wallichiana seedling showed 40 % average 

frequency which are the dominant species recorded in these stands.  Asplenium ceterach 

showed 37.5 % average frequency was found as the second dominant species occured in 
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this group. Urtica dioica with 15 % average frequency was recorded as the very rare 

species in this group. 

        On the basis of topographic characteristics this group was recorded as 2062.73 ± 17 

mean elevation with 38.18 ± 2.6 mean slope angle.  

         Edaphic variables of this group was recorded water holding capacity with highest 

value 11.49 ± 0.6, salinity 0.5 ± 0.0 and organic matter with 0.5 ± 0.04 mean values. Soil 

texture i.e sand, silt and clay was also derived which are as, sand 51.33 ± 3.5 % , silt was 

37.2 ± 3.8 % and clay was 11.47 ± 2.2 % mean values. 
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Fig.: 6.5. Cluster analysis of understorey vegetation based on Frequency by Ward‟s 

method. 
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Table-6.5: Average frequency of understorey vegetation of four main groups derived 

from Ward‟s cluster analysis. 

S No. 

 
Species name 

Group I (A) 

 

Group I 

(B) 

Group 

II 

 

Group III 
Group IV 

 

1 Adiantum venustum D.Don 22.5 ± 3.2 27.5 ± 2.5 * 30 45 

2 Amaranthus tricolor 25 ± 5 20 * 33.3 ± 4.4 25 

3 Ammannia baccifera 27.5 ± 2.5 * 30 ± 5 32.5 ± 7.5 * 

4 Anaphalis scopulosa * 33.3 ± 9.3 31.7 ± 8.3 * 47.5 ± 2.5 

5 Asplenium ceterach L. 37.5 ± 3.10 31.25 ± 2.3 30 ± 2.04 36 ± 1.25 35 ± 5 

6 Berberis lycium L. * 40 * * * 

7 Bistorta amplixicula * * 40 ± 5 28.7 ± 4.3 30 ± 2.9 

8 Cannabis sativa 21.7 ± 1.7 27.5 ± 7.5 33.7 ± 3.15 * 37.5 ± 2.5 

9 Cenchrus penusaliformis 30 28.33 ± 8.3 27.5 ± 7.5 30 ±3.54 20 

10 Cicota virosa 35 * * 30 * 

11 Conyza  bonarensis 33.3 ± 6.01 20 ± 5 22.5 ± 7.5 20 * 

12 Corbichonia decumbers 30 35 ± 5 22.5 ± 2.5 * 20 

13 Digiteria sanguinalis 40 25 40 17.5 ± 2.5 27.5 ± 7.5 

14 Drypteris stewartii 20 * 31.7 ± 4.4 * 15 

15 Fragaria nubicola 40 40 ± 10 30 ± 5 45 ± 10 25± 10 

16 Fragaria orientalis 22.5 ± 12.5 25 30 ± 5 26.7 ± 8.3 36.7 ± 1.7 

17 Hedera nepalensis 33.3 ± 2.1 28.7 ± 5.15 32 ± 4.36 * 29 ± 3.32 

18 Impaliense braclycenera 33.3 ± 8.8 36.6 ± 1.7 * 32.5 ±2.5 * 

19 Indigofera gerardiana 28.3 ± 2.5 * * * 25 

20 Launaea  procum 20 15 26.7 ± 4.4 * 
15 
 

       

21 Morchella esculenta L. * 32.5 ± 2.5 23.3 ± 1.7 * * 

22 Ocimum bacilicum 31.25 ± 4.7 17.5 ± 2.5 25 * 30 

23 Panicum milaceum 26.7 ± 2.8 32.5 ± 1.7 * 27.5 ± 2.5 31.7 ± 3.3 

       



Chapter 6 MULIVARIATE ANALYSIS 

 

  112 
 

 

 
*Shows the absence of species in a group. 

Group-I (B) this group includes eight stands which containing about twenty five species 

of ground flora. About 22 species of this group were common species present in group I 

(a). Polygonatum multiflorium was the leading dominant species with 45 % average 

frequency present in this group. Fragaria nubicola with 40 % average frequency was 

recorded as the second dominant species in this group. Other species like Impaliense 

braclycenera 36.6%, Corbichonia decumbers with 35 % and Solanum nigrum with 35 % 

average frequencies were occaisional species occured in this group while Launaea 

procum with 15 % average frequency was the rare specie recorded in this group.  

        According to the environmental variables this group was recorded mean elevation 

2249.5 ± 28.9 with 36.13 ± 2.5 mean steep slope.  

       Soil texture of this group showed mean values of sand 51.5 ± 3.6, silt 37.23 ± 3.5 and 

clay with 11.28 ± 1.2 % respectively.  

Group-IIThis group attained the second large group of understoey vegetation containing 

eight stands with about 25 different species of ground flora. Sixteen species of this group 

were common species present in group I (a) and group I (b). Among these species Tagetis 

minuta with 55 % average frequency was the dominant species found in this group. 

Phragmites karka was the second dominant species occured in this group showing 50 % 

24 Persicana punctata 25 ± 5 31.7 ± 3.3 * * * 

25 Pinus wallichiana seedling 40 ± 5 30 ± 5 * * 30 

26 Pteridium aquilinium 23.5 ± 3.1 * 33.7 ± 5.5 25 25 

27 Phragmites   karka 33.7 ± 2.4 * 50 * * 

28 Polygonatum multiflorium 22.5 ± 4.8 45 35 * * 

29 Rubus fruticosus 23.3 ± 1.7 26.7 ± 1.7 30 25 27.5 ± 2.5 

30 Rumex hastatus D.Don * * 40 28.3 ±6.01 32.5 ± 7.5 

31 Solanum nigrum 28.3 ± 4.4 35 ± 20 20 32.5 ± 7.5 25 

32 Tagetis minuta 26.7 ±6.01 27.5 ± 5.2 55 * 27.5 ±12.5 

33 Urtica   dioica. L. 15 30 21.7 ± 3.3 * 23.3 ± 3.3 

34 Verbascum  thapsus 40 * 25 26.2 ± 8.3 * 
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average frequency. Solanum nigrum was the rare species recorded in this group with 20 

% average frequency.  

        The topographic characteristics of this group recorded highest mean value of 

2645.75 ± 37.01 m elevation, with a mean of 36.25 ± 4.6 slope angle. 

       Edaphic variables of this group were recorded in which water holding capacity was 

observed as highest 14.24 ± 1.24 mean values among all groups, salinity attained 0.05 ± 

0.01 mean value and organic matter showed 0.49 ± 0.07 mean values. Soil texture was 

also observed among them sand were 48.78 ± 2.7 mean value, silt attained 35.3 ± 2.6 

mean value and clay was 15.93 ± 3.1 mean values. 

Group-III is the smallest group consist ofsix stands including 18 species of ground flora 

dominated by Fragaria nubicola with 45 % average frequency. Twelve species of this 

group were common in group-I (a) and group-I (b), while thirteen species occured in this 

group were also recorded in group-II. Asplenium ceterach was the second dominant 

species occured in this group with 36 % average frequencies. Digeteria sanguinalis was 

the very rare species with 17.5 % average frequency recorded in this group.  

         With respect to environmental variables this group is characterized by very low 

1509.83 ± 52 mean elevation and low mean slope 34.17 ± 2.01 among all other groups. 

Edaphic variables water holding capacity was 11.68 ± 1.7 which is almost similar to the 

group-I (a) mean values, while salinity and organic matter mean values were 0.06 ± 0.02 

and 0.55 ± 0.2 which was almost similar to the group-I (a) and group-I (b).  

       Soil texture, sands were calculated 44.73 ± 5.9  which is the lowest mean values 

among other groups while in case of silt attaining 40.93 ± 5.3 mean values which is the 

highest mean value between all other groups. Clay was computed as 14.33 ± 3.3 mean 

value which is different than other group‟s values.   

Group-IV is consisting of seven stands which comprises of twenty four species of 

ground flora. Among these 24 species only five species were observed common species 

occured in all these four groups of cluster anlysis. Anaphalis scopulosa was the dominant 

species recorded in this group with 47.5 % average frequency, the co-dominant species 

Adiantum venustum with 45 % and Cannabis sativa with 37.5 % average frequency were 
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also recorded in this group. Drypteris stewartii and Launaea procum occured as very rare 

species with 15 % average frequency.  

      The results of environmental variables group shows that this group characterized by 

average 1792.14 ± 19 mean elevations with highest 40.71 ± 2.5 mean steep slope. 

Topographic variables water holding capacity showed 12.86 ± 0.7 mean values, salinity 

occured 0.07 ± 0.01 mean value and 0.71 ± 0.15 mean value of organic matter which 

indicated  the highest mean value among all groups of understorey vegetation.  

      The sand value amongst soil texture of this group 51.34 ± 3.9 is almost similar to the 

group-I(A and B) with low mean values of silt which is observed as 32.57 ± 3.2 %. Mean 

value of clay was calculated as 16.09 ± 3.4 % which is the highest among all groups.  

Table 6.6 Mean values ± SE of environmental variables based on four groups derived 

from Ward‟s cluster analysis using understorey vegetation data of 40 stands.  

Variables Group 1 Group Group Group 

  (A) (B) 2 3 4 

1. Topographic variables 

Elevation 
2062.73 ± 

17 

2249.5 ± 

28.9 

2645.75 ± 

37.01 

1509.83 ± 

52 
1792.14 ± 19 

Slope 38.18 ± 2.6 36.13 ± 2.5 36.25 ± 4.6 34.17 ± 2.01 40.71 ± 2.5 

2- Edaphic variables 

MWHC 11.49 ± 0.6 10.38 ± 1.3 14.24 ± 1.24 11.68 ± 1.7 12.86 ± 0.7 

Salinity 0.05 ± 0.0 0.05 ± 0.01 0.05 ± 0.01 0.06 ± 0.02 0.07 ± 0.01 

OM 0.5 ± 0.04 0.58 ± 0.09 0.49 ± 0.07 0.55 ± 0.2 0.71 ± 0.15 

3- Soil Texture 

Sand 51.33 ± 3.5 51.5 ± 3.6 48.78 ± 2.7 44.73 ± 5.9 51.34 ± 3.9 

Silt 37.2 ± 3.8 37.23 ± 3.5 35.3 ± 2.6 40.93 ± 5.3 32.57 ± 3.2 

Clay 11.47 ± 2.2 11.28 ± 1.2 15.93 ± 3.1 14.33 ± 3.3 16.09 ± 3.4 
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6.5. 1.2-Univariate anlysis of variance (ANOVA) 

The results of different environmental variables of understorey vegetations of four main 

groups derived from Ward‟s cluster analysis were calculated and analyzed by using 

univariate analysis of variance (ANOVA). The results disclosed that between the 

topographic variable elevations showed significant (P < 0.001) correlation while slope 

showed non-significant correlation with 0.54 F ratios. Edaphic factors i.e water holding 

capacity, salinity, organic matter and soil texture i.e sand, silt and clay did not showed 

significant correlation (Table 6.8). 

Table 6.7 Analysis of variance of individual environmental variables (topographic, 

edaphic and soil Texture) derived by Ward's cluster analysis using understory vegetation 

data of 40 stands of Shangla District. 

ANOVA: Single Factor 

Source of variance SS Df MS F P-Level 

1- Topographic variables 

1- Elevation 

Between Groups 5322642 4 1330661 185.14 P < 0.001 

Within Groups 251553.4 35 7187.239   

Total 5574196 39    

2- Slope 

Between Groups 168.701732 4 42.1754329 0.545 Non-significant 

Within Groups 2710.27327 35 77.4363791   

Total 2878.975 39    

2- Edaphic variables 

1- Water holding capacity 

Between Groups 69.5759929 4 17.394 1.847 Non-significant 

Within Groups 329.6106046 35 9.417446   

Total 399.1865975 39    

2- Salinity 

Between Groups 0.002504286 4 0.000626 0.854 Non-significant 
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Within Groups 0.025673214 35 0.000734   

Total 0.0281775 39    

3- Organic Matter 

Between Groups 0.250428571 4 0.062607 0.854 Non-significant 

Within Groups 2.567321429 35 0.073352   

Total 2.81775 39    

3- Soil Texture 

1- Sand 

Between Groups 227.7037056 4 56.92593 0.477 Non-significant 

Within Groups 4175.367294 35 119.2962   

Total 4403.071 39    

2- Silt 

Between Groups 246.852381 4 61.7131 0.545 Non-significant 

Within Groups 3961.642619 35 113.1898   

Total 4208.495 39    

3- Clay 

Between Groups 182.6822771 4 45.67057 0.814 Non-significant 

Within Groups 1963.733723 35 56.10668   

Total 2146.416 39    

 

Note: SS = Sum of square, MS = Mean square, F = F ration, df = Degree of freedom, P-

level = Probability level.  

6.5. 1.3-Stand ordination of understorey vegetation data 

Two dimensional non-metric multidimensional scaling (NMS) ordination method was 

applied on understorey vegetation data and plotted them between axis 1 and 2, showing 

in Fig. 6.6 it indicated continuous pattern existed between axes 1 and 2. Four main groups 

are derived by Ward‟s cluster analysis were superimposed on the ordination plane.  
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Fig. 6.6 NMS stand ordination between axis 1 and 2 of understorey vegetation based on 

frequency. 

            This trend is obvious from top (Group-Ia and b) to extreme right (Group-II) and 

group III and Group IV are situated in the lower middle.  

6.5. 1.4-Relationship (correlation coefficient) of NMS ordination axis 

with environmental variables of Understorey vegetation data 

Results of different environmental variables with ordination axis are presented in Table 

6.9. The result disclosed that only topographic variables elevation (P < 0.001) with axis 1 
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and (P < 0.001) with axis 2 was found as highly significant correlation while edaphic 

variables and soil texture did not show any significant correlation.  

Table 6.8 Relationship (correlation coefficient) of environmental variables with two axis 

of NMS ordination on the basis of understorey vegetaion. 

 Axis 1 Axis 2 

S.No Variables R Prob. Level R Prob. Level 

1- Topographic variables 

1 Elevation 0.7801 P < 0.001 0.9417 P < 0.001 

2 Slope -0.1411 NS -0.0221 NS 

2- Edaphic variables 

3 WHC 0.1517 NS 0.1502 NS 

4 Salinity -0.1718 NS -0.1645 NS 

5 OM -0.1718 NS -0.1645 NS 

3- Soil Texture 

6 Sand -0.1661 NS 0.2367 NS 

7 Silt  0.0350 NS -0.1366 NS 

8 Clay 0.1889 NS -0.1478 NS 

 

6.6-Discussion 

 Multivariate tecniques i.e classification and ordination was performed on tree vegetation 

and understorey vegetation following the methods of Ward‟s clustering  analysis (1963) 

and Goodal (1973) to invistigate and analyzed 40 different stands of forested areas of 

Shangla District. Cluster analysis and ordination both have advantages using them for 

yield corresponding results useful for better explanations of ecological data Greig-smith 

(1983). According to Okano (1996) cluster analysis approach is a quantitative and 

objective categorization technique. Environmental characteristics play a very important 

role in recognizing the vegetation pattern also elevation is the most important factor to 

investigate the distribution of vegetation pattern by Lovtt et al., (2001) and Gajoti et al., 

(2010). According to Zhang et al., (2006) Studying the vegetation distribution pattern is a 

basic tool for evaluating and management. Quantitative separation was studied by 
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previous scholars to investigate the contribution of environmental factors to the different 

layers of plant communities and distribution pattern, Zhang et al., (2004). Actually, 

natural plant communities are distributed continuously, and they are composed of 

different plant communities at different succession stages which are responsible to 

environmental factors.  

6.6.1- Classification 

The grouped resulted from tree vegetation and understorey vegetation data 

following Ward‟s cluster analysis were associated with different topographic, edaphic 

and soil physical parameters. Generally classification and ordination results with 

environmental variables provide a detaile picture of vegetation communities and their 

position in the study area. In the present study the sequence of natural vegetation of tree 

and understorey communities can be summarized in terms of several environmental 

characteristics. The groups obtained from cluster analysis were mostly dominated by 

single species and sometime by two species. Group-I (a) is the largest group composed of  

21  stands dominated by Pinus wallichiana with 100 % average importance value. This 

group is recorded on average elevation (1953.1 ± 70 m) and highest 39.05 ± 1.4 mean 

slope angle. Pinus wallichiana pure community were reported by Ahmed et al., (2006 ) 

investigated different climatic zones of Himalayan forests of Pakistan and identified pure 

Pinus wallichiana stand at about 2770m elevation from Naltar-Gilgit and 3100m 

elevation from Takht-e-Suleiman. Saima (2009) reported Pinus wallichiana community 

with association of Taxus wallichiana and Abies pindrow from Ayoubia National Park.  

Ahmed et al., (2010) recorded Pinus wallichiana from 22 different forests of Pakistan at 

elevation range of 1950 to 2700 m with 23o to 25o slope. Wahab et al., (2010) and Khan 

et al., (2013) investigated Pinus wallichiana community from District Dir and District 

Chitral at about 1875m and 2559m elevations respectively. Siddiqui,(2011) investigated 

five Pinus wallichiana dominated stands from moist temperate areas of Himalayan range 

of Pakistan, and suggested that this species prefer to grow on medium elevation, (2368m) 

and low slope angle (29o).  Akbar (2013) recordrd Pinus wallichiana pure community at 

3169m elevation with low 28 slope angle. Ilyas et al., (2012) findout Pinus wallichiana 

community from montane temperate forests of Qalagi Hills Swat. Group-I(b) contain 
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Abies pindrow as a co-dominant species occuring in three stands with elevation of 2203.3 

± 29 m with average slope. Group-I (c) comprises of four stands associated with Abies 

pindrow and Quercus baloot with average elevation and slope angle. In all these sub 

groups Pinus wallichiana was the dominant species occured in these groups. This species 

shows  wide ecological distribution in different climatic zones. Wahab et al., (2008) 

reported Pinus wallichiana and Cedrus deodara species from Afghanistan and Pakistan 

border. Group-II comprises of five stands dominated by Abies pindrow with co-dominant 

Picea smithiana recorded on highest average elevation 2691.2 ± 47 with 34±7.4 slope 

angle among all these groups. Ahmed et al., (2006) recorded Abies pindrow community 

on 3450 m elevation with 45o slope angle from Rama District Astore. Wahab et al., 

(2010), and Wahab, (2011) also recorded Abies pindrow community on 2670 m elevation 

from District Dir. Siddiqui, (2011) recorded Abies pindrow in 21 stands from moist 

temperate areas Lalazar, Naran. They also suggested that Abies pindrow prefer to grow at 

high elevation (2617m) elevation and high slope angle (36o).The distribution of Abies 

pindrow shows that this species also grow in different climatic conditions. 

           Group-III computed in five stands in which dominat species was Cedrus deodara 

with association to Pinus wallichiana, Picea smithiana, Abies pindrow and broad leaved 

species Quercus baloot with an average elevation and slope angle. This type of 

community was observed by Wahab et al., (2008) reported Cedrus deodara in association 

with Pinus wallichiana from Pakistan and Afghanistan border. Ahmed et al, (2010) also 

recorded Cedrus deodara twelve monospecific forests at about 1650m to 2770m 

elevation and 12o to 50o slope angle. Siddiqui et al., (2010b) reported Cedrus deodara 

and Pinus wallichiana community from moist temperate areas of Pakistan. Khan, (2011) 

investigated Cedrus deodara dominant groups (communities) from Gol National Park, 

District Chitral. Siddiqui (2011) adovcated Cedrus deodara pre-dominant forest from 

moist temperate areas of Himalayan range. 

The smallest group among all groups was group-IV containing  Pinus roxberghii 

pure stands, recorded in two sites with very low average elevation 1374.5 ± 76.5 and 35 ± 

5 average slope. This group representing dry condition of the forest. Malik et al., (2004) 

rported this species from Azad Jammu and Kashmir areas. Ahmed et al., (2006) and 
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Siddiqui et al., (2009) recorded Pinus roxberghii pure communities from sub-tropical 

forests of Hindukush and Himalayan regions of Pakistan. Wahab, (2011) also reported 

Pinus roxberghii pure community from District Dir.   

        Cluster analysis of understorey vegetation were resulted into four main groups. The 

vegetation of these forested areas occured in diverse shape, but some of them were 

recorded in common. Most common species of understorey vegetation were, Asplenium 

ceterach, Fragaria nubicola, Fragaria orientalis Cenchrus penusaliformis, Digeteria 

sanguinalis, Rubus fruticosus and Solanumnigrum.  

            Group-I is comprises of two sub groups,  group-I (a) and group-I (b), this group 

was pre-dominated by Digeteria sanguinalis, Fragaria nubicola, Verbascum thapsus and 

Pinus wallichiana seedling in group-I (a) while Polygonatum multiflorium was the 

dominated species with association to Fragaria nubicola which is common in both sub-

groups. Group-II which is the second large group among understorey vegetation 

dominated by Tagatis minuta with 55% average frequency and Phragmatis karka with 

50% frequency. This group was recorded on highest mean value 2645.75 m elevation. 

Smallest group among all understorey vegetation was Group-III dominated by Fragaria 

nubicola with 45 % average frequency. This group is characterized by very low mean 

elevation 1509.83m and low mean slope. Group-IV composed of 24 understorey species 

among them Anaphalis scopulosa was the dominant species with 47.5% average 

frequency with average mean elevation 1792.14m and highest slope 40.71 slope angle. 

Environmental characteristics (edaphic and photographic variables) of understorey 

species were almost similar among groups. 

6.6.2-Ordination 

Ordination techniques are generally used to describe relationship between 

vegetation composition pattern and underlying environmental gradiants. Ordination could 

be easily determine that which species is commonly found in area and associated with 

one another, and how they change their species composition in community with increase 

or decrease in elevation range. Two basic techniques, Classification and ordination are 
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complementary to each other applied for different purposes fundamentally point out by 

Greig-Smith (1983) and Ahmed (1984). 

          Principal component analysis (PCA) ordination technique was employed to explore 

the compositional variation in environmental gradiants with tree vegetation ecological 

data. According to McCune and Mefford (2006) PCA is one of the important and 

effective tool for ordinating and evaluating homogenous community data. It is basically 

an eigenanalysis in which the sum of the eigenvalues is mostly equal to the sum of the 

variance of all variables in a data set. PCA is relatively provides a reasonable but true 

indication of relationship among vgetation. Non-metric multidimensional scaling (NMS) 

was used to invistigate environmental variables correlated with different species 

composition of understorey vegetation.It is a truly non-parametric ordination approach 

which seeks to best reduce space portrayal of relationships.These methods use to identify 

similarity in a data set and rank information to order them. According to Kenkel and 

Orloci (1986) Bradfield and Kenkel (1987) NMS is extreemly effective method for 

evaluating easy data sets with low diversity.  

          Four main groups were clearly separated out for tree vegetation on ordination axes 

which are dominated by conifer tree species. These seem to be a good correspondence 

between the results of ordination and cluster analysis of tree and understorey vegetation. 

Group-I comprizes of three sub-groups, i.e Group-I (a, b and c) are dominated by Pinus 

wallichiana tree species with association to other co-species on all three axes axis 1-2, 1-

3 and 2-3. These all three sub-groups were situated on average mean elevation of 1953, 

2203 and 2171 which is suitable elevation range for the growth of these species and 

almost similar mean slope angle. Group-II was recorded on high mean elevation 2691m 

which suitable for the growth of Abies pindrow because this species prefer to grow on 

high elevation and steep slopes. Group-III dominated by Cedrus deodara with association 

to Pinus wallichiana, Picea smithiana, Abies pindrow and an angiospermic species 

Quercus baloot located on average mean elevation (2188m). Siddiqui, (2011) also 

recorded Cedrus deodara on moderate slope on all exposures equally and suggested that 

exposure is not controlling factor for the existence of Cedrus deodara. Group-IV occured 

as the smallest group composed of two monospecific stands with very low mean 
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elevation 1374m. Likewise tree vegetations 4 main groups were derived for understorey 

vegetation based on non-metric multidimensional scaling (NMS) ordination technique. 

These four groups were superimposed on two axes, plotted them between two axes 1 and 

2 which shows continous pattern among these axes.  

         In the present study environmental variables with PCA ordination disclosed that 

elevation is significantly (P <0.05) associated with axis1 and highly significant (P < 

0.001) with axis 3 of tree vegetation and highly significant (P < 0.001) correlation 

showed in understorey vegetation with NMS ordination. Siddiqui, (2011) also computed 

highly significant correlation in axis 1 with DCA ordination of tree and on axis 3 (in 

understorey vegetation). Khan, (2011) evaluated significant correlation on axis 1 DCA 

ordination of tree vegetation and on axis 1 and 3 of understorey vgetation from Chitral, 

District. Wahab, (2011) reported significant correlation of elevation in all three axis of 

tree vegetation and in axis 1 of understorey vegetation from District Dir, applied NMS 

ordination. Akber (2013) findout significant correlation of elevation for understorey 

vegetation in axis 1 with DCA ordination. Their results are agreed with our findings.  

According to Holdridge (1987) and Gracia (1981) that elevation has a great extent control 

in climatic conditions, particularly in temperature and precepitation. They also observed 

that increase in altitude causes decrease in temperature, water holding capacity, soil 

fertility and plant cover. Hoef et al., (1988) findout correlation with vegetation on 

ordination axes, and suggested that elevation and study area are the first two factors 

regulating the vgetation composition. In other environmental variables maximum water 

holding capacity and soil moisture showed significant correlation on axis 3 in tree 

vegetation data, similarly in soil texture, silt was observed as significantly correlation in 

axis 1 and axis 2. 
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CHAPTER 7 

DENDROCHRONOLGY 

7.1- Introduction 

7.1.1-Brief History of Dendrochronology 

The term “Dendrochronology” is composed of two Greek words; i.e dendro = tree 

and chronology mean science which deals with time and the assignment of date of 

particular time and event (Fritts, 1976). In Dendrochronology we can explore events 

which were recorded in the structure of annual growth rings of the trees and can be 

exactly dated by its calender year. Dendrochronology deals mainly with annual growth 

rings of trees. 

Theophrastus in 322 BC knew that some trees produce annual growth rings. 

Leonardo da Vinci (1452 – 1519 AD) an Italian scientist was the first person used tree 

annual growth rings to describe its relationship to rainfall about 500 years before. Michel 

de Montaige (1581 AD) determined the age of tree by simple counting of tree rings. 

Twining in 1833 AD (USA) and Charles Babbage (England) in 1838 AD studied several 

trees and applied cross-daing techniques. Twining also described the importance of cross-

dating. In Germany Tree-ring research was initiated by Theodor Hartig in (1805-1880), 

Robert Harting (1839-1901), and Bruno Huber (1969). Bruno Huber German (Botanist) 

along with Dougless American (Astronomist) in 1937 laid down the foundation of 

modern Dendrochronology and realized their significance. 

Systematic tree-ring (Dendrochronology) research was initiated at the Lowell 

Observatory in Flagstaff House, Arizona USA, by Andrew Ellicott Douglass, an 

American astronomer in the early 20th century. On the basis of his work Douglass was 

recognized as the father of Dendrochronology in 1937. Douglass founded laboratory of 

tree ring research at the University of Arizona, Tucson (United States) in 1937 (the first 

institution for tree ring studies). Ferguson (1970) described chronological sequences of 

annual growth rings studies in trees. Martin (1970) and Bitvinskas (1974) define tree-ring 

studies for date events. According to Cook and Kariukstis (1992) Dendrochronology is 

the systematic study of tree rings pattern designated to a particular event with the passage 

of years. Dendrochronology is rapidly growing science, depends on growth records of 
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living and nonliving trees. It is the study of annual growth rings of trees to evaluate the 

environmental and ecological factors that manipulate tree growth (Fritts, 1976). Kaennel 

and Schweingruber (1995) refer the term Dendrochronology to the science of dating tree-

rings and studied their structure to interpret information about environmental and 

historical events. 

Some tree species added annually growth layers in its stem in two ways: spring 

wood ('early wood‟) and then summer wood cells ('late wood'). Dendrochronolgy can 

date the time at which tree rings were formed, in many types of wood, to the exact 

calendar year. An important facility in the area of dendrochronology is the establishment 

of the International Tree Ring Data Bank (ITRDB) in which scientist contribute their 

tree-ring data to the global scientific community for free access to any intersested worker 

to use (Grissino-Mayer and Fritts, 1997). 

Although Dendrochronological methods were mostly developed for 

archaeological structure; but today it is uses in other disciplines as well (Fenwick 2003), 

i.e included in forest ecology, hydrology, geomorphology, glaciology, seismology, 

entomology, climatology, and many others. In this chapter we will discussed briefly the 

dendrochronological and dendroecological work carried out in different parts of Pakistan 

as well as in other countries. 

7.2- History of Dendrochronology in Pakistan 

Tree ring studies started in Pakistan by department of forests, without modern 

techniques in the late 80‟s which was observational. Only a limited amount of tree-ring 

research work has been conducted in Pakistan which is based only on conifers tree 

species. Champion et al., (1965); Khan, (1968) Sheikh, (1985) estimated the age and 

growth rate of pine tree species from different forests of Pakistan. Their study was 

observational and mainly based on simple ring count of few small cores, small sample 

size and without using modern techniques of Dendrochronology. 

In Pakistan tree-ring studies were initiated by Ahmed (1987) with an introductory 

paper which explained the dendroclimatology and its scope in Pakistan during a science 
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conference in Peshawar University. After that Ahmed (1988a, b) calculated age and 

growth rates and also mentioned various problems encountered for age determination. 

Ahmed (1989) applied dendrochronological methods on three Abies pindrow stands in 

northern Pakistan. Ahmed et al., (1990a, 1990b and 1991) estimated age and growth rates 

of Juniper and Chilghoza trees from Baluchistan. Ahmed and Sarangzai (1991, 1992) 

calculated age and growth rate of various species from Himalayan region of Pakistan 

using dendrochronological approach. They estimated that age and growth rates vary from 

tree to tree and even in the same trees of the same species. Their studies were invariably 

restricted to a small geographical area. Ahmed and Naqvi (2005) estimated tree-ring 

chronology of Picea smithiana and their quantitative description from Himalayan range 

of Pakistan. Wahab et al., (2008) estimated phytosociological and dynamics of few 

forested areas of Afghanistan and age and growth rate were obtained with non-significant 

correlation. Khan et al., (2008) applied modern dendrochronological techniques on Picea 

smithiana to obtain their potential from neighbouring country Afghanistan. Ahmed et al., 

(2009b) estimated age and growth rates of six gymnospermic tree species from 39 

different sites of Dir, Chitral, Swat, Abbotabad, Mansehra, Azad Kashmir and Northern 

areas of Pakistan and suggested that growth rings of these species could be used for 

dendrochronological studies. Nazim (2011) and Nazim et al., (2013) estimated age and 

growth rate of Aviccenia marina (mangrove) applied Dendrochronological technique 

without much success.Sarangzai et al., (2012b) explore dynamics of Juniperus excelsa 

forest in Balochistan used tree-rings. Khan et al., (2013) using Cedrus deodara from 

Chitral, Hindukush range of Pakistan showing that spring precipitation (March-May) is a 

critical limiting factor for tree-growth. Siddiqui et al., (2013) conducted 

dendrochronological studies to calculate age and growth rates of dominant conifer trees 

from moist temperate areas of Hilalayan and Hindukush regions of Pakistan.  
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7.3-Branches of Dendrochronolgy 

Few main branches of the Dendrochronolgy are defined as follow (Speer, 2010; 

Ahmed, 2014). 

 Dendroarcheology 

 Dendroclimatology 

 Dendroecology 

 Dendrohydrology 

 Dendroglaciology 

 Dendroseismology 

 Dendrochemistry 

 Dendrogeomorphology 

 Dendropyrochronology 

 Dendroentomology 

7.3.1Dendroarchaeology: 

The science that using tree rings to determine the exact time span of a period 

during which timber was felled, transported, processed and used for construction. (Stahle 

et al. 1985) This way dating of archaeological sites are possible. 

7.3.2 Dendroclimatology: 

The scientific method which uses tree-rings to reconstruct past climates. It is also 

analyzing ring widths to observe the records of rainfall/ temperature per year. (Briffa et 

al. 1990) 

7.3.3 Dendroecology: 

The use of dated tree-rings to study ecological factors that affect the earth‟s 

ecosystem by studing changes in ring widths over time (e.g. forest stand dynamics Fritts 

& Swetnam (1989) 
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7.3.4 Dendrohydrology: 

The use of tree-rings to study and date hydrologic phenomena such as river flow, 

flooding history and also determine the sequence of lake level changes during different 

time periods. (Cook & Jacoby 1983) 

7.3.5 Dendroglaciology: 

The use of tree-rings to study past and present changes in glaciers. Example: 

dating the rings of trees to establish the approximate date of glacial movement. (Luckman 

1994) 

7.3.6 Dendroseismology: 

The use of tree-rings to study and date earthquakes. Jacoby (1997) 

7.3.7 Dendrochemistry: 

Theuse of tree-rings to indicate the past chemical fluctuations in the environment. 

(Cutler and Guyetle, 1993) 

7.3.8 Dendrogeomorphology: 

The uses of tree-rings to estimate processes create on earth surface, altered, or 

shaped the landscape and analyzing changes in tree growth patterns via tree rings to 

reconstruct a series of landslide events. 

7.3.9 Dendropyrochronology: 

The Science that uses tree-rings to date and study past and present changes in wild 

fires. Example: dating the fire scars left in tree-rings to determine how often fires 

occurred in the past. All responses in the surroundings related to fire occur in this field. It 

is also used for forest management, grassland, farm land, orchids or human settlement.  

7.3.10 Dendroentomology: 

The science that uses tree rings to date and study the past dynamics of insect 

populations. Example: dating the growth suppressions left in tree rings from western 

spruce budworm outbreaks in the past. Ratzeburg (1886).  
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The present study is only focuses on dendroecology therefore brief discussion of 

Dendroecology is presented as under. 

7.4 Dendroecology 

Tree rings are available source of cumulated information on past growth reaction 

to environmental. The annual growth rings of plant and notably tree rings provide about 

past environment Dendrochronology or, more precisely dendroecology, is 

interdisciplinary method including all branches of science involved in drawing some type 

of environmental information from tree-ring sequences. Dendroecology is used in 

forestry, vegetation ecology and population dynamics or for analyzing the effects of air 

pollution on tree. Dendrohydrology covers flood plain ecology and management, changes 

in river flow etc. 

The science that uses tree rings to study factors that affect the ecosystems. 

Example: analyzing the effects of air pollution on tree growth by studying changes in ring 

widths over time. It is an important sub-branch of Dendrochronology where tree-rings are 

being used to solve various problems of forest management, conservation, forest history, 

forest ecology, forest productivity, population dynamics and ecosystem. Due to the huge 

amount of research work, research methodology and techniques it is now qualified as an 

independent and separate subfield of dendrochronology. Dendroecology was established 

by two German scientists Theodar Harting and Robert Harting in late 1800 and Bruno 

Huber in (1960). In America dendroecological studies were started first time by Fritts 

(1971). International Dendroecological field work held every year in Europe and 

America. According to Speer (2010) Dendroecology is an analysis of ecological issues 

such as fire, insect out break and age structure with tree-rings. He also recognized 

Dendroecology as a separate subfield of Dendrochronology. Stand age structure of dead 

and alive tree species provide recent forest composition and past condition (Daniels 

2003). Gustell and Johnson (2002) described a complete picture of mortality and 

establishment of all tree species which can be obtained by age structure. 

Vegetation dynamics which is constantly changing, and anthropogenic 

disturbances and human interference altered the structure of valuable forests 

biodiversity.The focus for this dendrochronological studies is to investigate general 
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ecological parameters such as the growth-rate of the trees and their longevity is not being 

incorporated into forest management training that is still directed towards only the size of 

trees, not their age. Without detailed information about the growth rates of the trees any 

management is severely limited. Such information helps to provide a focus for 

conservation efforts, also understand the species population dynamics. 

One important consideration for dendroecological studies is the potential age of 

the trees. The range of growth-rates extensively underpins the need of local information 

for effective management (Palmer et al., 2011). Speer 2010 indicated some other 

branches of Dendroecolgy which are included Dendromasecology, Dendro 

pyrochronology, Dendroentomology, forest productivity, succession, wildlife population, 

herbivory limits of species distribution, interection of multiple disturbances, timber line 

and subarctic investigations. In Pakistan this type of study was initiated under the 

supervision of Moinuddin Ahmed at Dr. Moinuddin Ahmed Research Laboratory of 

Dendrochronology and Plant Ecology, Federal Urdu University of Art‟s Science and 

Technology, Karachi, Pakistan. Numbers of investigations were carried out in different 

parts of the world, presenting huge amount of research publications, new ideas and 

techniques, however no work has been published in Pakistan, except estimation of age 

and growth rate variation. From Shangla District even this basic work is not reported, 

therefore present study will provide first age and growth rates information of pine tree 

species of this area. In addition we are also extending our research to explore variation of 

growth rate from seedling to mature tree and variation of age with increasing diameter 

classes, since no such work has been published from any forests of Pakistan.  

7.5-Importance of present work 

Global warming is considered a great threat to each and every aspect of human 

life. Our present and future resources depend on the consequences of increasing world 

temperature. How changing climate would effect on growth of plants, especially, 

economically imprtant tree species, have got great attention to our foresters, 

environmentalists and conservators. From any area of world, many studies have reported 

significant growth changes in many years of different forests types. Increased growth was 
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reported from small sized or young trees, while slow diameter growth was mentioned in 

large or old trees, in the areas facing climate extremes. According to Jacoby and Freeman 

(2016), many environmental agents determine the structure of any forest. However, now 

a days effect of global warming on forest growth and population are being identified 

worldwide (Ju et al., 2007). Rapid changes in growth pattern of forest trees during past 

decades have attracted many research workers in recent years (Zhou et al., 2014; Dai et 

al., 2015) 

            Global increased warming may affect population structure, dynamics and growth 

of species. A large number of tree growth research reported evidence of tree responses to 

climate warming (Zafar et al., 2015; Asad et al., (2016). According to Albright et al., 

(2013) at some low elevation sites, trees show slow growth while increase growth in 

mountain ecotones is expected due to warmer temperature. Feeley et al., 2011; and 

Eilmann and Rigling 2012 reported that tree species may or may not tolerate climate 

extremes. However there is a great risk about growth decline and mortality due to global 

warming (Wu et al., (2012) Liang et al., (2015). Allen et al., (2010) has presented effect 

of drought and tree mortality as emerging climate change risks for our forests. 

          How growth pattern of individual tree species change by time is essential for not 

only the agroforestry and forest mangement point of view but also to expolre the 

consequences of climate change issues. Pattern of growth changes and age in pine trees 

of Pakistan, during the last decades are not reported. Therefore dendrochronological 

approach was used to investigate variation of growth and age in three pine species, i.e 

Abies pindrow, Cedrus deodara and Pinus wallichiana from Shangla District of Pakistan.  

The purpose of present study is to establish 

a) Variation of growth rates at every past ten years. 

b) Change of growth rates in different dbh size classes. 

c) Variation in age in various dbh size classes. 
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CHAPTER 8 

REVIEW OF LITERATURE 

8.1-Dendrochronology 

The science of dendrochronology is based on the phenomenon that trees usually 

grow by the addition of annual rings, hence the name tree-ring dating chronology, 

dendrochronologists date events and variations in environment in the past by analyzing 

and comparing growth rings patterns of trees and wood. The study of tree- ring 

chronology is the scientific method of dating based on the cross matching of growth-ring 

patterns among trees. Dendrochronology can date the time at which tree-rings were 

formed in many types of wood, to the exact calendar year. This field of research has 

rapidly expanded over the last 30 years, not only in terms of the number of samples 

locations but also in the analysis method and range of applications. In Pakistan only a 

limited amount of research about tree-rings has been conducted. 

           For the first time Champion et al., (1965) calculated age of Picea smithiana tree 

from Zhob District of Baluchistan. Khan (1968) calculated ages of Pinus wallichiana 

trees from Tarkhal forest of Azad Kashmir. 

         Ahmed et al., (1990a) conducted study of Juniperus excelsa forests of Baluchistan, 

they did not found any significant relation between dbh and growth rate of these tree 

species. 

         Ahmed et al., (1990b) found average age of 16 trees (160 years) while growth rate 

ranged 5.09 to 16.05 years/cm. He also noticed that age and growth rate varied among 

individuals of similar size.  

           Ahmed et al., (1991) calculated ages and growth rates of various individuals from 

Hamalayan region of Pakistan. They used Dendrochronological method to determine the 

age and growth rate of nine species from various forests of Baluchistan. Age and growth 

rate vary among closely growing trees of the same species. A significant negative 

correlation was observed between altitude and growth rate.  
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          Ahmed and Sarangzai (1992) described ring-width characteristics and studied the 

dendrochronological potential of some pine tree species from the Himalayan range of 

northern areas. 

 Ahmed and Naqvi (2005) reported tree-ring chronologies of Picea smithiana 

(wall) Boiss, and its quantitative vegetational description used modern techniques from 

Hamalayan range of Pakistan. Due to small sizes, no statistical correlation was observed 

between community and dendrochronological investigations, they suggested that despite 

difference in climatic zones and chronologies, trees shows some similar pattern of ring 

width. They also suggested that detailed sampling is required to present strong database.  

             Khan et al., (2008) indicated dendroclimatic potential of Picea smithiana (Wall) 

Boissfrom Afghanistan District Dangam used modern Dendrochronological techniques. 

A first dated chronology (1663- 2006AD) from this country was presented. It was 

indicated that all cores are highly correlated, showing similar climatic signals. On the 

basis of their investigations, it was suggested that this species has high  Dendroclimatic 

value and more information could be obtained, if this chronology is correlated with other 

regional chronologies of the same species. 

             Ahmed et al., (2009a) studied dendroclimatic investigation in Pakistan, using 

Picea smithiana (wall) Boiss, they carried out dendroclimatic studies of Picea smithiana, 

which was dominated forest of Chera and Naltar, located in Hamalayan region with six 

hundred years (1400 to 2006) A.D dated chronology. Each chronology was obtained from 

highly correlated (0.65-0.73) wood samples. Climate and growth response of Picea 

smithiana was analyzed using response function (RF) analysis. 

            Similarly Ahmed et al., (2009b) identified age and growth rate of some 

Gymnosperms using dendrochronological techniques, core samples were obtained from 

218 tree species including Pinus wallichiana, Pinus roxberghii, Picea smithiana, Cedrus 

deodara, Abies pindrow and Taxus wallichiana zucc, using Swedish increment borer to 

obtain age growth rates of these trees. It showed that largest tree is not necessary the 

oldest tree. Highest over  all  growth rate (2.65-0.19y/cm) was recorded in Cedrus 

deodara from south facing slopes with the slowest growth was observed in Taxus 
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wallichiana from east facing slope, except in Pinus roxberghii, Dbh and age showed no 

significant relation. 

              Ahmed et al., (2010a) analyzed preliminary results of two pine tree species and 

climatic studies of Hamalayan area of Pakistan. They represented the standardized ring-

width chronologies of Pinus wallichiana and Pinus gerardiana. These chronologies are 

based on highly correlated (0.63) and cross matched wood samples. They also observed 

response function analysis to investigate the climatic signals in these chronologies. Both 

species showed some similar effects response and trends. They also concluded that both 

species are suitable for paleoclimatic reconstruction.  

             Ahmed et al., (2010b) sampled tree ring chronologies from upper Indus basin of 

Karakoramranges; they collected four coniferous species from seven sites of Diamer and 

Gilgit District of northern areas. The purpose of this investigation was to explore 

dendrohydrological potential of these species. Core samples of these species show good 

cross matching, despite being collected from different areas. Therefore it is suggested that 

despite different species and sites with area these show similar extreme climatic 

conditions. However they stress the need for large sample sizes and further extension of 

these chronologies into the past. 

               Ahmed et al., (2010c) surveyed dendrochronological potential of Gymnosperm 

species of Northern areas of different pine species from sub-alpine to moist, dry 

temperate and sub tropical regions. The main purpose of this sampling was to locate 

suitable sites and sensitive tree species which could be used for applied 

dendrochronological research in Pakistan. Age and growth rates of various species were 

presented. It is also presented that in many individuals narrow rings are appeared in 

similar calendar year in different species. On the basis of their study it was suggested that 

except Pinus roxberghii all species show sensitive rings if sampled from extreme sites 

and could be used for applied dendrochronological investigations. 

            Bokhari et al., (2010) reported the applications of tree rings in earthquake areas in 

Pakistan and Azad Kashmir. Their study reports the dendroseismological potential of 

pine tree species including Pinus wallichiana, Picea smithiana, Abies pindrow, Pinus 
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roxberghii and Cedrus deodara. She sampled 214 trees out of 261 cores from different 

areas of Azad and Jammu Kashmir. These samples were processed following standard 

dendrochronological techniques by Stock and Smiley (1968). The preliminary results 

revealed that these tree samples exhibit great age and show sensitivity to the 

environment. 

           Zafar et al., (2010) investigated standardized tree ring chronologies of Picea 

smithiana from two new sites of Northern area of Pakistan and measured their cross 

dating annual ring widths. Quality cross dating was checked by using computer software 

COFECHA and also ARSTAN program used to remove non climatic trends and 

difference between raw and chronology statistics.  

             Ahmed et al., (2011) carried out dendroclimatic potential of conifer species from 

northern Pakistan. A collection of 28 tree- ring chronologies from six different species 

were evaluated in terms of their potential for dendroclimatic reconstructions.   

              Sarangzai et al., (2011) carried out Dendrochronological potential of Juniperus 

excelsa (M.Beib) from dry temperate forest of Baluchistan province, Pakistan. They 

studied widely to determine tree ages and growth rates. Wood samples in the form of 

cross- section and cores were obtained from 50 living Juniperus excelsia trees to 

determine their age, growth rates and ring- width characteristics from all sites of dry 

temperate species. 

              Zafar et al., (2012) carried out growth climate response of Picea smithiana from 

Afghanistan. Twenty eight cores were taken from fifteen Picea smithiana trees but only 

twenty four cores were cross dated. The standardized chronology was compared with 

temperature and precipitation of Dir meteorological and gridded data. Residual 

chronology was used to find out the correlation coefficient. Zafar (2013) also studied 

growth climate response of some coniferous trees from Gilgit and  Hunza Districts of 

Gilgit-Baltistan.  

              Ahmed et al., (2012) determined the climate / growth relationships of four 

gymnosperm tree species growing in seven catchments in the Indus Basin of Karakoram 

range, of North Pakistan, were evaluated using tree ring chronologies. The growth of the 
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trees was compared to instrumental climate records in Gilgit. A consistently significant 

response to climate was observed for all species at all sites. 

            Ahmed and Shaukat (2012) briefly review various natural reasons which are 

responsible for climatic change in geological time. They also described anthropogenic 

factors resulting in global warming since last two centuries. Dendrochronology (Tree-

ring science) could be a solution which may not only describe the climate variation of 

recent past (500 to 1000 years) but also the future trends of climate may be predicted.  

           Ahmed et al., (2013) investigated Dendroclimatic and dendrohydrological 

potential of   two coniferous tree species from Gilgit valley to explore growth climate and 

growth river flow. They collected 100 core samples from three different sites. Picea 

smithiana from Bagrot and Haramosh and Juniperus excelsa from Nalter areas. They 

cross matched these chronologies and compared with temperature, precipitation 

(meteorological and gridded data) and instrumental Indus river flow data. It is shown that 

these species have potential to evaluate past climatic variations of the area and past water 

flowresponse of Indus River. 

            Akbar et al., (2013) investigated in Ganji valley of Skardu District and found a 

new sensitive site of Pinus wallichiana producing dated chronology (1730 – 2010AD). 

They also discussed growth climate response of this tree of Pinus wallichiana. 

           Cook et al., (2013) provide five centuries record of Indus river using tree rings 

chronologies from the forest of Northern areas of Pakistan.  A network of tree-ring sites 

from the Upper Indus Basin (UIB) was used to reconstruct river discharge levels covering 

the period AD 1452–2008. This 557-year record displays strong inter-decadal 

fluctuations that could not have been deduced from the short gauged record. 

          Hussain (2013) found another sensitive site of Picea smithiana from Stalk valley of 

Central Karakuram National Park (CKNP) Gilgit Baltistan area to asses the growth 

climate response of this species.  

          Khan et al., (2013) investigated Cedrus deodara from Chitral District, Hindukush 

region of Pakistan an independent study outside of Indus Basin. They show that the 

spring precipitation (March – May) is a critical limiting factor for tree growth. 
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            Siddiqui et al., (2013) investigated moist temperate areas of Himalayan and 

Hindu Kush regions of Pakistan to estimate their age and growth rates of dominant 

conifer tree species. They obtained 222 core samples from tree species including Pinus 

wallichiana, Abies pindrow, Picea smithiana, Cedrus deodara and Taxus fuana. Highest 

growth rate (1.7 ± 0.5 years/cm) was recorded for Pinus wallichiana while slowest 

growth rate (8.4 ± 0.7 years/cm) was recorded for Cedrus deodara. 

8.2- Dendrochronological studies in India 

Studies on tree rings in India have been recorded since long time (Gamble 1902), but 

their applications are restricted mainly to forestry aspects, such as the evaluation of 

growth rates, wood productivity and quality, or rotation cycles. Analysis of the 

relationships between tree- rings and climate was initiated with the pioneer work of 

Chowdhury (1939, 1940). Subsequently a preliminary report on simple correlation 

between climate and tree- ring sequences was made for the Western Himalaya based on 

tree-ring data of a short time span (Pant 1979), but systematic tree-ring research based on 

accurate dating of long sequences of growth rings had only been started since the end of 

the 1980s.  

Bhattacharyya et al.,(1988) Dendrochronological reconnaissance of the conifer of 

North West India were taken from six coniferous species during summer of 1984 in order 

to evaluate their potential for use in dendroclimatic reconstruction. Density and ring 

width were largely temperature- dependent.  

Hughes et al., (1992) conducted the dendroclimatic potential of Abies pindrow at 

Srinagar and reconstructed mean temperature for spring and late summer.   

           Yadav et al., (1997a) presented combined tree ring chronologies of Cedrus 

deodara, Picea smithiana, and Pinus wallichiana to reconstructed April-May temperature 

for Gharwal Himalayan. Similarly Yadav et al (1997b) also developed tree-ring 

chronologies of Pinus wallichiana from Kanasar and Gangotri Indian western Himalayan 

and studied the effect of climatic varaiables on tree growth. They also suggested these 

species for the seasonal climatic variables reconstruction. 
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Bhattacharyya and Yadav (1999) presented climatic reconstructions from tropical, 

temperate and subtropical areas of India and discussed dendroclimatic potential and 

dating problems in various conifer tree species.  

Sarah et al., (2008) an exploratory dendrochronologic study was undertaken in the 

Lahul Himalaya of Northern India during the summer of 2006. Included within the 

fieldwork was an assessment of avalanche track morphology to enable identification of 

the slope characteristics that might be associated with an increase in avalanche activity. 

Thirty-six trees growing on the Ratoli avalanche track were sampled. The oldest tree was 

a Cedrus deodara with a pith date of 1950. A tree-ring-derived avalanche response curve 

highlights four avalanche events that occurred from 1972 to 2006. 

Potential of tree- ring studies in India were described by Bhattacharyya and Shah 

(2009). They analyzed dendrochronologically a large number of species, especially 

conifers growing in the Himalaya and few broad-leaved texa in the peninsular region. 

They provide information as regards the past appraisal, present status and future 

prospectus of tree-ring research in India.   

8.3 - Dendrochronological studies in Nepal 

             Nepal is located in the Hamalayan region where dendrochronological work began 

in end of 1970s by the contribution of Rudolf Zuber who collected tree ring samples from 

various locations. After the preliminary investigation a number of research works were 

carried out tree-ring potential of different conifer tree species. Among these researchers 

Suzuki, (1990) concentrated on the conifer tree species in the vicinity of Rara Lake and 

obtained 202 samples from 108 trees. His results disclosed considerable resemblance 

within tree and between tree samples taken from other trees of the same species. Addition 

were made by Bhattacharyya et al., (1992) who develop tree ring chronologies from 

different species and reported that the wood samples of Juniper and Pinus gererdiana 

exhibited some missing or double rings. 

           Bhattacharyya et al., (1992) obtained core samples of four different coniferous tree 

species at different elevations and were able to develop tree ring chronologies. They 

briefly described the suitability of these species for further dendroclimatic investigation 
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in Nepal.  They concluded that these species are suitable in the prospectus of climatic 

reconstructions from individual sites.  

          Cook et al., (2003) for the first time successfully reconstructed temperature in 

Nepal for the period 1546 and 1605 AD respectively for the season of February-June and 

October-February.  Based on October- February and February-June season temperature 

reconstruction they concluded that their results provides evidence of global warming 

trend in late 20th century and cooling trend since 1960. 

          Bhuju et al., (2010) Dendroecological study of  high altitude forest at Sagarmatha 

National Park, Nepal carried out with an objective of  long term monitoring on the impact 

of climate change in the high altitude forests in Sagarmatha National Park, Nepal. This 

was also supported by higher rate of annual ring growth to understand the treeline 

dynamics along different climatic, ecological and dendrochronological, and 

anthropogenic conditions. 

         Bhuju and Gaire (2012) described plantation history and growth of old pine stands 

in Kathmandu. The study was carried out to disclose the plantation history of P. 

Roxburghii inside Kathmandu valley as well as to extend understanding of its diameter, 

age and growth rate relationships. 

Gaire et al., (2011, 2014, 2015, 2017) studied the treeline dynamics in Nepal 

Himalaya and found shifting of Abies spectabilis in the different region of the Nepal 

Himalaya. The regeneration of the Abies was found good compared to the Betula utilis in 

most of the sites. 

Thapa et al., (2015) reconstructed the spring temperature of past over 300 years 

by using the ring width of the Picea smithiana. In their reconstruction, they found 

different cool and warm episode bud did not found Little Ice Age cooling.  

8.4- Dendrochronological studies in China 

Dendrochronological studies in China have been focused on the Northeastern part, north-

central China, the Tibetan Plateau, Hengduan Mountains and northwest China. Wu 

(1992) reviewed the statues of dendrochronology in China. By 1992, a total of 39 tree-

ring width chronologies had been developed from 10 species of 6 genera (Abies, 
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Cypressus, Picea, Larix, Sabina, and Pinus). After that, Bräuning (1994) developed 24 

tree-ring width chronologies of various Picea, Abies, Larixand Juniperus species from 

eastern Tibet. About the same time, tree-ring width and density chronologies were 

developed from Pinus armandii at Huashan in north-central China (Shao & Wu 1994; 

Wu & Shao 1994) and a 389-year rainfall record was reconstructed from these 

chronologies (Hughes et al. 1994). In China a great progress in paleoclimatic studies have 

been carried out during the past two decades. A substantial increase of tree-ring records 

has been achieved throughout the mainland of Tibetan Plateau from Qilian Mountains. At 

the northern border of the Tibetan Plateau many workers developed chronologies from 

various species. 

 Wu and Shao (1994) sampled six locations of  tree-ring chronologies and their 

response to climate in the Qinling Mountains of China. The tree-ring width chronologies 

were developed and their statistics also discussed. 

Xiong et al.,(2000) collected 250 trees of 10 species from the Three Gorges 

Reservoir regions of China for the study to use tree- rings as indicator of environmental 

changes in that area. Five species do not show distinct ring boundaries while the 

remaining five species showed dissimilar annual growth-rings. 

Zhang et al.,(2003. 2004) reconstructed a past climatic record of 2,326- year from 

tree- ring on the northeastern Qinghai- Tibetan Plateau and studied variation of glaciers 

in response to ENSO in the mount Yulong respectively.  

Zhang and Qiu (2007) developed a long tree-ring chronologies of 1017 years from 

Sabina przewalskii tree- ring in northeastern Qinghai-Tibetan Plateau and they found 

positive response of tree growth with May and June precipitation.  

          Wang et al (2008) reconstructed dry and wet periods for last 500 years in northern 

Tibet using Sabina tibetica tree-ring chronology. 

Shao et al., (2009) developed a long interval (3585 years) tree-ring chronology of 

Juniper from Qilian Mountains and they have described it of great potential for 

dendroclimatic studies. 

Yang et al.,(2010a,b) reconstructed temperature (January-June) for past 622 years 

from Cupressus giganta tree-ring of southeast Tibet and June- July annual temperature 
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from Juniperus tibetica tree-ring during the last 400 years in the southern Tibet 

respectively. 

Recently, He et al.,(2011) studied monthly and seasonal climate response with 

tree growth of Picea crassifolia forests at high elevation in the Qilian Mountains, they 

found negative correlation of June temperature while positive correlation with previous 

winter and current spring. 

Chen et al.,(2011) studied conifers in southeast China revealed that tree-ring 

based climate reconstructions are feasible. They describe a reconstruction of (1850-2009) 

November-February maximum temperature for Changting, Fujian, southeast China based 

on tree-ring width data of Pinus massiniana which considerably extends the availability 

of climatic information. 

Duan et al.,(2011) reported regional-scale winter spring (January-April) 

temperature reconstruction based on a tree-ring network of pine trees (Pinus massoniana) 

from five sampling sites over a large spatial scale in southeastern China. The regional 

tree-ring chronology explains 48.6% of the instrumental temperature variance during the 

period 1957-2008. 

Chen et al.,(2012) used to develop high-resolution climate proxy data to extend 

the existing climate record in Yong‟an, Fujian Province, Southeast China. Growth-

Climate response analysis showed that the total ring width in the subtropical zone of 

Fujian Province is mainly influenced by Summer-autumn temperature variability which is 

based on the total ring width chronology derived from one chronology site.  

Yu et al., (2011) used dendrochronological analysis to examine radial growth–

climate relationships along an altitudinal gradient in different forests on Changbai 

Mountain. Results confirmed the general conclusion that the climate–growth relationship 

varies with altitude. More specifically, at lower elevations Korean pine radial growth was 

controlled mainly by precipitation, while at the upper limit of its higher elevation zone it 

was much more affected by minimum temperature. 
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8.5-Dendrochronological studies in Iran 

Dendrochronology is one of the best source for past climate information and 

provides an accurate tools for the understanding of regional climatic system. 

Reconstruction of long climatic records is of interest not only for climatologist and 

botanists but may be of help also in predicting climatic changes in the future, a prediction 

which has become recently so important.                                                                                         

Despites its considerable importance, only few dendrochronological analysis have 

been made in the Middle East. Mainly this is due to the scarcity of old trees and of 

specimens with distinct annual growth rings (Fahn et al., 1963; Liphschitz and Waisel 

1967, 1969: Tamari 1976; Liphschitz et al., 1979; Waisel and Liphschitz 1968).  

Liphschitz et al., (1979) investigated dendrochronological research on Juniperus 

polycarpos in west and central Iran reveals that the radial growth in this species depends 

only on the amount of precipitation in the more arid regions. When the amount of rain is 

sufficient i.e more than 450 mm the prevailing summer temperature seems to become the 

limiting factor.  

Majidkiaei et al.,(2011) A dendrochronological study on Acer velutinum in 

Northern Iran. The study was carried out to investigate the relationship between climate 

conditions (temperature and precipitation) and tree-ring widths of Acer velutinum in north 

of Iran. They determine the response to the climate, correlation coefficient between tree-

ring widths and climate data were calculated using biological years.  

          Dendrochronology of Fagus orientalis for Darabkola district in the Caspian Sea 

Province of Mazandaran by M Raeini to fill a part of the huge gap in the world 

geographic network for tree-ring dendrochronology and climate reconstruction.  

8.6-Dendrochronological studies in Turkey 

 Turkey is the source of the rivers that provide water for many countries in the 

near East, a region of prime geopolitical and historical importance. Records of climate 

variability for Turkey are very short. Few of the continuous high-quality instrumental 

records start before the 1920s, and so the record contains only limited information on 

variability over decades and none for longer periods. Dendrochronology has previously 

been applied in Turkey for the purpose of dating archaeological sites. Bannister (1970) in 
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the first systematic attempt at tree-ring dating of near East archaeological sites, collected 

and analyzed tree-ring specimens from an 8th century BC tomb in Turkey.  

Few studies using tree-rings as records of past climate (dendroclimatology) have 

been done in Turkey. Gassner and Christiansen–Weniger (1942) showed a clear 

relationship between ring widths in Pinus nigra and precipitation on the north – central 

Anatolian Plateau. Akkemik (2000) investigated the response of  Pinus pinea tree-ring 

width in Istanbul- Alemda with temperature and precipitation. Hughes et al (2001) 

demonstrated that the crossdating in archaeological specimens over large distance in 

Greece and Turkey has a clear climatological basis, with signature years consistently 

associated with specific, persistent circulation anolalities. However, no dendroclimatic 

reconstruction of precipitation is currently available for Turkey. 

Akkemik et al., (2004) Archaeobotanical and dendroarchaeological studies in 

llgarni Cave (Pinarbasi, Kastamonu, Turkey) their purpose of the study was to identify 

the wooden materials taken from the graves in lligarini cave and to determine the lifetime 

of the people who lived in the cave by dating them dendrochronologically. 

Yaman and Akkemik (2009) Studied the use of dendrochronological method in 

dating of illegal tree cutting in Turkey. On the basis of cross- dating results, the case 

study aims to date the cutting years of pine trees, makers (s) of which is unknown, in 

Metristepe site (Bafara- Turkey). 
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CHAPTER 9 

MATERIALS AND METHODS 

This chapter focuses on material and methods of age and growth rates of conifers 

tree species. 

9.1-Field methods 

9.1.1 Sample collection 

In Dendrochronological studies random sampling is not possible so, for this 

purpose we have to select suitable site and also suitable species growing in a suitable 

area. Selection of species is only based on the presence of annual rings with distinct ring 

boundary. Selection of suitable site is also necessary because if we are interested to find 

out or reconstruct drought years or our target is glacial studies then we have to take 

samples from drought sensitive or closed to the glacial sites. Otherwise rings will never 

show any response of drought or glaciers. Sensitivity of tree rings may be observed at the 

time of coring. If the core is sensitive and suitable for desired studies, then the core from 

another side of the tree should be taken otherwise other suitable tree should be targeted. 

Trees will never show the dry signals, if we take cores samples close to the water body, 

lake, spring or streams. Therefore, according to the purpose of research, we have to do 

selective sampling during the Dendrochronological investigations. 

If the purpose of the sampling is to investigate Dendroecological issues, suitable 

size of quadrate may be used. Elevation, aspect, degree of slope along with geographical 

co-ordinates can also provide significant information of the site depending on the goal of 

the study. Ahmed and Shaukat (2012) applied point centered quadrate method (PCQ), 

(Cottam and Curtis, 1956) to obtain diameter at breast height (dbh) for different size 

classes, for age and growth rate studies. 

Before going to field we should always be fully prepared, organized, and taking 

maximum precautions, because accidents may take place even in a familiar area. 

Therefore we should follow the recommendations of Ahmed and Shaukat (2012).  

 Leave complete information of yours at your institution and home.  

 Collect information about the weather situation and wildlife of the study area. 

 Keep a detailed map of the sampling area. 
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 Should be hired a local guide person from the concern population. Minimum 3 

persons are required for the field trip from your side. 

 Keep necessary medicines, first aid box, torch, batteries and whistle. 

 Keep contact with all the team members, stay together, should not go for away and 

return to your camp together. 

 Take extra precautions in areas of steep slopes, higher elevation, wetland, swamp and 

thick forests. 

 Keep complete tools for the field sampling according to the study. 

Ahmed et al., (2009) and Speer (2010) suggested some necessary tools for the 

 Dendrochronological studies during a field trip. 

 Increment borers of different sizes. 

 Drinking straws for keeping core samples in field. 

 Cleaning kit and WD-40 for the cleaning of borers and spath. 

 Core holder for keeping cores to prevent damage. 

 Diameter tape for trees dbh and masking tape. 

 Tags for sampled trees, hammer and nails. 

 GPS for positioning standard slope meter. 

 Bark thickness Gauge and camera for taking photos in the field activities etc. 

About the wood borer: Wood borer is also called as Swedish increment borer. A wood 

borer is a specialized tool used to extract a sample of wood tissue from a dead or 

living tree. It is a classic instrument for fast and reliable results when evaluating tree-

rings or age of tree species. It is also used for the decay check-up, wood density, 

pollution control and soundness of trees. In the marketdifferent types of wood borers are 

available in different sizes, from 15cm to 100cm length. Wood borer is composed of 

three parts, 1, Case (Holder), 2. Borer, 3.Spath (core extractor). Case is also used to 

handle borer in the tree, borer is made of steel with Teflon or Nickel coating having 

different radius. Tip of the borer is made of twisted sharp cutting edges. The borer tip or 

threads is the most sensitive part of the borer. Therefore it should be cleaned with cotton 

cloth or tissue paper. For this purpose light oil may be sprayed on wood borer. Gun 

cleaning kit is also available in market; we can use it for the cleaning of wood borer 

before and after using in the field.Inside the borer, inner radius gradually increases 
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towards handle side. Wood borer may be operated manually,by batteries or with the help 

of electricity if available. Spath is used to disconnect core sample from the tree and 

takeout from the wood borer.  

Coring techniques: After selection of sensitive site and suitable trees cores were 

sampled from forty different sites for this investigation.Old and sound, trees free from 

severe competition and situated on dry surface or slopes in sampling area of Shangla 

District were sampled.  Two cores from sides (parallel to the center) have been taken 

rather than uphill and downhill. Date of sampling, tree dbh and tree number were also 

recorded.  

Samples were taken in the form of cores from different coniferous tree species at 

different sites of the study area including Pinus wallichiana, Abies pindrow, Cedrus 

deodara and Picea smithiana. A total of 200 core samples were taken from these four 

pine tree species from the study area. Small trees less than <10 cm dbh were ignored. 

Healthy and free from severe injury trees were selected for coring. In few stands two 

cores samples were taken from an individual tree but mostly only one sample was taken 

from a tree. In some trees coring activity was restricted due to extensive resins. Most of 

the gymnospermic trees produce a lot of resins and the hole is plugged off within few 

minutes after coring, hence no insects or fungi can enter in the hole of the tree. Few 

important steps may be taken to prevent tree from damage as a result of coring are as 

follow. 

 The hole of the tree should be sealed after coring with wax. 

 Should be avoiding putting the branch of the tree to seal bore hole. 

 Coring of trees should be minimum of economic important. 

 May be used previously prepared wooden plugs to close holes.    

          The diameter at breast height (dbh), date of coring, species name and the bark 

thickness is also recorded on four sides of each  tree using diameter measuring tape and 

Swedish bark gauge. Every sampled tree has numbered and fixes a tag on it for 

identification. Each core sample was then kept in drinking straws to prevent from 

damages and relevant information like location, name of tree species in the form of code 

also labeled each core and  numbered.Elevations and aspect of the sampling area were 
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alsorecorded. Altimeter was used to record elevation while dbh tape was used to measure 

the dbh of each pine tree. 

Core was kept in drinking straws in the field and masking tapes were used to 

protect and write the required information. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 9.1Taking core sample from a tree      Fig. 9.2 Core sample of living pine tree. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.3 Taking Dbh of tree.                    Fig. 9.4 Tagging on core samples 
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9.2-Laboratory preparation 

9.2.1 Mounting and Sanding 

A. Mounting 

 In the laboratory masking tapes were removed from the tips of the straws and 

keep them on room temperature for two days for air drying. Mounting of the wet core 

will result cracks and shrinks of the cores. These core samples were glued after air drying 

in a grooved wooden mount that tracheid‟s are in vertical position of cells followings the 

methods of Stokes & Smiley (1968) and Ahmed (2014). All information from the straws 

taken in the field was then copied on wooden mount. For holding the core samples in the 

grooved mount masking tapes were used with glue, and kept them one to 2 days for air 

dried. The grip of the masking tape should be tight because the core will absorb moisture 

from the glue and curl out. Twisted and naked tip core may rapped with towel and keep 

them in microwave oven for 20 to 30 seconds, to remove untwist structure of the core. 

 

Fig. 9.5-Mounting of core samples. 
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Fig. 9.6 Core samples for air drying           Fig. 9.7 Prepation for sanding of cores 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.8 Sanding of cores with electric Sandar    Fig. 9.9 Counting of rings under  
        B.Microscope 
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B. Sanding: After mounting and air drying activities these cores, masking tapes were 

removed and mounted core is fixed on the table of to prevent shaking and movements of 

the core. These cores were sanded by sanding machine with different grades of sand 

papers (from ANSI 120, 220, 320, 40 grits) until a suitable finer surface was achieved. In 

some gymnosperm tree samples ring boundaries cannot be seen due to excess of resins, 

for this purpose ethanol was applied to remove dark color.  

9.3- Age and growth rates 

After mounting and sanding process we started the counting of rings in each core 

samplesfor the determination of age and growth rates of tree species. For the purpose of 

cross-dating (accurate age determination) we followed the standard dendrochronological 

methods of Skeleton Plot Techniques proposed by Stokes and Smiley, (1968), Fritts 

(1976), Cook and Kairiukstis (1992), Speer (2010) and Ahmed et al., (2009a) and Ahmed 

(2014). 

Determination of accurate age of forest trees is a worldwide problem. Many cores 

do not pass through the center or pith of a tree, therefore an allowance is made to 

calculate the missing rings from the missing portion of the wood sample. The missing 

radius rings was then obtained by subtracting the core length from the crude radius of the 

tree; so, the missing years are calculated from the growth rate of the inner most rings and 

add them with total age of the core sample. Reliability of the core is also obtained by 

dividing the core length by the core radius and expresses them in percentage following 

the method of Ogden (1980) and Ahmed (1984).  

                        
           

            
     

Some cores were non-centered taken in the field from asymmetric tree, calculate 

their ages (which were based on the missing radius derived from the diameter of the tree) 

estimated these errors following (Ahmed 1984, 1988).These polished cores were 

subjected to study (cross-dating) under binocular microscope for the estimation of age. 

The rings were counted in each core sample from outer most side of the stem (bark side) 

to the pith side (inner rings).The length of the core sample was divided by the number of 
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rings present in the core in a year per centimeter. For growth rate estimation the total 

number of rings found in a class was divided by the length of the core in growth year per 

centimeter.  

9.4. Correlation (Regression analysis) 

Data was then saved in computer program Excel spread sheet and constructed 

graphs by using simple statistical analysis by following Ahmed and Naqvi (2005), Wahab 

et al., (2008) and Khan et al., (2010). To determine the relationship between Dbh / age, 

Dbh / growth rate and age/ growth rate of these trees, linear regression and correlation 

coefficient were computed using computer programmed MS excel 2007. 

9.4.1-Variation in Growth rate with time 

For this purpose we have selected core samples of three different tree species of 

Abies pindrow, Pinus wallichiana and Cedrus deodara from different sites of Shangla 

District. Due to very short and few sample size species of other stands or forests were 

withdrawn. For the variation in growth rate with time core samples were measured on 

the basis of every ten years intervals to find out mean growth rate of trees in 

centimeters. About 20 cores samples of each species were subjected for this purpose and 

measure them with binocular microscope. Every core sample showed different growth 

rates at every ten years intervals from its seedling stage to mature tree. After measuring 

these cores samples we find out their mean and standard error. These cores samples 

were then showed by bar graphs to show the growth rate in different periods of the trees 

in a forest. 

9.4.2-Variation in growth rate with Dbh classes 

Variation in growth rate with different dbh size classes was carried out by 

counting rings of different core samples from seedling stage to mature tree species on the 

basis of 1 centimeter intervals of the seedlings stage and then on the five centimeter basis 

of tree stage. Most investigations of growth rate using growth rings  have been based on 

either coring method (Stahle et al., 1999). Rings of all core samples were counted one by 

one under binocular microscope and then computed their mean and standard error of all 

these core samples. Only those core samples of pine tree species were investigated for 
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this purpose which was mature and the pith was present. The mean growth rate on the 

basis of dbh size classes were then showed by graph with standard error bars of three 

different tree species of Abies pindrow, Pinuswallichiana and Cedrus deodara.          

9.4.3-Variation in Age with different Dbh classes 

For the estimation of age in different dbh size classes of different tree species 

Abies pindrow, Pinus wallichiana and Cedrus deodara core samples were taken in the 

different forests of Shangla District. These core samples were mounted, air dried and then 

polished. These polished core samples were then subjected to binocular microscope for 

counting their annual rings with increasing 1centemeter intervals. Rings were counted  

up to the pith side with increasing 1 centemeter upto seedling stage and then five 

centemeter of tree stage classes upto the bark side of the tree. Every class shows different 

ages / cm in different trees, mean and standard error of all these ages were then computed 

on computer programm MS-Excel 2007. These age variation with different dbh size 

classes of pine tree core samples were then showed on Bar graph with mean and standard 

error. 
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CHAPTER 10 

AGE AND GROWTH RATES 

10.1 Introduction 

Dendrochronology is a young and rapidly growing science started in 1986 in 

Pakistan though systematic studies started only in 2005. Distribution of forest vegetation 

and estimation of age of trees are the main purpose of applying dendrochronological 

techniques in our studies. 

There are some published data available for age and growth rates of pine tree 

species in Pakistan. Ahmed et al., (1988,1989), Ahmed et al., (1990a, 1990b), Ahmed & 

Sarangzai (1991,1992) applied dendrochronological techniques on alive trees calculating 

age and growth rate at different locations of moist and dry temperate Himalayan ranges 

of Pakistan. In addition diameter, age and growth rate relationship were also investigated. 

The suitability of pine tree species for dendrochronological investigations (Ahmed & 

Naqvi, 2005, Khan et al., 2008), Ahmed et al., (2009b) was investigated in 39 different 

sites of Swat, Dir, Chitral, Mansehra, Abbotabad, Northern areas and Azad Kashmir 

including estimation of age and growth rates of six gymnospermic tree species.Hussain 

(2013) estimated age and growth rates of Picea smithiana from Stalk valley, Central 

Karakuram National Park. Khan et al., (2011) investigated Cedrus deodara and Pinus 

gerardiana species from Chitral District using the same technique. Siddiqui et al., (2013) 

investigated moist temperate areas of Himalayan and Hindu Kush regions of Pakistan for 

age and growth rates of dominant conifers tree species, however no one has presented 

this type of data from Shangla District of Khyber Pakhtunkhwa. Therefore this 

investigation is the first attempt from this area.  
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Table.10.1 Age and growth rates of different Pine tree species from Shangla District. 

A. Pinus wallichiana 

 

 

B. Abies pindrow 

Stand No No of Core 

Sampling 

Age range 

Growth rate Mean ± SE Mean ± SE 

Dbh cm Year / cm 
Growth 

rate 
Growth rate 

    Min Max Min Max Min Max year / cm cm / year 

 
1 4 54 92 70 71 2.59 1.54 2.06 ± 0.52 0.52 ± 0.13 

2 4 63.5 74 56 72 1.74 1.92 1.83 ± 0.09 0.55 ± 0.03 

3 2 66 69.5 61 62 1.85 1.8 1.82 ± 0.02 0.55 ± 0.01 

4 3 74 143 73 326 1.97 4.56 3.26 ± 1.29 0.365 ± 0.145 

5 6 62 76 48 112 1.55 2.95 2.25 ± 0.7 0.495 ± 0.155 

6 2 55 67 82 108 2.98 3.22 3.1 ± 0.12 0.325 ± 0.015 

7 8 81 102 166 97 4.1 1.9 3 ± 1.1 0.385 ± 0.145 

8 2 71 76 189 155 5.32 4.08 4.7 ± 0.62 0.22 ± 0.03 

12 2 98 120 195 126 3.98 2.1 3.04 ± 0.94 0.365 ± 0.115 

16 3 75 97 154 134 4.11 2.76 3.43 ± 0.67 0.3 ± 0.06 

17 3 86 122 52 161 1.21 2.64 1.92 ± 0.71 0.605 ± 0.225 

18 6 64 100 84 104 2.63 2.08 2.35 ± 0.27 0.43 ± 0.05 

19 2 90 91 92 100 2.02 2.2 2.11 ± 0.09 0.475 ± 0.015 

20 3 63 74 85 92 2.7 2.49 2.59 ± 0.10 0.385 ± 0.015 

22 3 62.5 87 79 78 2.53 1.79 2.23 ± 0.22 0.45 ± 0.05 

24 4 70 110 38 67 1.09 1.22 1.15 ± 0.06 0.87 ± 0.05 

25 4 74 137 108 162 2.92 2.36 2.64 ± 0.28 0.38 ± 0.04 

26 5 77 100 92 98 2.39 1.96 2.17 ± 0.21 0.465 ± 0.045 

27 4 71 107 89 137 2.51 2.56 2.53 ± 0.02 0.395 ± 0.005 

28 7 81 110 101 101 2.49 1.84 2.16 ± 0.32 0.47 ± 0.07 

29 2 85 90 163 70 3.84 1.56 2.7 ± 1.14 0.45 ± 0.19 

31 6 60 110 65 165 2.17 3 2.75 ± 0.18 0.37  ±  0.024 

33 2 67.1 91 68 65 2.03 1.43 1.72 ± 0.30 0.59 ± 0.100 

11 2 118 142 262 223 4.44 3.14 3.79 ± 19.5 0.275 ± 0.04 

12 5 86 125 187 158 4.35 2.53 3.44 ± 0.91 0.315 ± 0.085 

13 6 78 127 186 190 4.77 2.99 3.88 ± 0.89 0.27 ± 0.06 

23 3 85 91 290 119 6.82 2.62 4.72 ± 2.1 0.265 ± 0.115 

26 4 81 95 117 157 2.89 3.31 3.1 ± 0.21 0.325 ± 0.025 

27 2 88 91 153 140 3.48 3.08 3.28 ± 0.2 0.31 ± 0.02 
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Note: SE = Standard error, dbh = Diameter at breast height 

 

30 2 104 114 194 412 3.73 7.23 5.48 ± 1.75 0.205 ± 0.065 

32 11 75 104 152 362 4.05 6.96 4.81 ± 0.48 0.22  ± 0.01 

39 24 69 104.2 213 250 6.17 4.8 4.86 ± 0.26 0.22  ± 0.01 

    

 
C. Picea smithiana 

 

 

 
 

14 2 61 71 84 97 0.31 0.42 0.36 ± 0.05 2.77 ± 0.40 

15 2 78 112 82 234 2.1 4.18 3.14 ± 1.03 0.35 ± 0.11 

40 6 68 115 180 320 5.29 5.57 4.08 ± 0.50 0.26 ± 0.03 

    

D. Cedrus deodara 

  35 19 53.2 99.2 159 121 2.98 2.44 3.41 ± 0.22 0.31 ± 0.019 

37 5 71.5 100.1 162 159 4.54 3.15 4.57 ±  0.42 0.22 ±  0.024 

38 13 66 134 125 339 3.79 5.06 3.95  ±  0.25 0.26  ±  0.019 
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Table.10.2 Linear regression equation and correlation coefficient between dbh / age, dbh 

vs growth rate and age vs growth rate of different pine tree species from study area. 

Parameters n Regression equation Correlation ( r ) Significance Level 

Pinus wallichiana 

Dbh / age 86 y = 1.436x – 15.37 r = 0.498 P < 0.01 

Dbh / growth rate 86 y = 0.002x + 2.306 r = 0.0316 ns 

Age / growth rate 86 y = 0.017x + 0.686 r = 0.868 P < 0.001 

Abies pindrow 

Dbh / age 60 y = 1.938x+33.46 r = 0.367 ns 

Dbh / growth rate 60  y = -0.005x + 5.132 r = 0.054 ns 

Age / growth rate 60 y = 0.017x + 0.949 r = 0.896 P < 0.001 

Cedrus deodara 

Dbh / age 37 y = 2.501x – 48.91 r = 0.753 P < 0.001 

Dbh / growth rate 37 y = 0.01x + 2.944 r = 0.1816 ns 

Age / growth rate 37 y = 0.012x + 1.803 r = 0.764 P < 0.001 

Picea smithiana 

Dbh / age 10 y = 2.206x – 33.26 r = 0.635 P < 0.01 

Dbh / growth rate 10 y = 0.013x + 1.353 r = 0.8330 P < 0.001 

Age / growth rate 10 y = -0.001x + 0.489 r = 0.7943 P < 0.001 

Note: ns = non significance, dbh = diameter at breast height. 
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Fig.10.1 (A to L) indicating regression slopes between different variables.. 
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10.3-Results and Discussion 

Age of the different sized trees, growth rate year/cm and mean growth rates from each 

site is shown in Table 1. Summary of correlation (Regression) analysis is given in 

Table.2. The oldest tree (326 yrs) of Pinus wallichiana with143 cm dbh was recorded 

from Matta Karin area at the elevation of 1720 m with 4.56 years/cm growth rate. 

Whereas the 38 years old tree of 70 cm dbh was taken from Chakat area (stand no 24) 

with growth rate of 1.2 years/cm. Sarangzai et al., (1992) found the radial growth of 

Pinus wallichiana as 2.5 years/cm from Murre (moist temperate area). Ahmed et al., 

(2009) also reported highest growth rate 1.7 years/cm from Shaltalo Bala District Dir. 

They concluded that Pinus wallichiana is a fast growing tree. Siddiqui et al., (2011) 

observed significant relationship between age and dbh (P < 0.001) in Pinus wallichiana 

trees we also found significant (P< 0.01) relationship between age and growth rates, 

while no significant relation was found with dbh and growth rates. Siddiqui et al., (2013) 

recorded highest growth rate (1.1 year/cm) of Pinus wallichina from Patriata-1, Murre 

hills and lowest growth rate (8.8 years/cm) from Shinu-2 Kaghan valley.  

 A 412 years old Abies pindrow tree of 114 cm dbh was sampled from 

YakhTangay 5, Acharo area and the tree of lowest age (117 years) having 81 cm dbh was 

taken from stand no 26 of Yakh Tangay 1 area with 7.23 and 2.89 years / cm growth rates 

respectively. Ahmed and Sarangzai (1991) observed that Abies pindrow is a slow 

growing tree in moist temperate areas. Siddiqui et al., (2013) found narrow rings with 

11.8 years/cm growth from Kuzah Gali-1 (Abbotabad) and wide rings with 1.4 years/cm 

growth from Malam Jabba-1, Swat valley. 

               Cedrus deodara of 134 dbh tree attained 339 years was sampled from Nala area 

of (stand 38) with 5.06 growth rate year/cm, while the lowest growing tree of 121 years 

old of 53 cm dbh with growth rate of 2.98 years/cm was taken from Bund Dherai area. 

Siddiqui (2013) recorded highest growth rate 1.4 year/cm from two forest of Naran and 

Kaghan valley. During our studies dbh / age and age / growth rates was highly (P<0.001) 

significant, while dbh / growth rate show no relation. 

                Our findings of Picea smithiana with highest age (320 years) was recorded 

from Jabba area (stand 39) from 115 cm dbh tree with 5.57 years/cm growth rate whereas 
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the lowest age was 82 years from 78cm dbh was found in Safaray Karral  (stand 15) area 

with 2.1year/cm  growth rate. Wahab et al., (2008) recorded largest tree (154 cm dbh) of 

Picea smithiana with 133 years old and 4 to 7.1 year/cm growth rates. They did not found 

significant relationship between Dbh and age, while reverse was the case with our results 

of Picea smithiana from Shangla District, where it show significant (P < 0.001) relation 

between dbh / growth rate and age / growth rates too. 

 Ahmed (1988) presented age of some planted tree species of Quetta and found 

significant relation between age and diameter. Ahmed et al.,(1990) estimated average age 

of 16 Juiperus excelsa trees (20 to 30 cm dbh) was 160 years. Dendrochronological 

approach was used to estimate age and growth rate of various species from Himalayan 

range of Pakistan (Ahmed and Sarangzai 1991). Juniper trees of 21 cm dbh from 

Susnamana forest showed age of 105 and 187 years, while trees of similar diameter from 

Ziarat ranged from 75 to 169 years. Pinus wallichiana with 20.5 dbh attains age of 112 

years from Zhob District, while same age is estimated from an individual of the same 

species having a dbh of 65 cm from Ayubia. Similarly Abies pindrow from Murree had 

351 rings with diameter of only 11.3 cm (Ahmed, 1989) while 346 years old tree of 200 

cm Cedrus deodara was record from Kalam valley. His relationship between diameter 

and age of Pinus wallichiana, Pinus gerardiana, Juniperus excelsa and Abies pindrow 

was highly significant which were sampled from Ayubia. In present study diameter and 

age did not show significant relation in Abies pindrow, while other three species does.  

 Growth rates of various tree species from Himalayan regions of Pakistan was 

presented by Ahmed and Sarangzai (1991). According to them Pinus gerardiana from 

Zhob District show 6 to 24 years/cm growth, Pinus wallichiana from the same District 

grew 3 to 14 years/cm, Abies pindrow from Ayubia 3 to 20 years/cm, Pinus roxburghii 

from Swat 2 to 6 years/cm and Cedrus deodara from Kalam show 2 to 10 years/cm 

growth rate. They also reported that growth rate decreases with increasing altitude and 

found negative significant relationship between these two variables. Ahmed et al., (2009) 

presented age and growth rate data from 39 locations of various gymnospermic forests. A 

tree of Picea smithiana with 140 cm Dbh was 281 years old, while Cedrus deodara with 

180 cm dbh was 533 years old from Ziarat (Drosh) District of Chitral. Except Pinus 

roxburghii (sub tropical) all species, under investigation, show no relation between 
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diameter and age. Ahmed et al., (2009) also presented growth rates of some gymnosperm 

trees of Pakistan; they found no relation between elevation and growth rates. In their 

studies, Pinus wallichiana showed fast growth (1.7 years/cm) from District Dir, while 

Abies pindrow from Murree produced narrow (7.0 year/cm) rings. Average growth rate of 

6 year/cm of Picea smithiana was recorded from Nalter Valley, while the growth rate of 

Cedrus deodara was 4.0 year/cm from Kalam. Age and growth rate of all four species 

shows highly (P< 0.001) significant relation in our studies.  

             Regression between different variables, show thatin most cases wide variance 

was also associated (Fig..3) though significant relation was shown therefore these 

analyses were not considered reliable, as many previous workers (Ahmed 1984,Ogdon 

1989, Wahab et al., 2008, Khan et al., 2008 and Siddiqui et al., 2013) have concluded. 

Dbh is not good indicator of age and growth rates at least in mixed aged natural forests.  
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CHAPTER 11 
DENDROECOLOGY 

11.1-Introduction 

Dendroecology was established by Theodor Harting and Robert Harting in the late 

1800 and Bruno Huber (1940 to 1960) in Germany. Dendroecology was developed as a sub-

field of dendrochronology by ecologists using tree-ring patterns to rebuild stand dynamics 

(Fritts and Swetnam, 1989). Dendroecological work extended throughout the world since 

the mid-1980s. Dendroecology is an important sub-branch of Dendrochronology where tree-

rings are being used to solve various problems of forest management, conservation, forest 

productivity, forest history, forest ecology, eco-system and population dynamic 

investigation. This sub field is qualified as an independent and separate subfield due to the 

huge amount of research work, refine methodology and techniques. Schweingruber (1996) 

included dendrohydrology, dendroclimatology, dendroglaciology and Dendro geo-morph 

ology under the heading of dendroecology. Speer (2010) recognized dendroecology as a 

separate subfield of dendrochronology. According to him dendroecology is an analysis of 

ecological issues such as fire, insect out break and stand age structure with tree-rings. 

According to Abrams and Black, (2000) and Brown et al., (2000) Dendroecology has been 

used to identify the frequency of insect out breaks, fire, wind throw, anthropogenic 

disturbance, and forest decline. The main advantage of dendroecology is that it provides one 

of the longest forest history records on an annual scale. The length of the record is 

particularly important when researching disturbances that have a long return interval. 

Dendroecologists therefore focused its research efforts on long-lived species and on old-

growth stands, because these sites provide the longest tree-ring records. 

The aim of this study is to understand growth rates and its changes with the passage 

of time from the seedling stage to mature tree species of some forests of Shangla District. 

Since long time this forest is under human disturbances, i.e. legal/illegal cuttings of trees 

and overgrazing. The term dendroecology is a tool for evaluating variations in the present 

and past forest environments which refers to dendrochronological techniques to estimate 

problems in ecology. Past forest disturbances can be dated and their importance evaluated 

by distinctive changes in ring widths or other ring features. The use of dendroecological 

methods to describe forest histories and current structure has become quite common. 
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According to Fritts & Swetnam (1989) Dendroecology is the study involves in tree-ring 

chronologies to represents an important approach for evaluating past status and present 

condition of a forest. Events of the past disturbances can be reconstructing using tree-ring 

width variations in the forests, as well as climatic impacts on tree growth. For example 

growth rate decrease or increases of 100% or more which last at least 15 years are often 

interpreted as a response to a major disturbance in closed forests (Lorimer & Fretich 1989). 

The fact that if the tree rings are annual in nature they reflect the surrounding environment 

conditions as well forest structure. Some tree-ring studies have evaluated historical forest 

dynamics. Worbes et al., (2003) renovated the historical dynamics of a seasonally dry 

tropical forest in Cameroon, by determining ages and growth rates of trees of nearly all 

species. 

After 1970s the interest of research is increased to obtain ecological information 

available in the forest trees using tree-rings. More recently, new dendroecological research 

has focused on tropical forest environments, disturbance factor and conditions to attempt 

and develop tree-ring records in annual ring structure. Climatic factors are mostly involves 

in growth rate and sometime are inversely related to growth. The vegetation is dynamic, 

constantly degraded and natural and anthropogenic disturbances altered the structure of any 

forest. Studies on forest productivity and succession, distributional limits of species, 

interaction of multiple disturbances, are included under the heading of dendroecology. Since 

such type of research is not reported from Pakistani forests, dendroecological techniques 

may provide wide area of research in these forests for better management, conservation and 

future planning. 

 

11.2-Results 

11.2.1 Variation in Growth rate with time 

This section deals growth rates of trees during different periods of life (Fig. 11.1 

to 11.8). Results of Abies pindrow are shown from 3 different locations, Pinus 

wallichiana from three stands while Cedrus deodara is presented from two different 

sites. Due to very small simple size species of other stands or forests are withdrawn. 



Chapter 11 DENDROECOLOGY 

 

  164 
 

 

Fig. 11.1 reveals Abies pindrow pure forest from Bahadar Sar Forest showing 

different growth rate on the basis of 10 years interval. The growth rate was observed in 

the 1st class from year 1841 to 1850 was 4.7cm / year which was the highest growth rate 

of the tree while in the second class year 1851-1860 the growth rate was as 3.6 cm/year 

which is decreased and significantly different than previous class. The growth rate 

gradually decreased with the passage of time.The growth rate further decreased in the 

next three classes from year 1861 to 1890 which is 2.9, 2.5 and 2.2 cm/year respectively. 

These classes are significantly different than previous classes. In the next five classes, 

1891 to year 1940 the growth rate was significantly different than previous classes, 

however no significant difference was found between them. The growth rate of class 

1931-1940 is similar to the class 2001- 2010 growth rate. Next two classes 1941-1950 

and 1951-1960 growth rate was similar but significantly different than previous classes. 

Next three classes 1961 to 1990 the growth was significantly different than other classes 

also significant difference was found between them. In between them the low growth rate 

was found in class 1971-1980. The slowest growth rate was found in the whole life of the 

tree in class 1991-2000 which is about 0.8 cm/year, significantly different than all other 

classes. In the last class 2001-2010 the growth rate was significantly better than previous 

class. 

Fig. 11.2 showing different periods of tree growth rate cm/year of Abies pindrow 

from Bakht Banda near Chakesar area forest. The highest growth rate 3.3 cm/year was 

observed in the periods 1861-1870 and in the class 1881-1890 while the growth rate 

decreased in the next class 1871-1880 which is 2.8 cm/year and significantly different 

than previous classes. The growth rate in the next two classes 1891 to 1910 was 

decreased, the growth rate was also similar in these two classes, but significantly 

different than previous classes. The growth rate in the class 1891-1900 is also similar to 

the growth rate of  class 1871-1880. The growth rate gradually decreased in the next 

periods, in next two classes 1911-1920 and 1921-1930 the growth rate was significantly 

different than the previous classes, but similar among each other. In the next two periods 

(1931 to 1950), the growth rate was almost similar among each each other, but 

significantly different than other classes. The growth rate in the next six classes ranged 

1951 to 2010 gradually decreased to the recent years. Significant difference was found 
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between these classes also significantly different than the previous classes. The lowest 

growth rate 1.1 cm/year was found in the class 2001-2010, which is the slowest growth 

rate in the whole periods of the trees. 

Fig. 11.3 showing different classes of Abies pindrow trees growth rate on the 

basis of 10 years interval. This tree species are sampled from Shalkho Forest. First period 

1841 to 1850 showing higher growth rates 4.3 cm/year. The growth rate decreased in the 

next period 1851-1860 which is 3.7 cm/year and significantly different than previous 

class. The growth rate decreased gradually in the next four classes ranged from 1861 to 

1900 significant difference was found among them also significantly different than the 

previous periods. The growth rate decreased in the next two periods 1901-1910 and 1911-

1920 which is almost similar among each other while significantly different than previous 

periods. The growth rate in the next four classes 1921 to 1960 is almost similar among 

each other but significantly different than previous classes. The growth rate increased in 

the next class 1961-1970 which is significantly different than the previous classes. In the 

next class 1971-1980 the growth again decreased and significantly different than other 

classes. Next class which is significantly different than the previous class but the growth 

is better in this class; this period is almost similar to the 1931-1940 growth rates. The 

slowest growth rate 0.8 cm/year was observed in class 1991-2000 which is the slowest 

growth rate of the whole periods also significantly different than other classes. The last 

class is showing better growth rate and significantly different than previous classes. 

Fig. 11.4 shows Cedrus deodara sampled from Munz Bund Forest near Dherai 

area. It also shows different age classes on the basis of 10 years interval. These periods 

ranges from 1881 to the year 2010, showing different growth rates cm/year. Class first in 

this period 1881-1890 is showing the highest growth rate 3.3 cm/year. Second class 

1891-1900 significantly different than first class and the growth rate is decreased in this 

class. In the next four classes ranged from 1901 to 1940 the growth rate again decreased 

and significantly different than previous classes, however no significant difference was 

found among these classes. Growth rate increased in the next two classes 1941-1950 and 

1951-1960; the high growth rate was in class 1951-1960 than 1941-1950 also 

significantly different than previous classes. In the next two periods 1961 to 1980 the 
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growth rate gradually decreased. The growth rate in the class 1961-1970 was similar to 

the growth rate of class 1931-1940. This period was significantly different than the 

previous period. Another class 1971-1980 was significantly different than previous 

classes. The growth rate decreased in the next class 1981-1990 which is significantly 

different than previous classes. The growth rate in the next two classes 1991 to 2010 

further decreased which is significantly different than previous classes. The slowest 

growth rate was observed in the class 1991-2000 which is about 1.1 cm/year. It indicated 

the disturbance factor of the forest in recent years.  

 Fig. 11.5 reveals Cedrus deodara pure stand sampled from Chaat Nala Forest near 

Karora and also showing growth rate cm/year in different classes. First period 1841 to 

1850 is showing highest growth rate i.e. 5.1 cm/year which is the highest growth rate of 

the forest. In class 1851-1860 the growth rate decreased which is significantly different 

than previous class. The growth is further decreased in the next class 3 cm/year and 

significantly different than previous classes.  

In the next three classes (1871 to 1900) the growth rate is almost similar but 

significantly different than previous classes. In the next two classes ranged 1901 to 1920 

the growth rate is almost similar but significantly different than previous classes. Next 

period composed of three classes 1921 to 1950 the growth rate decreased, the lowest 

growth rate 1 cm/year was found in the class 1931-1940 which is the low growth rate 

among these classes. These classes were significantly different than previous 

classes.Growth rate was almost similar in the next two classes 1951 to 1970. The slowest 

growth rate among all the periods of the tree was observed in the next two classes 1971-

1980 and 1981-1980 which is about 0.9 cm/year. These classes are significantly different 

than all other classes‟ growth rates. In last two classes (1991 to 2010) the growth rate 

increased with significantly different than previous classes.  

Fig. 11.6 showing different growth rate classes of Pinus wallichiana from Nakhtaro Ghar 

Machaar area on the basis of  10 years intervals. The highest growth rate was observed in 

the class 1861-1870 which is 5.1 cm/year, while the growth rate decreased in the next 

classes. Next period composed of three classes, ranged 1871 to 1900; significant 

difference was found among them and significantly different than previous class. In these 

periods the highest growth rate was observed in class 1871-1880 while the lowest was in 
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class 1881-1890. Growth rate in the next class 1910 again decreased and significantly 

different than previous classes. Another period composed of three classes (1911 to 1940) 

the growth rate was decreased. These classes are almost similar but significantly different 

than previous classes. Next three classes 1941 to 1970 the growth rate was further 

decreased in these periods, which is signifiantly different than previous classes, no 

significant difference was found between them. In the next three classes (1971-1980 to 

1991-2000) the growth rate was not better. These classes are significantly different than 

other classes. The lowest growth rate 1.1 cm/year was found in the class 1981-1990 

which is the slowest growth rate among all other classes of the tree. During the last 

period 2001-2010 the growth rate increased. This class is significantly different than 

previous classes. 

Fig.11.7 showing different growth rate classes of Pinus wallichiana trees from 

1921 to 2010 on the basis of 10 year intervals from Shangla Top area. The highst growth 

rate of 5.8 cm/year was observed in the class 1921-1930 while the lowest growth rate of 

3.3 cm/year was found in the class 1981-1990 among all periods of the tree species. 

These classes are significantly different than each other. The growth rate decreased in the 

next class 1931-1940 which is 4.4 cm/year. This class is significantly different than 

previous class. In the next four classes 1941 to 1980 the growth rate decreased which is 

significantly different than previous classes. No significant difference was observed 

between these classes. The growth rate decreased in the next class 1981-1990, which is 

significantly different than previous classes. In the next two classes i.e. 1991-2000 and 

2001-2010 the growth rate is slightly better than previous class. No significant difference 

was found among them. These classes are significantly different than other classes.    

Fig. 11.8 described Pinus wallichiana pure forest from Yakh Tangay forests 

showing different growth rates classes. First period showing better growth rate about 6.5 

cm/year which is the highest growth rate of the trees in this period. In next class 1921-

1930 the growth rate decreased also significantly different than previous class. The 

growth rate again decreased in the class 1931-1940 which is about 4 cm/year, also 

significantly different than previous classes. In the next three classes ranged from 1941 to 

1970 the growth rate further decreased, the low growth rate was found in the class 1951-
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1960 which is the slowest growth rate among these classes. These classes are 

significantly different than previous classes. In next class of 1971-1980, the growth rate 

is not good, this class is significantly different than previous classes. The lowest growth 

rate was found in the next two classes 1981 to 2000. The slowest growth rate 1.5 cm/year 

was found in class 1991-2000 among all other classes of the tree periods.  These classes 

are almost similar but significantly different than all other classes. The growth rate 

increased in the last class 2001-2010 which is significantly different than previous 

classes. 

  

Fig.: 11.1 Fig.: 11.2 

  

Fig.: 11.3 Fig.: 11.4 
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Fig. 11.5 Fig. 11.6 

  

Fig. 11.7 Fig. 11.8 

 

Fig. 11.1 to 11.8 showing growth rates variation in every 10 years interval. 
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11.2.2-Variation in growth rate with Dbh. 

 This part of the chapter deals with different dbh size classes‟ vs growth rates of 

different trees (Fig. 11.9 to 11.16). Abies pindrow that sampled from 3 different locations, 

Pinus wallichiana from three areas while Cedrus deodara from two different sites of 

study area is presented in this section. 

Fig. 11.9 shows different dbh size classes of Abies pindrow and their growth rates 

from seedling stage to mature tree. The graph shows better growth rate in early classes or 

seedling stages than that of mature tree stages. The overall highest growth rate was 

observed in class 2 (4 cm dbh) size classes which is 2.36 year/cm while the lowest 

growth rate was obtained in class 10 (60 cm dbh) trees which is 4.16 year/cm. The 

growth rate in the first five (2cm to 10cm dbh) classes was significantly different than 

next classes, in these classes the highest growth rate was observed in class 2 (4cm dbh) 

which is 2.36 year/cm, while the lowest growth rate was obtained in class 1 (2cm dbh) 

which is 2.44 years/cm. These classes are not significantly different from each other. 

Next class 7 (30cm dbh) significantly different than previous classes and the growth rate 

is decreased in this class. The class 8 (40 cm dbh) where the growth rate was 3.27 

year/cm, is significantly different than previous classes. In class 9 (50 cm dbh) growth 

rates decreased and significantly different than previous classes. In next two classes 10 

and 11 (60 and 70 cm dbh respectively) the growth rate is almost same among their 

classes and significantly different than other classes. The growth rate is decreased in 

these classes. In 80 cm dbh (class 12) the growth rate is increased in this class and 

significantly different than previous classes. This class is similar to the class 9 (50 cm 

dbh) in growth rate. 

 Fig. 11.10 is showing different growth rate classes of Abies pindrow on the basis 

of dbh and growth rates. The growth rate was observed 3.83 in the first class (2cm dbh 

size class). The growth rate is increased in the next two classes i.e. 2(4cm dbh) and 

3(6cm dbh), which is significantly different than previous classes. The growth rate is 

almost same in these two classes. In the next four classes, 4 to 7 (8cm to 30 cm dbh) the 

growth rate is increased, and highest growth rate was observed in the class 5 (10cm dbh) 

which was 3.48 year/cm while the lowest growth rate was 3.55 years/cm in class 6 (20cm 
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dbh). These growth rates in these classes are mostly similar, but significantly different 

than previous classes. Another two classes 8 and 9 (40cm and 50cm dbh) the growth rate 

is decreased, these classes significantly different than previous classes. The growth rate in 

these classes is almost same among them and similar to the growth rates of that of class 2 

and 3. In last two classes 10 and 11 (60 and 70cm dbh), the growth is decreased. These 

classes are similar among them but significantly different from previous classes. Overall 

highest growth rate was observed in class 5 (10cm dbh) which is 3.48 year/cm, while the 

lowest growth rate was observed in class 11(70cm dbh) with growth of  4.05 year/cm. 

 Fig. 11.11 shows different classes of dbh and growth rates year/cm in Abies 

pindrow. The growth rate in the first two classes 1and 2 (2cm and 4cm dbh) is almost 

same. The growth rate is better in these two classes. In the next three classes starting from 

3 to 5 (6cm to 10cm dbh) respectively, the growth is significantly different than previous 

classes, however similar among themselves. The highest growth rate was observed in 

class 3(6cm dbh) which is 2.08 year/cm, while the lowest growth rate was 2.21 year/cm 

in class 5 (10cm dbh). Next class 6 (20cm dbh) the growth rate is decreased and this class 

is significantly different than previous classes. Class 7 where the growth rate is decreased 

significantly different than previous classes, the growth rate was 3.03 year/cm. Another 

two classes 8 and 9 where the growth rate was further decreased, the highest growth rate 

was observed in point 8 (40 cm dbh) which is 3.55 year/cm, and the lowest growth rate 

was 3.82 year in point 9 (50cm dbh). The next class 10 where the growth rate was 4.07 is 

the lowest growth rate in overall classes with significantly different than other classes. 

The growth rate increased in the next class 11(70cm dbh) which was significantly 

different than previous classes. The growth rate in this class is almost same to the growth 

rate of class of class 9 (50cm dbh). The growth rate again decreased in the last class point 

12 (80cm dbh) that is 4.02 year/cm; it is significantly different than previous class, but 

almost similar to the growth rate of class 10(60cm dbh).   

Fig. 11.12 shows Pinus wallichiana mean growth rates of different dbh classes. 

The graph shows better growth rate in the early classes of the tree which is decreased in 

the next classes. Among first five periods ranged 1,2,3,4 and 5 (2,4,6,8 and 10cm dbh ) 

the highest mean growth rate is 1 year/cm which was observed in class 2 (4cm dbh) 

which is the highest growth rate year/cm  of the tree, while the lowest growth rate 1.3 
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years/cm was observed in class 5 (10cm dbh). The growth rate decreased in the next 

classes. The growth rate was observed in the class 6 (20 cm dbh) was 1.7 years/cm which 

was significantly different than previous classes. In the next three classes 7, 8 and 9 ( 30, 

40 and 50 cm dbh) the growth rate was furher decreased and significant difference was 

found among them. These classes were also significantly different than previous classes. 

In the last two classes 10 and 11 (60 and 70 cm dbh) the lowest growth rate was found. 

The lowest growth rate 3.6 years/cm among all other classes was found in class 11 (70 

cm dbh) this class. These classes are significantly different than previous classes. 

Fig. 11.13 is showing mean growth rate of Pinus wallichiana with different dbh 

classes. In class first (2 cm dbh) the growth rate was found as 1.5 years/cm. The growth 

rate increased in the next four classes i.e. 2,3,4 and 5 (4,6,8 and 10 cm dbh) respectively 

are almost similar but significantly different than previous class. The growth rate 

decreased in the classes 6 and 7 (20 and 30 cm dbh) with the value of 1.6 and 1.8 

years/cm respectively.These classes are significantly different than previous classes. In 

the next three classes 8, 9 and 10 (40,50 and 60 cm dbh) the growth rate was further 

decreased. The lowest growth rate among all other classes of the tree was found in class 

10 (60 cm dbh) which is 2.3 years with significantly different than previous classes. The 

growth rate increased in the next two classes 11 and 12 (70 and 80 cm dbh) which is 1.8 

and 1.6 years/cm. Significant difference was found among these classes also significantly 

different than previous classes. The growth rate in class 11 ( 70 cm dbh) was almost 

simuilar to the growth rate of class 7 ( 30 cm dbh) and the growth rate of class 12 ( 80 cm 

dbh) with the growth rate of class 6 (20 cm dbh).  

Fig. 11.14 shows different dbh class based mean growth rate of pure stand of 

Pinus wallichiana. Overall, these classes shows better growth rate in different periods of 

the tree except few classes where the growth rate was decreased. The growth rate in the 

first five classes was almost similar and no significant difference was found among them. 

The highest growth rate was observed in the class 3 (6 cm dbh) which is 1.4 years/cm. 

The growth rate decreased in the next two classes 6 and 7 (20 and 30 cm dbh) 1.5 and 1.6 

years/cm respectively and these classes are significantly different than previous classes. 

Growth rate in next class 8 (40 cm dbh) was significantly different than previous classes. 
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The growth rate was further decreased in the classes 9 and 10 (50 and 60 cm dbh) which 

is 2.2 and 2.4 years/cm respectively. The lowest growth rate 2.4 years/cm was found in 

class 10 (60 cm dbh) among all other classes of the trees. These classes are significantly 

different than previous classes. The growth rate increased in the last class 11 (70 cm dbh) 

which is computed as 2.1 years/cm. This class is significantly different than previous 

classes.  

Fig. 11.15 is showing dbh and growth rates of Cedrus deodara in different 

classes. In the first four classes 1, 2, 3 and 4 (2, 4, 6 and 8 cm dbh) the highest growth 

rate observed in class 1(2cm dbh) which is 2.2 year/cm, while the lowest growth rate was 

2.5 years/cm in class 4 (8cm dbh). These classes show better growth rates. In another two 

classes 5 (10cm dbh) and 6 (20cm dbh) the growth rate is decreases but significantly 

different from previous classes. The growth rates amongst them are almost similar. The 

growth rate is decreased in the classes 7, 8, 9 and 10 (30, 40, 50 and 60cm dbh) 

respectively, these classes significantly different than previous classes. The highest 

growth rate was observed in class 10 (60 cm dbh) which was 3.08 years/cm, while the 

lowest growth rate was 3.32 years/cm in class 8(40cm dbh). The growth rate again 

decreased in the last classes, class 11 (70cm dbh). The growth rate observed in this class 

was 2.72 years/cm. This class is significantly different than previous classes. The growth 

rate in this class is almost similar to the growth rate of class 5 (10cm dbh). Overall 

highest growth rate was observed in class 1(2cm dbh) which was 2.2 years/cm, while the 

lowest growth rate 3.32 years/cm was observed in class 8 (40cm dbh). 

 Fig. 11.16 showing mean growth rates of Cedrus deodara on the basis of dbh 

classes. First five classes which were the seedling stage of the trees showing better 

growth rates. These classes showed almost similar growth rates. The highest growth rate 

was observed in class 1(2cm dbh) which is 1.8 year/cm, while the lowest growth rate 1.97 

years/cm was present in class 5 (10cm dbh). In class 6(20cm dbh the growth rate was 

2.06 year/cm, which is significantly different from previous classes. In the next class 7 

(30cm dbh) the growth rate decreased which was 2.29 years/cm. The growth rate in this 

class is significantly different from previous classes. In another class 8(40cm dbh) the 

growth rate decreased and which is significantly different than previous classes. Class 9 
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(50cm dbh) has significantly different and lowe growth than previous classes, with value 

of 3.31 years/cm. In class10 (60cm dbh) the growth rate was decreased and which was 

3.71 years/cm. This class is significantly different than previous classes. Class 11 (70cm 

dbh) growth rate 4.03 years/cm. This class was significantly different than all other 

classes. The growth rate in this class was the lowest among overall classes. In the last 

class12 (80cm dbh) the growth rate increased in this class. The growth rate of 3.94 

year/cm was significantly different than previous classes. 

  

Fig. 11.9 Fig. 11.10 

  

Fig. 11.11 Fig. 11.12 
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Fig. 11.13 Fig. 11.14 

  

Fig. 11.15 Fig. 11.16 

Fig. 11.9 to 11.16 presented variation between dbh and mean growth rates. 
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11.2.3-Variation in Age with Dbh 

This section deals dbh size classes vs mean age of two tree species, Abies pindrow 

from three different areas and Pinus wallichiana from three locations while Cedrus 

deodara from two sites. Fig. 11.17 to 11. 24 shows different age classes on the basis of 

dbh class sizes.  

Age was increasing with increasing dbh size classes. In the seedling stage the age 

was 2.44 in the first class (2cm dbh) while it is increased in the next classes. In second 

class (4 cm) the age was 4.72 which is significantly different than previous class. The age 

in the next three classes (6,8 and 10 cm dbh) were 7.22, 9.5 and 11.8 respectively, these 

ages are almost similar with each other, but significantly different than previous classes. 

The age was computed 25.9 years in the next class (20 cm dbh) which is significantly 

different than previous classes. Next class (30 cm dbh) has the age was 43.9 years. The 

age was gradually increased in the next classes. In the next class with 40cm dbh the age 

was 65.4 years. As age increase with increasing dbh 93.1 years were recorded in 50 cm 

dbh size class, this class also significantly different than previous classes. Age was 

computed 124 years in 60cm dbh tree. In the next two classes 70 cm and 80 cm dbh, age 

was 144 and 152 years respectively and these classes are significantly different than 

previous classes. The highest mean age was observed in the class of 80 cm dbh which is 

152 year.  

Fig. 11.18 is showing mean ages of Abies pindrow in various dbh size classes. 

The age observed in the first two classes (2cm and 4cm) was 3.8 and 7.2 years 

respectively. In the next three classes‟ 6, 8 and 10cm dbh), the age was gradually 

increasing and observed as, 10.8, 14 and 17.4 years respectively. The ages in these 

classes were almost similar, but significantly different than previous classes. With 

increase in dbh the age was gradually increased, in the next class 20 cm dbh size) and 

was 35.5 years which is significantly different than previous classes. In the next class 

52.6 years were recorded in 30 cm dbh size class, which is significantly different than 

previous classes. The age was computed in the next class (40 cm dbh) was 71.9 years, 

which is significantly different than previous classes. In the next 50 cm dbh size class the 

age was 91.3 years, and which is significantly different than previous classes. The age 
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was recorded in 120.6 years in the 60 cm dbh size class, which is significantly different 

than the other classes. Last class (70 cm dbh) class show 141.6 years, which is the highest 

mean age of all other classes, and also significantly different than previous classes. 

 Fig. 11.19 shows different age and dbh size classes of Abies pindrow. First group 

consists of five classes, 2,4,6,8 and 10 cm dbh size classes. These classes contain mean 

ages of 2, 4, 6.2, 8.5 and 11.06 years mean ages respectively. Next class 20 cm dbh size 

class having 26.3 years age, the age increased in this class and it is significantly different 

than previous classes. In the next class 30 cm dbh the age was observed as 45.5 years and 

it also significantly different than previous classes. An average age of 71.06 years age 

was observed in the next class 40 cm dbh size, and it is significantly different than 

previous classes. Class 50 cm dbh size having 95.4 years mean age, also significantly 

different than previous classes. The age in the next two classes 60 cm and 70cm dbh size 

classes was 122.2 and 133 years respectively. As the age is increasing with increase in 

dbh classes the last class 90 cm dbh having 160 years age, which is the highest mean age 

of all other classes.  

Fig.:11.20 shows different age classes of  Pinus wallichiana on the basis of dbh 

size classes. Age was increased with increase in dbh size classes. In the seedling stage (2 

cm to 10 cm dbh) the lowest age was observed in class 2 cm dbh which is 1.1 year while 

the highest age 6.4 years was observed in 10 cm dbh which is significantly different than 

previous classes.  Next class 20 cm dbh which is the tree stage the age was 16.7 years and 

significantly different than previous classes. The age of 34.3 years found in class 30 cm 

dbh. In the next two classes 40 cm dbh and 50 cm dbh the age was increased respectively 

and which is observed as 53.6 and 73.8 years. Significant difference was found between 

themselves and then previous classes. The age was increased further in the next class 60 

cm dbh which is 106 years and significantly different than previous classes. Last class 

(70 cm dbh) showing 126 years, which is the highest mean age among all other classes, 

also significantly different than previous classes.  

Fig. 11.21 is showing mean ages of Pinus wallichiana in different dbh size 

classes. The age was increased in the seedling stage with increasing dbh size classes. 

Among the first five classes (2 cm to 10 cm dbh) the highest mean age 6.6 year/cm was 
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present in 10 cm dbh while the lowest mean age 1.5 year/cm was observed in 2 cm dbh. 

These classes were significantly different among each other. Next stage 20 cm dbh size 

has 15.7 years/cm which is significantly different than previous classes. Age was 

increased in the next two classes i.e. 30 cm and 40 cm dbh size which is observed as 27.8 

and 41.1 years/cm respectively. In the next class of 50 cm dbh the age was again 

increased which is 54.8 years/cm also significantly different than previous classes. The 

highest mean age 68 years/cm was observed in class 60 cm dbh which is the highest age 

among all other classes of the tree mean ages. The age decreased in the last two classes 

70 cm and 80 cm dbh size which is 65.6 and 65 years/cm respectively. These classes are 

significantly different than previous classes. It indicates the disturbance factor of the 

forest i.e. environmental or human interference.   

Fig. 11.22 is showing different dbh size classes of Pinus wallichiana tree species 

with respect to age. First five classes 2 cm, 4cm, 6cm, 8cm and 10cm dbh size classes 

contain 1.4, 3,4.2 5.7 and 7.2 years/cm mean ages respectively, there is no significant 

difference between these classes. In the next stage of the tree with 20 cm and 30 cm dbh 

the age was increased and observed as 15.3 and 24 years/cm respectively which is 

significantly different than previous classes. The age was further increased in the next 

two classes 40 and 50cm dbh size classes which is 36.2 and 54.2 years/cm also 

significantly different than previous classes. Last two classes 60 and 70cm dbh has 

almost similar age but significantly different than previous classes. The highest mean age 

73 years/cm was found in the (70 cm dbh) class, which is the highest mean age of the 

trees among all dbh size classes.   

Different ages of Cedrus deodara on the basis of dbh size classes are shown in 

Fig.:11.23 the average age observed in the first class (2 cm dbh), was 2.2 years/cm, while 

it is gradually increases with increase in dbh size classes. The average age in the next 3 

classes,(4,6 and 10cm dbh) is 6.1, 7.2 and 10 years/cm respectively. These classes are 

significantly different than previous class. Next dbh class (10 cm dbh) has 13.7 years also 

significantly different than previous class. Another 20cm dbh size class contains 28.5 

years mean age, The next class 30 cm dbh has 47.4 years mean age. Trees of 40 cm dbh 

contain 66.3 years mean age which is significantly different than previous classes. 
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Following class ( i.e. 50cm dbh) contain 82.3 years/cm mean age, which is significantly 

different than previous classes. Last two classes 60 cm and 70 cm dbh has almost similar 

ages 92.4 and 95.3 respectively. These classes are significantly different than previous 

classes. The highest mean age 95.3 years / cm was observed in 70 cm dbh size class.   

Fig. 11.24 shows different dbh size classes of Cedrus deodara tree species with 

respect to age. First five classes 2 cm, 4cm, 6cm, 8cm and 10cm dbh size classes contain 

1.8, 3.8, 5.7, 7.8 and 9.8 years mean age respectively. There is no significant difference 

between these classes. Next class 20 cm dbh having 20.62 years mean age is significantly 

different than previous classes. Another class 30 cm dbh size contains 34.3 years mean 

age, which is significantly different than previous classes. Another 40 cm dbh size class 

has 55.4 years mean age, which is also significantly different than other classes. The 50 

cm dbh size class having 82.6 years mean age also significantly different than previous 

classes. The class of (60 cm dbh) size has 111.3 years mean age, and significantly 

different than previous classes. 70 and 80 cm dbh size classes contain 141 and 157.4 

years mean ages respectively. These classes has significant difference between each other 

and also significantly different than all other classes. The highest mean age was observed 

in 80 cm dbh size class, which is 157 years old. 
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Fig.: 11.17 Fig.: 11.18 

  

Fig.: 11.19 Fig.: 11.20 
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Fig.: 11.21 Fig.: 11.22 

  

Fig.: 11.23 Fig.: 11.24 

 

Fig.: 11.17 Fig. 11.11 to 11.24 shows variation of dbh size classes vs. mean age in 

years / cm. 
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11.3-Discussion 

(A)Variation in growth rate with time 

Growth rate or diameter of any tree depends on various climatic, edaphic, 

biological, geographical and anthropogenic factors. In a same species variation of growth 

rate in different period of life shows the variation in one of the above or combination of 

above mentioned factor. Low growth rate show unsuitable environmental condition while 

fast growth is indicator of suitable condition around growing trees. Growth rate may vary 

even in a similar aged tree of a same species in a similar environmental condition. This 

growth rate may be due to the difference in internal physiology and genetics of an 

individual tree growth.  

Abies pindrow shows similar pattern of growth from two sites. It is indicated that 

past growth rate was slow which gradually increase towards the recent years.Every 10 

years period growth rate was different which may be significantly different or similar to 

the nearby age classes, but it is significantly higher in recent years to past. These forests 

have a long history of disturbances. In the past when disturbances was minimal due to 

thick forest, closed canopy and competition among trees growth was slow, as the 

disturbances like legal / illegal cutting and grazing increased, competition among trees 

has reduced hence tree show highest growth. Another site of Abies pindrow show almost 

similar growth.This site also indicates some significant difference in growth rate in 

different periods with neighbor age classes. Different sites faced different intensity of 

disturbances. 

 In Cedrus deodara one site have older trees. If only common period is compared 

one site has a continuous and gradual increase in growth rate from past to recent years, 

while other sites have no pattern. Slow and fast growth in different times show that this 

area is severely disturbed in different time period over all this species also show slow 

growth in past while fast growth  in recent years. In the light of prolong history of 

anthropological disturbances and the increased growth in recent classes, the only possible 

reason of variation of growth may be disturbances.   
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The forest history showed that the growth rate was significantly slow in the initial 

stage of the tree, but with passage of time the growth is continuously increased. It is 

indicated that these forest shows high anthropogenic disturbances including animal 

grazing, fire effects, climatic effects, land sliding and also earth quakes happens in the 

area. Thick forests of Abies pindrow were present, but mostly the trees were rotten and 

effected so did not obtained core samples in large quantity. Cedrus deodara the national 

tree of Pakistan is almost vanished from the Shangla district, only in few areas it is 

distributed in very small area with low density.  

Most of our wood samples of Abies pindrow, Pinus wallichiana and Cedrus 

deodara were initiated their life around 1850 (during little ice-age) when mountain 

glaciers expended to their greatest extent. Amoroso et al., (2012) concluded that 

extremely slow growth during this period was due to pronounced cooling. However our 

results do not agree with them who reported slow growth in that period. In those years 

fast growth may be related with 18th century disturbances, logging as reported by various 

workers (Esper, 2002; Devi et al., 2008). 

 

(B)Variation in growth rates with Dbh 

Present study deals with the dbh size classes and mean growth rate of conifer tree 

species from seedling stage to mature tree individuals. The growth rate shows variation in 

different classes. In some classes the growth rate was observed high, which shows 

suitable growth conditions, while in some classes it is decreased. This situation is not an 

ideal situation for the growth of these conifers tree species. This should be due to the 

environmental conditions, manmade interference, like huge cutting of tree species, over 

grazing and fire. The mean annual ring width observed between different species under 

different disturbances revealed that there  was a significant difference in width of mean 

annual rings between these species. However, the mean annual ring widths of similar 

species under different disturbances did not differ significantly. 

Tree species, Abies pindrow shows better growth rate in the initial classes of 

seedling stage, while the growth rate was gradually decreased with increase in dbh size 

classes. Slow and fast growth rates of conifer trees were estimated and compared with 
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earlier studies. Abies pindrow showed slowest growth rate which is similar to the results 

obtained by Ahmed & Sarangzai (1991). They stated that Abies pindrow is a slow 

growing tree of moist temperate areas. Ahmed et al., (2009) also suggested that Abies 

pindrow and Taxus fuana are slow growing trees.  

The second species Cedrus deodara also shows different growth rate in different 

classes of dbh. Cedrus deodara showed fast growth rate in the early classes of tree, but 

the growth rate becomes slow in the next classes as increase in dbh. Siddiqui (2011) 

studied dbh and growth rates of dominant coniferous from moist temperate areas of 

Himalayan and Hindukhush range of Pakistan, estimated highest growth rate (1.4 

years/cm) of Cedrus deodara recorded from two forests, Shinu and Naran, Valley while 

the minimum growth rate (10.17 year/cm) was recorded from Patriata 1. Khan (2011) 

studied dbh and growth rate of some tree species from the forests of Chitral district. 

Wahab (2011) presented age and growth rates of tree species from District Dir. Akbar et 

al (2013) carried out extensive research work on dendrochronology and some other 

aspects of forest form different forested areas of Gilgit-Baltitan. According to Hussain 

(2013) growth rate decreased with increase in dbh, which may be due to old age and 

natural disturbances. Ahmed et al., (2009) found highest overall growth rate of Cedrus 

deodara (2.65 ± 0.19 year / cm). They also found the same trend that small dbh trees 

shows faster or better growth. According to them it decreases with increasing size of 

trees, may be due to the climate extremes. 

(C) Variation in age with different size classes 

 In this study the mean age in different dbh classes are explained. According to 

Daubenmire (1968) diameter is a good indicator of age and the past history of a 

particular stand is predictable. In general, the diameter of a tree is dependent on age and 

there is strong correlation between the two variables; with increasing age, the tree will 

also increase in diameter. According to Lieberman and Lieberman, (1987) it is not 

possible to conclude that the largest tree in a population is the oldest tree. Trees of the 

same age could have huge difference in their diameter or trees with similar diameter 

could significantly differ in their age (Ahmed 1984) Worbes et al., 2003). The result 



Chapter 11 DENDROECOLOGY 

 

  185 
 

 

from this study clearly showed that two similar size trees may strongly different in their 

age.  

Failure of regeneration is a non-ideal situation of the forest growth. The regeneration 

of these forests is poor and these forests are in critical situation. Some gaps were also noticed 

in the small and middle size classes. This may be due to illegal cutting, overgrazing and 

anthropogenic disturbances. In the study area, flat distribution is reported from some stands. 

However, fewer individuals in small class indicated poor recruitments in the area. Wahab et 

al. (2008) reported this type of distribution pattern in Picea smithiana forest from 

Afghanistan. Ahmed et al., (2010) also found the similar situation in Cedrus deodara from 

the Hindu Kush and Himalayan regions of Pakistan. Ahmed et al., (1990a, 1990b) and 

Ahmed et al., (1991) calculated age in differenet sizes of Juniper and Chilghoza pine trees 

from Balochistan. Ahmed & Sarangzai (1991, 1992) also concluded ages of different species 

from 19 different locations of moist and dry temperate Himalayan range of Pakistan.  

According to Daniels (2003) stand age structure of dead and alive trees provides 

composition and past condition of a forest. Ahmed & Naqvi, (2005), Khan et al., (2008), 

presented six gymnospermic species from 41 different mature forests of Pakistan. Ahmed et 

al., (2009a) presented age and dbh structure of various Himalayan pine tree species of 

Pakistan. Wahab et al., (2008) measured age in different dbh size classes of Dangam District 

of Afghanistan. Hussain (2013) evaluated ages of Picea smithiana from Stak valley, Central 

Karakorum National Park. Bukhari (2013) investigated ages of pine trees from Azad Jammu 

and Kashmir, Pakistan. Siddiqui et al., (2013) estimated different ages of dominant conifer 

from moist temperate areas of Himalayan and Hindukush range of Pakistan. Seedling age of 

a gymnospermic tree species (Pinus wallichiana) from Ganji valley District Skardu Gilgit-

Baltistan, Pakistan was carried out by Akber et al., (2015). They noticed great variation in 

age structure in different time periods or at different size classes. Growth rate significantly 

decreased from past to present periods.  

It may be anticipated that due to illegal cutting of trees and reduced competition 

among trees. It is suggested from this chapter that due to extreme disturbances, present status 

and situation, present rate of recruitments is not ideal for the future of the forest, so each 

forest should be treated on individual basis and could be managed after full protection of 
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seedlings. Law and order situation should be improve and take some special action against 

timber mafia. Awareness and further research is needed for the management and also to 

explore the regeneration potential of these valuable forests. 

11.4-Conclusion 

On the basis of above results and discussion we have concluded that, 

1. Growth rate with time on the basis of every 10 years intervals was good in the 18 th 

century, while it was decreased in the recent years, it may be due to competition of 

species or climatic change in these areas.  

2. Variation in age and growth rate of different tree species of the forests in different dbh 

size classes showing that diameter is not a good indicator of age or growth rate in the 

natural forests. 
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Appendix 1.1 Main locations and site with topographic factors and Geographical 

coordinates of study area. 

St. No 
Main Locations 

and Sites  
Latitude  Longitude  Elev Slop Asp. Can. Com. 

1 
Shangla Top Near 
Mangar Kot. 

34
o
 53´18.8 72

o
 48´52.1 2120 30 NW Open 

Pw. 
Pure 

2 
Rehman  Abad  
(Pagorai) 

34
o
53´32.3 72

o
41´08.8 1490 30 NE Open 

Pw  
Pure 

3 
Picho Banda  
(Dawlat Kalay) 

34
o 
53‟32.2 72

o
41´08.7 1560 40 W Open 

Pw 
Pure 

4 
Matta Karin  
(Dherai) 

34
o 

53´15.3 72
o
24´06.3 1720 30 SE Open 

Pw 
Pure 

5 
Wachobi Card  ( 
Rahim Abad) 

34
o 

53´59.3 72
o
40´08.8 1780 35 W Open 

Pw  
Pure 

6 Kwaro Alpurai. 34
o 

54´42.4 72
o
37´51.5 1795 45 NE Open 

Pw 

Pure 

7 
Nakhtaro Ghar 
Macharr 

34
o 

53´55.3 72
o
37´19.4 1990 45 NW Close 

Pw 
Pure 

8 
Matta Morr  
Macharr 2 

34
o 

53´22.9 72
o
37´31.8 1890 40 NW Close 

Pw 
Pure 

9 
Kotkay.1 Malak 
Khail 

34
o 

53´52.5 72
o
37´51.6 1790 45 N Mode 

Pw 
Pure 

10 
Kotkay .2  Near  
Puran  Morr 

34
o 

53´21.3 72
o
37´24.5 1780 50 NW Open 

Pw 
Pure 

11 
Kandao. 1 ( Pir 
Khana) 

35
o
 54´27.7 72

o
 39‟48.3 2690 45 SW Close 

Ap 
Pure 

12 
Kandao. 2  Near 
Ajmeer 

35
o
 71‟64.6 72

o
 75‟77.4 1790 40 SE Close 

Pw 
Pure 

 

13 
Bahadar  Sar 
(Lilownai Hill) 

34
o
 64‟08.5 72

o
 69‟52.3 2810 35 S Mode 

Ap 
Pure 

14 
Mann Sar (Copper 
Sar) 

35
o
 50‟32.4 72

o
 48´58.8 2620 40 E Mode Ap/Ps 

15 
Safaray  Karrall 
Near Mann Sar 

35
o
 52‟40.2 72

o
 49´26.4 2780 45 W Close Ap/Ps 

16 
Nakhter Nao 
(Kotkay) 

34
o 

44´24.6 72
o
37´51.8 2040 50 W Open 

Pw 
Pure 

17 
Board Near 

Kotkay 
34

o 
53´21.9 72

o
37´25.9 2130 30 W Open 

Pw 

Pure 

18 
Shangla Top.1 
Check Post 

34
o
 53´51.4 72

o
35´36.5 2540 40 SW Mode 

Pw 
Pure 

19 
Shangla Top .2 
Near Chishma 
Hotel 

34
o
 53´05.5 72

o
35´38.4 2550 40 S Open 

Pw 
Pure 

20 
Alpurai  Dipu  
Police Line 

34
o
90‟45.4 72

o
64´25.8 1650 35 NE Open 

Pw 
Pure 
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Key words: Elev= Elevation, Slop=Slope, Asp=Aspect, Can=Canopy, Com=Community 

N= North, E=East, W=West, S=South, Mode=Moderate, R.P= Ridge top,P.w=Pinus wallichiana, A.p= 

Abies pindrow, C.d= Cedrusdeodara, P.s= Picea smithiana, P.r= Pinus roxberghii, P.s= Picea smithiana, 

Q.b= Quercus baloot. 

21 
Lilownai Near 

Dipu 
34

o 
95´50.4 72

o
64´35.5 1610 30 N Mode 

Pw 

Pure 

22 
Yakh Tangay 
Poran Hill 

34
o 

50´31.2 72
o
37´39.7 2620 40 W Open 

Pw 
Pure 

23 
Yakh Tangay 
Near Sharono 

34
o
49´45.3 72

o
38´09.6 2190 40 NW Close Pw/Ap 

24 
Chakat (Near 
Karora) 

34
O
 51‟19.5 72

O
 39‟26.3 1990 40 W Open 

Pw 
Pure 

25 
Goli butt Near 
Radar Tower 

34
o
49´43.3 72

o
37´18.5 2000 40 SW Close 

Pw 
Pure 

26 
Yakh Tangay 
Check Post Hill 

34
o
49´48.2 72

o
38´07.8 2180 45 W Open 

Pw 
Pure 

 

27 
Yakh Tangay 2 
Kandao Hill 

34
o
49´50.5 72

o
37´09.6 2240 40 W Close Pw/Ap 

28 
Yakh Tangay 3 
Bazar Koat 

34
o
49´45.3 72

o
37´15.4 2260 30 NE Open 

Pw 
Pure 

29 
Yakh Tangay 4 
Near Sar Thana 

34
o
49´46.4 72

o
38´07.1 2160 45 E Open 

Pw 
Pure 

30 
Yakh Tangay 5 
Acharo 

34
o
49´48.3 72

o
37´20.5 2120 30 NE Mode Pw/Ap 

31 
Kandaow  

Chakesar 
34

O
 49‟54.9 72

O
 48‟52.1 2223 28 SE Open Pw/ Qb 

32 
Bakht banda  
(Chakesar) 

34
O
 49‟49.3 72

O
 49‟08.2 2369 33 S Mode Ap/ Pw 

33 
Poran  Towa 
(Dherai) 

34
O
 48‟25.4 72

O
 40‟26.1 2103 25 NE Open Pw/ Qb 

34 Sanela Poran. 34
O
 46‟34.3 72

O
 39‟37.6 1298 30 NE Open 

Pr 

Pure 

35 Bund Dherai. 34
O
 50‟28.6 72

O
 44‟58.6 2014 35 W Open 

C d/ 

Pw 

36 Pitao Dherai 34
O
 52‟30.9 72

O
 42‟40.9 1451 40 NE Open 

Pr 

Pure 

37 Chaat Kandaow 34
O
 50‟59.9 72

O
 49‟59.9 2089 45 N Open Cd /Pw 

38 
Nala Opal 
(Karora) 

34
O
 50‟56.7 72

O
 50‟03.5 2094 50 S Mode 

Cd  
Pure 

39 
Souray bund 
Shalkho 

34
O
 51‟13.7 72

O
 39‟36.3 2556 R.T R.T Close 

Ap 
Pure 

40 
Matai Jabba 
Lilownai 

34
O
 54‟25.3 72

O
 39‟46.1 2374 28 NE Open Ps/ Pw 
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Appendix 1.2. List of Understorey vegetation with range of Relative frequency 

within stand basis and overall Relative frequency among stands   

S.No 

 

Species Name 

 

Range of R.F 

within stand 

Basis 

PRS 

 

Overall R.F 

Among 

stands 

1 Abies pindrow (D. Don) Royle. 6.6.....13.5 6 1.44 

2 Achyranthus aspera L. 12.......15.4 4 0.96 

3 Adiantum capillusv-eneris L. 4.2......8.5 3 0.72 

4 Adiantum venustum D.Don 6.8......15.5 8 1.92 

5 Ajuga parviflora Benth. 6.7 - 7.5 2 0.48 

6 Allium sativum L. 5.2.....10.1 3 0.72 

7 Alisma plantago aquatica L. 4.3 - 9.3 2 0.48 

8 Amaranthus tricolor  L. 4.7.....15.4 7 1.68 

9 Ammannia baccifera L. 8.5.....15.6 5 1.20 

10 Anaphalis scopulosa D.C 6.4......21.1 6 1.44 

11 Artemisia maritima L. 7.7.......8.7 3 0.72 

12 Artemisia griffithiana C.B.Clarke. 7.2......13.3 4 0.96 

13 Asplenium ceterach L. 6.5......18.4 22 5.29 

14 Berberis lycium L. 6.3.....15.4 9 2.16 

15 Berberis  parkeriana C. K. Schn 7.........9.1 2 0.48 

16 Bistorta amplixicula D. Don 5.6.....12.7 8 1.92 

17 Cannabis sativa L. 6.5.....14.5 13 3.13 

18 Carpesium nepalense 4.3......5.6 3 0.72 

19 Cedrus deodara (Lamb). 5.8......9.7 2 0.48 

20 
Cenchrus pennisetiformisHochst. & 

Steud 
5.8.....12.5 10 2.40 

21 Cicota virosa L. 6.5.....11.9 5 1.20 

22 
Clematis alpina var.sibirica 

(Linnaeus) P. Mill 
3.8 1 0.24 

23 
Clinopodium umbrosum M. Bieb.) 

Kuntze. 
10.7.....12.3 3 0.72 
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24 Conyza  bonarensis L. 3.7.....14.8 8 1.92 

25 
Corbichonia decumbers (Forssk.) 

Exell. 
4.7.......17 5 1.20 

26 Digiteria sanguinalis L. 4.3......13.2 7 1.68 

27 Delphinum lacostiDanguy. 1 1 0.24 

28 
Dicliptera bupleuroides Nees in 

Wall. 
8.7.....17.7 3 0.72 

29 Drypteris stewartii Fraser-jenk 3.7......17.8 6 1.44 

30 Elaengnus  anguspifolia L. 3.8.....14.3 4 0.96 

31 Echinopes L. 10.5......14.1 2 0.48 

32 Ficus palmate Forssk 5.8......10.2 4 0.96 

33 
Fragaria nubicola Lindle ex. 

Lacaite 
7.2......15.8 9 2.16 

34 Fragaria orientalis Losinsk. 1.9......13.8 11 2.64 

35 
Geranium Wallichianum oliv D. 

Don ex Sweet 
5.8 -11.1 3 0.72 

36 Hedera nepalensis  K. Koch, 4.5......21.1 24 5.77 

37 Impatiens brasilera L. 5.8.....11.9 9 2.16 

38 
Indigofera gerardiana   (Brandis) 

Baker. 
4.6......13.5 8 1.92 

39 Juglans regia L. 5.6......6.6 3 0.72 

40 
Launaea  procumbens (Roxburgh) 

Ramayya 
3.5.......15.6 7 1.68 

41 Lepidium sativum L. 7.3 1 0.24 

42 Leucas nutans (Roth). Sprang 9.......13.1 3 0.72 

43 Leptorhabdos parviflora (Bentham) 10.8....13.5 3 0.72 

44 Mentha longifolia  L. 4.7......4.9 2 0.48 

45 Mentha spicatalinn L. 48......6 2 0.48 

46 Morchella esculenta L. 6.1.....13.5 5 1.20 

47 Morus nigra  L. 4.8 - 9.8 3 0.72 

48 Nasturtim officinale R. Br 6.3 - 7.8 2 0.48 

49 Ocimum bacilicum L. 4.8.....16.7 9 2.16 

50 Paeonia emodi Wall. ex Royle, 3.4 - 5.3 2 0.48 
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51 Panicum milaceum  L. 3.7.....19.4 16 3.85 

52 Persicaria punctata (Elliott) 3.7.....14.6 5 1.20 

53 Picea  smithiana  (Wall.) Boiss. 10.5 - 11.2 2 0.48 

54 Pinus wallichiana A.B.Jacks. 7.5.....15.6 8 1.92 

55 Pinus roxberghii  Sarg. 5.8......9.5 3 0.72 

56 Pteridium aquilinium  L. 7.2......15.4 9 2.16 

57 Punica granatum L 9.8......14.3 3 0.72 

58 Phragmites karka  (Retz.) Trin. 9.2......16.7 6 1.44 

59 Polygonatum multiflorium L. 4.9.....14.5 7 1.68 

60 Poligonatum verticelatum L. 8.8 1 0.24 

61 Portulaca oleracea  L. 4.7 - 6.3 2 0.48 

62 Quercus baloot Griffith · 6.6......11.1 2 0.48 

63 Ricinis communis L. 3.7 - 12.8 3 0.72 

64 Rubus fruticosus L. 4.6.....14.6 14 3.37 

65 Rumex dentatus L. 7.7 1 0.24 

66 Rumex hastatus  D. Don, 7.2.....14.8 6 1.44 

67 Skimmia laureolia (DC.)  ex Walp. 4.6 1 0.24 

68 Solanum nigrum L. 6.5.....16.7 8 1.92 

69 Spodiopogon cotulifer(Thunb.) 9.2.....14.3 3 0.72 

70 Strobilanthus  asropurporus 4.2 - 6.6 3 0.72 

71 Tagetis minuta L. 4.9.....15.4 11 2.64 

72 Trillium govanianumWall. 4 1 0.24 

73 Urtica   dioica. L. 4.6......11.5 9 2.16 

74 Verbascum  Thapsus L. 4.8.....16.4 8 1.92 

75 
Viola canescens Wall. ex Roxb. 

7.3.....11.1 2 0.48 

76 Xanthium stramonium L. 5........11.9 5 1.20 
 

Note: PRS= Presence in stands, RF= Relative frequency   
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Appendix 1.3 Edaphic properties and Physical parametors of 40 stands of Shangla 

St.No pH Cond TDS Sal OM MWHC Sand Silt Clay 

St.1 7.75 91 46 0.04 0.4 11.13 47.4 41 11.6 

St.2 7.5 276 138 0.13 1.3 14.32 49.4 37.4 13.2 

St.3 7.83 97 48 0.04 0.4 11.14 51 38.6 10.4 

St.4 7.77 286 141 0.13 1.3 9.5 52.6 38.8 8.6 

St.5 7.6 161 79 0.07 0.7 11.7 42.6 46.4 11 

St.6 7.84 262 130 0.12 1.2 14.5 65.2 29 5.8 

St.7 7.85 129 64 0.06 0.6 15.4 42.6 25 32.4 

St.8 7.94 130 66 0.06 0.6 12.1 65 24 11 

St.9 7.96 75 38 0.03 0.3 14.1 47.2 24.2 28.6 

St.10 7.97 100 50 0.05 0.5 12.8 38.2 37 24.8 

St.11 7.87 74 35 0.03 0.3 14.2 47 30 23 

St.12 7.97 85 43 0.04 0.4 15.3 48.6 28.6 22.8 

St.13 7.7 84 42 0.04 0.4 20.8 41 25.8 33.2 

St.14 7.91 62 31 0.03 0.3 14.78 54.6 34.2 11.2 

St.15 7.94 85 43 0.04 0.4 9.88 40.2 39.2 20.6 

St.16 8.2 96 48 0.04 0.4 13.49 67.2 21.4 11.4 

St.17 8.07 111 55 0.05 0.5 14.21 66.8 23 10.2 

St.18 8 135 67 0.06 0.6 13.16 55.4 34.6 10 

St.19 8.12 86 43 0.04 0.4 11.1 62 28.6 9.4 

St.20 8.06 93 46 0.04 0.4 14.77 62.2 25.8 12 

St.21 7.95 96 48 0.04 0.4 13.69 51.8 36.2 12 

St.22 8.06 166 83 0.08 0.8 12.67 43.4 46.8 9.8 

St.23 8.1 116 59 0.05 0.5 12.83 46.6 39.8 13.6 

St.24 8.16 149 74 0.07 0.7 9.84 56.6 32.6 10.8 

St.25 8.04 116 57 0.05 0.5 9.08 55.2 34.2 10.6 

St.26 8.07 128 64 0.06 0.6 3 50.4 34 15.6 

St.27 8.06 94 46 0.04 0.4 7.82 60.2 30.2 9.6 
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St.28 8.07 92 46 0.04 0.4 9.97 66.8 23 10.2 

St.29 8.01 82 41 0.04 0.4 12.31 41.8 48 10.2 

St.30 8.17 97 47 0.04 0.4 9.53 54.6 39.6 5.8 

St.31 7.51 254 127 0.12 1.2 10.26 45 39.4 15.6 

St.32 7.64 124 62 0.06 0.6 12.17 39.2 53.4 7.4 

St.33 7.51 130 65 0.07 0.7 10.28 37.6 58.6 3.8 

St.34 7.37 124 62 0.06 0.6 3.84 27 42.8 30.2 

St.35 7.61 66 33 0.03 0.3 10.83 29.8 59.4 10.8 

St.36 7.42 55 28 0.02 0.2 12.3 27 64.8 8.2 

St.37 7.63 114 57 0.05 0.5 12.8 50 40.2 9.8 

St.38 7.77 100 50 0.05 0.5 9.81 56.8 34.2 9 

St.39 7.48 142 71 0.07 0.7 17.34 46.6 43.2 10.2 

St.40 7.37 108 54 0.05 0.5 14.66 62 30 8 

 

Note: Con= conductivity, TDS= Total dissolved solids, Sal, Salinity, OM= Organic 

matter, MWHC, Maximum water holding capacity 
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Appendix 1.4 Summary of circular plot sampling on the basis of percent frequencies of 

40 stands of Shangla District 

Species Name 1 2 3 4 5 6 7 8 9 10 

Adiantum venustum  0 30 0 0 0 45 0 0 0 0 

Amaranthus tricolor 0 0 0 0 0 25 20 0 0 0 

Ammannia baccifera 0 0 0 0 0 0 0 0 0 0 

Anaphalis scopulosa 0 0 0 0 0 0 0 50 45 0 

Asplenium ceterach 35 35 40 30 0 0 40 0 0 0 

Berberis lycium  0 0 30 0 30 35 0 0 0 0 

Bistorta amplixicula 0 0 0 0 0 0 25 35 0 0 

Cannabis sativa 0 0 0 35 0 0 0 45 35 0 

Cenchrus penusaliformis 0 20 35 0 0 20 30 0 0 0 

Cicota virosa 35 30 0 0 0 0 0 0 0 0 

Conyza  bonarensis 0 0 0 0 0 0 0 0 0 0 

Corbichonia decumbers 0 0 0 0 0 0 0 0 0 0 

Digiteria sanguinalis 40 15 20 35 0 0 0 0 0 20 

Drypteris stewartii 20 0 0 0 0 15 0 0 0 0 

Fragaria nubicola  0 0 0 0 0 0 40 0 0 15 

Fragaria orientalis 10 35 35 0 35 40 35 35 0 0 

Hedera nepalensis 0 0 0 0 40 30 0 0 30 20 

Impaliense braclycenera 50 20 0 0 0 0 0 0 0 0 

Indigofera gerardiana  25 0 0 0 0 0 25 25 0 0 

Launaea  procum 0 0 0 0 0 0 0 0 0 0 

Morchella esculenta 0 0 0 0 0 0 0 0 0 0 

Ocimum bacilicum 45 0 25 0 0 0 0 0 0 30 

Panicum milaceum  20 0 30 25 0 0 0 0 35 35 

Persicana punctata 20 0 0 0 0 0 0 0 0 0 

Pinus wallichiana 

seedling 45 0 0 0 0 0 35 30 0 0 

Pteridium aquilinium  0 25 0 0 0 0 0 0 25 0 

Phragmites karka 0 0 0 0 0 0 0 0 0 0 

Polygonatum 

multiflorium 0 0 0 0 0 0 0 0 0 0 

Rubus fruticosus 25 0 25 0 0 0 0 30 0 25 

Rumex hastatus  0 25 0 0 0 25 0 40 0 0 

Solanum nigrum 0 0 0 0 25 0 0 0 0 0 

Tagetis minuta 35 0 0 0 0 0 0 0 40 15 

Urtica  dioica 0 0 15 20 0 0 15 20 30 0 

Verbascum  thapsus 0 0 0 0 0 0 0 0 0 0 

Adiantum venustum  0 0 0 0 0 0 30 0 0 0 
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Amaranthus tricolor 0 0 0 0 0 0 0 0 0 25 

Ammannia baccifera 0 0 0 25 35 0 0 0 0 0 

Anaphalis scopulosa 0 0 0 40 0 0 0 40 15 0 

Asplenium ceterach 40 40 35 0 0 0 45 30 25 0 

Berberis lycium  0 25 45 0 0 0 0 0 0 20 

Bistorta amplixicula 0 0 0 0 0 0 0 20 20 0 

Cannabis sativa 35 35 40 0 25 25 20 0 0 0 

Cenchrus penusaliformis 0 0 0 35 20 0 0 0 0 30 

Cicota virosa 0 0 0 0 0 0 0 0 0 0 

Conyza  bonarensis 15 0 0 0 0 0 0 0 0 0 

Corbichonia decumbers 20 20 25 0 0 0 0 0 0 0 

Digiteria sanguinalis 0 0 0 0 0 0 0 0 0 0 

Drypteris stewartii 0 0 0 0 0 0 0 25 40 0 

Fragaria nubicola  35 35 25 0 0 0 0 0 0 35 

Fragaria orientalis 0 0 0 35 25 0 0 0 0 0 

Hedera nepalensis 25 25 0 0 0 40 0 0 0 45 

Impaliense braclycenera 0 0 0 0 0 0 0 0 0 0 

Indigofera gerardiana  0 0 0 0 0 30 35 0 0 0 

Launaea  procum 0 15 0 0 0 0 0 20 35 0 

Morchella esculenta 25 0 0 0 20 0 0 0 0 0 

Ocimum bacilicum 0 0 0 0 0 0 0 0 0 0 

Panicum milaceum  0 0 0 0 0 35 25 0 0 0 

Persicana punctata 0 0 0 0 0 30 0 35 25 0 

Pinus wallichiana 

seedling 0 0 0 0 0 0 0 25 35 0 

Pteridium aquilinium  0 0 0 0 0 20 40 30 30 0 

Phragmites karka 0 0 0 0 0 0 30 0 0 0 

Polygonatum 

multiflorium 0 0 0 0 0 0 0 0 0 0 

Rubus fruticosus 0 0 0 30 30 0 0 0 0 0 

Rumex hastatus  0 0 0 0 0 0 0 0 0 20 

Solanum nigrum 0 0 0 0 0 0 0 0 0 40 

Tagetis minuta 55 0 0 0 0 0 0 0 0 0 

Urtica  dioica 0 0 25 25 0 15 0 0 0 0 

Verbascum  thapsus 0 0 0 0 0 0 0 0 0 15 

Species Name 21 22 23 24 25 26 27 28 29 30 

Adiantum venustum  0 0 30 0 15 0 0 0 0 25 

Amaranthus tricolor 35 0 0 0 0 0 0 0 0 0 

Ammannia baccifera 0 0 0 0 0 0 0 0 0 0 

Anaphalis scopulosa 0 0 0 0 0 0 45 15 40 0 
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Asplenium ceterach 35 30 25 35 0 0 0 30 35 45 

Berberis lycium  25 35 0 0 0 0 0 0 0 0 

Bistorta amplixicula 0 15 0 0 0 0 0 0 0 0 

Cannabis sativa 0 35 20 0 0 0 35 0 0 20 

Cenchrus penusaliformis 20 0 0 0 0 0 0 20 20 0 

Cicota virosa 0 0 0 0 0 0 0 0 0 0 

Conyza  bonarensis 0 30 0 0 0 0 0 0 0 0 

Corbichonia decumbers 0 0 0 0 0 0 0 40 0 0 

Digiteria sanguinalis 0 0 0 0 0 25 0 0 0 0 

Drypteris stewartii 0 0 0 0 0 0 0 0 0 0 

Fragaria nubicola  55 0 0 0 0 30 0 0 0 0 

Fragaria orientalis 10 0 0 0 0 0 0 0 0 0 

Hedera nepalensis 40 0 0 25 30 40 30 0 0 0 

Impaliense braclycenera 45 0 25 0 0 0 0 0 0 0 

Indigofera gerardiana  0 0 0 0 0 0 0 0 0 35 

Launaea  procum 0 0 15 20 0 0 0 0 0 0 

Morchella esculenta 0 0 35 0 0 0 0 0 0 0 

Ocimum bacilicum 0 0 0 30 25 20 0 0 0 0 

Panicum milaceum  25 0 0 0 20 35 35 35 25 0 

Persicana punctata 0 0 0 0 0 0 0 0 0 0 

Pinus wallichiana 

seedling 0 0 0 0 0 0 0 0 0 0 

Pteridium aquilinium  0 0 0 0 0 0 25 0 0 0 

Phragmites karka 0 0 0 35 40 0 0 0 0 30 

Polygonatum 

multiflorium 0 0 0 15 35 0 0 0 0 0 

Rubus fruticosus 0 0 0 0 0 25 0 25 30 20 

Rumex hastatus  40 40 0 0 0 0 0 0 0 0 

Solanum nigrum 25 20 0 20 0 0 0 0 15 0 

Tagetis minuta 0 0 0 0 0 15 40 30 0 0 

Urtica  dioica 0 0 0 0 0 0 30 0 0 0 

Verbascum  Thapsus 25 25 0 0 0 0 0 0 0 0 

Species Name 31 32 33 34 35 36 37 38 39 40 

Adiantum venustum  0 25 20 0 0 0 0 0 0 0 

Amaranthus tricolor 0 0 0 0 30 40 0 0 0 20 

Ammannia baccifera 0 0 30 40 25 25 0 0 0 0 

Anaphalis scopulosa 0 0 0 0 0 0 0 0 0 0 

Asplenium ceterach 0 0 25 35 0 0 0 0 35 35 

Berberis lycium  0 0 0 0 0 40 0 0 0 40 

Bistorta amplixicula 0 25 25 0 0 20 0 0 0 0 
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Cannabis sativa 0 0 0 0 0 0 0 0 0 0 

Cenchrus penusaliformis 0 0 0 0 0 0 0 0 0 45 

Cicota virosa 0 0 0 30 35 30 0 0 0 0 

Conyza  bonarensis 25 15 25 20 30 0 45 0 0 0 

Corbichonia decumbers 0 30 30 0 0 0 0 0 0 0 

Digiteria sanguinalis 0 0 0 0 0 0 0 0 40 0 

Drypteris stewartii 0 0 0 0 0 0 0 0 30 0 

Fragaria nubicola  0 0 0 0 0 0 0 0 0 50 

Fragaria orientalis 0 0 0 0 0 0 0 0 0 25 

Hedera nepalensis 30 15 35 25 0 0 35 35 25 0 

Impaliense braclycenera 35 40 0 0 0 0 30 20 0 35 

Indigofera gerardiana  0 0 0 0 20 0 0 0 0 0 

Launaea  procum 0 0 0 0 0 0 0 0 25 0 

Morchella esculenta 0 0 0 0 0 0 0 0 25 30 

Ocimum bacilicum 15 0 0 0 0 0 0 25 0 0 

Panicum milaceum  35 30 0 0 0 0 25 35 0 0 

Persicana punctate 0 35 0 0 0 0 0 0 0 0 

Pinus wallichiana 

seedling 0 0 0 0 0 0 0 0 0 0 

Pteridium aquilinium  0 0 0 0 0 0 0 0 0 0 

Phragmites karka 0 0 0 0 0 0 0 0 50 0 

Polygonatum 

multiflorium 45 0 0 0 0 0 15 25 35 0 

Rubus fruticosus 0 0 0 0 0 0 0 25 0 0 

Rumex hastatus  0 0 0 0 0 0 0 0 0 0 

Solanum nigrum 0 0 0 0 0 0 35 30 0 55 

Tagetis minuta 0 25 0 0 0 0 15 30 0 0 

Urtica  dioica 0 0 0 0 0 0 0 0 0 0 

Verbascum  Thapsus 0 0 40 50 40 15 0 0 0 25 
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Abstract 

The vegetation of pine forests of Shangla District of Khyber Pakhtunkhwa Province of Pakistan is 

described. Thirty stands at different locations were selected in this study. In each stand gymnospermic 

species were widely distributed and dominated. Sampling was performed by Point Centered Quarter 

Method (PCQ). Pinus wallichiana exhibited higher density 409 ha-1 with 132.1 m2 ha-1 basal area occurring 

in 26 stands. Abies pindrow occurred in 7 stands with density of 384 ha-1 and 145.3 m2 ha-1 basal area, while 

Picea smithiana attained low frequency, recorded from 2 sites. It is shown that population of young stands 

exhibited higher density. 

 

Introduction 
Shangla District is located in the Khyber Pakhtunkhwa province of Pakistan. The district headquart er is 

located at Alpurai. The total area of the district is 1,586 square kilometers. The district lies between 33.08o 

to 34.31o North Latitude and 72 .33o to 73.01o East Longitude. The district is bounded in the north by 

Kohistan district, in the East by Battagram district and Kala Dhaka (Black mountain of Hazara), in the 

West by Swat district and in the South by Buner district. Shangla district consist of small valleys, situated 

between the hillocks and surrounded by high mountains covered by forests. The area situated on much 

height above sea level has thick and open gymnospermic forests. The topography of Shangla district is 

dominated by high mountains and narrow valleys. These mountains are the Western extremities of the great 

Himalaya range. The general elevation of the district is 1300 to 3000 meters above sea level. A number of 

medicinal plants of economic importance are found in the area. Some of these are Tarkha, Unab, Banafsha, 

Mushkibala, White Rose, Mint etc. The area has a variety of Fauna like Markhur, Brown Bear, Leopard, 

Snow Leopard, Wolf, Monkeys, pigeon, Dove, Chakor and Snakes etc.  

 

In Pakistan, the earlier ecological studies were generally observational. However, with the passage 

of time 

gradually quantitative methods were introduced and the vegetation description evolved quantitative 

description. Various workers like Champion et al., (1965), Ahmed & Qadir (1976), Ahmed (1986, 1988, 

1991), Ahmed et al.,(1989). Ahmed et al., (1990 a & b), Ahmed et al., (2006); Khan et al., (2008) and 

Siddiqui et al., (2009) have 

investigated the phytosociology of different mountainous areas of Pakistan, but no comprehensive study of 

Shangla district has been undertaken. The present study dealt with the quantitative description of pine 

forests of Shangla District. 

Champion et al., (1965) described this district under the moist temperate area. Its formation 

extends along 

the whole length of the outer ranges of the Himalaya between the subtropical pine forests and the sub -

alpine formation. Rainfall from about 25" (64cm) or 30" (76cm) to about 60" (152cm) and the altitudinal 

range is from about 1372 m up to 3047 m, the limits varying markedly with aspect and configuration. 

According to Amjad et al (1996) Pakistan has insufficient forest resources. The country due to its sharp 

climatic variations, arid conditions lacks reasonable tree cover. There is hardly 4.28 million hectares or 4.9 

percent of total area under forest / tree cover and still it is deteorating. Out of it the productive forests are 

less than 2%.  

 

Materials and Methods 
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Sampling was carried out in conifer dominating forests, throughout their natural limits in Shangla 

Mountains. Though some forests are disturbed but mature and least disturbed forests were selected for 

quantitative sampling. Point Centered Quarter (PCQ) Method of Cottam and Curtis (1956), was followed in 

the whole forests for quantitative sampling. In each stand 20 points were taken at 20 meter of intervals. 

Ground flora was also recorded by using circular plot of 2.5 meters at each point . Phytosociological 

attributes (relative density, relative frequency and relative basal area) and absolute values (density ha -1 and 

basal area m2 ha-1) were calculated by following the method of Muller- Dombois and Elenbearg (1974) and 

Ahmed & Shaukat (2012). Other factors i.e (elevation, slope angle, aspects) of each stand were recorded. 

Slope angle was recorded by using slope meter. Importance Value Index (Brown and Curtis, 1952) was 

used to rank each plant species with highest importance value in each st and was considered as dominant 

species. Each plant community was named on the basis of dominant species. Plant species were collected 

from each stand and then identified with the help of flora of Pakistan (Nasir & Ali, 1970-1989; Ali & 

Qaiser, 1993-2008). 

 

Table1. Site characteristics and distribution of Pine tree species in Shangla District of Khyber 

Pakhtunkhwa, Pakistan. 
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Table 2. Phytosociological Attributes and absolute values of tree species in thirty stands of Pine 

forests of 

Shangla District of KPK. Pakistan. 
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Table 3. Summary of Phytosociological sampling of 30 stands of District Shangla. Mean importance 

value, absolute density ha-1, basal area m2ha-1 and dominant position of pine tree species are 

presented. 

Species are ranked on the basis of importance value 
 
 
 
 
 
 
 
 
 
Results and Discussion 
 

Conifer species are widely distributed in different parts of Pakistan depending upon elevation and climatic 

conditions of the area. Summary of sites characteristics is given in (Table 1), while the phytosoc iological 

summary with absolute values are describe in Table 2. These stands were located at the range of elevation 

from 1490 to 2810m above sea level. Slope was from 30o to 50o, facing N, W, E. and South aspect. In most 

of the stands the canopy was open due the history of human and animal‟s disturbance. A few close and 

moderate forest canopies were also recorded. Most of the study area occupied monospecific stands. On the 

basis of phytosociological analysis, floristic composition and IVI following two communities and two 

monospecific forests were recognized in this area. 

1. Pinus wallichiana pure stands 

2. Abies pindrow pure stands 

3. Abies – Picea community 

4. Pinus wallichiana - Abies community. 

Ground flora or associated angiospermic shrubs, herbs and grasses will be described in next paper. 

1. Pinus wallichiana pure stands: These stands were recorded from twenty six different locations of 

sampling 

sites of Shangla shown in Table 1. At twenty three locations, Pinus wallichiana was present as a single 

dominating specie however this specie is found in association with Abies pindrow in other locations. Most 

of the sites were facing West steep slope and elevation ranges from 1490 to 2620m. It‟s occupied highest 

density 409 ha-1 with 132.1m2 ha-1 basal area at stand no 22 (Table.2). The canopy was mostly open at these 

forests. Ahmed et al., (2006) reported pure stands of Pinus wallichiana at Nalter (Gilgit) on south facing 

slopes at 2770 m elevation and Takht-e-Sulaiman (Baluchistan) at 3100 m elevation. They recorded Pinus 

wallichiana-Quercus incana community from moist temperate mixed forests i.e., Lower Topa, Jhika Gali 

and Murree hills at the elevations of 1970m to 2250 m. Pinus wallichiana occurred as dominant with 72% 

importance value with 63% density and 88% basal area while associated species Quercus incana attained 

16%importance value. Siddiqui et al., (2013) sampled Pinus wallichiana monospecific forests at two 

different locations i.e., Chikar forest, Azad Kashmir (stand 7) and Patriata, Murree (stand 13). These stands 

were located at the elevation of 1930 m and 2230m with 25o to 28o moderate slopes respectively. In these 

monospecific stands Pinus wallichiana density ranged from 135 to 429 ha-1with 69 to 78 m2ha-1 basal area. 

Seven non-Conifer understorey species with seedlings of Pinus wallichiana and Cedrus deodara were also 

recorded from these two stands. Compare to these stands our stands are young with higher density and 

basal area. 

2. Abies pindrow pure stands: Abies pindrow was sampled from 7 different sites of study area. In these 

seven stands Abies pindrow was found as pure specie in two stands while in five stands it is found in 

association with Pinus wallichiana and Picea smithiana. These sampling stands were located at the 

elevation of 2690m to 2810m and 35 to 45o steep slopes. The canopy of these areas was recorded as close 

and moderate respectively. In these monospecific stands density ranged from 293 to 384 density ha -1 with 

139.3 to 145.3 basal area m2 ha-1.Siddiqui et al., (2013) observed pure stand of Abies pindrow at only one 
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location at Lalazar, (Naran, Kaghan valley) at the elevation of 3000m on North West facing aspect, with 

45o steep slope. Among the communities studied this forest prevails in the coldest area with highest annual 

precipitation. This stand showed a density of 189 trees ha -1 with 109 m2 ha-1 basal area. The area is 

extensively disturbed due to human interference, which indicates little or no regeneration in this forest.  
3. Abies–Picea community: This community was recorded from two different locations of sampling area 

of Shangla shown in Table 1. Both stands were occurred on East and West facing 40o to 45o steep slopes 

and elevation ranges from 2620m to 2780m above sea level. In these stands Abies pindrow was dominant 

species and associated with Picea smithiana. Abies pindrow showed 63.3 to 77.2 % importance value with 

242 to 290 density ha-1 and 74.7 to 108.9 basal area m2 ha-1 while Picea smithiana showed 19.2 to 25.5 

importance value with 60.5 to 61.4 density ha-1 and 32.1 to 43.2 basal area m2 ha-1 It is suggested that these 

low values may be related to the continuous cutting for decoration and fuel purposes which have been 

exported to the other areas. This type of community was found by Siddiqui (2013) at two different location 

of Malam Jabba at 2600 m elevation and Sri, Shogran at 2900 m elevation. Importance value of Abies 

pindrow in Malam Jabba was 90 % whereas in Sri, it was 32 %. Density of trees was 288 ha -1in Malam 

Jabba and 138 ha-1 from Sri, with basal area of 64 and 44 m2ha-1, respectively. 
 
4. Pinus wallichiana - Abies community: This community was distributed in three stands of Yakh Tangay 

area near sharono and Kandaow hill respectively. These stands occur in North West and West facing 

aspects at 30 to 40o steep slopes with elevation ranges from 2120 to 2240m. The canopy was closed in both 

stands. In these stand the importance value of Pinus wallichiana was higher than Abies pindrow (72.07 to 

94.83%) density 279 to 367 ha-1 with 91.08 to 109.4 m2 basal area. While Abies pindrow attained low 

importance value of (5.1 to 27.9) and 19 to 93 density ha -1 with 5.3 to 48.8 m2 ha1 basal area. The vegetation 

observed in this study area is almost similar to that described by the other researchers, like Champion et al., 

(1965); Chaghtai et al., (1989). They observed such type of vegetation in moist temperate area of 

Himalayan region and Miranjani top (Galyat forest, Hazara division K.P.K.) respectively. The vegetation of 

Miranjani top has considerably changed in twelve years  (1974-86). Greater changes have occurred in the 

vegetation on East-West, and South facing aspects. Hussain & Badshah (1998) recorded oak forest in the 

lower part of Pir Garh hills of Waziristan and coniferous forest (Pinus wallichiana, Abies pindrow and 

Cedrus deodara) at the upper part. Ahmed & Naqvi (2005) described the quantitative vegetation 

description of Picea smithiana from Himalayan range of Pakistan. Ahmed et al., (2006) presented 

phytosociological and structural 

description of Himalayan forest (including moist temperate forests) from different climatic zones of 

Pakistan. They reported 24 different communities and 4 monospecific forests types on the basis of floristic 

composition and importance values of species. On the basis of above results and d iscussion it is concluded 

that extreme human disturbances and illegal cutting of trees the future of these forests is at great threat. If 

government and local agencies, organizations do not show concern, these forests may vanish soon.  
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Abstract 
Dendrochronological studies were conducted in 40 different sites in conifers dominated forests in 

Shangla District, Khyber Pakhtunkhwa Province, Pakistan. Wood samples in the form of cores were 

obtained by using Swedish increment borers including Pinus wallichiana A.B Jackson, Abies pindrow 

Royle, Picea smithiana (Wall) Boiss and Cedrus deodara (Roxb.) G.Don. In order to determine their ages, 

growth rates based on annual ring-width characteristics. Diameter and age showed significant correlation 

(P<0.001) in Pinus wallichiana, Picea smithiana and Cedrus deodara except Abies pindrow which showed 

no relationship. Highest growth rate (1.1 ± 0.06 year/cm) was recorded in Pinus wallichiana while for 

Abies pindrow growth (5.4 ± 1.7 year/cm) was extremely slow. We concluded that age and growth rate 

greatly varies from tree to tree and site to site even in the same sized trees. It is also shown that largest tree 

in diameter is not necessarily the oldest. Present study confirmed previous finding that diameter is not a 

good indicator of age. 

 

 

Key words:       Dendrochronology, Age and growth rate, forests, Shangla, Conifers .  

 

Introduction 

Dendrochronology (the tree ring studies) is a young and rapidly growing science started in 1986 in 

Pakistan while systematic studies started in 2005. It is frequently used in different fields, i.e. ecology, 

forestry, earthquake, glacial hydrology, climatology, archeology, population dynamics and many more 

others. Some scholars like Champion et al., (1965); Khan, (1968) Sheikh, (1985) estimated the age and 

growth rate of pine tree species from different forests of Pakistan. Their study was observational and 

mainly based on simple ring count of few cores, small sample size, ignoring modern techniques of 

dendrochronolgy. In present studies estimation of age and growth rate of pine trees are obtained by 

applying dendrochronological techniques.  Some published data available for tree species in Pakistan. 

Ahmed et al., (1984, 1988,1989), Ahmed et al., (1990a, 1990b), Ahmed & Sarangzai (1991,1992) applied 

dendrochronological modern techniques on alive trees, calculated age and growth rate from different  

locations of moist and dry temperate Himalayan ranges of Pakistan. In addition diameter, age and growth 

rate relationship also indicated the suitability of these species for advance dendrochronological 

investigations (Ahmed & Naqvi, 2005; Khan  et al., 2008). Ahmed et al., (2009) investigated 39 different 

sites of Swat, Dir, Chitral, Mansehra, Abbotabad, Northern areas and Azad Kashmir to estimate age and 

growth rates of 6 gymnospermic tree species. Khan (2011) investigated Cedrus deodara and Pinus 

gerardiana species from Chitral District using the same technique. Wahab (2011) estimated age and growth 

rates of tree species from District Dir. Siddiqui et al., (2013) sampled moist temperate areas of Himalayan 

and Hindukush regions of Pakistan to estimate age and growth rates of dominant conifers tree species, 

beside the above mentioned research, no one has presented th is type of data from Shangla District of 

Khyber Pakhtunkhwa. Therefore this investigation is the first attempt to estimate age and radial growth of 

pine tree species of this area.  

 

Materials and Methods 

 

Forty different sites were sampled in four conifer dominated forests (Pinus wallichiana, Abies 

pindrow, Cedrus deodara and Picea smithiana) from Shangla district of Khyber Pakhtunkhwa, Pakistan. In 
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order to estimate their age and radial growth rates, samples were obtained in the form of increment cores. A 

total of 200 samples were taken from healthy trees using Swedish increment borers following the methods 

described in Ahmed (2014). Trees stems less than 10 cm dbh were not sampled since trees than 50cm 

smaller were not considered matured trees  (Wahab, 2011; Siddiqui, 2011; Khan, 2011). Mostly one core 

per tree was obtained but in case of huge trees two cores from opposite side were taken. Cores were stored 

in plastic straw for safety and information of each tree was coded on them. All samples were then air dried 

and mounted on wood frames in the laboratory following standard dendrochronological methods of Stokes 

& Smiley (1968). After this step, all preserved cores were surfaced and polished by applying various grades 

of sand papers using electric sander machines. These tree-rings samples were studied one by one under 

stereo microscope. Reliability of cores was calculated and missing radius was estimated where the pith was 

missing following Ahmed (1984). Age and radial growth rate of each tree was determined by following 

methods of Ahmed, (1984), Ahmed et al., (2009a and b). Correlation between age verses diameter and age 

verses growth rates were established, using regression analysis. 

 

Age of the minimum and maximum diameter tree, growth rate year/cm and mean  growth rates 

from each site is shown in Table 1. The oldest tree (326 yrs) of Pinus wallichiana with143 cm dbh was 

recorded from Matta Karin area at the elevation of 1720m with 4.56 years/cm growth rate. Whereas the 38 

years old tree of 70 cm dbh was taken from Chakat area (stand no 24) with growth rate of 1.2 years/cm. 

Ahmed & Sarangzai (1992) found the radial growth of Pinus wallichiana as 2.5 years/cm from Murree hill. 

Ahmed et al., (2009) also reported highest growth rate 1.7 years/cm from Shaltalo Bala Dir District. They 

concluded that Pinus wallichiana is a fast growing tree. Similarly Siddiqui et al., (2013) recorded highest 

growth rate (1.1 year/cm) of Pinus wallichina from Patriata-1, Murre hills and lowest growth rate (8.8 

years/cm) from Shinu-2 Kaghan valley. Four hundred and twelve years old Abies pindrow tree with 114 cm 

dbh was sampled fromYakh Tangay 5, Acharo area and the tree of lowest age (117 years) having 81 cm 

dbh was taken from stand no 26 of Yakh Tangay 1 area showing 7.23 and 2.89 years/cm growth rates 

respectively. Ahmed & Sarangzai (1991) stated that Abies pindrow was a slow growing tree in moist 

temperate areas. Siddiqui et al., (2013) found narrow rings with 11.8 years/cm growth from Kuzah Gali-1 

(Abbotabad) and wide rings with 1.4 years/cm growth from Malam Jabba-1, Swat valley from the same 

species. Cedrus deodara of 134 dbh tree attained 339 years was sampled from Nala area of Shangla district 

with 5.06 growth rate year/cm, while the low growing tree of 121 years old of 53 cm dbh  tree with growth 

rate of 2.98 years/cm was obtained from Bund Dherai area. Siddiqui et al., (2013) recorded highest growth 

rate 1.4 year/cm from two forests of Naran and Kaghan valley, from same species. Picea smithiana‟s 

highest age (320 years) was recorded at  Jabba area from 115 cm dbh tree with 5.57 years/cm growth rate 

whereas the lowest age was 82 years from 78cm dbh was recorded in Safaray Karral (stand 15) area with 

2.1 growth rate year/cm. Wahab et al., (2008) recorded largest tree (154 cm dbh) of Picea smithiana with 

140 rings and 7.1 year/cm growth rates. They did not found significant relationship between Dbh and age, 

which is totally different of current observation of Picea smithiana from Shangla District. 

Ahmed (1988b) determined the age of some planted tree species of Quetta and found significant 

relation between age and diameter. Ahmed et al., (1990b) estimated average age of 16 Juniperus excelsa 

trees (20 to 30cm dbh) was 160 years. Dendrochronological approach was used to estimate age and growth 

rate of various species from Himalayan range of Pakistan by Ahmed & Sarangzai (1991). Juniper trees of 

21 cm dbh from Susnamana forest show age of 105 and 187, while trees of similar diameter from Ziarat 

ranged from 75 to 169 years. Pinus wallichiana with 20.5 Dbh attains age of 112 years from Zhob District, 

while same age is estimated from an individual of the same species having a dbh of 65 cm from Ayubia. 

Similarly Abies pindrow from Murree had 351 rings with diameter of only 11.3 cm (Ahmed, 1989) while 

346 years old tree of 200 cm Cedrus deodara was recorded from Kalam valley. His relationship between 

diameter and age of Pinus wallichiana, Pinus gerardiana, Juniperus excelsa and Abies pindrow was highly 

significant. Growth rates of various tree species from Himalayan regions of Pakistan was presented by 

Ahmed & Sarangzai (1991). According to Ahmed et al., (1991) Pinus gerardiana from Zhob District show 

6 to 24 years/cm growth, Pinus wallichiana from the same District grew 3 to 14 years/cm, Abies pindrow 

from Ayubia 3 to 20 years/cm, Pinus roxburghii from Swat 2 to 6 years/cm and Cedrus deodara from 

Kalam show 2 to 10 years/cm growth rate. They also reported that growth rate decreases with increasing 

altitude and found negative significant relationship between these two variables. Ahmed et al., (2009b) 

presented age and growth rate data from 39 locations of various gymnospermic forests. A tree of Picea 

smithiana with 140 cm dbh was 281 years old, while Cedrus deodara with 180cm dbh was 533 years old 

from Ziarat (Drosh) District of Chitral. Except Pinus roxburghii all species, under investigation, show no 
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relation between diameter and age, indicating that prediction of age from diameter is unreliable. They 

found no relation between elevation and growth rates. In their studies, Pinus wallichiana showed fast 

growth (1.7 years/cm) from District Dir, while Abies pindrow from Murree produced narrow (7.0 year/cm) 

rings. Average growth rate of 6 year/cm from Picea smithiana was recorded at Nalter Valley, while the 

growth rate of Cedrus deodara was 4.0 year/cm from Kalam. 

 

 

Correlations 

 

Table 2 shows the linear regression equation and correlation between age / dbh, age /growth rate, and dbh / 

growth rate of pine trees. Based on overall data significant correlation (P < 0.01) was found between age 

and dbh in Pinus wallichiana and Picea smithiana, while Picea smithiana these variables were highly 

(0.001) correlated. Our results are matching with some other researchers like, Ahmed (1988a, 1988b) who 

found significant correlation between age and diameter working in Quetta and elsewhere. Ahmed & 

Sarangzai (1991) observed significant correlation between age and dbh nearly in all sites of study area. In 

our study highly significant (P< 0.001) correlation was present in 3 species and in Abies pindrow no 

significant correlation was found, while Ahmed et al., (2009b) found no significant correlation between dbh 

and age in four conifers trees, Pinus wallichiana, Abies pindrow, Picea smithiana  and Cedrus deodara. 

Siddiqui, (2011) observed significant relationship between age and dbh (P< 0.001) in Pinus wallichiana tree 

also found significant relationship between age and growth rates. In our study diameter and growth rates 

was not significantly related in three species except in  Picea smithiana. Age and growth rates in all species 

were highly (0.001) significant in present study (Table.2). Siddiqui et al., (2013) observed significant 

relation between age and dbh and age vs growth rate in Pinus wallichiana and Cedrus deodara. 

Present study agreed with Ogdon (1980), Ahmed (1984,1988a,b,1989,2009) Ahmed & Sarangzai 

(1991,1992), Ahmed et al., (2010) Siddiqui et al., (2013) and Wahab et al., (2008)  that age and growth 

rates are greatly varied from tree to tree, site to site and even two closely situated same sized trees of the 

same species. It is anticipated that significant correlation among above mentioned variables are only by 

chance since wide variance is associated therefore it is not advisable to predict age or growth from the 

diameter in multi-aged or sized population.  
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Table1. Age and growth rates of different conifer tree species from 40 sites of Shangla district. 

Site No 
No of 

Cores 

Sampling 
Age range 

Growth rate Mean ± SE Mean ± SE 

Dbh (cm) year / cm Growth rate Growth rate 

  
Min Max Min Max Min Max year / cm cm / year 

A. Pinus wallichiana 

1 4 54 92 70 71 2.59 1.54 2.06 ± 0.52 0.52 ± 0.13 

2 4 63.5 74 56 72 1.74 1.92 1.83 ± 0.09 0.55 ± 0.03 

3 2 66 69.5 61 62 1.85 1.8 1.82 ± 0.02 0.55 ± 0.01 

4 3 74 143 73 326 1.97 4.56 3.26 ± 1.29 0.365 ± 0.145 

5 6 62 76 48 112 1.55 2.95 2.25 ± 0.7 0.495 ± 0.155 

6 2 55 67 82 108 2.98 3.22 3.1 ± 0.12 0.325 ± 0.015 

7 8 81 102 166 97 4.1 1.9 3 ± 1.1 0.385 ± 0.145 

8 2 71 76 189 155 5.32 4.08 4.7 ± 0.62 0.22 ± 0.03 

12 2 98 120 195 126 3.98 2.1 3.04 ± 0.94 0.365 ± 0.115 

16 3 75 97 154 134 4.11 2.76 3.43 ± 0.67 0.3 ± 0.06 

17 3 86 122 52 161 1.21 2.64 1.92 ± 0.71 0.605 ± 0.225 

18 6 64 100 84 104 2.63 2.08 2.35 ± 0.27 0.43 ± 0.05 

19 2 90 91 92 100 2.02 2.2 2.11 ± 0.09 0.475 ± 0.015 

20 3 63 74 85 92 2.7 2.49 2.59 ± 0.10 0.385 ± 0.015 

22 3 62.5 87 79 78 2.53 1.79 2.23 ± 0.22 0.45 ± 0.05 

24 4 70 110 38 67 1.09 1.22 1.15 ± 0.06 0.87 ± 0.05 

25 4 74 137 108 162 2.92 2.36 2.64 ± 0.28 0.38 ± 0.04 

26 5 77 100 92 98 2.39 1.96 2.17 ± 0.21 0.465 ± 0.045 

27 4 71 107 89 137 2.51 2.56 2.53 ± 0.02 0.395 ± 0.005 

28 7 81 110 101 101 2.49 1.84 2.16 ± 0.32 0.47 ± 0.07 

29 2 85 90 163 70 3.84 1.56 2.7 ± 1.14 0.45 ± 0.19 

31 6 60 110 65 165 2.17 3 2.75 ± 0.18 0.37  ±  0.024 

33 2 67.1 91 68 65 2.03 1.43 1.72 ± 0.30 0.59 ± 0.100 

B. Abies pindrow 

11 2 118 142 262 223 4.44 3.14 3.79 ± 19.5 0.275 ± 0.04 

12 5 86 125 187 158 4.35 2.53 3.44 ± 0.91 0.315 ± 0.085 

13 6 78 127 186 190 4.77 2.99 3.88 ± 0.89 0.27 ± 0.06 

23 3 85 91 290 119 6.82 2.62 4.72 ± 2.1 0.265 ± 0.115 

26 4 81 95 117 157 2.89 3.31 3.1 ± 0.21 0.325 ± 0.025 

27 2 88 91 153 140 3.48 3.08 3.28 ± 0.2 0.31 ± 0.02 

30 2 104 114 194 412 3.73 7.23 5.48 ± 1.75 0.205 ± 0.065 

32 11 75 104 152 362 4.05 6.96 4.81 ± 0.48 0.22  ± 0.01 

39 24 69 104.2 213 250 6.17 4.8 4.86 ± 0.26 0.22  ± 0.01 

C. Picea smithiana 

14 2 61 71 84 97 0.31 0.42 0.36 ± 0.05 2.77 ± 0.40 

15 2 78 112 82 234 2.1 4.18 3.14 ± 1.03 0.35 ± 0.11 

40 6 68 115 180 320 5.29 5.57 4.08 ± 0.50 0.26 ± 0.03 

D. Cedrus deodara 

35 19 53.2 99.2 159 121 2.98 2.44 3.41 ± 0.22 0.31 ± 0.019 

37 5 71.5 100.1 162 159 4.54 3.15 4.57 ±  0.42 0.22 ±  0.024 

38 13 66 134 125 339 3.79 5.06 3.95  ±  0.25 0.26  ±  0.019 

 
     Details of sites may be seen in Iqbal et al., (2014). 
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Table 2. Correlation between dbh vs age,dbh vs growth rate and age vs growth rate with linear regression 

equation of different pine tree species from study area. 

Parameters n Regression equation Correlation ( r ) Significance Level 

Pinus wallichiana 

Dbh / age 86 y = 1.436x – 15.37 r = 0.498 P < 0.01 

Dbh / growth rate 86 y = 0.002x + 2.306 r = 0.0316 ns 

Age / growth rate 86 y = 0.017x + 0.686 r = 0.868 P < 0.001 

     

Abies pindrow 

Dbh / age 60 y = 1.938x+33.46 r = 0.367 ns 

Dbh / growth rate 60 y = -0.005x + 5.132 r = 0.054 ns 

Age / growth rate 60 y = 0.017x + 0.949 r = 0.896 P < 0.001 

     

Cedrus deodara 

Dbh / age 37 y = 2.501x – 48.91 r = 0.753 P < 0.001 

Dbh / growth rate 37 y = 0.01x + 2.944 r = 0.1816 ns 

Age / growth rate 37 y = 0.012x + 1.803 r = 0.764 P < 0.001 

     

Picea smithiana 

Dbh / age 10 y = 2.206x – 33.26 r = 0.635 P < 0.01 

Dbh / growth rate 10 y = 0.013x + 1.353 r = 0.8330 P < 0.001 

Age / growth rate 10 y = -0.001x + 0.489 r = 0.7943 P < 0.001 

 

dbh = diameter at breast height, ns = non-significant, n = number of core samples. 
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Abstract 

 
The study was carried out to describe the pine communities at Indus Kohistan valley in quantitative term. Thirty stands of 

relatively undisturbed vegetation were selected for sampling. Quantitative sampling was carried out by Point Centered Quarter 

(PCQ) method. Seven tree species were common in the Indus Kohistan valley. Cedrus deodara was recorded from twenty 

eight different locations and exhibited the highest mean importance value while Pinus wallichiana was recorded from 23 

different locations and exhibited second highest mean importance value. Third most occurring species was Abies pindrow that 

attained the third highest mean importance value and Picea smithiana was recorded from eight different locations and attained 

fourth highest importance value while it  was first  dominant in one stand and second dominant in four stands. Pinus 

gerardiana, Quercus baloot and Taxus fuana were the rare species in this area, these species attained low mean importance 

value. Six communities and four monospecific stands of Cedrus deodara were recognized. Cedrus-Pinus community was the 

most occurring community, which was recorded from 13 different stands. The second most occurring 

community in the study area was Abies –Pinus wallichiana which was recorded from six locations while Cedrus-Picea and 

Abies-Picea communities were observed at two locations each. Pinus wallichiana - Picea and Cedrus-Pinus gerardiana 

communities were restricted to one location. 

 

Key words: Forest communities, Cedrus deodara, Pinus wallichiana, Abies pindrow, Pinus gerardiana, Indus 

Kohistan 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

Introduction 

Various worker i.e., Chaudhri (1952, 1953, 1960); Khan 
(1960); Repp & Khan (1959, 1960); Khan & Repp 

(1961); Champion et al. (1965) and Beg (1975) 

conducted observational vegetation studies in different 

parts of Pakistan while quantitative phytosociological 

studies from different area of Pakistan started by 
Hussain & Qadir (1970); Shaukat & Hussain (1970); 

Shaukat & Qadir (1970, 1972). An extensive 

quantitative phytosociological work was carried out by 

Ahmed (1986, 1988). Hussain et al. (1992, 1993) 

explored the vegetation of lesser Himalayan regions of 
Pakistan. Siddiqui et al. (2009) conducted 

phytosociological studies of Chir pine of lesser 

Himalayan and Hindu Kush range of Pakistan. Ahmed 

et al. (2006) described different forest vegetation from 

different climatic zones of northern part of Pakistan. 
Wahab et al. (2008) investigated the quantitative 

phytosociology of some Pines forest of Afghanistan 

close to District Dir, Khyber Pakhtunkhwa Province. 

Hussain et al. (2010, 2013) carried out 

phytosociological studies and predicted future trends of 
the forests of Central Karakorum National Parks Gilgit- 

Baltistan. Siddiqui et al. (2013) described the floristic 

composition and found the relationship between 

environmental variable with the distribution of 

vegetation from different moist temperate coniferous 
forest of Himalayan and Hindukush region of Pakistan. 

Recently, Iqbal et al. (2014) described quantitative 

vegetation analysis of some pines forest from moist 

temperate area at district Shangla Khyber Pakhtunkhwa. 

In Kohistan valley the ranges of Hindu Kush, 

Karakorum, and Himalayan mountains system meets 
and supporting natural vegetation of Asia. It is a remote 

area hence little plant and ecological information is 

available from this area (Saqib et al., 2006) and no 

quantitative vegetational study of the forest was 

conducted to describe the floristic composition, plant 
communities and forest structure of this area. Therefore, 

it was necessary to carry out the detailed study of this 

area to explore the vegetation description and plant 

communities as carried out in this study. 

 
Materials and Methods 

Sampling was carried out in less disturbed forests of 

Indus Kohistan, with the help of Point centre quarter 

method of Cottam & Curtis (1956) with the modification 

of Ahmed & Ogden (1991). In each stand 20 points were 
taken at every 20 meter interval. Elevation and 

geographic coordinates was obtained with the help of 

potable GPS, while slope meter was used to record the 

slope angle of the forest. Species having the highest 

Importance value index (IVI) was considered the 
dominant species and the name of plant communities 

was assigned on the basis of first two dominant species. 

Phytosociological attributes (relative frequency, density  

and basal area), and absolute values (stand density ha-1 

and basal area m2ha-1) were calculated following Ahmed 
& Shaukat (2012), while IVI was calculated by the 

method described by Brown & Curtis (1952) and the 

species were ranked on the basis of highest IVI. 


