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 PREFACE 

Poplars and willows are very important tree species for the ecology and economy of 

countries in temperate and subtropical zones of the world. The overall area under poplar and 

willow in the world during 2007 was estimated at 79.1 million ha. They are easy to cultivate 

and form an important component of forestry and agroforestry systems, often for the 

livelihood of small-scale farmers and native communities.  

In the Indian context poplars and willows play a key role in livelihood of people in 

northern India. Six indigenous and three exotic species of poplars and 32 species of willows 

are reported in India. This Country Report on Poplars and Willows in India estimates that the 

area under poplars and willows is 505,000 ha, of which the largest share (312,000 ha) is 

composed of Populus deltoides, an exotic species.  Indigenous species of poplars are reared 

in forests as well as private and government lands outside the forest covering large areas in 

high hills. Willow is widely planted and managed in private, community and government 

land in dry temperate region at high altitudes. Timber from poplar and willow is the backbone 

of vibrant plywood, board, match, paper and sports goods industries in India.  

Cultivation of P. deltoides has witnessed dramatic growth during the last eight years. 

During 2004, poplar cultivation had almost come to a standstill due to low market price. 

However, market recovered slowly and now the price has climbed to an all-time high of Rs. 

1,100 per quintal. This has been accompanied by an expansion in planting area from merely 

60,000 ha during 2004 to 312,000 ha now. Indian Council of Forestry Research and 

Education, Dehradun has few years back extended its cultivation to Bihar state by planting 

7.6 million trees, a significant step that would considerably increase the area under poplar 

cultivation and generate income, employment and industrial activity in this industrially-

backward state. Poplars and willows have immensely contributed to environmental and 

economic well-being in these areas and reduced pressure on forests. There is considerable 

scope for augmenting the role of poplars and willows.  

Country Report on Poplars and Willows is the basic document on the basis of which 

global synthesis report on poplars and willows is prepared by the International Poplar 

Commission (IPC). Some of the issues highlighted in this report apply to other countries as 

well. I hope this report in present form will provide vital data about this taxonomic group in 

India which will help IPC draw meaningful conclusions and develop futuristic policies and 

goal. 

 The sincere efforts and contribution of Dr. Dinesh Kumar and Dr. R. C. Dhiman in 

writing this report are duly acknowledged.   

 

V.K. Bahuguna 

Director General 

Indian Council of Forestry Research and Education, Dehradun 
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I. POLICY AND LEGAL FRAMEWORK 

Summarize major developments in national policies, laws or regulations which 

affected the cultivation or utilization of poplars or willows, in natural forests, 

planted forests and agroforestry. For example, include relevant developments 

concerning growing, harvesting, marketing, transportation, utilization and 

trading of poplars and willows, including "set aside" agricultural land; financial, 

fiscal or other incentives; environmental regulations which affect the growing of 

poplars and willows; and policies promoting the emerging use of poplars and 

willows for bio-energy (incl. fiscal incentives, subsidies etc.), carbon sinks and 

other environmental uses. 

According to the State of Forest Report 2011, the total forest cover in India is 69.20 

million ha or 21.05% of the total geographical area. Of this, 8.34 million ha (2.54%) is very 

dense forest, 32.07 million ha (9.76%) is moderately dense and the rest 28.78 million ha 

(8.75%) is open. The trees outside forest (TOF) are estimated to cover 9.08 million ha area 

which constitutes about 2.76% of the total geographical area of the country.  Thus the total 

forest and tree cover of the country is 23.81% of the total geographical area. The estimates of 

total growing stock of forest and TOF are 4.499 billion m
3
 and 1.548 billion m

3
, respectively. 

Thus the total growing stock of wood in the county is estimated at 6.047 billion m
3
 which 

implies an average growing stock of 80.9 m
3 

ha
-1 

in 76.88 million ha of forest and tree cover 

(FSI, 2011). With just 2.5% of the land area of the planet Earth, India has to support nearly 

17% of the world's human population besides a large livestock population. Therefore, the 

forests are under intense biotic pressure leading to degradation of forest resources. Forests 

have much lower growing stock (i.e. 76.88 m
3
ha

-1
) compared to the world average of 110 

m
3
ha

-1
. Likewise, average mean annual increment of forests in India is very low at less than 1 

m
3
ha

-1 
yr

-l
 compared to the world average of 2.1 m

3
ha

-1
yr

-l
. 

Area under poplar and willow in India is estimated at 505,000 ha. The largest share 

(312,000 ha) is composed of Populus deltoides (poplar) plantations outside the forest. The 

annual returns from  its cultivation are estimated to be around one lakh rupees per acre per 

year. Timber from poplar and willow is the backbone of vibrant plywood, board, match, paper 
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and sports goods industries.  Indigenous species of poplars are reared in forests as well as 

private and government lands outside the forest covering large areas in dry temperate region of 

high hills.  Willow is widely planted and managed in private, community and government land 

in high altitudes. Indigenous poplars conserve soil and water, provide wood for packing cases, 

plywood, fuelwood, fodder, etc. Willows are used for cricket cricket bats, baskets, decorative 

articles and other handicrafts in the small scale and cottage industries, besides their use in soil 

and water conservation, fuelwood and fodder production for local communities. Poplars and 

willows have immensely contributed to environmental and economic well-being of the state 

and reduced pressure on the forests. There is a considerable for augmenting the role of poplars 

and willows in the state‟s ecology and economy.  

Highlights 

Area under poplars and 

willows:  

505,000 ha 

Area under pure poplar:  362,700 ha 

Poplar in forest area:  47,700 ha 

Poplar outside forest:  315,000 ha 

Area under pure willow:  137,300 ha  

Species of poplars: 

 

Native:  

 Populus ciliata,  

 P. gamblei,  

 P. jacquemontii var. glauca,  

 P.rotundifolia,  

 P. alba,  

 P. euphratica  

 (some authors consider  last two species as exotics) 

Exotics:  

 P. deltoides,  

 P. nigra,  

 P. laurifoloa 

Species of willows:  
(Total 32 species are 

documented) 

 Salix alba ssp. coerulea,  

 S. alba ssp. alba,  

 S. Tetrasperma,  

 S. Acmophylla, S. fragilis,  

 S. angustifolia,  

 S. babylonica, etc.  

Uses:  

 

Poplar: Plywood, board, match, paper, artificial limbs, 

fodder (native species), fuelwood, charcoal, 

soil and water conservation, etc. 

Willows: Cricket bats, baskets, furniture, fodder, soil and 

water conservation, etc. 
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Populus deltoides - At a Glance 

Area: 312,000 ha comprising private agricultural land (notional area 

estimated at 500 trees/ha) 

Plantation region: Western Uttar Pradesh, Punjab, Haryana, low outer areas in 

Uttarakhand, Himachal Pradesh and Uttar Pradesh; recently 

introduced on a large scale by ICFRE in Vaishali district of Bihar 

Rotation:  6-8 years  

Growth rate: 20-25 m3/ha/yr 

Soil and climate: Deep, fertile, irrigated, well-drained soil, sub-tropical climate; 

usually above 28oN latitude 

Pattern of planting: 60% plants as Block plantation and 40% plants as boundary 

plantation ; always planted with agricultural crops 

Inter-crops: All grain, pulse and vegetable crops (except rice); during kharif 

season fewer crops can be intercropped in block plantations 

Out-turn:  5.85 million tonne/yr fresh wood or Rs. 35 billion/yr fresh wood 

Returns/ha to grower:  Rs. 150,000 /ha/yr from poplar wood 

Benefit: cost ratio:  2.13:1 (with intercropping), 1.92:1 (without intercropping) 

Utility:  Plywood, board, match, paper, charcoal, etc. (more than 30 

products are made) 

Stakeholders:  Farmers, nursery owners, labourers, timber merchants, middlemen, 

transporters, industries, researchers, state forest departments and 

corporations, NGOs, unemployed youth, finance companies, etc. 

Supply of industrial round wood and timber from forest areas has been dwindling. 

Trees outside forest (TOF) are the major source of wood for the Indian industry. Most of the 

wood based industries like plywood and paper pulp are largely dependent on farm grown 

wood, rather than wood from natural forests and forest plantations. Huge volumes of logs, 

sawn timber, pulp and newsprint are being imported for meeting growing domestic demand. 

Substantial improvement in productivity of forest resources on sustainable basis and large 

scale growth/expansion of agroforestry plantations are critically important for meeting the 

national needs of timber and non-timber forest products, conservation of biodiversity-rich 

natural forests, and achieving the national goal of 33% effective forest and tree cover. 

Technology based farm-forestry plantations with genetically improved, high yielding 

and fast growing clonal planting stock of species like eucalypts and poplars have tremendous 

potential for supplementing agricultural production, and meeting the growing shortages of 

industrial timber on sustainable basis. Clonal farm forestry and agroforestry plantations can 

take intense biotic pressures off the natural forests and help conserve their rich biodiversity. 

We can achieve self-sufficiency in timber and wood based products, and generate exportable 

surplus of value-added wood products over a period of time in future. 

As we have inputs in plenty- ample sunshine, land for raising plantations, labour and 

scientific knowledge-we have definite comparative advantage in production of industrial 

timber, and in marketing and export of value added wood-based products if we adopt 
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constructive and innovative policies. That will create ample employment opportunities for the 

rural poor and promote sustainable development of wood-based industries bringing prosperity 

to the states through multiplier effect. Moreover, fast growing clonal plantations are very 

efficient carbon sinks. We can exploit huge potential of funding by developed countries and 

international credits for carbon sinks under Clean Development Mechanism (CDM) of the 

Kyoto Protocol. Indian Council of Forestry Research and Education (ICFRE) and the 

National Bank for Agriculture and Rural Development (NABARD) could play very 

constructive role of facilitator to help farmers benefit from various schemes for realising full 

advantage of fast growing clonal plantations in carbon sinks trade. 

Suitable clones of poplars have already changed the skyline in many districts of 

Punjab, North-Western Uttar Pradesh, and parts of Haryana and Uttarakhand with assured 

and ample irrigation facilities. Poplars can produce moderate quality veneer logs at short 

rotation period of 6 to 8 years achieving high productivity of 20-25 m
3
ha

-1
yr

-l
. Because 

poplars are deciduous, winter crops can be grown alongwith poplars throughout the rotation 

period. Commercial scale plantations of poplars under agroforestry have been expanding 

since WIMCO-sponsored farm forestry project was launched in 1984 with refinance 

assistance of NABARD. Fast growing clones of poplars, supported with improved package of 

practices, excellent technical extension services, bank finance, and growing market demand 

for poplar wood have made poplar plantations on private farms a unique success story.  

Indian Council of Forestry Research & Education, Dehradun (ICFRE) is 

implementing the Samudai Adharit Samanvit Van Prabandhan Evam Sanrakshan Yojna 

(Bihar Project) under Sam Vikas Yojna of Bihar State, sponsored by the Planning 

Commission, Govt. of India, through its Forest Research and Extension Centre (FREC), 

Patna. The project is planned to be completed in two phases. In Phase-I, Vaishali district has 

been taken up and the remaining districts of North Bihar will be covered in Phase-II. Total 

outlay for agroforestry component in the first phase, being implemented by ICFRE, is 

Rs.189.4 million. Under this Project, promotion of economically viable agroforestry models 

has been taken up in North Bihar districts which has vast tract of Gangetic plains. Poplar has 

been selected as flagship species to be introduced in North Bihar with Vaishali district as the 

pilot project site. The pilot project envisages planting of 7.6 million seedlings on the farmland 

spread over 1,398 villages in Vaishali district. This includes 6.1 million plants of poplar and 

1.5 million of other species. Thus poplar is being extended in a big way to a traditionally non-

poplar area. 

Poplar supports the safety match industry and a large number of veneer and plywood 

units in north India. It is opined  that well managed clonal plantations of Eucalyptus and 

poplar on good sites can produce high quality wood at rates exceeding 50 m
3
ha

-1
yr

-l
 

compared to less than 1 m
3
ha

-1
yr

-l
 productivity of India's forests (Lal, 2007). Thus, 

genetically improved clonal planting stock, supported with sound silvicultural management 

practices and marketing support, can contribute immensely to meeting the demand for wood 

and wood-based products on a sustainable basis. Innovative policies for promoting integrated 

development of technology-based plantations and wood-based industries could also create 
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vast employment opportunities through local value addition, save scarce foreign exchange 

and indirectly conserve our biodiversity-rich forests.  

The development of agroforestry, however, faces certain barriers due to unorganised 

markets, poor technical and financial support and lack of extension activities by the 

government, which must be addressed. Middlemen play a huge role in sale of poplar wood 

and often exploit the growers. The poplar-growing farmers face frequent fluctuations in  

prices of poplar logs; this factor was responsible for significant drop in planting levels of 

poplars during 2002 to 2004. At that time, due to distress sale, and removal of young 

plantations from field with virtually no replanting by farmers, shortage of poplar wood was 

soon felt in the market. Soon thereafter, as a result, the price started rising slowly in the late 

2004. In December 2006, a high price of Rs. 600-650 per quintal ($14-15 per quintal) 

prevailed in the market. The price is now hovering above Rs. 1000 per quintal (about $20 per 

quintal). The recovery of price of poplar wood testifies that poplar cultivation has come of 

age in the country and it has firmly established itself in the national economy. However, the 

price of poplar wood in the market is extremely sensitive to lots of known and unknown 

forces. The availability of more supplies in north Bihar and adjoining areas after in a couple 

of years from now is likely to have a noticeable impact on this situation. Poplar growers in 

that region are sceptical about price they would get for their produce in the market.   

The following measures are suggested to overcome the above problems: (i) 

facilitating open auction of wood from farmland, (ii) strengthening of extension wing of 

forest departments, (iii) development of agroforestry cooperatives, (iv) quality control and 

certification of planting material, (v) development of alternative uses of poplar wood, (vi) 

rationalization of transit rules, (vii) regulating timber import under open general licence 

(OGL), (viii) establishing more plywood units in different areas to absorb increased supply of 

poplar wood, etc. (FRI, 2005). A healthy buyer-seller linkage is crucial for development of a 

sustainable agroforestry-industry model. 

Our traders are marketing huge quantities of poor quality imported logs which offer 

them high profits, whereas farmers do not get remunerative price for better quality farm-

grown domestic timbers. Therefore, policy framework for integrated development of farm 

forestry and wood-based industries is required and concerned state government must address 

this issue urgently in consultation with the central government.  

We are at the threshold of another revolution, this time for tree farming with far-

reaching positive results and sustainable benefits through genetically improved clonal 

planting stock of poplars and eucalypts. 

Some of the major wood-based industries, which can have excellent future growth 

through their integration with farm forestry, are as follows:  

• Pulp and paper industry 

• Plywood and veneer industry 

• Furniture and joinery industry 
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• Thermal power plants based on renewable biomass available from plantation wood  

• Building construction and packing case industries. 

Positive policy prescriptions have positive policy implications for growing of poplar. 

An example in sight is the policy reform related to trading of poplar wood by state of 

Himachal Pradesh in Northern India. In Himachal Pradesh, earlier ban was in force on 

carrying forest produce out of the state, the ban also covered trees which are grown by the 

farmers in and around their fields. In order to give a boost to the socio-economic upliftment 

of the people besides catering to the ecological needs and social aspects, growing of the trees 

especially of poplars in the farmers‟ fields was advocated for ultimate accomplishment of 

these issues. Accordingly, Government of Himachal Pradesh in consultation with the State 

Forest Department of Himachal Pradesh modified this policy, which then enabled the farmers 

to take the produce out of the state after obtaining transit permits from local authorities. This 

decision of the government facilitated marketing, transportation and trading of poplars 

outside the state for consumption in the industries situated in other parts of the country. The 

liberalization in policy definitely contributed towards augmenting biomass production 

especially of poplars in the state. 

The methodologies for forest mitigation projects still present challenges to project 

developers for fulfilment of criteria within the Clean Development Mechanism (CDM) or 

other such mechanisms for the purpose of earning carbon credits. Hooda et al. (2007) 

systematically analysed the process of establishing carbon (C) stocks for baseline and 

mitigation scenario for two case studies, i.e., community and farm forestry based projects in 

Uttarakhand, India. The analysis of various interventions showed that both projects 

presented high carbon mitigation potential. However, the C reversibility risk was lower in 

long-rotation pine and mixed species plantation on community lands. The project proved to 

be financially viable though not highly lucrative but the carbon mitigation potential in this 

'restoration of degraded lands' type of project was immense provided challenges in the initial 

phase were adequately overcome. The landholdings were small and bundling was desired for 

projects to achieve economies of scale. The methodological concerns such as sampling 

intensities, monitoring methodologies, sharing of benefits with communities and bundling 

arrangements for projects need further research to make these projects viable.  

Poplar plays a significant role in rural development by generating employment to 

many categories of skilled, semi skilled and unskilled workers and thus helps in achieving 

the Millennium goal of poverty alleviation laid down by the Food and Agriculture 

Organisation. Dhiman (2008) estimated 90 to 100 million man days employment being 

generated from poplar activity in the country out of which 20 million man days is in making 

and maintaining plantations, 20 million man days in felling trees and their conversion into 

logs, grading, loading, unloading, stacking and handling timber and approximately 50 

millions man days in wood based industry involved in converting poplar wood into wood 

based products. Most of the operations involving poplar farming and utilization are located 

in the remote rural areas where poplar is grown on farm lands and where employment 

opportunities rarely exist because of poor developmental activities in those areas. 
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Farmers are able to get returns of about Rs. 12 lakh per hectare (i.e. US$24,000 per 

hectare) from sale of wood after six years of planting which amounts to Rs. 2 lakh per 

hectare per year (or US$4,000 per hectare per year (1 lakh = 100,000).  Economic returns 

from finished products would be substantially higher (Kumar, 2011). During 2000 to 2004, 

poplar was losing its attraction among farmers of North-Western parts of India because of 

declining economic returns. Overproduction, market exploitation and use of inappropriate 

planting material were found to be mainly responsible for the fall in the price of poplar wood 

(Gera et al., 2005). It was argued that the situation could be improved with the concerted 

efforts of all stakeholders. Following policy points are flagged to promote poplar cultivation: 

 There are practically no restrictions on growing, felling and transportation of poplar 

trees of exotic species. However, there is need to extensively review policy, rules and 

regulations in respect of indigenous poplar and to rationalize the same with a view to 

encouraging their plantations. 

 Institutional support and technical backup is required to promote cultivation of poplar 

and establishment of poplar based industries in areas outside the natural zone of 

poplar.  

 There is no regulatory mechanism to ensure supply of certified nursery stock/ planting 

material to the growers. Certification mechanism backed by appropriate legislation is 

required to be put in place to check sale of physically or genetically inferior stock. 

 Unlike agricultural crops, facility of minimum support price for wood of poplar, or 

any other agroforestry species, is not provided for by the government. This leads to 

exploitation of growers. The fall in price of poplar wood in the past significantly 

reduced the interest of farmers in poplar cultivation. Similar mechanism as for 

agricultural crops or other institutional measures for assuring a minimum price to the 

growers of poplar wood are required. 

 Providing facility of credit and insurance, as is available in case of traditional 

agricultural crops, needs to be extended to cover tree cropping. 

 Flow of research grants from users (industries, farmers, forest corporations, etc.) to 

research institutions is absent and the same needs to be initiated. This has been in 

vogue in agriculture sector in India since long. 

There is considerable need to focus on training and extension efforts in poplar 

cultivation. In a past study, the percentage of growers practising correct management of 

poplar plantations was examined in 3 sites located within 45 km of Forest Research Institute, 

Dehradun. The percentages for different practices followed correctly were found to be 61% 

for site selection, 27% for good planting material, 47 % for spacing, 80% for irrigation 

schedule, 85% for fertiliser application, 35% for pesticide application and 9 % for pruning 

(Kumar, 2004). Thus research, extension and policy framework must keep pace with one 

another. 

There are difficulties in getting wood of single species for making of plywood. 
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Therefore, the combi plywood seems a solution to this problem. Combi plywood is the 

combination plywood made of veneers of different species. Combi plywood, using poplar 

with other farm-grown trees, has been developed by Forest Research Institute, Dehradun. 

Now most of the plywood industries are using the poplar and eucalyptus veneers in 

combination for manufacturing the plywood. 

The foregoing analysis of policy issues on poplars and willows emanates from 

experiences centred almost entirely around poplars. This is a pointer to the lack of focus by 

growers and researchers on Salix in India. This is despite the fact that wood of Salix serves as 

the raw material for a flourishing cricket bat and handicraft industry in India. Some of the 

dependent families have been involved in this profession for over six decades and are 

recognized for their grass-root innovation. Thus the willow bio-resource provides a 

sustainable livelihood, besides promoting ecological security of the fragile ecosystem in inner 

Himalayas.   

There is a need for conservation and  management of the willow diversity and genetic 

resource through an integrated approach involving the participation of communities, transfer 

of technology, capacity building on value addition and marketability of products for higher 

income generation, safeguarding the property rights to indigenous traditional knowledge and 

strategies for sustainable livelihood (Biswas and Hussain, 2008). The same is true for 

indigenous poplars too since their role has not been fully exploited vis-à-vis exotic poplars. 

II. SUMMARY STATISTICS (Questionnaire) 

Complete the attached questionnaire on poplars and willows summarizing statistics of 

key parameters in poplar and willow resources, production, utilization, trade and future 

trends.  

   See the filled up questionnaire-Annexure-I 

III. TECHNICAL INFORMATION 

1. Identification, registration and varietal control 

 Report on accomplishments on identification and on proposals made for the 

registration of new cultivars of poplars and willows. 

Guidelines have been prepared by Indian Council of Forestry Research and Education 

for testing and release of new clones and varieties (ICFRE, 2008). New clones and cultivars of 

poplars and willows in the country in future will be tested and released based on procedure laid 

down in the guidelines entitled „Approved Guidelines for Testing and Releasing of Tree 

Varieties and Clones‟.  

Wimco Seedlings has sent five new clones namely WIMCO 62, WIMCO 81, 

WIMCO 83, WIMCO 108 and WIMCO 109 for registration to the International Poplar 

Commission. These clones along with WIMCO 110 have also been released for field planting 
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throughout the poplar growing region (WSD, 2010). 

2. Production Systems and Cultivation 

 Report separately information on the application of new knowledge, technology and 

techniques in application of poplar and willow culture for different purposes, 

including production, protection or conservation: 

Poplar is a very prominent taxonomic group of tree species in plantation forestry in 

India. It occurs in natural forests too. Indigenous poplars occur only in the mountains, and are 

still to acquire greater role and share in afforestation/reforestation programmes and 

conservation activities in the country. Their natural population is small, and gradually 

declining. Bulk of the plantations are composed of Populus deltoides, an exotic species. The 

area coverage and productivity of this species is expected to increase further, due to 

concerted research and development efforts aiming at its genetic improvement for increased 

yield.  

(a) Nursery practices and propagation techniques including applications of 

biotechnology - particularly plant propagation, reproductive materials, use of 

GMOs etc. 

Nursery stock raised through tissue culture had been sold in the past by some agencies 

to growers, and farmers with the assurance of faster growth. Dhiman and Gandhi (2010a) 

reported the results of traditionally propagated (TP) ETPs (entire: trans plants) of five clones 

of Populus deltoides viz., G48, WSL22, L31, L49 & S7C15 vis-a-vis tissue culture (TC) 

origin ETPs of one clone S7C15. Height and diameter growth monitored both in nursery and 

field trial for each year recorded lower values for TC poplar when compared with that of TP 

poplar In nursery, The differences between height and diameter growth in field trial between 

TC and TP poplar were statistically non significant till 4th and 5th year respectively, these 

differences, however, became statistically significant thereafter till harvesting of the trees at 

eight years. Height and diameter values for 8 years TC S7C15 clone were 23.7 m and 20.1 

cm respectively which were significantly lower than for height of 30.3 m and diameter of 

22.7 cm for TP S7C15. There was gradual increase in the percent reduction in height and 

diameter growth of TC S7C15 when compared with that of TP S7C15 and the average for all 

the TP poplar. The final reduction in TC S7C15 was approximately 20% for height and 

approximately 13% for diameter when compared with TP poplar.   

Polythene bag raised seedlings were raised by FRI Dehradun for planting in rainy 

season during July-August 2005. Plants in root trainers are also raised since 2008 to facilitate 

planting in monsoon. Dhiman and Gandhi (2010b) have reported that WIMCO Seedlings Ltd. 

is also using in poplar nursery production in which case the root trainer plantlets raised from 

mini cuttings are used and the nursery planting period is being extended beyond the 

traditional planting period of January-February to anytime till June-July for manipulating 

sapling size having variable preferences in different locations. Das et al. (2008) inferred that 

cuttings made from the bottom or middle portion of one-year-old plants of Populus deltoides 
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should be planted between early February to middle of March for better nursery success in 

Bihar.  

Kumar (2007) examined the reasons for low survival of poplar nurseries and 

plantations in Bihar and found that shallow planting of cutting, improper water management 

in nurseries and plantations and delay in first weeding in nurseries are the major reasons for 

failure of nurseries and plantations in Bihar, where farmers do not have much experience of 

raising poplar. Use of optimum cultural practices were suggested which later resulted in 

dramatic positive impact. 

 In a vegetative multiplication garden (VMG), 3+2 years (root+shoot) old plants of 

Populus ciliata were grown at spacing of S1 (100x60 cm), S2 (100x90 cm), S3 (50x60 cm), 

and S4 (50x90 cm) by Chaukiyal et al. (2010). The plants were cut back at the height of 50 

cm and 100 cm in the month of January. Plants under wider spacing (S2) and higher cutback 

(100 cm) exhibited better growth in all three years, followed by S1 spacing at 100 cm 

cutback. But plants under narrow spacing (S4) and low level of cutback (50 cm) showed least 

growth in three years. Plants under wider spacing and higher cutback had the capacity to 

produce the maximum number of desired cuttings rather than narrow spacing and low level of 

cut back. Number of desired cuttings highly depended on plant growth (height and collar 

diameter) rather than total number of branches or branches below 30 cm of stool stump.  

(b) Planted Forests with emphasis on the experiences and experiments concerning the 

purpose, choice and preparation of site, the choice of cultivars, type of plants, 

spacing and layout of plantations; planting and tending (fertilization, irrigation, 

weeding, pruning, etc.); management (growth, rotation in relation to yields and 

industrial requirements, thinning techniques if practised, etc.). 

Planted forests of poplar are very uncommon in India. It is only in Uttarakhand state 

(especially Haldwani region) that the State Forest Development Corporation has raised 

planted forest of P. deltoides for production of industrial wood. They are worked using 

clearfelling system at rotation of about 12 years. Planted forest of P. gamblei has been raised 

in North Bengal.  

(c)  Indigenous forests 

Indigenous forests comprise natural stands of indigenous poplars that occur in 

Northern and North-Eastern India. Indigenous poplars comprise following species: 

   

P. ciliata:  

The most extensive indigenous poplar distributed throughout the Himalayas at 1,300 to 3,500 

m altitude (Kashmir to Arunachal Pradesh). Used for packing cases, match sticks, fuel, 

fodder; also suitable for plywood and hardboards. 
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P. alba:  

Occurs in Western Himalayas (i.e.  parts of Lahaul, Kinnaur and Kashmir) at 2,500 to 3,300 

m altitude. 

 Severely lopped for fodder. 

 

P. euphratica: 

Occurs in cold desert area in Western Himalayas (i.e. parts of Ladakh and Spiti) at 2400 to 

4000 m altitude. 

Severely lopped for fodder. 

 

P. gamblei: 

Southernmost species of indigenous poplar in India (27
o
-30

o N latitude). 

Occurs in Eastern Himalayas (North Bengal, Sikkim and Arunachal Pradesh) at 600 to 1,300 

m altitude. 

Used for packing cases and match industries. 

Good growth rate; suitable for hybrid development. 

 

P. jacquemontii  var. glauca: 

Distributed in Eastern Himalayas (North Bengal and Sikkim) at 2,500 to 2,900 m altitude. 

Bears bi-sexual flowers. 

 

P. rotundifolia: 

Occurs in Eastern Himalayas (close to Bhutan border) at 2,300 to  3,050 m altitude.  

 

Naithani et al. (2001) consider P. alba and P. euphratica as exotic species, though 

they grow and naturally regenerate in several areas. 

 

Among indigenous species, only P. ciliata is grown to a noticeable extent in 

plantation programmes in the Himalayan region of North India. It is planted by State Forest 

Departments near villages in mixture with other hardwood species. It has also been 

recommended for agroforestry plantation around orchards. Due to fast growth rate, it has the 

potential and scope of being promoted in the plantation programmes in its natural zone of 

occurrence. Presently, the species constitutes a small proportion of trees in the conifer-

dominated Himalayan region.   

P. euphratica and P. alba are neither planted nor do they regenerate readily due to the 

absence of seeds caused by lopping. There is strong need for conservation and afforestation of 

these species.  

Other indigenous species are not preferred in plantation programmes although they 

regenerate naturally. 

Ajaz-ul-Islam et al. (2008) studied species composition, diversity, concentration of 
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dominance, biomass, density and similarity and dissimilarity indices of floor vegetation under 

9-year old monoculture plantations of Populus deltoides, besides other tree species in 

Kashmir valley. The number of ground flora species under Populus deltoides was 17. Poa 

pratensis was the most dominant species under monoculture plantations of Populus deltoides. 

A remarkably high dissimilarity in ground flora species occurred under the plantations.  

Salix fragilis is the most common willow species grown extensively under the 

indigenous agroforestry system in the cold desert of Lahaul valley located in the northwestern 

Himalayas. This deciduous multipurpose tree species provides vegetation cover to the barren 

landscape of Lahaul and is a significant contributor of fuel and fodder to the region. The 

willow provides 69.5%, 29%, and 42% of the total fuelwood requirements of Jahlma, 

Khoksar, and Hinsa areas respectively (Rawat et al., 2006). 

Salix tetrasperma was found to be sensitive crop to factors viz. spacing, fertilizer and 

irrigation in mid-hills of Himachal Pradesh (Gopichand and Singh, 2011). It showed 75% 

survival rate which was lower that other species viz. Eucalyptus, Melia azedarach, Grevillea 

robusta and Toona ciliata.  

(d) Indigenous Forests, with emphasis on experiences and experiments concerning 

silvicultural treatments, harvesting, management, protection and regenerating of 

natural forests. 

Anup Raj and Sharma (2008) conducted a phytosociological study of Populus 

euphratica community in the Trans Himalayas of Ladakh, Jammu and Kashmir (India). The 

vegetation was a high altitude riverine forest with low species diversity (H'=0.8569) and high 

concentration of dominance (Cd=0.5162). In the upper layer P. euphratica dominated the 

association with importance value index (IVI) of 219.26 while in the middle layer Berberis 

ulicina was the dominant species (IVI=57.33). A change in nomenclature of the forest under 

type 13/1S2 in the forest types of India was suggested in light of these observations.  

In an assessment of diversity, distribution and vegetation assessment in the Jahlmanal 

watershed in cold desert of the Lahaul valley, Himachal Pradesh, the density of Salix fragilis 

was 3340 trees ha
-1

 under agroforestry and 5520 trees ha
-1 

under forestry. The relict forest 

patches are subjected to deforestation due to anthropogenic pressure, hence in-situ and ex-situ 

conservation are required. Efforts are needed for plantation of ecologically suitable 

multipurpose tree species with indigenous species in the watershed. Technological 

interventions are also required to improve the quality and resistance against drought and 

climate change (Rawat et al., 2010).  

(e) Agroforestry and Trees Outside Forests with emphasis on the experiences, studies 

and experiments in different growing mechanisms for trees outside forests and 

agroforestry systems and their effects on forest and agricultural crops or livestock 

and diversification of the landscape. 
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(i) Choice of poplar species 

P. deltoides is the only species that is planted extensively in agroforestry fields and 

areas outside the forest in the country. It was introduced in India in the late 1950s. It is 

planted in the plains of North-West India, i.e., Western Uttar Pradesh, Punjab and Haryana 

and to some extent in the outer plains/valleys of Uttarakhand and Himachal Pradesh. This 

species is being introduced in Bihar State (Vaishali District) under central Government 

Scheme by ICFRE. It is planned to plant 6 million cuttings of P. deltoides in two years in the 

project area. Initial results are encouraging. Early results on poplar growth in Vaishali 

District, Bihar is a little subnormal but comparable with growth of some plantations grown in  

northwestern India (Dhiman, 2010a). 

P. nigra is planted only as avenue plantation in Kashmir valley and it does not 

contribute significantly to wood supply. Several exotic species of poplar were introduced in 

India in the past but they have not gone beyond research stage. P. x euramericana and P. x 

berolinensis were introduced in India in 1950. Clones of P. canescens, P. maximowiczii, P. 

trichocarpa, P. simonii, P. szechuanica, P. yunnanensis, P. robusta etc. were introduced in 

the subsequent years. P. deltoides performed better than all other exotic poplars in the plains 

of North India, and relegated most other exotic poplars to the status of anonymity in the 

country. In the hills, P. yunnanensis and P. x euramericana „Robusta‟ proved better than 

other species (Seth, 1969).  

P. deltoides clones are planted in the plain areas. According to a field survey 

conducted in Haryana state, three clones G48, WSL 22, Udai, were the leading clones 

constituting 95% planning stock produced in over 700 acre nursery area during 2011-12 

season (Dhiman and Jagdish, 2012). Other over a dozen clones had  around 5% share in the 

nursery grown saplings. Most of the nursery growers do not have knowledge of clones and 

they sell their nursery saplings of unknown clones on the name of widely accepted clones. 

(ii) Planting method 

P. deltoides is planted on a significant scale in India. P. deltoides, hereafter called 

poplar, constitutes the backbone of agroforestry in irrigated plains of Northern India. It has 

been estimated that over 0.3 million hectares equivalent plantations of poplar now exists in 

India. Dhiman (2012b) estimated planting of approximately 27.85 million poplar saplings 

during 2010-11 planting season, out of which    60.04   per cent were in blocks and 39.96 

percent in boundary and line plantations. Uttar Pradesh leads in poplar culture followed by 

Punjab, Uttrakhand and Haryana states. 
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Table 1. Some important statistics about P. deltoides in agroforestry in India 

Particulars Details 

States where 

planted  

Punjab, Haryana, Western Uttar Pradesh, outer plains/ 

valleys in Uttarakhand and Himachal Pradesh; a major 

initiative on introduction in Bihar has been launched by 

ICFRE  

Planting sites  Irrigated agricultural lands (i.e., as agroforestry 

plantations) 

Rotation age 6-8 years 

MAI in farmers‟ 

field 

20-25 m
3
/ha/yr in block plantations, 2-3 m

3
/ha/yr in 

boundary plantations 

Spacing 5m x 4m or 4m x 4m, 5m x 5m, 7m x 3.5 m, 8m x 3m, 7m 

x 3.5m spacing as block plantation; or at 2m- 4m spacing 

in linear rows along field boundaries 

Combination 

Crops 

Sugarcane, mentha, wheat, potato, mustard, maize, pulses, 

vegetables, fodder crops, medicinal plants etc (but not 

rice) 

Size at harvest Around  30" gbh 

Area under 

agroforestry of P. 

deltoides  

312,000 ha  

 

None of the indigenous poplar thrives in the present region of poplar growing in the 

plains. P. deltoides clones have been found suitable for growing in the North-Western India 

over 28
o 

N latitude. Besides the traditional planting region of poplar which comprises plains 

and fertile valleys in North-Western India above 28
o 

N latitude, introduction trials are also 

underway in other areas, viz., Eastern Uttar Pradesh, West Bengal, Chhattisgarh, 

Maharashtra, Gujarat, Orissa and Bihar. Success in these trials, which needs to be confirmed 

over a few rotations, would extend poplar cultivation in areas outside its traditional 

cultivation zone. In Uttar Pradesh, poplar cultivation has of late extended to places like Agra 

and Lucknow outside its traditional zone. Bihar state has also launched a massive programme 

for planting of poplar; plantations of 6 million poplar plants have been raised in this state 

during the last four years for establishing plantations covering an equivalent area of 12,000 

ha. 

Planting of poplar trees was greatly affected by the price fall during 2002-2004. On an 

average, 1.5 to 2 million plants were annually planted during 1993 to 1998 (Chandra, 2005) 

which rose further to about 4 million plants per annum in certain years during 1999 to 2001. 

But price crash reversed the trend and reduced the planting to 1.5 to 2 million during 2003 

(Dhiman, 2004). With the rise in price of poplar wood again, the demand for planting stock 

has now gone up so high that booking of planting stock from most of the reputed nurseries 

closes about 4 to 6 months in advance of the peak planting time.  Many farmers are forced to 

postpone planting to the following year due to non-availability of planting material. Acreage 

under annual Planting during 2011-12 appears to be approaching upper limit as many nursery 

growers could not find buyers and saplings of many nurseries remained unsold during this 

planting season. 
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(iii) Plantation management 

Poplar is planted only in irrigated lands in Northern Indian plains. Block plantations 

are raised by big farmers. Owing to the existence of fewer risks and high profits in poplar 

cultivation, large farmers and absentee landlords prefer to put their lands under block 

plantations of poplar rather than pure agriculture or boundary plantation options. Usually, 

spacing of 5 m x 4 m to 4 m x 4 m (and sometimes 3.5 m x 3.5 m) are adopted. Small and 

marginal farmers plant poplar on field boundaries at about 3 m spacing between adjacent 

plants. Agricultural crops such as sugarcane, wheat, potato, mustard, maize, pulses, 

vegetables, fodder crops, medicinal plants etc. are grown in the inter-spaces. Rice is not 

grown in block plantation of poplar. Pure poplar is seldom raised. If raised pure, the spacing 

is kept about 3m x 3m and the stems remain thin which fetch low price in the market.  

When poplar is planted on the field boundaries, kharif as well as rabi crops can be 

grown in field throughout the rotation of poplar. In block plantation of poplar, the usual 

kharif crops can be grown for two years only; thereafter shade-bearing crops like ginger, 

turmeric etc. are planted. However, rabi crops can be grown as usual. Poplar plantations also 

serve as windbreaks. The earliest benefit accruing from poplar trees to the farmers is 

fuelwood from pruning. 

Intercropping is almost always preferred as it provides scope for essential food 

production besides ensuring higher growth rate of poplar due to frequent irrigation and 

hoeing operations for agricultural crops. Dhiman (2012a) identified intercrops grown in 

poplar based agroforestry and reported that around 98% of the poplar block plantation grow 

intercrops and only a few absentee land owners or casual growers avoid intercrops being 

grown. Results indicated wheat to be the main crop grown in 51.67% cases followed by 

sugarcane, fodder, maize, jawar/bajra, paddy, dhencha (green manure) and others. The 

intensity of cropping was more in winter (rabi) season than in summer (kharif) season.  

Farmers stopped growing intercrops much earlier in summer season than in winter season. 

The study also identified intercrops grown in different locations from first year to harvesting 

age.  

Poplar with wheat: 

Age of poplar (Populus deltoides) trees is recorded as the most important factor 

influencing grain (var. PBW 343) yield of intercropped wheat (Chauhan et al., 2009). On an 

average, reduction in grain yield was 20.10% under 1-year-old poplar plantation, which 

increased to 54% under 4-year-old plantation. Under irrigated poplar-based agro-ecosystem, 

light is the major limiting factor for reduction in grain yield. 

Kaur et al. (2010) conducted studies to find out the optimum fertilizer and seed 

requirement of wheat (cv. PBW 343) intercropped with poplar (Populus deltoides) grown at 

spacing of 5x4 m at the age of 2, 3 and 4 years. The height and diameter of trees increased 

from 10.4-15.1 m and 10.4-16.5 cm, respectively in the span of 2 years. Wheat yield under 

poplar reduced with the increase in tree age. However, the crop under poplar responded 
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positively to higher fertilizer and seed rates. The yield of sole wheat was significantly higher 

when compared with intercropped wheat. Among the seed rates, 25% additional seed rate 

(125 kg/ha) over recommended to sole wheat significantly increased (6%) the grain yield of 

wheat under poplar plantation. Among different fertilizer levels, grain yield of wheat was 

significantly higher (3.93 tonne/ha) at 50% additional N than recommended to sole wheat 

with recommended P i.e. at 187.5 kg N and 27 kg P/ha. N and P uptake by wheat was higher 

in sole wheat than under poplar. Additional application of seed and nutrients over the 

recommended levels significantly increased their uptake. The benefit cost ratio in poplar 

plantation were highest with the application of 150 kg/ha seed and 187.5+27 kg N+P/ha to 

wheat.  

In a study by Sharma and Dadhwal (2011), wheat plant population was greatly affected 

during the leaf shedding stage of poplar. During dormant period of poplar, significantly lower 

values of plant height, leaf area index and dry matter yield of wheat were recorded. During 

the leaf flush period, grain weight decreased compared with the control near the tree line (0-3 

m), but a synergetic effect was realized between 6-9 m distance from the tree line. 

Gandhi and Dhiman (2010b) reported significant differences in mean values for grain 

yield, harvest index, length of spike, number of sterile spikelets/spike, number of grains per 

spike and for weight of grains per spike of wheat crop as a result of  poplar tree spacing viz., 

5x5m, 5x4m, 6x6m, 6x5m, 6x3m, 6x1.5m and 7x5m. Wheat growth under 6m x 6m spacing 

produced maximum grain yield, harvest index, straw yield, number of spikes per sq m, length 

of spike, number of fertile spikelets/spike, number of grains/spike, weight of grains/spike and 

weight of 1000 grains. Whereas, wheat under 6x1.5 m tree spacing produced maximum 

number of sterile spikelets/spike when compared with that of other spacings. 

Poplar with maize and mustard: 

In a study of 6 clones of poplar (Populus deltoides) in Kanpur, Uttar Pradesh, Kumar 

et al. (2010) found that clone G-48 acclimatized better and performed excellent with arable 

intercrops, followed by Udai, while L-188 performed poorest. The yields of intercropped 

maize and mustard were significantly influenced by poplar clones. Maximum reduction was 

observed with clone L-188 and the minimum with G-48. Economic analysis showed the 

superiority of agroforestry systems over sole crop systems. 

Study of performance of maize under various spacing of poplar (Populus deltoides) 

showed that increase in distance between tree rows resulted higher growth in height, diameter 

at breast height, crown diameter and crown length of tree and grain yield in maize crop. The 

negative influence of tree spacing on maize growth and yield parameters was in the order of: 

8 m x 3 m < 6 m x 4 m < 5 m x 5 m < 4 m x 6 m. The trend in grain yield reduction in 

different maize varieties was in the order of: 'Sartaj' (35.22%) > 'Parvati' (26.47%) > 'PSCL-

3438' (25.52%) > 'Naveen' (21.66%) grown under 4 m x 6 m spacing of poplar (Chauhan et 

al., 2008).  
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Poplar with turmeric: 

A study was conducted by Dhillon et al. (2009) to explore the performance of turmeric 

under three- and four-year old poplar (Populus deltoides) canopy. Results showed maximum 

LAI of 0.52 and 0.44 under the three- and four-year-old poplar trees, respectively. Net 

photosynthesis, stomatal conductance, and transpiration in turmeric were higher in open areas 

than in shaded areas. The yield of turmeric under the canopy, though reduced, was not 

drastically reduced and it was proportionately related to microenvironmental changes in light, 

temperature and humidity under canopy. It was suggested that to minimize resource 

competition and improve physiological processes of crops, such as turmeric, canopy 

management is essential to ensure better yield under poplar-based agroforestry system. 

Poplar with aromatic crops: 

 Intercropping of aromatic crops between rows of widely cultivated poplar (P. 

deltoides) with high value medicinal and aromatic plants may provide a good opportunity to 

diversify agroforestry and increase the farm returns. In a study to evaluate the effect of 

mentha and lemon grass (Cymbopogon flexuosus) on poplar (Populus deltoides) and vice 

versa (Rathi et al., 2008), the maximum DBH (17.05 cm) was recorded in poplar + Japanese 

mint and minimum (15.05 cm) was recorded in poplar alone. The data regarding height also 

indicated significant variation and the result showed that maximum height (17.25 m) was 

observed in poplar + Japanese mint and the minimum (16.50 m) was in poplar alone. The 

data on the yield of intercrops mentha and lemon grass were lower than the average yield of 

their pure crops. The decrease was more in mentha as compared to lemon grass. No 

significant influence was found in the qualitative composition of their oil in the pure as well 

as in intercropping. Dhiman and Gandhi (2007) while reviewing growing of medicinal plants 

in poplar based agroforestry concluded that growing of mentha and turmeric as intercrops 

have been accepted in poplar plantations by the growers because returns from these crops are 

comparable with the traditionally grown crops. 

In an experiment to study the yields of aromatic grasses in pure fields as well as in 

intercrops, higher herbage and oil yield was recorded in pure fields of aromatic grasses than 

the intercrops grown under Populus deltoides stands (Mohsin and Singh, 2009). Maximum 

yield was produced by palmarosa and minimum by citronella. Higher quantity of litter was 

produced in palmarosa and lower was produced in citronella intercropped trees. The 

concentration of nutrients in the litter decreased with increasing age of the stands. The 

maximum addition of nutrients was recorded in the field of poplar intercropped with 

palmarosa grass, while minimum was in poplar intercropped with citronella.  

Performance of lemongrass, Tagetes minuta, turmeric, celery, coriander, fennel, 

dillseed, fenugreek, Mentha arvensis, Mentha spicata, sarson (Brassica napus L.) and wheat 

was studied by Gill et al. (2008) in March 2004 at 5 m x 4 m spacing in compact poplar 

(Populus deltoides) plantation. Results revealed that an increase in the age of poplar 

decreased the yield of all crops. During 2004-05 the reduction in yield was more in Mentha 

arvensis (64.9%), M. spicata (65.5%), coriander (26.7%) and Tagetes minuta (16.1%), but 
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was less in lemongrass (2.6%), turmeric (1.1%), fennel (6.8%), dillseed (12.6%), fenugreek 

(7.1%), sarson (1.84%) and wheat (4.75%). During 2005-06 the reduction in the yield of 

lemongrass, Tagetes minuta, Mentha arvensis and M. spicata; and yield of turmeric rhizome, 

seed of coriander, fennel, dillseed, fenugreek, sarson and wheat was 6.55, 7.50, 60.5, 50.0, 

40.6, 28.1, 43.9, 27.6, 37.4 and 34.4 and 32.7%, respectively in compact poplar plantation 

compared with that in sole or pure cultivation of these crops; and in 2006-07 it was 25.4, 

39.3, 78.6, 77.0, 56.3, 70.4, 88.5, 79.6, 65.6, 85.9 and 67.2%, respectively.  

An experimental was conducted to study performance of lemon grass (Cymbopogon 

flexuosus) intercropped with Populus deltoides (Raj et al. 2010). Lemon grass in spacing of 

30x45 cm with the fertilizer application of nitrogen 150, phosphorus 60 and potassium 60 

kg/ha recorded maximum plant height (1.65 m), number of tillers per plant (70), herbage 

yield (48.5 tons/ha) and oil yield (197.43 kg/ha) under poplar trees.  

Poplar with other crops: 

The performance of 4 garlic cultivars under a 3-year-old poplar (Populus deltoides) 

was investigated by Dhiman and Gandhi (2009). Cultivar G-50 recorded higher yield (23.07 

qtl/acre) than G-1, G-282 and Parvati (14.00, 14.97 and 9.54 qtl/acre, respectively). Bulb 

length and bulb weight were however significantly greater in Parvati than other cultivars 

while number of cloves per bulb was significantly lower in this cultivar. Weight of cloves 

was significantly greatest in G-50 (24.32 g). The bulb diameter showed non-significant 

differences among the 4 cultivars. Dhiman and Gandhi (2010b) further studied yield of onion 

and garlic varieties with and without mulch under poplar plantations and reported significant 

increase in yield under mulching treatment when compared with non-mulching treatment.  

There were significant differences due to varieties in onion, variety L-28 producing 

significantly higher yield than that in variety AFR. Sprouting of garlic was affected by the 

mulching sheet. Based on the results of these limited experiments, it is concluded that 

growing of garlic and onion could be remunerative under poplar plantations.  

Pant et al. (2010) evaluated performance of Colocasia esculenta under six nitrogen 

levels (0, 50, 75, 100, 125 & 150 Kg/ha) and three Populus deltoides spacings (Open, 5 m x 4 

m and 5 m x 3 m). The average relative illumination below 5 m x 4 m and 5 m x 3 m poplar 

spacing was 48 and 40%, respectively. The nitrogen application induced improvement over 

control but failed to obtain significant difference in growth and yield parameters of the crop. 

The nutrient content (N, P & K) in corm as well as leaf depicted an improvement with 

increase in nitrogen level. The shade brought drastic reduction in growth and yield in open.  

(iv) Nutrient and biomass 

Durai et al. (2009) carried out a study at farmers fields in central Punjab, to quantify 

nutrient harvest through biomass of pruned material of 2-, 3-, 4-, 5- and 6-year-old 

plantations and whole tree of Populus deltoides (poplar). The pruned biomass was 327.4, 

426.96, 986.27, 1,234.91 and 1,558.59 kg ha
-1

 at 2-, 3-, 4-, 5- and 6-year-old plantations, 

respectively. The total biomass of branches, main stem and root of poplar at exploitable age 
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was 48.96, 89.144, 94.040 and 12.280 kg/ha, respectively. Nutrient concentration increased 

from basal segment to terminal segment of pruned braches and decreased with size of the 

branches. The nutrient harvest through pruned biomass was 46.32 kg ha
-1

 N, 6.92 kg ha
-1

P 

and 19.93 kg ha
-1

 K whereas nutrient loss through whole tree was 652.8 kg ha-1, 75.84 kg ha
-

1
 P and 719.84 kg ha

-1
 K. The authors found that additional doses of fertilizers may be 

required to maintain soil fertility and productivity of the system.  

In a study of effect of spacing on biomass production and nutrient content in Populus 

deltoides, biomass of various plant parts of the tree decreased with increasing tree spacing 

except that the differences between 10x2.5 m and 15x2.5 m spacing in respect of leaves and 

branches biomass were not significant(Kumar et al., 2011). The total tree biomass including 

litter fall was higher in 5x4 m (415 t/ha) followed by 10x2.5 m (330 t/ha) and 15x2.5 m (192 

t/ha) spacing. Concentration of both primary and secondary nutrients in different plant parts 

differed significantly at different spacing. Maximum nutrient concentration was recorded in 

leaves at 15x2.5 m spacing. However, Poplar stem accounted for maximum uptake of all the 

nutrients. Closer tree spacing of 5x4 m recorded maximum uptake of both primary and 

secondary nutrients except that K and Mg uptake was maximum at 10x2.5 m spacing.  

It has been estimated that leaf litter of Populus deltoides added on an average 11.9, 2.5, 

7.9, 21.3 and 8.9 kg ha
-1

 nitrogen, phosphorus potassium, calcium and magnesium, 

respectively in the soil when grown with wheat. Higher organic carbon (0.53%), total 

nitrogen (0.07%), available K (137 kg ha-1), exchangeable Ca (0.24%) and exchangeable Mg 

(0.13%) contents were recorded near poplar tree line (0-3 m.  

Zinc deficiency symptoms have been observed in poplar (Populus deltoides) 

plantations and nurseries, having soil deficient in organic matter and nutrient contents in 

Ludhiana District, Punjab (Singh, 2009). The deficiency was exhibited by development of 

irregular interveinal chlorosis of recently matured leaves along the margins that extends 

towards base of leaves. The deficiency was ameliorated by soil application of 25 g/plant Zn 

(through ZnSO4.7H2O) in 1 year old plants, 40 g/plant Zn in 2 years old plants and 30 kg/ha 

Zn in 4.5 years old plants. Application of 20 kg/ha Zn was sufficient for eradicating Zn 

deficiency in nurseries. Deficiency could be cured by 5-6 weekly sprays of 0.5% ZnSO4 

7H2O (along with half the quantity of unslaked lime) in the solution volumes of 1 litre/tree 

for one year old trees, 2 litre/tree for 2 year old trees and 250 litre/ha for nursery. The 

micronutrient (except Fe) content of the recently matured normal leaves (Zn: 29.2-38.6 mg 

kg-1) was higher than the deficient leaves (Zn: 25.2-28.4 mg kg-1) taken from same position 

on branch or stem of trees. It was suggested to apply Zn at the planting time of poplar that 

can meet the requirement of plants throughout its growth.  

Das et al. (2011) studied predictive models for prediction of component wise dry 

biomass of Populus deltoides for a wide range of dbh values (1-50 cm). Diameter at breast 

height (dbh) alone was a very good predictor of dry weight and accordingly the height was 

not included in the model. The linear model, though easiest to fit, suffered from the 'negative 

estimation problem', specifically for the lower range of explanatory variate. Of the remaining 

non-linear models, the allometric model outperformed the others; R
2 

ranged from 0.95 to 
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0.99. 

Dhillon et al. (2011) recorded data on tree height, diameter at breast height of 83 

randomly selected trees of Populus deltoides having girth at breast height ranging from 45 to 

113 cm. The trees were felled and cut into logs of acceptable merchantable lengths. The data 

on log length, log girth (over and under bark) on both ends and at mid point, and log weight 

were recorded. The volume regression equations were developed on basis of diameter at 

breast height (DBH), and DBH and tree height. Further separate volume and weight tables 

were developed for over and under sized merchantable timber. 

Rizvi et al. (2008) constructed and validated non-linear models for aboveground 

biomass of Populus deltoides. Six models were separately fitted using 'D' and 'D
2
H' as 

explanatory variables; where, H - height of tree (m) and D - diameter at breast height (cm). 

Both variables were highly correlated with the aboveground biomass (B). The model 

B=0.936 D
1.809 

was found to be a good fit (R
2
=0.914). Mean absolute error of predictions was 

10.52 kg with model efficiency of 94.9 percent. Besides, the logistic model B=639.186 

[1+exp (1.515-1.261 D
2
H)]

 -1 
was adjudged best (R

2
=0.963) with mean absolute error of 

predictions 7.20 kg and model efficiency of 98.4 percent. The model fitted using variable 

'D
2
H' was better in predictions than model fitted using variable 'D'. Rizvi et al. (2008) also 

studied height-diameter models in Populus deltoides and adjudged the model H=exp 

(1.618+0.196 D
0.587

) best on the basis of statistical criteria for estimation of height. Further, 

Rizvi et al. (2010) examined 5 non-linear functions, viz Logistic, Gompertz, Chapman-

Richards, Weibull and Sloboda in Populus deltoides. The Gompertz model, i e V=1.002 exp 

(-6.355 e-0.062*D), where V-timber volume (m3), was adjudged best for predicting the 

timber volume using 'D' with mean absolute error of 0.029 m
3
. On the other hand, the 

Chapman-Richards model, i e V=0.705 [1-exp (-0.394 x D
2
H)]0.976 found best among 5 

models fitted using 'D
2
H' with mean absolute error of only 0.023 m3. Hence the proposed 

models may be used for predicting the timber volume (over bark) of Populus deltoides. 

(v) Carbon sequestration: 

The net annual carbon sequestration rates were estimated for fast growing short 

rotation Populus deltoides (8 Mg C ha
-1 

yr
-1

) and Eucalyptus (6 Mg C ha
-1

 yr
-1

) plantations 

followed by moderate growing teak forests (2 Mg C ha
-1

yr
-1

) and slow growing long rotation 

sal forests (1 Mg C ha
-1

yr
-1

) (Kaul et al., 2010). 

Gupta et al. (2011) found that the average soil organic carbon increased from 0.36 in 

sole crop to 0.66% in Populus deltoides (poplar) based agroforestry soils. The increase was 

higher in loamy sand than sandy clay. The soil organic carbon increased with increase in tree 

age. The soils under agroforestry had 2.9-4.8 tonnes ha
-1

 higher soil organic carbon than in 

sole crop. The poplar trees could sequester higher soil organic carbon in 0-30 cm profile 

during the first year of their plantation (6.07 tonnes ha
-1

year-1) than the subsequent years 

(1.95-2.63 tonnes ha
-1

year-1). The sandy clay could sequester higher carbon (2.85 tonnes ha
-1

 

year
-1

) than in loamy sand (2.32 tonnes ha
-1

year-1). The mean weight diameter (MWD) of 

soil aggregates increased by 3.2, 7.3 and 13.3 times in soils with 1, 3 and 6 years plantation, 
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respectively from that in sole crop. The increase in MWD with agroforestry was higher in 

loamy sand than sandy clay soil. The water stable aggregates (WSA>0.25 mm) increased by 

14.4, 32.6 and 56.9 times in soils with 1, 3 and 6 years plantation, respectively, from that in 

sole crop. The WSA>0.25 mm were 6.02 times higher in loamy sand and 2.2 times in sandy 

clay than in sole crop soils.  

At a rotation of seven years, Populus deltoides timber carbon content was found to be 

23.57 t/ha and an equal amount was contributed by roots, leaves and tree bark. The 

contribution of branches was 24 per cent of the total 62.48 t poplar biomass (carbon storage) 

in seven years. Soil organic carbon increase was also substantial under tree-crop interface 

than sole wheat cultivation. The annual biomass in agroforestry intervention not only 

accumulated sixty per cent more carbon but a major portion of carbon is stored over a longer 

period than the sole crop (Chauhan et al., 2010). 

Clonal variation in carbon sequestering has been recorded in poplar clones by Pal et al. 

(2009). Clone 'WIMCO-22' was the best in terms of sequestering carbon stock, while 

„WIMCO-42' was the poorest one in this respect. Results showed that the carbon content was 

found in the order: bole > branches > bark. Dhiman (2009a) quantified the carbon 

sequestration potential of poplar culture in India to approximately 2.5 mt C per annum, out of 

which 1.04 mt C is locked in poplar based products for different durations, 1.15 mtC 

equivalent is locked in other tree parts mainly used as firewood and 0.3 mt C is added to soil 

through leaf litter every year.  

The Nubra Valley (Trans-Himalayan region) in Jammu and Kashmir has significant 

area under agroforestry plantations of willow and poplar. More than 75,000 tonnes of carbon 

is sequestered and stored in the form of living biomass in these plantations. Every year these 

plantations are contributing 400 tonnes of leaf litter to the ground, which is one of the best 

sources of soil organic carbon. This communication attempts to suggest some appropriate 

management practices to improve soil organic carbon pools by analysing available 

information of agroforestry plants in the Nubra Valley by quantification of biomass 

contribution by willow and poplar species within the valley and CO2 sequestration rates by 

the living biomass. The soils of the valley have adverse physicochemical properties, such as 

low N, P and K values with less than 1%, loose sandy loam texture, high percentage of stones 

and granules, low water holding capacity  (15.80–21.2%) and high bulk density (1.4–1.9 g 

cm
-3 

). Poplars and willows have great potential to improve the fertility and productivity of 

such sites (Kumar et al., 2009). 

3. Genetics, Conservation and Improvement 

 Report research and applications of technology in genetics, conservation and tree 

improvement achieved by the following categories: 

(a) Aigeiros section 

Growth and form: 
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 Luna et al. (2011) evaluated 12 clones of poplar (Populus deltoides) in Hoshiarpur 

(Punjab) at the age of 3 years. The clone WSL-39 achieved the best growth and maximum 

volume, attaining diameter of 14.74 cm; height 14.42 m and volume 0.1040 m3/tree.  

In a study on new clones of Populus deltoides developed by FRI Dehradun, significant 

differences were reported among clones at age of six years in a field trial in Punjab. The best 

clone FRI-AM-58 recorded 20.53m height, 31.32 cm dbh and 0.519 m
3 

volume under bark 

while clone G48 (control) possessed 21.47 m height, 25.01 cm dbh and 0.345 m
3 

volume 

under bark at that age. A total of twenty-six clones in the trial performed better than G48. 

Multilocation testing is being carried out (Kumar, 2011). 

Dhillon (2011) reported the results of another trial involving 16 clones of Populus 

deltoides planted in semi-arid region of Punjab. The data collected on survival and growth 

traits at age of 2 and 4.5 year were analyzed. Significant differences among clones were 

found for diameter at 4.5 year and for height at both the ages. Clones 'D-4', '104', 'L-188/84' 

'L-313/85', 'G-48', 'L-71/84' and 'L-154/84' were found to be superior having higher volume 

production. The broad sense heritability was 55.21, 66.29 and 66.80 per cent for diameter, 

tree height and volume, respectively at age of 4½ years. 

The growth performance of twenty clones of Poplar (Populus deltoides), planted under 

semi-arid conditions in Punjab, was evaluated at the age of four years (Singh et al., 2008). 

Significant differences among clones were noticed for diameter, plant height and volume. 

Clones B-A-R3-P3, L-48/89 and PL-7 were promising ones for all the growth traits. 

However, none of the clones recorded significantly superior performance than the control. 

The phenotypic and genotypic coefficients of variation were maximum for volume (36.51 

and 24.64%) and the minimum for tree height (14.36 and 9.61%). The broad sense 

heritability was relatively higher for diameter (57.65%) and genetic gain as per cent of mean 

was maximum for volume (34.25). 

 A clonal trial was conducted on 17 poplar Populus deltoides clones in central-plain 

region of Punjab (Dhillon and Sidhu, 2010). The data collected on diameter at breast height, 

tree height and volume per tree at 4, 6 and 8-year age were analyzed and genetic parameters 

were worked out. Significant differences among clones were noticed for all growth traits 

except for height at 6-year. No clone was significantly superior to control for any growth trait 

for age 4 and 6 year. Clone 'IN-CSb' was promising one with significantly higher volume 

(0.56)/m2/tree at 8-year age. The phenotypic and genotypic coefficients of variation were 

relatively low with maximum values for volume (27.17-32.13% and 7.96-10.46%) and the 

minimum for tree height (7.98-9.33% and 1.69-3.78%).  

Lone and Tewari (2008) evaluated 49 clones of Populus deltoides for eight 

morphological traits. These clones have shown considerable variability for all the parameters. 

Wide range of GCV and PCV was observed for petiole length, diameter and plant height. The 

heritability estimates were high for almost all traits accompanied by fair amount of genetic 

advance. Genotypic correlation coefficients were higher than the corresponding phenotypic 

values for most of the character combinations.  
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Chauhan and Singh (2008) suggested use of induced mutation for creating genetic 

variability and somatic mutation in Populus deltoides. Doses of gamma rays to be applied 

with stik 500 ppm for this purpose and LD values have been worked out. 

An investigation was conducted by Gangoo et al. (2011) into variability in the 

cultivated clones of Populus nigra of Kashmir valley. Investigation revealed significant 

interclonal variation for progressive height, progressive collar diameter, monthly height 

increment, monthly diameter increment, number of leaves/plant, number of roots per plant, 

sprouting, survival, sprouting commencement days, leaf area, leaf breadth, and branch angle. 

The maximum loading (0.48) was found for height, followed by number of leaves (0.44), 

while minimum loading (0.31) was found for leaf area, accordingly height contributed 

maximum (30%), while leaf area contributed minimum (3%) to total variance. The ranking of 

clones was done on the basis of principal component score, which ranged from -5.17 (A, 

worst clone) to 5.48 (A, best clone). Heritability ranged from 60.13 per cent (minimum) for 

collar diameter to 93.05 per cent (maximum) for branch angle. Genetic advance ranged from 

a maximum of 29.24 for height to a minimum of 9.72 for branch angle. 

Wood quality: 

Pande and Dhiman (2011) studied variability patterns in the wood element's 

dimensions, specific gravity and growth parameters namely ramet height and GBH in 16 

clones (including parents, F1 and F2 hybrids) of Populus deltoides. Ramet radial variations 

were non-significant, while inter-clonal variations due to interaction of clone/replication were 

significant for all the wood traits except vessel element length. Inter-clonal variations were 

significant only for fiber length and fiber wall thickness. Fiber length and specific gravity 

were significantly higher in female, while wall thickness and vessel element length were 

higher in male clones. Female parents (G48 and S7C8) showed higher fiber length and 

specific gravity than of the male parent (G3), while vessel diameter and wall thickness were 

higher in male parent (G3). There is not much difference in fiber length and vessel element's 

dimensions among the parents, F1 and F2 generation hybrid clones. Specific gravity did not 

showed any trend for parents, F1 and F2 generations. Generally female clones showed higher 

growth rate. Broad sense heritability for wood traits ranged from 0.143 (fiber length) to 0.505 

(fiber wall thickness), while for growth traits it was 0.374 (GBH) and 0.418 (height). Genetic 

gain for all the wood and growth traits was positive for most of the wood traits. The highly 

divergent male clone (78) and female clones (S7C8, G48, W/A 49) in number of 

combinations could be used for developing new hybrids of desired wood traits to develop 

new clones.  

In a study by Pande (2011), inter- and intra-clonal variations in Populus deltoides were 

significant for all the wood traits except vessel element length for intra-clonal variations. 

Within ramet variations due to radial location were significant for fiber length and specific 

gravity with increasing trend from pith to periphery. Interaction of clone*replication was also 

significant for all the wood traits. Variations were significant for the DBH for the clones. 

Fiber length was higher in offspring than the parent clones. The clones of F1 offspring 

followed the similar patterns for the other wood traits as in the parent clones. 
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Wood fiber length of thirty seven clones of poplar (Populus deltoides was measured at 

breast height level at two locations of Punjab viz. central plain region (Ludhiana) and semi-

arid region (Bathinda) (Dhillon, 2008). Significant differences among clones were noticed at 

both locations. Fiber length ranged from 0.946 to 1.105 mm in central plain region and from 

0.964 to 1.236 mm in semi-arid region. The promising clones in central-plain region and 

semi-arid region were 421-2, 82-26-5 and L-62/84, and RD-01, 26-N, S7C20, ST-124, 38-N 

and 40-N, respectively. The pooled analysis revealed significant clonal and location 

differences. Clones RD-01,421-2, S7C20 and ST-124 registered significantly higher fiber 

length than control (0.997 mm). The genotypic and phenotypic coefficients of variation were 

low (1.99 to 5.32%). The heritability was moderate (22.37%) in central plain region and high 

(69.57%) in semi-arid region. 

The suitability of poplar clones for making match splints  has been studied at WIMCO 

Ltd. Dhiman and Gandhi (2006) reported match splint quality analysis of wood of 8 poplar 

clones viz. S7C15, Wimco-22, L-34, L-49, G-48, Bahar, Udai and Kranti. The results 

indicate that wood of clones G-48 and Bahar produced match splints with low wood defects 

parameters i.e. crookedness and cross grain splints and these clones are considered ideal for 

making splints. Total splint defects were more in S7C15, Wimco-22, L-34, L-49 and Udai 

clones. 

Dhiman (2008) further confirmed that the splints made from logs from lower portion 

of stem were better for making good quality splints than logs of upper stem portions. The 

basal logs on poplar trees are thicker in girth, free from visible knots, heavier in weight, and 

higher in volume in comparison to upper logs on the main stem. The values of total match 

splint defects gradually increased from 23.2 percent in first log to 26.8 percent in second log, 

31.2 percent in third log, 34.0 percent in fourth log and  36.2 percent in fifth log made  from 

base to the top position on the main stem. 

(b) Leuce section : - 

Ramesh and Khurana (2008) studied performance of cuttings of Populus alba 

belonging to different provenances in Himachal Pradesh and Jammu & Kashmir and found 

highly significant differences among provenances. Provenance Tirith excelled for height, 

basal diameter, leaf area, internodal length, root fresh weight, root dry weight, shoot fresh 

weight and shoot dry weight. Divergence (D2) studies indicated remarkable diversity among 

26 provenances of Populus alba. Skibba (P10) and Tamrot (P12) were considered most 

diverse populations (D2 value 57771.20). Correlation studies illustrated significant positive 

correlation between different traits viz., height, basal diameter, number of leaves, internodal 

length, root fresh weight, root dry weight, shoot fresh weight and shoot dry weight. 

(c) Tacamahaca section : -  

 None 
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(d) Other sections :  

 None 

(e)    Willows :  

Over 200 clones of different species and hybrids of Salix have been procured by Dr YS 

Parmar University of Horticulture & Forestry, Solan in the past from twenty countries. The 

most promising 18 clones were subjected to a field trial at Solan, Himachal Pradesh. The five 

years growth performance was evaluated and clone J-799 has given maximum plant height 

(19.33 m) followed by NZ-1140 (16.33 m). In terms of dbh and volume index, clone J-799 

registered first rank followed by NZ-1140 and 131/25 recording 16.50 cm and 0.554 m
3
, 

15.30 cm and 0.386 m
3
; 15.30cm and 0.368m

3
, respectively. Bole straightness was maximum 

in clone J-795. Genetic correlation coefficient was highest (0.921) between plant height and 

volume, while phenotypic correlation coefficient was highest between diameter at breast 

height and volume index. On the basis of this performance, five clones namely J-799, NZ-

1140, 131/25, SI-63-007 and PN-731 are found suitable for lower and mid-hills of Himachal 

Pradesh. 

Multi-location trials of 18 superior selected Salix clones have been raised at following 

7 sites to study the genotype x environment interaction at different sites for analysis of 

suitability of clones for a particular site (Singh, 2011). 

Molecular profiling of 25 species/clones of willow has been done at Solan by using 

RAPD and SSRs. Two in situ conservation plots cum demonstration trials have been raised at 

RHFRS, Bhota and RHRS, Bajaura for testing, multiplication and distribution of planting 

material to the farmers and plantation agencies etc. 

4. Forest Protection 

 Report on the incidence, scale and impacts of damage in poplars and willows by biotic 

and abiotic agents: 

(a) Biotic factors including insects, diseases and other animal pests and outline 

economic aspects and success of control measures undertaken and damage 

prevention in the future. 

Diseases 

Poplars are prone to a number of fungal, bacterial, viral and phanerogamic parasites 

which cause tremendous losses. Botryodiplodia sett rot (Botryodiplodia palmarum), white 

root rot (Dematophora necatrix), Ganoderma root rot (Ganoderma lucidum) and Rhizoctonia 

root rot (Rhizoctonia solani) are the major soil borne diseases. Among the foliar diseases, leaf 

rust (Melampsora ciliata and M. populina), Alternaria leaf spot and twig blight (Alternaria 

sp.), Cladosporium leaf spot (Cladosporium humile), powdery mildew (Uncinula solicis), 

Cercospora leaf spot (Cercospora populina), Septoria leaf spot (Septoria populi), 
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Sphaceloma leaf spot (Sphaceloma populi), Myrothecium leaf spot (Myrothecium roridum), 

Phyllosticta leaf spot (Phyllosticta adjuncta), leaf blight (Bipolaris maydis) and Taphrina leaf 

blister (Taphrina aurea) are important. Pink disease (Corticium salmonicolor) and bark burst 

(Botryodiplodia palmarum) are the major canker diseases. The attack of mistletoe (Viscum 

album) is serious in the hills. Disease control in forests has been restricted to silvicultural and 

other management adjustments.  

Many pathogens are capable of causing damage to leaves, branches, boles and roots 

of the poplars (Singh & Singh, 1986). The details about the diseases of poplar in India are 

listed in Table 2. 

Table 2. Diseases of poplars in India 

Disease Pathogen Distribution Reference 

Nursery disease 

Set rot 

  

Botryodiplodia. 

palmarum  

(Lasiodiplodia 

palmarum) 

Uttar Pradesh (U.P.) Singh and Khan (1979) 

B. palmarum Solan 

(HimachalPradesh) and 

U.P. 

Singh and Khan (1983) 

B. palmarum H.P. Khan (1988) 

B. palmarum Lalkua Forest Research 

Nursery, Lalkua, 

Nainital 

Harsh and Kumar (1992) 

B. palmarum and 

Macrophoma sp. 

Northern India Pandey and Khan (1992) 

B. palmarum U.P. and H.P. Khan (1999) 

Leaf rust  Melampsora 

rostrupii, Oidium 

sp. and 

Myrothecium 

rordium 

H.P. and Kashmir 

Valley 

Singh  and  Khan (1979) 

Leaf spot Cercospora 

populina and 

Sphaceloma 

populina 

H.P. and Kashmir 

Valley 

Singh  and  Khan (1979) 

Leaf rust 

and Powdery 

mildew 

Melampsora  sp. 

and 

Uncinula sp. 

Jammu & Kashmir  

(J. & K.) and H.P. 

Rehill and   Puri (1980) 

Leaf spot Cercospora sp., 

S. populina, 

M. roridum, 

Septoria populi 

and Phyllosticta 

adjunct 

J. & K. and H.P. Rehill and   Puri (1980) 

Leaf rust Melampsora sp. J. & K. Singh and Khan (1983) 
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Disease Pathogen Distribution Reference 

Exotic Rust M. ciliate Himalayas Singh and Khan (1983) 

Alternaria tip 

blight and 

Cladosporium 

leaf spot 

Alternaria stage of 

Pleospora 

infectoria and 

Cladosporium 

humlie 

J. & K. and nurseries of 

U.P. 

Singh and Khan (1983) 

Melampsora rust Melampsora sp. Kashmir Valley Singh et al. (1983) 

Melampsora rust M. ciliate H.P., U.P. and J&K Khan et al.  (1988) 

Leaf rust and 

Powdery mildew 

M. populnea and     

U. salacis 

H.P. Khan   (1988) 

Leaf spots and 

Asteroma leaf 

bilght 

S. populi, C. 

humlie and 

Asteroma 

frondicola 

H.P. Khan (1988) 

Alternaria tip 

blight and 

Phyllosticta leaf 

spot 

Alternaria stage of 

P. infectoria and 

P. adjunct 

H.P. Khan (1988) 

Pollaccia blight, 

Melampsora rust 

and Powdery 

mildew 

Pollacia elegans, 

 M. cilata,  

M. populnea and  

U. salacis 

Kashmir Valley Rehill et al. (1988) 

Septoria leaf 

spot, 

Cladosporium 

leaf spot and 

Sphaceloma leaf 

spot 

S. populi,  

C. humlie and 

S. populina  

 H.P. and J. & K. Valley Rehill et al. (1988) and 

Sharma and Sharma 

(2000) 

Pollacia blights P. nigra 

P. elegans 

Potusai, Kamraj Forest 

Division, J & K State 

Khan and Mishra (1989) 

Cladosporium 

leaf spot 

C. humile H.P. Khan et al.  (1990) 

Leaf rust M. ciliate H.P. Khan et al.  (1990) 

Leaf spot C. humile, 

Alternaria sp. and 

Phyllosticta sp. 

H.P. Khan et al.  (1990) 

Sclerotium leaf 

spot 

Sclerotium rolfsii New Forest, Dehradun Mishra and Khan (1991) 

Leaf blight Bipolaris maydis U.P. (Tarai),  Punjab and  

Haryana 

Chauhan and Pandey 

(1992) 

Leaf spot Alternaria 

alternata, P. 

adjuncta, S. populi 

and S. rolfsii 

U.P., Punjab and 

Haryana 

Singh et al. (1991) 

Leaf rust M. ciliata and 

M. larici- populina 

U.P. , H.P. and J.& K.  Pandey and Khan (1992) 
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Disease Pathogen Distribution Reference 

Leaf spot A. alternata, P. 

adjuncta, S. 

populi, S. rolfsii, 

M. roridium and 

Dreshclera maydis 

U.P. , H.P. and J.& K. Pandey and Khan (1992) 

Bipolaris leaf 

blight  

B. maydis U.P., Punjab and 

Haryana 

Chauhan and Pandey 

(1995) 

Leaf  spot and 

rust 

Phomopsis sp., 

 R. solani, 

M. ciliata and 

M. larici-populina 

U.P. and H.P. 

U.P. and H.P. 

U.P. , H.P. and J. & K.  

Khan (1999) 

Leaf diseases C. humile, 

D. maydis, 

Alternaria sp. and 

S. rolfsii 

Eastern Himalayas, 

Payal, Haryana and  

Central Tarai Forest 

Division, U.P. 

Khan (1999) 

Alternaria leaf 

bilght  

A. alternate H.P. Sharma et al. (1999) 

Leaf rust M. ciliate H.P. Sharma and Sharma 

(2000) 

Leaf spot Cladosporium sp. Solan, Kullu, Lahaul & 

Spiti and Kinnaur (H. P.) 

Sharma and Sharma 

(2000) 

Leaf spot Alternaria sp., 

Phyllosticta sp. 

and Bipolaris sp. 

FRI campus, Dehradun Pandey (2002) 

Leaf rust M. populnea     

 

Europe, China, India and 

Chile 

Pai and Mc.Cracken 

(2005) 

Alternaria leaf 

spot and tip 

blight 

Curvularia leaf 

spot 

A. alternata  and 

 

Curvularia lunata 

H.P., J. & K., 

Uttarakhand and Punjab 

Sharma ( 2009) 

Stem rot  S. rolfsii New Forest, Dehradun Mishra and Khan (1991) 

Stem rot  Phellinus 

phephyphloccus, 

Phellinus  noxius 

Tarai plains of U.P. Khan (1999) 

Root rot Ganoderma 

lucidum 

Lacchiwala Range, 

Dehradun and East 

Forest Division, U.P. 

Singh  and  Khan (1979) 

 

Root rot G.  lucidium Phillaur,  Punjab  Rehill and  Puri    (1980) 

Root rot  

 

G. lucidum Tarai Central Forest 

Division, Srinagar 

Singh and Khan (1983) 

Root rot  

 

G. lucidum Tarai Plains, U.P. Khan (1999) 

White root rot Rosselinia 

nectrarix 

H.P. Khan (1988) 

White root rot Macrophoma sp. U.P. and H.P. Khan (1999) 
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Disease Pathogen Distribution Reference 

White root rot 

 

Dematophora 

nectarix 

H. P. Sharma (2009) 

Plantation diseases  

Pink disease and 

Canker 

Corticum 

salmonicolar and 

B. palmarum 

Haldwani and Lalkuan 

plantations, U.P. 

Singh  and  Khan (1979) 

Pink disease,        

Canker,    

Dieback and 

Heart rot 

C. salmonicolar, 

B. palmarum,  

Phomopsis sp. and  

Trametes sp. 

Pipalparao,  Belachaur 

and Gangapur Patia 

plantations, U.P. 

Tarai & Bhabar 

Plantation  Division, 

U.P. 

Rehill and Puri (1980) 

 

Poria root rot Poria vincta  Tanda Block, T. & B. 

Plantation Division, 

Dehradun, U.P.  

Rehill and  Puri    (1980) 

Canker and 

Die back 

C. salmonicolor 

and 

Cytospora 

chrysosperma 

U.P. and H.P. Khan (1999) 

Source: Mishra, 2011 

A closer look at Indian work reveals that little information is available regarding 

natural resistance of the clones, which are required to be in the constant state of scrutiny 

owing to persistent commercial demand for healthy planting material and attack of the 

pathogens. Further more, no effort has been put on understanding the biology, diversity, 

succession, relative losses, etc. of the pathogens besides working out the genetics of host- 

parasite relationship and its mechanism.  

  Studies on common poplar diseases were conducted in recent years at FRI Dehradun 

to 1) to evaluate the status of important nursery and plantation diseases on commercially 

viable clones of different age series of poplars at different locations, 2)to study the biology, 

diversity, succession of the most prevalent pathogen(s)and 3)screening of disease resistance 

of promising clones under natural and controlled conditions. These studies were taken up to 

select the resistant genotypes for breeding and clonal propagation and also to work out the 

genetics of host- parasite relationship. 

  Three kinds of experiments were conducted in the nursery during the period 2006-

2011; growth and disease status of commercially viable clones, time of planting and effect of 

weeding on the growth and disease status of poplar clone like G-48. Udai performed poorest 

among the four clones tested. The WSL series has fared quite comparable to G-48 that is 

getting more and more prone to diseases. So, in future, the WSL clones may replace the 

presently most preferred G-48. Both nurseries, one in Udham Singh Nagar and another in 

Hardwar district, though physically quite distant, but fall in the state of Uttarakhand. To get a 

real estimation of growth as well as disease status of different clones, the spread of site for 

nurseries must be in the entire poplar growing area of north-west India (Singh, 2011).  
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Growth as well as disease was quite low in June sown G-48 clone of time of sowing 

experiment. However, in 2008 experiment of similar nature the trends were not so discrete 

especially with regards to disease. The growth as well as foliar infection was substantially 

low after April sowing. Impact of the cultural practice, weeding on growth and disease 

development was also attempted. It can be concluded from the data that moderate weeding to 

the tune of 15 days may match with the frequent weeding of 5 days gap both in terms of 

growth as well as foliar infection. Such information are vital for cutting the cost of nursery 

operations affecting cost-benefit ratio for a commercial crop like poplar which can be offered 

as an  alternative model of agri-silviculture to agriculture (Mandal et al., 2011). 

Isolation of different pathogen at FRI Dehradun (as Alternaria alternata, Bipolaris 

spp., Curvularia sp., Daldinia eschscholzii, Fusarium incarnatum-equiseti complex, 

Rhizoctonia sp.,   Sclerotium rolfssi, etc.) from the samples collected from the field and 

detailed capturing of their symptoms. Isolates of these pathogens were regularly maintained. 

A manual of symptoms for field worker is under preparation. Weak pathogens like A. 

alternata and Curvularia sp. are showing prominence over time may be due to climatic 

changes. It is interesting to note that some of the pathogenic populations (B. maydis) have 

been completely replaced by new species of Bipolaris showing adjustment of the pathogen to 

new food base in terms of changing clonal populations. Another important change in 

population structure of pathogen is presence of some pathogens known to be present on 

agriculture crops like Khuskiya oryzae. 

Variations among isolates of the pathogens as (Alternaria alternata, Bipolaris spp., 

Curvularia spp., Fusarium solani, Rhizoctonia spp., and Sclerotium rolfsii.) were captured on 

various cultural and morphological parameters namely, colony type, pigmentation, rate of 

fungal growth, sporulation, spore size, colour and germination on different growth media 

(PDA, CDA, MEA, SPA, etc.; Bagwari, 2009, Bagwari et al., 2010; Gupta, 2011, Gupta et 

al.,2011; Panwar, 2010, Panwar et al.,2011; Swati, 2009). Moreover, fungicidal and biogenic 

(fungi, bacteria and amongst isolates) sensitivity was also quantified. The growth of different 

isolates of pathogens showed differential trends over time. The matrix between growth media 

vis-à-vis cultural and morphological characters help in resolving the differences among the 

isolates of a pathogen. In case of Curvularia sp., the antagonist (Pseudomonas sp.) failed to 

suppress the pathogen due to presence of haloperoxidase that adversely affected the former 

(Geetanjali, 2010; Geetanjali et al., 2011). Such information on the causal agent of a potential 

disease may be useful in defining the pathogen population and its dynamics and chalking out 

the management strategies both in terms of chemicals as well as bio-control agent. 

 Two generations of crosses (2006 & 2007) of common poplar genotypes are 

quantified for growth as well as diseases regularly. One hundred seventy genotypes were also 

scanned for growth and disease status. Screening of Bipolaris isolates for blight against stem 

cutting of G-3 was attempted. Sixty isolates of Bipolaris were collected from G-3 clone or 

genotypes having G-3 as one of the parents. Culture filtrates of the isolates were prepared 

(Wang and Xue, 1982) and toxin tested as per the method of Chauhan and Pandey (1995). 

Screening of 33 isolates was done on shoot juveniles while seedlings of stem cuttings of G3 
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were tested against 50 isolates of Bipolaris spp. Some of the isolates like B-2, B-4, B-19, B-

31, B-32, and B-34 were more aggressive in comparison of others as they initiated blight 

symptoms earliest after 3h. Most of the aggressive isolates (B-2, B-19, B-31 and B-34) 

exhibited 100 percent foliage blight within 48h (Mishra et al., 2008). Similar screening using 

toxin will also be attempted with A. alternata, so that, a protocol of selecting the resistant 

individuals and clones may be standardized for large scale screening. 

Diseases studies carried out by Pathology Division, FRI at R&D Center of  Wimco 

seedlings, Rudrapur during the period 2006-2010 have established that clone G48 has 

become more susceptible  to diseases in comparison to WSL series clones. Studies further 

established that late establishment of poplar nurseries (15
th

 April onward are less prone to 

foliar infection of pathogens. Isolation of different pathogens (Alternaria alternata, Bipolaris 

spp., Curvularia sp., Daldinia eschscholzii, Fusarium incarnatum-equiseti complex, 

Rhizoctonia sp.,   Sclerotium rolfssi, etc.) and their detail symptoms have been captured. 

Weak pathogens like A. alternata and Curvularia sp. are showing prominence over time may 

be due to climatic changes. Variations among isolates of the pathogens as (Alternaria 

alternata , Bipolaris spp., Curvularia spp., Fusarium solani, Rhizoctonia spp., and 

Sclerotium rolfsii.) were captured on various cultural and morphological parameters namely, 

colony type, pigmentation, rate of fungal growth, sporulation, spore size, colour and 

germination on different growth media (PDA, CDA, MEA, SPA, etc.).  

One hundred seventy genotypes developed from crosses made at Wimco Seedlings 

during the year 2006 & 2007 were quantified for disease infestation. Bipolaris leaf blight has 

been the main disease of poplar in India. The fungus mainly infests clone G3 and many of the 

progenies raised from crosses with G3. It is interesting to note that some of the pathogenic 

populations (B. maydis) have been completely replaced by new species of Bipolaris showing 

adjustment of the pathogen to new food base in terms of changing clonal populations. 

Another important change in population structure of pathogen is presence of some pathogens 

known to be present on agriculture crops like Khuskiya oryzae. Screening of Bipolaris 

isolates for blight against stem cutting of G-3 was attempted. Sixty isolates of Bipolaris were 

collected from G-3 clone or genotypes having G-3 as one of the parent. Culture filtrates of 

the isolates were prepared and toxin tested. Screening of 33 isolates was done on juveniles 

shoots while seedlings of stem cuttings of G3 were tested against 50 isolates of Bipolaris. 

Some of the isolates like B-2, B-4, B-19, B-31, B-32, and B-34 were more aggressive in 

comparison to others as they initiated blight symptoms earliest after 3h. Most of the 

aggressive isolates (B-2, B-19, B-31 and B-34) exhibited 100 percent foliage blight within 

48h. Similar screening using toxin is being attempted with A. alternata, for developing a 

protocol of selecting the resistant individuals and clones may be standardized for large scale 

screening 

Selection of proper site for plantation, selection of disease-free propagation material, 

sanitation, roguing, raising plantations in mixtures and use of biocontrol agents help in 

reducing the forest tree diseases. Soil solarisation and use of chemicals for seed or 

propagation material treatment, soil treatment and sprays are preferred to check diseases in 
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the nurseries. Integrated disease management approach should be used.  

Insects 

Forest Research Institute, Dehradun has been the pioneer and leader in carrying out 

research on the biology and management of poplar pests in India since early 1960s.  

The poplar pest spectrum in India has over 143 species (Singh, 2004). One of the major 

threats to commercial poplar plantations is the stem borer, Apriona cinerea. Pathways for 

movement, phyto sanitary risk and best control measures have been identified for this pest 

(Singh, 2011). However, genetic variation in resistance of poplar clones to this pest has not 

been noted so far. The most widely planted clone G-3 has now become susceptible to this 

pest, while clone G-48 still remains relatively tolerant (Charles et. al., 2012). Bhatia 

et.al.(2007) recorded oviposition preference for A. cinerea as 4.0-4.9 cms of girth on the 

main stem of poplars in Jammu.   

Damage by defoliators also causes reduction in growth increment of poplar trees raised 

under agroforestry. The loss is significant when more than half the foliage is lost in the 

growing season.  Poplar defoliators, Clostera cupreata and C.fulgurita inflict large scale 

defoliation in Uttarakhand, Uttar Pradesh, Haryana and Himachal Pradesh. The spread of 

Clostera is mainly by carrying of eggs, larvae and pupae to new sites from nurseries by 

commercial trade of plantlets, during the growing season. Aerial spraying using carbaryl has 

been resorted to in some cases earlier to suppress the outbreaks. A wide range of natural 

enemies native to India have been recorded that effectively check the pest populations in the 

field. These include a Nuclear Polyhedrosis Virus (NPV), a large number of number of egg, 

larval and pupal parasitoids (Teleonemus colemani,; Trichogramma chilonis and T. poliae; 

Aleoides percurrens; Sturmia sp.; Canthecona furcellata; Sycanus collaris  have been found 

potential bio-control agents (Singh et.al 2004). Clonal susceptibility is also very important in 

P. deltoides clones. Study on bioecology of poplar leaf defoliator, Clostera fulgurita  (Sangha 

and Sohi, 2008) revealed that the Populus deltoides clones had no effect on the duration of 

eggs, larvae, pupae and adults longevity (Sangha et al., 2011) recently evaluated Populus 

deltoides clones against another its potential defoliator, Clostera restitura in Punjab and 

Haryana, by single choice test. Clones WSL22, WSL32, WSL39, S7C15 and Udai were 

found resistant and 65/27 and Kranti were susceptible to the defoliator.  

In the Himalayan hill poplar P.ciliata, the defoliating beetle, Chrysomela populi, Tent 

Caterpillar, Malacosoma indica and Indian Gypsy moth, Lymantria obfuscata  are key pests 

and Quetta borer, Aeolesthes sarta is the major threat to poplars in Kashmir valley . A study 

was carried out from 2003 to 2005 in cold arid region, Ladakh of Jammu & Kashmir to find 

out different insect pests causing damage to forest plantations particularly to poplar and 

willow. It was found that gypsy moth (Lymantria spp), Willow scale (Chionaspis salicis L.), 

Tent caterpillar (Malacosoma spp), willow leaf beetle (Altica spp.), goat moth (Cossus cossus 

L.), ermine moth (Yponomeuta rorellus Hubner), poplar petiole gall insect (Pemphigus spp.), 

willow apple gall (Pontania spp.) were major pest species found causing damage to poplar 

and willow. More than 60 per cent willow plantations were found to be infested with scale 
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insect in Leh district, while willow apple gall inducer was found causing severe damage in 

Zanskar block of Kargil district and, Nubra and Khaltsi block of Leh district(Kumar et.al, 

2007). 

Animals 

Poplar (Populus deltoides) plantations and nurseries are usually grown on farm land in 

North India. Dhiman (2011) reported that these plantations create thick patches of green 

cover which attract wild animals, birds and rodents for hideout, shelter and food. Many of the 

visiting wildlife also cause serious damage to poplar both in field plantations and nurseries. 

The main wild animals and birds causing damage have been identified as blue bull, monkeys, 

rats, rabbits, crows, parrots etc. The major damage by these agents is caused during dry spell 

when they get attracted towards the greenery of poplar and agricultural crops grown 

therewith. 

Other biotic stresses 

Most significant damage to indigenous poplars is done by local people who lop the trees 

for fodder. Regeneration of P. euphratica and P. alba is almost absent on account of these 

factors. 

(c) Abiotic factors including winds, floods, droughts, pollution and others, and 

outline economic aspects and success of control measures undertaken and 

damage prevention in the future. 

The year 2010 was a drought year and 2011 witnessed heavy floods in the poplar 

growing region. Both these caused heavy damage to poplar nurseries and plantations 

throughout the poplar growing region (WSD, 2010)   

5. Harvesting and Utilization 

 Report on the application of new knowledge, technologies and techniques in: 

(a) Harvesting of poplars and willows: 

P. ciliata and P. gamblei grow fast and have the potential to enhance wood supplies 

for packing cases and raw material for industries. In Kashmir, it is used for construction 

purposes and as fuel. Its leaves serve as fodder for goats. Its wood has been found to be 

suitable for making plywood and hard boards. The wood of P. gamblei is suitable for making 

of plywood, match and packing cases. P. euphratica and P. alba are used as fodder. The 

former grows in cold desert region and is heavily lopped. Heavy lopping prevents seed 

setting and natural regeneration. 

Commercial supplies of poplar wood primarily depend upon exotic poplars, especially 

P. deltoides. Exotic poplars were initially introduced in India to meet the needs of match 

industry. Later, poplar wood began to be used extensively in making plywood. The plywood 
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industry many years back dwarfed the match industry as biggest consumer of poplar wood. 

Poplar veneers are not suitable for classification as Type A surface (Bansal, 1999). Hence, 

poplar veneers in plywood industry are used only as core and cross band veneers. Face 

veneers are made of other species which are usually imported from abroad or procured from 

North-Eastern States of India.  The pruned branches and roots of poplar are used for making 

charcoal. Unlike developed countries, use of poplar in paper making is not significant in India 

(Kishwan and Kumar, 2003).  

About two-thirds of the plywood in India is manufactured from poplar wood. 

Plywood units in Uttar Pradesh, Punjab, Haryana, Uttarakhand and Delhi regularly use poplar 

as the raw material. About 400 veneer and plywood units are located in Haryana (350 alone 

in one district viz., Yamunanagar), 50 in Delhi, 120 in Punjab, 50 in Uttar Pradesh and 

Uttarakhand, 7 in Jammu and Kashmir, 2 in Himachal Pradesh and 10 in Rajasthan. Poplar 

wood and veneer are also supplied from North India to plywood industries located in Andhra 

Pradesh, Orissa and other parts of the country. Some units even export the products to other 

countries (Dhiman, 2004). 

 Populus deltoides tree is considered to be ready for harvest when it attains about 24 

cm dbh.  In plantations having greater growth rate of P. deltoides, farmers have the 

inclination to harvest this tree at a younger age once it attains this diameter. A study was 

conducted by Kumar (2010) to examine the effects of shorter and longer rotations on the 

economic viability and biomass production of this species.  The study revealed greater 

economic returns with the use of longer rotations in intensively managed plantations. 

Reduced yield of intercrops and lack of information about economic returns from P. deltoides 

trees in older plantations are considered to be the major reasons behind early felling of trees 

of this species. Availability of more options in choice of intercrops would favour late harvest 

of P. deltoides trees. 

 (b) Marketing 

 Yamuna Nagar in Northern India is the largest poplar timber and plywood market in 

the country. Transactions of wood and plywood worth Rs. 27.4 million per day or Rs. 10,000 

million per year were estimated to be made in this market alone in 2002 which translate to 

staggering $ 637,000 per day or $233 million per year (Agriculture Tribune, 2002). Data 

about other places are not available, but it is estimated that in India about 80 percent of poplar 

wood is being consumed by plywood industry. Of the remaining 20 percent, the major part 

seems to be going to match industry. Supply of poplar wood to pulp and charcoal units is 

very small (FRI, 2005). Dhiman (2012b) and Dhiman and Jagdish (2012) reported that the 

year 2011 witnessed all times high poplar wood prices in almost all wood trading centres in 

Punjab, Haryana, Uttar Pradesh and Uttarakhand. There was also import of poplar wood from 

many countries during the year and its usage largely remained in wood based units near port 

cities.  A very high land transport cost and heavy log dimensions poses difficulties in 

handling and restricted their use in North Indian poplar growing region (Dhiman, 2010b) 

Poplar wood in India is sold by weight and any delay in its sale results in economic 



Country Report (2012): Poplars and Willows in India 

 

  35 
 

losses to the growers. Dhiman (2012) reported that weight loss in poplar wood varied from 

7.15% in logs over 75 cm in mid girth to 11.89% in 60 to 75 cm thick logs, 13.37% in 50 to 

60 cm thick logs, 18.43% in 30-50 cm thick logs, 30.5% in roots and 41.61% in firewood 

under open conditions at the end of five weeks study period. The rate of weight loss was fast 

in thin branches of firewood and slow in thick logs of over 75 cm mid girth.  

Poplar wood has been exempted from transit permit in many states. Also, income 

from poplar cultivation, being agricultural income, is exempted from income tax. These 

factors have considerably promoted large scale planting of poplar by individuals in the 

poplar-growing region. 

(d) Utilization of poplars and willows for various wood products:  

Proximity of poplar plantations to roadheads results in quick utilisation of poplar logs 

in “green” condition and hence losses due to end cracking during drying of wood, which 

result in 8-14% losses in other species, do not occur in case of poplar wood. Big diameter 

logs are peeled for veneers, and core material alongwith small diameters are sawn to crosser 

size 25x20 mm to be used as flush door/block board inserts. This contributes to whole tree 

utilisation. 

Poplar wood can be easily treated with preservatives. Treatment of poplar veneer with 

1% chlorpyriphos in phenyl-formaldehyde (PF) resin (glue line poisoning) does not adversely 

affect the glue shear strength, and treatment with 3% solution could make it termite resistant 

also to some extent.  

Worked surfaces of poplar products show wooliness which is undesirable for solid 

wood works, carved panels, turnery toys and handicrafts. Experiments on densification have 

resulted in marked improvement in working and carving properties making it suitable for 

handicraft sector as well.  

Light furniture and bent furniture using ammonia plasticisation has been made at 

Forest Research Institute, Dehradun with encouraging results. Attempts to colour the surface 

in golden brown hue, using bark extracts and ammonia fuming has given excellent results.  

There are difficulties in getting wood supplies of single species for making of 

plywood. Use of combi plywood has been advocated as solution to this problem. Combi 

plywood is the combination plywood made of different species veneers (Khali et al., 2006 a, 

b). Combi plywood using poplar (Populus deltoides), eucalyptus and paulownia (Paulownia 

fortunei) were developed for general purpose (Exterior grade) (Khali et al. 2004) as well as 

general purpose (Interior grade) (Khali et al. 2005). Combi plywood for general purpose 

(Exterior grade) made of combination of Eucalyptus – Paulownia - Eucalyptus (EPE) and 

Poplar – Eucalyptus - Poplar (PopEPop) veneers meet the IS specifications at all the three 

pressure levels viz. 10.5 kg/cm2, 14.0 kg/cm2 and 17.5 kg/cm2 and combination of 

Eucalyptus – Poplar - Eucalyptus (EPopE) meets the IS specifications at two pressure level 

14.0 kg/cm2 and 17.5 kg/cm2. Combi plywood for general purpose (Interior grade) made of 
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combination of Eucalyptus – Paulownia - Eucalyptus (EPE), Eucalyptus – Poplar - 

Eucalyptus (EPopE) and Poplar – Eucalyptus - Poplar (PopEPop) veneers meet the IS 

specifications at all the three pressure levels viz. 10.5 kg/cm2, 14.0 kg/cm2 and 17.5 kg/cm2. 

Now most of the plywood industries are using the poplar and eucalyptus veneers in 

combination for manufacturing the plywood. IPRITI, Bangalore is reportedly working on 

poplar wood-cement composites for heat simulation. 

(e) Utilization of poplars and willows as a renewable source of energy (“bioenergy”) 

  Kumar and Singh (2009) recorded 32.07 t ha
-1

yr
-1 

air-dry biomass in clone S7C8 at 

three-year cutting cycle in second rotation of Populus deltoides at planting density of 10,000 

plants ha
-1

.  Clones G48 and S7C4 gave 23.89 and 22.23 t ha
-1

yr 
-1 

air-dry biomass, 

respectively. The below ground biomass in S7C8, G48 and S7C4 clones was 4.76, 4.09 and 

4.33 t ha
-1

yr 
-1 

respectively. This suggests the potential and need for planting and managing 

poplar at shorter rotation of three years for generation of bioenergy.  

The net energy fixation in 7-year-old plantation of Populus deltoides in Bihar has been  

410.57 GJ ha
-1 

year-1. The energy stored in the above-ground tree components from 2131.87 

ha (5-year old) and 1002.88 ha (7-year old) or in the above-ground net annual production 

from 3924.15 ha (5-year old) and 2386.37 ha (7-year old) of poplar plantations is sufficient to 

operate a 5 MW generating station for one year (Das and Chaturvedi, 2009). Poplar is 

significantly contributing for generating sustainable produced firewood in the rural locations. 

Dhiman (2009) estimated around 4.5 million tonne fresh firewood is available from poplar  

plantations and wood waste from factories which is used as bioenergy in rural  India and  factory 

boilers. 

6. Environmental Applications 

 Report on the application of new knowledge, technologies and techniques for 

cultivation of poplars and willows for: 

 

(a) Site and landscape improvement (bank stabilisation, combating 

desertification and salinization, shelterbelts and windbreaks, soil 

rehabilitation, urban and peri-urban forestry for climate modification 

etc). 

The physical and chemical attributes of soil have been observed to undergo 

favourable changes as a consequence of raising poplar (Populus deltoides) plantation on 

barren land. Soils under plantations were richer in organic carbon and nutrients. The porosity 

and maximum water holding capacity increased while the bulk density decreased under 

plantation area in comparison to barren land. The changes undergone by the soil are although 

noticeable yet certain properties have not changed to the extent to become statistically 

significant because the plantations are only 4-years old. The morphological features of soil 

profile indicated that the profile development process was enhanced in planted land than 
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barren land. The productivity index of planted soil and the barren soil further confirm that the 

soil has undergone certain changes, due to tree cover, which are favourable for the higher 

productivity of planted land (Sharma and Gupta, 2008).   

Populus deltoides clones G-48 and D-121 have been found to be pollution load 

dependent which can be used as indicators of air pollution for early diagnosis of stress or as a 

marker for physiological damage to trees prior to the onset of visible injury symptoms 

(chlorosis and senescence) (. A decline was noticed in plant height and total chlorophyll 

content of leaves of G-48 in commercial and industrial areas as compared to residential area. 

In case of D-121 the plant height, shoot and root lengths increased but chlorophyll contents 

decreased, and carotenoids remained unchanged.  

(b) Phyto-remediation of polluted soil and water (buffer zones, contaminated sites, 

waste water management/treatment etc). 

Poplar is now increasingly planted along effluent drain channels in India as a means 

for phyto-remediation. Using sugarcane (Saccharum officcinarum), guar (Cyamopsis 

tetragonoloba), wheat (Triticum aestivum), poplar (Populus deltoides), etc. in greenhouse and 

field studies,  Banuelos and Dhillon (2011) found that low sulfate concentrations in Punjab 

soils allowed the plants to accumulate high concentrations of Se. Se phytomanagement is 

more effective in Punjab soils than in California soils. 

In a pot experiment, treatment comprising fly ash at 10% (v/v), farmyard manure at 

20% (v/v) and microbial consortium of Pseudomonas striata [Pseudomonas putida] and 

Azotobacter sp. at 30 ml/pot promoted the growth of Populus deltoides in nursery (Aggarwal 

and Goyal, 2009) 

IV. GENERAL INFORMATION 

1. Administration and Operation of the National Poplar Commission or equivalent 

Organization 

(a)  Indicate here any changes in the composition of the Commission, amendments 

to its statutes, changes of address, etc. 

National Poplar Commission (NPC) of India has been constituted with the following 

Executive Committee: 

1. Director General, ICFRE: Chairman 

2. Representative from Ministry of Environment, Govt. of India (Member) 

3. Director, FRI Dehradun (Member) 

4. Director, Projects and International Cooperation, ICFRE, Dehradun (Member) 

5. PCCF of Himachal Pradesh/Jammu & Kashmir (on rotation basis for a period of two 

years each) (Member) 

6. PCCF of Uttarakhand/Uttar Pradesh (on rotation basis for a period of two years each) 

(Member) 
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7. PCCF of Punjab/Haryana (on rotation basis for a period of two years each) (Member) 

8. PCCF of West Bengal/Bihar (on rotation basis for a period of two years each) 

(Member) 

10. PCCF of Sikkim/other north-eastern states (on rotation basis for a period of two 

years each) (Member) 

11. National Focal Point, NPC, ICFRE Dehradun (Member) 

12. Representative from NGOs (Member) 

13. Prof. Kulvir Singh Bangarwa, Hissar Agri. University, eminent poplar science 

expert (representative from universities) (Member) 

14. Dr. R.C. Dhiman, WIMCO Seedlings Ltd., Rudrapur (representative from industry) 

(Member) 

15. Representative from progressive farmers (Member) 

16. Representative from private sector (Member) 

17. Technical Advisor of NPC (Member) 

18. Head, Silviculture Division, FRI Dehradun. (Member Secretary) 

(b)  Report briefly on meetings, congresses and study tours, and on other activities 

of a general nature organized by the Commission at the national level. 

A meeting was conducted on December 3, 2009 to discuss constitution of National 

Poplar Commission at Indian Council of Forestry Research and Education, Dehradun. Draft 

constitution and related issues were discussed in the meeting.  

(c)  Indicate also the difficulties encountered by the Commission in the course of 

its work and any lessons learned 

  - 
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ANNEXURE-I 

 

QUESTIONNAIRE ON POPLARS AND WILLOWS 2011 
 

INTRODUCTION 

The questionnaire on poplars and willows is designed to complement the Country 

Reports for the 24
th

 IPC Session in 2012.  

 

Response to the questionnaire is crucial for FAO to allow country, regional and global 

analyses of status and trends in forest sector development and to assist in improving 

formulation of policies, preparing outlook studies and undertaking planning, 

management, monitoring and reporting. 

 

We understand the difficulties that experts may find in providing such information, 

however in lack of detailed statistical data, aggregated data and/or best professional 

estimates are also very much appreciated. 

 

CONTACTS 
For queries in completing this questionnaire please contact: 

 

IPC-Secretariat, IPC-Secretariat@fao.org, or 

Mr. Alberto Del Lungo, forestry officer, alberto.dellungo@fao.org 

 

Thank you very much for your cooperation !  

 

 

We would appreciate your contact details in case we may have any queries  

 

Country India 

Contact person  Dr. Dinesh Kumar 

Position of 

contact person:  

Technical Advisor (National Poplar Commission, India) & 

Scientist F, Silviculture Division, Forest Research Institute, 

Dehradun, India 

Email:   kumard@icfre.org 

Telephone:  +91 135 2224610 

 

REFERENCES:  
 

FSI. 2011a. India State of Forest Report. Forest Survey of India. p. 282-283. 

FSI. 2011b. Report of inventory of trees outside forest in Jammu and Kashmir. 

Forest Survey of India. 99 p. 

Kumar, Rajesh. 2012. Personal communication on estimates of area under poplar 

and willows. Dated 12-21 June, 2012.  

 

mailto:IPC-Secretariat@fao.org
mailto:alberto.dellungo@fao.org
mailto:kumard@icfre.org
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Table 1: Total area of poplars and willows 2011 by main forest categories, forest function and area planted from 2008 to 2011 

(area change over the last 4 years) 

 

The main FAO forest categories can be classified as: 

 

Indigenous forest forest of native species, where there are no clearly visible 

indications of human activities 

Planted forest forest of native species, or of introduced species, established 

through planting or seeding mainly for production of wood or 

nonwood goods and/or provision of environmental services 

Agroforestry/trees 

outside forests 

(TOF): 

Stands smaller than 0.5 ha; trees in agricultural land (agroforestry 

systems, homegardens, orchards); trees in urban environments; 

and scattered along roads and in landscapes 

 

In the following table please indicate for the year 2011 the area (ha) of poplars and willows, the forest area allocated to forest functions 

(%) and the area planted (afforestation and reforestation) from 2008 to 2011 (4 years).  

Please note that the total of the four forest functions cannot be more than 100% horizontally 
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Table 1 

 

 

Forest category 

 

 

Total 

Area 2011 

(ha) 

Total area by forest function in % 

 

 

Area planted from 

2008-2011 

(reforestation and 

afforestation)  

(ha) 

Production  

Environm

ental 

/Protec-

tion* 

(%) 

 

Other**  

 

(%) 

Industrial 

roundwood,  

(%) 

Fuelwood 

biomass  

(%) 

Indigenous Poplars 47,000 40% 20% 40% - 4,000 

 Willows 108,000 15% 40% 20% 25% 10,000 

 Mix of P&W 5,000     2,000 

 Total  160,000     16,000 

 

Planted Poplars 700 90% 5% 5% - 500 

 Willows 1,000 10% 40% 25% 25% 1,000 

 Mix of P&W - - - - - - 

 Total  1,700     1,500 

 

Agrofor./ 

TOF 

Poplars 315,000 100% - - - 255,000 

 Willows 28,300 25% 40% 10% 25% 2,800 

 Mix of P&W -     - 

 Total  343,300     257,800 

 

Grand Total  505,000     275,300 

*Environmental function, rather than protection function, seems to be a better term from point of view of India 

**Other function: Willow for making basket, furniture, etc. 
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Table 2: Mean Annual Increment (MAI), rotation lengths, and wood removals 2011 by forest category, species, cultivar or clone  
 

Please note that the Grand Total of the area % (column 2) cannot be more than 100% vertically  
 

Table 2 

 

Forest category and 

species, cultivar or 

clone 

 

Area 

(%) 

 

Avg 

MAI 

m
3
/ha/yr 

Average rotation length (yrs) 

 

Wood removals 2011 in m
3 

 

Production Environmental 

/Protec-tion* 

Production  

Protection Industr. 

roundwood  

fuelwood, 

biomass 

Industr. 

roundwood,  

fuelwood, 

biomass 

Indige-

nous 

Poplars         

 P. ciliata 9.31% Data not 

available 

Data not 

available 

(Generally 

physical 

rotation) 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available  P. alba 

 P. euphratica 

 P. gamblei 

 P. 

jacquemontii  

var. glauca 

 P. 

rotundifolia 

 P. laurifolia 

 P. 

balsamifera 

 Willows         

 S. alba ssp. 

coerulea 

21.39% Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

 S. alba ssp. 

alba 

 S. 

tetrasperma 

 S. 
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Forest category and 

species, cultivar or 

clone 

 

Area 

(%) 

 

Avg 

MAI 

m
3
/ha/yr 

Average rotation length (yrs) 

 

Wood removals 2011 in m
3 

 

Production Environmental 

/Protec-tion* 

Production  

Protection Industr. 

roundwood  

fuelwood, 

biomass 

Industr. 

roundwood,  

fuelwood, 

biomass 

acmophylla 

 S. fragilis 

 S. 

angustifolia 

 S. babylonica 

 S. calyculata 

 S. caprea 

 S. daltoniana 

 S. 

daphnoides 

 S. divergens 

 S. elegans        

 S. eriophylla 

 S. 

eriostachya 

 S. flabellaris 

 S. furcata 

 S. hastata 

 S. 

ichnostachya 

 S. insignis 

 S. lindleyana 

 S. longiflora 

 S. obscura 

 S. oreophila 

 S. oxycarpa 
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Forest category and 

species, cultivar or 

clone 

 

Area 

(%) 

 

Avg 

MAI 

m
3
/ha/yr 

Average rotation length (yrs) 

 

Wood removals 2011 in m
3 

 

Production Environmental 

/Protec-tion* 

Production  

Protection Industr. 

roundwood  

fuelwood, 

biomass 

Industr. 

roundwood,  

fuelwood, 

biomass 

 S. 

pycnostachya 

 S. 

sclerophylla 

 S. serpyllum 

 S. 

sikkimensis 

 S. 

thomsoniana 

 S. viminalis 

 S. 

wallichiana 

          

Planted Poplars         

 
P. deltoides 

0.14% 12-14 

m
3
/ha/yr 

10-15 years Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

 
P. ciliata 

0.03% Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

          

 Willows         

 S. alba ssp. 

coerulea 

0.20% Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

 S. alba ssp. 

alba 

 S. 

tetrasperma 
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Forest category and 

species, cultivar or 

clone 

 

Area 

(%) 

 

Avg 

MAI 

m
3
/ha/yr 

Average rotation length (yrs) 

 

Wood removals 2011 in m
3 

 

Production Environmental 

/Protec-tion* 

Production  

Protection Industr. 

roundwood  

fuelwood, 

biomass 

Industr. 

roundwood,  

fuelwood, 

biomass 

 S. 

acmophylla 

 S. fragilis 

          

TOF Poplars         

 

P. deltoides 

61.78% 20-25 

m
3
/ha/yr 

6-8 years Not 

applicable 

Not applicable 4.80 million 

m
3
 

0.30 

million 

m
3
 

- 

 
P. nigra 

0.03%  Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

 P. ciliata 0.05% Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

          

 Willows         

 S. alba ssp. 

coerulea 

5.60% Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

 S. alba ssp. 

alba 

 S. 

tetrasperma 

 S. fragilis 

 S. 

acmophylla 

Grand Total  100     Data not 

available 

Data not 

available 

Data not 

available 

*Environmental function, rather than protection function, seems to be a better term from point of view of India 
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Table 3: Main cultivars/clones in use in planted forests  

 

Please list the main cultivars in use, starting with the most common, assign a percentage share and indicate  

(a) whether they originate from certified germplasm and  

(b) what is their major end-use (e.g. veneer production, fibre production, biomass, etc. ): 

 

Please note that totals by species (column 2) should tally to 100% vertically for both, poplars and willows 
 

Table 3 

Main cultivars/clones in use % Originates from certified 

germplasm (yes/no) 

Major end-use 

Poplars    

G48 Clonewise 

data not 

available 

No Plywood  

WSL22 

Udai 

L34/82 

S7C15 

S7C8 

    

Total poplars  100   

Willows    

S. alba ssp. coerulea Clonewise 

data not 

available 

No Cricket bats, baskets, 

furniture  S. alba ssp. alba 

S. tetrasperma 

S. fragilis 

S. acmophylla 

S. babylonica 

    

Total willows  100   
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Table 4: Tree ownership in 2011 

 

Tree ownership types are classified as follows: 

 

Public ownership  Trees owned by the State (national, state, regional governments) or government-owned 

institutions/corporations or other public bodies including cities, municipalities and villages. 

Private corporate 

ownership 

Trees owned by private companies, co-operatives, corporations, industries, private religious and 

educational institutions, pension or investment funds (generally large scale) 

Private smallholder 

ownership  

Trees owned by individuals, families or village communities (generally small scale) 

Other ownership Ownership of trees not classified as public or private. Includes land where tree ownership is not 

defined or unknown (e.g. community, traditional). 

 

Please list following the above ownership classification the area of poplars and willows, as percentage of the total area reported in table 1.  

Please note that totals by ownership categories should tally to 100% horizontally.  
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Table 4 

 

Forest category 

Public ownership Private corporate 

ownership 

Private smallholder 

ownership 

Other ownership* 

Prod Prot

** 

Other  Prod Prot Other  Prod Prot Other  Prod. Prot. Other  

% % % % % % % % % % % % 

Indigenous 
Poplars 

60% 40% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

 
Willows 

55% 20% 25% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

              

Planted 
Poplars 

90% 0% 0% 0% 0% 0% 0% 0% 0% 5% 5% 0% 

 
Willows 

50% 
25% 25% 

0% 0% 0% 0% 0% 0% 0% 0% 0% 

              

Agrofor./ 

TOF 

Poplars 0% 0% 0% 
Neglig

ible 

0% 0% 

100% 

0% 0% 0% 0% 0% 

 
Willows 0% 0% 0% 0% 0% 0% 

35% 2% 10% 30% 8% 15% 

* Community land  

 ** Environmental function, rather than protection function, seems to be a better term from point of view of India 
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Table 5: Forest products from poplars and willows 2011 

 

Please list by forest category the products that have been produced from poplars and willows in 2011. Please use roundwood equivalents 

(1000 m
3
 r) as measuring unit. The general conversion factors for each single product are given below (in case your country specific 

conversion factors are not available):  

 

 

Product Measuring unit of the product Conversion factor to roundwood 

equivalents 

Fuelwood metric tonnes or  

m
3 

stacked wood 

1 metr. tonne = 4 m
3
 (r) 

1 m
3
 stacked wood = 1.8 m

3
 (r) 

Chips  metric tonnes  1 metr. tonne = 1.7 m
3
 (r)  

Mechanical woodpulp 

Chemical woodpulp 

metric tonnes 1 tonne mech. pulp = 2.5 m
3
 (r) 

1 tonne chem. pulp = 4.5 m
3
 (r) 

Particleboard 

Fibreboard (hardboard, 

MDF) 

m
3 

of the product 1 m
3
 particleboard = 1.4 m

3
 (r) 

1 m
3
 fibreboard = 2.0 m

3
 (r) 

Veneer sheets m
3
 of the product 1 m

3
 = 1.9 m

3
 (r) 

Plywood m
3
 of the product 1 m

3
 = 2.5 m

3
 (r) 

Sawn timber m
3
 of the product 1 m

3
 = 1.8 m

3
 (r) 
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Table 5: Forest products from poplars and willows 
 

Forest category 

Fuelwood 

chips 

Industrial 

roundw. 

(logs, pulpw.) 

Wood-pulp  

(mech. or 

chem.) 

Particleboard 

fibreb. (MDF, 

(hardboard)  

Veneer 

sheets 

Plywood Sawn-

timber 

Others* 

  „000 m
3
 (r)  

Indigenous 

From 

poplars Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

 

From 

willows Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

          

Planted 

From 

poplars Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

 

From 

willows Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

          

Agrofor./ 

TOF 

From 

poplars 250 - 240 800 
- 

3900  
100 

 
From 

willows 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

Data not 

available 

* Others include cricket bats, baskets, furniture from willow; match from poplar 
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Table 6: Foreign trade with poplars and willows in 2011 

Please list the products from poplars and willows that have been traded internationally in 2011. Please use roundwood equivalents (1000 

m
3
 r) as the measuring unit and indicate the countries of origin and destination respectively, if possible. 

 

Imports of poplar and 

willow products 2011 

„000 m3 (r) Countries of origin Estimated share of country of origin 

in p&w imports of this product (%) 

Fuelwood, chips  Data not available Data not available Data not available 

Industrial roundwood (logs, 

pulpwood) 

Data not available Data not available Data not available 

Wood pulp  

(mech. or chem.) 

Data not available Data not available Data not available 

Particleboard, fibreboard 

(hardboard, MDF) 

Data not available Data not available Data not available 

Veneer sheets Data not available Data not available Data not available 

Plywood Data not available Data not available Data not available 

Sawn timber Data not available Data not available Data not available 

Exports of poplar and 

willow products 2011 

„000 m3 (r) Destination countries Estimated share of the destination 

country in p&w exports of this 

product (%) 

Fuelwood, chips  Data not available Data not available Data not available 

Industrial roundwood (logs, 

pulpwood) 

Data not available Data not available Data not available 

Wood pulp 

(chem.. or chem..) 

Data not available Data not available Data not available 

Particleboard, fibreboard 

(hardboard, MDF) 

Data not available Data not available Data not available 

Veneer sheets Data not available Data not available Data not available 

Plywood Data not available Data not available Data not available 

Sawntimber Data not available Data not available Data not available 
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Table 7: Your opinion is important to us! Please reflect on the prevailing trends until 2020 in the development of poplars and 

willows in your country!  
 

What is your opinion on the following issues:  
 

Please put a cross in the column you think most appropriate  

 increase decrease remain as it is don‟t know 

The conversion of natural poplar and willow forests to other 

land uses will... 
  x  

The area of planted poplar and willow forests will.... x    

The area of poplars and willows for bioenergy plantations will 

..... 
x    

Investments in poplar and willow tree breeding programs will 

..... 
x    

Government investments in the poplar and willow sector will 

...  
  x  

Private investments in the poplar and willow sector will ... x    

The significance of poplars and willows for productive 

purposes  

will ....... 

x    

The significance of poplars and willows for environmental 

purposes will ....... x    

The rejection by environmental groups of planted poplar and 

willow forests will ........   x  

The acceptance by the general pub-lic of poplars and willows 

being important natural resources will........ x    

 

  

 

---END OF QUESTIONNAIRE--- 


