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1.0 BACKGROUND

Forest Department, Government of Haryana, with financial assistance from the
European Union (EU) is currently implementing the Haryana Community Forestry
Project (HCFP) in ten districts of the State targeting 300 villages. The overall objective
of the Project is capacity building of the local communities to improve the natural
environment and to preserve land fertility by sustainable management of natural
resources through activities undertaken in a participatory manner. One of the key
activities of the Project is to encourage planting of multipurpose tree species like
Eucalyptus, poplar, and Ailanthus excelsa. These three species have been and are

being planted by the farmers on their land.

Accordingly, the HCFP felt it necessary to undertake a study, namely, “Study on
Multipurpose Tree Species”, to assess the growth potential of the above three species
on different sites with a view to provide some guidelines for raising such plantations in

future.

The HCFP therefore, commissioned the services of the Institute for Sustainable
Development (ISD), New Delhi, to undertake the above Study with the following terms
of reference (TOR).

. Collect growth data from Aifanthus excelsa, Eucalyptus tereficornis and poplar
plantations raised on different sites/areas in Haryana and determine the most
suitable ecological range for raising its plantation. Particular attention should be
paid to soil depth, texture, nutrient content and the rainfall regime.

. Assess the quantity of timber of these species available for marketing annually.

. Identify the clones and/or planting material of Eucalyptus and poplar, which the
farmers are planting at present and the sources from where these are obtained.

. Determine farmers' acceptance potential for high yielding clones of Eucalyptus
and poplar and practices followed for raising the same so that a strategy for
extension of high yielding clones and improved package of practices can be

evolved.



. Make specific suggestions whether Ailanthus excelsa should be given the same
emphasis, which it has received in the state plantation programme, or whether

this needs to be modified.

This report is an output of the above Study that was carried out by the ISD through
measurement of temporary sample plots (SPs) laid out for the purpose and field
surveys, over the entire planting range of the three identified species, in the concerned
forest divisions of the State. With regard to assessing the quantity of timber of the said
species available for marketing annually (TOR 2), it was mentioned in our original
proposal that this should from the subject matter of a follow up study. Accordingly this
has not been dealt with in this report.

The report is being submitted to HCFP.



2,0 INTRODUCTION

2.1  Geographical Situation

The State of Haryana with a total geographical area of 43,910 sq km and a population
of over 16 million (1991 census) is one of the smallest states of the Indian Union.
Located between North latitudes 27° 30" and 30° 55' 30" and East longitudes 74° 27' 48"
and 77° 36' 30", it is bounded by the states of Himachal Pradesh in the north, Uttar
Pradesh in the east, Rajasthan in the south and southwest, Punjab in the west and
northwest and Delhi in the southeast corner. The severely eroded Siwalik hills and
Aravalli ranges in the north and south respectively, the Rajasthan Desert in the west

and southwest and the river Yamunna in the east, flank the State.
2.2  Physical Features

The State presents a variety of physical features varying from hills in the north to
almost level alluvial plains in the central parts and sand dunes in the southern districts.
While a large part of the State forms a part of the Indo-Gangetic alluvial plains, it has
four main physiographic regions, namely, the Siwalik Hills, Aliuvial Plains, Aravalli Hills,
and Aeolin Plains.

The Siwalik hills in the north have an altitudinal variation of 300 to 1,500 m. These hills
are steep and rugged at lower elevations and subject to heavy erosion. The Aravallis in
the extreme south is a discontinuous mountain chain of low elevations. Between these
two hills features are situated the plains, almost in a bowl shape. Towards the borders
of Rajasthan, in the south and southwest, extensive sandy plains exist, often with dune
formations.

The entire state is drained by Yamuna and Ghaggar rivers and their tributaries mainly
Markanda, Saraswati, Chautang and Tangri and other seasonal streams. Sahibi, Dohan

and Krishnawati originating from Aravalli ridges are flowing from south to north.
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2.3 Geology

The geological formations range from Precambrian to recent times and can be divided
into 3 geological systems.

Aravalli System: The oldest geological formations found in the southwestern parts of
the State covering Bhiwani, Mahendragarh and Gurgaon districts. They are composed

of quartizites, quartizitic sandstone, mica schists, phyllites and crystalline limestone.

Siwalik System: Situated in the northern parts of Ambala/Panchkula districts 1t is
composed of sedimentary rocks, the dominant rocks being sandstones, shales, clays

and boulders.

Indo-Gangetic AMuvial Plains: |t is formed by deposition of alluvial sediments
between Siwaliks and Aravallis as a part of great Indo-Gangetic plain and consists of
sands, silts, clays and occasional gravel beds. In parts of Bhiwani, Hissar and Sirsa
districts, wind blown sand deposits are found in the form of sandy plains and sand

dunes over alluvial deposits.
2.4 Climate

Haryana has a subtropical, arid, semi-arid and sub-humid monsoonic climate. There
are four distinct seasons, viz., Winter (December to March), Summer (April to June),

Monsoon (July to September) and Autumn (October to November).

The average annual rainfall in the State is of the order of 650 mm and varies from less
than 300 mm in southwestern parts of Bhiwani, Hissar and Sirsa districts to about 1,500
mm in northeastern hilly tracts of Ambala/Panchkula districts; there being a gradual
decrease in rainfall from the north to the south and southwest, the southern half
receiving less rainfall spread over a few days in a year. There is normally a five-months
dry season (December to April) and nearly 70 to 80% of the rainfall occurs from June to
September. The receipt of rainfall is highly uncertain in time and space as the coefficient

of variation even in the monthiy rainfall for monsoon months of July and August in about 50%.



In general, 65% area of the State is characterized by arid and semi-arid climate and
droughts are a recurring feature. Frost is common in drier areas during winter, and
hailstorms occur in March-April; dust storms being common during summer in the
southern and southwest region. Temperatures vary from 47°C (Hissar in June) to
freezing levels (0°C, Narnaul, January) with high diurnal variations. The mean annual

temperature ranges from 23 to 26°C.

The average mean daily open pan evaporation varies from 2.4 mm in December to 13.4
mm in June (Hissar). Comparisons of evaporation and rainfall for the same periods of
the same observatory show that evaporation exceeds precipitation in all the months of
the year. The potential evapotranspiration is about 200 mm per annum, in most parts of

Haryana, ranging from about 70 mm in January-February to over 370 mm in May-June.

Table 1 gives DeMartonne's Aridity Index calculated for six meteorological stations
(Ambala, Gurgaon, Hissar, Karnal, Narnual and Rechtak) in the State. Based upon this
[ndex the humid months determine the growing season. Aridity Index i1s defined as
I = 2,10 where | is the Aridity Index, p is the mean monthly precipitation and t is the
mean monthly temperature. If | is greater than 20, in a particular month, it is a humid

month contributing to the growing seasen, otherwise it is counted as an arid month. The

Table 1: Aridity Index

Wonthl Station Aridity Index
Ambala | Gurgaon | Hissar Karnal Narnaul | Rohtak

January 21.2 7.5 6.8 14.7 8.6 6.7
February 23.7 8.0 7.0 9.2 5.0 9.2
March 10.6 4.2 4.5 7.8 2.7 6.7
April 3.8 2.8 1.8 2.5 2.0 1.4
May 4.8 5.7 5.7 2.9 4.4 5.6
June 19.7 17.2 11.6 13.4 13.4 10.6
July 80.3 754 | 40.2 51.3 65.4 78.4
August 75.6 64.1 434 78.0 59.4 49.0
September 50.8 38.6 19.7 34.6 21.3 21.1
October 9.4 3.9 4.9 - 11.2 7.0 2.0
November 26 2.3 2.4 1.5 1.0 | 18
December 7.0 1.7 3.5 4.4 5.1 6.3

No. of growing 5 3 2 3 3 3

season months




humid months contributing to the growing season thus seem to range from two (Hissar)

to five (Ambala) reflecting the amount of precipitation received.

Based on the amount of rainfall, number of rainy days and monthly temperatures, the
State has five main climatic regions as given below; their average annual rainfall and

temperatures are shown against each.

Zone Mean rainfall Average temperature
(mm) (°C)

Hot Arid Zone Below 300 30

Hot Dry Zone 300 ~ 5800 27

Hot Semi-Dry Zone 500 - 750 26

Hot Sub-Humid Zone 750 —1,000 24

Hot Humid Zone Above 1,000 23

2.4.1 Hot Arid Zone

This zone includes the seuth-western parts of Sirsa, Hissar and Bhiwani districts where
the normal rainfall is less than 300 mm; 9 months have a temperature of more than
20 ° C, and only one month has if less than 15 °C; 313 days are dry in the year and
70% days in rainy season are also dry. Annual number of rainy days are less than 20.

July and August are semi-dry, whereas the remaining 10 months are dry.
2.4.2 Hot Dry Zone

Parts of Sirsa, Hissar, Bhiwani, Gurgaon, Rohtak and Jind districts are included in this
zoneg. Here the normal annual rainfall is 300 to 500 mm; 8 months have a mean
temperature of more than 20 ° C; 2 months have it less than 15 ° C; 289 days are dry in
the year and about 67% of days in the rainy season. Annual number of rainy days are
26 to 30, July is sub-humid, August is humid, September is semi-dry and other 9

months are dry.



2.4.3 Hot Semi-Dry Zone

This zone may fuither be divided into two sub-zones: (i) Hot Semi-dry South-eastern

Zone, and (i) Hot Semi-dry East-central Zone.

Hot Semi-dry South-eastern Zone includes parts of Gurgaon, Sonepat and Rohtak
districts where the normal annual rainfall is 500 to 600 mm. Number of months with a
mean temperature of more than 20 ° C are nine, and with less than 15 °C are two.
Number of dry days in a year are 278 and about 60% days in the rainy season are also
dry. Normal rainy days are 36 to 40, July and August are per humid; September is

humid and the balance of 9 months are dry.

The Hot Semi-dry East-central Zone includes parts of Jind, Kurukshetra, Karnal and
Ambala districts. Normal annual rainfall is 500 to 750 mm. In other respects, this zone is

similar to Hot Semi-dry South-eastern Zone.

2.4.4 Hot Sub-humid Zone {adjoining Siwaliks)

This zone consists of parts of Karnal, Kurukshetra and Ambala districts where the
annual rainfall is 750 to 1,000 mm. Eight months have a mean temperature more than
20 ° C while 2 months have it less than 15 ° C. More than 270 days in the year are dry,
but the percentage of dry days in the rainy season is between 50 to 60, indicating that
the monsoon rains are more or less continuous here. Number of rainy days in a year is
41 to 45; July and August are per humid, September is humid, February is sub-humid,

January and June are semi-dry while the remaining 6 months are dry.

2.4.5 Hot Humid Zone

Most northern parts of Ambala (Panchkula), i.e. extreme northern parts of Pinjore,
Kalka, and Morni hills constitute the Hot Humid Zone. The normal annual rainfall of the
zone is more than 1,000 mm with 8 months having a mean temperature of more than

20 ° C and 2 months having less than 15 ° C. Less than 260 days in the year are dry,



and less than 50% days in the rainy season. Number of rainy days in a year is 46 to 50;
July, August and September are per humid, October is sub-humid, January is humid

and remaining 7 months are dry.
25 Soils

Based on the annual rainfall and other climatic conditions {old ciassification), the soils of
Haryana have been classified into five groups, namely, Reddish Chestnut Soil, Tropical
Arid Brown Soils, Arid Brown Soils, Sierozem Soils, and Desert Soils. These soil groups

broadly foliow the rainfali contours of the State.
2.5.1 Reddish Chestnut Soils

These soils are found mainly in Naraingarh Tehsil of Panchkula District having an
annual rainfall of more than 1,000 mm (Hot Humid Climate Zone). They are reddish
brown in colour and have no lime or calcium carbonate layer below, but db have a
horizon made up of enrichment of clay, with pH varying from 6.5 to 7.5. Soil erosion by
water is a very serious problem. Surface texture is ipamy sand and sandy loam. The

availability of nitrogen, phosphorus and potassium varies from low to medium.
2.5.2 Tropical Arid Brown Soils

Tropical Arid Brown soils occur in the areas having an annual rainfall of 750 to 1,000
mm and cover the remaining parts of Panchkula/ Ambala districts and parts of Karnal
and Kurukshetra districts. They do not have calcium carbonate layer within 1 m. There
are however, some: pockets of depressions, which are poorly to imperfectly drained.
These soils are mainly sandy loam to loam. Available phosphorus and potash are
medium and high, respectively, while availability of nitrogen is low to medium. Soil pH
varies from 7.0 to 8.5. Soils of Karnal and Kurukshetra have high EC and pH at several

places posing salinity and sodicity problems.



2.5.3 Arid Brown Soils

Found in parts of Kurukshetra, Jind, Karnal, Sonepat, Rohtak, Gurgaon, Hissar and
Faridabad districts, where rainfall varies from 500 to 750 mm (Hot and Semi-dry
Climatic Zone), these soils cover nearly one-third of the State. Salinity and sodicity are
serious problems with monsoonal fioods in irrigated areas. Normal pH varies from 7.5 to
8.5. Soils are calcareous in nature and in most areas a layer of calcium carbonate
nodules occurs at a depth of 1 to 1.5 m. Texture is mainly sandy loam to loam.
Potassium availability is medium to high and phosphorus is medium. Nitrogen

availability is from low to medium.

2.5.4 Sierozem Soils

Qceurring in parts of Gurgaon, Rohtak, Mahendragarh, Bhiwani, Hissar and Sirsa
districts, where annual rainfall varies from 300 to 500 mm (Hot and Dry Climatic Zone),
these soils cover more than one-fourth area of the State. They are mainly sandy to
sandy loam and calcareous having lime nodules at a depth of 75 to 125 cm with pH
varying from 8 to 8.6. Salinity and sodicity problems appear in irrigated area. Wind
erosion is also a common feature of this group. Organic carbon being very low, these
soils are very poor in nitrogen. Availability of potassium is medium to high, whereas that

of phosphorus is low to medium. These soils are alsa responsive to zinc application.

2.5.5 Desert Soils

Desert soils are found in the farmost southwestern parts of the State along the
Rajasthan border including parts of Mahendragarh, Bhiwani, Hissar and Sirsa districts,
where annual rainfall is less than 300 mm (Hot and Arid Climatic Zone). Soil texture is
mainly sandy to loamy sand. These soils are calcareous with impermeable layer of
calcium carbonate concretions at a depth of few cm to 1.25 m. pH values therefore, are
refatively higher, viz, 8.5 to 9.5. Organic matter content is very low with consequent poor
availability of nitrogen. Potassium availability is from medium to high and that of
phosphorus from low to high. Most of the soils in this area are zinc deficient. With the

recent introduction of irrigation systems, the soils characteristics are changing leading
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to development of considerable saline patches. Active sand dunes are very commor in

this area. Wind erosion is, therefore, a very serious problem.

2.6  Agro-Ecological Zones

There are four main agro-ecolegical zones in the State, each with its own peculiar

problems of utilization and potentialities for use. These are:

. Siwalik Hills in the northeast, which are steep and comprise of friable sandstone
and conglomerates. The hill slopes represent a severely eroded landscape,
which has resulted in ‘Cho’ (seasonal river) formation in the plains below, mainly
due to removal of vegetation in the hill slopes above, through excessive grazing
and indiscriminate exploitation of woody biomass (Ambala, Yamunanagar and

Panchkula districts}.

. Central Plains wherein as a result of cultivation on marginal lands and increase
in irrigated cropping, large areas have been affected by soil erosion, water
logging, salinity and lowering of groundwater (Kurukshetra, Karnal, Kaithal,
Sonepat, Jind, Panipat, Rohtak, Jhajjar and parts of Bhiwani, Hissar,

Mahendargarh, Rewari, Sirsa, Fatehabad, Ambala, and Gurgacn districts).

. The Desert comprising numerous low stabilized and shifting sand dunes in the
southwest and characterized by recurrent droughts and overgrazing with
consequent degradation of vegetation, soil erosion and inducement of livestock
migration (Hissar, Bhiwani, Mahendargarh, Rewari, Fatehabad and Sirsa
districts).

. Aravalli Hills traversing through the plains in the southwest. Super-imposed on
this physical pattern is the rainfall pattern, which declines from north to south.
Denudation of tree cover, uncontrolled grazing and quarrying of stone are the
factors responsible for accentuating desertification in this zone (Gurgaon,
Mahendargarh, Bhiwani, Rewari, and Faridabad districts).
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2.7 Land Use

Of the total land area of 43,910 sq km, over 82% (3.622 million ha) is under agriculture;
0.170 million ha (3.9%) under forest and over 13% (0.599 million ha) under other land
uses (Table 2). Nearly 0.3039 million ha constitute Panchayat land, 0.62 million ha are
under sand dunes and the area affected by salinity and alkalinity stands at 0.45 million
ha.

Table 2: Land Utilisation in Haryana

Land use ‘Area {Million ha) % of the total
Agriculture (Net area sown) 3.622 82.5
Forest 0.170 3.9
Other land 0.599 13.6
Total 4.391 100.0

The cultivable area consists of 1.34 million operational holdings with an average size of
2.70 ha, 22% of which are below 0.4 ha. Nearly 2.2 million ha are under irrigation (over
60 % of the cropped area), irrigation water being available from two main canal systems.
and about 360,000 tube wells. Land varies in quality from prime cropland to highly
degraded saline/alkali soils and moving sand dunes resulting from deforestation and
poor management.
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3.0 FOREST RESOURCES
3.1 The Resource Base

Forest ecosystems in Haryana occupy an area of 0.170 million ha constituting 3.9% of
the total geographical area of the State. Social and Farm Forestry plantations in the last
two Five Year Plans have helped extend the tree cover to over 8%. Natural forests
covers only 40,000 ha, two-thirds of which is degraded and the remaining has a canopy
density of 40%.

Per capita forest area in the State stands at 0.01 ha, far below the country's average of
0.11 ha, and Wood Balance studies have shown that currently (1997-98 to 1989-2000)
the State is deficient in wood production. The Haryana Forest Department (HFD) plans
to extend tree cover to over 25% of the land area of the State over a period of 20 years;
the potential areas for which are the common lands, mainly owned by Panchayats,
institutional land, river banks, privately owned sand dunes in western parts, salt affected
and water logged areas in the central and southern plains and degraded hills in the
north and the south. In addition, 350,000 ha of farm bunds also may be available for

tree plantations.
3.2 Energy Consumption

Based on an average daily household consumption of 20 kg of fuelwood, the State’s
domestic energy requirement is around 12 million tonnes of fuelwood equivalent (FEW)
per year as follows.

. Fuelwood, charcoal and agriculture waste - 8.0 million tonnes (66.6%)

. Dung cake (73% of the tota! dung production} - 3.5 million tonnes (29.3%)

. Non-renewable sources - 0.5 million tonnes (4.1%)

It is estimated that tree cover in Haryana would have to be increased 10 times to meet
its fuelwood requirement. There is thus a clear need to increase fuelwood production to
permit more dung to be used as manure, agriculture waste as fodder, and to reduce

pressure on natural forests and other vegetation.

12



3.3 Livestock and Grazing

With a livestock population of over 9.9 million (1982), the pressure of grazing both in
forest and common lands is very high. There are areas with (i) high livestock pressure
(Ambala, Kurukshetra districts etc.), (i) moderate livestock pressure (foothills of the
Siwaliks), and (iii) low livestock pressure (Bhiwani, Rewari districts etc.) where sheep

and goats predominate.

A large proportion of the livestock throughout the State is uneconomic and their
unfettered grazing in public, community and even in private lands is no doubt, a case of
environmental degradation. Evolving appropriate silvi-pastoral systems, need-specific
breeding policy, encouragement of stall-feeding and establishment of Gaushalas

(homes for stray cattle) are necessary for the success of any tree-planting programrﬁe.

3.4 Land Degradation

Of the nearly 44,000 sq. km land area of the State, almost a quarter is degraded, with
mobile sand dunes in the southwest (about 0.62 million ha are affected by active sand
dunes), saline and alkali soils in the Central Plains (estimated variously to be between
0.45 and 0.626 million ha) and severely eroded hills (Aravalli and Siwalik ranges) in the

south and north.

This degradation is caused by over cutting and overgrazing of vegetation on public,
community and even private lands, poor management of irrigation water in the Central
Plain, increasing population pressure and uneven distribution of wealth in the rural
communities. Landless Scheduled Castes (SC) and other disadvantaged groups in a
poverty spiral have no alternative of income and depend on access to grazing, fodder

and fuelwood on common and public lands.

The resulting pressure on these areas has depleted vegetation, caused soil erosion and
diminished the yield of grass and fuelwood. Rural poverty is commonplace with SC,
women and the landless being among the most disadvantaged groups. Afforestation is

one way to reverse this degradation.



4.0 PRESENT SCENARIO

4.1 General

With predominantly an agricultural (nearly 83% of the land area is under agriculture)
and a forest deficient State (3.9%), Farm Forestry and utilization of common lands are
probably the most effective strategies for increasing the forest cover not only for the
protection of the environment and maintenance of eéo[ogical balance but also for
increasing forest production to meet the demands of the State's human (over 16 million)
and livestock (nearly 10 million) population, for timber, fuelwood, pulp, fruits, fodder and

other non-wood forest products (NWFP).

4.2 Species Introduction

While afforestation programmes have been going on in Haryana ever since its formation
in 1966, a programme for raising Eucalyptus on farm boundaries was initiated in
Ambala District in late sixties and early seventies. Some of the progressive farmers
were able to get good financial returns by selling the material to industries (mainly paper
industry) located in the District. Gradually this activity picked up momentum and spread
to other areas. Today, of the total area of nearly 0.3039 million ha of Panchayat land in
the State, more than 80,000 ha have been taken up for afforestation and Eucalyptus is

one of the major species raised depending on site conditions.

In the seventies and eighties the Western India Match Company (WIMCO) propagated
poplar clones, (mainly G-3 and G-48 clones of Populus deltoides) in areas where
moisture availability was assured. A large number of big farmers as well as some small
farmers have taken up poplar farming on their lands along with agricultural crops
(Agroforestry). However, poplar requires more inputs and care. Eucalyptus has become
more popular in Farm Forestry because of its vertical growth and comparatively less
shade cast on the crops.

Alfanthus excelsa is a more recent introduction on farmiands. As yet, plantations of

more than three to four years of age are not available.

14



43 Plantation Sites

Of the three multi-purpose tree species under consideration Eucalyptus hybrid (mostly
E. tereticornis) is being raised almost throughout the State as strip plantations along
roads, canals, railway lines and watercourses; on community lands, private agricultural
lands as Farm Forestry plantations (on field bunds and also as block plantations) and in

forest land.

Poplar plantations are mostly grown on farmiands (Agroforestry and Farm Forestry) in
Ambala, Yamunanagar, Kurukshetra and Karnal districts though they have been

extended to Sirsa and Hissar districts, as well.

Plantations of Aifanthus excelsa have been established on sandy loam soils {(Gurgaon,
Mahendargarh and Bhiwani districts) though the species has been planted on some
clay soils also (negligible). This being a comparatively recent introduction on farmlands,

plantations are still young with an age gradations of one to four years.

4.4 Nursery Stock

Nursery stock for raising plantations of the three species is being obtained by the

farmers from the following sources.

Eucalyptus 1. From HFD either free under Farm Forestry scheme or

on payment of Rs. 0.50 per seedling.

Poplars 1. From HFD at Rs. 10/- per entire transplant (ETP)
2.  From private companies like WIMCQO; Saibiotech;
Nuchem Industries elc. at Rs. 18/- to 21/- per ETP.
3. From unorganized sector (private farmers’ nurseries
| where there is no quality control and nursery stock is
inferior) up to Rs. 10/- per ETP,

Ailanthus excelsa 1. From HFD free of cost at present as it is comparatively

a new introduction on farmlands.
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4.5  Current Production and Supply

Eucalyptus is commonly raised at a spacing of 3x3 m but closer spacing of 3x2 m and
even 1x1 m (on ridges) may also be adopted. Poplar is usually grown at 5x4 m spacing,
while a spacing of 3x3 m (block planting) and 5 m apart (row and line planting) is

followed in Aifanthus excelsa.

The rotation age for Eucalyptus is ¢znerally 8 years though it may vary from 6 to 10
years depending on the condition of the crop. Poplar is also felled at 8 years but some
farmers may harvest it at 6 years witl: high inputs of fertilizer and irrigation. As Aifanthus
excelsa plantations in the State are sery young, rotation age for this species is not yet

fixed but it could range from 8 to 10 y 2ars.

At the age of eight years, in case of Eucalyptus, 30% of the total growing stock has a
girth of 90 cm and above and 70% of the crop is below 90 c¢m, which could be as low as
30 to 40 cm. All material up to 8 cm girth is sold as fuelwood in billets of 1 m length at
Rs. 130/- per m® stacked. Material belween 8 to 45 cm girth is used as pulpwood and
sold in billet sizes of 1 to 1.5 m leng:h at Rs 600/- per m?® stacked, though price may go
up to Rs. 740/- per m® depending on the type of stack. All material above 45 cm in girth
is classified as timber with the current sale rate being of the order of Rs. 2,200/- per m®
(solid) for logs above 90 cm girth. Log sizes (length) vary from 1 to 4.90 m, with an

interval of 0.30 m between different fog lengths.

With regard to poplar ali material up to 8 cm girth is sold as fuel in billets of 1 m length.
Material between 8 to 45 cm girth is used for pulping and above 45 cm for veneer/
plywood. Billet size for pulping material is 1 to 1.5 m, while log size for veneer/ plywood
is between 1.4 to 2.0 m. The sale prices for paplar wood are higher than Eucalyptus, for

different size classes.

As per the current agreement with the State Government, nearly 30,000 m® of
Eucalyptus pulpwood (stacked) is supplied to the mills from Government forests and

30,000 to 40,000 m® (purchased by weight) is supplied by the farmers. Similarly aimost
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1,00,000 m® of timber of Eucalyptus and poplar goes to the market from Government
forests and about 6,00,000 guintals from Farm Farestry plantations; poplar timber being

used mostly for veneer.

There seems to be no harvesting of Ailanthus excelsa from the farm sector at present

as the plantations are very young.

In order to give maximum profit to the tree-growing farmers in the State, the Haryana
frorest Development Corporation Ltd. (HFDC), under their Tree Purchase Scheme,
have fixed purchase rates of standing trees, by different girth classes, for Eucalyptus,
poplar, khair and other species grown in Haryana, with a profit sharing incentive. This
support price is. a great check on fluctuations in wood prices to the advantage of the

farmers.

4.6  Utilization

While the three identified species have a number of other uses, which explains the
multi-purpose nature of these species, their present utilization in Haryana is generally
as under.,
Eucalyptus Pulp and paper

Furniture

Crates

Construction timber

Fruit packing cases

Charcoal
Poplar Veneer/Plywood

Pulp wood

Match splints
Ailanthus excelsa Artificial limbs

Sports goods

Veneer/Plywood

Match splints
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4.7 Growth and Yield

Although plantation programmes have been going on in Haryana ever since its
inception in 1966 and species introduction was initiated in the late sixties (Eucalyptus)
and seventies/eighties (poplar), there have been no systematic efforts o determine
suitable sites for raising of these species in the State. There have also not been any
studies carried out on their growth and yield, both in terms of their cubic content
(volume) and biomass, though considerable work has been done on these aspects of
the said species in other parts of the country. There have, however, been some
occasional studies undertaken in Haryana as well as the adjoining states on some of

these aspects.

4,71 Poplar

Experience with the cultivation of poplar (Populu: deltoides) in the Punjab plains has
shown that the growth of the species depends on four major soil factors, namely,
physical conditions, moisture availability during grc wving season, nutrient availability and
aeration. It can survive on soils varying from sarn ly to fine sandy loam and fairly stiff
clay but it makes best growth on moist well drained, deep, medium textured alluvial soils
that are fertile and well aerated. Soil pH considered suitable for poplar ranges from 6.5
to 7.5 and they react unfavourably to excessive s jil acidity and alkalinity. It is inferred
from a pot culture experiment that none of the poplar clones viz., G-3, G-48 and D-121
can survive in salinity conditions, and in sodium treatment also the three clones

survived only up to pH 8.5 {(exchangeable sodium percentage-20).

It has been recommended that the following points should be considered while deciding

about the suitability of any site for poplar plantations.

. Sites should be well drained; low-lying areas subject to water logging should be
avoided and assured irrigation facility should be available.

. Fertile loam or silt loam soil rich in organic matter should be preferred. Heavy
clay soils, very sandy soils, saline and alkali soils are unsuitable for poplar.

. Areas with high water table are best sites for poplar plantation.
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. Soil pH over 5.5 is essential, and below 5.5 is marginal and should be avoided.

. Areas selected for poplar plantation should be above 28° N latitude.
. Areas known to be infested with termites shouid be avoided.
J Poplars are strong light demanders; areas affected by the shade from existing

trees should be avoided.

The maximum mean annual increment (MAI) estimated for Quality 1, 1l and Il poplar
crops from Uttar Pradesh are reported as 38.3, 25.2 and 14.4 m? /ha with a spacing of
3.5 x 3.5 m. As high a production as 46.92 m® /halyear from 9 years old (3 x 3 m)
plantation with a mean height of 23.4 m, has been achieved by a farmer in Punjab.

A Volume table for poplars showing timber volume over bark (OB} and total volume OB

has been prepared for the State for departmental use, in 1996.

Biomass is being used in place of volume for productivity studies because it is the best
measure of productivity in terms of total organic production per unit area at a given time.
By measuring total production as oven dry weight (Kg/ha or t/ha) it is possible to
compare forest production with the production of other ecosystems such as grasslands
or agriculture crops. While in case of volume production only economic production,
which is being harvested, is measured, biomass measurements take into account the
actual total production. A particular species may be producing more non-wood biomass
as compared to other species preducing more economic stemwood volume, with the
production levels well comparable. Thus biomass is the best measure to judge the
performance of a species. Biomass is also required to estimate the nutrient uptake and

return in studies of ecosystem dynamics.

Populus deltoides plantations raised in Yamunanagar Division, Chhachrauli Range,
Haryana, have shown an increasing total standing biomass with increasing age from
14.2 tonnes/ ha (3 years) to 114.5 tonnes/ha (9 years) with the bole biomass
contributing 50 to 73% of the total biomass at the two ages respectively. Regression
equations for different biomass components using diameter at breast height (DBH) as
independent variable are as follows:
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1 Bole Y = 0.01587 X >
2 Bark Y = 0.0054 X266283
3. Leaf Y = 0.0468 X' 79"
4. Twg Y = 0.0903 X" ®**

5. Branch Y = 0.1253 X109
6. Total aboveground biomass Y = 0.00985 X>18

In these equations Y is biomass {(Kg) and X is DBH (cm), and can be soived by taking

logarithms of both sides.

Mineral contents of aboveground parts of the above poplar plantations (FPopulus
deltoides) are shown in Table 3, which broadly indicates the nutrient requirement of the

species.

Table 3: Mineral Contents in Aboveground Tree Components

Nutrient Mineral contents (Kg/ha) at different ages B
3 Years 5 Years 7 Years 9 Years
N 61.90 84.00 192.20 340.08
P 2.51 3.63 11.20 ~15.55
K 33.47 48.01 154.93 240.04
Ca 32.64 47 44 100.01 206.62
Mg 19.49 27.57 68.12 129.73

4.7.2 Eucalyptus

While Eucalyptus hybrid grows successfully in different edapho-climatic conditions, its
growth however, depends on soil type and spacing adopted. It has been tried with
varying success even in saline and alkali soils. Experience gained from Eucalyptus
plantations on varying sites has indicated that they need well drained deep and fertile
soils for achieving better growth. The lateratic and murrham soils have also been
successfully afforested with this species. Good growth has also been observed on
waterlogged areas in Hissar and Indri (Karnal). It is also growing in salt affected areas in

Hissar and kanker pan areas in Kurukshetra Division.
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It is inferred from spacing trials on Eucalyptus, that the spacing adopted will depend on
the objective, site quality anc. inputs. For production of firewood, spacing range to be
adopted varies from 1x1 m to 1.5x1.5 m with shorter rotation (generally five years). For
pulpwood and poles, to get the desired thin-end diameter, spacing of 2x2 m to 3x2 m
may be the most suitable with 8 years rotation 1\ longer rotation of 10 to 20 years with a
spacing of 3x3 m is desirable for saw logs. Un field bunds spacing of 1 m and on

railway and roadsides, 1x1 to 3x2 m spacing may be adopted.

Growth rates of Eucalyptus hybrid plantations on some Government and private lands
have been described as: The highest MAI of 29.6 m*ha was achieved on sandy loam
soils with a spacing of 4x3 m at 14 years age, with an average diameter of 27.6 cm.
Simitarly on fine sand, MA! of 28.4 m*/ha was observed at the age of 9 years at 1.7x1.7
m spacing with an average diameter of 12.4 cm. On sandy clay loam and medium sand,
MAI of 22.8 and 20.5 m*/ha respectively is reported. It is also reported on the basis of
analysis of the data from various states that the MAI at the age of 8 years varies from
12.1 m¥ha to 19.8 m*ha for Site Quality ! with number of stems as 800 and 1800 per

ha respectively.

A modified volume table for Eucalyptus hybrid was made in 1988 which gives the
outputs of timber (Stem above 60 cm girth), pulpwood (wood between 60 and 20 cm)
and fuelwood (small wood below 20 cm girth) expected from a tree of a given girth (OB
at breast height). This table is useful in making financial valuation of trees and in

assessing the efficiency of departmental harvesting operations.

The total aboveground biomass and its distribution among various tree components at
different ages, in Eucalyptus hybrid plantations in Kurukshetra Division is given in
Table 4.
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Table 4: Total Standing Biomass (t'ha) in Eucalyptus hybrid

Tree component Age (Years) ]
4 Yo 6 % 8 | % 10 %
Bole 10.8 | 53.7 21.6 62.4 65.0 73.2 | 107.0 | 77.7
Bark 1.7 8.4 3.0 | 86 7.0 7.8 108 | 7.8
Leaf 1.6 7.9 2.0 5.7 2.7 3.0 3.5 2.5
Twig 2.2 10.9 2.8 8.0 59 6.6 5.2 3.7
Branch 3.8 18.9 5.2 15.0 8.1 9.1 11.2 | 8.1
Total 20.1 34.6 88.7 137.7 '
aboveground
hiomass

Note: % indicates % of the total

The regression equations between biomass Y (kg) and DBH (D) (cm) are given below.

Bole
Bark
Leat
Twig
Branch

2 T o

biomass

y = (0.01876088) (D) > 0%
y = (0.009932606) (D) 457389
y = (0.1276455) (D) 1.195067
y = (0.1269706) (D) 331785
y = (0.1335883) (D) "587%8

Total aboveground
y = (0.1353357) (D) 2416484

Harvesting of Eucalyptus hybrid crop of the age of 10 years in Kurukshetra Division
would result in the removal of 341, 9, 199, 293, 139 kg/ha of N,P.K, Ca and Mg
respectively. If bole and fuelwood are only removed, the loss would however, be
reduced to 255, 8, 153, 215 and 121 kg/ha of N,P,K, Ca and Mg respectively. Mineral

contents of plant parts are given in Table 5.

22




Table 5: Mineral Content in Tree Components of Eucalyptus hybrid Piantation (10

Years)
Plant part Nutrients (Kg/ha)
N P K Ca Mg Biomass (t’/ha)

Bole 171.20 5.35 64.20 42.80 | 85.60 107.0
Bark 43-20 1.94 £6.96 | 131.76 | 20.52 10.8
Leaf 60.90 0.60 19.25 37.10 8.40 3.5
Twig 25.48 0.78 27.04 41.08 | 10.40 52
Branch 4032 | 078 | 2128 | 4032 | 14.56 11.2
Total 341.10 9.45 198.73 | 293.06 | 139.48 137.7

Substantial quantities of nutrients are returned to the soil through litter fall and mineral

cycling is well balanced as shown in Table 6 in case of the same study.

Table 6: Nutrient cycling in Eucalyptus hybrid (10 yrs)

Age Biomass | Nutrient ) Nutrient
(Years) (t/ha) pathway N P K Ca Mg
10 138 Uptake 109 5 51 88 34 |
Retained 34 1 20 29 14
Returned 75 1 31 59 20
(69%) {50%) (61%) | (67%) (59%)

It is observed that the retention of nutrients in Eucalyptus hybrid plantation is greater

than shorea robusta irrespective of their age. The accumulation of nutrients in non-

photosynthetic components is more than that of photosynthetic ones in Eucalyptus

hybrid, whereas shorea robusta is accumulating more nutrients in photosynthetic

components. This suggests the most nutrient use efficiency in Eucalyptus hybrid.
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5.0 APPROACH AND METHODOLOGY
5.1  Approach

The main approach to the present Study was to assess the growth potential of the three
identified multi-purpose tree species on various sites, in different agro-ecclogical zones,
with a view to determine their suitable ecological ranges, so that guidelines and
improved packages of plantation practices could be evolved for raising future

plantations of higher productivity with consequent remunerative returns to the farmers.

The Study was undertaken over the entire planting range of these species in the State,
through measurement of representative temporary SPs laid out for collection of growth
and other data. These SPs were laid out with reference to the four agro-ecological
zones and the various sites/areas therein, different age gradations and the type of
plantation (canal, roadsides, railway lines, block, farm bunds ete) in order to determine

suitable sites for raising plantations of these species.

5.1.1 Sample plots

Looking at the extent of plantations raised in the State and the limitation of time, it was
decided to lay out a total of around 200 SPs in the three species under reference,
covering the various agro-ecological zones and the variations therein, with regard to
species, age and type of plantation (roadside, railway line, block, farm bunds etc.).
Sampling was proposed to be done in plantations aged around 5 and 8 years (rotation
age) in all the three species. This has, however, not been possible because of

nonavailability of the required aged plantations as will be observed in subsequent
sections.

The distribution (specific representative location) and the number of SPs to be laid out
for each species were finalised in consultation with the HCFP authorities. Tentatively
the number of SPs to be laid was: Eucalyptus - 130; Poplar — 50 and Ailanthus
excelsa - 20; each SP being of standard size (30 x 30 m).
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5.1.2 Field Surveys

While the SP data on growth and yield of the identified species were being collected,
information was also to be obtained on the following aspects through interviews with

farmers. At least 5 to 10 farmers were interviewed at one site.

. Clones and/ or planting‘ material of poplar and Eucalyptus, which the farmers are
planting at present, and the sources of obtaining this material.

. Farmers acceptance potential for high yielding clones of poplar and Eucalyptus,
and the practices followed for raising the same, in arder to evolve a suitable
strategy for extension of high yielding clones and improved package of practices

. Farmers views regarding growing of Ailanthus excelsa on their lands and
modifications needed, if any, in the present system of raising plantations of this
species.

5.2 Methodology

Sample plot studies were undertaken in Yamunanagar, Kurukshetra, Karnal, Hissar,
Mahendargarh (including Narnual Division of Aravalli Project) and Rewari forest
divisions of the State. A total of 207 standard size SPs of 30 x 30 m (area 0.09 ha) were
laid out in plantations of poplar (59 plots), Eucalyptus (127 plots) and Ailanthus excelsa
(21 plots). All the trees standing on each SP were measured for their DBH and a few
standing sample trees for their heights (by Haga Altimeter) covering the entire range of
diameter distribution in the plot.

Thirty four (34) sample trees of poplar and 19 trees of Eucalyptus were measured from
areas where fellings were going on for volume estimation in these plots. The stem was
divided into 3 m sections and diameters OB and under bark (UB) were measured at the
middle of each section, the last section being not more than 4.5 m. Volume was
estimated by multiplying the sectional area at the mid-section with length of the section
and summing up the volumes of all the sections. Timber volume (defined as the volume

of stemwood up 20 cm diameter OB) was measured separately along with the volume of

[
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smallwood i.e., the volume of stem below 20 cm and upto 5 ¢m diameter OB. Tota!

wood was measured as the sum of timber and small wood.

Regression equations were fitted between volume and D?H. The equation model was:
V = a + b D?H; where, D is the diameter in m, H is the height in m, and V is the volume
~ in cubic meters (m®). These equations for total wood (OB and UB) and timber (OB and
UB) for poplar and Eucalyptus are as follows. These regressions are also shown in
Figure 1,2,3,4,5,6,7 and &.

Poplar

Total woed (OB) : V(OB) = ~0.016628 + 0.328067 D*H
Total wood (UB) : V(UB) = —0.018585 + 0.278375 D°H
Timber (OB) : VT(OB) = —0.223476 + 0.354611 D°H
Timber (UB) : VT(UB) = ~0.190529 + 0.300998 D°H
Eucalyptus

Total wood (OB) © V(OB) = 0.009793 + 0.308811 D*H
Total wood (UB) ¢ V{UB) = 0.000861 + 0.238883 D?H
Timber (OB) : VT(OB) = -0.125785 + 0.242889 D°H
Timber (UB) © VT(UB) = —0.098243 + 0.189325 D*H

Regression models loge H =a + b loge D or H = a + b loge D were also fitted for each
plot and the medel with minimum deviation squared was accepted. Crop height was
calculated on the basis of mean basal area within the plot and top height was
ascertained as the height corresponding to the mean basal area of 250 biggest
diameters per ha as determined from height/DBH relationship. Volume was estimated
by using volume equations for each tree of the sample plot and then summing up the
volume of all the trees. The entire process was completed through a computer
programme (SAMCAL) for all the SPs.



Plantations of poplar, Eucalyptus and Ailanthus excelsa have been raised, in Haryana,
as block plantations, strip plantations (more than 3 rows — multiple rows), narrow strip
plantations (3 rows) and single line plantations (oneftwo rows) in Government and
private lands. While the just mentioned methodology was followed for block, strip and
narrow strip plantations, a different approach was adopted for trees growing in line
plantations (single/two rows) along field bunds, roadsides etc in that the various
estimates were made not on per unit area basis but on the basis of 100 trees. This
was done because trees of block plantations are subjected to more competition for
nutrients and space as compared to trees growing in line plantations (single/double
rows) with free growing space and nutrient availability, and as such are not comparable.
Basal area, volume, and MAI were also calculated, on the basis of 100 trees for line

plantation.

Simultaneously, subsidiary data on these SPs, like species/clone planted, spacing, year
of plantation (age) etc were collected. Information on soil and rainfall of the area was
also obtained as far as possible. Field surveys were also conducted to obtain
information on various aspects indicated in Section 5.1.2
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6.0 POPLAR PLANTATIONS
6.1 General

Poplar plantations in Haryana have been mostly raised on farmlands (Agro-forestry), as
block plantations, and as line plantations (single/double rows) along roadsides and on
field bunds (Farm Forestry). The clones of Populus deftoides generally used for planting
are G-3, G-48, G-57, U-DAl and S-7C15 (all WIMCO clones). One SP (SP No 114) was
however, laid in a block plantation of Populus deltoides raised through tissue culture in
1994 with a spacing of 3 x 2 m in Seonser Reserve Forest, Pehwa Range, Kurukshetra
Forest Division. This is an experimental plantation to watch the performance of tissue

culture raised plantations.
6.2 Growth Parameters

6.2.1 Block plantations

Growth parameters of sampled poplar plantations are shown in Table 7
(block plantations) and 8 (line plantations). There are different growth responses at
different sites as a result of effective climatic, edaphic and biotic factors. Site equality
can be measured by dominant tree height or the top height, which is least affected by
stand density. Starting from age 7 years, top height varies from 23.8 to 30.7 m (SP No 6
and 28), in Yamunanagar Forest Division while two plots of Kurukshetra Forest Division
have a top height of 24.8 and 26.1 m respectively (SP No 111 and 110). This is
indicative of the fact that poplar can perform well in Kurukshetra Forest Division
provided moisture supply is adequate in summer months.

At the age of 6 years, top height ranges from 23.1 to 27.8 m (SP No 40 and 50) in
Yamunanagar Forest Division with lowest top height of 16.1 m in Kurukshetra Forest
Division recorded in a plantation raised through tissue culture (SP No 114). In case of 4
years old plantations, the best quality reaches a dominant tree height of 23 m in
Yamunanagar Forest Division (SP No 35) while a lowest of 17.2 m is recorded in SP No
165 in Karnal (Indri) for 8-7C15 clone. A better production could be expected through
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G-3 and G-48 clones. An interesting introduction of poplar in Hissar is indicated by two
plots of 5-7C15 clone where a top height of 13 m has been attained at the age of 3
years (SP No 183 and 184) in spite of summer temperatures of over 47° C. Sufficient

irrigation is available to these plantations.

The highest volume production in terms of MAI that can be realized from these sites is
35 m® /ha/ year (Yamunanagar Forest Division) of total wood UB (SP No 57) at the age
5 years, and a minimum of 8 m*halyear at Hissar (age 3 years). The production in
Karnal and Kurukshetra divisions varies from a minimum of 10 to 22 m*fha/year at ages
4 and 6 years respectively. At younger ages the MAI has still to rise, hence there are
chances of better production by the younger crops (age 3 or 4 years) at Hissar and
Karnal. Another factor on which the volume production depends is stand density, which

may not be the optimum due to low survival, mortality or bictic influences.

Reference also needs to be made to other sites in Yamunanagar Forest Division. which
have shown a higher volume production in terms of MAI (total wood UB) that can be

achieved at these sites. These are as follows (Table 7).

SP No Clone Age (Years)  MAI (m® - total wood UB)
4 G- 48 5 32
28 G-48 7 31
44 G - 48 4 30
50 G-48 6 33

Various production levels indicated in Table 7 can serve as a yardstick for production at
different desired ages depending upon the inputs in the form of nutrients and irrigation.
It is therefore, a very useful tool to convince the farmers about the possible and
realizable production. Both G-3 and G-48 have been successful and best suited ciones
for poplar plantations.

6.2.2 Line plantations

Line plantations (single/double rows) generally indicate an increase in crop diameter
and crop height with increasing age (Table 8) due to lesser competition as compared to
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block plantations. One plot (SP No. 102) in Kurukshetra Forest Division is somewhat
comparable to that of Yamunanagar Forest Division in respect of crop diameter. Crop
height is however, less than that attained in Yamunanagar where site quality is by far
the best.

The MAI of these line plantations (which has been calculated on the basis of 100 trees
as mentioned earlier in fast para of Section 5.2), for various spacings (Table 8) ranges
from 2.8 to 9.7 m*100 trees/year (Kurukshetra and Yamananagar Forest Divisions
respectively; SP. No. 102 and 38). Farmers can thus choose the spacing according to

size required and the space available.

6.3 Probable Sites

Looking at the overall success and growth performance of various clones of Populus
delfoides, best growth has been obtained in areas of Yamananagar Forest Division
followed by K..iukshetra, Karnal, and Hissar Forest Divisions. This strictly follows the
climatic regions of the State, referred to earlier (Section 2.4) with decreasing rainfall
pattern from Yamananagar (over 1,000 mm) to Hissar (360 mm). included in the Hot
Humid Climatic Zone (rainfall above 1,000 mm) soils of Yamananagar have a pH
varying from 6.5 to 7.5 with reddish brown colour. Surface texture is loamy sand to
sandy loam to clayey with good surface drainage and the availability of nutrients
(nitrogen, phosphorus and potassium) varies from low to medium. Soils in Kurukshetra
and Karnal areas are mainly sandy loam to loam with a pH ranging from 7.0 to 8.5 and
low to moderate nutrient status — available phosphorus and potassium are medium and

high respectively, while availability of nitrogen is low to medium.

The high rate of production of poplar clones in Yamunanagar Forest Division can also
be better explained by the Aridity Index (Table 1). With more number of growing season
months in the Division there is more production in poplar plantations. High moisture
availability and good drainage coupled with sandy loam to loamy texture and high

survival percentage are the most favourable factors for the growth of poplars in
Yamananagar Division.

41



7.0 EUCALYPTUS PLANTATIONS
71 General

Eucalyptus has been raised in Haryana as block plantations, along the canals and
roadsides as strip plantations (more than 3 rows — multiple rows). as narrow strip
plantations (3 rows) or as line plantations of single/double rows. It has aiso been
planted on field bunds (Farm Forestry) as single or double rows (line piantations). The
species mostly raised (through seed) is Eucalyptus hybrid (E. tereticornis), though some
clones and tissue culture raised seedlings of the species have also been planted on an
experimental basis to see their performance in the field. The clones used are:
Bhadrachalam — 3, Bhadrachalam ~ 7, Bhadarachalam — 10, Bhadrachalam — 27,
Bhadrachalam — 91, Bhadrachalam - 128 and Bhadrachalam — 130 (SP Nos 76 to 82).
Tissue culture raised plantations are: TER| — 2, TERI - 3, TER! — 7, TER! - 10,
TERI - 26, and TERI - 362 (SP Nos 83 and 85 to 89). A plantation of local seed origin
has also been planted as a control (SP No 84).

7.2 Growth Parameters

7.2.1 Block Plantations

The analysed data pertaining to 127 SPs laid out in Eucalyptus plantations growing in
different areas as mentioned above, are shown in Tables 9 (block plantations), 10 .

(roadside plantations), 11 (canalside plantations) and 12 (line plantations).

Table 9 which summarizes the details of crop parameters of block plantations, indicétes
that top height at the age of 10 years in Yamananagar Forest Division varies from
29.5 m (SP No 9) to 33.44 m (SP No 7), though at the age of 12 years the range is from
27.1 m (SP No 37) to 31.3 m (SP No 69) all denoting best site- qualities. Similarly at the
age of 12 years in Karnal Forest Division the same trend is seen in top height with
minimum of 26.7 m (SP No 166) and a maximum of 30.1 m (SP No 116). Some inferior
qualities are being depicted in Yamananagar and Karnal Forest Divisions. For example,
top height of 27.5 m (SP No 74) is attained at a higher age of 16 years in Yamananagar
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Forest Division, while at Karnal a top height range of 21 m (SP No 141) to 25.4 m (SP
No 139) is observed at the age of 18 years. In Kurukshetra and Hissar Forest Divisions
generally lower top heights are noticed at ages 9 to 12 years (SP Nos. 168 to 171, 173
to 175, 181, 192). However, contrary to this statement a better performance has been
shown by the species in Kurukshetra (SP No 108 and SP No 115) where a top height
of 254 m, and 23.5 m has been attained at ages 7 and 5 years respectively. The
Bhadrachalam clones and TERI tissue culture raised plantations have performed well at
the age of 7 years in that order, with top height varying from 21 to 27 m {Bhadrachalam)
and 17 to 20 m (TERI).

Considering the ages 9 to 12 years (Table 9) the highest volume production is 20.5
m®halyear (total wood, UB), at the age of 10 years and the minimum volume
(11.1 m3lha/year) has been produced at the age of 12 years in Yamananagar Division.
In Karnal Division the maximum MAI (19.7 m% ha) is at the age of 12 years while the
minimum (98.16 m*/ha) has been shown at the age of 10 years. The picture is quite
different in Kurukshetra Division where the total wood UB volume varies from 7.4 m*/ha
(9 years) to 15.5 m%ha (10 years). Comparatively a lower range of MAI (3.2 to 5.6
m3/ha) is observed in Hissar at the age of 11 years. Some exceptionally better sites, as
shown below, can be spotted where substantial volume production has been obtained
at lower ages (Table 9). These hinhly productive plantations should be used as seed

sources/clonal material for future planting.

SP No Division Age {Years) MAI (m® - total wood UB)
76 Kurukshetra 7 17.0
{Bhadrachallam ~ 3)
108 Kurukshetra 7 22.8
118 Karnal 7 16.0
143 Karnal 7 20.3

7.2.2 Roadside and canaliside plantations

Roadside and canalside plantation data has been set in Table 10 and 11 respectively.
In narrow strips (3 rows) the trees growing in outer most rows have more space and

nutrient availability for better growth and as such are subjected to edge effect. The
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productivity of such strips is not comparable o block plantations but they have shown
better performance in most of the cases. SP No 1567, 158 and 159 (Table 10) and SP
No 144, 145, 146 (Table 11) are narrow strip plantations (3 rows) where edge effect is
conspicuous and, therefore, by reasoning, not comparable to block plantations. The
data has only been included to show the higher productivity on narrow strips, which
should be accepted with caution and cannot be generalized. Again, a roadside strip
plantation (more than 3 rows) (Table 10, SP No 23) has produced a MAI of 32.5
m>/halyear (total wood UB) in 10 years (Yamananagar Forest Division), which is
exceptionally the best site. In general, on roadsides a productively of 7 to 20 m¥halyear
of total wood (UB) is expected, while in canalside plantations the expected productively
varies from 6 to 22 m® halyear (Table 11).

The data of canal strip plantations (more than 3 rows — multiple rows) (Table 11) is.
mostly from Karnal and of higher ages. Again, the strip plantation of Yamunanagar
Division, at the age of 12 years shows a top of height of 31.3 m whereas the same
height is attained at the age of 18 years in Karnal. A similar trend is observed in
roadside plantations (Table 10) where top height of over 30 m is obtained at the age of
10 years in Yamunnagar Division, at age of 14 years in Kurukshetra Division anc at 18

years in Karnal Division. Hissar Division is at the lowest level.

7.2.3 Line plantations

Growth data of line plantations (single/double rows) along roadsides and field bunds
(which has been calculated on the basis of 100 trees as mentioned earlier in last para of
section 5.2) is set in Table 12. Total wood (UB) volume per 100 trees is maximum in

Yamananagar Forest Division, which varies from 30 to 39 m® at the age of 17 and 15

years respectively. At a younger age (4 years) the data pertaining to Karnal Forest

Division is well comparable to Yamananagar Forest Division.

7.2.4 Bhadrachallam clones and tissue culture plantations

Table 13 and 14 set the data pertaining to Bhadrachallam clones and tissue
culture plantations supplied by HCFP which has been utilized to find Eucalyptus clones
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of higher productivity. This has been done by calculating the current annual increments
(CAl) between 3 to 7 years assuming stand density to be constant. Volume data at age
7 years for the same area is available in the present study of SPs. At the age of 3 years
the volume has been worked out by substituting the value of average diameter and
height of the plots in the volume equation derived on the basis of sample trees given in
the text. In this manner, average volume per tree was calculated at the age of 3 years.
Volume per ha was obtained by multiplying the volume per tree with the number of trees
per ha. The difference of volume at the ages of 7 and 3 years when divided by 4 gives
the CAl during this period (Table 13). 1t is quit clear from this table that
Bhadrachallam — 3 (CAl, 30 m®) and Bhadrachallam — 7 (CAI, 27 m®) are the best
clones, which is in agreement with earlier findings. Similarly TERI ~ 26 (CAl, 12 m®),
TER!I -2, and TERI -3 (CAl, 11 m3) are better, though most of these trees are forked
and bent and some of them are forked below DBH level.

7.3 Probable Sites

Sample plot data have provided very useful information that Eucalyptus hybrid can be
grown in varied types of soils in Haryana though longer rotations may be neesded for
poorer sites. However, best growth has been obtained in Yamunanagar, Karnal and
Kurukshetra Forest Divisions followed by Hissar. it is evident that the species grows
well in climatic regicns with rainfall above 500 mm (Hot Semi-Dry Zone, Hot Sub-Humid
Zone and Hot Humid Zone) though it does grow below a rainfall of 500 mm. Soil texture
in these areas varies from loamy sand, sandy loam to loam with pH varying from 6.5 to
8.5 and nutrient availability being low to medium. The number of growing season

months ( Aridity Index — Table 1) has also contributed to more production in the above
divisions.



8.0 AILANTHUS EXCELSA PLANTATIONS
8.1 General

Ailanthus excelsa is comparatively a recent introduction on farmlands in Haryana and
plantations are still young ranging from 3 to 6 years. The species has been raised in

blocks and along roadsides.

8.2 Growth Parameters

The various crop parameters for Ailanthus excelsa plantations on the basis of analysis
of 21 sample plots of ages 3 to 7 years are shown in Table 15. Taking the age 5 years
as reference age for Hissar and Rewari, the average top height varies from 6.6 m
(Hissar) to 7.7 m (Rewari) with crop diameter as 11.0 cm and 11.8 cm respectively. A
top height of 8.3 m and crop diameter of 12.3 cm is attained at 4 years on an average in
Mahendergarh, which indicates a better production potential. At Narnaul the average
top height at 6 years is 8.6 m with average crop diameter 14.9 cm, which shows a
similar trend as seen in Rewari. The productivity at Hissar is somewhat at lower level
possibly due to wider spacing. In general the performance of this species has been
satisfactory capable of surviving in longer dry periods. The introduction of this species in
plantation programme being of recent origin and due to paucity of growth data, no

volume estimation could be made.

Biomass production of 3, 6, 11, 16 and 21 years old plantations of Ailanthus excelsa in
Uttar Pradesh show that peak values of biomass 41.8 t/ha and 40.3 t/ha are obtained at
the age of 6 and 11 years respectively. There was a decrease in the biomass of leaf
and twig component with increasing age, possibly due to heavy lopping. It has been
suggested that the rotation age of the species should be fixed between 11 and 16

years, when biomass production is maximum.
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8.1 General

Ailanthus excelsa is comparatively a recent introduction on farmlands in Haryana and
plantations are stiill young ranging from 3 to 6 years. The species has been raised in
blocks and along roadsides.

8.2  Growth Parameters

The various crop parameters for Ailanthus excelsa plantations on the basis of analysis
of 21 sample plots of ages 3 to 7 years are shown in Table 15. Taking the age 5 years
as reference age for Hissar and Rewari, the average top height varies from 6.6 m
(Hissar) to 7.7 m (Rewari) with crop diameter as 11.0 cm and 11.8 cm respectively. A
top height of 8.3 m and crop diameter of 12.3 cm is attained at 4 years on an average in
Mahendergarh, which indicates a better production potential. At Narnaul the average
top height at 6 years is 8.6 m with average crop diameter 14.9 cm, which shows a
similar trend as seen in Rewari. The productivity at Hissar is somewhat at lower level
possibly due to wider spacing. In general the performance of this species has been
satisfactory capable of surviving in longer dry periods. The introduction of this species in
plantation programme being of recent origin and due to paucity of growth data, no
volume estimation could be made.

Biomass production of 3, 8, 11, 16 and 21 years old plantations of Aflanthus excelsa in
Uttar Pradesh show that peak values of biomass 41.8 t/ha and 40.3 t/ha are obtained at
the age of 6 and 11 years respectively. There was a decrease in the biomass of leaf
and twig component with increasing age, possibly due to heavy lopping. It has been
suggested that the rotation age of the species should be fixed between 11 and 16

years, when biomass production is maximum.
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Table 15: GROWTH PARAMETERS OF AILANTHUS EXCELSA

sP |SPACING|BLOCK|YEAR OF| AREA |AGE| NO OF | TOP | CROP DIAMETER BASAL
No. OR |PLANTA- TREES |HEIGHT|HEIGHT! MIN [ MAX |CROP| AREA
ROAD-| TION PER HA. PER HA.
{m) SIDE (HA.) | (Y1) (m) (m} l(em)j {cm}] {cm) | (sqm)
HISAR DIVISION
185 4x3 Block 1995 (0.0927| 5 | 1024 | 7.2 6.7 |5.8119.8]11.7[11.070
186] 4x3 | Block 1995 |0.0732§ 5 587 7.1 6.2 |52(204|11.5] 6.110
187]  4x3 Block 1995 |0.0915( 6§ 579 5.6 651 [4.0]15.6( 9.7 | 4.320 |
188 4x3 Blovk 1997 10.0867| 3 | 1552 | 7.2 50 |3.8/14.0] 8.1 | 7.830
189] 4x3 Block 1997 (0.0860] 3 | 1069 5.7 51 |4.4]12.6] 8.7 [ 6.310
190} 4x3 Block 1997 10.0948] 3 | 1097 | &5 51 |4.6|13.2] 82 | 5730
MAHENDERGARH DIVISION
193] 3x3 Bloul: 1993 {0.1078| 7 899 8.8 7.6 |6.2]26.8| 14.1[14.130
194] 3x3 Block 1996 |0.0915] 4 907 7.3 6.6 |56 16.8] 10.8 ] 8.240
195 3x3 Block 1996 10.0921| 4 890 7.8 7.3 [4.8]|17.0] 11.8] 9.660
196| 3x3 Block 1996 [0.0936| 4 555 9.4 8.3 |6.0|20.8]13.41 7.860 |
197 3x3 Block 1996 (0.0885| 4 553 9.3 84 |5.0(24.6]14.4| 8.860
207 3x3 sk | 1996 0.0893] 4 | 649 7.9 7.3 14.8|19.6] 11.2] 6.370
REWARI DIVISIO
198 3x3 gort | 1995 |0.0935] 5 919 6.3 6.0 |16.0{14.0]110.7| 8.250
199] 3x3 Block 1995 |0.0898| 5 668 57 54 156|13.6] 95| 4.720
200 3x3 Block 1995 0.0876| 5 867 6.6 57 |6.2]17.0110.8] 7.930
201 3x3 Block 1995 [0.0948| 5 569 11.8 | 10.3 |9.0/23.0{17.1]13.120
202  3x3 Block 1995 |0.0890| 5 | 1168 8.2 6.7 |56]17.011.1]11.280
203| 3x3 |Roadsice| 1996 [0.1224| 4 416 7.5 6.9 |5.0]20.6|12.7] 5.280
NARNAUL DIVISION
204] 3x3  |Roadsice] 1994 [0.0979| 6 | 418 9.8 9.1 [6.8(24.0117.6]10.230
205 3x3 |Roadside] 1994 |0.0960 833 8.2 6.8 |7.4(21.6{13.1]11.210
206| 3x3 |Roadsige| 1994 [0.0960 875 7.9 6.8 |7.0122.6]14.0]13.480
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Regression equations for som: e components are given below.

1. Bole weight Lot v=~3.3547+2.4823 log X
2. Bark weight Log Y= -3.9038+2.3126 log X
3. Branch weight l.og 7= -2.3662+1.4231 log X
4. Total biomass Lot ¥=~1.4658+2.0120 log X

Where Y is the biomass compr nent in kg and X is diameter in cm. The regressions of

leaf and twig weight were non-¢ nificant due to heavy lopping.
8.3  Probable Sites

While no inferences regarding ! 12 growth performance of the species can be drawn with
the meager data available, iy ications are that the species has a better production
potential in Mahendargarh and Narnaul areas, which falt in Hot Dry climatic Zone
(annual rainfall 300 — 500 mm). The soils here are mainly sandy to sandy loam and are
calcareous; pH varying from & 1o 9.5. They are low in organic carbon and hence poor in
nitrogen; potassium availability is medium to high and that of phosphorus low to

medium.
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9.0 Field Surveys

While collecting field data of tempuiary SP laid out in the three identified species,
information was also collected from the farmers on three aspecis mentioned in Section
5.1.2. A large number of farmers (5 to 10 at one site) were interviewed with the following

results.

. Farmers are planting poplar clones G-3, G-48, G-57, U-DAI and S-7C15 but
more commonly G-48 is being planted, probably because this is available more
freely. The sources of this planting material are WIMCO nurseries, HFD
nurseries and some private nurseries (where there is no quality control). Some
farmers maintain their own nurseries as well. Here it must be mentioned that
farmers need to be helped and encouraged to grow quality planting material

through impreved nurseries and nursery practices.

. With regard to Eucalyptus mainly Eucalyplus hybrid is being planted. The
planting material is being obtained mostly from the HFD. There are however,
reports that some farmers have occasionally used clones of this species {mostly

Badrachalam =3 and 7) though no such plantation was seen during this study.

. There seems to be an anti-Eucalyptus wave among the farmers for various
reasons particularly because of supposedly high water requirement of the
species and its effects on agriculiure crops. This needs to countered through

extension activities by the HCFP.

. Farmers are definitely willing to plant new high yielding clones of poplar and
Eucalyptus, and would like to follow improved packages of practices 1o raise
these plantations, provided the same are made available to them. This would

involve a suitable strategy for extension work to be developed by HCFP/HFD.
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Ailanthus excelsa is a very promising species and grows in very dry areas.
Farmers are willing to grow this species on their lands. It needs to be given
greater emphasis in various plantation programmes, than at present, through an

extension strategy.
The farmers were very “cen that the HCFP should look into problems of

marketing and sale of their produce particularly of poplar and Eucalyptus as they

had difficulties in the same and were not getting remunerative prices.
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10.0

CONCLUSIONS

The performance of G-3 and G-48 poplar clones has been very good. Other
clone S-7C15 has. also done well in Hissar and further growth needs to be
monitored. Ovcrall success and growth performance of various clones has
shown that best growth has been obtained in areas of Yamananagar Forest
Division (MAI 35 m*/ha/year). Other areas in Haryana where irrigation is available

can also be tried for poplar planting.

Sample plot data have provided very useful information that Eucalyptus can
easily be grown in varied types of soils in Haryana. Longer rotations may be
needed for poorer sites. Bhadrachallam clones (Bhadrachallam — 3 and — 7)
have proved to be very productive with MAI of 17 m*/ha/annum at age 7 years.
However, some other highly productive sites have also been spotted (MAI 16 to
228 m° at age 7 years). These plantations should be used as seed sources/

clonal material for future plantation activities.

Farmers are procuring poplar planting material from WIMCO, HFD and private
nurseries (where there is no quality control). Some farmers have their own
nurseries. The planting material for Eucalyptus is being obtained from the HFD.
HCFP/HFD should provide extension service to private nursery owners and help
and encourage them to produce quality planting material through improved

nurseries and nursery practices.

Much extension work needs to be done to counteract the anti-Eucalyptus wave
prevailing with the tree growers (farmers). The farmers need to be convinced
that like other agriculture crops Eucalyptus needs fertilizers and water and can
withstand water stress. It can be preferred to grow on field bunds and roadsides

throughout Haryana.
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Farmers are definitely willing to plant new high yielding clornas of peplar and
Eucalyptus provided the same are made available to them azicng with the
package of practices to be adopted, for raising plantations cf ~ese new high
yielding clones.

Ailanthus excelsa is a very promising species and has been observed to be
growing even in very dry places. The species has good growth in Mahendergarh,
Narnual; Rewari, Hissar and the Aravalli project area. More empii: 31s should he

given to the species in plantation programmes.

Farmers are of the opinion that all sale of poplars should be through the HFDC

instead of a direct deal between wood suppliers and industries.

Woodbased industries are meeting their needs of wood from neighbeuring states
at a cheaper rate and this is a sheer loss to tree growers (farmers) in I-aryana. It
was suggested that all material should first be obtained from Haryan:: and then

purchases be made from outside the State, if more material is required

Some indigenous species should also be included in plantation programmes for
eco-restoration and envircnmental conservations. Ailanthus excelsa is a case in

point.

It is necessary to undertake a follow up study on assessing the quantity of Weood
available annually of the three identified species from farmlands and other private
sources, in view of the fact that substantial quantities of wood are being supplied

by private sources in the State.

60



11.0 BIBLIOGRAPHY

10.

11.

Anonymous (1992). Eucalyptus. Indian Council of Forestry Reseurch and
Education, Dehra Dun

Anonymous (1992). Poplar. Indian Council of Forestry Research and Education,
Dehra Dun.

Anonymous (1899). Haryana Community Forestry Project — An overview.
Haryana Forest Department, Panchkula.

Champion, H.G. and S.K. Seth (1968). A revised survey of forest types of india.
Manager of Publications, Delhi.

Chauhan, K.S5.(1999). State forestry research plan. Forest Department,

Haryana, Panchkula.

Dahiya, I.S., A.V. Shanwal, Mahendra Singh, M.S. Kuhad and $.P. Karwasa
(1988). Land resources and Land use planning in Haryana.
Directorate of Research, Haryana Agricultural University, Hissar.

Maithani, G.P. and D.C. Sharma (1987). Initial spacing in euclypt pianting
Indian Forester, 113 (5): 315-322

Negi, J.D.S. (1984). Biological productivity and cycling of nutrients in managed
and man-made ecosystems. Ph.D thesis, Garhwal University,
Srinagar, Garhwal, Uttar Pradesh.

Negi, M.S. and V.N. Tandon (1997). Biomass and nutrient distribution in an age
sequence of Populus delfoides ecosystem in Haryana. Indian
Forester, 123 (2): 111-117.

Pande, M.C., V.N. Tandon and Mridula Negi (1988). Biomass production in
plantation ecosystem of Ailanthus excelsa at five different ages in
Uttar Pradesh. Indian Forester, 114 (7): 362 - 371.

Paterson, 8.S. {1956). The forest area of the world and its potential

productively. The Royal University of Goteborg, Sweden.

61



12.

13.

14.

15.

16

17

18.
19.
20,

Sachdev, C.B., T. Lal. K.P.C. Runa = d J. Sehigal (1995). Soils of Haryana for
- optimizing fand v~ {Fx-sutive Summary). National Bureau of soil
survey and Lanc .se o lanning (NBSS), Nagpur. Publication 44,

Soils of India, Ser«:: 1.

Singh, M., R Ahuia a-4 8.€ Whana (1984). Soils of Haryana. In. Soils of
India. FertilizerAss« nation of India, New Delhi: 130 - 148

Singh, R.V. (1880). Brief rev: v of silvicultural requirements of Populfus
deltoides relevant . cultivation in Punjab plains. Second For
Conference, FRI, Tetra Dun.

Tandon, V.N,, J.K. Rawat and Rajinder Singh (1993). Biomass production and
mineral cycling in plantation ecosystems of Eucalyptus hybrid in
Haryana. 1. Biom.ass production and its distribution. Indian.
Forester, 119. (3): 232 - 237.

Tandon, V.N,, M.C. Pandy, H.S. Rawat and D.C. Sharma (1991}). Organic
productivity and minera! cycling in plantation of Populus delfoides
in Tarai region of Uttal Pradesh. Indian Forester, 117 (8): 596 —
608.

Tandon, V.N., M.S. Negi, D.C. Sharma and H.S. Rawat (1996). Biomass
production and mineral cycling in plantation ecosystems of
Eucalyptus hybrid in Haryana. 2. Distribution and cycling of
nutrients. Indian Forester, 122 (1): 30- 38. |

Tiwari, D.N. (1992). Ecualyptus. Surya Publications, Dehra Dun.

Tiwari, D.N. (1993). Poplar. Surya Publications, Dehra Dun.

Yadav, R.B. and Om Prakash. (1995). Effect of soil salinity and sodicity on
growth and mineral nutrition of some poplar (Populus delfoides)
clones. Indian. Forester, 121 (4): 283 — 288

62



