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The author discusses

the success story

of development and
commercial-scale
deployment of high-
yielding, fast-growing
and disease-resistant
eucalyptus and Casuarina
clones and the promotion
of technology-based
clonal farm forestry
plantations in India.

Piare LAL

INTRODUCTION

In India, almost the entire recorded
76 million ha forest area is owned
and managed by the State Govern-
ments. Unfortunately, the forests are
under intense biotic pressures, lead-
ing to degradation of forest re-
sources. Nearly, 32 million ha of
forest area has less than 40% crown
cover density (ANON, 1998). This is
a great paradox and tragedy for a
densely populated country. And yet
forestbased industries and the cor-
porate sector continue to be denied
participation in the reforestation of
degraded forestlands.

The Government provides most of
the funds for forestry research to the
State Forest Departments and vari-
ous Forest Research Institutes under
the Indian Council of Forestry Re-
search and Education (ICFRE). Legis-
lation for sui generis protection of
breeder’s rights is still pending and
no mechanism is currently available
for the certification of seed of
forestry species, registration of
clones or certification of clonal
planting stock. The Government also
funds agroforestry research under-
taken by universities and the Indian
Council of Agricultural Research
(ICAR).

There are statutory ceilings limiting
agricultural landholdings both for in-
dividual farmers and the corporate
sector to extremely low levels in all
states, e.g. up to 22 ha of the worst
category of land in Andhra Pradesh
(REDDY, REDDY, 1995). Itis therefore,
not possible for any wood-based
industrial unit or private sector
company to own adequate land to
develop intensively managed tech-
nology-based captive plantations. It
is no wonder, therefore, that there is
very little incentive for private sector
investments in forestry research.

A very few NGOs such as Tata En-
ergy Research Institute (TERI), New
Delhi, are engaged in research in
limited areas related to forestry.
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Some of the wood-based integrated
pulp and paper mills are promoting
farm forestry plantations by supply-
ing eucalyptus, Casuvarina and Leu-
caena seedlings for pulpwood pro-
duction. The two well known
examples of significant forestry re-
search and promotion of technolo-
gy-based plantations by the private
sector in India are:

* Wimco Seedlings Limited, well
known for promotion of poplar (Pop-
ulus delfoides Bartr.) plantations;

¢ I1C Bhadrachalam Paperboards
Limited (“the Company”) pioneers in
clonal technology research and pro-
motion of large-scale eucalyptus
plantations on marginal farmlands
owned by farmers (JONES, LAL,
1991; NAR et al.,1996).

FARM FORESTRY
PLANTATIONS

An integrated pulp and paper mill
with 40 000 t/year capacity was
established by the Company, at
Sarapaka, near the temple town of
Bhadrachalam in a remote tribal
belt of Khammam District of Andhra
Pradesh State during 1979. The ge-
ographical location of Bhadracha-
lam and data on climatic conditions
are given in Figure 1 and Table I.
The mill presently has a capacity of
65 700 t pulp and 210 000 t high
quality paperboards and paper
annually. For pulp production,
40 000 t bamboo from Government
owned forests and 124 000 t hard-
woods from the farm forestry planta-
tions are procured annually. How-
ever, the Government has not
allocated bamboos since 1997-
1998 because of disagreement on
the royalty to be charged. The Com-
pany is keen to invest in captive in-
dustrial plantations to secure future
supplies of high quality pulpwood
on a costeffective and sustainable
basis to facilitate modernization
and expansion of the pulp mill.
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Figure 1. Sketch map of India and location of Bhadrachalam where the Compa-
ny’s pulp and paper mill and clonal technology research station are located in
Khammam district of Andhra Pradesh State.

Carte de I'Inde, avec la localisation de Bhadrachalam ou sont situées 'usine de fa-
brication de pate et de papier appartenant a la compagnie ITC ainsi que la station
de recherche sur les biotechnologies, dans le district de Khammam et dans |’Etat

d’Andhra Pradesh.

However, it has not been possible
for the Company to develop captive
industrial plantations because of
statutory  ceilings on agricultural
landholdings and current Govern-
ment policy of not involving indus-
tries in the reforestation of degraded
forestlands.

The visionary Company manage-
ment therefore opted for the only al-
fernative to promote farm forestry
plantations on marginal agricultural

lands by providing high quality

seedlings, technical extension ser-
vices and buy-back guarantees at re-
munerative prices to farmers. From
1987 to 1995, 6 185 farmers in
1 138 villages were assisted to pro-
mote 7 441 ha of eucalyptus plan-
tations with 17.4 million seedlings.
Unfortunately, genetically improved
planting stock of short-rotation pulp-
wood species like eucalyptus, Cao-
suarina and leucaena, which are
popular with the farmers, was not
available. Therefore, plantations es-

TABLE |

GEOGRAPHICAL LOCATION
OF THE CLONAL TECHNOLOGY
RESEARCH STATION OF ITC

BHADRACHALAM
PAPERBOARDS LIMITED.
Place Bhadrachalam
District Khammam
State Andhra Pradesh
Latitude 17°40'N
Longitude 81°00"E
Altitude 100 m
Average annual
rainfall 1033 mm
Rainy days 57 (June to September)
Average annual
temperature  35°C
Maximum
temperature  49°C
Minimum
temperature  10°C
Type of forest  Dry subtropical forest
Soil types Red sandy soils, black

cotton soils, alluvial
soils and red soils

tablished with nursery seedlings
from available seed sources showed
very high genetic variation and poor
productivity, ranging from 6 to
10 m3.ha!yr .

CLONAL
TECHNOLOGY
RESEARCH AND
DEVELOPMENT

With a view to improving the pro-
ductivity and profitability of plan-
tations and making farm forestry an
attractive land-use option, the Com-
pany has been implementing a
major research and development
project since 1989, focused on ge-
netic improvement of planting stock
and improvement of practices in sil-
vicultural. Major gains in eucalyptus
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Figure 2. Gene banks of eucalyptus clones.
Banque de genes d’eucalyptus.

plantation productivity have been
achieved within a short timespan of
11 years through the application of
vegetative propagation and cloning
techniques for gainful exploitation
of existing useful variation. Large-
scale commercial plantations based
on genetically improved eucalyptus
clonal planting stock have been de-
veloped in many countries such as
Zaire, Brazil and Portugal, with sub-
stantial gains in productivity and im-
provement of wood quality. Produc-
tivity of hybrid clones of E. grandis
Muell. x E. urophylla Blake, devel-
oped by Aracruz Florestal in Brazil,
is around 55 m3.halyr! Some
new clones developed by Aracruz
on ideal sites with intensive man-
agement practices have recorded
extremely high productivity ~ of
100 m3.h-T.yr! (BERTOLUCCI et al.,
1995). Development and commer-
cialscale deployment of locality-
specific, high-yielding, fast-growing
and disease-resistant  eucalyptus
clones, traditionally propagated
through seed, has been successfully
achieved for the first time in India by
the Company.

The methodology adopted by the
Company for the development and
commercial-scale deployment of
high-yielding and disease-resistant
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Eucalyptus tereticornis Smith. and
Eucalyptus camaldulensis  Dehnh.
clones has been as follows.

* Selection of candidate plus trees
(CPTs), with the most desirable phe-
notypic qualities, such as high vol-
ume, large clear and cylindrical
bole, dominant height and disease
resistance, efc.

¢ Clonal multiplication of CPTs
through rooting of leafy stem cut
tings from 50 to 60 days old juve-
nile coppice shoots treated with
6 000 ppm indole butyric acid
under a controlled environment in
greenhouses.

* Evaluation of the comparative
genetic  superiority of resulting
clones through replicated field
trials and selection of genetically su-
perior high-yielding and disease-
resistant clones for commercial mul-
tiplication.

* Trials for genotype x environment
interaction studies were carried out
to identify specific groups of geneti-
cally superior clones most adaptable
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Figure 3. Bar chart showing CAl of various clones in the first clonal testing area

(CTAT) from year 1 to year 10.

Histogramme de I"accroissement annuel cumulé (CAI) pour divers clones d’euca-
lyptus sur la premiére zone de tests clonaux (CTAT), de la 1™ a la 10° année.
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to problematic sites, such as alkaline
and calcareous black cotton soils.

Clonal demonstration plantations
developed by the Company resulted
in large-scale adoption of genetical-
ly superior Bhadrachalam eucalyp-
tus clones by farmers and State
Forest Departments/Forest Develop-
ment Corporations.

Starting with the cloning of 64 CPTs
in 1989, more than 613 CPTs of
E. tereticornis Smith., E. camaldu-
lensis Dehnh. and Mysore gum-a
local derived provenance close to E.
tereticornis Smith. from Karnataka
State in India, have been cloned.
Progeny of all clones have been
planted in gene banks or clonal mul-
tiplication areas for production of
propagules for future clonal multipli-
cation (Figure 2). The area covered
by gene banks had increased to
17 ha by end of 1999. Replicated
field trials for the evaluation of com-
parative genetic superiority for the
selection of superior commercial
clones have been set up. Clonal test
plots have been planted since
1989, covering 20 ha area at 82
different locations. Comparative
growth data on various clones, in
three clonal testing areas, is given in
Tables Il to IV and Figures 3 to 5.

Based on the performance of individ-
ual clones in the field trials, 89 promis-
ing, fastgrowing and disease-resistant
clones have been identified. These
clones are known as Bhadrachalam
clones, with groductivity ranging from
12 to 58 m3.ha ".yr! under nonirri-
gated conditions, compared to 6 to
10 m3.ha!.yr! productivity from nor-
mal seedling origin plantations. Fur-
ther research work to identify sfill bet-
fer clones is continuing. Two plots of
clonal seed orchards covering 1 ha
have been planted with the best
Bhadrachalam clones for production
of genetically improved seed.
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Figure 4. Bar chart showing CAl of various clones in CTA 21 from year 1 to year 6.
Histogramme de I'accroissement annuel cumulé (CA1) pour divers clones d’euca-
lyptus sur la zone de tests clonaux (CTA21), de la 1 a la 6¢ année.
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Figure 5. Bar chart showing CAl of various clones in CTA 23 from year 1 to year 6.
Histogramme de I'accroissement annuel cumulé (A1) pour divers clones d’euca-
lyptus sur la zone de tests clonaux (CTA 23), de la 1 a la 6° année.
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RECHERCHE FORESTIERE

Notes

1. Volume in cubic meters (without bark) cal-
culated based on regression equation
V'=0.00258 + 0.0281 (GBH)

2. Data arranged in descending order of MAl
as per last assessment

3. Spacing3x2m

4. Number of saplings planted per freatment is
9 with 3 replications

CURRENT RESEARCH
AND DEVELOPMENT
FOCUS

Vegetative propagation and cloning
techniques tap the full productivity
potential of superior genotypes.
However, no further enhancement
of productivity or improvement of
the genetic qualities of selected
clones is possible through vegetative

5. Species: Eucalyptus fereficornis clone num-
bers 3, 6, 269, 2/0, 271, 274, 268, 275,
276,277,283, 284, 285, 286, 288

6. Shortlisted promising Bhadrachalam clones
numbers 288, 286, 284, 285, 277, 275,
274,271,269, 276, 268

7. Soil type is red soil

propagation, which replicates geno-
types. In order to develop still better
clones than the best presently avail-
able and to widen the genetic base
of clonal plantations, the following
research and development priorities
have been identified and are being
implemented.

* Selection of additional candidate
plus trees for cloning and field eval-
uation continues as a regular feature
of the strategy for the development

Abbrevations

CAl: current annual increment/ha in cubic me-
ters under bark

MAI: mean annual increment/ha in cubic me-
ters under bark

GBH girth at breast height in cm

HT: height in meters

sC: seedlings control treatment

VOL/HA: vo?ume per hectare in cubic mefers

under bark
UB: under bark

and deployment of new superior
clones—to widen the genetic base of
clonal eucalyptus plantations and
safeguard against future risk of epi-
demic pests and diseases.

* Field testing and selection of high-
ly productive site-specific clones for
refractory sites, including saline and
alkaline soils, through genotype x
environment inferaction studies is a
high priority research focus. Sixteen
out of 89 selected Bhadrachalam
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Notes

1. Volume in cubic mefers (without bark]
calculated based on regression equation
V =0.00258 + 0.0281 (GBH)

2. Data arranged in descending order of MAI
as per last assessment

3. Spacing 3 x 2 m

4. Number of saplings planted per freatment is
9 with 3 replications

clones have already demonstrated
good tolerance to calcareous/alka-
line soils with fairly high productivity.

* Development of intra-specific hy-
brids through control-pollination be-
tween the best Bhadrachalam
clones of E. fereticornis Smith and
inter-specific hybrids through con-
trol-pollination of these clones with
CPTs of appropriate eucalyptus
species and their reciprocal crosses.
F, hybrids showing good heterosis
have been cloned for field evalua-
tion (Figure 6).

* Development of clonal seed or-
chards for the production of im-
proved genetically superior seed for
future seed-based plantations and
selection of CPTs from such planta-

5. Species: Eucalyptus fereficornis clone num-
bers 244, 265, 266, 267, 273, 282, 287,
289

Mysore gum clone numer 238

6. Shorﬁisted promising Bhadrachalam clones
numbers 266, 273, 265, 289, 267, 287

8. Soil type is red soil

FORESTRY RESEARCH [ |

Abbrevations

CAl: current annual increment/ha in cubic me-
ters under bark

MAI: mean annual increment/ha in cubic me-
ters under bark

GBH: girth of breast height in cm

HT: height in meters

VOL/HA: volume per hectare in cubic meters
under bark

UB: under bark

Figure 6. Hybrid clone n* 2 128 (centre) with male parent clone n” 6 (left) and fe-
male parent clone n” 122 (right) of E. tereticornis (Smith).

Clone hybride n° 2 128 (au centre) obtenu du croisement du parent male clone
n°6 (a gauche) avec le parent femelle clone n° 122 (a droite) de E. tereticornis
(Smith).
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Figure 7. Hybrid clone n” 2 069 under field evaluation at Bhadrachalam. Age

10 months.

Clone hybride n° 2 069 4gé de 10 mois évalué au champ & Bhadrachalam (Ftat

d’Andhra Pradesh).

tions for the development of new fu-
ture clones.

¢ Further improvement of technical
practices for field plantations and
clonal nurseries.

Several intra-specific hybrids have
been developed through controlled
pollination between selected best
Bhadrachalam clones of E. fereticor-
nis Smith. Development of inter-spe-
cific hybrids such as E. tereticornis
Smith.  x  E. urophylla  Blake.;
E. tereticornis Smith. x E. grandis
Muell.; E. tereticornis  Smith. x
E. camaldulensis  Dehnh.;  and
E. tereticornis  Smith. x E. alba
Reinw. is progressing well (LAL et
al.,1997). Some control-pollinated
hybrids have shown good heferosis
at 1 to 2 years of age, and such
plants have been cloned for field tri-
als to select superior hybrid clones
for commercial-scale multiplication
for future plantations. Nearly 157
hybrid clones are presently under
field evaluation (Figure 7).

Casuarina is a popular species for
farm forestry plantations on coastal
sandy soils. Commercial-scale clon-
al plantations based on genetically

superior Casuarina clones are
being developed in some countries
such as China and Thailand (BOLAND et
al., 1996; KHA, 1996). Encouraged
by the success of Bhadrachalam eu-
calyptus clones, similar research
work for the development and de-
ployment of genetically superior Ca-
suarina clones has been making

rapid progress since 1994. More
than 175 Casuarina CPTs have
been successfully cloned and gene
banks have been established. Field
trials are under way for the evalua-
tion of the comparative genetic su-
periority of these clones, with a view
to selecting disease-resistant clones
with high productivity (LAL et
al., 1996). Based on field trials, 10
Casuarina clones with a productivi-
ty range of 8.6 1013.9 m3.ha~!.yr!
have been selected to supply farm-
ers with clonal planting stock (Fig-
ure 8).

IMPROVEMENT
OF NURSERY
PRACTICES

Eucalyptus and Casuarina clonal
planting stock is being grown in
modern nurseries using vermiculite
as growing medium. Moulded plas-
tic trays with 20 to 40 builtin cavi-
ties are used as containers for grow-
ing clonal nursery plants (Figure 9).
There are vertical ribs inside each of
the container cavities to prevent root
coiling. These containers are sup-
ported on suitable benches in the

Figure 8. Gene banks of Casuarina equisetifolia Forst.
Banque de génes de Casuarina equisetifolia Forst.

BOIS ET FORETS DES TROPIQUES, 2001, N° 267 (1)



Figure 9. Clonal saplings in moulded palstic trays in the opon nursery with green-

houses in the background.

Jeunes arbres clonaux dans des emballages en plastique moulé dans la nurserie a

I'air libre. En arriere-plan, la serre.

nurseries to facilitate self-pruning of
roots, good aeration, easy handling
and sprinkler irrigation. These con-
tainers also facilitate multi-tier load-
ing arrangements in trucks for trans-
port of clonal planting stock for
costeffective delivery to farmers’

fields.

Improved practices for ensuring the
best possible results with respect to
rooting of cuttings in greenhouses
under controlled environment, and
subsequent maintenance and nurs-
ing of plants in shadehouses and
open nurseries have been standard-
ized through intensive research.
Schedules for fertilizer and micronu-
trient applications have been re-
fined and perfected for large-scale
commercial production of clonal
planting stock. Prophylactic and
control measures against common
leaf-spot disease of eucalyptus at the
nursery stage have been identified.
Bavistin was found to be the most ef-
fective product for controlling Cylin-
drocladium spp. and Dithane M-45
as well as Blitox are quite effective
against leafblight disease.

BOIS ET FORETS DES TROPIQUES, 2001,

IMPROVED
PRACTICES

Apart from the superior genetic
quality of the planting stock, site

FORESTRY RESEARCH

land quality, clone adaptability to
specific sites, implementation of im-
proved practices and effective pro-
tection of plantations from damage
by pests, diseases and cattle are im-
portant factors which determine the
overall productivity of plantations.
Therefore, the Company developed
improved silvicultural practices for
the development and maintenance
of clonal eucalyptus plantations and
demonstrated their benefits to farm-
ers (Figure 10). Studies of soil pro-
files and analysis of soil samples
were carried out fo match adaptable
clones to the planting sites. Deep
ploughing of the soil with disk
ploughs or mould-bold ploughs in
both directions is recommended to
prepare fields for transplanting of
clonal saplings. Plant spacing of 3 x
2 m is recommended for the pro-
duction of poles and pulpwood, and
wider spacing is desirable for tim-
ber production from clonal eucalyp-
tus plantations. Transplanting in
30 x 30 x 30 cm pits is carried out
during the early parts of the mon-
soon rains so that plants will be es-
tablished and grow well, benefiting

Figure 10. Clonal demonstration plantation at Cherupally village, Khammam dis-
trict. Clone n® 7 and 10. E. tereticornis Smith age 4 years.

Plantation clonale de démonstration au village de Cherupally, district de Kham-
mam. Clones n° 7 et 10 d’E. tereticornis Smith agés de 4 ans.

N° 267 (1)



from the good moisture availability
throughout the monsoon rains. Soil
in and around the planting pit is
treated with 2 ml of Chloropyriphos
diluted in 1 | of water to prevent ter-
mite damage to young clonal
saplings during the critical establish-
ment stage. Cultural practices rec-
ommended include timely weeding
and soil working, protection against
damage by insect pests and cattle
and raising of leguminous crops be-
tween the 3-m wide planting rows
for green manuring. As most soils in
India are deficient in nitrogen and
phosphorus, application of supple-
ment fertilizers is recommended.
Soil and water conservation mea-
sures such as raised field boundaries
and staggered trenches are recom-
mended in well-drained planting
sites o retain rainwater. In low lying
areas or poorly drained heavy black
cotton soils, drainage has to be im-
proved during the rainy season.

APPLICATION
AND TRANSFER OF
RESEARCH FINDINGS

Planting stock of selected Bhadra-
chalam clones was supplied to
Forest Development Corporations/
Forest Departments of many states
and Forest Research Institutes in
India to enable them to plant clonal
seed orchards and maintain their
own gene banks for future multipli-
cation of these clones. The Andhra
Pradesh Forest Development Corpo-
ration (APFDC) is implementing a
World Bank funded Industrial Plan-
fations Project to reforest degraded
forest lands with Bhadrachalam
clones of eucalyptus. More than
7 000 ha of clonal eucalyptus plan-
tations had already been estab-
lished successfully by APFDC by
1999.

Clonal planting stock of Bhadracha-
lam eucalyptus clones was supplied
to Forest Departments/Forest Devel-
opment Corporations of Tamil

Nadu, Kerala, Karnataka, Andhra
Pradesh, Maharashtra, Gujarat,
Madhya Pradesh, Uttar Pradesh,
Orissa, West Bengal and Haryana
states of India. Likewise, Bhadracha-
lam clones have been supplied to
the Institute of Forest Genetics and
Tree Breeding, Coimbatore, Institute
of Wood Sciences and Technology,
Bangalore, Kerala Forest Research
Institute, Peechi, State Forest Re-
search Institute, Jabalapur, many
wood based industrial units and
NGOs.

Clonal saplings of 42 of the best
clones, with productivity of 20 to
58 m3.ha'.yr! under nonirrigated
conditions are being supplied to
farmers for developing clonal farm
forestry plantations with technical
extension services and buy-back
guarantees provided by the Compa-
ny. Two Clonal Demonstration Plan-
tations (CDPs) were established in
August 1991, based on five short-
listed clones with outstanding per-
formance in the first clonal festing
area (CTA), planted in September
1989 at 2 years of age. Eight addi-
tional CDPs have been established
in three districts of Andhra Pradesh,
covering 24 ha area.

Clonal planting stock of the most
promising Bhadrachalam clones was
released to farmers on a selective
basis from 1992 onwards. As “see-
ing is believing” for farmers, these
demonstration plantations and suc-
cessful extension campaigns by the
field staff of the Company have
been instrumental in large-scale ac-
ceptance and  adoption  of
Bhadrachalam  clones for  farm
forestry plantations and reforesta-
tion projects.

Ever growing demand for planting
stock of Bhadrachalam clones is a
testimony of their popularity and ge-
netic superiority. The present pro-
duction capacity is 3 million clonal
saplings per year. The current sell-
ing price is 8 Indian rupees/plant or
US$ 18/100 plants.

Eucalyptus clonal plantations pro-
moted by the Company between
1992-1999 benefitted 1914 farm-
ers who planted 5.64 million
saplingson 3 217 ha (Figures 11 to
13). In addition, 1.64 million
saplings of Bhadrachalam clones
were supplied to State Forest De-
partments/Forest Development Cor-
porations during the 1992-1999 pe-
riod, which now form the basis of
clonal eucalyptus plantations in
those states (LAL et al., 1997).

Yearwise details of clonal saplings
supplied for farm forestry planto-
tions and Forest Department/Corpo-
rations since 1992 are given in
Table V.

Findings of clonal technology re-
search and experience gained in
the promotion of clonal eucalyptus
plantations have been published by
the Company's scientists in the form

Figure 11. Clonal farm forestry plan-
tation in Nallaturu village, Prakasam
district. Bhadrachalam. Clone n® 27
E. tereticornis Smith age 2 years.

Plantation forestiére clonale chez un
exploitant dans le village de Nallatu-
ru, district de Prakasam. Clone Bha-

drachalam n°27 d'E.
Smith &gé de 2 ans.

tereticornis
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Figure 12. Clonal farm forestry plantation in Venagamukkapalem village, Praka-
sam district. Bhadrachalam clone n® 7 E. tereticornis Smith age 5 years.

Plantation forestiere clonale chez un exploitant dans le village de Venagamukka-
palem, district de Prakasam. Clone Bhadrachalam n® 7 d’E. tereticornis Smith agé

de 5 ans.

Figure 13. Clonal farm forestry plan-
tation in Boyapalem village, Guntur
district, Bhadrachalam. Clone n® 7 E.
tereticornis Smith age 4 years.
Plantation forestiere clonale chez un
exploitant dans le village de Boyapa-
lem, district de Guntur. Clone Bha-
drachalam n°7 d’E. tereticornis
Smith &gé de 5 ans.

TABLE V

YEAR-WISE DETAILS OF CLONAL
SAPLINGS SUPPLIED TO FARMERS

FOR FARM FORESTRY
PLANTATIONS AND TO STATE
FOREST DEPARTMENTS/FOREST
CORPORATIONS.

Year Clonal Area

plants  planted
(millions) (ha)
199293 0.03 17
199394 0.06 40

199495 0.23 161
1995-96 0.42 239
1996-97 1.02 791
199798 1.29 759

1998-99 2.07 1204
1999-2000 2.17 1356
Total 7.29 4 567

of research papers in the journal
Indian Forester, and papers present-
ed in various national and interna-
tional seminars/conferences. Print-
ed copies of the improved practices
for clonal plantations have also
been supplied to the Forest Depart-
ments and farmers developing clon-
al plantations.
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FORESTRY RESEARCH

RESEARCH
COORDINATION
AND LINKAGES

After the visit of top executives of the
Company to Aracruz in Brazil in
1987, the Company solicited trans-
fer of technology and consultancy
services from Aracruz Florestal S.A.
and some renowned infernational
consultants. However, the arrange-
ments could not be finalized be-
cause of the exorbitant price tag,
which the Company just could not
afford. The Company thus decided
to be self-reliant and make earnest
efforts to succeed through in-house
efforts. A separate Plantation De-
partment was created and Vice Pres-
ident-Plantations with supporting re-
search and extension managers
were recruited in 1989.

Collaborative arrangements, initial-
ly for 2 years, were finalized with
Tata Energy Research Institute (TERI),
and then extended for another 4-
year term. It was a learning process
for both organizations. The vast ex-
perience of Mr. A. N. CHATURVEDI,
a retired and well-known forester,
and Mr. Sujan SINGH, plant pathol-
ogist of TERI, was of immense help.
Initial selection of candidate plus
trees was carried out jointly by the
Company scientists and Mr. A. N.
CHATURVEDI. Mr. Sujan SINGH pro-
vided very useful help in the identifi-
cation of fungal pathogens and find-
ing appropriate preventive and
control measures against these pests
at the greenhouse and open nursery
stages, as well as field plantations.
Even now, need-based assistance,
in areas such as plant pathology, en-
tomology and soil science, efc., is
sought from scientists of Agricultural
Universities and Forest Research In-
stitutes.

The pioneering and painstaking ef-
forts of the Company for the devel-
opment and deployment of geneti-
cally superior eucalyptus clones
would not have been successful but



for the generous help provided by
APFDC and the farmers of Andhra
Pradesh. They were kind to permit
the Company scientists to select
CPTs for cloning from their seed-
based eucalyptus plantations. As
the Company did not have any
breeding populations or extensive
plantations, CPTs selected from
APFDC and farmer’s plantations con-
tributed to the vital foundations of
the Company’s clonal technology
research and development pro-
gramme. Later, some clones were
also received on an exchange basis
from the Institute of Forest Genetics
and Tree Breeding and from Wimco
Seedlings Limited, Rudrapur, Uttar
Pradesh for trials in  Andhra
Pradesh. Unfortunately, none of the
clones received from these two
sources performed well enough to
qualify for large-scale commercial
multiplication.

The Company also recently final-
ized arrangements with Mysore
Paper Mills Limited for collaboration
regarding domestication of CPTs
from their extensive E. camaldulen-
sis Dehnh. plantations for cloning
and field evaluation. It will be ex-
tremely useful if all State Forest
Departments with large-scale euca-
lyptus and Casuarina plantations
could join hands to select CPTs
for cloning and planting of multi-
locational trials in all States for si-
multaneous  field evaluation  of
clones. Simultaneously, shortlisted
Bhadrachalam clones and all new
clones to be developed as above,
can be planted on problematic sites
such as saline/alkaline and other re-
fractory sites to study genotype x
environmental interactions to se-
lect promising future clones most
adapted to each specific site in
various states promoting eucalyptus
plantations.

The Company has also announced
a policy decision concerning their
willingness to supply genetically im-
proved clonal planting stock of

Bhadrachalam clones to any wood-
based industrial unit in the country,
all State Forest Departments and re-
search institutes.

The Company is also willing to pro-
vide technical consultancy services
for transfer of clonal technology to
any organization in the public or pri-
vate sector on a mutually agreed
basis. In fact, the Company has al-
ready provided technical support as
local consultants to the Forest Devel-
opment Corporation of Maharash-
tra to upgrade root trainer nurseries
and clonal technology under a
World Bank-supported Forestry De-
velopment Project.

Collaborative research is of consid-
erable interest because of the
tremendous cost savings through
minimizing duplication of equip-
ment, manpower and expenses on
repetitive research. Likewise, there
is great benefit in terms of saving
valuable time and developmental
costs by arranging transfer of al-
ready developed technology, which
may suit the requirements of other in-
terested clients. For example, the
Company is keen to collaborate
with any reputed research laborato-
ry for collaborative research with re-
spect to molecular marker tech-
niques and DNA fingerprinting of
Bhadrachalam clones, with a view
to developing suitable techniques
for the early identification of future
promising and genetically superior
clones. The Company is in touch
with the Centre for Cellular and Mol-
ecular Biology, Hyderabad, Andhra
Pradesh, for developing DNA finger-
printing protocols for eucalyptus.

The Company is keen to develop
links for mutual cooperation with
other research institutes. The Com-
pany is a member of the Asia Pacif-
ic Association of Forestry Research
Institutions (APAFRI) and International
Union of Forestry Research Organi-
zations (IUFRO). Unfortunately, there
are administrative and procedural
difficulties for developing meaning-

ful  collaborative research  pro-
grammes between the private sector
and publicfunded research insti-
tutes of ICFRE and ICAR. These con-
straints must be overcome in the best
national interests. Forestry research
in government sector institutions suf-
fers from incessingly frequent
changes in personnel and research
priorities, lack of accountability and
procedural delays. The private sec-
tor has been able to address most of
these negative bottlenecks and
achieve extremely successful results
in a short timespan at minimum cost.

However, this project has been im-
plemented under the following
major constraints:

* inadequate genetic resources;
* absence of breeding populations;

* non-availability of adequate land
for field trials;

* shortage of sophisticated equip-
ment;

* limited staff and shoestring bud-
gets for research and development.

Without these constraints, the
achievements would have been far
more commendable and faster.

RESEARCH
FUNDING AND
EXTENSION COSTS

All clonal technology research and
farm forestry extension programmes
are funded internally by the Compa-
ny. The proceeds of selling clonal
planting stock until 1996-1997 met
only part of the production, research
and development, staff and admin-
istration, depreciation and the inter-
est costs. However, the Company
continued to support this activity,
which is vital for securing future
pulpwood supplies.

During the 1986-1987 to 1997-
1998 period, the Company spent
US$ 0.71 million (Rs. 31.9 million)

on the promotion of farm forestry
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plantations and providing technical
extension services. Likewise, during
the 1989-1990 to 1997-1998 peri-
od, the Company spent US$ 0.64
million (Rs. 28.8 million) towards
operating expenses and administra-
tion costs for clonal technology re-
search, development and produc-
tion of clonal planting stock. Capital
expenditure incurred during the
1989-1990 to 1997-1998 period,
mainly for greenhouses, shadehouses,
modern root trainer nurseries, lab
equipment and vehicles, efc., was
US$ 0.33 million (Rs. 15 million).
A sum of US$ 0.52 million
(Rs. 23.6 million) was recovered
from the sale of seedlings and clon-
al planting stock up to 1997-1998.
(Current exchange rate of
Rs. 45 = US$ 1 was applied).

The demand for clonal planting
stock is growing very fast and the
production capacity was expanded
to 3 million clonal saplings per year
during 1998-1999. Research and
development expenses and fixed
overhead costs will be spread over
larger volumes. The Plantation De-
partment is now self-sufficient in
funds through sales of clonal plant-
ing stock, achieving net profits since
1997-1998. Profits generated by
this activity over the last 3 years, up
to March 2000, amount to
US$ 0.38 million (Rs. 17.10 mil-
lion). Simultaneously, the primary
objective of securing future pulp-
wood supplies through clonal farm
forestry plantations has been suc-
cessfully met.

PLANTATION
DEPARTMENT
ORGANIZATION

The Plantation Department of the
Company, headed by the Vice
President-Plantations, has complete
freedom to decide on research pri-
orities, technical issues and imple-
ment research and clonal produc-

tion and marketing plans subject to
the approval of financial expenses
by the Managing Director. Vice
President-Plantations is  assisted
by Chief Manager-Plantations Re-
search and Clonal Plant Production,
supported by eight managers. Like-
wise, Chief Manager-Plantations,
supported by twelve managers, as-
sists the Vice President-Plantations in
farm forestry extension, promotion
of technology-based plantations
and marketing of clonal planting
stock. Four managers provide secre-
tarial and office support services.

Key factors leading to the emer-
gence of the Company as a res-
pected pioneer in the field of clonal
technology and technology-based
clonal plantations in India have
been:

* extremely well-defined research
objectives;

* competent and committed scien-
tific personnel;

* continuity of research plans and
personnel;

¢ adequate delegation with ac-
countability;

* wholehearted support at the
upper level of the Company.

Company's efforts and contributions
for promoting forestry research and
clonal farm forestry plantations have
been recognized with four presti-
gious awards:

* Indira Priyadarshini Vrikshamitra
Award-1997 from the Ministry of
Environment and Forests, Govern-
ment of India;

* Rajiv Gandhi Parti Bhoomi Mitra
Award-1994-1996, from the Min-
istry of Rural Areas and Employ-
ment, Government of India;

* The Vantech Industry Rolling Tro-
phy for Research and Develop-
ment-1995, Award from the Con-
federation of Indian Industry,
Southern Region;
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* FAPCCI Award for “The Best Tech-
nological Development in Research
and Development for 1991-1992"
from the Federation of Andhra
Pradesh Chambers of Commerce
and Industry.

Company scientists have been asso-
ciated with technical consultancy
assignments  for  World  Bank-
supported Forestry Development
Projects in Maharashtra State and
evaluation of Forestry Development
Project in Madhya Pradesh State.

CONTRIBUTION
OF CLONAL
TECHNOLOGY
RESEARCH

Extremely fastgrowing, high-yield
and disease-resistant eucalyptus
clones have been developed for the
first time in India by the Company.
The productivity of Bhadrachalam
eucalyptus clones is 3- to 4-imes
higher than the productivity of nor-
mal seed-based plantations. Clonal
eucalyptus plantations, promoted
by the Company, are the first suc-
cessful examples in India of com-
mercial-scale clonal plantations of
any forestry species traditionally
propagated  through  seedlings.
More than 1 900 farmers have ben-
efitted and a large number of Forest
Departments/Forest  Development
Corporations in many states have al-
ready planted these clones.

Clonal plantations covering 1.25
million ha, or 33% of the degraded
forest areas in Andhra Pradesh
alone, could yield 25 million t of
pulpwood annually. That would be
sufficient fo meet India’s entire pulp
and paper requirements, forecast at
8.5 million t by 2010-2011, based
on 70% wood-based fibre furnish.
Likewise, high-yield short-rotation
clonal plantations on 20 million ha
wastelands/degraded forest lands
can meet the country’s current fire-
wood requirements on a sustainable



basis. This would minimize biotic
pressures on remaining natural
forests and conserve their rich biodi-
versity. In addition to the restoration
of marginal lands to achieve high
sustainable  productivity,  clonal
plantations will generate vast em-
ployment opportunities for the rural
poor, confribute to environmental
improvement and promote conser-
vation of precious soil and water
resources. Such plantations will also
create opportunities for significant
added value through local process-
ing of plantation wood, while sav-
ing large amounts of scarce foreign
currency expended for importing
wood-based products.

The Company has now released 10
genetically improved Casuarina
clones for commercial-scale farm
forestry and reforestation projects.
Immense gains in productivity and
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RESUME

LA RECHERCHE FORESTIERE DANS LE SECTEUR PRIVE : LE RECIT D’UNE REUSSlTI,E EN INDE

La quasi-otalité des 76 millions d'hectares de la surface forestiére recensée en Inde appartiennent aux Etats qui les gérent. Il n’est donc
pas étonnant que le secteur privé soit peu motivé pour investir dans la recherche forestiére. Cependant, une société papetiére, ITC
Bhadrachalam Paperboards Limited, a mené avec succés un projet majeur engagé en 1989 pour améliorer la productivité et la renta-
bilité des plantations et pour rendre attractives les exploitations forestiéres. Dans les plantations commerciales et sans irrigation, la pro-
ductivité des clones se situe entre 20 et 58 m3.ha™!.an"!, alors que la productivité des plantations d’eucalyptus obtenues & partir de se-
mences est de |'ordre de 6 & 10 m3.ha'.an"". Plusieurs hybrides intro- et inferspécifiques d'eucalyptus ont été produits par une
pollinisation contrélée. Les hybrides F, inféressants ont été clonés et ces clones sont en cours d'évaluation au champ. Des recherches
comparables ont débuté, en 1994, pour la production de clones d'élite de Casuarina. La diffusion de clones d'élite a permis, rapide-
ment et & grande échelle, de mettre en place des plantations clonales d’eucalyptus. Entre 1992 et 1994, 7,3 millions de jeunes arbres
clonaux ont été fournis aux exploitants et aux départements forestiers pour couvrir 4 567 ha. La capacité actuelle de production est de
3 millions de jeunes arbres par an.

Mots-clés : eucalyptus, Casuaring, clone, génotype, productivité.

ABSTRACT

PRIVATE SECTOR FORESTRY RESEARCH: A SUCCESS STORY FROM INDIA

In India, almost the entire recorded 76 million ha forest area is owned and managed by the State Governments. It is no wonder, there-
fore, that there is little incentive for private sector investments in forestry research. I1C Bhadrachalam Paperboards Limited has success-
fully implemented a major research and development project since 1989 with a view to improving the productivity and profitability of
plantations and making farm forestry an attractive land-use option. The productivity of these clones, released for commercial plantations,
ranges from 20 to 58 m®.ha.yr! under non-irrigated conditions compared to 6 to 10 m®.ha!.yr! productivity of eucalyptus planta-
tions raised from available seed sources. Several intra-specific and interspecific eucalyptus hybrids have been developed through con-
frolled pollination. F, hybrids with good heterosis have been cloned and the resulting hybrid clones are currently under field evaluation.
Similar research was started in 1994 for development of superior Casuarina clones. The development of elite clones has been followed
by rapid adoption and development of large-scale commercial clonal eucalyptus plantations. Between 1992-1999, nearly 7.3 million
clonal saplings were supplied to farmers and Forest Departments and grown on a plantation area of 4 567 ha. Current production co-
pacity is 3 million saplings per year.

Key words: eucalyptus, Casuaring, clone, genotype, productivity.

RESUMEN

LA INVESTIGACION FORESTAL EN EL SECTOR PRIVADO: RELATO DE UN EXITO EN LA INDIA

Los 76 millones de hectareas de la superficie forestal inventariada en la India pertenecen casi fotalmente a los estados que se ocupan
de su manejo. Esto explica la falta de interés del sector privado para invertir en la investigacién forestal. No obstante, una sociedad
papelera, IT1C Bhadrachalam Paperboards Limited, ha conseguido realizar un importante proyecto, comenzado en 1989, para mejorar
la productividad y rentabilidad de las plantaciones y hacer afractivas las explotaciones forestales. En las plantaciones comerciales sin
regadio, la productividad de los clones se sitia entre 20 y 58 m®.ha™!.afio™! mientras que la productividad de las plantaciones de eu-
caliptos procedentes de semillas esté entre 6 y 10 m3.ha".afio™!. Se produjeron varios hibridos inter o intraespecificos mediante poli-
nizacioén controlada. Los hibridos F, interesantes fueron clonados y estos clones estan evaluandose en campo. En 1994, se iniciaron in-
vestigaciones andlogas para la produccién de clones de élite de Casuarina. La difusién de clones de élite permitié, répidamente y a
gran escala, sembrar plantaciones clonales de eucalipto. Entre 1992 y 1994, se suministraron 7,3 millones de drboles j6venes clonales
a los silvicultores y a los departamentos forestales para cubrir 4 567 ha. La capacidad de produccién actual es de 3 millones de ér-
boles j6venes por afio.

Palabras clave: eucdlipto, Casuarina, clon, genotipo, productividad.
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LA RECHERCHE FORESTIERE DANS LE SECTEUR PRIVE :
LE RECIT D’UNE REUSSITE EN INDE

PIARE LAL

En Inde, les gouvernements des Etats pos-
sédent et gérent pratiquement toutes les
zones forestiéres recensées, soit 76 mil-
lions d'hectares. Les recherches fores-
tigres menées par les administrations
forestiéres et par différents instituts fores-
tiers sont financées par le gouvernement.
De nouveaux textes législatifs qui pré-
voient la protection sui generis des droits
des obtenteurs sont encore en suspens, et
il n’existe aucun mécanisme pour la certi-
fication des semences d'essences fores-
tiéres, ni pour I'inscription de clones ou la
certification de plants clonés. Il n’est donc
pas étonnant qu'il existe peu d'incitations
a l'investissement privé dans la recherche
forestiére.

Malgré de nombreuses contraintes, la so-
ciéte I1C Bhadrachalam Paperboards
Limited méne, depuis 1989, un grand

rojet de recherche qui vise & améliorer
ré productivité et la rentabilité des planta-
tions et & valoriser, ainsi, la sylviculture.
Les plus gros efforts en recherche-déve-
loppement  portent sur  I'amélioration
génétique des végétaux et sur celle des
itinéraires techniques. Des gains signifi-
catifs de productivité sur I'eucalyptus ont
été obtenus gréce a |'exploitation de va-
riétés existantes et au développement de
clones d'essences locales & croissance
rapide, & haut rendement et résistantes
aux maladies.

La méthodologie utilisée par la société
comprend :

¢ une sélection d'arbres candidats amé-
liorés (Candidate Plus Trees, CPT) qui pro-
viennent de plantations appartenant &
des agriculteurs ou a des sociétés ;

* le clonage de CPT par enracinement de
boutures de tiges prélevées sur des
pousses juvéniles ;

¢ des essais de terrain sur les clones et
des études sur les interactions génotype-
environnement ;

¢ la multiplication commerciale des
clones sélectionnés pour leur supériorité
génétique, pour promouvoir des planta-
tions clonales.

AMELIORATION GENETIQUE ET
OPTIMISATION DES ITINERAIRES
TECHNIQUES

Par le clonage de 64 CPT d'Eucalyptus fere-
ticornis Smith et E. camaldulensis Dehnh de-
puis 1989, plus de 613 CPT ont été clonés &
ce jour. Les performances de clones indivi-
duels sur le terrain ont permis d'identifier
89 clones prometteurs pour la croissance et
la résistance aux maladies. Ces clones
Bhadrachalam, développés pour la pre-
miére fois en Inde, produisent sans irrigo-
fion de 12 & 58 mé.ha™".an"!, & comparer
au rendement des plantations obtenues &

partir de semences : 6-10 m3.ha™.an!.

Dans la descendance d'hybridations in-
fraspécifiques, produites par une pollini-
sation entre les meilleurs clones d'E. tere-
ticornis Smith, de nombreux hybrides
sont trés prometteurs. Des hybrides infer-
spécifiques entre les meilleurs clones d'E.
tereticornis  Smith et d'E.  urophylla
Blake/E. grandis Muell/E. camaldulensis
Dehnh. et d'E. alba Reinw. ont été déve-
loppés. Des études sur les inferactions gé-
notype-environnement ont permis d'iden-
fifier des clones spécifiques au ferrain,
bien adaptés aux sols calcaires.
L'utilisation continue de nouveaux clones
assure une large base généfique. L'amélio-
ration des itinéraires techniques et leur dif-
fusion auprés des agriculteurs assortie de
modalités de rachat et d'un soutien & long
terme pour |'obtention et le développement
sont des aspects stratégiques essenfiels de
la société. Des recherches similaires ont été
lancées en 1994 pour produire des clones
améliorés de Casuarina equisetifolia Forst.
La productivité de ces clones varie de 8,6 &
13,9 mé.ha'.an.

Des plantations de démonstration ont
convaincu les agriculteurs et les adminis-
frations forestiéres de plusieurs gouverne-
ments indiens que les gains en produc-
fivité et en renfabilité apportés par les
plantations clonales d’eucalyptus peuvent
éire importants.  Ainsi, les  clones
Bhadrachalam ont été plantés & grande
échelle. Les fournitures de plants clonés
ont été lancées en 1992, avec 27 000
jeunes arbres. La promotion des planto-
tions clonales d'eucalyptus assurée par la

société, entre 1992 et 1999, a bénéficié
a 1914 agriculteurs, qui ont planté
5,64 millions de jeunes arbres sur
3217 ha. De plus, 1,64 million de ces
clones ont été fournis aux administrations
forestiéres et aux sociétés de développe-
ment forestier de différents Etats, entre
1992 et 1999 ; ils constituent aujourd'hui
la base des plantations clonales. La socié-
t& de développement forestier d'Andhra
Pradesh a monté son propre centre de
multiplication clonale et a boisé 7 000 ha
de foréts dégradées avec des clones d'eu-
calyptus, entre 1993 et 1999.

SATISFAIRE LA DEMANDE EN BOIS
DE TRITURATION

La capacité annuelle du centre de produc-
tion clonale de la société, & Bhadrachalam,
dans le district de Khammam, est actuelle-
ment de 3 millions de plants, suffisamment
pour boiser environ 1 800 ha. Le bois de
frituration produit par ces 1800 ha de
plantation, qui arrive & maturité au bout de
rotations de 7 ans, suffira pour satisfaire la
totalité de la demande de péte & papier par
I'usine de la société, dont la capacité est de
65 700 tonnes par an. Ainsi, I'approvision-
nement futur en bois de frituration sera en-
tiérement assuré par des planfations sylvi-
coles clonales. Le service des plantations
assure  désormais son autofinancement
gréce & la vente des plants clonés, activité
qui dégage des bénéfices nets depuis
1997-1998 : 0,38 million US$ (17,10 mil-
lions de roupies) générés en 3 ans.

Des objectifs de recherche bien définis, un
personnel scientifique compéfent et mo-
tivé, la continuité des plans de recherche
et du personnel, une délégation suffisante
avec une bonne transparence, et le soutien
consfant de la société sont autant de fac-
teurs clés du succés de I'entreprise. ITC
Bhadrachalam fait aujourd'hui figure de
pionnier respecté, aussi bien dans la re-
cherche sur la technologie du clonage que
dans la promotion de boisements produc-
tifs d'arbres clonés dans les terres agri-
coles privées, en Inde. Les efforts et les
contributions de la société ont été recon-
nus par 'attribution de quatre prix presti-
gieux, dont deux au niveau national.
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