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1. Introduction
Eucalypt culture, from its first introduction in Mysore in 1790 (Shyam Sundar, 1984)
till date, has remained under discussions and debates for its ecological, social,
silvicultural, biotechnological, industrial and economic aspects. Foresters, farmers
and its wood users have been fascinated by its potential to adapt to varied soil
conditions with fast growth, capability of generating economic returns to growers
and multiple and varied uses. With its first organized plantation by the forest
department on forest land in 1877 at Malabavi (Devarayanadurga), Tumkur district
(Kadambi, 1944) to the present times, a lot has changed in its nursery and plantation
culture, other technological innovations and their applications. Of these, its clonal
culture is changing the landscape and fast occupying a space in agriculture and
forest land-use in different states and regions of the country. Out of a total of over
600 species (Turnbull, 1999); some 170 species, varieties and provenances of
eucalypts have been tried in India (Bhatia, 1984; Palanna, 1996). Eucalyptus
camalulensis, E. citriodora (Corymbia sp.), E. globulus, E. grandis, E. pellita,
E. tereticornis, E. torelliana and E. urophyla, their hybrids and clones are now
widely preferred for research and field plantations in the country. This paper
discusses the present status of its clonal culture in the country and also presents
some significant work done in WIMCO/Wimco Seedlings Ltd. so far.

2. Approaches
Eucalypt clonal propagation and improvement work is undertaken by a number
of government and private sector organisations in India. It includes state forest
departments, state forest development corporations, research institutes and
universities in government sector; wood based industry and individual
entrepreneurs in the private sector. A classical clonal eucalypt programme
includes identification and selection of superior trees; their mobilization by
obtaining the first vegetative propagule and assembling in the propagation
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facilities; handling, preparing and multiplying them in adequate number for clonal
testing/screening; maintaining the assembled clonal material of the finally selected
ones in juvenile and active growth stage for mass propagation; handling and
maintaining the planted cuttings for rooting in mist chambers; hardening and
growing the rooted stock to desired size; and their transfer, planting and
management in the field. With so many and diverse stakeholders in eucalypt
culture in the country, no single approach is uniformly followed in developing
new clones and their mass multiplication. The basic ingredients of all the
approaches in developing superior genotypes for cloning, mass multiplication
and planting for wood production, however, remain the same. Presently, the
following three approaches are commonly followed in development of clones
and their mass propagation for field planting.

Approach-I: Select individual trees (candidate plus trees or CPTs) from the existing
plantations based on morphological traits like growth, crown, bole, branching
patterns, disease and insect resistance;  mobilize them by taking their first vegetative
propagule; rejuvenate them through serial vegetative propagation; produce rooted
plants from juvenile shoots;  plant  and screen them in field testing or in clonal
orchards; rejuvenate the selected individuals; establish vegetative hedges and start
their mass multiplication by rooting the cuttings.

Approach-II: Collect seed from CPTs, inter- and intra- specific hybrids, and fresh
introductions from other sources, germinate to grow seedlings, raise its plantations,
screen the outstanding ones and include them in the production system as per
Approach-I mentioned above.

Approach-III: Procure proven clones from the breeding institutes/organizations,
establish their hedges/vegetative multiplication gardens and propagate clonal stock
for field planting.

There are only a few organizations those followed the complete protocol; many
others just procure better performing clones and mass multiply them for sale/supply
to the growers. The initial eucalypt programme in WIMCO, ITC and some other
organizations was started using first approach and is now carried forward by following
the second one which is more stable and a sustainable support to strengthen the
clonal programme. Human resources, material and techniques developed in WIMCO
initially and ITC thereafter helped in developing clonal eucalypt programmes
elsewhere especially in the private sector. The main ingredients of a systematic
clonal programme include development of clones, their induction in production
system, establishment and maintenance of cutting production systems, selection
and use of appropriate root trainers and potting media, environmentally controlled
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rooting chambers, hardening polyhouses, and nursery infrastructure for production,
handling and delivery of clonal planting stock.

3. Development of Clones
This is an extremely important activity for initiating a sound and sustainable clonal
programme which demands heavily on time, human and money resources. A little
more effort at this stage helps in sound building of clonal programme by selecting
real outstanding individuals for their induction in the propagation system. Clones
included in operational programmes need to consistently perform in term of yield
and productivity, good coppicing behaviour, good rooting capacity of over 80 per
cent with or without root promoting hormones, and resistance to insects and diseases.
Eucalypts are now planted by numerous small growers and also by the organized
forest departments and forest development corporations, the final performance test
for any clone is its acceptability among its growers and wood users. The process for
development of new clones is complex which needs to follow an exhaustive and time
consuming procedure from  a very large starting population to the last stage of final
screening of a few clones for their induction in the propagation system. Many
clones developed and named by some organisations (Table 1) have been of academic
importance only as they failed to get acceptance by the growers.

4. Indigenously Developed Clones
New clones are normally named by prefixing names or coded words before the clone
number by their developers. This is done to code the clones for their tracking in
research and propagation,  take credit and recognition for research work in developing
them,  and as a market startetgy to sell them by their brand names. Some others are
using alphabets for species, hybrids, place of origin, etc. Again there is no uniform
pattern and practice in naming them and in writing the abbreviated alphabets and
numerical characters with or without space, dash, underscore, etc. The names and
the series of the clones which find mention in the literature are given in Table 1.  ITC-
BCM clones are by far the widely accepted and planted clones throughout the
country. Some others regularly planted ones include clones from Wimco under the
series WIMCO and W, KFRI under the series K, TNPL under the series TNET and a
few others. Naming clones is a sensitive issue, and sometimes, the clone name may
not reveal the identity of the species or parents. Some breeders may  not be willing
to disclose the identity of parents and species.

There are some other series whose developing organisations could not be
traced. For example, Balu et al. (2013) mentioned 221 clones being maintained in the
Institute of Forest Genetics and Tree Breeding (IFGTB) which were  screened  against
gall wasp and referred as N, G, TAF, LA, R, ITC, C, KFRI, K, APPNPI, APNPI, APNPP,
PNKK, APNPP, APNC, FC, JK, MTP, P, PUL, RR, SPIC, ARM, APSVS, PSVS, PSVA,
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ET, etc.  Many of these clones were obtained by the institute from the private sector
and research institutes and may have duplicate names for the same clone mentioned
in Table 1. There is a possibility of a few other series clones used in research trials,
clonal banks and field plantations which could not find  place in the list given above.
For example, Star Paper Mills have claimed of developing three eucalypt clones
capable of producing double the yield compared to seedling origin plantations (http:/
/www.starpapers.com/spm.asp?page=sr) but their actual names could not be traced
in the literature nor confirmed from any other source.  Mohan and Manokaran (2013)
while screening clonal plantations of 110 clones for diseases in the states of Andhra
Pradesh, Kerala and Tamil Nadu  mentioned them as numbered clones not related to
any of the above series. Many a times  the same clones are referred by overlapping
names. ITC clones are referred under the series of ITC-BCM, BCM, ITC and many of
them are known among the growers with their simple numbers rather than coded
words prefixed with them. For example, clone BCM 413 is popularly known as clone
number 413 and so on. The preference of the clones is gradually changing over the
years. A decade back ITC clones 3, 7 and 10 were more accepted among the growers
in South India and elsewhere. These clones (except 7) are now not much in demand
as they developed serious susceptibility to gall induction and little leaf disease
hence, replaced with those which could withstand some degree of resistance.
Similarly, many clones of WIMCO which were earlier planted have been taken out of
production system on their becoming susceptible to gall, little leaf and
Cylindrocladium leaf blight (CLB).

The Protection of Plant Varieties and Farmers’ Rights Act, 2005 has provisions for
registration of clones/cultivars of tree species based on DUS (distinctiveness,
uniqueness and stability) characteristics. The Plant Protection Authority has already
approved DUS criteria for eucalypt clones and there is a possibility of getting clones
registered with the authority. Presently, the clones have been released by some
government funded institutions like Forest Research Institute at Dehradun (FRI),
Institute of Forest Genetics and Tree Breeding at Coimbatore (IFGTB), and private
sector without following the DUS criteria and without the approval of the Plant
Protection Authority. Clone no. FRI-EH-001 developed from FRI Hybrid 1 by FRI and
clones of  E. camaldulensis, viz., IFGTB-EC1, IFGTB-EC2, IFGTB-EC3, IFGTB-EC4
developed by IFTGB have recently been released by the concerned research institutes.

There have been some attempts to recommend clones adapted to specific
problematic sites (Table 2). Some clones have been categorized according to their
adaptability to different soil and site conditions, climatic conditions, susceptibility/
resistance to diseases and insects, rootability and productivity (Kulkarni, 2004).

Similarly, Chopra (2004) categorized 23 clones of E. tereticornis, six of  E. pellita,
and 10 of Urograndis for different rainfall and soil site conditions. E. tereticornis
clones recommended for moderate rain and dry climate  with sandy soils  are D1, D2
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and DLD3; for low rain, dry climate, drought resistance are DLD 10 and DLD 13; for
moderate rain and dry climate (>700 mm) with sandy loam soils are DLD 18; for low
rain and dry climate (upto 600 mm) as DLD 27, DLD 31 and DLD 66; for moderate rain
and dry climate (>700 mm) are  DLD 99, DLD 127, DLD 128 and DLD 130; for low rain
and dry climate (<600 mm) are  14 ET 1, 15 ET 2, 16 ET2, 17 ET4, 18 ET5, 19 ET 6, 20 ET
7, 21 ET 8, 22 ET 9, 23 and ET 10. Urograndis clones recommended for high rain
humid climate (>900 mm) and for sandy and clay soils are SA1, SA2, SA3, SA4, SA5,
SA6, SA7, SA18, SA20, and SA24; whereas, E. pellita clones for high rain high
humid areas (>900 mm) and for sandy loams soils are P1, P2, P3, P4, P5 and P6.  The
Punjab Forest Department has recommended eucalypt clones for different land uses
as clone no. 413, 407, 316, 288, 2070 and 526; for land with hard pain as 413, 526, 288,
407 and 316, and for water logged areas as 492, 498, 27, 10 and 469 (http://
www.pbforests.gov.in/ choiceofspecies.html). Recently, Balu et al. (2013), Dhiman
et al. (2010) and Dhiman and Gandhi (2012) also categorized clones according to
their resistance/susceptibility to gall induction.

Kulkarni (2010) reported productivity figures for ITC developed clones. It has
been tried to categorize these clones as per their documented productivity in different
productive classes, viz., below 50 t ha-1, 50-100 t ha-1, 100-150 t ha-1 and 150-200 t ha-1

(Table 3). The most popular clones fall under categories of over 100 t ha-1 productivity.
In north India, there are over a dozen clones commercially produced in the

propagation facilities and planted by the growers. These are 413, 411, 288, 316, 2045,
2135, 2070, 2313 and 2306 (BCM series from ITC), Wimco 12, Wimco14 and Wimco 15
(From WIMCO) and K 23 and K 25 (from KFRI). The presence of other clones is
insignificant. BCM 413 is by far the most widely produced and planted clone in the
states of Punjab, Haryana, Uttarakhand and Uttar Pradesh followed by BCM 288,
Wimco 12, Wimco 14, Wimco 15, K25, etc.

5. Induction of Clones in Clonal Production System
The clones included in the production system are those which had already undergone
cloning while they were field planted from past selected CPTs or may be those
performed outstanding in the existing field trials and need first time induction in the
clonal propagation system. A number of propagation methods, viz., coppicing, rooting

S. no. Characters Clone number (ITC-BCM series) 
1. Clear bole 1, 4, 6, 7, 27, 122, 223, 265, 266, 272, 274, 275, 284, 

286, 288, 290, 316 and 319 
2. High productivity 3, 6, 7, 10, 105, 130, 265, 266, 272, 274, 284, 290, 292, 

316 and 319 
3. Adaptable to refractory sites 1, 10, 71, 105, 115, 116, 128, 130, 223, 266, 271, 272, 

274, 285, 290, 316, 405, 411 and 413 
4. Disease resistance 1, 3, 6, 7, 288 and 316 

Table 2. Some specific traits of few ITC clones

Status of eucalypt clonal culture in India
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of cuttings, budding, grafting, layering, lignotubers and micropropagation are used
in one or other form for their vegetative propagation. The application of methods
depends on the purpose of propagation, season, age of tree, use of chemicals and
the propagation facilities. The use of micropropagation and lignotubers is still in the
experimental stage; budding, grafting and layering are increasingly used for mobilizing
the selected superior trees and for developing plants in containers or in centralized
places for making crosses (Fig. 1a and Fig. 2), whereas, rooting of cuttings is now
operationally used to mass multiply selected clones for plantation forestry. In India,
the work on vegetative propagation of eucalypt was initiated at Wimco Seedlings
Ltd. and the FRI (Tewari, 1992) and, thereafter, at other private and government
agencies. The main methods used for cloning eucalypts with specific utility in
plantation management, tree improvement and operational scale mass multiplication
are discussed below.

6. Coppicing
Stems and branches of many Eucalyptus species have dormant buds beneath the
bark and sprout to give regrowth on cutting back/felling, girdling, damage and
sometimes after fire (Jacob, 1955). This new growth is called coppice growth and the
practice of obtaining such shoots as coppicing. The practice of coppicing is applied
for the regeneration of clonal and seed origin plantations for subsequent rotation on
their harvesting. The history of its use could be traced back to Neolithic times
(Crowther and Evans, 1984). Coppicing in eucalypts varies with species, clones,
season, age of trees, stump height, nutrient status of stock plant, management
practices, etc. Eucalyptus species grown in India are easy to coppice. Eucalypt
clonal forestry has exploited this trait extensively in management of plantations of
both clonal and seedling origin, tree improvement and operational production of

S. no. Wood yield (t ha-1) Name of clone 
1. <50 147, 326, 330, 492, 501, 516, 540, 611 
2. 50-100 1, 4, 8, 71, 84, 113, 116, 119, 124, 128, 142, 158, 159, 165, 222, 

223, 236, 241, 276, 314, 317, 319, 320, 323, 328, 351, 355, 356, 
359, 407, 409, 412, 415, 433, 436, 437, 438, 439, 458, 469, 470, 
471, 498, 499, 514, 515, 522, 525, 526, 529, 532, 533, 534, 535, 
541, 545, 547, 548, 566, 570, 585, 587, 588, 598, 607, 609, 612, 
654, 670, 671, 2016, 2045, 2070, 2120, 2135, 2149, 2151, 2153, 
2154, 2169, 2170, 2171, 2202 

3. 100-150 3, 5,7, 10, 27, 52, 83, 99, 105, 115, 122, 130, 226, 265, 266, 269, 
271, 273, 274, 275, 277, 284, 285, 315, 316, 318, 405, 411, 413, 
417, 503, 513, 2145, 2253, 2254, 2306 

4. 150-200 72, 272, 286, 288, 290, 291, 292 

Table 3. Categorization of clones under BCM series as per productivity of
individual clones
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cloned planting stock. In plantation management, coppicing is a simple, low cost,
and reliable reproduction technique and, therefore, invariably employed for
regenerating harvested eucalypt plantations with varying coppice rotations before
their replacement with fresh planting. Generally, eucalypt plantations can be
satisfactorily coppiced many times. Mysore gum plantations in Nilgiri Hills, South
India have been cut on a 10-year rotation for almost 100 years and still produce very
good coppice yields of fuelwood (Matthews, 1996; Doughty, 2000). In northern
India, eucalypts planted inside agricultural fields is normally uprooted and replanted
afresh, whereas, that planted on bunds is worked under simple coppice system for a
couple of cutting cycles. Coppicing is more uniform in clonal plantations compared
to seedling origin ones due to genetical uniformity in the former case. Large gaps or
failed areas can be restocked through replanting. Harvesting of trees during winters
or monsoons produce abundant sprouts. First coppice rotation is not likely to reach
maximum vigour until the second succeeding coppice rotation (Jacob, 1955).
Thereafter, there is a progressive decline in the regeneration of coppice shoots/
stump and the vigour of the coppice shoots. Clonal plantations in many regions and
states of the country are normally harvested at four to six years and further managed
for two to three coppice rotations each for three to five years for production of raw
material for pulpwood, firewood, poles, stacks, scaffolding, MDF, particle board,
etc. Coppice shoots on stumps, cut back near the ground level, are healthy and
vigorous than those from stumps at higher positions above the ground.

Coppicing has also been used as a tool in eucalypt improvement and operational
cloning. It has also been extensively exploited as a link between selection of superior
trees and operational cloning from the stage of first obtaining the vegetative
propagule from CPTs to their final induction in production system. Fresh coppice
shoots collected from stumps on tree felling are considered juvenile, easy to root
and are used as first propagules to start their cloning. Once a mature tree is
rejuvenated, it is maintained in a juvenile phase under active coppicing for making
cuttings. The juvenile mother plants are maintained as hedges for mass production
of shoot cuttings through coppicing, not necessarily from the main stem but also
from branches. The coppice sprouts are repeatedly harvested and the mother plants
are nourished and maintained with appropriate inputs of nutrients, irrigation and
other cultural inputs.  There are different kinds of hedges managed for shoot cutting
production (Fig. 1b).

7. Micropropagation
Use of micropropagation especially tissue culture technique is widely advocated
for mass multiplication of superior forest trees for field planting. The technique
also finds mention for its use in cloning eucalypts in India (Gupta et al., 1981,
1983, 1991; Kapoor and Chauhan 1992; Muralidharan and Padalai, 2000; DBT,
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Fig. 1a. Patch budding for mobilizing mature CPTs.

Fig. 1b. Cutting production systems for operational scale cloning of eucalypts.
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2001) and in many other countries. According to DBT (2001) over 1.57 M  tissue
cultured plants have been supplied to different state forest departments, NGOs
and other private growers. According to Kumar et al. (1993) 0.145 M tissue
cultured plants were planted in Tata Tea Garden, Kerala by 1991. Muralidharan
and Pandalai (2000) reported planting of 45,500 tissue cultured ramets of 28 clones
by the Kerala Forest Department. A very high multiplication rate of 100,000 plants
for E. citriodora, about 50,000 plantlets for E. torelliana and 20,000 for
E. camaldulensis can be produced in a year from a single nodal segment of a
mature tree (Gupta et al., 1980, 1981, 1983). The present status of micropropagation
technique for eucalypt cloning is still at the experimental stage as the detailed
results of its field performance are yet not available. There is a mixed response on
their field performance from whatever little information is available.  Gupta et al.
(1980, 1981) reported micropropagated plants of  E. citriodora showing superior
performance over seedlings grown from the same trees. Similarly Solanki et al.
(2000) while reporting transferable agroforestry technologies mentioned a clone
SRY 16 that was produced by in-vitro shoot tip culture from stump coppice sprouts
to have 66.3 per cent more height and 56.6 per cent more girth compared to seed
origin plants at 2½ years age. Some information on better performance of tissue
cultured eucalypts is also reported by DBT (2001). Muralidharan and Padalai (2000),
on the other hand, reported poor performance in term of survival, growth and
diseases susceptibility of E. tereticornis micropropagated plants over the rooted
cuttings. The differences in survival were very large; i.e., 40 per cent for
micropropagated plants and 80 per cent for rooted cutting plants after 21 months
of field planting. The authors further indicated that there was constant mortality
of the micropropagated plants over the years. Kapoor and Chauhan (1992) also
reported tissue cultured F1 hybrid each of  E. citriodora x E. tereticornis and
E. tereticornis x E. citriodora. In Brazil and  some other countries, tissue culture
has been used as a tool for large scale production of micro cuttings for their
rooting in mist chambers (Assis et al., 2004). These micro cuttings obtained from
tissue cultured facilities are being now replaced with the mini cuttings from mini
hedges grown inside and outside polyhouses in some countries because of high
cost of production and in difficulties in handling the highly demanding
micropropagation production systems. There are some commercial laboratories
those are producing tissue cultured eucalypts in the country (DBT, 2001). In India,
most of the tissue culture research has centred on developing methods for culture,
media and techniques to induce juvenility in trees (Dhawan et al., 1993). An enquiry
on IndiaMART webpage will get a response from around half a dozen private
tissue culture labs showing interest to supply tissue cultured eucalypt plants. It is
an indication that business in the production and supply of tissue culture plants
including that of eucalypts is also expanding in the private sector. However, a
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credible and repeated good performance of tissue cultured eucalypts, despite
hundreds and thousands of such plants field planted, is yet to be accepted in the
operational forestry.

8. Lignotubers
The main tuberous structures at the base of seedlings/saplings in many Eucalyptus
species could be used for vegetative multiplication. These structures contain numerous
buds and regenerate shoots when the stem of the seedlings/saplings is damaged or
cut back just above the lignotubers (Fig. 3). Like coppicing, regeneration of shoots
from lignotubers also depends on season and species (Jacob, 1955; Bhatnagar and
Joshi, 1973). Bhatnagar and Joshi (1973) have produced plants by using pieces of
lignotubers treated with IBA (100 mg l-l) from two-year-old plants. This method is still
of theoretical significance and its operational application as mass multiplication
technique is limited. Lignotubers are formed only on seedling origin plants; their
formation in rooted cutting plants is yet to be reported. In New Zealand, 60 per cent of
field plantations of radiata pine are clonal in nature and are established with clonal
planting stock produced through macropropagation of seedlings grown from control
crosses with largely predictable genetical gains. The eucalypt improvement/
hybridization programmes across the countries and regions have yet not reached a
stage when the progenies from such hybrids are considered highly genetically controlled
and uniform to enable use of lignotubers from such seedlings for growing large scale
plantations.

9. Air Layering
Air layering has been used to get the first vegetative propagaules of some difficult
to root tree species. It is performed on 45-60 cm long branches of eucalypt trees by
removing around 1 cm wide strip of bark, covering the debarked portion with wet
moss grass after applying 8,000 ppm IBA and tying the same with plastic strip to
avoid moisture loss. Roots are formed in the moss grass within a month and layers
on removal from the branches are planted in the containers or open beds. Wide
variation in the success of layering is reported in eucalypts (Davidson, 1977). It has
been applied with success in E. robusta (Pryor and Willing, 1963) and  E. deglupta
(Davidson, 1974).

10. Grafting and Budding
Grafting and budding are important methods to clone mature eucalypt trees which
otherwise are difficult to mobilize through rooting of cuttings. Davidson (1974) tried
different grafting methods in eucalypts and indicated some serious problems in
graft compatibility among some species but has been highly successful with some
others. Cleft and tongue grafting methods have been increasingly used by joining
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scion and rootstock together in such a way that they readily unite and grow as one
plant. Matching the thickness of rootstock and scion is extremely important for the
success. The grafted portion of scion and rootstock is covered with narrow plastic
strip. The success rate increases with the use of actively growing and freshly collected
scion and also when the rootstock is maintained under active growth. Chandy
(www.inseda.org/.../CD%20.../Eucalyptus%20Cultivation-467.doc) described a
budding method for eucalypts in which good quality seedlings are used as rootstock.
The seedlings are cut back at 5-7 cm above collar position, 3 cm long and 0.5 cm x 0.7
cm strip of bark is cut from the top of the rootstock running downwards with the
base of strip attached to the main stem, scions are taken from selected branches
having an approximately same thickness as of rootstock, scion inserted in the cut
made on the rootstock and the point of union wrapped tightly with polythene strip.
Sprouting of scion is usually noticed between 30-40 days and complete union is
established within 60 days.

11. Rooting of Cuttings
Eucalypts were once considered hard to root species in India (Nanda, 1970;
Gurumurti et al., 1988) and elsewhere (Paton et al., 1970). Cuttings collected from
mature trees fail to root and are not suitable for mass multiplication and operational
planting due to age factor. This method, therefore, could not be directly used by
taking cuttings from the mature trees but is increasingly exploited in operational
cloning once the mature trees are rejuvenated. Selected trees are mobilized by
collecting the juvenile sprouts from stumps on their cutting back or by collecting
budwood (buds and shoots) and their grafting on seedlings grown near the
production facilities. The trees are rejuvenated by serial vegetative propagation
which is performed till a stage adequate rooting percentage is obtained with or
without root promoting hormones. Most organisations in India have followed this
approach of cutting back the selected trees to regenerate stump sprouts for making
cuttings. The tree is cut down at the end of the winter, the beginning of the spring
and during rainy season. Sprouts developed on the stumps can be collected as
soon as the growing stem does not remain too soft. This stage is normally achieved
in 30 to 45 days after cutting back. Good coppicing trees get re-sprouted on the
removal of the existing shoots. The light coloured soft upper part of the sprouts is
not used for making the cuttings.

12. Establishment and Maintenance of Cutting Production Systems
This is another extremely important back-end activity required for a successful clonal
programme. It needs a lot of planning, space and professional skills to establish a
constant and regular supply of juvenile cuttings for propagation system. It needs
exhaustive backward working for timely developing shoots through cultural and
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tending operations of mother plants maintained in cutting production systems. A
number of cutting production systems are presently used for juvenile shoot
production (Fig. 1b).  The rejuvenated plants are established in the cutting production
systems both in outdoor and indoor polyhouses, which are commonly called as
‘macro hedges’ and ‘mini hedges’.  These are also invariably called as ‘vegetative
multiplication gardens (VMG)’, ‘stool beds’, ‘clone banks’, ‘clone gardens’, ‘clonal/
cutting multiplication areas (CMA)’, etc. Plants in outdoor hedges (macro hedges)
are planted at close spacing and nurtured with cultural and agronomical inputs for
abundant and multiple shoot production. In some organisations space between
lines is increased and that between plants is decreased for effective soil working
and weeding between the plant lines. Some facilities grow close spaced plantations
for one to two years, cut back the saplings for coppice shoot production, harvest
the shoots at regular intervals, and allow one or two shoots/stems to develop till
they are again cut back for coppice shoot production. Over time, this system
developed into a closer spacing with 40,000 or more plants per hectare. Technological
innovations in management of hedges led to increase in ratio between hedges and
area planted in Brazil from 1:44 to 1:525 (1 ha of clone production area could produce
clonal plants for 525 ha) (Higashi et al.,  2000).

Clonal hedges need to be maintained in vigorous growth with appropriate
irrigation, light, nutrients, etc. It is better to avoid multiplication of sprouts from
hedges which have been exhausted by repeated shoot harvesting too many times.
In north India during winters, the growth of hedges is checked due to cool and
foggy environment, it takes longer to produce the same size sprouts and rooting
efficiency than that in summer months. During winters, the removal of cuttings
should be made carefully and the number of crops restricted in order to avoid
exhausting them.

Mini cutting production system on mini hedges is the current production system
in many propagation facilities in India and abroad. Indoor clonal mini hedges are
easy to manage than larger outdoor gardens in some countries (Ianelli et al., 1996).
This has greatly increased stock quality and cutting production efficiency. In some
facilities, these are planted in raised beds made up of fibre glass or cement concrete
of varying lengths, 20 to 30 cm depth and 40 to 60 cm width. They are usually filled
with washed sand and irrigated by internal flow from one end to the other, by drip
irrigation, and from above with drainage at one or both ends. Nutrition application in
clonal hedges is an integral part of their management (Higashi et al., 2000) and a
combination of macro- and micronutrients is regularly applied to maximize shoot
production. Harvesting cuttings from mini hedges begins 20 to 30 days after planting.
Shoot tips of smaller length are harvested for use in cutting propagation. The cutting
is planted into the standard container and follows the standard propagation support
of misting and shading. Rooting in shoot tip cuttings is generally fast and better
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than semi-softwood cuttings and many times they may not require treatment by root
promoting hormones for enhancing rooting. In shoot tips and mini softwood cuttings,
the original apical shoots grow upward compared to side shoots that develop from
the semi-hard cuttings. The result is a faster growing, and more vigorous nursery
stock with mini cuttings. In addition, one of the roots tend to grow as main lateral
root similar to tap root straight down compared to growing from the side of the stem
in semi-softwood cuttings (Fig. 4). During the successive generations of cuttings,
some cuttings with a weak root system need to be avoided. The quality of the
cuttings needs to be maintained through proper maintenance of mother plants in
hedges and they may need replacement with fresh planting at regular intervals.

13. Selection and Use of Root Trainers and Potting Media
Introduction of root trainer technology for seedling production in forest nurseries has
revolutionized clonal culture of eucalypts. Initially, the technology was developed
and introduced by Wimco Seedlings for growing planting stock of a number of forest
tree species, including for clonal propagation of eucalypts and many other tree species
(Rawat and Dhiman, 2002). Presently, the root trainers are life line for rooting eucalypt
cuttings and many other species and all the propagation facilities in India are
increasingly relying on the root trainers for operationally feasible production systems.
Size, shape and design of root trainers are extremely important features in the success
of eucalypts clonal programme. An ideal root trainer cavity should have appropriate
length/diameter ratio, top/bottom hole ratio, and inner ridges/grooves for effective
moisture retention, root development and plug formation during development of root
cuttings to their plantable size. Too long and narrow containers may not effectively
form plug and those with small bottom holes may lead to plugging and coiling of roots
(Fig. 5). Root trainers with large bottom holes drain out the rooting media and the plug
formation also gets delayed. The first root trainer lot introduced by Wimco Seedlings
in India for raising tree seedlings was of  93 ml volume with block dimensions of 350
mm x 215 mm,  cavity length 87 mm, width 40 mm, cavity top diameter 40 mm, cavity
bottom diameter 22 mm,  inner ridges five in number, and thickness of cavity wall as 1
mm. Presently, root trainers of different shapes, sizes and designs are available in the
Indian market and the commonly used ones for rooting eucalypt cuttings are of block
type (40 cavities/block) with volume of 60 to 110 ml, the most common being 73 ml
volume with 86 mm length, 37 mm top dia, 19 mm bottom hole, inner ridges four to six
in number and wall thickness upto 2 mm. Some propagation facilities use bigger and
small dimensions root trainers that also include individual cavities with adequate
space adjusted between them on stands. In Brazil, the propagation facilities have
mostly used the ‘Hawaiian dibble tube’ with about a 3 cm top circumference, 10 to 15
cm length, and around a 50 ml volume (McNabb, 2002). Container size decides the
plant size to be produced, large cavities produce large size plants and vice-versa. This
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Fig. 4. Semi-hard wood top shoot (A), soft wood top shoot (B), and semi hard wood (C) cuttings
in rooting media (upper) and soon after rooting in around 18 days of their setting in mist
chambers(below). A -represents mini cuttings collected from indoor and outdoor mini-hedges
in around 15-20 days, B as bud sprout cuttings from 2-3 years old stumps in 7- 10 days of
sprouting, and C made from coppice shoots from outdoor macro-hedges in around 35-45 days of
their last harvest under North Indian conditions. Rooting is fast in B (average 8-10 days)
followed in B (average 10-12 days) and than in C (average 12-18 days) cuttings under
environmental controlled chambers. A and C cuttings need cutting tools to harvest from mother
plants whereas, B could be simply pinched with hand/nails from the mother plants.

Fig. 3. Regeneration of shoot from
lignotuber.

Fig. 2. Manipulated crosses made on grafted
plants. Left: flowers covered with paper bags
after pollination, and right: capsule
formation after hybridization.
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is because the large sized cavities contain more potting media, nutrients, and space for
root development resulting in better growth of seedlings. However, large containers
require more potting media and extra time for growth (Chandra and Gandhi, 1995;
Dhiman et al., 1996; Sharma, 1996). A few production systems are using root trainers
with small cavities to effectively use limited space of propagation chambers and
thereafter shift them to large cavities outside for their fast attaining the appropriate
size required for field planting. In some humid locations, high incidence of CLB forces
propagation facilities to culture plants in bigger cavities for avoiding crowding and
allowing air circulation among plants to check disease spread.

14. Rooting Media
Rooting media need to maintain an ideal combination of aeration and moisture
retention for encouraging fast and uniform rooting and fast development of plugs
in rooted cuttings. In addition, the media needs to be light in weight, well drained,
inert, inorganic matter and free from pest and weed seed. The most common rooting
media used in the country is horticultural grade vermiculite which has around four
grades in the market. The fine quality vermiculite holds additional moisture, is not
well drained and, therefore, such media give poor rooting. Of late, many nursery
growers in southern India have started using coco-coir waste which is available in
abundance and at low cost. Some other rooting media used for rooting in India,
viz., river sand and even rice husk sometimes, in combination with vermiculite as
well. Each medium has variability in gradients that affect the rooting efficiency. In
some countries, other rooting media are used in pure form or in mixture and these
include crushed pine bark, rice husk, grabbles, perlite, pumice, peat, Styrofoam,
etc. (Landis et al., 1990).  Too coarse rooting media like rice husk and grabbles
encourage callusing at the base of cuttings with low rooting, whereas, too fine
media lead to excessive moisture retention and rotting of cuttings.

Potting media ingredients, their proportion, physical and chemical properties
play significant role in the growth and development of seedlings. Once the cuttings
get rooted, they need a nutrient rich feeding with irrigation water or rooted cuttings
are to be transferred to other cavities filled with nutrient rich media. In most of the
production facilities first option is exercised where rooted cuttings are maintained in
the same root trainer cavities and are supplemented with nutrient rich irrigation
water or repeatedly sprayed with solutions carrying composite mixtures of essential
nutrients. The choice depends on the infrastructure and the technical resources
with the production units. In some nurseries, rooted cuttings are placed on nutrient
rich media for some time that allows the roots to penetrate the nutrient rich media
helping the rooted cuttings to grow the desired size in a short period with green
flush of leaves, cut back the outgrown roots and supply the plants for field planting.
Such plants are highly sensitive for field planting under extreme weather conditions
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and may lead to excessive disease infestation and desiccation. The potting media in
containers for shifted rooted cuttings, if practised, need to be balanced one that
may contain soil, sand and compost in appropriate proportions with adequate
nutrients.

15. Infrastructure
Rooting of cuttings has developed as the accepted method for operational cloning
of eucalypts in India and many other countries. It demands certain regulated
environment of humidity, temperature and light conditions inside chambers. The
inside environment in specially designed chambers/polyhouses is modified with
appropriate misting, cooling, aeration, and light arrangements. Variety of
propagation facilities now exist for rooting of eucalypt cuttings in the country.
They vary from a simple low cost huts covered with polythene sheets that maintains
high humidity involving an expenditure of a few thousands rupees (Dhiman, 1995;
Sharma et al., 2001) to highly sophisticated auto controlled mist chambers costing
Rs. 4 to 6 M per unit. The rooting environment is partially modified inside low cost
poly-tunnels of a few m2 and auto regulated in large sized mist chambers of around
1,000 m2 per unit. These units suit different users with limited and adequate
resources for small and large scale operations with heavy investments. A large
number of production facilities have installed multiple mist chambers to meet their
production requirements. Misting is created by specially designed nozzles which
are operated at regular intervals with water pumped with pressure; the timings is
changed based on the internal and external environment, season, cutting material
used (macro, mini and shoot tip cuttings). Cooling and adequate aeration is created
by blowing moist air from cellular pads or from brick bee hive structures installed
on opposite sides of the exhaust fans. The light transmission to chambers is
maintained by transparent polysheet covers around it and shade nets stretched
below the polysheet covers. The cost of installation of these chambers and their
maintenance is very heavy, it is necessary to use them effectively to realize the
investments made thereon (Fig. 6). Normally these chambers should produce
20,000-30,000 plants per 100 m2 of internal space. Some propagation facilities are
even getting higher production efficiency with some innovations. It is desired to
install these chambers away from the trees and building structures to avoid partial
shading inside chambers and also damage to polysheet cover from falling branches.
The technical and professional human resource for running the entire operation
are very essential than the fine technicalities of chambers. A professional
propagator with simple huts can produce better clonal plants whereas highly
sophisticated chambers have been  failed with those who could not address other
technical issues of handling eucalypt plants during pre- and post-setting of
cuttings for rooting and in maintaining the chambers in running conditions.
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16. Hardening Chambers
Rooted cuttings are produced under exacting environment inside chambers. These
plants are unable to match the harsh climate outside especially in very hot locations
and, therefore, the rooted cuttings need to be kept for sometime under modified
environmental conditions of partial shade with frequent irrigation preferably with
sprinkler system or rose can. Shade nets with different shading effects are installed
near the mist chambers for hardening the planting stock before it being maintained
under open conditions for acclimatization. These structures vary from around a 100 m2

to over an acre depending upon the requirement of the propagation capacity. Some
units do not consider hardening chambers as essential infrastructure and are able to
harden the rooted cuttings under open conditions.

17. Operational Rooting of Cuttings
Rooting of cuttings is affected by the species, clone, stage of juvenility in shoots,
growing conditions of the hedges, origin of the cuttings, handling of sprouts and
cuttings, rooting environment and other factors. The rooting time may vary from
10 to 21 days in the operational rooting facilities. It is always advised to disinfect
the mist chambers after removing the last rooted lot. Bleaching powder at the rate
of 0.80 kg per 100 m2 of chamber area is spread and the chamber is allowed to dry
for a couple of days before planting the new lot. Shoots from cutting production
systems are brought in containers filled with fresh water, made into cuttings which
are again placed in containers having fresh water before their treatment. Mini
cuttings constitute the whole shoot collected from the mini hedges and there is no
special preparation but for removal of the leaves from their lower parts which
otherwise impede their insertion in rooting media. Mini-cuttings or fresh top shoots/
sprouts, therefore, can directly be planted in the rooting media, whereas semi-
softwood shoots collected from hedges need conversion into 10-15 cm long nodal
cuttings with the terminal leaf pair half trimmed to conserve moisture loss and to
permit some photosynthetic activity during the rooting process. The cuttings are
made by removing the shoots just above the leaves to initiate new shoots from
auxiliary buds and root from the leafless bottom part inserted in the rooting media
(Fig. 7). Cuttings are dipped in fungicide solutions for 5-10 min before the treatment
with root promoting hormones. The cuttings are then drained before hormonal
treatment. A handful of cuttings made into a bundle, the basal part of which is then
dipped in powder formulation of root promoting hormone-IBA having appropriate
concentration as per clone, species and cutting type before planting them in the
rooting media. Cuttings are planted either in root trainers or in beds filled with
rooting media.  Root trainers are used for simplifying the handling of rooted cuttings,
though it is not always necessary to use them. Cuttings root equally good in beds
filled with appropriate rooting media. The shifting of rooted plants from beds to
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containers is a little tricky issue and can only be handled with prior experience. It
is advised to place a shade net inside the chamber over the cuttings for some
period depending upon physiological condition and age of cuttings and
environmental conditions. Extra shade, many a times lead to rotting of cuttings
and too much heat may result in their desiccation.  The mist is regulated by auto-
settings; temperature, humidity and light conditions inside chambers are regulated
by shade nets and passing of moisturized air through cellulose pads and exhaust
fans.

Rooting in commercially grown clones needs to be over 75 per cent and robust
enough to grow out of the bottom of the containers during this phase (Fig. 8).
After approximately 45 days, the rooted cuttings are removed from misting to an
area covered with shade nets for hardening. The hardening corresponds to the
period between the acquisition of functional root system in the cutting and the
recovery of an active aerial growth. This duration varies from three to four weeks.
At this point, empty containers (dead cuttings) are removed and the live plants are
graded by size. Cuttings remain under shade for an additional 10 to 20 days and,
then, are moved to full sunlight. After an additional 30 days they are ready for
planting in the field. During this process, the cuttings are routinely fertilized,
usually through the irrigation system. Smaller plants maintained in separate block
of root trainers may need application of increased fertilization. At the end of this
period the rooted cuttings are adequately developed to allow them to grow to size
for field planting. The duration between the insertion of the cuttings and its possible
dispatch for plantations (15 to 20 cm height) is around three months and varies
from one clone to another within the same species (Fig. 9). The clonal plants in
root trainers need a supportive and efficient carrier system that does not damage
them during transportation. A large number of carrier systems have been designed
mainly by the traders who carry plants from a few kilometre to over a thousand
kilometre from production facilities to their planting sites. Specially designed racks
inside vehicles capable of carrying around 70,000 rooted plants per lorry to even
1,500 to 1,800 on motor cycles are now in place. Clonal plants are now moved from
south to north, and west to east including trans-borders to even Nepal and Bhutan
wherever and whenever demand for such plants is raised. Initially, the propagation
facilities helped in designing the transportation systems but now the traders are
organising it in an efficient way.

18. Extent of Clonal Culture
Eucalypt has emerged as one of the main trees planted on diverse land use in many
regions and states across the country. Besides, a few states not recommending its
planting on forest land, it is increasingly planted by the individual growers on
their land as cash crop. Precise information on extent of eucalypt culture including
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Fig. 5. Some negative exposures with eucalypts clonal culture.

Fig. 6. Improved efficiency with effective
space use of mist chambers is necessary
to realize investment.

Fig. 7. Cuttings set in root trainers (left) and
in beds (right) filled with vermiculite as
rooting media.

Fig. 9. Clonal plants ready for dispatch for
field planting.

Fig. 8.  Some clones and chambers give over
95 per cent rooting under favorable conditions.
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that of clonal plantations is not readily available. The activity of growing eucalypt
plantations is so scattered that it is extremely difficult to estimate the area under
eucalypts culture, including that under its clonal plantations as no single
organization controls its nursery production, plant supply systems, field planting,
harvesting and usage. Multiplicity of  planting stock producers and plantation
growers, planting stock production systems, planting designs, patterns and
densities, management systems and intensities, planting and harvesting cycles
and timings, land-uses, its users and promoters, etc., make all estimates for area
and extent of existing plantations under eucalypts as redundant. Planting eucalypts,
which significantly vary over the period as growers make decisions on their
planting and harvesting are based on market conditions, their economic and
financial needs and also on the competition from other crops in the competing
land use. Therefore, no forecast on area under its culture could be precise and
accurate with traditional documentation methods which have been used in Indian
forestry. There are a few reports which provide some indicative information on
eucalypt plantations, including its clonal forestry.

Forest Survey of India estimates and presents the forest and tree cover that
includes species and volume wise tree inventory for forests and trees outside forests
(ToFs). Eucalypts are also covered under this inventory. An analysis of the inventory
of eucalypts given in the India State of Forest Report 2009 and 2011 is presented in
Table 4. This report of 2011 is based on the interpretation of satellite data captured
between October, 2008 and March 2009 which is further corroborated with ground
checks of selected sampled districts (FSI, 2009; 2011). Eucalypts were estimated to
have 146.208 M stems and 35.925 M m3 wood volume over 10 cm diameter in 2011
report which represent 2.89 per cent and 2.32 per cent of total trees outside forests
(ToFs) and their volume, respectively in the country. The increase of 47.83 per cent
in tree stems and 40.61 per cent in wood volume between 2009 and 2911 reports is
significant in eucalypt inventory as ToF. This was the period when eucalypt clonal
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Year Diameter class (cm) 
 10-30 30-50 Over 50 

Total Per cent of total 
ToFs 

  

Number of stems (M)  

2009 92.564 11.902 1.969 107.135 1.955 
2011 130.038 13.135 3.125 146.298 2.89 
Change in stems 37.474 1.233 1.156 39.163 0.935 
Per cent change 40.48 10.36 58.71 36.55 47.83 

 

 Volume (M m3)  
2009 11.767 5.139 4.422 26.449 1.65 
2011 17.395 11.395 6.45 35.925 2.32 
Change in vol. 5.628 6.256 2.028 9.476 0.67 
Per cent change 47.83 121.74 45.86 35.83 40.61 

 

Table 4. Status of eucalypt inventory as ToFs during FSI’s 2009 and 2011 reports
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forestry started expanding due to seedling origin plantations becoming highly
susceptible to gall induction and little leaf infection. Conversion of 146.298 M trees
into area under its culture, at the rate of average 1,000 trees ha-1, works out to be 1.46
or 1.5 Mha as ToFs in the country. A sizeable part of it could be considered under
clonal eucalypt culture. Another important figure related to eucalypt culture in the
country is given by GIT (http://git-forestry.com/download_git_eucalyptus-map.htm)
as 3.924 Mha. One reason for the variation between these two figures could be that
eucalypts grown on forest land are captured in a category of other species and is not
included in the above figure of 1.5 Mha. Further, the FSI report captures tree inventory
over 10 cm diameter, eucalypts being fast grown trees raised for pulpwood, firewood,
poles, etc. and many a times are harvested below 10 cm diameter and,  therefore,
such trees failed to be picked up in the FSI report.  A large quantity of eucalypt wood
is harvested from young trees even below 10 cm diameter for firewood and pulpwood
and this category is not included in the above inventory. The actual inventory of the
trees in usable category is likely to be much higher than what appeared in this
report. Many of the trees which could not be picked up in that database would be
harvested before the new report is released.

Eucalypts are now one of the main tree species planted on the forest land.
Palana (1996) and Tripathi et al. (2010) claimed one Mha eucalypt plantations made
by the state forest departments and forest development corporations in the main
eucalypts growing states, viz., Andhra Pradesh, Daman and Diu, Goa, Gujarat,
Haryana, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Punjab, Tamil Nadu,
Uttar Pradesh and West Bengal, etc. Its plantations are raised under state and centrally
sponsored schemes for firewood, small timber, poles, etc. Numerous states have
attracted funding for social and farm forestry projects in which eucalypt has been
the main tree for farm forestry programmes for planting on field bunds, canal sides
and in marginal agricultural lands. Haryana is presently reported to grow and plant
20 M eucalypt seedlings planted over 15,000 ha which represents 40 per cent of the
total nursery stock grown in the state (Jotriwal and Chander, 2013).

Private sector especially pulp and paper mills have made heavy investment
in developing infrastructure for clonal propagation of eucalypts. Andhra Pradesh
and Tamil Nadu have already witnessed fast expansion in clonal forestry of
eucalypts, including that among individual nursery growers. It has been estimated
that around 100 M clonal plants of different eulaypt clones are produced by the
small growers in south India alone (Kulkarni, 2013a). In north India, Haryana,
Punjab and Uttarakhand clonal eucalypts have been grown for some time now
and its infrastructure is slowly expanding in these states including Uttar Pradesh.
Forest corporations and forest departments in the states of Andhra Pradesh and
Tamil Nadu are among the first state government agencies to start eucalypts
clonal forestry. Andhra Pradesh Forest Development Corporation has grown
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27,813.11 ha of seed origin and 26,991.39 ha clonal plantations of eucalypts by
April 30, 2009 (www.apfdc.apts.gov.in). Tamil Nadu Forest Development
Corporation (TAFCORN ) has planted  eucalypts in an area of 46,531 ha as
stated in its report ending March 2011(http://www.tafcorn.tn.gov.in/ria.htm). The
corporation was growing seedling origin plantation till 1999 but has launched
clonal forestry programme thereafter  and planting  about 1,500 ha yr-1, from the
year 2000 onwards. So far the corporation has raised 18,648 ha, clonal plantations
of eucalypts and is further adding  up 3,000 ha clonal plantations every year.
Presently, the corporation is using the ITC clones, viz., C-3, C-7,  C-226, C-271
and  C-274 and TAFCORN Clones TAF-4 and TAF-52 which are reported to be
gall wasp tolerant as well as highly productive. Tamil Nadu Paper Limited (TNPL)
initiated its clonal production centre during 2007 to produce 15 M clonal plants
annually with an investment of Rs. 40 M. It has established 8,000 m2  fogging and
mist chambers, 4,000 m2 of hardening chambers and 2,500 m2 of open nursery
(http://www.tnpl.com/TNPL PLANTATION.doc).

The present main players in producing planting stock of eucalypts and its
supply to numerous growers could be grouped as: (a) pulp and paper manufacturers
promoting its culture, (b) other corporate and companies producing clonal
eucalypts for others, (c) forest development corporations, state agricultural
universities, etc., and (d) individual enterpreneurs including NGOs, etc. The
information has been collected through personal and indirect contacts and from
the existing literature. Its synthesis, as presented in the Table 5, indicates that
approximately 237 M clonal eucalypt plants are produced and around 200 M are
annually planted in the country. Since eucalypts are planted on diverse pattern,
densities and designs ranging from boundary plantations of a few hundred plants
ha-1 to over 2,000 plants ha-1 in blocks, it is presumed that on an average 1,000
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No. of clonal plants (M) S. 
no. 

Sector Main contributor 
Capacity Presently 

produced 
1. Indian pulp and paper 

manufacturers promoting  
its culture 

ITC, Bilt, JK Papers, Harihar Poly 
Fibres, Orient Papers, Grasim 
Industry, West Coast, Star Papers, etc: 

72 40 

2. Other corporate and 
companies producing 
clonal eucalypts for others 

WIMCO as corporate and other 
individual promoted companies 

38 35 

3. Government agencies Forest development corporations in 
AP and TN; Forest departments in 
Gujarat, Haryana and Punjab, state 
agricultural universities, etc. 

27 25 

4. Individual entrepreneurs All others  including some NGOs 
promoted by some wood based 
industries 

100 100 

 Total  237 200 

 

Table 5. Status of clonal stock production in the country
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plants ha-1, the total area presently planted with clonal eucalypts is estimated to
around 0.2 Mha. It may be a rough estimate as the scenario on its clonal plantations
is fast changing. There are attempts to create infrastructure in the private sector
including many individual entrepreneurs to get advantage of the favourable market
environment for its planting. Demand for clonal eucalypts is increasing in many
locations and its local production is not able to meet sudden requirement. Planting
stock for sale is transported from far off locations and is being sold in other
locations wherever increased demand exists. Clonal stock produced in a particular
state will not necessarily be planted in that state only. However, it gives a broad
picture of clonal planting of eucalypts taking place in the country. Growers are
now replacing their old seedling plantations with the clonal ones in many locations.
This is a healthy sign for effective use of land and genetic resources for the
benefit of the country. Some reports estimated 50 to 60 M clonal saplings being
planted annually (Piare Lal, 2011; Dhyani et al., 2013).

19. A Case Study of WIMCO’s Eucalypt Improvement and Cloning
Programme
Wimco was the first corporate house (outside government sector) to initiate
systematic improvement and cloning work in eucalypts to develop it as an industrial
wood in the country. Some of the work first time ever carried out on eucalypts in
the company 1984 onwards, include screening of candidate plus trees (CPTs) from
the existing plantations; introduction of new germplasm and its screening; working
out vegetative propagation methods like budding,  grafting, layering,  rooting of
cuttings; rejuvenation of mature trees through serial vegetative propagation for
their induction in clonal programme; establishment of clonal bank of selected
CPTs; introduction of root trainer technology for rooting of cuttings and large
scale seedling production;  establishment of mist chamber for rooting of cuttings;
hybridization through manipulated crosses; field plantations with clonal planting
stock and their monitoring and documentation. While most of the research work is
documented in the annual research reports which are widely circulated among the
forestry and agriculture establishments in the country, some of it has also been
reported in the research papers (Chandra and Yadav, 1986; Chandra et al., 1998;
Dhiman and Gandhi, 2004, 2005, 2012, 2013a, b; Dhiman et al., 2010). Eucalypt
programme executed in the company with some salient achievements is briefly
presented below:

19.1. Screening of CPTs from the Existing Plantations
Systematic research on improvement, hybridization, and cloning of eucalypts was
started on creation of Wimco Seedlings Ltd. as a joint venture and subsidiary to
WIMCO Ltd., Swedish Match and Hilleshog in 1984.  The initial work was started

Status of eucalypt clonal culture in India
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with the selection of 522 CPTs of E. camaldulensis, E. tereticornis and Mysore
gum (Indian race of E. tereticornis) from the existing plantations on the forest
land in north India. To track the CPTs in research and field plantations, a code was
developed for each tree. For example, in an eight digit code assigned to each
selected CPT, the first two digits in the 73103092 numbered tree;  i.e., 73 stand for
the year of estblishing the plantation where selected CPT was located, next 1 digit
for geographical zone of the plantation in the country, next two digits 03 for species
code (hybrid in this case, whereas, 01 and 02 were for E. tereticornis and
E. camaldulensis, respectively), and the last three digits 092 for the selected individual
tree (Dhiman and Gandhi, 2004). The selection intensity was kept very high and it
was attempted to screen one out of around 1,000 trees in any stand. Out of these, 252
CPTs were selected for further work based on a composite selection index dependant
on height, diameter, clear bole, branch angel, bark traits, etc. (Table 6).

As a first step in the improvement of eucalypts, half-sib seed of these 252 trees
including three local selections were collected, progenies raised, out of which the
seedlings of 108 CPTs were planted on 55 ha land for monitoring their performance.
These progenies were observed for eight years and the final data on height and
diameter of plants in this trial as presented in Table 7 clearly indicates wide intra- and
inter-species variation in height, diameter and volume of selected CPTs.

Based on the growth and tree architect are data of the progenies of 108 CPTs, nine
of them were finally selected for further multiplication and field trials. These CPTs were
73103087 (016 -as tree No.), 73103081 (008), 67101006 (019), 65103395 (003), 73103087
(014), 68103004 (015), 73103087 (002), 73103083 (007), and 73103083 (004).  Many of the
CPTs were also mobilized by collecting their first vegetative propagule which is
discussed later in vegetative propagation section. The method of selecting CPTs contin-
ued and was applied for selection of CPTs in species, seed source, clonal and hybrid
trials for which the main criteria of selection remained the same. Some more selections
made in the subsequent species and seed source studies are given in Table 8.

Species Remark CPTs finally selected (no.) Number 
E. camaldulensis FGSI* 52 4 
 Local 6 6 
E. tereticornis FGSI* 24 14 
 FGSU** 14 14 
 Local 6 6 
Mysore Gum  136 124 
E. grandis  2 2 
E. tereticornis  9 7 
E. urophylla  3 3 
Total  252 180 

Table 6. Number of candidate plus trees mobilized through budding and grafting

 *FGSI=First generation source identified;
**FGSU=First generation source un-identified.
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Table 7. Performance of half-sib progenies of 108 CPTs after eight years of field trial

Contd. on next page...

Status of eucalypt clonal culture in India

S. no. Family and CPT No. Height (m) DBH (cm) Volume (m3) 

1. 73103087 16 29.1 26.4 0.590 
2. 73103081 8 31.6 23.7 0.516 
3. 67101006 19 30.6 23.4 0.487 
4. 65102395 3 27.1 24.5 0.473 
5. 73103087 14 31.6 22.4 0.461 
6. 68103004 15 30.6 22.3 0.443 
7. 73103087 2 29.1 22.1 0.413 
8. 73103083 7 28.1 22.2 0.403 
9. 73103083 4 29.1 21.8 0.402 

10. 67104006 6 28.1 21.8 0.388 
11. 73103089 13 29.6 21.2 0.387 
12. 73103083 2 29.6 21.1 0.383 
13. 64103017 1 28.6 21.4 0.381 
14. 67101016 5 27.6 21.7 0.378 
15. 67104007 3 28.6 21.0 0.367 
16. 68103004 14 29.1 20.3 0.349 
17. 72103075 7 27.6 20.8 0.347 
18. 64103029 10 29.6 20.0 0.344 
19. 73103069 9 27.1 20.9 0.344 
20. 72103075 9 27.6 20.7 0.344 
21. 64103042 18 26.6 21.1 0.344 
22. 73103087 3 28.1 20.4 0.340 
23. 72103077 9 26.6 20.9 0.338 
24. 64103403 6 28.6 20.1 0.336 
25. 73103082 6 26.6 20.8 0.335 
26. 68103001 19 29.1 19.8 0.332 
27. 73103089 20 29.1 19.8 0.332 
28. 68103005 16 26.6 20.7 0.332 
29. 64103042 15 25.1 21.3 0.331 
30. 64103041 12 28.1 20.1 0.330 
31. 73103087 19 26.1 20.8 0.328 
32. 64104302 9 28.1 20.0 0.327 
33. 73103081 7 26.6 20.4 0.322 
34. 64103014 13 28.6 19.6 0.320 
35. 73103087 20 27.6 19.9 0.318 
36. 64103017 7 27.6 19.9 0.318 
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Contd. from previous page...

Contd. on next page...

37. 64103042 13 29.6 19.2 0.317 
38. 68103001 16 28.6 19.4 0.317 
39. 64103033 9 24.6 21.0 0.316 
40. 73103081 3 26.6 20.2 0.316 
41. 73103075 4 27.1 20.0 0.315 
42. 67101006 8 25.6 20.5 0.313 
43. 68103007 1 28.6 19.4 0.313 
44. 64103033 8 27.6 19.7 0.312 
45. 64103035 2 28.1 19.5 0.311 
46. 68103007 4 30.6 18.7 0.311 
47. 68103001 10 28.1 19.5 0.311 
48. 65103395 6 28.1 19.4 0.308 
49. 68103004 5 29.1 19.0 0.306 
50. 64103041 9 27.6 19.5 0.305 
51. 64103011 10 28.1 19.3 0.304 
52. 73103083 1 29.6 18.8 0.304 
53. 65103391 15 28.1 19.3 0.304 
54. 68103002 8 25.6 20.2 0.304 
55. 65103391 19 27.6 19.4 0.302 
56.. 68103004 2 28.1 19.2 0.301 
57. 73103084 15 28.6 19.0 0.300 
58. 73103067 2 27.1 19.5 0.300 
59. 73103085 4 27.1 19.4 0.297 
60. 64103406 5 26.6 19.5 0.294 
61. 73103084 3 27.1 19.3 0.294 
62. 64103023 6 26.6 19.5 0.294 
63. 67104007 2 28.6 18.8 0.294 
64. 64103033 2 28.1 18.8 0.289 
65. 68103004 13 27.1 19.0 0.285 
66.. 64103402 10 26.6 19.1 0.282 
67. 64103404 5 28.1 18.5 0.280 
68. 65103397 14 23.1 20.2 0.274 
69. 72103072 7 27.6 18.4 0.272 
70. 64103017 8 26.6 18.9 0.271 
71. 68103001 16 27.6 18.3 0.269 
72. Control 12 26.6 18.6 0.268 
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73. 64103404 7 28.6 17.8 0.264 
74. 64103404 8 27.1 18.2 0.261 
75. 65103395 5 26.6 18.2 0.256 

76. 64103406 6 29.1 17.4 0.256 
77. 67101016 2 28.1 17.4 0.248 
78. 64103013 12 25.6 18.2 0.247 
79. 64103031 3 25.1 18.3 0.245 
80. 72103074 3 25.6 18 0.241 
81. 64103031 13 26.6 17.5 0.237 
82. 64103015 4 24.6 18.1 0.234 
83. 68103002 9 26.1 17.5 0.233 
84. 68103007 5 25.1 17.8 0.231 
85. 64103040 1 24.6 17.9 0.229 
86. 67104007 3 26.6 17.2 0.229 
87. 64103402 3 28.1 16.7 0.228 
88. 73103080 5 27.1 16.9 0.225 
89. 64103402 6 26.1 17.2 0.225 
90. 65103397 10 26.2 17.0 0.224 
91. 64103013 18 27.1 16.7 0.220 

92. 64103020 3 24.6 17.2 0.212 
93. 73103088 4 23.6 17.5 0.210 
94. 65103397 13 22.6 17.7 0.206 
95. Control 2 21.6 18.0 0.204 
96. 64103407 10 24.6 16.8 0.202 
97. 64103040 14 24.6 16.7 0.200 
98. 64103042 20 24.1 16.8 0.198 
99. 66103097 6 21.6 17.7 0.197 
100. 64103041 8 26.6 19.0 0.193 
101. 64103013 9 21.1 17.3 0.184 
102. 64103407 10 24.1 16.0 0.179 
103. 64103028 8 20.1 17.4 0.177 
104. 64103042 9 22.1 16.4 0.173 
105. Control 10 22.1 16.2 0.169 
106. 64103042 17 23.1 15.6 0.164 
107. 64103013 19 21.1 16.0 0.157 

108. 64103407 3 2.1 15.2 0.142 
 Mean  26.9 19.3 0.296 
 SD  2.3 1.9 0.1 
 CV(%)  9 10 26 

Status of eucalypt clonal culture in India
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19.2. Species and Seed Source Studies
The company is regularly evaluating and introducing germplasm of new seed
sources and species from different regions and countries for screening new
genotypes for their constant improvement. In one such field trial, the  performance
of 25 seed sources, out of which 10 were of  E. camaldulensis, five of  E. grandis,
four of E. saligna, three of E. brassiana, two of E. urophylla and one of Mysore
gum planted at 3 m x 2 m spacing at Bagwala during June, 1985, was monitored.
The inferences were drawn based on growth data for nine years and the results
indicated that the growth (height, dbh and volume) varied from species to species
and provenance to provenance. It was concluded that the seed source
(provenance) 13022 NW of Caboolture, 12970 SRF 194 Herberton Range, Qld. of
E. grandis and 13026 South of Calliope, Qld. of  E. saligna yielded higher wood
per unit area than that from the rest of the seed sources. The performance of seed
source 13395 of  E. brassiana was the poorest. It was further inferred that based
on the CAI and MAI growth, a rotation age, of five years for E. brassiana and six
years for E. camaldulensis, E. grandis E. saligna, E. urophylla and Mysore gum,
was suggested (Table 9).

The outstanding trees were marked as CPTs and retained till 20th year (Table 10).
Their growth indicated that CPTs of seed source 13022 of E. grandis exhibited
maximum height growth (32 m), girth (173 cm), volume (1.493 m3) and fresh wood
weight (28.15 q) followed by that of seed source number 13023 of E. grandis and
CBJ-39 of Mysore gum. These trees were included in the clonal bank for further
studies.

Another species and seed source trial  field planted  during 1988  at our Research
and Development Chandain Farm with  E. grandis , E. citridora, (both Tamil Nadu
seed sources), E. tereticornis (14857), E. citridora (13628),  E. brassiana (13411)
and E. camaldulensis (15223) confirmed that  E. grandis (TN) performed the best
followed by E. tereticornis (14857) and E. citridora (13628).  Growth of E. grandis
was quite balanced in comparison with E. tereticornis in term of height/diameter
ratio. Further observations on wood quality indicated that this species yielded white
coloured wood which is suitable for even construction purposes as its trees have
long clean bole and wood is free from knots and twisted grain. The results of this
trial reconfirmed that E. grandis is suitable for growing in the high humid and warm
locations including Tarai region of north India.  Some of the new generation clones
developed by Wimco, viz., Wimco 12, Wimco, 14, and Wimco 15 showing high
degree of resistance to gall induction, little leaf and CLB have one of the parents as
E. grandis.

In the latest trial, 18 provenances comprising 10 of E. urophylla, two each
of E. pellita and E. citriodora, one each of E. camaldulensis, E. alba,
E. moluccana and E. longirostata along with seedlings of four species namely

Status of eucalypt clonal culture in India
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Table 9. Performance of Eucalyptus species and their seed sources in Tarai region

Table 10. Growth performance of candidate plus trees at 20 years
S. no. Species CSIRO 

no. 
Height  

(m) 
Girth 
(cm) 

Volume 
(OB M3) 

Weight 
(q) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

E. cloziana 
E. grandis 
E. grandis 
E. grandis 
E. saligna 
E. saligna 
E. saligna 
Mysore gum 

10691 
12081 
13022 
13023 
13026 
13314 
13341 

CBJ-39 

30 
25 
32 
31 
25 
23 
25 
28 

120 
162 
173 
155 
98 

147 
130 
160 

0.940 
1.339 
1.876 
1.593 
0.731 
1.277 
0.794 
1.669 

14.00 
20.00 
28.15 
23.90 
10.95 
19.15 
11.90 
25.00 

 

Initial  After 72 months   After 108 months Species Seed 
source Height 

(m) 

 

Height 
(m) 

Dbh 
(cm) 

Volume 
(m3) 

 Height 
(m) 

Dbh 
(cm) 

Volume 
(m3) 

E. grandis 13022 67.0  22.8 17.7 0.210  30.7 21.9 0.428 
E. grandis 12970 60.0  22.1 16.4 0.170  30.0 21.6 0.407 
E. saligna 13026 74.0  19.1 17.7 0.170  22.2 24.2 0.378 
E. urophylla 12896 73.0  18.9 16.0 0.140  24.2 21.1 0.313 
E. grandis 13289 66.0  17.3 16.9 0.140  25.5 20.3 0.305 
E. grandis 13023 41.0  18.2 15.5 0.130  28.7 18.1 0.273 
E. camaldulensis 12181 60.0  21.3 14.8 0.120  20.4 20.4 0.256 
E. camaldulensis 12964 63.0  18.3 15.3 0.120  22.8 19.4 0.249 
Mysore gum CBJ-38 67.0  19.7 14.3 0.123  24.7 18.2 0.238 
E. saligna 13027 62.0  16.2 15.1 0.110  24.4 18.0 0.211 
E. cameldulensis 12338 64.0  16.7 13.9 0.090  19.6 18.7 0.199 
E. cameldulensis 12963 68.0  15.6 13.7 0.080  20.4 18.2 0.198 
E. grandis 12081 55.0  15.6 13.6 0.080  20.7 17.5 0.184 
E. camaldulensis 12356 65.0  15.4 13.5 0.080  18.7 16.7 0.151 
E. camaldulensis 12352 69.0  14.9 14.4 0.080  18.6 16.3 0.143 
E. camaldulensis 12187 88.0  16.3 13.5 0.080  18.0 16.5 0.142 
E. camaldulensis 12860 68.0  14.3 12.9 0.070  17.7 16.3 0.136 
E. urophylla 13357 65.0  16.5 12.5 0.070  16.0 16.4 0.125 
E. camaldulensis 12350 88.0  14.6 12.0 0.060  19.9 14.6 0.123 
E. saligna 13263 42.0  15.2 11.2 0.050  18.9 14.4 0.114 
E. saligna 13341 57.0  11.9 11.9 0.050  19.2 13.7 0.104 
E. camaldulensis 12360 39.0  12.7 11.7 0.050  13.4 15.2 0.090 
E. brassiana 13408 61.0  14.4 9.6 0.040  16.4 10.4 0.051 
E. brassiana 13395 73.0  11.9 8.5 0.020  13.9 10.4 0.043 
E. brassiana 13412 66.0  12.9 8.6 0.020  15.1 10.0 0.043 
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E. camaldulensis, E. citriodora, E. grandis and E. tereticornis as controls were
screened under two environmental conditions, viz., polyhouses and open
conditions for growth, gall and CLB infestations. The data recorded at monthly
intervals from September 2009 to August 2010 indicated that seedlings maintained
under polyhouse conditions had lower gall induction and CLB infection.
Provenance No. 17841 of E. urophylla and Kennedy river provenance of
E. camaldulensis were moderately affected and seedlings of  E. camaldulensis,
E. grandis and  E. tereticornis (control) were highly affected with infestation of
gall insect, whereas, other provenances including seedlings of E. citriodora
(control plot) were completely resistant for gall induction. Maximum infestation
of gall insect was noticed during the month of June 2010, whereas, maximum
infection of CLB disease was recorded during August, the same year. The field
trials of these species and seed sources have been established in Udham Singh
Nagar, Uttarakhand and are being monitored for growth and resistant to gall
induction, little leaf and CLB. The initial results indicated some highly resistant
seed sources and trees against these threats.

19.3. Hybridization Work
Early flowering of budwood sprouts on grafted seedlings provided an opportunity
for making controlled inter- and intra- species crosses.  During the first attempt,
60 crosses were made with 62 per cent success rate in 1985 itself. Fifty-six
individuals comprising five fullsibs, viz., 64103031 x 72103070, 64103386 x CBJ-2,
72103082 x CBJ-2, 73103073 x CBJ-2, selfing of 68103010 and one control (open
pollinated) were planted at 4 m x 2 m during 1990 at Bagwala, Rudrapur. The data
recorded at the age of 48 months indicated that six individuals of two crosses
and one halfsib were promising for height, dbh and volume growth.  Based on
the field performance till 7th year, two hybrids, viz., 9 and 1 were selected and
cloned for field planting (Table 11).

In 1993, 440 seedlings grown from 18 crosses and two controls were planted at
4x4 m spacing at Chandain Farm. At 17 months, the survival was 59 per cent. The trial

Table 11. Field performance of initial hybrids made in WIMCO

Status of eucalypt clonal culture in India

Growth parameter with time (year) Parent No. 

Height (m)  DBH (cm) at  Volume (m3) at 

P1 P2  4 5 7  4 5 7  4 5 7 

64103031 72103070 9 18.10 22.60 24.60  16.10 20.50 24.0  0.136 0.276 0.419 

64103027 Half-sib 1 17.60 21.60 23.60  15.80 19.50 24.0  0.128 0.238 0.402 

73103082 CBJ-2 20 19.10 21.60 25.60  15.50 19.50 21.5  0.133 0.238 0.351 

73103082 CBJ-2 5 17.10 20.60 23.60  15.60 18.60 20.5  0.121 0.206 0.294 

73103082 CBJ-2 26 18.10 21.60 24.60  14.20 17.10 20.0  0.106 0.182 0.292 

73103082 CBJ-2 23 18.60 19.10 -  15.00 18.10 -  0.122 0.181 - 

 

Weight 
(q) 

14.00 
20.00 
28.15 
23.90 
10.95 
19.15 
11.90 
25.00 
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monitored after five years indicates that CPT 67101015 as a mother parent produced
eight trees which were more than 13 cm in diameter. This CPT was, therefore,
considered as important female parent for making crosses thereafter. There was
culling of a very large poor performing individuals after two years (Table 12). A
couple of selections made from this trial were added in the germplasm.

Crosses (P1 x P2) Initial height (cm)  Height (m) at 17 
month 

Cross 
no. 

P1 P2 

Planted 
(no.) 

Survived 
(no.) 

Mean SD CV  Mean SD CV 

1. E. grandis  - 35 8 40 7.3 18  2.4 0.7 18 
2. 67101018 CBJ-10 3 3 42 2.3 6  2.3 0.3 13 
3. 64103017 Selfing 10 7 39 5.4 14  2.1 0.5 24 
4. 67101018 72103075 34 27 40 5.2 13  2.1 0.7 32 
5. 73103087 Selfing 2 1 37 2.5 7  2.1 0 0 
6. 73103092 65103390 72 50 43 7.2 17  2 0.6 32 
7. 65103390 73103090 34 19 44 5 11  1.9 0.6 30 
8. 64103031 67101018 4 3 25 0 0  1.9 0.5 26 
9. 64103017 67101018 40 28 40 5.9 15  1.8 0.5 25 
10. 64103015 Selfing 5 3 34 4.9 14  1.8 0.8 43 
11. 64103032 67101017 17 12 41 5.3 13  1.7 0.4 21 
12. 65103400 67101018 40 25 37 6.1 16  1.6 0.5 33 
13. 64103040 67101018 14 5 29 6.7 23  1.6 0.5 28 
14. 64103015 67101018 40 19 46 4.8 10  1.5 0.5 32 
15. 68103010 64103040 20 17 36 4.5 13  1.5 0.3 22 
16. 67101018 65103400 8 17 40 4.3 11  1.5 0.3 17 
17. 65103396 Selfing 19 6 43 5.7 13  1.4 0.5 37 
18. CBJ-10 67101017 2 2 27 2.5 9   0.2 16 
19. 67101017 64103017 6 5 42 3.8 9  0.9 0.3 31 
20. E. crebra  - 35 11 33 6.2 19  0.8 0.2 24 

  
Mean (SD) 
CV  - 440 268  38 5.6  15 0.4 25 

 

Table 12. Performance of eucalypt hybrids at 17 months of age

In another trial, seedlings of the following crosses made in 1990 were field
planted the same year at 4 m x 2 m spacing.  The results of this trial monitored for 20
and 36 months revealed that only five fullsib and one control were outperforming
and further retained for observations (Table 13).

19.4. Standardization of Vegetative Propagation for Eucalypts
Wimco soon after identification of CPTs started working on vegetative propagation
for their asexual reproduction and use in operational cloning and hybridization work.
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Table 13. Performance of some of the hybrids after 20 and 36 months of field planting
Crosses (P1 x P2) No. Height (cm) after (month)   DBH (cm) after (month) 
P1 P2  0 20 36  20 36 

73103073 CBJ-2 11 26 420 13.3  3.1 10.4 

64103031 72103070 9 26 392 13.1  3.1 10.0 

72103082 CBJ-2 24 22 373 11.8  2.7 10.7 

64103027 OP 3 16 355 11.4  2.7 10.4 

68103010 Half-sib 4 26 361 11.6  2.4 11.6 

65103386 CBJ-2 4 25 287 12.2  1.8 9.6 

64103015 Half-sib - 29 195 -  0.8 - 

The original CPTs selected from the forest plantations in 1984 varied from 9-21 years in
age. Many authors proposed initiating cloning of mature trees from stump sprouts on
their harvesting (Leakey, 1987).  Most of the selected trees were from the plantations
grown on forest land, their felling was regulated through working plan prescription
and it was not possible to cut them immediately and get stump sprouts for making
cuttings. Cutting back of mature trees for generating stump sprouts for cuttings also
has a disadvantage of losing the selected individuals if they fail to produce stump
sprouts due to poor coppicing efficiency, wrong felling season, also if the tree being
relatively hard to root, and if the cuttings from sprouted shoots could not be planted
timely. This destructive method may, therefore, lead to permanent loss of the certain
selected trees; howsoever valuable they may be. Also, the methods for vegetative
propagation of eucalypts in India were not worked out by that period and, therefore,
by using the experience from horticultural trees and literature, air layering, budding,
grafting and rooting of cuttings were tried for their asexually reproduction and
rejuvenation. The strategy worked well at least for initiating clonal propagation of
such selected genotypes which could be inducted in the propagation system. Selected
CPTs were mobilizated through air layering, budding and grafting; and rejuvenated
through serial propagation which is now a well accepted mean for such works.

19.5. Air Layering, Budding and Grafting
Selected CPTs were assembled at Wimco’s R and D Centre by collecting and grafting
their budwoods on seedlings for further cloning and improvement studies. Air layering
as a mean to mobilize mature CPTs was tried 1984 onward. It was performed on the
branches of mature trees of  E. camaldulensis, E. grandis and  E. tereticornis  during
monsoon season. However, the success rate was low and only a few mature trees were
mobilized from plantations to our research centre. Simultaneously, budding and grafting
were also tried and these were found better more friendly in mobilizing mature trees of
eucalypts. Even union of scion and rootstock was better in budded plants than that of
grafted ones. Budwoods were collected from the branches of selected CPTs, brought
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in protected conditions (packed in moist jute bags) with proper identification marks,
and patch and ring buddings were performed as fast as possible after receiving the
budwood. Budding was performed on the stems of already established seedlings at
stem thickness corresponding to the thickness of scion shoot. Rootstock was cut
back, above the budded position on the stem after 21 to 25 days of making the budding,
whereas polythene wrappings were removed after 30 days of the budding. Plants
having 1.5 to 2.0 cm diameter at ground level were used as rootstock for budding
which was attempted round the year though the success rate was low during summers
(Table 14). Initially, it was used for mobilizing trees and when the sprouted shoots from
budwood of mature trees failed to give satisfactory rooting, serial propagation by re-
budding was tried for rejuvenating the trees. It was noticed that successive budding

Species 

E. camald
E. teretic
Mysore g
Mysore g
Mysore g
Mysore g

 

  Time of budding Age  of 
CPTs (yr) 

Buds made Buds sprouted Survival (%)       
on 16.12.87 

01.01.87 2 127 69 51 
08.03.87 20 5 3 60 
08.03.87 15 5 4 80 
08.03.87 14 15 13 87 
11.03.87 21 17 14 82 
10.08.87 2 75 47 40 
09.09.87 5 274 69 25 
27.09.87 2 143 121 48 
15.10.87 5 256 95 41 
20.10.87 2 199 95 48 
04.11.87 2 270 143 53 
21.02.88 22 24 23 96 
21.02.88 19 9 7 78 
21.02.88 15 34 30 71 

Table 14. Success rate of patch budding during different parts of a year

exhibited a more lasting juvenile stage followed by a new reversion to adult stage.  By
taking again a new scion from budded shoots for re-budding on seedlings, new
progression in juvenility could be obtained. After four to six successive budding
operations, a sufficient juvenility was achieved and the rooting of the cuttings made
from such fresh shoots was satisfactory with serial propagation within one year. The
results of one of such experiment in increasing the rooting success of shoot cuttings
from rejuvenated shoots by serial budding are summarized in Table 15.

After 4th and 5th serial propagation, over 80 per cent rooting was achieved in
many species and clones. Results of patch budding performed for the mobilizing
different aged CPTs during 1987 at the R and D Centre are given in the Table 16.
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Table 16. Effect of age of trees on the success rate of bud intake

Results indicate that the age of mother trees has no significant effect on the
take and survival of the buds. The success depends on temperature and humidity
during the period of budding and possibly more importantly, the care taken in
budding and that of budded plants. Survival is ultimately influenced by the extent of
compatibility between scion and stock. The method has been modified to an extent
that now budding is performed at low levels of seedling stems, sprouted shoots cut
back just above the budded position to get other sprouts, rooting attempted from
collected sprouts, ramets planted on the ground, cut back near the ground and
coppiced for getting early rejuvenated material of mature trees.

Grafting was used as an effective and better option for hybridization work. The
branch portions (around 15 to 20 cm long) collected from the crown having flowered
in the recent past carry the maturity with them and the successful grafts even on
juvenile seedlings produced flowers much earlier than the seedlings (Fig. 2).  The
shoots were cleft grafted on seedlings grown in pots or on the ground.  It was
preferred to maintain the seedlings in pots than in open beds to maintain the size of
the plants for making crosses by manually pollinating the flowers. Scion and rootstock
union was covered with the plastic strip to avoid moisture loss and the pots were
immediately irrigated to increase the sap flow for the success of the union. The
grafted plants maintained in pots were given extra care for the success of grafting
and the hybridization work. Better success in grafting was observed between

Table 15. Effect of serial budding on the success of rooting of the cuttings

Age of CPTs  
(yr) 

Buds attempted 
(no.) 

Bud sprouting  
(%) 

Bud survival 
(%) 

2 814 58 85 
5 530 31 100 

14 15 87 100 
15 5 80 100 
16 34 88 80 
20 9 78 100 
22 5 60 100 
24 41 90 100 

Rooting (%) of cuttings made from shoots 
obtained from bud sprouts 

Species Age of CPTs 
(yr) 

1st 2nd 3rd 
E. camaldulensis 15 32 40 52 
E. tereticornis 15 32 69 78 
Mysore gum 23 38 58 69 
Mysore gum 21 36 75 78 
Mysore gum 15 24 25 42 
Mysore gum 14 20 50 72 
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December and May though it could be performed around the year. During re-grafting
studies, it was possible to include 116 CPTs of Mysore gum, 22 of  E. tereticornis, 15
of  E. camaldulensis and 2 of hybrids. Cleft, veneer and tongue grafting performed
during March to April at the R and D Centre during 1985 gave 100, 80 and 55 per cent
success rate indicating that the former two methods could be operationally used in
mobilizing the mature trees. To develop hybrids, emasculation of flowers just before
sign of rupturing of upper column and pollination was carried out for three conjunctive
days when the receptivity of stigma was recorded higher. Branches bearing controlled
pollination flowers were covered with muslin cloth/paper bags after pollination and
kept as such till capsule setting occurred.

19.6. Rooting of Cuttings
Eucalypts were once considered hard to root and all our efforts in the beginning
failed in getting its cuttings rooted.  Juvenility, an expression of young physiological
age of tissues with active vegetative growth and capability of easy rooting, has
been located near the base of trees (Bonga, 1982) and this character has been
extensively exploited in eucalypts to obtain first vegetative propagules of selected
mature trees for their clonal propagation. A very large number of the experiments
were conducted to produce juvenile sprouts for efficient rooting which have been
discussed in the preceding section. In India, the coppice shoots from mature trees
are collected at around 1½ months of their sprouting on cutting back the trees for
achieving good rooting success. It was established in 1987 that stump sprouts of
42 days age are suitable for giving best rooting in E. grandis.

Rooting experiments during 1984 completely failed due to lack of controlled
rooting environmental conditions. The first mist chamber of less than 100 m2 was
created at Wimco’s R and D Centre, Bagwala during December 1984 which was
thereafter used for standardization of rooting of eucalypt cuttings. This chamber,
with bottom bed steam heating, controlled humidity and temperature inside, was
first ever rooting infrastructure that was created and used for successful operational
rooting of eucalypt cuttings in the country. The requirement of root promoting
hormones (between 4,000 to 10,000 ppm) for cuttings of E. grandis, E. saligna,
E. tereticornis  and E. urophylla was also worked out through a series of experiments.
The results of one of the initial experiment of rooting the cuttings with hormonal
treatment during 1985-86 are given in the Table 17.

Rooting response of individual trees is quite variable and is an important factor
to select an individual for cloning. Based on the rooting results recorded at 30 days
of planting the cuttings, the rooting experiments with 95 CPTs indicate that while in
some cases all the cuttings placed were able to develop roots, in  others, not even a
single cutting rooted.  In repeated rooting trials, eight clones of  E. tereticornis, five
of E. camaldulensis, 65 of Mysore gum and two of hybrids were recorded with over



97

95 per cent rooting and the best clones in term of rooting per cent were 76102001,
64103014, 64103026, 73103068, 72103071, 66103091, 78103256, 72103296  and  65103087.

WIMCO has been using a combination of approaches for producing and
collecting rootable cuttings from different mother plants for their mass multiplication.
It includes stump sprouts, shoots from inside and outside macro hedges, shoots
from mini hedges, and apex shoots from rooted cuttings still maintained in mist
chambers, hardening chambers, and nursery rearing phase.  The  recent experience
indicates that the use of fresh bud sprouts even from the outdoor hedges comprising
of two to three years old mother plants produce very good cutting material for fast
rooting similar to mini cuttings produced on mini hedges (Fig. 1b). These cuttings
do not require treatment of root promoting hormones, their collection, planting and
handling is easy. Another approach used by us has been to maintain the mother
plants in nutrient rich media in the large polythene containers (bags), buried inside
soil for their easy irrigation, repeatedly cut back to collect cuttings, maintain these
plants for three to four years as such before replacement with new ones (Fig. 1b).
Another approach used is to take actively growing apex shoots from the rooted
cuttings still maintained in the mist chambers post-rooting and pre-hardening phase
and even during their hardening phase outside mist chambers. These top shoot
cuttings have all the traits of mini cuttings and could be effectively used in case of
building up of stock of those clones for which adequate cuttings are yet not available
and also as a mean to maintain the surplus stock during the seasons when their
demand for field planting is less. This also helps in fast changing the composition of
the multi-clonal production system by induction of new promising clones without
their formal induction in the cutting production systems. The limited stock of
promising clones can be fast built up by combining the budding/grafting and rooting
of cutting propagation methods. Each auxiliary bud of a new clone could be used as
budwood for grafting on seedlings origin plants and multiple sprouts from such
plants could be used for making cuttings and for fast building up the stock. The
technique, however, delays the transfer of the plants for field planting by retaining
them inside rooting and hardening chambers.

The harvested cuttings are given immediate dip in fungicide solution before
setting in root trainers filled with rooting media and placement inside the mist chambers.

Status of eucalypt clonal culture in India

Table 17. Rooting success in shoot cuttings with and without application of IBA
Per cent rooting Species 

 
No. of clone 

W ithout IB A IBA (10,000 ppm) 
E. camaldulensis 7 10.71 23.57 
Mysore gum 21 4.3 25.91 
E. tereticornis 18 7.16 10.5 
E. urophylla 3 17 24 
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The misting is regulated 120 s at every 15 minutes interval. A partial shade is created
for the initial four to five days depending on the health and type of cuttings. The
misting regime is changed to 60 s at every 30 minutes interval after the cuttings have
produced roots. Rooted cuttings are shifted to the open conditions after around
four week period of their placing in the mist chamber. The 0.5 per cent solution of
water soluble NPK 19-19-19 is applied at weekly intervals during this period and
they are protected from insect pest and diseases, need based application of
carbendazim, dithane M 45,  trizophos/metasystox are also made. Applications of
fertilizers and nutrients to the plants, from which cuttings are collected, have positive
response on rootability (Table 18). It was also noticed that cuttings collected close
to ground level gave better rooting. Electricity failure for even a couple of hours,
which is very common in many parts of the country, not only affects the cutting
production and propagation system but also causes heavy monetary losses by
quickly desiccating the mother plants and cuttings in chambers. It is desirable to
have electricity genset of matching capacity for supporting the propagation facilities.

Based on operational level clonal production system, we have tried to group
the commercially grown clones according to their rootability. Clones giving low and
delayed rooting, for example, BCM 288 is in demand in certain locations and we
propagate it as it is being demanded by the growers. BCM 413 show good rooting
but is highly delicate in term of its exposure to diseases and insect pests. Its
production is again decided by the growers than by the propagation facilities.

20. Studies on Other Aspects Having Bearing on Clonal Culture

20.1. Root Trainers, Media, Culling and Grading
Root trainers were introduced by Wimco Seedlings for the production of tree species
during the year 1985. These were manufactured by the company till 1993 from the
high quality PPL/PPCP with a UV inhibitor and we were the sole proprietor in their
production and supply in India to the government and private sector agencies. The
activity was outsourced during 1994 and, thereafter, it was picked up by many
private entrepreneurs for large scale production and sale. Presently, around 20 M
trays each with (average 40 cavities) are manufactured and supplied annually which
indicates their volume presently used in nurseries including for cloning of eucalypts.

S. no. Classification Name of clone 
1. Very easy to root (>90%) Wimco 12, K 25, BCM 413, BCM 2045 
2. Easy to root (80-90%) Wimco 14, BCM 316, BCM 411, BCM 526, BCM 2070, 

BCM 2023, BCM 2306, BCM 2135, K 23 
3. Moderate to root (<80%) Wimco 15, BCM 288, BCM 2313 

Table 18. Categorization of clones on the basis of their rootability
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A lot of nursery experiments on potting media for rooting and seedling production
led to zero down to a couple of them for operational propagation facilities. Initially,
2 mm thick pebbles filled in the bottom heated beds were used for rooting eucalypt
cuttings in the mist chambers. There was increased callusing at the base of cuttings
and this media was changed with Badarpur sand which was tried for a longer period.
Rice husk, river bed sand and a couple of other media in pure form and in mixtures
were also tried, yet vermiculite and Badarpur sand are economically viable good
rooting media for getting higher rooting success in beds, however, vermiculite of
horticulture grade was found to be very good for rooting cuttings in root trainers.
For seedling production in root trainers, a composite mixture of soil, sand and compost
in varying proportions was finalized for their healthy growth. The first field trial of
eucalypt seedlings and clonal plants grown in root trainers was established in the
forest area during 1986 and had shown superiority over the seedlings grown in the
poly bags.

Grading of rooted plants is an essential operation for improving efficiency and
uniformity of planting stock for field planting. All the planted cuttings do not root and
sprout exactly at the same time and some variation in plant size during their rooting
and shifting from chambers to hardening and/or open conditions is inevitable.
Practically, grading of clonal planting stock is done during the shifting of rooted
cuttings from mist chambers to hardening chambers or open conditions and also
when planting stock is delivered for field planting.  It is routinely done to grade same
size plants in different block root trainers and maintain their stock separately. Undersize
plants in separate root trainer blocks are retained a little longer till they attain size
required for field planting.  Culling of planting stock has been widely discussed for
improving the uniformity of planting stock in forest nurseries before their delivery for
field planting (Landis et al., 1990). It, however, does not appear to have much importance
in clonal nurseries of eucalypts until there are off type plants of other unidentified
clones in a lot which need to be culled. A very large number of culling trials on
eucalypts planting stock carried out from 1985 onwards, with as high as 90 per cent
culling, did not provide significant and long term gains in plantation survival and
growth. In one such trial with half-sib population conducted during 1985, there was
non-significant effect on growth after 12 months of field planting, while in another
trial, 0, 25, 50 and 75 per cent culling of seedling planting stock produced insignificant
differences in height (369, 390, 378 and 389 cm) and diameter (3.13, 3.34, 3.28 and 3.26
cm) growth, respectively at 18 months age. The trial was followed till 6th year in the field
and confirmed that culling intensity has no influence on height, diameter and volume
of trees even at that age. Since the cost of production of rooted cuttings is much
higher than seedling planting stock and also the undersize rooted cutting plants if
graded and nurtured in different root trainer blocks perform equally good in the field,
there is no necessity on this operation to discard undersize stock, if not damaged in

Status of eucalypt clonal culture in India
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the normal production systems, handling and transportation. However, clonal stock
produced from mature mother plants of varying physical and physiological ages may
not perform similar to the rejuvenated ones and such rooted plants having much
delayed rooting may not be used for establishing hedges for cutting production.

20.2. Screening Clones for Emerging Threat of Diseases and Insect Pests
in North India
WIMCO’s R and D Centre is located in the humid and warm Tarai region which is
known for high temperature and high humidity during summers, long rainy season
(lasted between 15th June to 2nd week of October 2013), deep and moist alluvial soils
with high water holding capacity, and high water table together provide favourable
conditions for multiplication  and  infestation of number of diseases and insect
pests. Of these, the little leaf disease, CLB and gall wasp, have been invariably
recorded in epidemic forms atleast on nursery stock causing heavy damage to eucalypt
culture and their infestation is regularly monitored and documented.

CLB reoccurs almost every year whenever predisposing factors favour its
multiplication and infestation on number of clones. The existing clones have been
screened and according to disease and to draw strategies for developing new
versatile and resistance clones along with some control measures to effectively handle
its infection. The R and D locality received 2,382 mm rainfall during the year 2008,
which was 52 per cent higher than yearly average and appeared to have created very
favourable conditions for development and infestation of CLB. The existing
commercially grown clones were also rated against CLB infection as per method
suggested by Kolte (1985). Categorization of clones according to mortality of plants
and disease rating followed almost the same pattern among the tested clones (Dhiman
and  Gandhi, 2012) (Table 19).

Categorization of clones according to the mortality due to infestation of
CLB indicated maximum mortality in clones belonging to E. tereticornis
compared to clones of other species. Data presented in Table 19 also revealed
that W 183, W 36  and  WT 165 belonging to E. tereticornis had more than 80 per

Table 19. Categorization of eucalypt clones according to plant mortality due to CLB
S. 
no. 

Mortality (%) Species Clone/seedling 

1. >80 E. tereticornis W 183, W 36, WT 165 
E. tereticornis 316, W 104, WT 37, WB 7, WB 10, WB 4, WB 9, 

WB 35 
2. 70-80 

Urograndis 2135, Unnamed 
E. camaldulensis 2045, 3, 7, K 25 3. 60-70 
E. tereticornis WT 51, W 231, Seedlings 
E. camaldulensis 413 4. 50-60 
E. tereticornis WB 33 

5. <50 E. camaldulensis 411, 10 
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cent plant mortality whereas clone 411  and  10 belonging to E. camaldulensis
recorded less than 50 per cent mortality during humid and warm conditions in
monsoon months. Maximum disease rating was recorded in clone 2045 belonging to
E. camaldulensis and clones W 36, WT 151, WT 37, WB 9, seedling population of
E. tereticornis, whereas, lowest disease rating was found in clones 316  and  WB
7 of E. tereticornis (Table 20).

Species S. 
no. 

Disease 
rating E. camaldulensis E. tereticornis Urograndis 

1. >4.0 2045 W 36, WT 151, WT 37, WB 9, Seedlings - 
2. 3.0-4.0 413, 3, 10, K-25 W183, WT 165, W104, WB 10, WB 33, 

WB 4, WB 35 
- 

3. 2.0-3.0 411, 7 WB 6, W 231 2135, Unnamed  
4. 1.0-2.0 - 316, WB 7 - 

Table 20. Categorization of eucalypt clones according to disease (CLB) rating
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Table 21. Disease rating of CLB on different eucalypt clones

These studies led us to add recently developed clones for their screening against
this disease. Most of the commercial clones grown in the locality along with newly
developed WIMCO’s clones were also included in the screening and production
system and were subjected to rating against CLB during 2011. That year again
experienced very heavy rains during monsoon season. A detailed monitoring of CLB
on 10 clones comprising three of E. camaldulensis, two each of E. grandis, hybrid
of  E. urophylla x E. grandis and hybrid of E. tereticornis x E. camaldulensis, one of
E. tereticornis along with a seedling population of E. tereticornis (control)
indicated significant variation in disease rating. Unnamed clone and seedling
population of E. tereticornis registered maximum disease rating, whereas, clones
Wimco 14  and  Wimco 15 recorded minimum disease rating as given in Table 21
(Dhiman  and  Gandhi, 2012). This led us to shift our propagation to relatively less
affected clones.

Little leaf on nursery and field planted young eucalypt trees in north India are
being recorded by us since September 2010. It was first recorded on clone BCM 316
and unnamed urograndis clone at Rudrapur. The disease is being mainly recorded
during summer and rainy seasons and gets subsidized in post monsoon season. A
detailed monitoring of the disease at Rudrapur, clones BCM 316, BCM 2135  and

Admin
Stamp



102 R.C. Dhiman and J.N. Gandhi

unnamed clone along with seedling population of E. tereticornis registered
maximum infection, whereas, clones Wimco 14  and  Wimco 15 registered minimum
infection (Table 22).

S. 
no. 

Average no. of  
galls/plant 

Clone 

1. 2.0-3.0 BCM 411, K 25, WB 4, WB 9, WB 35, BCM 2135, BCM 3  and  
Seedlings of E. grandis 

2. 3.0-4.0 BCM 10, W 183, WT 51, WB 6, W 231  and  Seedlings of    
E. tereticornis  

3. 4.0-5.0 BCM 7, BCM 316, W 104, WT 37, WB 7, WB 10, WB 33 
4. >5.0 BCM 413, BCM 2045, WT 6, WT 165 

 

Table 23. Gall infestation on different eucalypt clones during the year 2008

WIMCO conducted first ever exhaustive survey for the gall induction on eucalypts
grown in the states of Punjab, Haryana, Uttar Pradesh and Uttarakhand (Dhiman et al.,
2010). Survey confirmed widespread gall infestation on eucalypts of all ages and
clones throughout these locations. Screening 24 clones belonging to three species
along with seedling population of E. tereticornis and E. grandis as a control at nursery
stage during September  and  November 2008 indicated that clones BCM 413, BCM
2045, WT 6  and  WT 165 recorded higher gall infestation whereas clones BCM 411, K
25, WB 4, WB 9, WB 35, BCM 2135, BCM 3 along with seedling population of
E. grandis recorded minimum gall infestation (Dhiman et al., 2010) (Table 23).

A detailed monitoring of gall infestation on planting stock of 10 clones
comprising three of E. camaldulensis, two each of  E. grandis, hybrid of  E. urophylla
x E. grandis and hybrid of E. tereticornis x E. camaldulensis, one of E. tereticornis
along with a seedling population of E. tereticornis (control) during the year 2011
indicated clones BCM 411, BCM 2045  and  seedling population of E. tereticornis
recording maximum gall infestation, whereas, clones Wimco 14, Wimco 15, BCM 413,
BCM 2135, K 25, and one unnamed clone have recorded minimum gall infestation
(Dhiman and Gandhi, 2012) (Table 24).

A number of field and nursery trials conducted for monitoring these three
major threats to eucalypt culture for developing resistance clones by us yielded
useful information. Chemical control against these three threats has completely

Table 22. Little leaf infection on different eucalypt clones during the year 2011

 

S. no. No. of little leaf per plant Clone 
1. <1.0 Wimco 14, Wimco 15 
2. 1.0-2.0 K 25, BCM 2070 
3. 3.0-4.0 BCM 413, BCM 411, BCM 2045 
4. >5.0 BCM 316, BCM 2135, unnamed  and  seedlings of E. tereticornis 
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failed. Some measures on improving nursery hygiene have though helped in keeping
CLB under some check. Our new hybrid clones, viz., Wimco 14 and Wimco 15 have
shown almost total resistance to the above three notorious diseases and insect
pests, their field trials have also shown comparable growth with some of the
productive clones. It is hoped that these new clones will help us in handling these
serious threats to clonal culture in future.  These clones are now mass multiplied
and supplied to the growers. The gall infestation has also been monitored
throughout the year and in all aged plantations, We observed two crucial seasons,
viz., March-April and September-October when maximum gall induction was
recorded.  Two natural parasitoids, viz., Quadrastichus mendeli and Megastigmus
sp. have also been procured and introduced from the Director of Biological Control,
Bangaluru, Karnataka and released them in the nurseries and plantations in the
Tarai region of Uttarakhand during the first week of June 2010. The gall induction
and little leaf have marginalized during the last two years, though these are not
under total control. Both have resurfaced during this year (2013) pre-monsoon
season on number of clones. Little leaf and gall induction  have changed the
landscape of some clones which were earlier propagated and supplied for field
planting. This includes many good clones, viz., 3, 7 and 10 from ITC and WB 4,
WB 9 and WB 35 from WIMCO which recorded heavy infestation, have now been
replaced with new clones. These two biotic factors are also responsible for
expansion in clonal culture in north India as  a very large planting stock of seedling
origin  and that of a few other clones being highly susceptible has now been
replaced with clonal material of relatively resistant clones.

Important technologies developed in the company include: budding and grafting
for mobilizing CPTs at centralized place and their applications in rejuvenation,
hybridization work on grafted plants; application of root promoting IBA between
4,000 to 10,000 ppm, controlled environment for rooting cuttings, rooting media and
root trainers for growing  clonal and seedling plants for field planting, and the semi
hard wood cuttings need retaining half cut pair of terminal leaves during the rooting
process. Most of these findings from numerous experiments still hold good and are
being applied for operational cloning of eucalypts in the country. Work on cloning
eucalypts has been well recognized long back by others as well (Tewari, 1992; Nair
et al., 1997). Many of these techniques including construction of mist chambers
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S. no. Average no. of galls/leaf Clone 
1. <1.0 Wimco 14, Wimco 15, BCM 413, BCM 2135,   

K 25, unnamed 
2. 3.0-4.0 BCM 316, BCM 2070 
3. >5.0 BCM 411, BCM 2045, Seedlings of E. tereticornis 

Table 24. Gall infestation on different eucalypt clones during the year 2011



104 R.C. Dhiman and J.N. Gandhi

were extended to many of the state forest departments, forest development
corporations, wood based industry and research institutes through consultancies.
Root trainers are now the lifeline for cloning eucalypts and raising seedlings in
number of nurseries, especially with the private sector. WIMCO has also exchanged
its clonal germpalsm and expertise with other wood based industries and research
organizations to initiate similar programmes. We also got our 17 old clones, viz.,
76102001,76102002, 82102051, 64103041, 73103081, 72103170, 72103176, 72103177,
72103178, 72103201, 72103215, 7210322, 72103254, 72103256, 72103280, 72103284,
72103294 for pulp and paper characteristics in a paper factory in Haryana during
1991 which concluded that  two clones, viz., 82102051 and 72103284 were excellent
for paper production as the first one was capable of producing pulp with much
better strength and the second was capable of producing 3 per cent more pulp yield
than the market procured pulpwood. Further, the rooting ability of clone No. 82102051
(first in this case) was over 95 per cent. This study at that time confirmed that
commercial clones need to be outstanding in biomass production, better in coppicing,
rooting and also in their end use.

21. Discussion
The method of vegetative propagation varies with the purpose of propagation. Use of
stem cutting is the most common means used for mass multiplication of selected
clones at operational level, whereas, budding/grafting is an effective tool for assembling,
rejuvenation and building up the limited stock of some clones. Other means like layering,
lignotubers and tissue cultures have also been used to a limited extent that too on trial
basis. Cloning helps in and effective use of genetic resources to produce clonal planting
stock for specific production sites,  maximize timber production in quality and quantity
by maintaining the genetic traits, better precision in yield forecasts, efficient biomass
production through effective utilization of land resources, increased profits  from
clonal trees, fast salvation of biomass production potential by inducting resistant and
productive clones in case the existing ones develop serious susceptibility to certain
bio-agents, and homogeneous raw material production for improving efficiency and
economy in quality product manufacturing.  Cloning of eucalypts as a mean for large
scale production of planting stock for field plantations was started in the Republic of
Congo in 1975 (Delwaulle et al., 1983), followed in Brazil from 1979 (Campinhos and
Ikemori, 1983) and thereafter expanded to many countries including India. Brazil drew
wide appreciation for its large scale eucalypt clonal culture for production of pulpwood.
Eucalypt culture in India and Brazil draws some similarities and comparisons. Both
countries occupy first and second slot in eucalypts culture with 3.924 Mha and 3.752
Mha, respectively (http://git-forestry.com/download_git_eucalyptus-map.htm) and,
therefore, are leading nations in eucalypt plantations and the clonal culture is still
expanding in both the countries. Brazilian clonal programme is older and undertaken in
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vast captive plantations, initially based on E. grandis clones but is now expanding
with those developed from other species and their hybrids, mainly promoted for
pulpwood production, focussing on cellulose productivity per unit area which has
improved from 6 t ha-1 yr1 with initial clones to 12 t ha-1 yr-1 with new clones and is
expected to reach about 16 t ha-1 yr1 with new hybrid clones (McNabb, 2002). Indian
eucalypt clonal culture  is based on clones initially developed from E. camaldulensis
and E. tereticornis and is now fast expanding with those developed from other species
and hybrids, is largely grown by small growers on their farm land with or without
integration of agricultural crops. The eucalypts in India are finding a place in
manufacturing panel products, including MDF, particle boards, veneer in addition to
pulpwood, etc. However, paper industry is working on clonal selection for efficient
pulpwood traits (Kulkarni, 2004). Brazil had a typical planting programme of raising
5,000 to 15,000  ha yr-1 during the start of last decade (McNabb, 2002). Indian clonal
programme during that period was almost at the same level but since then it has fast
expanded  especially after the seedling plantations became highly susceptible to gall
induction, little leaf and CLB infestations. India is presently planting an estimated 0.2
Mha clonal eucalypts annually and is now a leading country in its clonal culture in the
world. The state of Andhra Pradesh has now developed as a hub for production of
clonal planting stock through small nursery growers who are supplying it across the
country. This experience of producing clonal eucalypts that was initiated by some of
the ex-ITC staff is also finding expansion in north India where many individuals are
presently developing a chain of propagation chambers.

Rooting of cuttings is the main vegetative method used for eucalypt cloning. The
success in rooting of cuttings depends on clone type, season of taking and planting
the cuttings, physiological status of the cuttings and mother plant, management of
cutting production systems, the age and size of the cuttings, the presence of leaves,
their treatment with root promoting substances and the environmental conditions
inside the propagation chambers. Technological innovations helped in developing
operationally feasible methods for its mass multiplication and for their application in
large scale clonal forestry. The old method of using coppice sprouts from tree stumps
for making cuttings is under replacement with efficient cutting production systems in
macro and mini hedges. Budding and grafting are still effective to mobilize mature trees
by taking first vegetative propagules without felling trees and their role will further
increase in hybridization work. The initial success in rooting the cuttings was achieved
with application of the root promoting hormones at the base of cuttings. Indole-3-
butyric acid (IBA) in liquid and powder formulations with concentrations varying
from 4,000 to 10,000 ppm have been extensively used for this purpose. The use of IBA
is now declining with mini cuttings in many Eucalyptus species and clones but is still
recommended in some others (Brondani et al., 2012). More recently, it is also being
applied in gel form (Brondani et al., 2008). In some countries especially in Brazil, the
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cutting production system in tissue culture labs has also been effectively used for
production of micro cuttings for their use in rooting in mist chambers (Assis et al.,
1992). In micro cutting method, propagules are obtained exclusively from shoot apices
originated from micropropagated plants. Whereas, in mini cuttings, these could be
from axillary sprouts or apex shoots of rooted stem cuttings. The combination of
tissue culture techniques with indoor hedges result in a number of significant
improvements in the production of planting stock, rooting efficiency, and uniform
stock production resulting in more vigorous and uniform plantations.  Mini cutting
production system and its use is slowly overcoming the technical, infrastructural,
economic and operational limitations of micro cutting (micropropagation technique)
that has been in use in Brazil and some other countries (Assis et al., 1992; Brondani et
al., 2010a).

Mini cutting production system in indoor and outdoor mini-hedges in hydroponic
and semi hydroponic systems in sand culture with intensive management has improved
efficiency in rooting, economy and operations. Some variants of mini cutting production
system have been applied for some tree species in India (Joshi and Dhiman, 1992, 1994;
Dhiman, 1998) but are now being extended to eucalypts in the country (Bindumadhava
et al., 2011, Shanmugam and Seenivasan, 2012). There will always be a space for using
apex shoots of rooted plants which are still maintained in mist and hardening chambers,
for one or two cycles for making cuttings in case of over production of some clones,
building up of stock of those clones which have developed shortage in case of first time
introduced clones. This system of collecting apex shoot cuttings from intensively
managed container grown stock plants rather than originating from field sprouting stumps
is also being advocated in some other countries (Mankessi et al., 2010). The continuous
coppicing of hedges result in harvesting cuttings of a variety of physiological ages and
sizes (Xavier and Comerio, 1996). It is established that over a period of time, hedges
develop stress, the degree of juvenility begins to vary, they produce week shoots
resulting in reduced rooting success, increase variability in rooting time, and increased
rejection. All of these result in higher production costs and lower planting stock quality.
There are no long term studies to maintain the quality of cuttings from such hedges for
rooting success and field performance. Such hedges are, therefore, constantly replaced
with new plantings at regular intervals which may vary to a few years.

Similarly, change is also taking place in propagation facilities in the country.  The
majority of the infrastructure facilities used for rooting the cuttings in the past were
having shade and mist system which are now being replaced with an automatic
environment control system inside chambers. These are helping a great deal in
optimizing rooting time, and in maintaining appropriate humidity and temperature to
avoid desiccation and rotting of cuttings with extremes of temperature and humidity.
Clonal culture has undergone a significant transformation from a first mist chamber of
less than 100 m2  that was installed in Wimco Seedlings in 1984 to a single propagation
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facility spread over 12 ha capable of producing 25 M plants in ITC and further to a
large scale small growers adopting it as a mean for self employment especially in the
state of Andhra Pradesh. The root trainer technology has developed better synergy in
rooting the cuttings and for developing the planting stock for field planting. There are
searches for newer root trainers and rooting media for effective use of space of costly
rooting chambers with improved rooting and clonal plant production. Discovery of
low cost coco-coir peat as rooting media for facilities located in south India is certainly
a favourable development and the search for a few others is still going on.

The genus Eucalyptus represented by around 600 species with a very wide genetic
variability, ecological adaptability, resistance/susceptibility to diverse biotic and abiotic
agents, and breeding and reproductive systems provide enormous opportunity in its
culture on diverse land use in India and elsewhere. Its clonal forestry, based on narrow
genetic base, has already demonstrated much devastating effect on productivity and
economic loss to growers from the recent outbreak of diseases and insect pests. Seed
origin eucalypt plantations from out-crossed populations are still very large in extent
and genetically diverse as a result many individuals still survive against such threats.
The recent three threats, viz., gall induction, little leaf and CLB have virtually created
havoc in eucalypt culture including that in clonal plantations of susceptible clones in
many parts of the country. It has been amply demonstrated that seedling origin plantations
have shown wide range of individuals from no infection to highly susceptible types to
these threats and therefore there is always some salvage of productivity from traditional
seedling plantations in comparison to clonal eucalypts. The effect of the first two has
been wide spread and that of the third one specific to the warm and humid conditions at
specific locations. The impact of CLB infection is serious in Tarai region but has little
impact a few kilometre away in Bhabar region in north India mainly due to local climatic
conditions.  All possible measures which include chemical and biological controls have
miserably failed in keeping their infection under control. Development of new relatively
resistant clones and their inclusion in the production system has helped in salvaging the
clonal culture in the country. The research on these threats needs to be coordinated and
continued for averting any such threat in the future.

Clonal eucalypts with tall, clear bole, narrow crown even at a relatively short
rotations and under relatively dense stands are more impressive in appearance than
those from many other species in plantations and forests.  Eucalypt clonal plantations
have been established  since mid-1980s but its commercial plantations took  practical
shape during the last two decades. In many locations where seed origin plantations
have been grown since long, new clonal plantations have started yielding better
yields and returns. In many other locations where tree culture with other species
was already well established and more remunerative, some  parties started its
promotion indicating that it will provide better returns than existing trees. This has
been a specific case in north India where poplar culture was well established and
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many leading farmers who had earned better returns from poplar culture were tempted
to plant clonal eucalypt on fertile farm land. Some of them have now harvested
clonal plantations and realized that clonal eualypts fall short in economic returns
and in its integration with intercrops than poplars. Integration of eucalypts with
intercrops in block plantations is notional and resticted to the initial tree growth for
one to two years with chilli, cotton, groundnut, turmeric, vegetables, etc. in south
India, and  wheat, sugarcane, fodder, vegetables, etc. in north India. There have
been efforts to plant eucalypt in pair rows to provide larger strip between tree rows
for cultivation of agricultural crops (Kulkarni, 2013b). However, many farmers in
poplar growing region still plant clonal eucalypts as their management is simple,
less troublesome and demand for its wood is increasing beause of scarcity of the
raw matrial for wood based industries. There have been some instances in the past
when the prices of poplar wood crashed in the market and many farmers shifted to
eucalypt culture. Shifting crops which fetch higher prices from tree and farm produce
is a common phenomenon in agriculture crop production in the country.

Handling propagation facilities and fresh plantations with clonal planting stock is
highly sensitive. Eucalypts are largely planted during monsoon season. Some growers
with assured irrigation facilities on farm land also plant it throughout the year. In certain
locations, it is desirable to shift production and planting of specific clones for specific
seasons. For example, in some humid and warm locations of north India, widespread
infestation of CLB kills lakhs of plants in nurseries and young field plantations during
heavy monsoon season. Though clone 413 is much demanded for planting, it is highly
susceptible to CLB.  It is desirable to use resistant clones during this season or shift the
propagation cycle and field planting during pre- and post-monsoon seasons to avoid
large scale damage to eucalypt nurseries and plantations from such threats.

The physical appearance of the clonal planting stock could mislead its silvicultual
quality and may seriously affect its field performance. Many nursery growers are
using excessive nitrogenous fertilizers to boost the early growth immediately after
rooting in order to get the plantable size. Nitrogen rich stock is sensitive to the extremes
of weather conditions, viz., desiccation to hot and dry weather, and infection to CLB
during humid season. It is also learnt from the market sources that some of the growers
are keeping the root trainers on nutrient rich media soon after their shifting outside
chamber; these get fast growth, shifted on the stands for some time before dispatch to
the growers.  Clonal plants during lifting for field planting need not to be excessively
flush green by heavy application of nutrients especially nitrogenous fertilizers.

Effective plug formation in clonal stock raised in root trainers is extremely
important factor for making successful field plantations. When demand exceeds
availability, many nursery growers are passing on the planting stock to the growers
soon after shifting it from the chambers. This may be a stage when the developing
root system has yet not formed an effective plug. Plug is a stage when the root mass
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completely encircles the potting media and the plant gets easily extracted without
damage to its root system. While taking supply it is better to extract a couple of
plants from root trainers and ensure if an effective root plug is formed or wait for
some more time to avoid damage to the field planted stock. Over-stay of plants in
limited volume size root trainers is also not desirable as it blocks the bottom hole and
further root development does not take place (Fig. 5). Such plants develop root
system with deformities similar to polythene bag grown seedlings.

Lodging of fast growing clonal origin saplings at one to two years age in the
field is a normal phenomenon observed with clonal eucalypts in many parts of the
country (Fig. 5). In many cases farmers stack the stock by investing additional costs
to straighten the lodged plants. The problem is more acute in case of close planted
clonal eucalypts where plants remain lanky and easily bend with gentle winds.
Some eucalypt clones planted in sub tropical and plains near the Himalayan foothills
during post monsoon seasons are heavily damaged by the frost. Presently, most of
the clones grown in this region have been developed in south India where such
injury does not occur due to tropical climatic conditions. Some hybrids between
E. benthamii and E. dunnii are better suited to cold regions of Latin America (Assis
and Mafia, 2007; Brondani et al., 2010b).  The old WIMCO’s clones which were
grown in north India have now been taken out of production due to excessive gall,
little leaf and CLB infection. Efforts are going on to develop new clones to handle
frost injuries that occur on recently introduced clones from south India. In the mean
time, plantation of such clones during late autumn season should be avoided as
more damage is recorded on young plants than older ones.

Panel industry has accepted eucalypts for peeling, MDF, and particle boards and
a very large quality of eucalypt wood is now finding usage for these products. For
peeling, circularity of the stem for its conversion to veneer is extremely important. A
strong feeling has developed among eucalypt growers and users that clonal eucalypts
produces trees with sunken and flat stems with cracks and these are not very suitable
for peeling (Fig. 5). Cracks on freshly felled logs could be effectively handled by
transporting the logs soon after felling to the wood working units for their immediate
peeling. However, flat and sunken stems in certain clones and in certain locations give
very low veneer yields and there is a need for finding solution to such defects.

Highly productive clonal eucalypt culture needs matching cultural and other
inputs to harness its true potential. Planting clonal eucalypt with low management
intensities on forest land is not as rewarding as that with high management
intensities on farm land. There is no precise recommendation on size of planting
pits for clonal eucalypts grown in root trainers and planted on well ploughed
fields. Excessive termite attack on certain sites especially those located on sandy
soils during monsoon and pre-monsoon seasons needs repeated drenching of
plants and soil around it with anti-termite chemicals. There have been some cases
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of putting excessive fertilizers around the small pits surrounding the root plug of
plants during planting that has reported to cause mortality in such plantations.

22. Conclusion
Eucalypt clonal culture in India was introduced with vegetative propagation of
candidate plus trees selected from the old plantations. It got well established with
clones developed from selections made from numerous species and seed source
trials, and is now fast expanding with those being developed from inter- and intra-
species hybrids. Clonal technology during its evolution also saw transformation
from making cuttings from coppice shoots obtained from stumps trees, to using
macro cuttings from outdoor clonal banks/CVMs/CMAs  and, finally, using mini
cuttings from indoor and outdoor mini hedges. Similarly, propagation facilities
witnessed changes in simple misting chamber to self controlled and regulated
environmental conditions inside mist chambers and hardening polyhouses, and
also in potting media and root trainers. Infestation of gall insect, little leaf and CLB
have posed new challenges to eucalypt culture but has also helped in expanding
clonal culture by replacing seedling planting stock with relatively resistance clones
to these insects and diseases. The future of eucalypts clonal culture appears to be
very exciting in the country in view of chronic shortage of wood for industrial and
domestic use and eucalypts fast occupying the space for wood production. The
contribution of private sector and small growers in this venture is undisputedly
significant and the future synergies between research institutes and private sector
research would further strengthen its culture in India. It also needs some policy and
institutional reforms for providing a favourable environment for sustaining and
further expanding its culture and usage.
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