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Figure 1.

Pollarding experiments

Six trees were selected in Chandanbagh (Sconi RE)
in the midst of sandal population showing spike-like
from Their
branches were pruned, Jeaving the tree in the form of

appearance  when  seen a  distance.
a pole. Soil working was done to a radius of 50 em. to
conserve moisture and to encourage shoot produc-

tion.

Tetracycline therapy

Remission of symptoms by tetracycline injection
or spray is an indirect test of whether the symptoms
are cansed by an MLO. Six sandal trees with yellow
and small leaves were selected in Compartment 249,
and sprayed and 1njected tetracycline hydrochloride
500 ppm. Four sprays and injections were given over
20 days from August to November 1995, The trees
were monitored for recovery or remission of apparent
disease symptoms.
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Sandal trees showing deceptive appearunces of spike-like disease

Pests

Borer holes were often scen on the stem. and tun-
nels noticed by picreing with sharp sticks. Grubs
were noticed when the stem was split vertically.
Some 20 per cent of trees were attacked by Aristobia
heartwood borers.

Termites

These were noticed in almost all the trees, cither at
the base of the stem or along it. The attack was
mostly on the bark and sapwood, but also occaston-
ally in the heartwood.

Abiotic factors

There was a continuous dry spell during 1994-95,
and frequent fire occurred in the area damaging san-
dal trees and other vegetation. Understorey shrubs
and herbs were absent. To try and control such
groundtire, leaf litter was allowed to decompose. and
trenches were dug 10 m apart to conserve moisturc.



Results and Discussion

Eliminating spike disease
The following studies conclusively proved that the

malformation of the trees being studied was due to

factors other than spike disease.

* Biometrical studies revealed that the length:breadth
ratio of leaves (1.:B) was less than 2.5; 1t should
have been above four if they were discased (Tyengar
1931).

¢ The new flush of leaves and shoots produced after
pollarding was normal; fresh twigs developed, and
tended to produce normal branches (Fig. 2).

L]

Spike disease caused by MLO-like organisms are sen-
sitive to tetracyeline. Partially affected spike trees will
produce normal and healthy leaves about three months
alter injecting tetracycline; this is a remission of dis-
case symploms, Treated trees in the field did not show
any change in morphological symptoms, indicating
that there was no discase inoculum in the trees.

These studies ruled out the possibility of spike in
this arca.

Figure 2. Pollarded trees showing normal fresh twig

development
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Inflnence of abiotic factors

Sandal is very sensitive to fire. Frequent groundfire
increases the temperature on the ground surface. Shal-
low roots which run parallel 1o and just below the
ground surface, particularly smaller roots, will be
damaged by the heat. Consequently haustorial con-
nection with the host roots dries up. with the result
that absorption of water and mineral salts is affected.
Fire also damages foliage and branches, and transpira-
tion of water reduced accordingly.

The substantial reduction in transpiration and
absorption of water from the soil caused tip and shoot
drying. New leaves formed only i the major
branches, and these did not attain normal size proba-
bly because adequate water and mineral salts were not
available. The groups of leat are too small to produce
cnough photosynthetic material to translocate to the
developing region. In many trees, the bark was com-
pletely damaged at ground level, exposing the sap-
wood.  The bark peeled. and  the
discontinuation of the food-translocation tissue ring-

resulting

barked the tree.

Conclusion

The ciuse of drying and death was not discase caused
by any pathogen, but the cumulative effects of:

o constant groundfire,
heartwood borer attack. and
termite attack.

Stopping  groundfirc  bas increased leal litter
decomposition;  conservation  of moisture in the

ground for one yewar significantly improved the
growth of sandal trees. They looked much healthier
and produced new flushes of normal green leaves.
The smaller branches tended to develop into major
branches and looked like a normal tree with a good
crown. These progressive changes in the tree were
mainly due to adequate soil moisture, no groundfire,
i
Regeneration by seed is likely in the

and protection from grazing and browsin
future. and

will conserve the germplasm resource.
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The Role of Trace Elements on the Growth of Sandal
Seedlings at the Nursery Stage

B.S. Kamala and V.G Angadi*

Abstract

Deficiency of the trace elements copper, zinc, manganese, molybdenum and boron was induced in three-
month-old sandal seedlings grown in sand culture in controlled conditions. Deficiency symptoms such as
stunted growth, chlorosis and curling of the leaves were observed. Boron, even in traces, was toxic to
seedlings. Characteristic differences in the banding pattern of peroxidase isoenzyme in the affected leaves
of seedlings compared with control can be taken as a diagnostic test, even before the visible manifestation
of disease in the seedlings. There was a reduction in leaf area, decrease in chlorophyll activity and
photosynthetic efficiency of the leaves suffering deficiency of trace elements. Application of individual
trace elements to the sandal seedlings otherwise growing normally in a medium of sand, red earth and
compost manure has increased growth and uptake of nitrogen, phosphorus, and potassium.

Key words: sandal seedling, trace element deficiency, peroxidase isoenzyme, chlorosis, photosynthetic

efficiency, leaf area, chlorophyll

THE IMPORTANCE OF trace elements for the normal life
processes of plants are well known, as are the disease
symptoms under conditions of deficiency. Leaves
seem to be particularly sensitive indicators of trace
element deficiency, typical symptoms being size
reductions, shape and structural abnormalities, and
pale colour. The most commonly observed symptom
of many deficiencies is chlorosis caused by interfer-
ence with chlorophyll synthesis. A knowledge of the
effects of deficiency of various trace on the growth of
seedlings is necessary to understand the disease
symptoms and to restore the plants to health.

Induction and Detection of Deficiency

In order to understand the type of deficiency symp-
toms that develop in a plant due to the absence of an
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individual trace element, it is necessary to induce
deficiency. The study can be initiated by treating
three-month-old sandal seedlings grown in sand cul-
ture at the nursery stage under controlled conditions
with ‘Armon & Hoagland nutrient solution’ (Arnon
and Hoagland 1940), omitting one trace element at a
time. Deficiency symptoms induced with the absence
of boron need not be studied in the case of sandal, as
it has already been recorded that boron is toxic to san-
dal seedlings (Kamala et al. 1986).

Deficiency symptoms can be detected by different
methods, which are now discussed:
* morphological visual symptoms,
¢ isoenzyme studies,
¢ leaf-area index, and
 physiological studies.

Morphological visnal symptoms

Visual disease symptoms (Table 1) develop in
treated seedlings one month after the commencement
of treatment, and some 60-70 percent of the treated
seedlings die by ten months.



Table 1.

Symptoms observed in sandal seedlings under conditions of deficiency of various trace elements

Trace element

Deficiency symptoms

Copper .

White patches appear at the tip of the older leaves, gradually spreading to the entire part of the leaves,

and ultimately resulting in the death of the seedlings.
» Formation of white patches is accompanied by stunted growth in most of the seedlings.

Zinc .

Younger leaves turn yellow and become brittle as the leaves grow.

* Unequal growth is seen in the leaf at some of the internodes.
* The seedlings remain stunted in growth and gradually die.

Manganese .

Younger leaves turn yellow and become brittle as the leaves grow.

¢ Irregular white patches appear on the leaves.
* Unequal growth is seen in the leaf pair at some of the internodes.

¢ Gradually the leaf dies.

Molybdenum .
e Older leaves show cupping.

Curling of the leaf occurs in some of the seedlings.

* Brown patches form, and subsequently turn white.

* Gradually the seedlings die.

Isoenzyme studies

The study of peroxidase isoenzyme using the ‘disc
gel electrophoretic technique’ in the control as well
as in the diseased leaves shows characteristic differ-
ences in the pattern of the enzyme under the defi-
ciency of different trace elements. The pattern under
zinc and manganese deficiencies will be similar (Fig.
1). The banding pattern exhibited in the seedlings
showing disease symptoms under the deficiency of
the four trace elements studied could be seen in the
seedlings even in the latent stage. Thus the biochemi-
cal changes in the seedlings occur under conditions of
deficiency before visible manifestation of the disease
symptoms in seedlings.

The characteristic banding patterns of leaf peroxi-
dase isoenzyme associated with deficiencies of differ-
ent trace elements can be used for quick detection of
deficiency of particular trace elements. This tech-

nique can also be used to differentiate whether the
disease symptom is due to trace element deficiency or
viral infection. Once it is known that a particular trace
element is deficient, application of that element
brings the seedlings back to normalcy assuming that
the disease has not progressed too far.

Leaf-area index

A plant which is deficient in trace elements will not
produce normal leaves. It is likely that there will be a
reduction in size due to impaired metabolic activity.
In the study made on sandal seedlings, zinc defi-
ciency had the greatest effect on leaf size, reducing
the area to 3 cm?2, an 84 percent reduction compared
with control; the reduction due to deficiency in cop-
per, manganese, and molybdenum was 70, 72 and
67 percent, respectively (Table 2).

Control —Cu ~Zn —Mn -Mo
0.12 — —-— — — ——
0.18 — —
0.24 — —
0.28 — — —
§ 0.36 || | | || |
© 0.42 — —
= 046 — —
0.48 — — —
0-52 — — — ———
0.56 — — —
0.58 —
Figure 1. Pattern of peroxidase isoenzyme in the seedlings under the deficiency of

trace elements and control seedlings
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Table 2. Leaf-area of seedlings under deficiency of
various trace elements

SI. No. Trace Leaf area Decrease in
element (cm?) area (%)

1 Control 22 -

2 Copper 6.6 70

3 Zinc 35 84

4 Manganese 6.1 72

5 Molybdenum 7.3 67

Physiological studies

Trace element deficiency causes characteristic dis-
colouration and considerable reduction in leaf area.
These effects are due to metabolic changes in the
seedlings.

The first symptom of expression depicted on the
leaf is chlorosis. The chlorotic deficiency is due to
reduction in the chlorophyll content, which in turn
has caused the decrease in photosynthetic activity.
Hence, photosynthetic efficiency is directly related to
amount of chlorophyll present in the leaves. Loustalot
et al. (1945) reported that deficiency of trace ele-
ments caused reduction in tung leaf area and decrease
in photosynthetic activity. Keller et al. (1963) have
reported the same phenomenon in Scotch and Nor-
way Spruce. Sandal seedlings grown with deficiency
of manganese showed least chlorophyll content and
photosynthetic activity (Table 3).

Effect of the Application of Trace
Elements

Application of individual trace elements copper, zinc,
manganese and molybdenum at ‘Arnon & Hoagland

Table 3. Chlorophyll activity and photosynthetic
efficiency of leaves under deficiency of various
trace elements

SI. No. Traceelement  Chlorophyll  Photosynthetic

(mg/100 g of efficiency
leaf tissue) (mg/cm?/sec.)

1 Control 142 0.49

2 Copper 75 0.26

3 Zinc 57 0.20

4 Manganese 52 0.19

5 Molybdenum 110 0.38

concentrations’ to seedlings growing normally in pot
culture in a soil medium increased uptake of N, P,
and K and increased growth. Different elements have
different effects, and molybdenum was most benefi-
cial (Table 4). This study can be used in the nursery
to boost the growth of sandal seedlings in a short
time. Kolpikova (1973), Pudova (1974), Poggiani
(1974), and Fessenden and Sutherland (1979) have
also reported that application of certain individual
trace elements to seedlings of forestry species, other-
wise growing normally in a soil medium, showed
much beneficial effect on their growth.
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Incidence, Damage Potential and Biology of Wood-borers
of Santalum album L.

O.K. Remadevi and Raja Muthukrishnan*

Abstract

The wood of Santalum album is damaged by the borers Indarbela quadrinotata (Lepidoptera:
Indarbelidae), Zeuzera coffeae (Lepidoptera: Cossidae) and Aristobia octofasciculata (Coleoptera:
Cerambycidae). The infestation by these borers, especially the latter two, leads to die-back and mortality in
smaller trees. Indarbela quadrinotata, the caterpillars of which feed on the bark, damage the sapwood by
living in the bored cavities of the wood. The occurrence, nature of damage, symptoms and brief biology of
the different borers are given in this paper. Survey of the sandal depots was conducted to study the extent
of damage and loss of heartwood due to the attack of borers and termites. It was observed that 10-50 percent
(average 25%) of sandal timber in the depots had hollowed heartwood. An average of 198.6 kg of
heartwood is lost for every tonne of wood produced by sandal trees.

Key words: sandal; wood-borers; Cossidae; Cerambycidae.

SANDALWOOD IS A part of Indian culture and heritage,
and is acclaimed worldwide because of its fragrant
heartwood. A tree growing well can put on an incre-
ment of 1 kg per year and can attain a girth of over
1.5 metres (Rai 1990). But in practice this is impossi-
ble because of a host of insects, which can be termed
‘wood-borers’. They attack the bark, sapwood and
heartwood resulting in reduction of growth, dieback
and even mortality of the trees. The trees affected by
these borers neither grow properly nor have a healthy
heartwood.

The main wood-borers of sandal are Indarbela
quadrinotata Walker, Zeuzera coffeae Nietner and
Aristobia octofasciculata Aurivillius. Surveys of san-
dal plantations, forests and depots during 1992-97
revealed that these insects are widely distributed.
A. octofasciculata, for example, causes both mortality
in younger trees, and substantial loss of heartwood in
older trees. The observations on the occurrence,
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nature of damage and biology of the borers, and the
assessment of loss of heartwood due to attack of
heartwood borer, are presented in this paper.

Materials and Methods

Regular surveys were conducted in the sandal nurser-
ies, plantations and natural forests in the southern
states of India to identify the pest problems on the
stem of sandal trees. The symptoms included holes on
stems, galleries made of silk and frass, and pellets of
excreta ejected or fallen from the stem holes. The
drying of branches without any external symptoms
also pointed to the presence of living borers inside the
stem. The attacked parts were inspected and at times
larval, pupal and adult stages were collected and stud-
ied in the laboratory. Sandal depots (sandal koti) were
visited to assess the extent of damage of heartwood of
timber stored in the open. Randomly selected lots
were observed in detail to study the number of logs
with bore holes. The dimensions (length, diameter,
bore-hole diameter) of the individual logs



with bore-holes were measured. The percentage loss
in volume and weight of heartwood was calculated.

Observations and Discussion

Indarbela quadrinotata Walker (Lepidoptera:
Indarbelidae)

Known as ‘bark-eating caterpillar’, this is a polypha-
gous pest reported on many trees (Beeson 1941). Sur-
vey of the sandal plantations at Hoskote revealed the
presence of this insect in many trees, both young and
old. Attack was mostly in the junction of branches.
Young saplings show symptoms of dieback and
develop epicormic shoots. The number of infestations
indicated by the silken galleries on bark varied from
1-20. The frequency distribution of trees with varying
number of galleries is given in Figure 1. Most trees had
one gallery, and no trees died due to the attack.

The larvae bore tunnels downward into the sap-
wood and heartwood. At night they emerge to feed on
the bark, excavating long patches which are roofed
with galleries made of silk, bark and excreta. Full-
grown larvae are 4-5 cm long. Pupation takes place
in the shelter tunnel. The life cycle is annual and the
moths emerge during May—July.

Zeuzera coffeae Nietner (Lepidoptera: Cossidae)

The red borer is a polyphagous pest which bores
into the soft sapwood of saplings and young trees. It
makes the stem so weak that it can be broken down
by a gentle push or by wind.
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During survey of plantations the occurrence of this
borer was observed randomly. The occurrence was
2-5 percent in infested areas. Young saplings are some-
times killed by the attack. The larvae enter through the
axil of leaf or stem and branch. The tunnels made by
young larvae are cylindrical, and those by older larvae
are wide with irregular cavities. The tunnels are kept
clean by throwing down the white pellets of excreta
which fall at the foot of the tree in a heap.

The larva is stout, up to 4 cm long, with a small
hood-like, yellowish pronotal shield and abdominal
segments, pinkish above and yellowish below.

The life-cycle takes about 4-5 months with a larval
period of about 3-4 months. The larvae do not attack
heartwood. Hence the attack is restricted to branches
of older trees. Cutting off and burning the branches
prevents the spread of the pest.

Aristobia octofasciculata Aurivillius (Coleoptera:
Cerambyiidae)

This was reported as a pest boring the small
branches and stem of saplings of Santalum album in
North Salem Division (Beeson and Bhatia 1939).
This monophagous pest is prevalent in all the sandal
areas. Saplings and younger trees showed drying of
branches and sometimes mortality due to the attack of
this pest. Many living plantation trees contained sev-
eral bore-holes leading into long cavities in the heart-
wood; and in older trees, the heartwood was found to
be hollow to varying degrees. The survey of the san-
dal koties revealed that many logs had hollow heart-
wood. Evidently, this borer is able to both live in, and
damage the heartwood.

| |

| TR N
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12 13 14 15 16 17 18 19 20

Number of galleries/tree

Figure 1. Distribution of galleries



The beetle is brick-red in colour with black anten-
nae with muffs, and is 1.5-2.5 cm long. It attacks
younger and older trees. The adult gnaws the bark
and even girdles it. Eggs are deposited either on the
main stem or branches. The larva feeds its way into
the sapwood, bores down into the main stem, and
excavates long tunnels in the heartwood which are
packed with excreta. The tunnel goes to the root.
Pupation occurs near the sapwood and the adult
makes a circular hole to exit from during April-May.
The exposure of heartwood through the bore-holes
leads to the invasion of wood-rotting fungi and ter-
mites. Gradually the tunnels coalesce and increase in
size leading to hollowness.

A study was undertaken to ascertain the reason for
the die-back and mortality of sandal plants in one
patch of the plantation of Yelwala, Mysore. The
symptoms were drying of the twigs followed by death
of the trees. Spike disease was not found. On closer
observation, it was evident that most of the trees
showed the presence of holes on the main stem and
branches. The number of holes ranged from 1-5. The
percentage of trees with 1, 2, 3, 4 and 5 holes were
57%, 12.96%, 12.96%, 5.55% and 11.11% respec-
tively. Out of 100 trees, 73 trees had top drying (4
trees dead, 15 with most branches dried). Of the 73
trees, 59 had borer holes, but 14 did not show any
holes. Out of the healthy-looking 27 trees, 4 had
holes. It appeared that the trees have been attacked by
Z. coffeae or A. octofasiculata or both. Most of the
trees were 10-15 years old. The dead trees were

Proportion of logs (%)
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examined after uprooting and splitting. Galleries of
A. octofasiculata were visible with larvae inside, and
the tunnels reached to the root.

Survey of the sandal depots (sandal koties)
revealed that 10-50% of the timber in the different
stacks had hollow heartwood. In the sandal koties, the
wood extracted from the forest (usually when the tree
is dead), and also that confiscated from smugglers, is
stacked in the open on bare ground for years before
final cleaning. The logs were hollow when they were
brought to the depot. Out of 3517 logs inspected, 883
(25%) had hollow heartwood, usually varying in
diameter from 1-12 cm. In the sandal koties, the final
cleaned sandalwood with defects and hollowness is
classified into ‘Ghat Badla’ (> 5 kg) and ‘Bagradad’
(<5 kg).

Though it is known that the sandal under storage is
attacked by powder-post beetles and wood-wasps,
this was not apparent in the present survey. Termite
attack was observed in only a few cases. The damage
by the wood-rotting fungi appeared to be high in
some depots.

The sandal logs in the depots showed great varia-
tion in size. Most (28%) were in the diameter class
16-20 cm; logs with diameter <10 cm and >40 cm
were rare (Fig.2). The highest number of logs
(31.16%) had bore-holes measuring 7-9 cm (Fig. 3).
The volume of sandal heartwood lost due to the pres-
ence of bore tunnels and hollow cavities was esti-
mated and represented in Figure 4.

16-20 21-25 26-30 31-35 3640

Log diameter class (cm)

Figure 2.
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Frequency distribution of log diameter
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Figure 4. Volume loss due to hollows

Conclusions

The volume/weight loss observed in the diameter
classes from 11-15cm to 3640 cm, did not show
significant variation from each other. The overall loss
in volume/weight was 19.86%. Hence it is clear that
198.6 kg of sandal heartwood is lost per tonne of
wood produced by the trees. Estimating the cost of
1 kg heartwood as Rs. 500 ($US15), the loss is around
Rs. 100000 ($US3000)/tonne. The loss was generally
more in the lower diameter class. This shows that, as
the tree grows in diameter, the hollowness also
increases due to the continued deterioration of heart-
wood by the action of termites and fungi. Due to years
of stacking in the open areas of the depots, the wood
deteriorates further, especially in the bark and sap-
wood.
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Control of Arboreal Termites on Santalum album 1..
in Plantations

O.K. Remadevi, V.R. Sivaramakrishnan and C.R. Sarma*

Abstract

Arboreal termites, Odontotermes spp., are often observed in sandal plantations. The attack leads to loss of
bark, poor health, and infestation of stem-boring insects. The infestation is highest (up to 50%) in winter.
An experiment was conducted at Yelwala sandal plantation, maintained by the Institute of Wood Science
and Technology, to study the comparative effectiveness of different insecticides (Chlorpyriphos, BHC,
Phorate, Quinalphos and Lime) in various combinations and doses. Observations on termite incidence were
taken periodically for one year. It was observed that use of Chlorpyriphos® 20 EC (1.5%) gave adequate
protection for up to four months, with decreasing protection thereafter. The effectiveness of all the

treatments were compared and are reported here.

Key words: termites, Odontotermes, Chlorpyriphos, insecticide

ARBOREAL TERMITES ARE common at the basal parts
of Santalum album trees, especially in winter and
summer months. Sometimes they also extend up to
the growing tips. The bark is eaten off and earthen
galleries cover the stem, reducing the vigour, health
and growth of the trees (Fig. 1). Sandal is known to
be attacked by three species of termites. Microcerot-
ermes fletcheri Holmgren & Holmgren attacks both
the bark of standing trees and the dead wood in stor-
age (Srinivasan et al. 1992). Odontotermes brunneus
(Hagen) and Coptotermes heimi (Wasmann) attack
standing trees and dead logs of S. album (Sen Sarma
et al. 1975). Field studies on the control of Odontot-
ermes spp., the arboreal termites on sandal, are pre-
sented in this paper.

Materials and Methods

Studies using different insecticides were conducted at
Yelwala sandal plantation in Mysore from February
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1994 to January 1995. The trees, 10 and 15 years old,
were been planted and maintained by Institute of
Wood Science and Technology, Bangalore. The ten
treatments were:

T-1. Chlorpyriphos® 20 EC (1.5%)—3 litres/tree
(poured around the bottom)

T-2. Chlorpyriphos® 20 EC (1.5%)—2 litres/tree
(poured around the bottom)

T-3. Chlorpyriphos® 20 EC (1.5%)—1 litre/tree
(poured around the bottom)

T-4. Chlorpyriphos® 20 EC (1.5%)—Paste applied
up to 1 metre

T-5. BHC with lime—Paste applied up to 1 metre
T-6. Phorate crystals—25g per tree

T-7. Quinalphos (0.5%)—1 litre/tree

T-8. BHC + lime + Chlorpyriphos—Paste applied
up to | metre

T-9. Water—3 litres/tree (poured around the bot-
tom)

T-10. Control (i.e. no treatment).

The experimental plot was selected in a termite-
prone area. The experiment was laid out in a com-
pletely randomised block design (RBD) with four
replications for each treatment. Each treatment was



applied to a group of nine sandal trecs. Before the
start of the experiment, the number of trees with ter-
mite attack was recorded. Those earthen galleries
with live insects were scraped off before the treat-
ment. Observations were continued pertodically for
one year. Each time, the galleries were scraped off. In
cach treatment, the percentage of trees with attack
was caleulated. The percentage values were trans-
formed and analysed by a covariance technique.

Figure L. Arboreal termite attack on sandal tree

Results and Discussion

Initial observations on the incidence of termites on san-
dul revealed that 8-55 of the trees (average = 26%)
were affected 1o some extent. The first observation was
taken after one month of treatment. and periodically
thereafter. The different treatments varied significantly
in their efticacy. Three litres of Chlorpyriphos 20 EC
(1.5 yapplied to the soil (i.c. T-1) in controlled the ter-
mites best. This was followed by Phorate application
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Table 1.

(T-6), then BHC+lime+Chlorpyriphos (T-8). Lower
guantitics of Chlorpyriphos applied to soil were next,
followed by BHC with lime paste. Water treatment,
Quinalphos (0.5%). and pasting Chlorpyriphos on trees
were ineftective in controlling termite attack on sandal
trees. The resnlts of applying Duncan’s multiple-range
test fo the data are shown in Table [.

Performance of treatments (in descending order)

Treatment number

(high) TH8" S 974 10 low
Notes:
1. Significance level = o o
2. Figures over the same bar do not ditfer significantly.
Analysis  of individual  periods  of  recording

revealed the following.

e The trees for which soil treatment was given with
three litres of Chlorpyriphos (1.5%). were highly
infected by termites (36% ) in the initial count (i.c.
before treatment). In spite of that. this proved to be
the best treatment in controlling the termite attack.

Recording of data after one month showed that all
the treatments, exeept water, controlled the nci-
dence of termite equally cffectively.

* Data collected after four months indicated that
Chlorpyriphos in all doses is more effective than
other treatments in controlling termite attack.

» The effect of the

6-9 months, and after 11

treatments  faded ouwt after
months the incidence

exceeded the initial attack.

These data are set out in Figures 2 and 3 and Table 2.

Termite attack of newly transplanted trees causes
mortality as high as 80-100%. cspecially to exotic
trees like Eucalvprus and Pinus. S, album 15 also
known to be damaged by termites i the seedling
stages. and to be inhabited by bark-cating termites in
the tree stage (Roonwal 1979), The gencera responsi-
ble for the attack on young trees are usually Coproter-
mex, Eurvtermes, Micvotermes and  Odontotermes.
which attack the taproot of transplants a few centime-
tres below the ground. Nair et al. (1986) have given
the methods of controlling termites on Eucalvphis.
Thakur ct al. (1989) established that Chlorpyriphos is
an effective soil insecticide for controlling termites
on Lucalvpiuys. Nair and Varma ([985) observed that
in addition to the root feeding, the live and dead bark
of Eucalvptus stem was nibbled by termites under
cover of mud plaster, particularly during the dry sca-
son. They found that 12 out of {7 root-feeding spe-
cics were Odontotermes spp.
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Field studies have shown that Santalum album is
damaged to a very great extent by termites when trees
are under stress due to attacks of wood-borers, espe-
cially the heartwood borer, Aristobia octofasciculata.
In that case, the attack is not visible from outside. In
the case of arboreal bark-eating termites, the earthen
galleries are visible even as far as the terminal
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branches, but the trees are not killed. Usually, the
bark of the tree forms an effective defence against
termites foraging in earthen tunnels up the trunks. In
the case of sandal, the arboreal termites are found to
eat parts of bark which may in due course weaken the
tree predisposing it to attack by wood-borers and
fungi.



Table 2.  Proportion of affected trees under different treatments over different periods, in ascending order
Count before treatment
Treatment no.: 7 9 4 2 4 5 8 1 6 10
Trees affected (%): 8 8 14 22 25 25 25 36 44 55
After 1 month
Treatment no.: 1 2 3 4 5 6 7 8 9 10
Trees affected (%): 0 0 0 0 0 0 0 0 3 5
After 4 months
Treatment no.: 3 1 2 8 9 4 6 10 5 7
Trees affected (%): 0 3 5 5 5 8 8 11 17 17
After 6 months
Treatment no.: 7 1 3 6 8 9 10 2 4 5
Trees affected (%): 8 14 14 14 14 14 14 19 19 22
After 9 months
Treatment no.: 2 5 9 1 4 7 8 6 10 3
Trees affected (%): 5 5 5 8 8 8 8 14 17 25
After 11 months
Treatment no.: 1 6 2 8 4 9 5 7 10 3
Trees affected (%): 39 39 42 44 48 48 61 61 61 69
Conclusions Nair, K.S.S., Varma R.V., Karunakaran C.K., Muhanunad

Chlorpyriphos formulations are in use in many coun-
tries for protection of wood against termites. It kills
termites quickly on contact. In the present studies,
application of Chlorpyriphos solution has been found
to protect the sandal trees for up to four months. The
attack of Odontotermes on sandal, can lead to mortal-
ity of seedlings, and poor health and growth of trees.
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Studies on the Sap-sucking Pests of Santalum album 1..
in Nurseries and Plantations

O.K. Remadevi, Raja Muthukrishnan and L.N. Santhakumaran*

Abstract

Among the different insect pests including defoliators, stem borers and termites, the role of sap-sucking
insects belonging mainly to the family Coccidae, is very crucial being deleterious to the normal health,
growth and reproduction of the sandal plants. The main coccids which cause dieback and lessening of fruit
setting are Saissetia sp., Inglisia bivalvata Green, Ceroplastes ceriferus and Kerria lacca Kerr. all
belonging to the family Coccidae. The details of the habits, damage potential, nature of damage and control

measures are given in this paper.

Key words: sap-suckers, Coccidae, dieback

MANY INSECT SPECIES are known to inhabit sandal,
Santalum album L. (Santalaceae). However only very
few of the some 150 species are serious pests which
adversely affect the growth of the plants. These
include defoliators, sap-suckers, stem-borers, and ter-
mites. A five-year survey was recently undertaken in
south Indian states to study the prevalence and nature
of damage by the important pests. These studies
revealed that sap-suckers belonging to the family Coc-
cidae (Order Hemiptera) cause dieback, poor growth,
lessening of flowering and fruiting, and sometimes
even mortality, to plants in nurseries and plantations.
The occurrence, habitats, bionomics, nature of dam-
age and control measures of the most prevalent sap-
suckers are given in this paper.

Materials and Methods

Forest nurseries, plantations and natural forests in
Karnataka, Tamil Nadu and Andhra Pradesh were
surveyed during 1992-97 to study the occurrence and

* Institute of Wood Science and Technology, Bangalore
560 003, INDIA
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distribution of insect pests. Randomly selected trees
were observed and the pest stages collected. The sam-
ple size was 10-50 percent of the population in an
area, depending on accessibility to trees. The inten-
sity of attack and nature of damage were assessed vis-
vally. Twigs with different developmental stages of
various coccid species were caged in the laboratory
and regularly observed under the microscope to study
the morphological features, nymphal stages, and the
presence of parasites or predators. Experiments using
different insecticides were conducted to evolve suita-
ble control measures for the major pests.

Observation and Discussion

The coccids were found to be major pests on sandal
from seedling to tree stages. Chatterjee and Ayyar
(1936) reported as many as 12 coccids from sandal.
The important coccids were Saissetia sp., Inglisia
bivalvata, Kerria lacca and Ceroplastes ceriferus.
The habits and habitats of all these coccids were the
same.

Saissetia sp.



Field surveys revealed the occurrence of two species
of Saissetia throughout the sandal-growing arcas. Sais-
setia coffeae and S, nigra were recorded by Ayyar
(1929) on S. album at Coimbatore. About 50 plant spe-
cies are known to be attacked by these coccetds (Mathur
and Singh 1960-61). The adult female of S, coffeae is
cliiptical in outline, convex, brown, and shining: S.
aigra females are black and larger (Fig. 1) The fecun-
dity is 300-1000 cogs in S, coffeae. whereas S. nigra
lays an average of 2000 cggs. The nymphs move and
settle on different parts of the plant. These scales feed
on the sap of leaves, tender shoots, flowers, and fruits.
The honeydew secreted by the insects leads to the

development of black sooty mould on the surface of

leaves and branches. When infestation is heavy, the
branches start drying up. The affected flowers wither.
and fruits dry up and fall off prematurely.

Figure 1. Suixsetia nigra on sandal twig

Spraving 0.5% Quinalpnos. followed by 0.5% BHC
atter two days, is recommended for the control of these
msects (Sivaramakrishnan et al, 1987).

Inglisia bivalvata Green

This coccid was recently reported on S, albus (Svin-
vasan et al. 1992)0 A survey of sandal nursertes and
plantations revealed the occeurrence of the pest only in

Bangalore and Hoskote districts: 10-80 percent of

bruanches were infected by different stages. Other trees
such as Thespesia populnea. Cajanus cajun and Pon-
camia are also infected by this cocctd (Ayyar 1929).
Mild attack of the mseet on Polvalthia sp. and Acacia
manginn was observed during our study.

scales of the  females

Creamy-brown.  bivalved

enerust the twigs up to leaves and [ruits (Fig. 2). As i

201

other coceids, the Teaves develop black sooty moulds
on their surface due to honeydew secreted by active
coceids. Leaves show browning, tlowers wither, fruit
formation reduces, and the branches show dicback
later. When the attack is severe, saplings and small
trees suceumb to the infestation.

Figure 2. Inglisia bivalvara on sandal twig

Nympn move about and scttle on tender shoots
and develop pinkish waxy encrustations. Life cycle
of males 15 shorter. The females are stationary, big
and with bivalved seales. Male puparia are covered by
ornamental waxy laminac.

1. hivalvata is found parasitised by hymenopteran
parasites belonging 1o Eulophidace, Encyrtidae and
Aphelinidac. Many predators belonging to Coleoptera
and Lepidoptera were also collected. Spraymg of
0.2-0.3% Chlorpyriphos or Quinalphos was effective
in controlling the pest.

Kerria lacca (Kerr.)

Kervia lacea is an cconomically important insect
which produces the resin, lac, used in many indus-
tries. Though sandal 1s known as one of some 100
host species. the infestation in an epidemic and severe
form was observed recently in the sandal plantations
at Gotipura and Nallal (Remadevt et al. 1997).

The infestation was found in pockets in which all
the adjacent trees were infected The severity of infes-
tation varied from one tree to other. The host plant,
Pongamia pinnara was also severely infected. The
carly stages appear as brownish spots on the tender
stems (Fre. 3). The mature colony develops as dark
brownish-black encrustations and cover the entire
twigs: due to the sap drainage, the branches dry off. In
severe cases, the whole tree dies (Fig. ). The black



Figure 3. Larly stages of luc inseet attack

-4

Kerria lacea attach

sooty appearance of the e .
the hotable symptom. of 1t

the heavi'yv aficcier branc e were topned and
burt o kit all Tive stage A solution ¢70.5¢ Ekalux
(20 Ag ) along with .05 ¢ o ~ker sprayed thoroughly

K.

and the twigs is one of

202

on the affected wrees checked the infestation. The ini-
tial stages could be controlled by spraying 0.1¢
Rogor or 0.04% Cypermethrin.

Ceroplastes ceriferus (Fabr.)

Ceroplastes ceriferus is one of the potential pests
of sandal. It occurs cither singly or in groups on iso-
lated trees. ICis known as @ minor pest ol Boswellia
serruata. Buchanania latifolia and Melia indica (Bee-
son 1941), on citrus (Brown 1968). and on many
other trees, The inseets on the stem appear as irregu-
lar masses of white wax which fuse together in cases
of heavy infestation. in which case, the leaves drop
and the twigs dry. Sprayig of Monocrotophos
(0.02--00.05% ) kills the scales.

< .
Conclusion

The eeneral ., ptoms caused by il the above coce-

1ds are:

e browning and {alling of 1 ox and twig dryimg

(dic-back):

reduction in flowering and fruiung: and

formation of black sooty mould on the leaves and
branches.

o o sap drainage, the growth of the plant i3
retarded. 1 e sooty mould formation hinders photo-
synthetic activities and hence productivity. Mortality
of the plants due to attack ol Saissetic sp. and
ceriferns was not observed. S oplings and small
are Kil'ed by the attack ol 1 bivalvare and

C
g
Hence coccrd attuck should be treated as a
“oule

lace

serinue problem. and time control measure:

beo ple, "tocheckt  ov o md spread.
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