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Abstract - Study has been conducted in 2 hectare area of Sandal 
plantaion, on host association of sandal and its growth 
enhancement under Agro-forestry standard at State Forest 
Research & Training Institute, Raipur Chhattisgarh. There are 
many associating nitrogen fixing species Arhar (Cajanus cazan) 
& herb plants Aloe (Aloe barbedensis), Chirayata (Andrographis 
paniculata), Vaividang (Embelia ribes Burm) had been introduced 
and haustorised by sandal though luxuriant growth of sandal in 
association with them is observed under Agroforestry model. The 
growth parameters were recoded where, average height of the 
Sandalwood trees in block A (a1 = 3.53, a2 = 2.33), B (b1 = 2.41, b2 
= 2.35), C (c1 = 2.47, c2 = 2.50) & D (d1 = 3.35, d2 = 3.46) m. 2) 
average bole height A (a1 = 0.68, a2 = 0.51), B (b1 = 0.44, b2 = 
0.37), C (c1 = 0.45, c2 = 0.44) & D (d1 = 0.45, d2 = 0.65) m. and 3) 
average crown height of the A (a1 = 2.78, a2 = 1.57), B (b1 = 1.98, 
b2 = 2.18), C (c1 = 2.01, c2 = 2.06) & D (d1 = 2.81, d2 = 3.33). Net 
increment in height is 2.8 m., bole height 0.50 m. and crown 
height was 2.34 m. wilt disease fungus Fusarium spp, Leaf eating 
insects (moths) and Boring insects was recorded during 
pathological analysis & Tending operation, weed management 
was the main faction for rehabilitation & enhancing the physical 
growth performance of the entire plantation of sandalwood. 

Keywords: Agroforestry, Tree-crop interaction, Supplementary, 
Complimentary, Inhibitory, Pathogens, Tending operation etc.  

I. INTRODUCTION 

Santalum album or Indian sandalwood is a small steamy tree, 
the nearly all known source of sandalwood. S. album occurs 
from coastal dry forests up to 700 meter height. It usually 
grows in dirty or stony red soils, but a wide range of soil 
types are populated. This environment has a hotness range 
from 0 to 38°C and annual rainfall between 500 and 
3000 mm. it has potential to grow in combination with 
horticultural species as secondary hosts and The site of 
attachment to the host and the presence or absence of 
functional chloroplasts defines the parasite further as being 
either hemiparasitic or holoparasitic, respectively (Malcom 
and Gareth, 2005). For the establishment of sandal in 

plantations, healthy nursery seedlings with a pothost is 
necessary. Previously, sandal hosts be classified into three 
categories by Radomiljac and Mc Comb (1998) as pothosts, 
intermediate hosts and longterm hosts. There is an increasing 
demand for the seedlings of this species over the past 5-6 
years from all over India, excluding there is lack of a whole 
package of practices for growing sandalwood which includes 
raising of QPM (Quality Planting Material) of sandal. 

It requires an application of Inter-cropping in which nutrients 
derived from its hosts for growth and development. Hosts are 
suggested as the source of Ca, Fe, N, P, K, Mg, Cu and Zn 
for sandal (Barrett and Fox,1997) and 2 hectare area of State 
Forest Research & Training Institute, Raipur was developed 
as “Agro-forestry model” in 2013-2014 to standardized 
sustainable production of Agro-silviculture in same piece of 
land.  

II. STUDY SITE 

The study was carried out in State Forest Research & 
Training Institute campus, Raipur Chhattisgarh, N 
21017’23.3” E 081043’28.6” to find out competitive 
performance of sandalwood in Agro-forestry system.  

 
Fig. 1: Study site: SFRTI campus, Raipur Chhattisgarh 
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The (nutrient, light, moisture and root competition), adaphic 
factors like amount of available nutrients, pH, NPK ratio 
before and after cropping, effect of different crops on 
sandalwood (plant height, girth, increment, crown diameter, 
crown length, etc.) plantation. 

III. METHODOLOGY 

An introduction of Agro-forestry model was established at 
SFRTI campus and applied program was conducted to record 
information on the introduction of nitrogen fixting species-
cum-medicinal crop, tending operation, pathological study, 
soil property analysis and tree-crop interaction with Sandal 
wood plantation.  

 
Fig. 2: Plantation site: Eye view of State Forest Research & 

Training Institute campus 

 
Fig. 3 : Field preparation 

 
Fig. 4 : Fruiting in Sandal 

 
Fig. 5 : Intercropping of Aloe+Vividang+Chirayta 

Plantation at SFRTI campus, Raipur, Chhattisgarh: 

S. album is planted in the area of 02.00 ha in State Forest 
Research & Training Institute Campus, Raipur, Chhattisgarh. 
Plantation was done on 27-07-2009 and about 1250 seedlings 
of Sandalwood were planted along with the primary host 
Karanj (Pongamia pinnata). Plantation was done at the 
interval of 04m x 04m and in 60cm x 60cm x 60cm deep 
pits. Before plantation, pits are partially filled with cow dung 
manure, fertile soil and fertilizers [super phosphate, neem 
powder (margozyme fertilizer), vermicompost & bone 
powder] along with pesticides & fungicides. . Plantation area 
is divided into 4 blocks A, B, C & D and two blocks was 
associated with annual agri-medicinal crop and other two 
leaved natural.  Fig no. 2, 4 showing plantation, fruiting 
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status and 3, 5, 6 are the steps done during management 
practices. 

Physio-Chemical properties(Source: Soil laboratory SFRTI): 

Soil Type: Dorsa/Black, Soil pH: 7.2, Dissolve ions: 0.13 m, 
Macro elements present in the soil: Organic carbon: 0.82 
kg/ha (Available Phosphorus content: 20.60 kg/ha, Available 
Potassium content: 187.9 kg/ha), Micro elements present in 
the soil:  Zinc: 0.56 ppm (Iron: 3.73 ppm, Copper: 1.13 ppm, 
Manganese: 0.70 ppm, Boron: 0.00 ppm, Molebdenom: 
0.00ppm). 

IV. RESULTS 

An attempt was made under paper title “Growth response of 
Sandalwood (Santalum Album) under Agro-Forestry 
practices & Tending operation in SFRTI campus, Raipur,  
Chhattisgarh” as an Agro-Forestry model to study the tree-
crop interaction, associate of different host to the plant, 
competition, soil quality improvisation and to record the 
growth parameter of primary species in the plantation site.   

A total no. of 1250 sapling were planted in the site, but 
currently only 630 Sandal wood plants are live and other 

died replaced by planting materials, where the total area of 
platation was divided into 4 blocks (a, b, c & d) and 8 sub-
blocks (a1-a2, b1-b2, c1-c2 & d1-d2). In which only two 
blocks (A & B) was chosen to develop an agro-forestry 
experiment and other two blocks (C & D) was leaved 
naturally with grasses and weeds species for comparative 
growth study. 

 
Fig. 6 : Intercropping of Chick-pea 

 
TABLE 1: GROWTH PARAMETER ANALYSIS IN AGRO SYSTEM & NATURAL SYSTEM IN DIVIDED BLOCKS 

Experimental 
Plots 

Average height of each 
tree in experimental 

plots (in meter) 

Average bole height of 
each tree in experimental 

plots (in meter) 

Average crown height of 
each tree in experimental 

plots (in meter) 

A 
Intercropped 

a1 3.53 0.68 2.78 
a2 2.33 0.51 1.57 

B 
Intercropped 

b1 2.41 0.44 1.98 

b2 2.35 0.37 2.18 
C 

Natural 
c1 2.47 0.45 2.01 
c2 2.50 0.44 2.06 

D 
Natural 

d1 3.35 0.45 2.81 

d2 3.46 0.65 3.33 

Average 2.8 0.50 2.34 

 
Some influencing characters was obtained by this all the 
planting species and associates adversely affected by climatic 
condition, adaphic factors, disease, allelopathic effect etc. 
where the survival percent of Sandalwood was 50.4%, some 
due to wilt disease caused by Fusarium spp., some due to the 
allelopathy effect of primary host Karanj (Pongamia pinnata) 
which secrete some phyto-chemical from their roots, some 

die due to water management, nurrient supply, host 
management ( all are under tending operation) and water 
redundant and host death cause etiolating, while micro-
nutrient deficiency cause top wilt.   

Sandalwood offers great scope for agro-forestry. The 
potential of the tree for integrating in existing farming or 
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Agro-silvicultural systems with agri-medicinal plants as 
secondary host is huge given the adaptability of this species 
to low rainfall areas and less endowed soils. Some growth 
parameters were recoded are follows: 1) average height of 
the Sandalwood trees in block A (a1 = 3.53, a2 = 2.33), B 
(b1 = 2.41, b2 = 2.35), C (c1 = 2.47, c2 = 2.50) & D (d1 = 
3.35, d2 = 3.46) m. 2) average bole height A (a1 = 0.68, a2 = 
0.51), B (b1 = 0.44, b2 = 0.37), C (c1 = 0.45, c2 = 0.44) & D 
(d1 = 0.45, d2 = 0.65) m. and 3) average crown height of the 
A (a1 = 2.78, a2 = 1.57), B (b1 = 1.98, b2 = 2.18), C (c1 = 
2.01, c2 = 2.06) & D (d1 = 2.81, d2 = 3.33). Net increment in 
height is 2.8 m., bole height 0.50 m. and crown height was 
2.34 m. respectively are shown in table no. 1 and Fig. no. 7. 

 

Fig. 7: Comparative growth analysis under Inter-cropped and 
Natural condition. 

Association of annual agriculture and medicinal crop was 
adopted to know the supplementary (+,- = one is supporting 
and other one is neutral), complimentary (+,+ = both has 
supporting behavior), inhibitory (-,- = allelopathy behavior) 
performance under agro-siliviculture system, where 
nitrogenous species Arhar (Cajanus cazan, Rai, 1990; 
Srinivasan et al., 1992; Srimathi et al., 1995) and some 
medicinal herbs like Aloe (Aloe barbedensis), Chirayata 
(Andrographis paniculata), Vaividang (Embelia ribes Burm) 
was associated with main species. Only complementary (+,+ 
= both has supporting behavior) performance was seen in the 
chick pea-sandal cropping system and rest all performance 
was shown neutral behavior to the main species.  

Tending operation played a vital role in improvisation of 
physical growth in sandal wood plantation, in which 
mechanical, biological effort was the prelim steps for 
enhancing the outlook of the sandal tree expansion.  

Some pathological study was conducted and found very 
serious causing factor i.e. wilt disease caused by Fusarium 
spp. 

Pest of sandal plantation was noticed in an old age 
plantation, where pests can be divided into two groups: leaf 
eating and stem boring. 1.) Leaf eating insects (moths) can be 
controlled by Trichlorfon 2.) Boring insects can be controlled 
by stem injection of Dichlorvos (Liu et. al, 2012).  

V. DISCUSSION 

The requirement of a suitable host plant for successful 
establishment of sandal had been widely recognized. Host 
plants were considered as good, medium and poor hosts 
depending on growth, biomass and number of haustoria 
produced by sandal when associated with different hosts 
(Ananthapadmanabha et al. 1984; 1988). However, many of 
the conclusions drawn by earlier workers were not based on 
sound experimental results. In this chapter we have examined 
the comparative merits of 4 potential host plants whose show 
that “Agro-forestry model” can be a good and sustainable 
source of fodder, fuel, fiber, flosses, forests for the local 
farmers. 

VI. CONCLUSION 

The present study has concluded that plantable quality of S. 
album seedling can be produced in polybags and providing 
Pongamia pinnata as the primary (pot) host among the four 
potential annual host plants tested and on field 
transplantation Pongamia pinnata can be supplied as the long 
term host.  

The potential of the tree in existing farming or agro-
silvicultural systems for improving livelihood and creating 
employment opportunities and enhancing farm incomes is 
quite huge. However, availability of Quality planting 
material (QPM) of sandal from known sources is one the 
main bottle neck hampering its wide scale farming. 
Conventional methods of preparing potting mixture and 
sowing in standard size polybags do not work for raising 
sandal seedlings since it is a hemi-parasite.  

Association of some nitrogen fixing crop, medicinal crop, 
grasses and trees can be adopted as agro-silvi-pasture model 
by the local farmers with having technical knowledge from 
the outer source or capacity building program. Introduction 
of agro-forestry model is very tough but regular production 
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unit for any farmer or beneficiary of different agro-climatic 
zone. 

VII. FUTURE SCOPES 

In future perspective this system be proper utilized unit of 
land area and maximize the productivity and sustainable 
development. 
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