
INFLUENCE OF CASUARINA EQUISETIFOLIA WITH FRANKIA AS 
HOST PLANT ON GROWTH AND NUTRIENT IMPROVEMENT 
OF SANTALUM ALBUM 

Karthikeyan A*, Krishnamoorthi S, Mahalingam L, Jiniviju PC, Kanchanadevi K & Shyama P Nair 

Institute of Forest Genetics and Tree Breeding, Coimbatore – 641 002, India

*karthikarumugam13@gmail.com

Submitted August 2022; accepted October 2022 

Santalum album is a commercially important tree for its aromatic heart wood and oil. Establishing S. album 
seedlings in field is difficult due to its semi parasitic nature. It requires a host to thrive and survive. In this 
study the C. equisetifolia was selected as host along with nitrogen fixing actinobacteria Frankia for S. album 
in nursery to understand their relationship. Both S. album and C. equisetifolia seedlings were propagated in 
nursery and the cultured Frankia in P agar medium was inoculated in C. equisetifolia seedlings. The S. album 
seedlings were grown in soil along with C. equisetifolia (+/- Frankia). After 120 days, the seedling of S. album 
was harvested and found improvement in growth and nutrient uptake. S. album seedlings with the host of C. 
equisetifolia along with Frankia showed significantly improved root length (38.3 cm seedling-1), shoot length 
(45.2 cm seedling-1), root collar diameter (3.2 cm seedling-1), 14.2 haustorial attachment seedling-1, shoot 
biomass (1.96 g seedling-1), root biomass (0.72 g seedling-1) and showed lowest root/shoot ratio (0.36). The 
nutrient contents particularly N was significantly found in S. album seedlings associated with C. equisetifolia 
+ Frankia. The result showed that essential nutrient nitrogen transfer was mediated through the nitrogen 
fixing bacteria to C. equisetifolia and absorbed by S. album. In conclusion, the combination of C. equisetifolia + 
Frankia provided suitable host for the growth and biomass improvement in S. album seedlings.
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INTRODUTION

Santalum album is a medium sized semi parasitic 
evergreen tree known for its fragrant heart wood 
and oil.  It is mostly found in dry deciduous 
forests and naturally distributed from Indonesia 
in the east to Chile in the west and Hawaiian 
archipelagos in the north to New Zealand in the 
south. S. album is classified as sensible species 
by International Union for the Conservation of 
Nature. India is one of the countries with more 
natural populations of S. album particularly in 
the states of Karnataka, Tamil Nadu and Kerala. 
S. album is a slow growing tree and takes 10 years 
to form the heart wood. This tree can grow up 
to 1800 m above mean sea level and in various 
types of soils.  S. album is exported for the 
aromatic and medicinal properties of its wood 
(Dhanya et al. 2010). The price of S. album wood 
oil ranged from USD1750 to USD2500 kg-1. The 
heart wood cost from USD35 to USD50 kg-1 
(Thomson 2020).  S. album wood oil is widely 
used in folk medicine and religious practices in 
India. Due to high demand of these economically 

high valuable properties, more than 1500 
plantations were raised in India (Doddabasawa 
& Chittapur 2021). However, establishment of S. 
album is difficult due to its semi parasitic nature 
as is depends on host plant for nutrient uptake 
particularly nitrogen and phosphorus through 
a structure called haustorium naturally found in 
roots (Lu et al. 2013, Rocha et al. 2015). Thus 
it requires a suitable host for a better survival 
condition and growth in the field. Earlier studies 
proved the successful plantations of S. album 
was strongly related with nitrogen fixing host 
species (Li 2003). The nitrogen fixing species 
such as Cajanus cajan shrub and Crotalaria juncea 
herb were used in previous studies and found 
to promote the growth of S. album (Annapurna  
et al. 2006).
 Other nitrogen fixing host species examined 
were Casuarina equisetifolia (Rocha et al 2014), 
Acacia tree, Sesbania shrub (Radomiljac et al. 
1999) and Dalbergia odorifera medium sized tree 
(Lu et al. 2014). Host plants generally helped in 
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the uptake of minerals, nutrients and water of 
S. album (Hiremath 2004). Earlier study found 
that the significant influence of the host plant 
C. equisetifolia on carbon assimilation, water and 
nutrient absorption in the field grown sandalwood 
tree (Rocha et al. 2014). In the current study, the 
C. equisetifolia was selected as host plant along 
with nitrogen fixing actinobacteria, Frankia for S. 
album growth improvement at the nursery. The 
microbial association was very essential to meet 
the initial nutrient problems in S. album as the 
seedlings struggled to thrive at its early stage in 
nursery environment. Hence, the C. equisetifolia 
+ Frankia was used as host to S. album. This study 
served to provide a clearer understanding of 
growth performance, nutrient transfer and 
biomass improvement of S. album seedlings along 
with the C. equisetifolia as the host plant. This 
study may provide management strategies for S. 
album propagation in nurseries and successful 
establishment in the field.

MATERIALS AND METHODS

Propagation of S. album seedlings

A total of 500 g S. album seeds were soaked in  
0.05 mg of gibberellic acid (GA3) dissolved in  
100 ml of sterile distilled water for 24 hrs. 
The soaked seeds were then sown in sterile 
germination bed containing pure sand under a 
shade house with the temperature of 28 °C and 
relative humidity of 65%. After 21 days, 80% 
germination was observed. 

Propagation of C. equisetifolia seedlings

A total of 10 g C. equisetifolia seeds were sown 
directly in germination bed containing pure sand 
and covered with rice straw for protection. The 
germination bed was regularly sprayed with water 
and received 32% germination after 10 days.

Culture of Frankia

Fresh root nodules of C. equisetifolia were 
collected at coastal area of Pondicherr y, 
India (11.94° N, 79.80° E; 3.1 m above sea 
level) as the suitable isolation source for 
active Frankia (Karthikeyan et al. 2013). The 
collected nodules were transported in air-tight 
container to the laboratory and stored at -4 °C.  

The nodules were surface sterilised with 30% 
(w/w) H2O2 for 30–40 minutes and rinsed 
10 times with sterile distilled water. Isolation 
of Frankia from the nodule suspension was 
carried out by grinding of 0.1 g fresh weight 
of the sterilized nodules in 50 ml of sterile 
distilled water with a sterile mortar under 
aseptic conditions. The suspension of nodules 
was centrifuged at 1000 rpm for 20 min and 
the supernatant was filtered. The suspension 
containing Frankia spores was poured on P agar 
medium (10 g of CaCl2·2H2O, 20 g of MgSO4, 
0.46 g of propionic acid, 0.15 g of H3BO3, 0.15 g  
of ZnSO4·7H2O, 0.45 g of MnSO4·H2O, 0.004 g  
of CuSO4·5H2O, 0.028 g of Na2MoO4·2H2O, 
0.009 g of CaCl2·6H2O, 0.04 g of Biotin, 100 
g of K2HPO4, 67g of NaH2PO·2H2O, 0.1 g of 
FeNa EDTA, 8 g of agar in one litre of distilled 
water) (Karthikeyan et al. 2013). The Frankia 
spores were identified by 16 S rRNA gene 
sequence and deposited in NCBI with accession  
No. JQ412181 (Karthikeyan et al. 2013). 

Nursery experiments on S. album along with 
C. equisetifolia seedlings

The 20 days old S. album seedlings and C. 
equisetifolia with uniform length of 15 cm were 
transplanted to polythene bags (v.4.15l; size 4 
× 27 cm) containing red soil + sand (1:1). The 
cultured Frankia in P agar medium (Karthikeyan 
et al. 2013) was inoculated at the rate of 10 ml/
seedling (protein content 2.2 µg m L-1) in the 
seedlings of C. equisetfolia along with S. album. 
Three treatments on the seedling such as S. album 
only, S. album + C. equisetifolia (- Frankia) and S. 
album + C. equisetifolia (+ Frankia) were designed 
for the nursery conditions. The seedlings were 
maintained in randomised block design with 10 
replicates per treatment.

Harvest and data collection

After 120 days of treatment, the seedlings of 
S. album and C. equisetifolia were harvested and 
measured in terms of root length, shoot length, 
root collar diameter, haustorial attachment in 
S. album and root nodules of C. equisetifolia. The 
shoot and root biomass of S. album seedlings were 
measured after drying in oven at 50 °C for 48 
hours. Simultaneously, the growth and biomass 
of the host C. equisetifolia was also measured.
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Seedling quality index

Seedling quality index of S. album was calculated 
using the formula (Dickson et al. 1960):

 seedling dry weight (g) 
Seedling Quality index = –––––––––––––––––––––––––
 [seedling height (cm) / 
 root collar diameter (mm) + 
 shoot dry weight (g) / 
 root dry weight (g)]

Tissue nutrient analysis

A mixture of S. album (5 g) & C. equisetifolia  
(5 g) root and shoot samples were digested with 
potassium sulphate and copper sulphate (5:1) 
catalyst and triple acid containing nitric acid, 
sulphuric acid and perchloric acid (9:3:1) in a 
digestion system at 400 °C for one hour. The 
samples were then analysed for tissue nutrient 
content such as nitrogen, phosphorus and 
potassium. The total nitrogen was determined on 
a kjeltec auto analyser, phosphorus was analysed 
by vandomolybdate phosphoric yellow method 
and potassium content was determined by flame 
photometer (Jackson 1973).

Statistical analysis 

All data were statistically analysed using Duncan’s 
multiple range tests in Statistical Package for the 
Social Sciences, USA (Ver. 17). The mean data 
with standard error was also calculated. 

RESULTS

Nursery experiments

The seedlings of S. album provided with  
C. equisetifolia as host showed improved growth 
performance as compared to the seedlings of  
S. album without C. equisetifolia. The seedlings of 
S. album showed root length (30.2 cm seedling-1), 
shoot length (32.3 cm seedling-1), root collar 
diameter (2.8 cm seedling-1) and had 4.7 
haustorial attachments seedling-1. The growth 
and biomass also significantly improved and 
received low root/shoot ratio than the S. 
album seedlings without host species (Table 1).  
However, the host species of C. equisetifolia along 
with Frankia showed significantly (p = 0.05) 
improved root length (38.3 cm seedling-1), 
shoot length (45.2 cm seedling-1), root collar 
diameter (3.2 cm seedling-1), 14.2 haustorial 
attachment (seedling-1), shoot biomass (1.96 g  
seedling-1), root biomass (0.72 g seedling-1) 
and had lowest shoot to root ratio (0.36). The 
haustorial attachments were also prominent with 
C. equisetifolia as observed in this study (Figure 
1a & Figure 1b). The host C. equisetifolia showed 
increased growth and had higher biomass with 
Frankia inoculated seedlings (Table 2).

Seedling quality index 

Seedling quality index showed significantly  
(p = 0.05) higher in S. album seedlings associated 

Table 1 Growth response of S. album seedlings associated with C. equisetifolia (+/-  Frankia)

Treatment Root 
length 
(cm) 

seedling-1

Shoot 
length 
(cm) 

seedling-1

Root collar 
diameter 

(cm) 
seedling-1

No. of root 
nodules 

seedling-1

No. of 
haustoria 
seedling-1

Biomass (g) seedling-1 Shoot to 
root ratio 
seedling-1

Root Shoot

S. album 23.5 a
(±1.2)

18.4 a
(±0.8)

0.91 a 
(±0.08)

0 0 0.31 a 
(±0.007)

0.45 a 
(±0.004)

0.68 a
(±0.005)

S. album + C. 
equisetifolia 
(-Frankia)

30.2 b
(±1.1)

32.3 b
(±1.5)

2.8 b
(±0.8)

0 4.7 a
(±0.8)

0.48 b 
(±0.004)

1.08 b 
(±0.003)

0.44 b
(±0.004)

S. album + C. 
equisetifolia 
(+ Frankia) 

38.3 c
(±1.3)

45.2 c
(±1.2)

3.2 bc 
(±0.6)

8.6
(±0.9)

14.2 b
(±0.5)

0.72 c 
(±0.005)

1.96 c 
(±0.005)

0.36 c
(±0.002)

(±) = standard error of mean; mean of 10 replicates; means in a column followed by the same letter(s) were not significantly 
different according to Duncan’s multiple range test (p < 0.05)
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Table 2 Growth and biomass C. equisetifolia seedlings (+/- Frankia) used as host for S. album 

Collar diameter 
(cm) seedling-1

Shoot length 
(cm) seedling-1

Root length 
diameter (cm) 

seedling-1

Biomass (g) seedling-1 Shoot to root 
ratio seedling-1

Shoot Root

- Frankia 0.85 (±0.005) 65.40 (±2.6) 18.80 (±1.8) 4.2 (±0.02) 2.6 (±0.01) 1.6
(±0.003)

 + Frankia 1.10    (±0.0.03) 88.64 (±2.6) 31.26 (±1.5) 6.3 (±0.01) 3.8 (±0.01) 0.6
(±0.002)

(±) = standard error of mean; mean of 5 replicates 

Figure 1a S. album seedling associated with Figure 1b Haustorial attachment of S. album
  C. equisetifolia  
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with C. equisetifolia + Frankia (Figure 2). Low 
seedling quality index was observed in the S. 
album seedlings without host species (Figure 2).

Tissue nutrient contents

The presence of essential plant nutrients such 
as nitrogen, phosphorus and potassium were 
analysed in the S. album seedlings. The S. album 
seedlings without host species showed low 
nutrient content while the seedlings associated 
with C. equisetifolia (-Frankia) showed higher 
nutrient content. However, high amount of 

nutrient contents particularly nitrogen was 
found significantly (p < 0.05) in S. album 
seedlings associated with C. equisetifolia + 
Frankia (Figure 3). In the host C. equisetifolia, 
higher tissue nutrient contents particularly 
nitrogen in the Frankia (+) inoculated seedlings 
were found as compared to the non-inoculated 
Frankia (-) seedlings. The other nutrients such 
as phosphorus and potassium also showed 
higher amount in the Frankia (+) inoculated 
seedlings than Frankia  (-). Low shoot to 
root ratio was also observed in Frankia (+) 
inoculated seedlings. 

Figure 2 Seedling quality index (SQI) of S. album 
  The same letter(s) are not significantly different according to Duncan’s multiple range test  
  (P < 0.05); mean of 10 replicates

Figure 3 Tissue nutrient contents in S. album
  The same letter(s) are not significantly different according to Duncan’s multiple range test  
  (P < 0.05); mean of 5 replicates
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DISCUSSION

Santalum album naturally required a host for its 
survival through parasitism (Radomiljac et al. 
1999). It depended on host species for nutrients 
particularly nitrogenous content through their 
special absorbing structure in roots called 
haustorium (Bell & Adams 2011). This study used 
the nitrogen fixing host C. equisetifolia along with 
Frankia which a nitrogen fixing actinobacteria 
to improve the growth and biomass of S. album 
seedlings. Nitrogen fixing host species were 
reported to assist S. album in growth improvement 
(Lu et al. 2014) as compared to the non-nitrogen 
fixing plants. However, the nitrogen fixing 
bacteria used along with the host species for  
S. album had not yet been reported. In this study, 
S. album seedlings showed improved growth, 
biomass and nutrient contents in presence of 
the host (C. equisetifolia). In absence of host, the 
growth of S. album seedlings did not improve 
significantly due to the absence of haustoria. 
The high number of haustoria formation of the 
host resulted in high biomass production and 
growth improvement in S. album seedlings (Lu 
et al. 2014). The S. album haustoria attached 
itself to the xylem of the host and nutrients in 
the sap particularly nitrogen was transferred 
to S. album seedlings, which resulted in the 
growth improvement of the S. album seedlings 
(Pageau et al. 2003). Furthermore, the nitrogen 
transfer was mediated through the nitrogen 
fixing bacteria on C. equisetifolia and absorbed 
by S. album as confirmed in the earlier study 
conducted in Dalbergia odorifera as host for  

Figure 4 Tissue nutrient contents in the host mean of 5 replicates

S. album (Lu et al. 2013). The current study 
showed that the host C. equisetifolia had more 
nitrogen content due to the inoculation 
with Frankia which increased the nitrogen in  
C. equisetifolia through nitrogen fixation from the 
atmosphere (Karthikeyan 2016). Thus nitrogen 
transfer from the host to S. album resulted in 
more content of nitrogen in S. album. The other 
nutrients such as phosphorous and potassium 
also found to increase in S. album due to the 
absorption of the excess nutrients from the host 
through the haustoria. Phosphorous transferred 
from the host was also possible through the 
haustoria which was confirmed through studies 
on S. album with different hosts (Rocha et al. 
2015). Potassium transfer was also found more in 
S. album seedlings due to the presence of Frankia. 
The observation was reported by Haro and 
Benito (2019) indicating that potassium transfer 
was possible through endophytes. Knowing 
that Frankia is an endophyte, it may transfer 
potassium nutrient from C. equisetifolia absorbed 
from the soil. A recent review on potassium 
nutrient also indicated that the possible ability of 
microorganisms to transfer potassium to plants 
(Soumare et al. 2022).
 Seedling quality index is an essential value, 
necessary for the analysis of various physiological 
and morphological attributes (Ritche 1984). In 
the current study, high value of seedling quality 
index found in S. album seedlings associated 
with C. equisetifolia + Frankia indicated stronger 
stem and proportional shoot dry weight. This 
character was very much necessary for the 
successful establishment of S. album seedlings in 
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field. The findings supported the findings of the 
earlier study in Pterocarpus santalinus seedlings 
(Karthikeyan & Arunprasad 2021). Low shoot 
to root ratio in S. album seedlings associated with 
C. equisetifolia + Frankia resulted by increasing 
above ground production and reduction of below 
ground production due to sufficient nutrient 
acquisition from the host through nutrient 
transfer from the beneficial microbes like Frankia 
(Smith & Smith 2012, Karthikeyan 2016). 

CONCLUSIONS  

S. album is grown as commercial crop in private 
lands of India in present days. The establishment 
of S. album seedlings to a host species is very 
much essential for their successful survival in the 
fields. In the current study, the host C. equisetifolia 
+ Frankia, a nitrogen fixing actinobacteria were 
used for the growth improvement of S. album. 
As C. equisetifolia is a nitrogen fixing tree with 
symbiotic association of Frankia, it significantly 
promoted the growth and biomass of S. album 
via the nitrogen transfer process. Hence, the 
present study concluded that the combination 
of C. equisetifolia + Frankia can be suggested as 
host for S. album seedlings to promote growth 
and biomass improvement. 
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