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During recent field surveys, a new Ceylon iron wood 
(Manilkara hexandra) population was discovered in 
the Upper Ganga Ramsar Site, Uttar Pradesh (UP), 
India. The largest specimen located at Van Khan-
deshwar partially collapsed in 2012, which led to a  
canopy impairment. The rupture enabled direct  
extraction of samples close to the pith of the main 
stem. The radiocarbon date of the oldest sample was 
361 ± 23 BP, which corresponds to a calibrated age of 
525 ± 25 cal yr. The results indicate the Ceylon iron 
wood of Narora, UP is the oldest dated extant M. hex-
andra with a calculated age of 550 ± 50 yr. Several 
protection measures are presented and urgent action 
is required to prevent the total collapse of this ancient 
tree.  
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THE Ceylon iron wood tree, Manilkara hexandra (Roxb.) 
Dubard of the family Sapotaceae1,2, commonly known as 
khirni in India, is a perennial, evergreen plant with wide 
usage in Ayurvedic and Unani systems of medicine. It is 
a stiff tree with shining leathery leaves in densely spread-
ing canopy, adapted to thrive in dry deciduous and ever-
green forests. The bark, the highly nutritious fruit berries 
and the seeds have multiple medicinal uses such as ulorr-
hagia, ulitis, odontopathy, fever, colic, dyspepsia, heart 
tonic, revival of consciousness, appetizer, ulcers, opacity 
of the cornea, etc.3–7. The highly prized durable wood 
which is utilized in making furniture and construction 
material, also renders important socio-economic value4. 
Some misconceptions pronounced the species as ‘Criti-
cally Endangered’8. However, it continues to enjoy the 
‘Least Concern’ status9, although it has experienced a 
drastic decline over the past decades10. The global distri-
butional range of M. hexandra extends along the South-

east Asian regions of Bangladesh, Cambodia, China, Hai-
nan, India, Malaya, Myanmar, Sri Lanka, Thailand and 
Vietnam. In India, it is found in Andhra Pradesh, Delhi, 
Goa, Gujarat, Karnataka, Kerala, Madhya Pradesh, Maha-
rashtra, Rajasthan, Tamil Nadu11–14 (Figure 1). However, 
all these sporadic populations are severely fragmented  
into subpopulations of 1–25 individuals. Under the Mini-
stry of Environment, Forests and Climate Change, Gov-
ernment of India project on ‘Floristic diversity of Upper 
Ganga Ramsar site in Uttar Pradesh’, field surveys were 
carried out by the Botanical Survey of India during 2012–
2017. The surveyed areas extended from Brij Ghat in 
Ghaziabad district to Narora in Bulandshahr district of 
Uttar Pradesh. Here a wild natural population of M. hex-
andra was unearthed in Ram Ghat–Avantika green corri-
dor along the eastern flank of River Ganges from 
28°10′38.3″N, 78°12′36.0″E at Ram Ghat to 28°26′46.2″N, 
78°14′12.7″E at Avantika. Owing to the enormous medi-
cinal and economic attributes15, the species is prone to 
anthropogenic disturbances of high magnitude, already 
responsible for annihilation of the small interspersed sub-
populations, which has created canopy gaps in its wild 
population girdle at the Upper Ganga Ramsar site. The 
complete population fragment comprised of 34 mature 
trees in four subpopulation patches with 4 individuals in 
Anupshahar, 27 trees in Avantika, 2 in Shikarpura and a 
single, large tree at Van Khandeshwar in Ram Ghat. This 
monumental specimen in Ram Ghat is in a dilapidated 
condition, struggling for survival in its natural abode.  
 The khirni tree is characterized by its slow growth, re-
quiring about 60–70 years to attain a moderate height of 
5–6 m; consequently, large individuals are potentially 
very old. Local knowledge and legends suggest that this 
monumental khirni has survived in its virgin state for 
several centuries, carving a landmark in the Ramsar land-
scape.  
 Dendrochronology in India is a relatively new research 
direction and most studies have been undertaken to assess 
the dendrochronological potential of tree species16 such 
as teak (Tectona grandis), oak (Quercus serrata)17, toon 
(Toona ciliata)18 and various conifer taxa19. Studies on 
age determination of lofty trees such as Manilkara spp., 
are scarce as they usually rely on annual ring counts, 
possible only after the demise of the individuals. How-
ever, dendrochronological studies are complex and prob-
lematic in tropical trees20, which do not necessarily form 
annual rings and exhibit species-specific phenology and 
periodicity of cambial activity21,22. The underlying causes 
for the high variability of tree-ring boundaries, which can 
vary even for the same individual, are not fully unders-
tood23. Furthermore, a recent study classified M. hexan-
dra growth rings as indistinct24, thus making precise age 
assessments possible only by modern, alternative  
methods such as radiocarbon dating25–29 or tropical den-
drochemistry30. To the best of our knowledge, AMS  
(accelerator mass spectrometry) radiocarbon dating in 
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Figure 1. a, World map showing the distribution of Manilkara hexandra in Asia. b, M. hexandra populations throughout India. c, 
Location of the study khirni marked by a red star. (Source: (a, b) Google Earth and (c) World Wildlife Fund.) 

 
 
India was only performed on African baobab trees (Adan-
sonia digitata). The results revealed the oldest and largest 
dated specimens outside their native range, namely the 
baobab of Golconda Fort, Hyderābād (girth of 25.48 m, 
ca. 475-years-old)29, the baobab of Jhunsi, Allahabad and 
the Parijaat tree at Kintoor (both ca. 800-years-old)31.  
 Old large trees are keystone structures which play cru-
cial roles in providing important services and resources to 
other species32,33. Their existence in a conserved ecosys-
tem such as the Ramsar sites can empower communities 
by attracting tourists, thus improving local economy. De-
termining the age limit of the khirni, which has cultural, 
aesthetical and nutraceutical value, will contribute to  
better protection and conservation of the species in the 
context of human development and climate change, and 
also provide clues to the wild extant gene pool for sus-
tainable utility. AMS radiocarbon dating of the presumed 
oldest M. hexandra tree was therefore performed in order 
to ascertain the age, disseminate information on its herit-
age, ensure conservation of the wild gene pool as well as 
to popularize the specimen.  
 The very large M. hexandra is located within the Upper 
Ganga Ramsar site at Van Khandeshwar, Narora area,  
Uttar Pradesh, India. It is positioned about 8 km from the 
Narora Atomic Power Station on the northeastern flank of 
River Ganga at 28°08.630′N, 078°26.229′E, at an altitude 
of 169 m amsl (Figure 1). The mean annual rainfall  

recorded at Narora station is 902 mm. The khirni is sur-
rounded by a 0.60 m tall platform, erected as a protection 
structure, which highlights its importance among the 
community. In 2012, a large quadri-branched unit ripped-
off almost halfway from the main bole, leaving behind a 
gaping lesion with open heartwood and inner tissues 
(Figure 2 a). Wood from the fallen unit was slowly cut-
off and used by locals, while the lesion was subject to 
further infection and decay (Figure 2 b). Due to cutting of 
wood from the fallen unit, the annual rings could be 
counted. The largest branch had 296 distinct annual rings 
in 2012, which indicated the present age of this branch to 
be more than 300 years old and the age of the tree to be 
much older around 500 years. At present, the tree consists 
of 2–3 stems and seven main basal primary branches. The 
current height of the tree is 14.9 m and circumference at 
breast height (cbh; at 1.30 m above ground) is 4.83 m. 
The restored cbh (including the fallen branch) is 6.13 m.  
 The wood of M. hexandra is very hard and dense8, 
which renders it almost impossible to sample by an  
increment borer. The fallen unit exposed the heartwood 
of the main stem and enabled direct access to the oldest 
part of the specimen, which was identified after careful 
visual inspection. Following the methodology of Patrut et 
al.27–29,31,34 for radiocarbon dating of standing, live trees, 
three samples were extracted with a sharp object close to 
the presumptive pith of the oldest stem. The sampling 
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Table 1. AMS radiocarbon dating results and calibrated calendar ages of samples collected from Manilkara hexandra at Van Khandeshwar, 
  Uttar Pradesh, India 

Sample/ 
segment  

Fraction modern  
[error] 

Radiocarbon date  
[error] (14C yr BP) 

Isotopic fractiona-
tion δ 13C (‰) 

Cal CE range 1σ  
[confidence interval] 

Sample age in 2020  
[error] (cal yr) 

 
Accession # 

 

MH-1  0.9587 [±0.0026] 338 [±21] –26.9 1494–1524 [21.7%] 440 [±20] IT-C-2692 
    1558–1602 [33.9%]   
    1615–1631 [12.6%]   
MH-2  0.9560 [±0.0029] 361 [±23] –26.6 1466–1521 [44.3%] 525 [±25] IT-C-2702 
    1591–1620 [23.9%]   
MH-3  1.0709 [±0.0032] – –27.3 2003–2005 [68.2%] 16 [±1] IT-C-2700 
       
 

 
 

Figure 2. a, The monumental khirni at Van Khandeshwar, Uttar Pra-
desh, India after partial collapse in 2012. b, Ring count of the largest 
fallen unit yielded 296 years. c, The scorched part of the trunk is 
shown; the charred wood of the lesion is indicated with a red arrow. d, 
Suggested supports for the remaining branches are an urgent require-
ment for survival of the tree.  
 

 
height varied between 1.00 and 1.38 m. A tiny piece 
(segment) of wood was selected from each sample for 
AMS radiocarbon dating. The segments were labelled as 
MH-1, MH-2 and MH-3.  
 Pretreatment of wood samples is necessary prior to  
radiocarbon dating in order to isolate the cellulose from 
the non-structural mobile carbon components, such as 
lignin. The α-cellulose pretreatment method modified by 
Loader et al.35 was used on the sample segments. The  
obtained cellulose was further combusted to CO2 and 
subsequently reduced to graphite on iron catalyst36,37. The 
resulting graphite samples were analysed by AMS. 
 AMS radiocarbon measurements were performed at the 
AMS Facility of iThemba LABS (Laboratory for Accele-
rator-Based Sciences) in Johannesburg, South Africa, 
with the 6 MV Tandem AMS system38. The resulting 

fraction modern values, which were corrected for isotopic 
fractionation, were ultimately converted to radiocarbon 
dates. The radiocarbon dates and corresponding errors 
were rounded to the nearest year.  
 The OxCal v4.3 for Windows39 and the IntCal13 at-
mospheric dataset40 were selected for calibrating and 
converting radiocarbon dates into calendar ages. For 
sample MH-3, the fraction modern value corresponds to a 
negative radiocarbon date, demonstrating that the 14C  
activity has a higher value than the standard activity  
registered in the reference year 1950 (Table 1). Thus, the 
Bomb 13 NH3 atmospheric dataset41 was selected for  
calibrating the fraction modern value of this sample  
segment. The calibration program and datasets are avail-
able online with updates (accessible at: www.c14.arch.ox. 
ac.uk).  
 Table 1 presents the radiocarbon dating results and  
calibrated ages. Radiocarbon dates and errors, which are 
expressed in 14C yr BP (radiocarbon years before present, 
i.e. before the reference year 1950 CE), were rounded to 
the nearest year. Calibrated ages and age ranges are  
expressed in calendar years.  
 The 1σ probability distribution (68.2% confidence  
interval) was selected to derive calibrated age ranges. For 
MH-3, the 1σ probability distribution was consistent with 
one range of calendar years. For MH-1 and MH-2, the 1σ 
probability distribution was consistent with three or two 
ranges of calendar years respectively. In these cases, the 
age range with the highest confidence interval has been 
marked in bold in Table 1, and selected as the calibrated 
CE (cal CE) range of the sample for the purpose of dis-
cussion. For obtaining single calendar age values, the 
mean value of the selected age range was calculated. The 
sample ages represent the difference between the year 
2020 and the mean value of the selected range, with the 
corresponding error. Sample ages and the corresponding 
errors were rounded to the nearest 5 years.  
 The radiocarbon date of MH-1 is 338 ± 21 BP and cor-
responds to a calibrated age of 440 ± 20 cal yr, which 
represents a very old Ceylon iron wood. For the second 
sample MH-2, the radiocarbon date of 361 ± 23 BP cor-
responds to a calibrated age of 525 ± 25 cal yr. This is the 
oldest dating result for a khirni, be it by traditional den-
drochronological techniques or radiocarbon investigations. 
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Due to the hardness of the wood, MH-2 was extracted 
close to the presumptive pith, where the morphology of 
the lesion allowed easy access and extraction. Thus, the 
calculated age of the studied stem is 550 ± 50 yr. From 
this value, the khirni at Van Khandeshwar becomes the 
oldest extant M. hexandra specimen with accurate dating 
results. The results complement well with the local know-
ledge and our previous ring count. 
 For sample MH-3, the results correspond to a negative 
radiocarbon date, which implies the wood tissue was 
formed after the reference year 1950 CE (0 BP). The cali-
bration process provided a calibrated age of 16 ± 1 yr. 
This result reflects a troubled history, indicating tissue 
damage probably caused by fire or lightning about 16 
years ago. The locals usually pay tribute to the tree, sit-
ting on the platform or performing rituals, which involves 
smoke and fire. Furthermore, according to the local in-
formers, controlled burning of termite-infected wood was 
undertaken in the past to prevent further infection in the 
khirni (Figure 2 c). Another explanation for such a young 
age would be the presence of regrowth tissue over an  
infected area. However, only a detailed anatomical study 
could confirm the same. Whatever be the cause, the in-
jury must have contributed to the rupture of the quadri-
branched unit 8 years ago and the loss of almost half of 
the crown (Figure 2). The rupture exposed the wood  
tissue to further pathogen attacks and displaced the gravi-
tational centre disproportionately to one side.  
 The 14 m tall khirni tree at Van Khandeshwar is  
currently in a precarious condition due to old age and an 
asymmetrical canopy structure, which has reduced its  
capacity to withstand physical, anthropogenic and climatic 
pressures. Under continuous growth and increasing  
foliage, a total collapse of the tree is inevitable. Very old 
trees exhibit high phenotypic plasticity, carrying a com-
plete set of resistant, feral genetic constituents, which 
have invaluable application for generating improved dis-
ease-resistant cultivars. Concerted efforts for conserva-
tion of this ancient tree are urgently recommended before 
causing irreparable damage to the biodiversity of this 
eco-sensitive, fragile and biologically susceptible, exclu-
sive riverine ecosystem and Ramsar site of India. An im-
mediately possible protective measure is to furnish solid, 
forked, logs or pole supports (Figure 2 d) to the spreading 
branches to counteract the disproportionate gravitational 
pull on the tree. Fencing is also necessary to deter child-
ren from climbing up on the brittle branches as hideouts. 
The exposed heartwood and inner tissues at the ruptured 
part of main trunk need to be carefully sealed to avert  
biological infection and mechanical injury. Artificial 
propagation is also necessary as the aged tree has not 
bloomed for about 15 years and lacks natural reproduc-
tion. The need for increasing tree numbers in natural  
habitats through large-scale plantations to bridge the 
green corridor gaps and join subpopulation fragments is 
also indicated. Raising awareness on the high nutraceuti-

cal value of the specimen can encourage its inclusion in 
reforestation efforts on local or larger scale, to be used as 
accessible medicine. These measures will augment polli-
nation in this bee-pollinated species42 by attracting viable 
pollinators to increased number of flowers as well as in 
harnessing its potential fruit yield. Any possible hormonal 
treatment to stimulate branching on the vacant left side of 
the trunk would be a boon for the survival of the oldest 
dated Ceylon iron wood tree.  
 The khirni at Van Kandeshwar has survived for at least 
500 years, while withstanding various biotic and abiotic 
factors, including extreme weather events, thus becoming 
a good candidate for genome sequencing, in order to be 
preserved and planted for the future, especially in the 
context of climate change. Multiplication and production 
of genetic replicas through tissue culture techniques are 
required for conservation of the original gene pool.  
 The newly discovered population of khirni consists of 
wild and exceptional specimens. This study was underta-
ken in order to ascertain the upper age limit of the species 
to allow for conservation strategies and popularization. 
The oldest sample has a radiocarbon age of 361 ± 23 BP, 
which corresponds to a calibrated age of 525 ± 25 cal yr. 
The calculated age of 550 ± 50 yr, demonstrates the Cey-
lon iron wood at Van Khandeshwar is the oldest extant 
M. hexandra, a parent ancestor of the existing popula-
tions, manifesting important archaic botanical treasure. A 
large unit split-off and died, causing unbalanced canopy 
structure. The age assessment indicates a 16-years old  
injury contributed to the partial collapse. Integrated 
measures and judicious actions are essential for imme-
diate salvage and sustenance of the oldest, but perilous, 
exclusive tree floral component of the only riverine  
Upper Ganga Ramsar site of India.  
 
Ethical statement. The study and sampling of the khirni 
was approved and supported by the Botanical Survey of 
India, Central Regional Centre of Allahabad and autho-
rized by the National Biodiversity Authority of India 
(NBA/9/2269/18/18-19).  
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