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ABSTRACT: Pterocarpus marsupium Roxb. is a valuable multipurpose forest tree in India 
and Sri Lanka, popularly known as Bijasal because of its high-quality wood and 

pharmaceutically bioactive compound, especially from the stem bark and heartwood. Bark type 
is an important feature for characterization of Pterocarpus species, which varies according to 

its locations. Therefore, bark characteristics variation study was conducted in two states viz., 
Gujarat (GJ) and Maharashtra (MH) which were selected purposively as the site known for its 
abundantly presence; the different five places of each state were used as locations depending on 

the available resources.  In P. marsupium, mostly rough bark was observed in all locations, 
except GJ-PM-4 and MH-PM-1 in which the bark texture was smooth, but in MH-PM-1 the 

rough bark was found at lower part of tree stem; in GJ-PM-4 and GJ-PM-3 trees the bark was 
fissures and cracks; whereas in MH-PM-5, special feature of bark was observed that the bark 

was rough and exfoliation without exudates to no-exfoliation with equal cracks; the vertical 

fissured bark was mostly observed in all locations of P. marsupium except GJ-PM-4 and GJ-
PM-5. The bark colour mostly varied from light brown to blackish brown in all location’s trees, 

except in GJ-PM-3, GJ-PM-4, GJ-PM-3 and MH-PM-5 in which the bark colour was yellowish 
brown; the bark flakes pattern varied from regular to irregular in all locations; while flakes 

shape was varied from no flakes to strips, square and rectangular, whereas in GJ-PM-3 the 
inverted flakes was recorded; while in the barks of location MH-PM-3 had lunar shape flakes 
with irregular type. 

1.  INTRODUCTION

The genus Pterocarpus belongs to the subfamily - 

Papilionoideae of Fabaceae in the order Leguminosae 

(Gupta, 1969). The genus name was given as 

Pterocarpus by Linnaeus in 1754. The genus 

Pterocarpus comprises five species viz., Pterocarpus 

marsupium ,  Roxb.;  P. santalinus Linn.;  P. 

dalbergioides, Roxb.; P. macrocarpus, Kurz and P. 

indicus, Wild (Troup, 1921a). The genus Pterocarpus 

is important to the forester because it contains some 

very valuable trees and is recognizable by its ovoid, 

wrinkled, or spherical winged one-seeded fruits. 

There was different information about the number of 

species of the genus Pterocarpus. This genus is known 

to include 60 - 70 species (Allen and Allen, 1981), 15 

species (Hooker, 1879; Brandis, 1907) or 35 species 

(CD-ROM, FRI, Yezin) occurring in the tropics and 

subtropics of both hemispheres and that 5 species 

occur in India (Gamble, 1922; Troup, 1921b; Pearson 

and Brown, 1932 and Anonymous, 1962). Hundley 

and Chit (1987) listed 3 species growing in Myanmar. 

Within the genus, some Pterocarpus species are 

rosewood tree species that are highly valued for their 

high- quality wood and whose dark red, high - grade 

heartwood is of great economic value for the 

production of fine furniture, traditional medicine and 

handicrafts such as musical instruments. The growth 

rate is relatively slow, they have been overexploited, 

and in some cases the timber and medicinal value 

could also be driven to extinction (Waeber et al., 

2019). P. marsupium Roxb. is a valuable multipurpose 

forest tree in India and Sri Lanka, popularly known as 

Bijasal because of its high-quality wood and 

pharmaceutically bioactive compounds, especially 

from the stem bark and heartwood. It is native to India,
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Nepal, and Sri Lanka, where it occurs in parts of the 

Western Ghats (Gamble, 1935 and Matthew, 1983). 

The kino tree (Pterocarpus marsupium) is a medium 

to large deciduous tree that occurs at altitudes of 200 to 

500 m. The species' current population is declining in 

the wild, which is listed as Near Threatened in the 

IUCN Red Book. It is an excellent timber tree species 

and ranks alongside teak and rosewood in Peninsular 

India. It is exploited for its wood and medicinal bark 

(Ramya et al., 2008). For the latter, the plant may be 

felled or its bark removed (Abirami et al., 2012). Its 

wood is often compared to teak and has received less 

attention for extensive cultivation and native stands 

are rapidly disappearing despite being little known to 

forester’s worldwide and little trialed in plantations. P. 

marsupium, a tree with timber value, is less well 

known to farmers. To protect and conserve the Indian 

kino tree, it should be planted under various 

afforestation and reforestation programmes 

(Sukhadiya et al., 2019). P. marsupium has long been 

used in India to treat diabetes and the gum of the tree 

contains the astringent "kino". P. marsupium which 

occurs in India, are commercially important timber 

tree which are in demand in the international market. 

Since, this species falls into the "near threatened" 

category, it should be conserved and used sustainably 

to prevent further depletion.

2. MATERIALS  AND  METHODS

The survey was conducted during 2021-2022 for bark 

characteristics variation study of P. marsupium in two 

states, namely Gujarat (GJ) and Maharashtra (MH). The 

five trees per replication per treatment which had more 

than 25.00 cm diameter at breast height were randomly 

selected from purposively selected locations known for its 

abundantly presence or cultivation; the different five sites 

of each state were used as locations depending on the 

available resources. The locations of P. marsupium from 

Gujarat were named as GJ-PM-1, GJ-PM-2, GJ-PM-3, 

GJ-PM-4 and GJ-PM-5, whereas in Maharashtra it was 

named as MH-PM-1, MH-PM-2, MH-PM-3, MS-PM-4 

and MH-PM-5 (Table - 1). A multistage random sampling 

method was used to select the trees and the corresponding 

data were collected in the field. Bark thickness and other 

characteristics of randomly selected trees were measured 

at field. Bark thickness of randomly selected trees in 

different locations was measured horizontally at the four 

points (evenly spaced or where the caliper arms contact 

the bole) in the tree by using bark gauge at breast height 

and expressed in centimeters (cm). Bark is a type of tissue 

that grows over a tree's wood. It has both an inner and outer 

layer. The inner layer is living tissue, and the outer layer is 

dead tissue. Bark types can be identified as smooth, rough, 

elongated plate like scales, rectangular/ square plate like 

scales, longitudinally fissured, puffy ridges and deep 

furrows, shallow ridges and shallow furrows. Bark types 

of randomly selected trees from different locations was 

categorized as per above category by ocular method. Bark 

colour of randomly selected trees from different locations 

was categorized as brown, whitish-brown, yellowish-

brown, reddish-brown, blackish-brown and black by 

colour chart. The observations were recorded and 

processed for statistical analysis by using complete 

randomized block design and two sample t-test. The 

recorded data were presented in table and interference was 

drawn. 

3. RESULT  AND  DISCUSSION

Bark thickness (cm)

The variation of bark thickness of P. marsupium is 

shown in Table 2 and Table 3. The data presented in 

Table 2 to Table 3 revealed that, bark thickness of P.

Table 1: Location details of study area 

 Location  Location Location   Latitude Longitude
 No. Code 

Gujarat (GJ) locations 
O O 1 GJ-PM-1 Navasri Agricultural University, Campus, Gujarat 20 55’18.50”N 72 5’19.53”E
O O 2 GJ-PM-2 Farmer’s Field, Sunthwad, Gujarat 20 49’53.10”N 73 5’45.61”E

O O 3 GJ-PM-3 Panas Medicinal Garden Kaparada, Gujarat 20 25’3.78”N 73 8’56.88”E
O O 4 GJ-PM-4 Waghai Botanical Garden, Waghai, Gujarat 20 27’5.67”N 73 18’6.48”E

O O 5 GJ-PM-5 Vishalkhadi Forest Range, Rajpipala Road, Gujarat 21 44’41.74”N 73 29’16.72”E

Maharashtra (MH) locations 
O O 6 MH-PM-1 Pindkepar Forest Range, Sakoli, Maharashtra 21 21’7.47”N 80 0’10.77”E
O O 7 MH-PM-2 Papala Khurd Forest Range, Sakoli, Maharashtra 21 5’1.06”N 80 0’15.55”E

O O 8 MH-PM-3 Bolde Forest Range, Sakoli, Maharashtra 20 59’4.02”N 80 3’47.75”E
O O 9 MH-PM-4 Bortekadi Forest Range, Gondia, Maharashtra 20 50’30.40”N 80 6’3.14”E
O O 10 MH-PM-5 Kawatha-4, Pratapgad Forest Range, Gondia,  20 48’13.71”N 80 7’28.06”E

   Maharashtra 
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marsupium in different locations varied significantly 

within Gujarat (GJ) & Maharashtra (MH). However, 

in case of bark thickness variation between two 

locations, it showed non-significant variation 

between two locations. In case of bark thickness 

variation of P. marsupium within GJ locations, 

maximum bark thickness was recorded in GJ-PM-4 

(2.38 cm), followed by GJ-PM-1 (2.20 cm) which was 

at par with GJ-PM-2 (2.18 cm). Whereas minimum 

bark thickness was noted in GJ-PM-5 (1.66 cm). 

Moreover, in case of MH locations, maximum bark 

thickness was registered in MH-PM-3 (2.18 cm), at 

par with MH -PM-2, MH-PM-5 and MH-PM-1. The 

minimum was recorded in MH-PM-4 (1.60 cm). 

Moreover, irrespective of all locations, maximum bark 

thickness was observed in GJ-PM-4 (2.38 cm), 

followed by GJ-PM-1 (2.20 cm), whereas the 

minimum bark thickness was found in MH-PM-4 

(1.60 cm) (Table 2). While, the bark thickness of P. 

marsupium was varied from 1.40 to 2.90 cm (Table 3).

Table 2: Variation in bark thickness (cm) among different locations of P. marsupium 

  Bark thickness (cm)

Location GJ Location  MH
ab aGJ-PM-1 2.20  MH-PM-1 2.02
ab aGJ-PM-2 2.18  MH -PM-2 2.16
bc aGJ-PM-3 1.88  MH -PM-3 2.18
a bGJ-PM-4 2.38  MH -PM-4 1.60
c aGJ-PM-5 1.66  MH -PM-5 2.06

S.Em. ± 0.20 S.Em. ± 0.15

C.D. at 5% 0.42 C.D. at 5 % 0.30

C.V. % 15.56 C.V. % 11.49
Note: The mean values with the same letter are not significantly different

Table 3: Comparison of bark thickness (cm) in P. 
marsupium at two locations

Parameter  Bark thickness (cm)

  GJ  MH

Mean (cm) 2.00  2.00

Range (cm)  1.40 - 2.90

t  - test  0.57

P(T< t)  0.574

Photo 1: Variation in bark characteristics of P. marsupium at different locations 1. Navsari (GJ), 2. Sunthwad (GJ), 3. Panas (GJ), 4. 

Waghai (GJ). 5. Vishalkhadi (GJ), 6. Pindkepar (MH), 7. Papala Khurd (MH), 8. Bolde (MH), 9. Bortekadi (MH), 10. Pratapgad (MH)

1. GJ-PM-1 2. GJ-PM-2 3. GJ-PM-3 4. GJ-PM-4 5. GJ-PM-5

6. OS-PM-1 76. OS-PM-7 8. OS-PM-8 9. OS-PM-9 10. OS-PM-10
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Bark characteristics: 

The bark type is an important feature 

for characterization of Pterocarpus 

species, which varies according to its 

location. The various features were 

considered to study the variation in 

bark characteristics of P. marsupium 

at different locations and data are 

presented in Table - 4 and showed in 

Photo - 1. The vast variation in the 

bark characteristics was found 

among different locations. The rough 

type of bark was mostly observed in 

all locations; except GJ-PM-4 and 

MH-PM-1 in which the bark texture 

was smooth, but in MH-PM-1 the 

rough bark was found at lower part of 

tree stem. The bark of location’s GJ-

PM-4 and GJ-PM-3 trees was 

f i s sures  and  c racks  were  no t 

observed. In MH-PM-5 location, 

special feature of bark was noticed 

which was the barks were rough and 

exfoliation without exudates to no-

exfoliation with equal cracks. 

Vertical fissured bark was mostly 

observed in all locations except GJ-

PM-4 and GJ-PM-5. Most of the 

location’s trees had shallow cracks 

except GJ-PM-3 and MH-PM-2. The 

bark colour mostly varied from light 

brown to blackish brown in all 

location’s trees, except in GJ-PM-3, 

GJ-PM-4, GJ-PM-3 and MH-PM-5 

in which the bark colour was 

yellowish brown. The bark flakes 

pattern varied from regular to 

irregular in all locations; while flakes 

shape was varied from no flakes to 

strips, square and rectangular. In GJ-

PM-4 location, flakes were not 

observed in the bark and whereas in 

GJ-PM-3 the inverted flakes were 

recorded. Moreover, the barks of 

MH-PM-3 location had lunar shape 

flakes with irregular type.

These variations in bark type can serve 

as important diagnostic characteristics 

fo r  spec ie s  iden t i f i ca t ion .  P. 

marsupium exhibited various bark 

types, including smooth, rough, 

elongated plate-like scales, and



38

marsupium in different locations varied significantly 

within Gujarat (GJ) & Maharashtra (MH). However, 

in case of bark thickness variation between two 

locations, it showed non-significant variation 

between two locations. In case of bark thickness 

variation of P. marsupium within GJ locations, 

maximum bark thickness was recorded in GJ-PM-4 

(2.38 cm), followed by GJ-PM-1 (2.20 cm) which was 

at par with GJ-PM-2 (2.18 cm). Whereas minimum 

bark thickness was noted in GJ-PM-5 (1.66 cm). 

Moreover, in case of MH locations, maximum bark 

thickness was registered in MH-PM-3 (2.18 cm), at 

par with MH -PM-2, MH-PM-5 and MH-PM-1. The 

minimum was recorded in MH-PM-4 (1.60 cm). 

Moreover, irrespective of all locations, maximum bark 

thickness was observed in GJ-PM-4 (2.38 cm), 

followed by GJ-PM-1 (2.20 cm), whereas the 

minimum bark thickness was found in MH-PM-4 

(1.60 cm) (Table 2). While, the bark thickness of P. 

marsupium was varied from 1.40 to 2.90 cm (Table 3).

Table 2: Variation in bark thickness (cm) among different locations of P. marsupium 

  Bark thickness (cm)

Location GJ Location  MH
ab aGJ-PM-1 2.20  MH-PM-1 2.02
ab aGJ-PM-2 2.18  MH -PM-2 2.16
bc aGJ-PM-3 1.88  MH -PM-3 2.18
a bGJ-PM-4 2.38  MH -PM-4 1.60
c aGJ-PM-5 1.66  MH -PM-5 2.06

S.Em. ± 0.20 S.Em. ± 0.15

C.D. at 5% 0.42 C.D. at 5 % 0.30

C.V. % 15.56 C.V. % 11.49
Note: The mean values with the same letter are not significantly different

Table 3: Comparison of bark thickness (cm) in P. 
marsupium at two locations

Parameter  Bark thickness (cm)

  GJ  MH

Mean (cm) 2.00  2.00

Range (cm)  1.40 - 2.90

t  - test  0.57

P(T< t)  0.574

Photo 1: Variation in bark characteristics of P. marsupium at different locations 1. Navsari (GJ), 2. Sunthwad (GJ), 3. Panas (GJ), 4. 

Waghai (GJ). 5. Vishalkhadi (GJ), 6. Pindkepar (MH), 7. Papala Khurd (MH), 8. Bolde (MH), 9. Bortekadi (MH), 10. Pratapgad (MH)

1. GJ-PM-1 2. GJ-PM-2 3. GJ-PM-3 4. GJ-PM-4 5. GJ-PM-5

6. OS-PM-1 76. OS-PM-7 8. OS-PM-8 9. OS-PM-9 10. OS-PM-10
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Bark characteristics: 

The bark type is an important feature 

for characterization of Pterocarpus 

species, which varies according to its 

location. The various features were 

considered to study the variation in 

bark characteristics of P. marsupium 

at different locations and data are 

presented in Table - 4 and showed in 

Photo - 1. The vast variation in the 

bark characteristics was found 

among different locations. The rough 

type of bark was mostly observed in 

all locations; except GJ-PM-4 and 

MH-PM-1 in which the bark texture 

was smooth, but in MH-PM-1 the 

rough bark was found at lower part of 

tree stem. The bark of location’s GJ-

PM-4 and GJ-PM-3 trees was 

f i s sures  and  c racks  were  no t 

observed. In MH-PM-5 location, 

special feature of bark was noticed 

which was the barks were rough and 

exfoliation without exudates to no-

exfoliation with equal cracks. 

Vertical fissured bark was mostly 

observed in all locations except GJ-

PM-4 and GJ-PM-5. Most of the 

location’s trees had shallow cracks 

except GJ-PM-3 and MH-PM-2. The 

bark colour mostly varied from light 

brown to blackish brown in all 

location’s trees, except in GJ-PM-3, 

GJ-PM-4, GJ-PM-3 and MH-PM-5 

in which the bark colour was 

yellowish brown. The bark flakes 

pattern varied from regular to 

irregular in all locations; while flakes 

shape was varied from no flakes to 

strips, square and rectangular. In GJ-

PM-4 location, flakes were not 

observed in the bark and whereas in 

GJ-PM-3 the inverted flakes were 

recorded. Moreover, the barks of 

MH-PM-3 location had lunar shape 

flakes with irregular type.

These variations in bark type can serve 

as important diagnostic characteristics 

fo r  spec ie s  iden t i f i ca t ion .  P. 

marsupium exhibited various bark 

types, including smooth, rough, 

elongated plate-like scales, and
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rectangular/square plate-like scales. The references by 

Pratikshya (2021) and Sukhadiya et al. (2019) confirm 

the presence of longitudinally fissured bark in P. 

marsupium. Pratikshya (2021) and Reddy (2018) 

provide consistent information regarding the thick, 

dark brown to grey colour of P. marsupium bark. This 

confirmed our  resul ts  recorded in present 

investigation. 

4. CONCLUSION 

The analysis of bark thickness of P. marsupium in 

various locations revealed significant variability 

among different locations of Gujarat and Maharashtra 

while it showed non-significant variation between two 

locations. Bark thickness ranged from 1.40 to 2.90 cm, 

with notable differences between locations in Gujarat 

(GJ) and Maharashtra (MH). GJ-PM-4 exhibited the 

maximum bark thickness, while MH-PM-4 had the 

minimum. Notably, some locations displayed unique 

features, such as smooth bark in GJ-PM-4 and MH-

PM-1, while MH-PM-5 exhibited a distinctive rough 

bark with exfoliation but no exudates. The bark colour 

mostly varied from light brown to blackish brown and 

yellowish brown. These variations underscore the 

importance of considering the geographical origin of 

P. marsupium when assessing its bark characteristics. 

This variability in bark attributes, including 

roughness, texture, fissures, colour and flake patterns, 

provides valuable diagnostic characteristics for the 

identification of P. marsupium. This investigation and 

further emphasize the significance of bark attributes as 

a key factor in species identification.
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Sorghum-wheat productivity and soil nutrient status 
under Eucalyptus (Eucalyptus tereticornis) boundary 
plantation in semi-arid region
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ABSTRACT: Fast-growing trees, such as eucalyptus (Eucalyptus tereticornis), can be 
included into agricultural systems to offer a number of advantages over agriculture without 

trees. In semi-arid regions, windbreaks are typically utilized as a type of agroforestry (AF) to 
lower the wind speeds for sustainable agricultural production and other ecosystem services. 

Selecting appropriate crop to reduce competitive interactions in the tree interaction zone is 
crucial to the sustainability of windbreak agroforestry systems (AFS). It is recommended that 
well-modified tree-crop integration be established by reducing resource competition and 

leveraging coactions in order to increase AFS efficiency. A field experiment was carried out 
with the objective to assess the green fodder yield of sorghum and grain yield of wheat at 

varying distances (0-3 m, 3-6 m, 6-9 m, 9-12 m, 12-15 m, and 15-18 m) from tree line as affected 
by six year old eucalyptus boundary plantation in East-West and North-South directions (E-W 

tree line divide farmlands into two aspects i.e. Northern and Southern and N-S tree line divide 

into Eastern and western aspects). The green fodder yield of sorghum and grain yield of wheat 
declined significantly up to 9 and 3 m distance from eucalyptus tree line, respectively in all the 

four aspects during the study period. The maximum green fodder yield of sorghum and grain 
yield of wheat (36.2 and 3.33 t/ha) was recorded in north-south row direction of eucalyptus 

bund plantation. The variable influence of tree line directions on yield in different aspects might 
be attributed to micro-site enrichment caused by favourable environment due to shade and leaf 
litter addition. We also quantified the soil  pH, EC, available nitrogen (N), phosphorus (P) and 

potassium (K) under six year old eucalyptus boundary plantation at varying distances (0-3 m, 
3-6 m, 6-9 m, 9-12 m, 12-15 m, and 15-18 m) in East-West and North-South directions. The organic 

carbon showed a decreasing trend for SOC from 0-3m to 15-18m and higher organic carbon was 
recorded in western aspect followed by southern aspect. The available N, P and K also showed 

decreasing trends for N, P and K from tree line to 15-18m of eucalyptus windbreaks AFS.

1.  INTRODUCTION

Agroforestry systems (AFS) have demonstrated 
multifaceted advantages in the fields of agriculture 
and forestry-related resources by assimilating land use 
techniques of trees and crops in various ways 
(Hildreth, 2008). The capability and productivity of 
land in terms of agricultural crops, fodder, biomass, 
soil fertility, timber production and ecosystem 
services can be enhanced by adopting AFS (Meijer et 
al., 2015; Nair and Toth, 2016). Agroforestry has the 
potential to boost farmer incomes and address 
environmental problems including soil erosion, 

inefficient water usage, and biodiversity loss brought 
on by intensive monocultures (Smethurst  2017). et al.,
Additionally, crops intercropped under agroforestry 
can be shielded from climate change-related hazards 
(Dupraz, 2013). In windbreak agroforestry systems, 
crops are mainly affected by tree canopies partial 
radiation absorption and tree leaf area up to some 
distances from tree line (Gosme  2016; Dupraz et al., et 
al., 2018). Nevertheless, intercrop yields have 
drastically decreased as a result of competition for 
light by trees with the advancement of tree age and 
canopy volume (Zhang  2017). et al.,

Eucalyptus is the most common agroforestry species 
utilized as the main tool to improve farmer’s 
livelihoods in northern regions. It has a high potential 
for productivity because to its ease of adaptation to soil 
and climate conditions (Flumignan  2023). et al.,
Eucalyptus is often grown as a forest, but when 
combined with crops and pastures, it can impact the 
production environment, perhaps leading to benefits 
for agricultural sustainability. This species is a great 
source of charcoal, hardboard, particle board, 
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