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ABSTRACT 
 

Fast growing tree species with multipurpose benefits such as plywood, pulpwood, timber and fuel 
wood are suitable for undertaking plantation or agroforestry model with focus to provide wood for 
industrial needs. Thus, in the recent scenario the fast-growing species has attracted greater 
attraction by farmers, foresters and plantation growers. Hence, the plantations of fast growing, short 
rotation woody trees like Casuarina equisetifolia, Melia dubia, Eucalyptus globulus, Leucaena 
leucocephala is gaining more importance across the south Gujarat region. The fundamental 
hypothesis of the present experiment was to estimate growth parameters like, Height, Girth and 
Crown spread of species after five years to find out performance of these four tree species. 
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Maximum tree height found in Eucalyptus globulus (13.84 m), maximum tree girth found in 
Leucaena leucocephala (44.22 cm), maximum tree Crown spread (E-W) found in Eucalyptus 
globulus and Leucaena leucocephala (1.97 m) while maximum tree Crown spread (N-S) found in 
Eucalyptus globulus (1.96 m). 
 

 
Keywords: Agroforestry; crown spread; growth parameters; industrial. 

 

1. INTRODUCTION 
 
The association and combination of trees with 
human kind has been well noted and 
documented in the ancient civilization and 
literature available in public domain. In recent 
times with the advent of development the same 
humankind has diverted ways from trees and 
hence, is facing problems like climate change, 
erratic climatic events and catastrophes, 
pollution, fire, cyclones etc. A remedy for this lies 
in planting trees as supported by the findings of 
UNDP, (2023); Thambi, (2024); Buis, (2019). For 
a layman agro-forestry means growing of trees 
along with agricultural crops in any combination. 
Also, agro-forestry serves as ideal technique to 
combat pressures on forests in general and trees 
in particular and is safeguard to the ill effects of 
climate change (Quandt et al., 2023). This has 
also been pressurized in National Agroforestry 
Policy, 2014 wherein Agroforestry is been 
defined as the combination of land use system 
combining trees and shrubs on farmlands and 
rural landscapes in combination or with/without 
animals in order to increase the productivity, 
profitability, diversity and ecosystem 
sustainability (Singh et al., 2021). 
 
Agroforestry finds its place in the roots of our 
country and was practiced traditionally in India in 
the form of subsistence farming, but in recent 
times it is being increasingly recognized from the 
economic point of view, markedly in the wood 
based industrial sector in present scenarios 
(Government of India, Ministry of Agriculture and 
Cooperation, 2014). Indian forests are amongst 
lowest in productivity worldwide also the 
legislations present are in favour of only 
protection and conservation of forests hence, 
resulting in higher demand for wood and 
associated products but lower production. To this 
the National Forest Policy 1988 also dictates that 
all wood-based industries to generate their own 
raw material resources by linking farmers and 
extending technology and market support 
(Parthiban et al. 2021). The state of Gujarat has 
a wide stretch under the arid and semi-arid 
ecologies where the tree species mainly 
dominating the landscapes are Leucaena spp., 

Prosopis spp., Acacia spp., and Ficus spp. also 
silvi-agriculture and silvo-pastoral agroforestry 
system involving exotics viz., Eucalyptus spp., 
Leucaena spp., Casuarina spp. and similar fast-
growing species (Government of India, Ministry 
of Environment and Forests, 1988). 
 

To address this mismatched demand and supply 
of wood for industrial needs agroforestry can play 
important and major role. Industrial agroforestry 
involves practicing agroforestry to fulfil the 
demands of industry hence, involves growing fast 
growing tree species. Keeping this in mind four 
different tree species likely, Casuarina 
equisetifolia, Melia dubia, Eucalyptus globulus, 
Leucaena leucocephala were established under 
different four models to study their growth pattern 
when utilized in silvi-agriculture based 
agroforestry system.  
 

2. MATERIALS AND METHODS 
 

2.1 Study Area 
 

The growth of trees were studied during 2023-24 
at instructional farm, arboretum, College of 
Forestry, Navsari Agricultural University, Navsari, 
South Gujarat. The study location is located at 
20.95° N latitude and 72.93° E longitude with an 
elevation of 11 m above mean sea level (AMSL). 
The climate is characterized as humid and warm 
monsoon with rainfall of about 1500-1800 mm 
with moderately cold winter and fairly hot and 
humid summer. 
 

2.2 Methodology 
 

Five-year-old plantations of Casuarina 
equisetifolia, Melia dubia, Eucalyptus globulus, 
Leucaena leucocephala were established under 
different four models at spacing of 3×2 m with a 
total of 32 trees for each species. The trees were 
planted in the four blocks (128 trees) (Fig. 1). 
This experiment was designed in a randomised 
block design with four treatments (different tree 
species) viz., T1: -Casuarina equisetifolia, T2: -
Melia dubia, T3: -Eucalyptus globulus, T4: - 
Leucaena leucocephala having four replications. 
To find out the better growth performance of tree 
species growth parameters viz., Tree height (m), 
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Chart 1. Volumetric equations used for different tree species in south Gujarat 
 

Sl. No. Tree species Equation Used Reference 

1. Eucalyptus V= 0.000004 x D2.143 x H1.509 Tewari and Singh (2006) 
2. Melia dubia V= 0.003 + 0.00003 x HD2 Thakur et al., (2021) 
3. Casuarina equisetifolia V= 0.00005 x HD2 + 0.0196 Gunaga et al., (2023) 

Here, V= Volume; D = Diameter at breast height and H = Height of tree 
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Block 1                 Block 2               Block 3                Block 4

Block 1= Two row of Casuarina equisetifolia (32 trees)

Block 2= Two row of Melia dubia (32 trees) 

Block 3= Two row of Eucalyptus globulus (32 trees) 

Block 4= Two row of Leucaena leucocephala (32 trees)

Total = 128 trees  
 

 

Fig. 1. Layout of different tree species at experimental site, Navsari campus 
 

Tree girth (cm), Tree crown spread (E-W) and 
Tree crown spread (N-S) were measured. Tree 
height was measured by US Criterion 
dendrometer, Tree girth at breast height (1.37 m) 
and crown spread was measured using a 
measuring tape for each and every individual 
tree. Based on the growth performance local 
volume equation derived for South Gujarat 
conditions were also used to get an approximate 
estimate of the volume accumulated by tree 
species in the agroforestry models (Chart 1). 
 

2.3 Statistical Analysis 
 

Recorded average data of growth parameters 
were analysed and compared by analysis of 
variance (ANOVA) of randomised block design 
with the critical difference, C.V. and S.E.M. 
(Panse and Sukhatme 1995). 

3. RESULTS AND DISCUSSION 
 

3.1 Tree Height (m) and Tree Girth (Girth 
at Breast Height (cm) 

 

There was a significant variation in height and 
girth among studied tree species after 5 years till 
the observations were recorded (Table 1). 
Eucalyptus globulus attained maximum height 
(13.84 m) and Leucaena leucocephala shows 
minimum height (8.90 m). While, Leucaena 
leucocephala attained maximum girth (44.22 cm) 
and Casuarina equisetifolia shows minimum girth 
(30.35 cm) at the end of 5 years period of growth 
when raised in agroforestry model. However, 
results indicate that among established four tree 
species Eucalyptus gained good height as 
compared to other and maximum girth was 
gained by Leucaena leucocephala in our case. 
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Thakur et al. (2023) provided support for this 
finding, revealing significant variation in tree 
height and DBH growth, GJ09 (local family from 
Northern most tip of Western Ghats, parts falling 
in Gujarat) achieved significantly maximum 
height (11.20 and 13.33 m, respectively) and 
DBH (15.26 and 18.00 cm, respectively) 
compared other families. Patil et al. (2017) 
provided support for this finding, revealing 
significant difference among different planting 
densities and maximum was recorded in planting 
density of 714 trees/ha (46.85 cm, 10.59 m; 
50.14 cm, 10.99 m; 52.99 cm,11.22 m and 55.76 
cm,11.43 m) for both girth (cm) and height (m), 
respectively for all the time interval. Tree height 
(Acrocarpus fraxinifolius) varied significantly and 
the maximum tree height was recorded in 
Mudigere and Chikamagaluru (26.14 m) 
populations. The difference in GBH was found to 
be non-significant across the populations, which 
could be due to selection of trees in particular 
girth class, as described by (Ashwath et al. 
2020). As per Dechamma et al. (2020) among 
the different clones of Casuarina, Clone CH-10 
showed substantially higher growth in terms of 
DBH (2.96 cm). However, tree height was found 
to be maximum in CH-2 (4.01 m) which was at 
par with CH-10, CH-4 and CH-5. Further, 
consistent lower performance of the intraspecific 
hybrid (CJ-9) observed for the parameters such 
as height (3.39 m), DBH (2.23 cm), and volume 
(443.27 cm3). In Sindigere among all the clones, 
CH-4 showed better growth performance in 
terms of quantitative traits such as total height 
(4.64m), DBH (3.04 cm), CBH (0.81 m) and 
volume (1159.22 cm3). Similar, result was 
observed by (Dejenea et al. 2018) that 
Eucalyptus species showed good growing 
performances both in height and in DBH.  
 

3.2 Tree Crown Spread (E-W) and Crown 
Spread (N-S) 

 
There was a significant variation in crown spread 
(E-W) and crown spread (N-S) among studied 

tree species (Table 1). Eucalyptus globulus and 
Leucaena leucocephala both attained maximum 
crown spread (E-W) (1.97 m) and Melia dubia 
shows minimum crown spread (E-W) (1.38 m). 
Eucalyptus globules attained maximum crown 
spread (N-S) (1.96 m) which was statistically at 
par with Leucaena leucocephala (1.93 m) and 
Melia dubia showed minimum crown spread (N-
S) (1.36 m), respectively. Similar result were 
reported by (Shambharkar et al. 2024) examining 
CS-NS aspect variation between Pterocarpus 
marsupium and Pterocarpus santalinus, 
irrespective of their seed sources and locations. 
Specifically, P. marsupium exhibited a wider CS-
NS aspect (14.01 m), contrasting with the 
narrower CS-NS aspect (9.79 m) observed in P. 
santalinus, which ranges from 7.80 m to 22.65 m 
and higher range 5.30 m to 24.00 m, 
respectively. Das et al. (2019) observed the 
maximum canopy spread was recorded in Albizia 
procera and M. azedarach. The minimum canopy 
spread was recorded in Pongamia pinnata 
followed by Aegle marmelos, and Azadirachta 
indica which suggested the suitability of these 
species to be planted at a closer spacing under 
different agroforestry systems. It is worth noting 
that both species have spreading branches, as 
described by Gopikumar et al. (2003) where 
Pterocarpus marsupium had a highly spreading 
crown, while Pterocarpus santalinus was 
described as having stout, crooked stems with 
ranged widely spreading branches. 
 

3.3 Estimated Volume Acquired by the 
Tree Species in South Gujarat 
Conditions 

 

An approximate estimate was made by following 
the already established volumetric equations 
available in literature (Table 2). It was revealed 
that Casuarina equisetifolia accumulated higher 
volume (123.93 m3/ha) followed by Melia dubia 
(75.73 m3/ha) and Eucalyptus spp. (56.33 m3/ha) 
towards the end of 5 years period of growth.            
The findings of the volume can be justified 

 
Table 1. Growth performance of different tree species 

 

Treatments Height 
(m) 

Girth 
(cm) 

Crown spread (m) 
(E-W) 

Crown spread 
(m) (N-S) 

Casuarina equisetifolia L. 11.72 30.35 1.71 1.69 
Melia dubia Cav. 10.63 36.22 1.38 1.36 
Eucalyptus globulus Labill. 13.84 33.54 1.97 1.96 
Leucaena leucocephala (Lam.) de Wit. 8.90 44.22 1.97 1.93 
C.D. at 5% 1.08 3.26 0.09 0.11 
SE(m) 0.33 1.00 0.03 0.03 
C.V. % 5.91 5.57 3.01 3.93 
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Table 2. Predicted approximate accumulated volume by different trees species 
 

Sl. 
No. 

Tree Species Height 
(m) 

DBH 
(cm) 

Volume 
(m3/tree) 

Volume of trees 
standing in model (m3) 

Volume 
(m3/ha) 

Volume 
(ton/ha) 

1. Eucalyptus 13.84 10.68 0.033 1.081 56.334 49.57 
2. Melia  10.63 11.53 0.045 1.453 75.734 66.64 
3. Casuarina  11.72 9.66 0.074 2.379 123.93 109.06 

 
for Casuarina as per Gunaga et al. (2023) where 
the volume of tree having similar DBH and height 
varies from 0.094 to 0.165 m3, similarly Thakur et 
al. (2023) found that Melia dubia at the end of 5 
years gave maximum volume accumulation of 
0.081 m3 and that of Eucalyptus in south Gujarat 
conditions was recorded to be in the range of 
0.12 to 0.28 m3 by Behera et al. (2016). Though 
the findings are not in the required ranges as per 
the quoted references however, the values are 
comparable to these. 
 

4. CONCLUSION 
 
Based on the above findings, it can be concluded 
that the experiment demonstrated the variation in 
tree height, tree girth and crown spread (E-W) 
and (N-S) among four different tree species. 
Among all the tree species Eucalyptus globulus 
attained maximum height that implies that the 
growth rate of Eucalyptus globulus was higher 
than other tree species while, Leucaena 
leucocephala attained maximum girth depicting 
higher peripheral growth gained by it. In terms of 
canopy expansion Eucalyptus globules and 
Leucaena leucocephala attained maximum 
crown spread (E-W) as compare to other studied 
tree species. Further, maximum volume was 
acquired by Casuarina equisetifolia amongst all 
the tree species studied. 
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