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Abstract: The main objective of the study was to investigate the effect of different spacing levels on the growth
and utilizable biomass production in Eucalyptus camaldulensis plantation grown in the arid environments of
Tamil Nadu, India. Establishing the optimum plant density in forest trees is a major challenge under the present
land constraint situation. Therefore, present study was carried out to address the issue by planting trees at
different spacing viz, 3×3 m, 3×2 m, 3×1.8 m, 3×1.65 m, 3×1.5 m, 3×1.35 m and 3×1 m. Results exhibited significant
effect of spacing on the growth and yield of the trees. Among the different spacing regimes, the wider spacing
of  3×3 m significantly gave better tree height, diameter at breast height, clear bole height, crown width,
utilizable biomass and maximum mean volume per tree, where as the maximum total volume per hectare was
observed in 3×1 m spacing and minimum was observed in 3×3 m spacing at different growth period. Maximum
total utilizable biomass (72.72 kg tree ) was obtained from the wider spacing of 3×3 m and maximum total-1

biomass (113.59 ton ha ) was obtained from the closer spacing of 3×1 m.-1
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INTRODUCTION The total area of eucalypts planted in India is

RED GUM (Eucalyptus camaldulensis Dehnh.) is paper mills, forest departments and forest development
renowned globally for its fast growth, high levels of corporations have substantial areas of plantations either
drought tolerance and adaptability to diverse climatic directly under their control or in farmer’s land from which
conditions and soils, which makes it popular among wood is purchased. Most eucalypt plantations across
eucalypt tree growers [1]. Clonal propagation is an India are of ‘Mysore Gum’, a land race considered to be a
extensively used strategy to gain economic potential of mixture of pure Eucalyptus tereticornis Smith and genetic
eucalypt species/hybrids by multiplying desirable types. segregates of interspecific hybrids, displaying high
With moderate degree of sophistication in most forest variability [5]. The growth of Mysore Gum is quite slow,
nurseries, it is performed to strategically improve the with mean annual increment of plantations averaging
productivity [2]. around 7 m  ha  [6] and a number of trials have

To protect natural resources and the environment  for demonstrated superior performance of certain new
the sustainable development, plantation has become the eucalypt introductions [7] or selected eucalypt clones [8].
major source of timber supply for timber industry such as Eucalypts are the major raw material of the pulp and paper
solid wood, plywood pulping and paper. A good industries in India, so it is imperative that planting stock
plantation species should produce not only high timber of high genetic quality be used to increase the yield from
yield, but also the desired properties of wood for highly plantations mainly for Eucalypts.
valued end products. Accelerating tree growth rate or Due to the limited resources in arid and semi-arid
shortening the rotation could potentially affect wood regions, benefits from short rotation forests largely
quality [3]. depend  on  the  judicious  management  of soil and water

estimated to exceed 2,500,000 ha [4]. Several pulp and
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resources [9]. Improved selection of appropriate tree increment were estimated as well as the total tree utilizable
species and growth of trees at optimum densities are biomass (total wood, stem wood and branches wood) was
important management considerations to increase overall measured.
system productivity [10].

Tree stand density is a very important tool of Statistical Analysis: The observed data were statistically
silvicultural treatment and offer a means to affect the analyzed as per the layout using AGRES software.
growing conditions of trees and thus, also the stem wood
production. With the worldwide move towards intensive RESULTS AND DISCUSSION
silviculture and shorter rotations, the quality of wood and
end products from this changing resource has become a Tree Growth: Tree growth is function of age, spacing and
concern for the forest products industry [11]. site quality [12]. The analysis of the data revealed that at

In this direction, research efforts were carried out in all the stages except at 12 MAP, the diameter at breast
Forest College and Research Institute, Tamil Nadu height varied significantly in all seven spacing regimes.
Agricultural University by introducing fast growing tree The maximum DBH (0.035 m, 0.061 m, 0.089 m, 0.104 m,
species with potential resource for short rotation pulp 0.113 m and 0.120 m, respectively) was observed in 3×3 m
production in Tamil Nadu. and minimum DBH (0.030 m, 0.044 m, 0.069 m, 0.081 m,

MATERIAL AND METHODS (Table 1). This shows that diameter varies with the

Plant Material: Seedlings of Eucalyptus camaldulensis Harris [13] for different species of Eucalyptus, who
were planted in the spacing trial plot of ITC 285 raised by reported that planting density had no significant effect on
Tamil Nadu Forest Plantation Corporation (TAFCORN) diameter at breast height of the Eucalyptus grandis at
during the period from 2006 to 2013, located at Arimalam early period of rotation and mean diameter decreases as
range in Pudukottai district of Tamil Nadu. planting density increased in Eucalyptus grandis.
Site characteristics The tree height varied significantly in all seven

The location was 10.2572°N latitude; 78.8861°E spacing regimes. The maximum height (4.5 m) was
longitude; 216 ft above sea level with average observed in 3×3 m, 3×2 m and 3×1.8 m spacing at 12 MAP,
temperatures ranging between 33.5°-42.2°C and 1043.31 whereas at 24, 60 and 72 MAP, maximum height (7.0 m,
mm annual rainfall. The soil type of the study area is red 15.5 m and 17.0 m, respectively) was observed in 3×3 m
soil. spacing and at 36 and 48 MAP, maximum height (11.85 m

Experimental Design and Treatments: The seedlings and minimum height (3.5 m, 5.0 m, 8.5 m, 11.0 m, 11.5 m and
were planted in the field using a randomized block design 12.0 m, respectively) was observed in 3×1 m spacing
with three blocks. Each block had seven experimental (Table 1). This can be explained that increasing in the
plots (seven different spacing). The total area of the each height of trees with increasing the distance between trees
plot was 648 m  and the spacing between seedlings was i.e. change in density is simply a result of exploiting same2

3×3 m, 3×2 m, 3×1.8 m, 3×1.65 m, 3×1.5 m, 3×1.35 m available below-ground resources (water and nutrient) by
and 3×1 m. less number of trees [14].

The growth parameters viz., tree height and DBH At  all  the  growth  periods  (64, 68  and  72 MAP),
were recorded on all the trees at 12, 24, 36, 48, 60 and 72 the maximum clear bole height (14.65 m, 15.08 m and 15.24
MAP (Months After Planting) and clear bole height and m, respectively) was recorded in 3×3 m spacing and
crown width were recorded at 64, 68 and 72 MAP. In minimum (9.86 m, 10.22 m and 10.45 m, respectively) was
November 2013, five trees were randomly selected from observed in 3×1 m spacing (Figure 1). Considering the
each plot with total of 105 trees (3 blocks × 7 plots × 5 effect of densities on rate of gain of clean bole it is clear
trees) for biomass estimation excluding trees on borders from figure 1 that the clean bole contribution is more in
to avoid the edge effect. Trees were felled and separated higher density (3333 trees ha ) as compared to lower
into foliage, branches and stem. The volume of standing density (1111 trees ha ). The result of study revealed that
trees, mean annual increment and current annual clear  bole   formation   was   governed   by   tree  density.

0.088 m and 0.092 m, respectively) in 3×1  m  spacing

planting density, which is against the observation of

and 15.32 m, respectively) was observed in 3×2 m spacing

-1
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Table 1: Effect of plant spacing on the mean growth parameters and tree volume for Eucalyptus camaldulensis at different growth period

Tree Spacing (m)
-------------------------------------------------------------------------------------------------------

Tree parameters MAP 3×3 3×2 3×1.8 3×1.65 3×1.5 3×1.35 3×1 CD (p = 0.05) Mean

Diameter at breast height (m) 12 0.035 0.033 0.033 0.032 0.033 0.03 0.03 0.032 ± 0.002 NS
24 0.061 0.054 0.053 0.048 0.046 0.045 0.044 0.05 ± 0.001 0.002
36 0.089 0.081 0.077 0.075 0.074 0.073 0.069 0.077 ± 0.002 0.004
48 0.104 0.091 0.088 0.084 0.084 0.083 0.081 0.088 ± 0.002 0.003
60 0.113 0.102 0.096 0.092 0.091 0.09 0.088 0.096 ± 0.001 0.002
72 0.12 0.108 0.103 0.099 0.1 0.097 0.092 0.103 ± 0.001 0.002

Tree height (m) 12 4.5 4.5 4.5 4.09 4.04 4.02 3.5 4.16 ± 0.08 0.18
24 7 6.5 6 5.5 6 5.5 5 5.93 ± 0.05 0.12
36 11.4 11.85 11.5 11 10.6 9.5 8.5 10.62 ± 0.12 0.25
48 15.1 15.32 15 14.5 13.8 12.5 11 13.89 ± 0.09 0.19
60 15.5 15.5 15.3 15.2 14.5 13.4 11.5 14.56 ± 0.03 0.06
72 17 16.4 15.8 15.6 15 13.9 12 15.1 ± 0.16 0.34

Mean tree volume (cft) 12 0.123 0.111 0.107 0.092 0.095 0.082 0.068 0.097 ± 0.01 0.022
24 0.569 0.422 0.368 0.279 0.283 0.243 0.217 0.34 ± 0.016 0.036
36 2.012 1.722 1.518 1.38 1.283 1.132 0.884 1.419 ± 0.07 0.151
48 3.59 2.8 2.551 2.292 2.18 1.9 1.61 2.418 ± 0.085 0.186
60 4.679 3.571 3.097 2.877 2.649 2.448 1.956 3.04 ± 0.078 0.17
72 5.464 4.265 3.732 3.373 3.307 3.91 2.271 3.617 ± 0.104 0.227

Total volume (m  ha ) 12 3.86 5.25 5.63 5.28 5.99 5.72 6.42 5.45 ± 0.57 NS3 -1

24 17.9 19.91 19.3 15.97 17.79 16.98 20.44 18.33 ± 0.77 1.68
36 63.29 81.29 79.62 78.94 80.77 79.13 83.47 78.07 ± 3.5 NS
48 112.94 132.17 133.8 131.08 137.17 132.87 151.92 133.14 ± 4.19 9.13
60 147.19 168.56 162.43 164.53 166.68 171.16 184.6 166.45 ± 3.73 8.14
72 171.89 201.33 195.71 192.92 208.08 203.42 214.33 198.24 ± 6.15 13.4

Fig. 1: Effect of spacing on clear bole height (m) of Eucalyptus camaldulensis at different growth period

Closer the tree density more will be the clean bole and closer spacing. The results of study revealed that crown
vice versa. Similar observation was made in Eucalyptus development is affected by tree density. The figure 2
urophylla by Clara Manasa [15] observed lowest clear showed that there was linear relationship between tree
bole height in closely spaced regime. densities and crown width. From the figure it is clear that

The crown width also varied significantly in all seven crown width increased with the increase in tree spacing
spacing regimes. At 64 MAP, 68 MAP and 72 MAP, and vice versa. Britt and Reynolds [16] also reported in
maximum crown width (1.69 m, 177 m and 1.82 m, Loblolly pine that the lower crown spread in closer
respectively) was found in wider spacing and minimum spacing might be due to reduced availability of light as a
(0.95 m, 1.02 m and 1.04 m, respectively) was observed in result of increased competition from neighboring trees.
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Table 2: Effect of plant spacing on the mean total utilizable biomass production and biomass allocation for Eucalyptus camaldulensis trees of age six years

Utilizable Biomass (kg tree ) Utilizable Biomass (ton ha )-1 -1

---------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------
Tree Spacing (m) Main stem wood Branches wood Total wood biomass Main stem wood Branches wood Total wood biomass

3×3 67.12 5.6 72.72 74.57 6.22 80.79
3×2 50.66 4.9 55.56 84.45 8.17 92.61
3×1.8 45.17 4.5 49.67 83.65 8.33 91.98
3×1.65 41.94 3.9 45.84 84.72 7.88 92.6
3×1.5 44.56 3.2 47.76 99.01 7.11 106.12
3×1.35 40.14 2.7 42.84 99.11 6.67 105.78
3×1 31.68 2.4 34.08 105.59 8 113.59

Mean 45.9 ± 1.4 3.89 ± 0.22 49.78 ± 1.45 90.16 ± 3.02 7.48 ± 0.38 97.64 ± 3.09

CD (p=0.05) 3.04 0.47 3.15 6.58 0.83 6.73

Fig. 2: Effect of spacing on crown width (m) of Eucalyptus camaldulensis at different growth period

Fig. 3a: Effect of spacing on current annual increment of Eucalyptus camaldulensis at different growth period

CAI and MAI: Results revealed that CAI and MAI 0.0098 and 0.0089 m  tree  yr ) and MAI (0.0019, 0.0031,
observed higher in wider spaced trees compare to the 0.0084, 0.0114, 0.0111 and 0.0107 m  tree ) were recorded
closer spaced trees (Figure 3a and 3b). The maximum CAI in closer spacing (3333 trees ha ) at 12, 24, 36, 48, 60 and
(0.0035, 0.0126, 0.0409, 0.0447, 0.0308 and 0.0222 m  tree 72 MAP, respectively. It is clear from the Figure 3 a and 33 -1

yr ) and MAI (0.0035, 0.0081, 0.0190, 0.0254, 0.0265 and b that with increase in tree spacing the current annual-1

0.0258 m  tree ) were observed in wider spacing (1111 increment and mean annual increment, respectively3 -1

trees ha ) and minimum CAI (0.0019, 0.0042, 0.0189, 0.0205, increases   but   after   a   limit   this   increase   level  off.-1

3 -1 -1

3 -1
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Fig. 3b: Effect of spacing on mean annual increment of Eucalyptus camaldulensis at different growth period

Shujauddin and Kumar [17] in Ailanthus triphysa revealed While total wood and stem wood yield per hectare
that individual tree volume was higher in the widely was observed maximum (113.59 and 105.59 ton ha ,
spaced stand. Singh [18] also stated the same in respectively) in high density stand of 3×1 m spacing,
Casuarina equisetifolia. where as branch wood (8.33 ton ha ) was in 3×1.8 m

Volume of Standing Trees: The statistical comparison spacing with a value of 80.79, 74.57 and 6.22 ton ha ,
showed that the total volume per tree was significantly respectively (Table 2). A study conducted by Vidhya [22]
influenced by spacing and increased with wider spacing in Casuarina hybrid clone revealed that wider spaced
(Table 2). At 12, 24, 36, 48, 60 and 72 MAP, maximum trees produced more stem wood compare to closer spaced
volume (0.123, 0.569, 2.012, 3.59, 4.679 and 5.464 cft tree , trees where as closer spaced trees produced more wood-1

respectively) was observed in 3×3 m spacing and per ha than wider spaced trees.
minimum (0.068, 0.217, 0.884, 1.61, 1.956 and 2.271 cft tree ,-1

respectively) recorded in 3×1 m spacing but the total CONCLUSION
volume per hectare revealed that, the higher production
was in closer spacing (3333 trees ha ) and lower in wider The results of the present study apparently indicates-1

spacing (1111 trees ha ). It clearly showed that the that spacing is the primary silviculture practice for-1

number of trees per hectare plays an important role in total improving the growth of the plantation, directly
volume production. Chen [19] in Eucalyptus urophylla × responsible for higher yield and helps in reducing the
E. grandis revealed that, the average individual tree pressure on forest through fulfilling the requirement of
volume increased as initial stocking decreased. Srivastava raw materials for fuelwood and paper and pulp industries
[20] investigated the growth of Terminalia arjuna under in arid region of India. In general, the maximum tree height,
varied plant spacing (10,000, 20,000, 30,000, 40,000 and diameter at breast height, clear bole height, crown width,
50,000 trees ha ) and reported that the mean stand basal individual tree volume and utilizable biomass production-1

area and volume increased with increase in planting per tree were recorded in wider spacing and the minimum
density. in closer spacing. Similarly the maximum total wood

Tree Utilizable Biomass: The results reported that the in closer spacing, due to the more number of trees present
maximum total wood, stem wood and branch wood yield as compared to wider spaced regimes.
per tree at harvest (72 MAP) was observed in wider
spacing (1111 trees ha ) with a value  of 72.72,  67.12  and ACKNOWLEDGMENT-1

5.60 kg per tree, respectively and the minimum in closer
spacing (3333 trees ha ) with a value of 34.08,  31.68  and The authors particularly grateful to Dr. V.N. Singh,-1

2.40 kg per tree, respectively (Table 2). A study was IFS, Managing Director and Mr. R. Wilson Kennedy,
conducted by Hegazy [21] in Concocarpus erectus Junior Technical Assistant, TAFCORN, for providing all
revealed that biomass of an individual tree increased with facilities to  carry  out  the  field  research  in  their
increased spacing regimes. research plot.  Thanks  are also due to the Range Officer,

-1

-1

spacing and minimum in low density stand of 3×3 m
-1
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