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Abstract 
 

Forest plantations, using appropriate tree and shrub species, can play an important 

role in the tropical ecosystem rehabilitation. The development of a mixed species plantation 

canopy can alter the under storey microclimate and the soil enrichment so as to facilitate 

recruitment, survival and growth of native forest species and proper mixed species selection 

could lead to better growth of the stands. The present study results indicate that the proper 

selection of over storey mixed species plantation can exert an influence on soil enrichment, 

tree growth and under storey regeneration. Among the (36) years old three mixed species 

stands, stand (1); mixture of Albizia odoratissima, Millettia pendula, Gmelina arborea, stand 

(2) ; mixture of Dalbergia cultrata, Pterocarpus macrocarpus, Xylia xylocarpa, stand(3); 

mixture of Tectona grandis, xylia xylocarpa, Albizia procera, stand (3) shows the best in soil 

enrichment and individual tree growth. The species of primary forest of the region were 

found in the understorey of the mixed species stands. These are promising indicators for the 

use of these plantations as accelerators of natural forest succession in the region. 

 

 

 

 

 

 

 

 

 

 



Study on Effect of Overstorey Mixed Species Stands on Soil Enrichment, 

Tree Growth and Natural Regeneration 

 

1. Introduction 
 

Forest plantations, using appropriate tree and shrub species, can play an important 

role in the tropical ecosystem rehabilitation. A number of recent studies have demonstrated 

that plantations of native or exotic species adapted to the stressful conditions characteristic of 

degraded lands can reverse degradation processes by stabilizing soils through development of 

extensive root systems, increasing soil organic matter through enhancement of aboveground 

litter production (Lowry et al., 1988), fine root turnover and decomposition rates (Montagnini 

and Sancho, 1990), moderation of soil pH and improvement of soil nutrient status (Sanchez et 

al., 1985; Chakraborty and Chakrabony, 1989).  

 The development of a plantation canopy can alter the under storey microclimate and 

the soil physical and chemical environment so as to facilitate recruitment, survival and 

growth of native forest species which otherwise would only very slowly, if ever, regenerate 

on degraded sites (Uhl et al., 1982; Prasad and Pandey, 1989; Soni et al., 1989). Thus, 

plantations may act as 

foster ecosystems' (Lugo, 1988), accelerating development of genetic and biochemical 

diversity on degraded sites and soil enrichment (Verma et al., 1982). 

The choice of plantation species is likely to greatly influence both the rate and 

trajectory of rehabilitation processes. Among species that may be considered suitable for a 

given degraded 

site, there may be considerable variations in their capacity to stabilize soils, increase soil 

organic matter and available soil nutrients (Gill et al., 1987; Sharma and Gupta, 1989) and 

facilitate understorey development (Somarriba, 1988; Pande et al., 1988).Nitrogen-fixing 

species inoculated with effective strains of Rhizobium or Frankia can have a dramatic effect 

on soil fertility through their production of readily decomposed, nitrogen-rich litter and 

turnover of fine roots and nodules (Bernhard-Reversat, 1988; Montagnini and Sancho, 1990). 

The present study results indicate that the proper selection of over storey mixed species 

plantation can exert an influence on soil enrichment, tree growth and under storey 

regeneration. 
 

2. Objectives 
 

The objectives of the study are: 

(1) to analyse soil enrichment of the three different mixed species stands. 

(2) to investigate under storey natural regeneration of the three different mixed species 

stands. 

(3) to study growth of the three different mixed species stands. 

 



3. Literature Review  

3.1 Mixed stand in A/R: - 
 

Under suitable management, all species can be grown in mixed stands. But, 

acceptable mixture should form and preserve a complete canopy and properly conserve the 

soil. Thin foliaged trees should usually be mixed with dense foliage ones. The mixture may 

be planned by single alternative trees, lines or groups. When a mixture is by groups, a 

member of trees of one species may form a group alternate with groups of the other species. 

Each of the groups will be regarded as a pure stand.  

A mixture may be permanent or only temporary in character. All species may be sown 

or planted at the same time to result in an even-aged stand or at different times to form an 

unevenaged stand.  
 

3.2. Rules for formation of mixed stands: - 
 

The followings are the silvicultural principles involved in formation of mixed stands.  
 

(1) The conditions and situations must be favourable for normal development of all 

species intended to be grown in mixture.  

(2) A mixture of species must not ultimately endanger productive capacity of soil.  

(3) Each species must have requisite amount of growing space. It must have light, air 

and warmth to its requirements throughout the entire period of rotation. What are 

the rules for the formation of mixed stands? 
 

 Hayer and Hess, 1982 have formulated the following rules. 

 

(1) Predominant species must be capable of improving soil.  

(2) Tolerant species may be grown in mixture with each other if the rate of growth is 

approximately the same or if the slower growing species is protected against the 

more rapidly growing species by planting or seeding it earlier or by loping, 

topping or otherwise holding back the more rapidly growing species.  

(3) Tolerant species may be intermixed with tolerant (thin-foliage) species if the latter 

are of more rapid growth in height or if they started earlier in the mixture.  

(4) Intolerant species should not, as a rule, be seeded or planted in mixture. But, it is 

advisable sometimes, on very good soil where there is no danger of soil 

deterioration.  

(5) Intolerant species should be introduced into tolerant species individually and not 

in patches or groups. Exceptions for special condition are such as great variability 

in soil, more rapid growth in tolerant species and when standards are retained for 

the second rotation.  

 

 



3.3 Advantages from mixed regeneration when correctly made: - 
 

If the suitable species are mixed in proper proportion the mixed stands have the 

following advantages.  

- Where a mixture is suitably arranged, the site is more completely utilized, 

resulting in an increasing production of wood. 

- Shallow rooted species, when mixed with deep rooted ones, produce stands which 

suffer less damage from strong winds.  

- Tender species suffer less damage from frost, snow, ice and excessive drought 

when grown in mixture with more hardy species. 

- Fungi and insects are less harmful in stands composed of two or more species 

because the damage is usually confined to one of the species in a mixture. 

- The risk of fire is usually much greater in a stand composed of a single species, 

particularly a conifer. The danger is much less of conifers are mixed with broad 

leave species.  

- Mixed crop can be grown on sites too poor for pure stands. If a mixed stand, 

different species depend upon different depths of soil and make different demands 

upon the site.  

- When early thinnings of a species in pure stand are of little economic value, more 

valuable thinnings may be realized by mixing it with one or more species, which 

are marketable in small sizes.  

- Serious mistakes made in choice of species for A/R are more easily corrected in 

mixed than in pure stands because the least suitable species can be removed in the 

early thinnings.  

- From an aesthetic point of view, mixed stand is desirable because of its increased 

beauty.  

- A mixed stand can be easily transformed or modified to meet present or future 

demands of the market or to overcome as serious fungus or insect pest than pure 

stand.  
 

3.4 Temporary mixture: - 
 

In some instances, it is more advantages for a mixture to be temporary, all but one 

species being removed before maturity of the stand. Such mixtures are useful in the following 

cases: - 

- When rapid growth and high value of one or more of the species make it 

economically advantages to remove them as thinning leaving the remaining 

species for the final crop.  

- When original costs of the seeding or planting can be reduced by the use of so-

called fillers, i.e., inexpensive species that serve to occupy a portion of the area, 

but are removed in the early thinning.  



- When nurse trees must be provided to protect a tender species during its juvenile 

stage (Hayer and Hess, 1982). 
 

4. Materials and Methods  

4.1 Study Area  
 

The study site is situated in compartment No. 72 of Ngalaik Reserved Forest, 

Pyinmana Township. It is located on latitude of 19˚56' N and longitude of 95˚56' E, and 600 

m above sea level. The topography consists of generally flat and  the soil is buff to yellowish 

color, medium to thick bedded, coarse to gritty, poorly consolidated sand stone and  is 

drained, and has a sandy loam texture with pH 6.3 (Kyi, 1991). The study site has a tropical 

savannah climate with a pronounced dry period between the monsoon rains. The raining 

season begins at the end of April or the first week of May and ends in October. The study 

area gets 6 months of more than 20 aridity index by DEMARTONNE's method (Swe, P. 

P.,2009). 
  

Table ( 1 ) Climatic Data (monthly means) (2015) 
 

Month Temperature ( ˚C ) Rainfall (mm) 
Jan 24.0 1.4 
Feb 25.3 0 
Mar 28.5 8.5 
Apr 31.8 16.5 
May 29.0 205.3 
Jun 28.6 288.8 
Jul 27.2 245.3 
Aug 27.9 260.4 
Sep 28.4 209.0 
Oct 28.7 168.2 
Nov 26.5 23.1 
Dec 23.9 4.4 

 

 
Monthly Climatic Data 

Figure  ( 1 ) Monthly mean climatic data 
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modified version of this model was applied to determine basal area in this study. This model 

includes the varying age and is as follows: 

 

                                G=a*Hα*Nβ*tγ 

Where, 

  G = Stand basal area (m2) 

  N = Number of stems (per ha) 

 Hd = Top height (m) 

    t = Age (years) 

          a, α, β and δ = Model parameters 

    

Table ( 3 ) Parameters for the estimation of the basal area of the Stands  

 

Stand 

                                   Model Parameters      R2 

A Α β γ 

Stand (1) 0.003085  0.769117 1.262451 0.275437 0.92 

Stand (2)  0.008296 0.675408 1.056497 0.358526 0.78 

Stand (3) 0.000319 0.874257 1.863192 0.085587 0.86 
 

 

5.2.2 Volume Production  
 

In forestry, it is indispensable to estimate the volume of a stand based on variables 

measured in the field. Since volume production is usually the growth parameter of greatest 

interest to the forest manager, an evaluation of site productivity in terms of volume is 

desirable (Sammi, 1965). There are a number of practical approaches to determine stand 

volume. It can be calculated by means of other correlated variables such as basal area, tree 

height, form factor and sometimes stand age. The measurement of volume production as a 

guide to site productivity in plantations is used in Germany (Shrivasta and Ulrich, 1976), 

Sweden (Johnston et al., 1967) and Britain (Johnston and Bradley 1963, Bradley et al., 1966) 

as well as in a number of other countries (e. g. France, Finland, Norway). Estimates of 

volume production are helpful in planning when to harvest or how much to remove in a 

thinning operation. These estimates can also assist with financial analysis and the tax 

implications of a timber harvest. There are two main approaches to estimate volume 

production. The first one is by stem analysis, wherein calculations are derived from the 

segmented stems and the second one is by estimation via obtainable volume equations or 

volume tables. 

The dbh, height and form factor are the parameters required for the basic volume 

estimation of a single tree. The stem mass can be stated either in volume or in weight, 

depending on the final product. Likewise, there are two options for measurement of tree 

height: total height and merchantable height. The normally used measures of stem form   



(form factor) are fractions of volume of a tree related to a pillar with diameter equal to tree 

dbh. The volume equation may be commonly written as follows: 

V= f ( D, H, F ) 

Where:  

V= Stem Volume 

D= Stem diameter at breast height 

H= Stem Height 

F= Stem Form factor 
 

 

5.2.3 Relationship between single tree volume and basal area 
 

The relationship between volume and basal area enables the estimation of individual 

tree volume by measuring only the dbh (basal area). It is impossible to assess all variables for 

every tree in each sample plot due to the limitation of time and money. In both natural forests 

and plantations, dbh measurements can be attained at low cost. It is difficult to measure the 

heights of large dense stands. In forest management, dbh measurement is a regular practice, 

particularly in plantations. The allometric regression was applied to fit the following equation 

for selected mixed species stands. 
    

V=α*Gβ 

Where 

V= Individual tree volume, up to top diameter 5 cm (m3) 
 g= Individual tree basal area (m2) 

   α and β= Intercept and regression coefficient 
 

The relationship between volume and basal area of individual trees using the above 

equation are shown in below and the parameters are given in table ( ) for each stands.  
 

 

Table (4) Parameter values for the relationship between volume and basal area of the 

three mixed stands  

Stand 
Parameter Values 

R2 
Α β 

Stand (1) 22.93 1.281 0.87 
Stand (2) 21.611 1.319 0.95 
Stand (3) 15.809 1.215 0.91 
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     Figure (8)The relationship between volume and basal area of mixed species stand (1). 
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    Figure (9)The relationship between volume and basal area of mixed species stand (2). 
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    Figure(10)The relationship between volume and basal area of mixed species stand (3). 
  

 
5.3 Effect on Natural Regeneration 
 

          The establishment of mixed species plantations can facilitate the regeneration of native 

species that could not otherwise grow in open micro sites or in competetion by herbaceous 

species. The present research investigated that tree regeneration under three mixed species 

stands.  

Smilax griffithii was found the highest abundance of regenarating species in the 

understorey of mixed species stand(1), follwed by Holarrhena pubescens and Polyalthia 

simiarum. In mixed species stand (2), Cephalostachyum pergracile was found as the main 

dominance regenerating species, followed by Harrisonia perforata and Uncaria pilosa.The 

most dominated understorey species under mixed species stand (3) was Schleichera oleosa 

and followed by Cratoxylum ligustrinum and Pterocarpus macrocarpus.      



Figure (

 

Figure ( 

11) The abu

stand(1)

12 ) The ab

stand(

N
o 

of
 t

re
es

 

undance of 

). 

bundance of

2). 

regeneratin

f regenerati

ng species i

ing species i

n the under

in the unde

rstorey of m

rstorey of m

mixed specie

mixed specie

 
es 

 
es 



Figure (

 

6. Conclu
 

M

grasses, 

micro-cli

Accordin

had the b

is one o

horizonta

(1) and st

M

their und

condition

addition, 

mixed p

accelerat
 

7. Ackno
 

I 

for grant

Me Me A

Institute 

appreciat

data to c

their pati

13) The abu
stand(3)

usions and 

Mixed planta

increasing s

imate, and g

ng to the res

best soil enri

of the overw

al and vertic

tand (2). 

Mixed planta

derstory than

ns that may 

the species

plantation. T

tors of natura

owledgemen

am greatly 

ting us the o

Aung, Resea

for the coo

te to all staf

carry out the

ience, encou

undance of 
). 

Recommen

ations are p

soil nutrient

generally inc

sults of the c

ichment com

whelming fa

al growth pa

ations could 

n pure spec

favor seed 

s of primary

These are p

al forest succ

nts 

indebted to 

opportunity t

arch Assistan

ordination of

ffs from the 

e present stu

ragement an

regeneratin

dations 

promoted re

s (through u

creasing the 

chemical pr

mparing the r

factors to so

attern showe

promote the

cies plantati

dispersers 

y forest of t

promising in

cession in th

Dr Thaung 

to carry out 

nt (3), and M

f the field w

Moe Swe R

udy. Last but

nd love throu

ng species i

egeneration

uptake by d

chance for 

operties of t

rest two stan

oil enrichme

ed that stand

e regeneratio

ons by crea

and germina

the region w

ndicators fo

he region. 

Naing Oo, 

this study. 

Mr Ko Ko N

works in the

Reserved Fo

t not least, I

ughout my fo

n the under

in the und

deep roots a

seed germin

the three mi

nds. It showe

ent. Moreov

d (3) is the be

on of a great

ating a grea

ation and gr

were found i

or the use 

Director of 

I am very m

Naing, Forest

e Ngaleik R

rest for acco

I would like

orester life.

rstorey of m

derstorey by

and litter fal

nation and e

ixed stands, 

ed that the sp

ver, the beh

est one follo

ter diversity

ater variabili

rowth of tre

in the under

of these p

Forest Rese

much gratefu

t Ranger, Fo

Reserved Fo

ompanying a

e to thank m

 
mixed specie

y shading ou

ll), improvin

establishmen

the stand (3

pecie mixtur

havior of th

owed by stan

y of species i

ity of habit

ee species. I

rstorey of th

plantations a

earch Institu

ul to Ms Khi

orest Researc

orest. I highl

and gatherin

my parents fo

es 

ut 

ng 

nt. 

3) 

re 

he 

nd 

in 

tat 

In 

he 

as 

ute 

in 

ch 

ly 

ng 

or 



References 

Bernhard-Reversat, F., 1988. Soil nitrogen mineralization under a Eucalyptus plantation and 
a natural Acacia forest in Senegal. For. Ecol. Manage., 23: 233-244.  

Brown et al., 2004: Stem and crown dimensions as predictors of thining responses in a crowded 
tropical rainforest plantation of Flindersia brayleyana F. Muell. For. Ecol. Manage. 
196 (2-3): p. 379-392.doi:10.1016/j.foreco.2004.03.029.  

Chakraborty, R.N. and Chakraborty, D., 1989. Changes in soil properties under Acacia 
auric,~- liformis plantations.  

Gill, H.S., Abrol, I.P. and Samra, J.S., 1987. Nutrient recycling through litter production in 
young plantations ofAcacia nilotica and Eucalyptus tereticornis in a highly alkaline 
soil. For. Ecol. Manage., 22: 57-69. Hui, G. Y. and Gadow, K. v., 1993: Zur 
Modellierungder Bestandes grundflächenentwicklung dargestellt am Beispiel der 
Baumart Cunninghamia lanceolata. Allg. Forst-u. J.-Ztg. 164(8):p.144-145. 

 Kyi Khin, 1991, Sedimentlogy of Yemethin West area, Yemethin Township, Mandalay 
Division, M.Sc., Thesis, University of Mandalay. 

Lugo, A.E,, 1988. The future of the forest -- ecosystem rehabilitation in the 
tropics.Environment, 30: 16-20, 41-45.For., 115: 475-482. 

Montagnini, F. and Sancho, F., 1990. Impacts of native trees on tropical soils: a study in the 
Atlantic lowlands of Costa Rica, Central America. Ambio, 19: 386-390. 

Nadkarni, N. M., Lawton, R. O., Clark, K. L., Matelson, T. J., Schaefer, D., 2000: Ecosystem 
ecology and forest dynamics. In: Nadkarni, N. M., Wheelwright, N. T. 
(eds.),Monteverde: Ecology and Conservation of a Tropical Cloud Forest. Oxford  
University Press, New York, p. 303–350.  

Prasad, R, and Pandey, R.K., 1989. An observation on the effect of closure for rehabilitation 
of degraded forest lands: a case study of protected and unprotected wastelands at 
Bhopal.    J. Trop. For., 5: 128-137. 

Sanchez, P.A., Palm, C.A., Dabey, C.B., Szott, L.T. and Russell, C.E., 1985. Tree crops as 
soil improvers in the humid tropics? In: M,G.R. Canneii and J.E. Jackson (Editors), 
Attributes of Trees as Crop Plants. Institute of Terrestrial Ecology, Natural 
Environmental Research Council, Abbots Ripton, Huntington, UK, pp. 327-350. 
Sharma, B.D. and Gupta, I.C., 1989. Effect of trees cover on soil fertility in western 
Rajasthan.Indian For,, 115: 348-354  

Sharma, B.D. and Gupta, I.C., 1989. Effect of trees cover on soil fertility in western 
Rajasthan. 

Indian For,, 115: 348-354.. 
Somarriba, E,, 1988. Pasture growth and floristic composition under the shade of guava 
(Psidium 

guajava L. ) trees in Costa Rica. Agroforestry. Panda, P.K., Bisht, A.P.S. and 
Sharma, S.C., 1988. Comparative vegetation analysis of some plantation 
ecosystems. Indian F:r., 114: 379-389.  

Soni, P., Vasistha, H.B. and Kun~ar, O., 1989. Biological diversity in surface mined areas 
after reclamation. Indian 

Uhl, C., Jordan, C., Clark, K., Clark, H. and Herrara, R., 1982. Ecosystem recovery in Amazon 
caatinga forest after cutting, cutting and burning, and bulldozer clearing treatments. 
Oikos, 38:3 ! 3-320.: 272-273. 

Verma, S.C., Jain, R.K., Rao, M.V, Misra, P.N. and Murty, A.S., 1982. Influence of canopy 
on soil composition of man-made forest in alkali soil of Banthra (Lucknow). Indian 
For., 108:431-437. 

Weidelt, H. J., 1998: Tropical Silviculture- Part II, Lecture notes from institute of Tropical 
Silviculture, University of Göttingen, Germany. 


