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Introduction



1.1. General introduction

Forests ofa country are natural assets of enormous value. An adequate extent of forest, il

ideally dispersed, scientifically managed, and judiciously utilized is a perpetual

renewable natural resource that confers immense benefit, both directly and indirectly on

the population. From the earliest times, teak - the Golden timber - was extracted from the

forests. The advent of British in India led to a period of intensive forest exploitation

wherein large number of trees were felled indiscriminately. l)uring World War l and ll,

forest resources were severely depleted as large quantities of timber were removed to

build ships and railway sleepers and to pay for Britain’s war efforts.

The idea of conservation first entered the list of colonial concerns as a consequence ol

the unrest over the possibility of ultimate drying up of crucial teak supply. Consequently

attempts were made to raise plantations of teak. Mr. I-l. V. Conolly, the then District

Collector of Malabar, initiated the first ever attempt to raise teak plantations. The first

ever teak plantation in India, and also possibly in the world, was raised in Nilambur in

1842 which marked the beginning of monoculture in the South Indian forests. Large

extent of moist deciduous "forests was subsequently converted to monoculture teak

plantations.

At present, forest plantations accounting for l30 million ha. is approximately 3 per cent

by area of world’s forests. ()ut of these, just over half is located in the tropics. The global

plantation resource is currently meeting about 35 per cent of demand of wood and this is

expected to rise to 46 per cent by 2040 (Allan and Lanly, 1991; FAO, l995; Trevor er a/.,

2001).

Today, teak ranks third among tropical hardwood species in terms of plantation area

established world-wide, covering 2.25 million ha, with 94 per cent in Tropical Asia,

major area being in lndia and Indonesia. About 4.5 per cent of teak plantations are in

tropical Africa and the rest are in tropical America (Krishnapillay, 2000; Katwal, 2003).

In Kerala, teak is the major plantation species occupying an area of 57.855 ha. covering

2
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more than 50 per cent of forest plantation area and 2 per cent of the total geographic area

(Nagesh Prabhu, 2003)

Eucalypt was first introduced in lndia at the Nandi hills in 1790 as garden trees with 16

species (Shyam Sunder, 1986). Later, one of the species - Eucalyptus globulus (blue

gum), was cultivated in the Nilgiris in 1843 by Captain Cotton ofthe Madras Regiment to

create a fuel resource in the Nilgiri plateau (Kondas and Venkateshan, 1986). About one

million hectare of land is under eucalypt cultivation by Forest Departments and Forest

Development Corporations in India (Varghese er al.. 2001 ).

At present, plantations of eucalypts in India supply pulpwood to pulp and paper

industries. Bamboo and reeds were the conventional raw materials for the pulp and paper

industry in Kerala. Large scale conversion of moist deciduous forests to plantations for

economic gain and the construction of major hydel and irrigation projects inside the

forests have led to the depletion of bamboo and reeds. Competing demand by traditional

industry has also reduced their availability to pulp and paper industries. 'l'o meet the ever

growing demand, it was found necessary to have fast growing species, which can yield

higher pulpwood per unit area. For this purpose, eucalypt was found to be the best choice.

Of the 600 species of eucalypts in Australia, two species viz. E. grandis and E.

tereticomis have performed well in Kerala (Chand Basha, 1986). Kerala Forest

Department commenced large scale planting of E. grandis in the late 1950s as an

afforestation scheme in the high ranges in Peerumade, Pampa and Devikulam. Today.

plantations of eucalypt cover 40,000 ha. (Sankaran at al.. 1999).

Plantations can have three main impacts on soils

1. nutrient removal from the soil as tree grows and are then harvested.

2. changes in the chemistry of soil surface as the litter layer and organic matter are

dominated by one species and hence uniform composition and decay
characteristics and,

3. site preparation practices which directly affects soil physical parameters and in

tum nutrient and moisture availability (Evans, 2000).
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Changes in soil properties in turn affect the productivity and sustainability oi

plantations. Thus, studies of soils in plantations are of utmost importance. The

available literature on these aspects is, herewith, reviewed.

1.2. Review of literature

1.2.1. Soils and vegetation types

In forest ecosystem, trees affect soil properties through several pathways. Trees alter

inputs to the soil system by increasing capture of wet fall and dry fall and by adding to

soil nitrogen via nitrogen fixation. They affect the morphology and chemical conditions

of the soil as a result of the characteristics of above- and below-ground litter inputs. The

chemical and physical nature of leaf, bark, branch and roots alter decomposition and

nutrient availability via controls on soil water and the soil fauna involved in litter

breakdown. Extensive lateral root systems scavenge soil nutrients and redistribute them

beneath tree canopies. ln general, trees represent both conduits through which nutrients

cycle and sites for the accumulation of nutrients within a landscape. Understanding

Species-specific differences in tree-soil interactions has important and immediate interest

to those concerned with maintaining or increasing site productivity (Rhoades, 1996).

Soils in turn can also influence vegetation types. By and large, it is the soil depth.

moisture regime, porosity. aeration and availability of nutrients that determine the

Vegetation types on a particular soil (Gama er a/., 1999).

Studies on surface soils with similar parent materials, ground cover and topography but

with different vegetation types found that the most notable differences between the sites

lyerc in organic carbon (Singh er a!., 1988). lt was observed that carbohydrates varied

under different tree species over different parent materials and under similar climatic

‘conditions, in forest soils of outer Himalayas (Singh and Singhal, 1974).

_\

1.2.2. Soils in plantations of different species

In Kerala, with few exceptions, conversion of natural forests for raising plantations.

mostly monocultures, has been a common practice since 1960s. Biological uniformity of

4
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monoculture plantations has led to anxieties that soil deterioration and consequent

reduction in site quality may result, following their wide spread adoption. The basic

underlying reasons for these are fragility of top soil structures, the disturbances to

decomposer activity when mixed forest litter is replaced by uniform plantation litter. the

repeated exposure of the soil to sun and rain, the removal of organic matter and nutrients

in harvest, and the effect of associated management practices (Balagopalan and Jose,

I997).

1.2.2.1. Physical properties

On Studying the changes following the replacement of tropical rain forest with high value

plantation crops in South Andaman and Little Andaman islands, Mongia and

Bandyopadhyay ( 1992a) observed lower profile water content, water storage, water

intake rate and bulk density under plantations when compared with virgin forest.

Increased bulk density in the areas cleared for commercial plantations and agricultural

use in the Andaman and Nicobar Islands was also reported by Dagar er al. (I995). They

also observed that water storage within 180cm soil depth was maximum in evergreen

forests and minimum in teak and was found to be significantly correlated with organic

matter content. lt was concluded that water balance was negatively affected by the

monoculture of commercial plantations.

Balagopalan ( 1995b) studied the soil characteristics in natural forests (evergreen and

moist deciduous forests), grassland, and plantations of teak and cashew in the

Malayattoor Forest Division, Kerala. Excluding gravel and silt, most properties differed

significantly due to vegetation types. Soils in the plantations were found to be

deteriorated when compared to those in natural forests.

Detrimental effects on soil physical properties - increased bulk density and decreased soil

moisture content - was also reported by Joshi er al. (1997) in soils of l-8 year old

plantations of Popu/us delroids when compared to natural forest in the low montane

subtropical belt of the Kumaun Himalaya.
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A study in 28-year-old even-aged contiguous monocultures, located in the lowland rain

forest belt of southwestern Nigeria, consisting of teak, idigbo (Terminrzliu iv0ren.s'z's),

opepe (Nauclea dz'derrichiz') and gmelina (Gmelina arborea) revealed that soil texture

was not affected by plantation activities (Okoro er al., 2000).

1.2.2.2. Chemical properties and macro nutrients

Lower organic matter, Bray's phosphorus and available potassium in plantation soils of

teak, red oil palm, and padauk, compared to forest soils was reported by Mongia and

Bandyopadhyay (l992a). Dagar el al. (1995) observed significant decreases in soil pll,

organic matter, extractable phosphorus and exchangeable potassium contents in areas

cleared for commercial plantation in the Andaman and Nicobar Islands. They also

concluded that nutrient cycling was negatively affected by the monoculture of

commercial plantations.

Balagopalan (l995a) studied the soil characteristics in natural forests (evergreen and

moist deciduous forests), grassland. and plantations of teak and cashew in the

Malayattoor Forest Division, Kerala. lixcluding available phosphorus, calcium and

magnesium. all other properties differed significantly due to vegetation types. Soils in the

plantations were found to be deteriorated when compared to those in natural forests.

The soils in plantations and adjacent natural forest stands in highland Ethiopia were

studied by Miehelsen el al. (I996) and concluded that the overall soil characteristics of

the natural forests differed from those of the five most common plantation tree species.

They observed that the natural forest soils had higher contents of total nitrogen, available

phosphorus and exchangeable calcium. This was attributed to

a. loss of organic matter during conversion of natural forests to plantations

b. increased leaching in young plantations. and

c. low nutrient demand by natural forest trees as compared with last-growing
exodes.

Joshi et al. (1997). on studying the soils in l-8-year-old plantations of Populus deltoides,

and nearby natural forest in the low montane subtropical belt of the Kumaun Himalaya

6
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reported that soil organic carbon, nitrogen, phosphorus and potassium decreased with

increasing plantation age. A study by Lian and Zhang (1998) in China demonstrated that

natural broadleaved evergreen forest has a greater capability of nutrient return, coupled

with higher rates of litter decomposition and nutrient release. larger soil nutrient pools,

and higher nutrient availability than pure plantations.

A study in 28-year-old even-aged contiguous monocultures. located in the lowland rain

forest belt of southwestern Nigeria, consisting of teak, idigbo (Terminufiu ivorenszs"),

opepe (Nauclea diderrz'c'hz'i) and gmelina (Gmelina arborea) revealed significant losses in

soil calcium and available phosphorus (Okoro er al., 2000). However, the effective cation

exchange capacity, pH and magnesium contents of the soils were not affected by

plantation activities. The soil organic carbon content was also found to be not affected.

Significant variation of some of the properties with depth was observed for plantation

S01lS.

Aweto (2001) observed that the rates of nutrient uptake and recycling varied with tree

species and ecological zones in West Africa. He evaluated the impact of monoculture

plantations on nutrient cycling and concluded that the plantations immobilized soil

nutrients faster and returned less nutrients to the soil than native forest and savanna

vegetation, thus depleting soil nutrients. Owing to their effects in destabilizing the

nutrient cycle in forest and savanna ecosystems, planting monocultures of fast-growing

tree species are not likely to be sustainable in the long-term. The widespread adoption of

plantation forestry as an alternative to the natural regeneration of native forests as a

strategy for increasing the wood resources of humid tropics is, therefore, indicative of an

uncritical acceptance of the view that monoculture tree plantations are sustainable.

Differences in nitrogen, phosphorus, potassium and organic carbon contents were

observed due to plantation activities of sal, teak, eucalypt and pine at Forest Research

lnstitute, Dehra Dun (Pande, 2004). The available per cent of nutrients (phosphorus,

potassium, calcium and magnesium) were highest in eucalypt and lowest in sal, while

teak followed pine. 'l'he order of importance for nitrogen was: teak>sal>eucalypt>pine

7



and for organic carbon, it was teak>euealypt>sal>pine. These soil nutrient variations

were related to litter fall and subsequent decomposition.

The results of the study by Guo -.lian Fen er ul. (2004) demonstrated that the natural

forest has a greater carbon return through litterfall than monoculture plantations, which is

beneficial to the increase of soil organic matter storage and the maintenance of soil

fertility.

Xu-DaPing and Dell-Ber Nie (2002) stated that that the productivity of well-managed

plantations can be sustained whereas poor management practices result in dramatic yield

declines across rotations and continued soil degradation. The mixed stand of forest

species seemed to be the best plantation system, as it increased soil organic matter and

fertility level and improved soil structure.

1.2.2.3. Organic matter fractions

It was observed that the composition of organic matter in soil changes under

monoculture. Wang (1967) reported that in soils of coffee plantations, 50 per cent of

organic matter is composed of fats and waxes.

1.2.3. Soils in teak plantations

1.2.3.1. Physical properties

The earliest study on soils in teak plantations and adjacent natural forests showed no

substantial difference in the distribution of particle-size separates. However soils in

plantations were found to be much harder due to exposure (Champion, 1932). Teak

cropping led to soil erosion, especially due to the removal of undergrowth. Laurie and

Griffith (1942) also observed increased soil erosion in teak plantations especially when

undergrowth and litter are burned. Bell (1973) found soil erosion 2.5 to 9 times higher in

plantations than in under natural forest.

When the morphological and physical properties of soils of teak plantations of different

age were studied. an increase in compaction was noticed in the older teak plantations

(Jose and Koshi. 1972). increased compaction in younger teak plantations (1 l years) was

8



also observed by Rathod and Devar (2003a). They also observed a change in texture from

loamy sand to sandy loam in young plantations of teak.

Aborisade and Aweto (I990) studied the effects of exotic tree plantations of teak and

Gmelina on a forest soil in South-western Nigeria and found that the soil was

significantly denser in the 0-l0cm layer of forest soil. Ram and Patel (1992) studied

infiltration capacity of compacted soils under a 21-year-old teak plantation and forest

floor in West Bengal. They found that the bulk density increased, and porosity, initial

infiltration rate (first 5 minutes) and accumulated infiltration depth (elapsed time 180

minutes) decreased in plantation soils when compared to natural forest. The intake ot

water under compacted conditions was less than one third of that ofa normal forest floor

after a time lapse of 180 minutes. The plantation soils had undergone compaction due to

excessive biotic interference.

Balagopalan er u/. (1992) studied the physical properties of soils in monocultures of teak

(T. grandis) and cucalypt (E. !erericornz'.s'. uncoppieed and coppiccd). and mixed stands of

teak and bombax (Bombax ceibu /B. malabaricumil) in Thrissur Forest Division, Kerala.

They found that the differences in physical properties were negligible. Chavan er al.

(1995) studied the effect of forest tree species vizi. '1‘. grandis, Terminalia romemosa.

Pongamia pinnata, G. arborea, eucalypt, Acacia aurz'cuZiformi.s', and (..'a.vuarina

equisetrfolia on properties of lateritic soil [Maharashtra] and concluded that there was no

change in soil physical properties.

Okoro er al. (1999), on comparing the soil physical properties of some monoculture

plantations (T. grandis. '1'. ii~'0rens:'s, Nauclea diderrichii and G. arboreai) in the lowland

rain forest belt of South-western Nigeria with that of natural forest found that the texture

of the soils were not affected by the respective plantation species. Amponsah and Meyer

(2000) studied soils of natural forests converted to teak plantations (21.3 -in 5.1 years) in

the Offinso and Juaso Forest Districts in the Ashanti region, Ghana and found that in the

0-20cm and 20-40cm depth, bulk density significantly increased.

9
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1.2.3.2. Chemical properties

The initial study on soils in teak plantations and adjacent natural forests showed no

substantial difference in the chemical properties (Champion, 1932). The problem noticed

was rapid laterization associated with teak cultivation (Davis, 1940). Griffith and Gupta

(1948) were of the opinion that laterization is of geological duration, and that it is a

primary process of weathering down of the parent geological rock to a laterite type. The

probable change taking place in the soil mass, after clear-felling and planting, might be

hardening of the laterite or the lateritic soil, in case the latter pre-existed in the locality,

and not its formation as suggested by some workers. Gupta (1956) also found little

change in the chemical nature of the soils in teak plantations. in particular. the Si();/R20,

ratio, which is the index oflaterization of soil.

The fear that monoculture teak plantations may lead to soil deterioration and consequent

reduction in site quality have led to a large number of studies on nutrient distribution,

litter production, its decomposition and its effects on soil. Chaubey er al. (1988) found

that litter production was 1.5-2.0 times greater in the teak plantations (20-23 year) than in

adjoining forest. Greater contents of nitrogen, phosphorus, potassium and calcium were

noticed in plantations than in forest litter, indicating a greater nutrient return in the

plantations. Annual leaf litterfall was higher in teak than in cucalypt (Singh er a1., 1993).

It was also observed that decay rate of the litter varied significantly both in the lield and

in the laboratory. Teak litter decomposed rapidly when compared to that of 1;‘.

tereticormls‘ (Singh er a/.. 1993; Pande and Sharma, l993a; Sankaran, 1993;

Mahanldrappa er a/., 2000; Panda and Swain, 2002). Exchangeable calcium and

magnesium were highest in soils incorporated with cucalypt leaf litter than soils with teak

(Maharudrappa er a!.. 2000).

When the chemical properties of soils in teak plantations of different age were studied, a

decrease in soil fertility was noticed in the older teak plantations (Jose and Koshi, I972).

Similar observation on decline in soil fertility in successive rotation teak plantations in

Kerala was also noted by Balagopalan and Jose (l982a). Alexander er al. (1981) found

that some of the soil properties showed a tendency to change in second rotation when

compared to first. Balagopalan and Jose (l982a) observed a decrease in soil organic
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carbon content and total nitrogen in second rotation when compared to the first. A

decline in soil organic carbon distribution in teak plantations when compared to natural

forests was also reported by Balagopalan and Alexander (1984).

Aborisade and Aweto (1990) studied the effects of exotic tree plantations of teak and

Gmelina on a forest soil in South-western Nigeria and found that the concentrations ol

total nitrogen. exchangeable calcium, magnesium and potassium were greater under

forest soil, but the concentrations of available phosphorus were similar under all three

ecosystems.

Balagopalan et a/. (1992) found that chemical properties of soils under monocultures oi

teak (T. grandis), eucalypt (1.5. Iereticornis, uneoppieed and coppiced), and mixed stands

of teak and bombax (B. ceiba [B. ma1abaricum]) in Kerala differed between plantations.

Relatively low values for pll, organic carbon, exchangeable bases and exchange acidity

were observed in monoculture teak and eucalypt (uneoppieed and coppiced) compared to

those in mixed plantations.

Marquez er al. (1993) studied the effect ofa teak chronosequence (in 2-. 7- and 12- year

old plantations) on soil properties in the Ticoporo Forest Reserve, Venezuela. Calcium

and magnesium contents, pl-I and cation exchange capacity were significantly higher in

the soils of the l2-year-old plantation than in the younger plantations. The available soil

phosphorus concentration showed a significant decline with plantation age, while

potassium content showed little variation. They suggested the possibility that older teak

trees could take nutrients more cfiiciently from deeper soil horizons and return them to

the soil surface as leaf litter. The increase in soil nutrients observed could be a

consequence of leaf litter decomposition and further nutrient cycling. Pande and Sharma

(l993b) noted teak and sal conserved more nutrients than pine and eucalypt, and

conservation ofnitrogen and phosphorus was greater than that ofother nutrients.

Mongia and Bandyopadhyay (1994) measured soil properties under natural and mature

-plantations in South Andaman. India. Soil nitrogen, phosphorus, potassium, organic

carbon and pH were lower under teak, red oil palm (Elaeis spp.). padauk and rubber
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plantations than in natural forests. Litter production of teak plantations was nearly 53-59

per cent of that produced in natural forest and soil nutrient contents were correspondingly

lower. Chavan er al. (1995) studied the effect of forest tree species viz.. '1'. grarzdis.

T.t0ment0.s'a, Pongamia pinnara, G. arborea. eucalypt, /I. auricu1g'formi.s'. and (;'a.s'uarina

equisetzjolia on properties of lateritic soils in Maharashtra and concluded that there were

marked effects on the soil chemical properties compared with natural forest soils.

Organic carbon, available nitrogen, phosphorus and potassium increased significantly in

the surface layer. 'l'he cation exchange capacity and exchangeable cations also increased

due to the decomposition of organic matter added through leaf litter. ln general, the soils

under the forest cover showed higher nutrient status.

Salifu and Meyer (1998) evaluated the physico-chemical properties of soils associated

with logged forest and areas converted to teak in Ghana and found significantly higher

nitrogen and magnesium concentrations and organic matter contents in the surface soil

horizons under logged forest than in teak plantations. Phosphorus and potassium

concentrations were also significantly higher in logged forest. In B-horizons, higher

calcium content in soils of teak plantations was attributed to the active role of teak in

pedogencsis. Higher calcium content in soils of teak was also observed by Rathod and

Devar (2003b). 'l'his may be due to the higher content ofcalcium in teak leaf litter.

Okoro er al. (1999). on comparing the soil chemical properties of some monoculture

plantations (T. grandis, '1‘. 1'v0ren.s'i.s', Nauclea diderrichii and G. arborea) in the lowland

rain forest belt of South-western Nigeria with that of natural forest found that the

conversion of the natural tropical forest to monoculture species resulted in significant loss

of soil calcium and available phosphorus. However, the effective cation exchange

capacity, pH and magnesium content of the soils were not affected by the respective

plantation species. 'l'he soil organic carbon content was similarly not affected. A study by

Suwannaratana (l999) in 6, 32, and 50 year old teak plantations, a degraded teak forest

and a natural teak forest in Thailand recorded highest organic carbon content in the

natural teak forest and the lowest level in the 50 year old teak plantation (3.65 and 1.96

per cent, respectively).
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Amponsah and Meyer (2000) studied soils of natural forests converted to teak

plantations (21.3 Ti. 5.1 years) in Ghana and found that in the 0-20cm depths, soil organic

matter content, total nitrogen. available phosphorus, and exchangeable potassium.

calcium and magnesium significantly decreased in soils where natural forests were

replaced with teak plantations. Similar results were found for the 20-40cm soil depths.

Chamshama er a1. (2000) compared chemical properties of soils under first rotation teak

and natural forests at 'l‘an7.ania. The soil pH and exchangeable cations from the teak

plantations were not significantly different from those of the natural forests. The soil EC

within 0-70cm depth in the young plantations decreased by 24 per cent while in the semi

mature plantations, it increased by 36 per cent, compared with the adjoining natural

forests. In general, there was a decrease in total nitrogen in the young plantations but an

increase in the semi-mature plantations. In both young and semi—mature stands, there was

adecrease in available phosphorus.

1.2.3.3. Micro nutrients

Comparative study on soil mieronutrient status in natural forest and teak plantations are

rare although few woks on mieronutrient status of forest soils are available. Karia and

Kiran (2004) found that the soil mieronutrient content ofclosed teak forest, closed mixed

forest, open mixed forest, degraded forest and scrub in Gujarat was good. Micronutricnt

Status in a dry deciduous tropical forest and scrub jungle of Mettupalayam was recorded

by Thiyageshwari el al. (2006). Jianwei Li er ai. (2006) observed that manganese and

zinc in soils were depleted following the growth of a forest from seedling stage up to

thirty five years. They also observed that contrasting processes control the bio

availability of copper, zinc, manganese and iron in soils. Dhanya er al. (2006) compared

the mieronutrient content of 1“ , llnd, lll'd rotation plantations of comparable age and

Came to the conclusion that zine content in plantation soils decreased significantly with

rotation.
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1.2.3.4. Organic matter fractions

Replacement of natural forest with plantations of teak changes both the content and

nature of organic matter in soils. Balagopalan (1991) reported significant difference in

proximate constituents of organic matter in plantations and natural forest.

1.1.4. Soils in eucalypt plantations

The major limitations of tropical soils for short rotation tree crops are low nutrient

reserves and poor nutrient retention ability (Tiarks er a1., 1998). Short rotation results in

long term decline in soil organic carbon content, probably due to more frequent

plantation activities and disruption to the flow of carbon to the soil through litter

(Polglase er al., 2000; O’Bricn er al.. 2003).

1.2.4.1. Physical properties

Balagopalan (1987) observed increased gravel content and bulk density in plantations of

cucalypt when compared to natural forest. Soils in 15. Ierelicornis were found to have

greater accumulation of gravel and lower water holding capacity than those in the natural

forest in Thrissur, Kerala (Balagopalan and Jose, I993). On comparing the properties of

the top 30cm soil under plantations of 1- to 8- year old E. !ere!z'c0rm'.s' and adjacent

natural mixed broadleaved forest in the subtropical zone of the central Himalaya, Bargali

etal. (1993) noted that several soil physical properties (water holding capacity, porosity

and water content) decreased with increasing age, while bulk density increased. A

significant coarsening of texture and increase in bulk density was observed in 15.

camaldulenwls" plantations than under natural vegetation in Nigeria (Jaiyeoba, l995).

Balagopalan and Jose (1997) studied the effect of teak, eucalypt and rubber on soils in

Thrissur, Kerala and came to the conclusion that soils under eucalypt plantations were

highly compacted and had lower fine fractions than those of natural forest.

1.2.4.2. Chemical properties and macro nutrients

On comparing soils in l8—20Y old E. Iereticornis plantation with that 01°44-54 year old '1'.

grandis plantation, Singh er al. ( I990) noted that organic carbon, total nitrogen. available
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potassium, exchangeable magnesium and cation exchange capacity were highest in

eucalypt while exchangeable calcium was higher in '1'. grandis plantations. Bargali and

Singh (1991) studied biomass, productivity, nutrient status and nutrient cycling in 8 year

old E. rereticornis‘ plantation and Natural Sal forest in Uttar Pradesh and found that the

net nutrient uptake of E. reretzcornis was lower than that of natural forest. 'l‘hey also

concluded that this low nutrient demand will lead to lower nutrient cycling and poor

nutrient availability in future years, as any available nitrogen in excess of uptake is likely

to be lost by leaching or denitrification.

Sunita and Uma (1993) observed that organic carbon. nitrogen, phosphorus and

potassium contents of soils in 3-, 6-, and 9 year old plantations of E. rerelic0rm's is lower

than that of natural forest. On comparing the properties of the top 30cm of soil under

plantations of 1- to 8 year old E. lerelicornis, and the adjacent natural mixed broadleavcd

forest in the subtropical zone of the central Himalaya, Bargali er al. (1993) noted that soil

chemical properties, notably organic carbon, total nitrogen, phosphorus and potassium,

decreased as a result of reforestation with 1:‘. rererz'c0rm'.s" and further decreased with

increasing age of the plantation. Decline in soil fertility due to short rotation eucalypt

plantation was also reported by Balagopalan (1992).

A comparative study on the properties of soils in relation to vegetation types led

Balagopalan and Jose (1993) to conclude that soils in the natural forest have higher cation

exchange capacity, organic carbon, nitrogen, P205, K20. Cat) and Mg() contents when

compared to soils of natural forest. Lower nutrient concentration in soils of eucalypt

plantations when compared to soils of natural forest was observed by Bargali and Singh

(1995). They also noticed that concentration of nutrients was higher in soils of 25 year

old eucalypt plantations than in 8 year old plantations. ()n comparing the soils ol

evergreen forest and adjacent eucalypt plantations, Balagopalan and Jose (1995) found

that soils of eucalypt plantations had lower organic carbon, total nitrogen, cation

exchange capacity and total phosphorus contents. Jha er al. (1996) studied soil nutrient

changes under 5. 10, 15 and 20- year old eucalypt monocultures and natural sal forest in

Uttar Pradesh. They concluded that soil nutrient depletion was highest in 10- and 15- year

old eucalypt plantations than that in 5- and 20 year old eucalypt plantations. They
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attributed this pattern to faster mineralization of residual organic matter in live year old

plantations and increase of soil nutrients with age in 20- year old plantation.

O’ Connell el al. (1997) observed that, on poor sites common in the tropics, reduction in

soil nutrient status and stand productivity are likely to oc-cur. Substantial difference in

nutrient cycling was noticed among species used in tropical plantation by Binkley er al.

(I997). They observed that eucalypt return small amount of nutrients in litter fall

compared to natural forest.

1.2.4.3. Micro nutrients

Micronutrient disorders, especially boron, copper, iron, manganese and zinc, have been

recorded for eucalypt in nearly all the geographical regions where commercial plantations

have been established. Whilst micronutrient disorders are often induced by the

application of fertilizers containing only macronutrients, instances of primary boron

deficiency in China and copper deficiency in Australia have been recently documented.

Increasing records of micronutrient disorders in eucalypt plantations suggest that the

capacity of micronutrient to limit productivity has not been adequately recognized in the

past (Dell er al., 2002)

On studying the effect of E. camaldulensis on soil properties and fertility, Baber er al.

(2006) concluded that zinc, copper and iron decreased with distance from the tree in the

surface soil while manganese increased. In plantations of eucalypt, available iron

increased significantly with rotation. lligher iron availability in older euealypt plantations

than younger plantations was also reported by Sangha and Jalota (2005).

1.2.4.4. Organic matter fractions

A survey of literature pertaining to soil proximate constituents viz. fats and waxes, resins,

free sugars, hemicellulose, cellulose, lignin-humus and protein indicates that these

substances are probably the least studied of soil organic components. Soil organic matter

chemists have largely ignored these materials in preference to studies on true humie

materials. though they are known to affect many soil properties like aggregate stability,
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degree of wetting, solubility of soil nutrients and rate of decomposition and

mineralization of soil organic matter. Organic matter fractions are also, in tum, affected

by different soil properties. F or example, pH affects the decomposition of fats, waxes and

saccharides and adsorption of protein by kaolinite and montmorillonite. Decomposition

of cellulose and hemicellulose is also influenced by soil properties like temperature.

water content, aeration, nutrient availability etc (McLaren, I954; Armstrong and

Chesters. 1964; Greenland and Oades, 1975; Braids and Miller. 1975).

It has been reported that replacement of a natural forest by an exotic species brings about

radical changes in the nature of organic matter. For example, replacement of Sal by

eucalypt not only increased the content of carbohydrate in soils but also altered their

nature (Singhal and Dev, 1977). Higher content of hemieelluloses and lower content of

lignin, compared to sal, was also observed by Singhal and Sharma (1983).

1.3. Relevance and aims ofthe present study

Plantations are a significant component in tenns of area and revenue of Kerala Forest

Department. An area of about 57855 ha, which accounts for about 8.5 per cent of total

forest cover and 50 per cent of area under plantations is currently under teak in Kerala

(Nagesh Prabhu_ 2003). The second major plantation crop of Kerala is eucalypt, which

occupies 25 per cent of the plantation area. Thus, teak and eucalypt, together account for

75 per cent of plantation area in Kerala.

From the very beginning of plantation forestry, fear of soil deterioration in monoculture

plantations was expressed. Numerous studies in plantation soils. especially soils in teak

and eucalypt are available. However, a large number of these studies were attempts to

correlate soil properties with decline in productivity of plantations and with rotation

(Balagopalan and Jose, 1982a; Balagopalan and Alexander, I984). Others compared soils

in plantations with barren lands to assess the effect of afforestation (Jhorar er al., 1993;

Prathiban and Rai, 1994; Hosur and l)asog. 1995; Mapa, R. 8., 1995).

Reports indicate that site deterioration between and within rotation in teak posses a threat

to potential yield and sustainable management (Chacko, I998). In lieu ofthis, rotation on
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teak plantation has often been shortened. In India, the rotation age of teak has been

reduced from 70 years (Nair. 1998) while Thailand had reduced it to I6 years (Kaosa-ard,

I998) and Malaysia is practicing a I5 year rotation (Zakaria and Lokmal. I998, Arias.

2003). In India, questions about the advisability of retaining the 60 year rotation is being

raised (Nagesh Prabhu, 2003). Ilowever, the effect of shorter rotation on soils in teak

plantations cannot now be predicted in the absence of adequate data.

A study that traces the variation in physical and chemical properties and nutrient status oi

teak soils with age of plantations, till the end ofa rotation period is thus highly pertinent.

Such a study, with an adjacent natural forest as a reference stand will not only generate

information that will help us to understand the pattern of variation in soil properties, but

will also aid us in formulating better management strategies. The data generated by such

a study will be more useful if accompanied by information on soil changes following a

short rotation plantation crop. As cuealypt, a short rotation crop is the second major

plantation crop in Kcrala, it was chosen for the study.

Forest plantations are now fertilized to enhance their productivity. Ilowever, fertilization

in Indian context only means supply of macronutrients to plants. No thought is given to

the role of micronutrients in improving the productivity. Also, differential absorption

behaviors of various genotypes in the same soil are known to arise from differences in

plant root characteristics. The amount and composition of root exudatcs also influences

the availability of micronutrients to plants (Malewar, 2005). Thus, monoculture

plantations can also affect soil mieronutrient availability and in turn play a key role in

determining the productivity. No attempt has so far been made to study the variability in

micronutrients with age in plantations of teak and with rotation in plantations of eucalypt.

This is a pioneer study in this field.

The organic matter is the most important constituent of soil. It not only inlluences the

physical properties of soils but also affects the chemical properties. Organic matter in

soils is highly heterogeneous in nature and its composition depends upon the nature of

vegetation. Thus, replacement of natural forest by monoculture plantations may not only

change the quantity of organic matter in soils but also its quality. Thus, a comparison ol
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soil organic matter fractions in natural forest and plantations of teak and eucalypt will

enhance our understanding of these ecosystems.

In this context. a detailed study that evaluates the effect ofcontinuous growth of teak and

eucalypt on soil properties, macro and micro nutrient status and organic matter fractions

and comparing with soils of adjacent natural forests is highly relevant. This study thus is

intended

l) to compare the soil physical and chemical properties in teak of varying age

classes and eucalypt plantations of different rotations with those of natural
forest

2) to evaluate the micro nutrient status of soils in teak plantations of varying age

class and eucalypt plantations of different rotation with those of natural forest

3) to characterize and assess the soil organic matter (OM) fractions in these soils

4) to evaluate the impact of plantation activities on soils

1.4. Outline of the thesis

The thesis is arranged under nine chapters. The first chapter introduces the topic, reviews

the literature pertaining to the study and presents the aims and objectives of the study.

The second chapter briefly describes the study location. experimental design and

sampling methodology. The third chapter deals with physical properties of plantation

soils. The fourth and fifth chapters cover the chemical properties and macro- and micro

nutrient status in plantation soils. The organic matter fractions in plantation soils are

described in sixth chapter. First part of the seventh chapter presents the results of factor

analysis and the second part deals with fertility index of plantations. All these chapters

are self-contained with separate introduction, materials and methods and results and

discussions. A general discussion of the results is included in the eighth chapter. The

ninth chapter includes conclusions and summary. This is followed by the list ol

references cited and appendices.
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2.1. Introduction

The study was carried out in Kerala State which lies between 8° 18‘ and 12° 48’ N

latitude and 74° 52’ and 77° 22’ E longitude. It is a linear strip ofland, extending to about

560 Km in the south-western part of lndia, bordered by the Arabian sea in the west and

the Western Ghats in the east. lt is a land highly diversified in its physical features and

agro-ecological conditions. The undulating topography ranges from below the mean sea

level (MSL) to 2694m above MSL. The land is panoramic with forests and plantations

and picturesque with different landscapes and backwaters. The State is divided into four

agro-ecological zones vz'z., High range (750m above MSL), Highland (75-750m above

MSL), Midland (7.5- 75m above MSL) and Lowland (7.5m from MSL). The main source

of atmospheric precipitation is southwest and northeast monsoons and the annual average

rainfall for the state is 3000mm. June to October are the wet months while November to

May are relatively dry. Mean temperature is 27°C (20-42°C) and relative humidity ranges

between 64% (Feb.-March) and 93% (June- July) (Anonymous. 1997).

2.2. Location of study

The study was carried out in the South Indian Moist deciduous forest, teak and eucalypt

plantations in the highlands of Kerala (Plate l-3). Although it would have been ideal had

moist deciduous forest, teak and cucalypt plantations been in the same Forest Division

and in close proximity with each other; but such an ecosystem was not available.

However, in the Vazhachal Forest Division, there existed areas in which teak plantations

of different age classes and natural forest were in close proximity and the study on impact

of teak monoculture on soils was carried out in this Forest Division. Similarly, eucalypt

plantations of different rotations and natural forest were in close proximity in Thrissur

Forest Division and this area was selected (Fig. l).

The Vazhachal Forest Division is located in Thrissur District. Kerala State and extends

from l0°l0’ to 10°25‘ N latitude and 76“22" to 77°53’ ii longitudes. This Forest Division

spreads over an area of4l3.92 Kmz of which 150.64 Kmz is covered by evergreen forest.

118.69 Kmz by grassland, 60.09 Kmz by tea estates, 31.5 Km: by deciduous forest and
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29.04 Kmz by plantations ofdifferent species. The climate is tropical, warm and humid

The mean annual rainfall is 3321mm. The terrain is gently undulating.

The Thrissur Forest Division. also located in Thrissur District. Kerala State extends from

l0°20' to 10°45‘ N latitude and 76°05“ to 76°45’ F. longitudes. The Division has 299.46

Kmz of forest and 8585.24 ha. of plantations of which 2025.88 ha. is covered by eucalypt

plantations. The climate is tropical warm and humid. The area receives a mean annual

rainfall of2698mm. The terrain is gently undulating.

2.3. Experimental Design
There are several ways to evaluate the effect of continuous growth of teak and euealypt

on soils. Continuous monitoring of the changes in soils associated with plantation

activities of teak and eucalypt over a rotation period is often impractical. Alternately this

can be done indirectly

l) by assessing the rates ofchange for impact predictions or

2) by inference based on a chronosequence. or

3) by comparing disturbed areas toadjacent undisturbed areas.

Each one of these indirect methods makes different assumptions about the processes of

soil recovery. The first one assumes that relatively short time measurements of rate of

accrual and the dependence of these rates on pool sizes can accurately predict long term

changes. The second one assumes that chronosequence selected for the study differs only

in their age and underwent same succesional sequence and third one assumes that

disturbed and adjacent undisturbed sites were similar (Johannes and Tilman, 2000).

In the present study, second and third methods were used simultaneously. Changes in soil

properties in a chronosequence and comparison of the soil properties of units of

chronosequence with reference stand (natural forest) were studied for better results.
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2.3.1. Teak

To compare the soils in different age teak plantations with that of natural forest, age

classes were developed as base line. As the plantations were established by clearfelling

the natural forest, it can be assumed that initial soil conditions were similar. l--lence, any

variation in soil conditions in different age teak plantations can be ascertained to be the

net result of plantation activities and a time sequence is reconstituted. Plantations were

aggregated into four age classes w'z., 21-30, 31-40, 41-50 and > Sl years. As clearfelling

of natural forest for establishment of plantations stopped in l980’s, first rotation

plantation of l-l0 and l 1-20 year age class were not available. The history ofplantations

was collected from liorest Department records. Only plantations that were adjacent to. or

in close proximity with moist deciduous forest were selected for the study. It was also

ensured that plantations selected were those directly converted to teak from natural forest.

As plantations of all age classes satisfying the above mentioned criteria were not

available in one location, younger age teak plantations viz., 21-40 years were selected

from Karadipara and older age teak plantations vz'z., 41-50 and >51 years were chosen at

Athirapilly. Details of plantations are given in Table l. The moist deciduous forest

adjacent to the teak plantations was selected as a reference stand. For better comparison

and to minimize the variation in soil properties due to local factors, soil samples from

moist deciduous forest were collected from both locations.

Five sample plots. each of size 100m x l00m were laid out at random in natural forest.

each one separated from the other by 200m. The number of sample plots in each

plantation was in accordance with the area of the plantation. Sample plots, each of size

l00m x 100m were laid out for every 20 ha. lt was also ensured that a minimum of five

sample plots were laid out in each age class. There were 26 sample plots in teak

plantations and l0 sample plots in natural forest.

2.3.2. Euealypt

As eucalypt in Kerala is a short rotation crop, in order to study the long-term effects ol

plantations on soils, rotation, rather than age was selected as the criteria. To compare the

soils in eucalypt plantations belonging to different rotations with that of natural forest.
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second and third rotation plantations were selected. As clearfelling of natural "forest for

establishment of plantations stopped in l980’s, first rotation plantations were not

available for study. The history of plantations was collected from Forest Department

records. Only plantations which were adjacent to, or in close proximity with moist

deciduous forest were chosen. It was also ensured that plantations were those directly

converted to eucalypt from natural forest. The location of study was natural forest and

eucalypt plantations in Thrissur Forest Division. Eucalypt plantations were those located

at Chemenkandam, Marotichal and Olakkara. Among these, second rotation plantation

was at Olakkara while third rotation plantations were at Chemenkandam and Marotichal.

Among third rotation plantations, that at Chemenkandam was a third coppiccd one while

that at Marotichal was a replanted one. Thus, it was possible to study the effect of

coppiccd and replanted plantations on soils. All the plantations selected for the study

were of the same age (five years). The second rotation plantation at Olakkara was under

monoculture of eucalypts for the last 25 years, while the plantations at Chemenkandam

and Marotichal were under eucalypts monoculture for the last 32 years. Details of

plantations are given in Table l.Five sample plots, each of size 100m x 100m were laid

out at random in natural forest, each one separated from the other by 200m. Five sample

plots, each of size l00m x l00m were also laid out at random in each plantation. There

were l5 sample plots in the plantations.

2.4. Sampling Methodology

Three soil pits were dug in each sample plot. The size of the pits was 30cm x 60cm x

60cm. ()n gentle slopes, the pit was laid out along the direction of the slope. Soils were

collected from 0-20, 20-40 and 40-60cm depths from each pit. ln addition to this, soil

core samples up to a depth of 60cm were also collected from the same plots in order to

estimate the bulk density. A general view of the soil pits in Moist deciduous forest. and

teak and eucalypt plantations is given in Plate 4-5. Soil samples from the same depths in

aplot were bulked into one sample. This sample was placed on a polythene sheet and
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mixed well. It was then divided into four quadrants and the soils in two opposite

quadrants discarded. The remaining quadrant was again mixed well and the above

process repeated until the desired amount of composite soil sample was obtained. From

the oldest teak and eucalypt plantations and the adjacent natural forest, three surface

samples (0-15cm) were collected from each sample plot. The three surface samples were

also mixed together in a similar manner to form a composite sample. Thus, three

composite soil samples from different depths and a composite surface sample were

collected from each ofthese sample plots. A total of 188 soil samples were taken.

Soil samples were air-dried. cleaned off visible roots and ground. taking care not to break

the stones, using a wooden mortar and pestle and passed through a 2mm sieve to separate

the gravel from soil. The amount of gravel in each sample was recorded and the soil

stored in airtight containers for further analysis.
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Physical Properties



3.1. Introduction

Soil physical properties profoundly influence the growth and distribution oftrees through

their effect on moisture regimes, aeration, temperature profiles, chemistry and the

accumulation of organic matter (Dan. er‘ al., 2000). It has been reported by Evans (2000)

that the vegetation types and the management activities also influence soil physical

properties. Physical properties of soils in plantations and adjacent natural forests were

often compared and contrasted. though no universal trends were observed. The literature

in this lield has been reviewed in detail in the first chapter. This chapter presents the

gravel content. particle size separates, bulk density, particle density, pore space and

maximum water holding capacity of the samples measured during this study.

3.2. Materials and Methods

3.2.1. Gravel

One kg of air dried soil sample, cleaned oft’ visible roots, was ground. taking care not to

break the stones. using a wooden mortar and pestle and passed through a 2mm sieve to

separate the gravel lirom soil and weighed.

Gravel content  Weight ofthggravel
10

3.2.2. Particle-size separates

Particle-size separates were analyzed by International Pipette method as described by

Piper (1942). Twenty gram of soil was treated with 60ml of 6% hydrogen peroxide to

destroy the organic matter in the soil, and with 2O(iml oi‘ 0.2N hydrochloric acid (200ml

oi‘ LON hydrochloric acid diluted to lO00ml with distilled water) to remove calcium

carbonate stirred well and kept on a water bath l'or 30 minutes or until eliliervesccnce

ceases. The soil was washed until it was free ofehlorine (test with silver nitrate solution).

To this, 400ml distilled water, 8ml oi’.lN sodium hydroxide (40g in l()OOml distilled

water) and phcnolphthalein indicator was added. The whole suspension showed a pink

colour. The suspension was then stirred and transferred to a l000ml measuring jar and

the made up to the mark with distilled water. The temperature oi‘ the suspension was
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noted and contents shaken thoroughly with repeated inversions. At the end of Your

minute, 20ml ol‘ the suspension was pipetted out into a pre-weighed porcelain dish (W3)

from a depth oi’ 10cm from the surface and evaporated on a water bath. This was then

dried in an oven at 105°C and weighed after cooling (W1). This gives a measure of silt

and clay. The cylinder was shaken well and at the end of six hours, 20ml of suspension

was pipetted out into another weighed porcelain dish (X3). evaporated on a water bath

and dried in an oven at l05°C and weighed alter cooling (X1). This gives the amount ol

clay alone. The weight oil‘ silt was calculated by subtracting the weight of clay lirom that

of silt -+- clay Traction. The remaining suspension was decanted into beaker by repeated

washings. transferred to a preweighed dish (Y3), dried in an oven and weighed again

(Y|). lirom this the weight of sand fraction was calculated.

Per cent ofclay * silt = {W1 -W; —.Q.O064)* l000*l00
20 x 20

W| 1= wt. ofdish at-clay + silt +NaOll

W; -* wt. of empty dish

Weight oli sodium hydroxide alone *= 0.0064g

Per cent of clay  {ii ---X; -~ Q;Q06§1_)*lO00*lO0
20 x 20

X1 —' wt. oiidish at-clay +NaOH

X3 = wt. of empty dish

Per cent of sand LY; ----Y;g)* 100
20

Y| ‘-'" wt. ol'dish ' sand

Y3 '- wt. otiempty dish

Per cent ol‘ silt = (% of clay rt" silt) — (% ofelay)

3.2.3. Bulk density
Bulk density was calculated by the method described by Sankaram (1966). Bulk density

ol' soil indicates the degree of compactness of the soil and is defined as mass per unit
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volume. Bulk density varies with particle size distribution, organic matter content

mechanical composition and depth ofsoil.

Core sample technique was used for measuringt the bulk density of soils. The length and

diameter of the G.l core sampler were measured using vernier calipers. In the sample

plots. the core sampler was vertivally hammered into the soil to a depth of 60cm, marked

on the outside ol‘ the core sampler. The soil sticking to the outside of the core sampler

removed to enable easy withdraw] of the sampler along with the sample from the

field. The bottom of the sampler was covered with a lid to prevent the soil sliding from

the sampler and transported to the laboratory. The soil inside the core was pushed out

using a high-pressure pump into a hemicylindrical tray with markings at 0. 20, 40 and 60

cm. This cylindrical core of soil was cut at 20, 40 and 60cm and each sample was air

dried and weighed. The bulk density was calculated by using the formula

Bulk density (_g/cm3)  Soil wt. = Soil wt.
Core volume

Where r is the radius and l is the lenght oil‘ the core sampler.

3.2.4. Particle density

Particle density was calculated by the method described by Black (I965). Standard llasks

of 25ml capacity were washed with distilled water. dried and weighed. The llasks were ol

varying weights (Wu). Ten gram of soil was transferred to the flask and weighed

accurately (W5). The flask was then half filled with distilled water, by adding water

slowly through the sides oi‘ the cylinder, allowing it to soak the soil completely. The

cylinder was then boiled gently on a water bath and tapped intermittently to remove the

entrapped soil air. The llask was cooled to room temperature, filled up to the mark with

cool boiled water. wiped with lilter paper to remove any water sticking to the sides and

weighed (WSW), The flask was then emptied, washed and filled upto the mark with

distilled water, wiped with filter paper and weighed (WW). The particle density was

calculated using the formula

Particle density (g/cmi)  _jl')w_§_W$-W_¢_,)_] y .
’(Ws'Wzi) " (wstx-"'Ww')
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Where D‘, -= density of water

W5 = weight of llask + soil

Wu: weight of flask

W5“  weight oi‘ llask-+s0il+ water

W... = weight of flask + water

3.2.5. Pore space

The per cent pore space is an important soil physical property and indicates the soil

volume occupied by soil air or soil water. Pore space (Sankaram, I966) was calculated

from bulk density and particle density values as described below

Pore Space ~-—» l-(BD/PD)* 100

Where Bl) === Bulk Density

Pl) T" Particle Density

3.2.6. Maximum water holding capacity
Maximum water holding capacity was calculated by the method described by Sankaram

(I966). A plastic container of 8cm diameter and 9.5cm height, with holes drilled at the

bottom was taken. Whatmann filter paper (No. 1) ol‘ appropriate size was placed at the

bottom of the container so as to cover the holes. The container with lilter paper was

weighed (Wa). Soil was gently poured into the container to fill it, tapped 20 times from a

height of 2cm and weighed (Wb). This was then kept overnight in a trough with sufficient

water to saturate the soil. The excess water was drained and the weight determined (WC).

The maximum water holding capacity was calculated using the formula

Max. WHC (%) " (weight ol'saturated_s_oi_ly — weight of dryHsgoilL_>5 lO0
weight of dry soil

Where. weight of saturated soil = (WC - Wa) and weight ofdry soil "— (W1, - Wu)
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3.2.7. Statistical analysis

From the data, both mean values and relative mean values were calculated. ln order to

calculate the relative mean values, the mean values of control stand i.e. natural forest was

assigned a value of hundred and the relative mean values of plantations were found out

and expressed as

Relative mean values -"-'- (mean values of plantations x 100)/mean values of natural forest)

lt was thus possible to compare plantations which differed in their reference stand

(Mishra er 01., 2003).

AN()\/A was done for each location and for each depth level separately for comparing

between vegetation. To study the soil changes over time, ANOVA was done for each age

class and depth level. If the analysis of variance was found to be significant, Least

Significant Difference was used for pair wise comparison. The analysis was carried out

using SPSS software package (Norusis. 1988).

3.3. Results and Discussion

The mean values of soil physical properties in plantations of teak and natural forest are

depicted in "fable 2 and those of eucalypt and natural forest are given in Table 3. Analysis

of variance (ANOVA) of soil properties due to vegetation type are presented in

Appendices l to 12. ANOVA between soils of natural forest and different age class teak

plantations and those of the natural forest and different rotation eucalypt plantations are

given in Appendices 13 to 25.

3.3.1. Gravel

3.3.1.1. Teak

Gravel contents in plantations of teak ranged from 4.0 to 50.0 per cent in different depths

while the variation in natural forest was from 2.0 to 21.0 per cent. In natural forest and

plantations, gravel contents increased with depth except in 3l-40Y age class teak

plantation, where no trend was observed.
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Gravel contents in the 0-20cm depth in plantations differed significantly from natural

forest. Mean gravel contents in the 0-20cm depth among plantations varied from 10.9 to

12.9 per cent. The relative mean gravel contents in this depth decreased with age, higher

values being observed in younger plantations. The difference between gravel contents in

older plantations and natural forests was less than the difference between younger

plantations and natural forest.

A clear trend could not be identified in the 20-40 and 40-60cm depths. ln the 20-40cm

depth, the mean gravel contents in plantations varied from 14.0 to 20.7 per cent. The

younger age class plantations, vir.., 21-3OY and 31-4OY, showed significantly higher

gravel contents than those in the natural forest. There was no significant difference

between gravel contents in older age class plantations and natural forest. In the 40-60cm

depth, the mean gravel contents lay between 14.8 to 24.1 per cent. Gravel content in

youngest age class plantation was significantly higher than in natural forest. ln all the

other plantations. no significant difference was observed.

Mean values for gravel contents in the 0-60cm depth in plantations varied from 14.4 to

19.2 per cent. The gravel contents generally decreased with age, although in >50Y age

class plantation, this was not observed. The highest mean gravel content  recorded in

the youngest age class plantation. Higher gravel contents were recorded in plantations oi

31-40Y, 41-SOY and >50Y age class than. those in the natural forest. The difference was

significant in younger age class plantations, 2]-30 and 31-40Y. Balagopalan (l995a_._ b)

reported higher gravel content in teak plantations relative to natural forest. In these

studies. only one age class teak plantation (2l~30 year) was studied in different locations

in Kerala and hence the present observation in different age class plantations cannot be

compared in tote.

3.3.1.2. Euealypt

Gravel contents in eucalypt plantations varied from 11.2 to 34.3 per cent in different

depths whereas in the natural forest. the values ranged from 3.8 to 25.6 per cent. The

gravel contents in soils were found to increase with depth in the natural forest. However,

this trend was not clearly discernible in plantations of eucalypt.
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ln the 0-20cm depth, plantations recorded significantly higher amounts of gravel than

those in the natural forest. The mean gravel contents in plantations ranged from l4.l to

19.1 per cent. There was significant increase in the gravel contents with rotation. The

mean gravel contents in second, third and third rotation replanted plantations were greater

than those in the natural forest by 140. 223 and 180 per cent, respectively. There was no

significant difference in gravel contents between third rotation coppiced and replanted

plantations. Balagopalan (1992. 1995b) also recorded lowest values in moist deciduous

forest when compared with eucalypt plantations under different rotations in a different

locations.

The mean gravel contents in plantations were higher than those in the natural forest in the

20-40cm depth. The mean gravel contents in plantations ranged from 17.8 to 23.3 per

cent. The relative mean values in second and third rotation and third rotation replanted

plantations were 148, 125 and l l3 per cent, respectively.

ln the 40-60cm depth. mean gravel contents in plantations varied from 20.0 to 23.2 per

cent. The plantations had lower gravel contents than those in the natural forest. The

relative mean values for gravel in second and third rotations and third rotation replanted

were 100, 91 and 86 per cent, respectively. ln general, no significant difference in gravel

contents was observed between natural forest and plantations at 20-40 and 40-60cm

depth, though a significant difference was observed between natural forest and second

rotation eucalypt in 20-40cm.

A significant increase in gravel content was observed generally in eucalypt plantations

compared to natural forest in the 0-60cm depth. All the plantations recorded higher

gravel contents than natural forest and the difference was significant between natural

forest and second rotation and third rotation coppiced eucalypt plantations. In the second

and third rotation plantations, the gravel contents were very close to each other. The

relative mean values for gravel in second rotation, third rotation and third rotation

replanted were 135, I36 and 121 per cent, respectively. Significantly higher gravel

contents in plantations were reported by Balagopalan (1987) in successive rotation
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eucalypt plantations while the observation of Balagopalan and Jose (1993) was limited to

a first coppiced plantation. However, there was no study in third rotation replanted area.

3.3.1.3. Comparative evaluation

When the effect of monoculture plantations on soils  a whole was studied, it was

observed that soils of plantations had higher gravel contents than natural forest. Similar

findings were also reported earlier by Balagopalan and Jose (1993) and Balagopalan

(l995b). lt was noted that in the top 20cm soil depth, gravel contents increased with

rotations though the difference was not significant. When soils under plantations of teak

and eucalypt over similar periods were compared, it was observed that in the 20-30 year

period (2“d rotation), soils under eucalypts had lower relative mean gravel values than

those under teak (240 per cent and 262 per cent, respectively). But, when soils under

plantations of 30-40Y period (3“l rotation) were considered. it was noticed that relative

mean values for gravel contents in plantations of eucalypt were higher than those in teak

(260 and 323 & 280 per cent, respectively). As large scale eucalypt plantations were

initially established during the period 1970-80, it was not possible to study the soils

which were under eucalypts for more than 40Y. lligher gravel content in eucalypt soils

relative to teak was earlier reported by Balagopalan (l995b) and Geetha and Balagopalan

(2005b). In both these eases, only one plantation of teak was compared with eucalypt

plantations. ln the present study. soils in teak and eucalypt plantations for the same period

were compared and it was noticed that though initially. the relative mean gravel contents

were higher in teak plantations, later more gravel contents were found in eucalypt

plantations.

The very process of plantation establishment, which involves elearfelling of natural

forest, exposes the soil to disruptive forces of nature like wind, rain and sunlight. The

balance in natural climax forest is disturbed (Geetha and Balagopalan, 2005a). The loss

of soil cover (accumulated litter). canopy cover and undergrowth, coupled with

disturbances at the time of burning the slash and the site preparation for establishment oi‘

plantation causes accelerated soil erosion. During erosion, the top soil is most susceptible

to loss. ln some cases, the subsurface layer is exposed to the surface. In an alternative
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scenario, gravel would be left behind and fine particles lost from the surface. Both these

processes lead to higher gravel contents in plantation soils. Due to longer rotation period

of teak plantations. as the plantations grow old, accumulation of the litter on the ground.

partial canopy closure and the growth of under-story in plantations lead to decreased rate

of erosion which translates into a general trend of decline in relative gravel per cent with

age. This trend is more clearly visible in the 0-20cm depth, which is the layer most

affected by plantation activities.

The decline in gravel per cent with age observed in teak were not observed in eucalypt

plantations. This is because eucalypt being a short rotation crop (7 to IO years), repeated

exposure of soils to adverse environmental factors are more frequent. Similar observation

was made by Balagopalan (1992). Teak being a long rotation crop, soil has an

opportunity to recuperate and as a result, gravel content in older teak plantations and

natural forest were not signilicantly different from each other in the 0-60cm depth.

3.3.2. Particle size separates
3.3.2.1. Teak

Soils in younger age teak plantations and natural forest were sandy clay loam while in

older teak plantations. the soils were sandy loam. As the plantations were established

after clearfelling natural forest, it can be assumed that soils in the plantations were

initially similar to those in the natural forest. It was also noticed that the soil texture did

not vary with depth in the natural forest. After clearfelling and during the initial years oi

establishment of plantations, the soils were exposed to the environmental factors. In the

younger plantations, periodical thinning, both mechanical and silvieultural, expose the

soil. These might have led to the loss of surface layer, exposing the subsurface layer. As

both surface and subsurface layers were of the same textural class, no apparent difference

in the texture was immediately noticed, though an increase in gravel was observed. In

older teak plantations, even though erosion continues, it is not as intense as in the

beginning due to partial canopy closure, presence of litter, undergrowth etc. As a result,

rather than the complete loss of topsoil, continuous loss of liner particles was noted in

older plantations. This incessant loss of liner particles results in the change of textural
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class from sandy clay loam to loamy sand in older plantations. 'This finding is at variance

from the conclusions of Okoro el al. (1999, 2000) who observed that the texture of the

soils was not affected by the respective plantation species but agrees with the findings of

Balagopalan ( 1995b).

3.3.2.2. Eucalypts

Soils of euealypt plantations were loamy sand while in natural forest, the soils were

sandy loam. Initially, the plantations were established after clearfelling natural forest, and

during the early years, the soils were exposed to the environmental factors resulting in the

loss of top soil and fine fractions from the subsurface layers. As eucalypt is a short

rotation crop, the soils were exposed to the vagaries of nature more frequently, w'z., every

7-10 years. Moreover, lack of undergrowth and incomplete canopy closure due to the

conical nature enhances soil erosion. Soils were also disturbed severely during

harvesting. The resultant incessant loss of liner particles leads to a change of textural

class from sandy loam to loamy sand. A change in textural class viz., from loam to loamy

sand was reported by Balagopalan (I992) and a significant coarsening of texture was

observed in 1:‘. camuldu!cn.s'is plantations than under natural vegetation in Nigeria

(Jaiyeoba, 1995).

3.3.2.3. Comparative evaluation

The study has conclusively demonstrated that soils under plantations, whether teak or

euealypts, have higher amount ofcoarse fractions and lower amount of line fractions than

under natural forest, consequent to the plantation activities. Higher coarse fractions in

plantation soils were also reported by Balagopalan and Jose (1997) and Rathod and

Devar (2003a).

3.3.3. Bulk density
3.3.3.1. Teak

Bulk density values in teak plantations were generally higher than in natural forest. The

values ranged from 0.97 to l.28gcm's* in the plantations and in the natural forest. the

values varied between 0.97 and l.25gcm'3.
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Bulk density values in all the plantations were significantly higher than those of natural

forest in the 0-20cm depth. At this depth, an increase in mean bulk density values with

age in younger plantations was Followed by a decrease in older plantations and then

stabilization at the lowered values. The mean values for bulk density in older plantations

vz'z.. 41 -50Y and >50Y were nearly similar. The relative mean bulk density values for 2I~

30Y. 31-40Y, 41-50Y and >50Y age classes were 112, 118, 107 and 106 per cent,

respectively. The mean bulk density values were in the range 01‘ 1.04 to l.19gcm’3.

linhanced bulk density values in a teak plantation in Nigeria was reported by Aborisade

and Aweto (1990). A similar finding was reported by Balagopalan (1995b) from Kerala.

However, in the present study an interesting observation was the decrease in relative bulk

density values in older plantations.

In the 20-40cm depth, the mean bulk density values ranged from 1.04 tol.18gcm'3. The

pattern of variation in this depth was same as that of the previous depth. The relative

mean values ofbulk density in the 21-30, 31-40, 41-50 and >50Y age classes were 107.

1 12, 103 and 103 per cent, respectively.

In the 40-6()cm depth, no definite trend in bulk density values was diseernable. The

relative mean bulk density values lior 21-30Y, 31-40Y, 41-50Y and >50Y age class

plantations were 103, 99, 103 and 101 per cent, respectively and the mean bulk density

values varied between 1.03 to1.15gem'3. Amponsah and Meyer (2000) also reported

significant increase in bulk density values in soils of natural forests converted to teak.

In the 0-60cm depth, there was not much variation in the bulk density values in the

natural forest and plantations. The highest relative mean value for bulk density was

recorded in 31-40Y age class plantation and the lowest value was recorded in the oldest

age class viz., >50Y. The difference was significant in 31-40Y age class plantations. The

relative mean values of bulk density in the 0-60cm depth for 21-30, 31-40, 41-50 and

>50Y age classes were 107, 109, 105 and 104 per cent, respectively and the mean bulk

density values varied from 1.00-1.I6gcm'3 . Increased compaction in teak plantations was

also reported by Jose and Koshi (1972). Amponsah and Meyer (2000) and Rathod and
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On studying the soils in the 0-60cm depth, it was observed that plantations recorded

higher bulk density values than natural forest and the difference was significant in all

plantations. Bulk density values in the third rotation plantations were very close and did

not differ significantly from each other. The mean bulk density values varied from 1.l4

to l.2lgcm'3. The relative mean values for second rotation, third rotation eoppiced and

third rotation replanted plantations were 114. lll and 107 per cent, respectively.

Balagopalan and Jose (1993) and Jaiyeoba, (1995) also found increased compaction in

plantations ofeucalypt compared to natural forest. But the extent of increase varied.

3.3.3.3. Comparative evaluation

Soils of both teak and eucalypt plantations were more compacted than natural forest.

Similar observations were made by Jose and Koshi (1972), Ram and Patel (1992),

Bargali er al. (l993i), Jaiyeoba (I995). Balagopalan and Jose (1997), Amponsah and

Meyer (2000) and Rathod and Devar (2003a). ln the natural forest, the bulk density

values increased with depth. A similar trend was not generally observed in plantation

soils.

Mechanical compaction of the soils during clearfelling of natural forest and also during

the initial stages of plantation establishment may be responsible for higher compaction in

plantation soils. lt was also noticed that difference between the bulk density values of

natural forest and plantations was most pronounced in the surface. This could be due to

the loss of loose surface soil due to plantation activities.

When soils, in plantations of teak and cucalypts, over similar periods were compared. it

was observed that in the 21-30 year period, soils under cucalypt were more compacted

than teak. During the 31-40Y period, both the plantations had similar increase in bulk

density values.

In the 0-20cm depth, both plantations had higher bulk density values than natural forest.

During the 21-30Y period, soils in eucalypt plantations recorded a l7 per cent rise in

mean bulk density against the 12 per cent rise observed in teak. Higher compaction (30

per cent) in soils of euealypt compared to teak was reported by Balagopalan (l995b).
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However, during the 3l-40Y period, lower mean bulk density values were recorded in

plantations of eucalypt than in teak. ln the 20-40cm depth, the same pattern of variation

was observed. When the soils of 0-60cm depth as a whole was considered, greater

compaction was observed in plantations of eucalypts than teak. In the ease of eucalypt

plantations, shorter rotation period results in more frequent exposure of soil to the

environmental forces without sufficient time for the soil to recuperate. This may be

responsible for the greater compaction in eucalypt than teak.

Mean bulk density values in all the teak plantations were significantly higher than those

in the natural forest in the 0-20cm depth. At this depth, an increase in bulk density values

with age in younger plantations was followed by a decrease in older plantations and then

stabilization at the lowered values. Mechanical compaction and enhanced erosion during

clear felling followed by periodic silvicultural thinning in the initial years of plantation

establishment might be responsible for the higher compaction in younger teak plantation

soils. As the frequency and extend of disturbance to soil decreases with the age of the

plantation, compaction decreased in older teak plantations.

3.3.4. Particle density
3.3.4.1. Teak

Particle density values in plantations varied from 2.32-2.68gcm'3 while in natural forest

the values ranged from 2.22 to 2.55gcm'3. No definite relationship was observed between

particle density values and depth in the soils of natural forest and plantations. ln the

0-60cm depth, there was not much variation in the particle density with age. Mean

particle density values varied from 2.40-2.53gcm'3. The highest relative mean particle

density value was reported in the 3l-40Y age class plantation and the difference from

natural forest, though small, was significant.

When the soils in the 0-20cm depth were studied, it was observed that the particle density

values in plantations and natural forest were very close. Mean pE1I'llClC density values

varied from 2.42-2.52gcm‘3. The relative mean values of 21-30. 31-40. 41-50 and >50Y

age class plantations were 103,106,105 and 106 per cent, respectively.
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ln the 20-40 and 40~60em depths, no definite trend was seen. The mean particle density

values ranged from 2.38-2.52gcm'3 in 20-40cm depth and in 40—60cm depth, the values

varied from 2.41-2.55gcm'3. The relative mean particle density values in the 21-30Y, 31

40Y, 41-50Y and >50Y age class plantations, in the 20-40cm depth were 100, 104, 102

and 104 per cent, respectively. ln the 40-60cm depth, the corresponding values were 104.

107, 105 and 103 per cent, respectively. This showed that there was not much variation in

particle density values in plantations when compared with natural forest. A study by

Balagopalan and Jose (1993) on soils in teak plantations and natural forest also found that

particle density values in plantations were very close to those in the natural forest.

3.3.4.2. Eucalypts

Particle density values in plantations varied from 2.02 to 2.63gcm'3 while in the natural

forest, the values were in the range of2.13 to 2.60gcm'3. Particle density values were not

found to vary with depth in either soils of natural forest or plantations. The mean particle

density values in cucalypt plantations did not differ significantly from natural forest in

the 0-20cm depth. The values in plantation soils varied between 2.30 to 2.42gcm'3. The

relative mean values for second rotation, third rotation and third rotation rcplanted

plantations were 104, 101 and 98 per cent, respectively.

ln 20-40cm depth, the mean values ranged from 2.31 to 2.56gcm'3. The relative particle

density values in the second rotation plantation was 17 per cent greater than that in

natural forest while that in the third rotation and third rotation rcplanted plantations were

greater than natural forest by nine and six per cent, respectively. However the difference

from natural forest values was non significant.

In the 40-60cm depth, the mean particle density values ranged from 2.32 to 2.55gcm'3.

But, no definite relationship was observed between particle density values and rotation.

The relative particle density values for second rotation, third rotation and third rotation

rcplanted plantations were 103, 96 and 94 per cent, respectively.
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In the 0-60cm depth. the mean values of particle density in plantations of eucalypts

varied from 2.31 to 2.5lgcm'3. The relative mean values of particle density for eucalypt

plantations of second rotation, third rotation eoppiced and third rotation replanted were

108. 99 and 103 per cent, respectively. Particle density values in second and third rotation

eucalypt plantations were very close to natural forest in 0-20, 20-40 and 0-60cm depths.

Similar findings were reported by Balagopalan and Jose (1993) by comparing the soils in

a plantation ofeucalypt with those of natural forest.

3.3.4.3. Comparative evaluation

The study clearly showed that particle density values of soils in plantations of both teak

and eucalypts are not affected by plantation activities. The mean values for particle

density ofthc soils in plantations and natural forest were very close.

3.3.5. Pore space
3.3.5.1. Teak

In the natural forest, pore space decreased with depth. On the other hand, in the teak

plantations, a clear relationship between pore space and depth was not seen. This could

be due to greater disturbance to the soils in plantations.

Pore space values in plantations varied from 47.4 to 60.0% while in natural forest the

values ranged from 50.6 to 59.9%. Pore space values in the younger age teak plantations

were significantly lower than natural forest in the 0-20cm depth. No significant

difference in pore space was observed between soils in the older age class teak

plantations and natural forest. lt was also observed that, in this depth, pore space initially

decreased and then increased with age. The same pattern was also observed in the 20

40cm depth, although the difference was not significant. In 0-20cm depth. the relative

mean values of pore space in 2l-30Y_, 31-40Y, 41-50Y and >50Y age class plantations

were 94, 92, 99 and 99 per cent, respectively. The corresponding values in the 20-40cm

depth were 95. 94. .99 and I00 per cent. respectively. Mean values of pore space in the 0

20cm depth varied between 52.8 to 57.5 per cent and in the succeeding depth, the values
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ranged from 53.2 to 57.1 per cent. There was no definite pattern or significant difference

between teak plantations and natural forest in the 40-60cm depth. Mean pore space values

in the 40-60cm depth varied from 53.8 to 57.7 per cent and the relative mean values in

the 21-30Y, 31-40Y, 41-SOY and >50Y age class plantations were 101,106, 100 and 102

per cent, respectively.

When soils in the 0-60cm depth in different age class plantations were studied. it was

observed that, pore space increased with the age of the plantations and in the oldest age

class. the values were close to that of natural forest. and the difference was non

significant. The relative mean values of pore space in the 21-30Y, 31-40Y, 41-50Y and

>50Y age classes were 96, 97, 99 and 100 per cent, respectively. Mean pore space values

in the 0-60cm depth varied from 53.8 to 57.4 per cent. Lower pore space values in

plantation soils were reported by Geetha and Balagopalan (2006). However, these studies

were restricted to a single plantation of teak and adjacent natural forest and did not report

the decrease in compaction seen in older plantations.

3.3.5.2. Euealypts

Pore space values in plantations varied from 48.3to 55.1% while in natural forest the

values ranged from 49.9 to 61.3%. A significant decline in pore space values in

plantation soils relative to natural forest was seen in 0-20cm depth. The relative mean

values for second rotation, third rotation coppiced and third rotation replanted plantations

were 91. 90 and 90 per cent, respectively. No significant difference was observed

between pore space values of natural forest and plantations in the 20-40 and 40-60cm

depths. The relative mean values for second rotation, third rotation coppiced and third

rotation replanted plantations were 99, 96 and 100 per cent, respectively in the 20-40cm

depth. The relative mean value for pore space in the plantations in 40-60cm depth was 97

per cent.

Soils in all the plantations of eucalypts had significantly lower pore space values than

natural forest in 0-60cm depth. The relative mean values for second rotation, third

rotation and third rotation replanted plantations were 96, 94 and 95 per cent, respectively.

Lower pore space values in plantation soils were reported by Balagopalan and Jose
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(1993) and Bargali er al. (1993). The study by Balagopalan and Jose (1993) was

restricted to a single plantation of eucalypt and adjacent natural forest while that of

Bargali er at. (1993) was limited to a single rotation.

3.3.5.3. Comparative evaluation

In natural forest. pore space values were found to decrease with depth. However, such a

pattern oi‘ variation could not be observed in plantations oi‘ eucalypts or teak. Soils of

natural forest are undisturbed; on the other hand in plantations, the disturbance to soil is

much greater, hence the absence ota definite pattern.

A significant decline in pore space values was observed in the 0-20cm depth in both

plantations. In the 0-60cm depth, pore space in soils ol‘ natural forest and plantations of

teak were not significantly ditTerent from each other. On the other hand, in cucalypt

plantations, a significant decline was observed. ln the 2l-3OY period, a 10 per cent

lowering ol’ mean pore space values was observed in eucalypt plantations. During the

same period, soils in teak plantations recorded six per cent lower values. During the 31

40Y period, mean pore space values in plantations of eucalypts was lower than natural

lorest by l0 per cent while in teak. the difference was 8 per cent. Lower pore space in

plantations of eucalypt compared to teak was previously reported by Balagopalan and

.lose (1993) and Bargali er ul. (1993). The study of Balagopalan and Jose (1993) was in a

single plantation each of teak, eucalypt and adjacent natural forest. Pore space values

were significantly and negatively correlated with bulk density.

3.3.6. Water holding capacity
3.3.6.1. Teak

Water holding capacity decreased with depth in natural forest. However, such a specific

pattern of variation was not observed in plantations of teak. This could be due to the soil

disturbance in plantations. In natural forest, water holding capacity varied from 46.3 to

55.6 per cent while in plantations, the values varied between 36.2 to 55.7 per cent.
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Mean values ol‘ water holding capacity in plantations of teak varied from 43.1 to 47.8 per

cent. A significant decline was noted in plantation soils compared to natural forest in the

0-20cm depth. In plantations, the values initially decreased and then increased with age.

The lowest value for relative water holding capacity was recorded in 31-40Y age class

plantations. The relative mean values in 21-30Y, 31~40Y, 4l~50Y and >50Y age class

plantations were 89, 84, 89 and 87 per cent, respectively.

Relative mean values of water holding capacity of soils in the 20-40cm depth was lower

in younger age class plantations than in older plantations. The values in the younger teak

plantations were significantly lower than natural forest. Mean water holding capacity

values varied between 45.6 to 48.2 per cent and the relative mean values For 21-30Y. 31

40Y, 41-50Y and >50Y age class plantations were 91, 90, 98 and 96 per cent,

respectively.

ln the 40-60cm depth, mean values for water holding capacity varied between 43.0 to

49.9 per cent and the relative mean values in the 21-30Y, 31-40Y, 41-50Y and >50Y age

class plantations were 96, 87, 97 and 101 per cent, respectively. Water holding capacity

values were found to initially decrease and then increase with age. Soils in older teak

plantations and natural Forest had similar water holding capacity values.

When water holding capacity of soils in the 0—60cm depth was considered, it was

observed that mean values varied between 43.9 to 48.0 per cent. A significant lowering ol‘

water holding capacity relative to natural forest was observed in the 21-30Y and 31-40Y

age class plantations. In older teak plantations, the difference was non significant. The

values in plantations initially decreased and later increased with age and stabilized in the

older plantations. The highest relative mean value was recorded in the oldest age class

(95 per cent). Plantations of 21-30Y, 31-40Y and 41-50Y age classes showed relative

mean values of 92, 86 and 94 per cent, respectively. Dagar el al. (1995) and Geetha and

Balagopalan (2005b) also reported lower water holding capacity in soils oi‘ teak

plantations relative to natural forest. These studies were limited to a single plantation of

teak and as such provide no information about variation of water holding capacity with

age.
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3.3.6.2. Eucalypts

A decrease in water holding capacity values with depth was observed in soils of natural

forest while in plantations of eucalypt, this trend was not observed. Water holding

capacity values in the natural forest soils were significantly higher than those in the

eucalypt plantations in all the three depths. Water holding capacity values in natural

forest varied from 46 -58 per cent while in eucalypt plantations. the variations were from

40 to 54 per cent.

In the 0-60c-m depth, the relative mean water holding capacity values in the second

rotation, third rotation eoppiced and third rotation replanted plantations were 91, 95 and

95 per cent, respectively. 1t was observed that water holding capacity values in plantation

soils were significantly lower than those in the natural forest in the 0-20, 20-40cm and 0

60cm depths. The same trend was also observed in the 40-60cm depth, though the

difference between second rotation and third rotation plantation was not significant.

The relative mean water holding capacity values in the second rotation, third rotation and

third rotation replanted plantations in the 0-20cm depth were 87, 93 and 95 per cent,

respectively. The relative mean water holding capacity values in the 20-40 and 40-60cm

depths in the second rotation, third rotation and third rotation replanted plantations were

93. 97 and 94 per cent and 93. 98 and 96 per cent, respectively. A significant decrease in

water holding capacity of plantation soils compared to that of natural forest was also

reported by Balagopalan and Jose (1993. 1995) and Bargali er al. (1993).

3.3.6.3. Comparative evaluation

A decrease in water holding capacity values with depth was observed in natural forest

whereas in the plantations of teak and eucalypt, such a pattern was not seen. Both the

plantations had lower water holdi_ng_eapaeity values than natural forest. Balagopalan and

Jose (1993, 1997) and Geetha and Balagopalan (2005b) recorded similar findings in a

single teak and eucalypt plantations.

lt was reported by Balagopalan (1987) that soils in teak plantations had slightly lower

water holding capacity than in eucalypt plantations of different rotation. ln the present
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study the comparison was made between teak plantations of different age classes and

eucalypt plantations of different rotations and it was seen that there is a decreasing trend

in younger plantations and an increasing trend in older plantations. In the eucalypt

plantations, no definite pattern was seen.
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Chemical Properties



4.1. Introduction

ln forest ecosystems, trees affect soil properties through several pathways. They are paths

through which nutrients cycle and sites for the accumulation of nutrients within a

landscape (Rhoades. 1996). Monoculture plantations differed from natural forest in

quantity of litter. nutrient content and rate of decomposition (Singh el u!., 1993; Pande

and Sharma, l993a; Pande and Sharma, l993b; Sankaran, 1.993; Maharudrappa et al..

2000 and Panda and Swain. 2002). Thus surface soils with similar soil parent materials,

ground cover and topography but with different vegetation types were found to differ in

their soil properties (Singh er ul., 1988). The conversion of natural forest to monoculture

plantations affected the chemical properties and nutritional status of soils (Mongia and

Bandyopadhyay. 1992a; Balagopalan 1995a; Dagar er al., 1995; Michelsen er al., 19.96;

Joshi er 01., 1997; Lian and Zhang, 1998; Aweto 2001; Pande, 2004; (iuo-Jian lien er ul..

2004)

Results of soil studies under plantation forests may differ from one geographical region

to another even under the same tree species. Many factors explain these differences. The

abundance of soil nutrients is controlled by several factors including the intrinsic soil

nutrient status. lf the soils of the study area are comparatively rich in nutrients, their

status may remain unchanged for a short period by plantation activity. On the other hand,

in nutritionally poor soils, the nutrient status may change more easily. Similarly, the

demand for soil nutrients by tree crops is at peak during the establishment phase. After

canopy closure. additional growth consists of accumulation of wood which is a tissue

with lower nutrient content, and tree nutrient demand is met through internal nutrient

recycling. Also, break down of litter by microbial activity makes available the nutrients,

which supplement those lost or absorbed by the trees. Thus mature tree demands less

nutrients from the soil and may allow enough time for replenishment to take place (Maro,

19930). Thus, rotation age can also influence soil properties.

The major limitations of tropical soils in short rotation tree crops are low nutrient

reserves. poor nutrient retention ability and susceptibility to drought (Tiarks er al., I998").

Shorter rotation is thought to result in long-term decline in soil carbon content as there is
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more frequent cultivation and disruption to the flow of carbon to the soil through litter

(Polglasc et al.. 2000). lntensive harvesting would also increase nutrient loss from the site

by removal in the wood and other losses (Folster and Khanna. 1997; Goncales el a1..

1997).

Chemical properties and macronutrient status of soils in plantations and adjacent natural

forests were often compared and contrasted, but no universal trends were observed. The

literature in this tield has been reviewed in detail in the first chapter. In the present study.

soil pH, exchangeable bases, organic carbon, total nitrogen, exchangeable sodium.

potassium, calcium, magnesium and phosphorus in plantations and adjacent natural

forests were estimated and compared.

4.2. Materials and Methods

4.2.1. Soil pH

The soil pl-pl was determined in a l: 2.5 (water) suspension by using (.‘YBl~lRSC/\N 310

pll meter (Jackson. 1958). The pH meter was calibrated for pl-l 4.0. 7.0 and 9.2 using

buffer solutions. prepared from readly available buffer tablets. Ten gram of air-dried soil

was weighed accurately in a beaker and 25 ml of distilled water was added. The contents

were stirred with a glass rod and allowed to stand for 30 minutes. The pH of the

supernatant solution was measured with utmost care with the glass electrode just touching

the soil layer.

4.2.2. Exchangeable bases
Exchangeable bases were found out by shaking 10g soil with 0.1N hydrochloric acid

(8.58ml of concentrated hydrochloric acid in 1000m1 water) solution and shaking

intermittently for one hour. The hydrochloric acid solution was standardised by using

O.lN sodium carbonate (5.3g in l000ml). The suspension was allowed to settle for one

hour and 10ml oi‘ the supernatant solution was pipetted out and titrated with 0.1l\l sodium

hydroxide (4g in l0()Oml). The sodium hydroxide was standardised using O. l N potassium

hydrogen phthalatc (2.042g in l0Oml). Bromo cresol purple (0.025 g of Bromo Cresol
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Purple indicator dissolved in 125 ml of alcohol) was used as the indicator (Jackson,

1958)

EB = [100_-_g(ti_ter value xi 1O)_| x 0.1x 100.1
Sample weight

4.2.3. Exchangeable sodium and potassium
Exchangeable sodium and potassium were extracted with 1N neutral ammonium acetate

solution (77.09g ammonium acetate in 201. of distilled water and pH adjusted to 7 by

addition of either ammonia or acetic acid). To five gram of soil, 25ml of 1N ammonium

acetate was added, shaken for five minutes and filtered through Whatman No. 1 tiltcr

paper. T he extract, thus, obtained was used for the determination ol‘ exchangeable

sodium and potassium by using a Flame photometer (ELICO CL 361) (Jackson, 1958).

Standard sodium chloride solutions of 5, 10, 20, 40 and 60 ppm for sodium and standard

potassium chloride solutions of 5, 10, 20, 30 and 40 ppm for potassium were prepared. In

order to prepare l0OOppm primary standard sodium chloride solution, 2.5418g pure dry

sodium chloride was dissolved in 1()00ml distilled water. 1-‘rem this 5, 10. 2, 30 and

40ppm standard solutions were prepared by appropriate dilutions.

The standard potassium chloride solutions were prepared, first by preparing l0OOppm

primary standard solution by dissolving l.9090g pure dry potassium chloride in 1000ml

distilled water and from this primary standard, 5, 10, 20, 30 and 4()ppm standard

solutions were prepared by appropriate dilutions. The absorbance of standard solutions of

sodium and potassium was measured and respective standard curves prepared. From the

standard curves, the amount of sodium and potassium in the aliquot and subsequently in

the sample was calculated.

Exchangeable sodium/potassium in soil  X x 25 x 10°
5 >< 10°

where X —~ Amount oi‘ potassium/sodium in the extract
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4.2.4. Exchangeable calcium and magnesium
To five gram of soil. 25ml of IN ammonium acetate was added, shaken for live minutes

and filtered through Whatman No. 1 filter paper. From the extract thus obtained.

Exchangeable sodium and potassium was determined by titrating with l"~ll.)'l‘A. (Hesse,

1971). To five ml of ammonium acetate extract. ten drops each of potassium cyanide (1 g

in 100ml), hydroxyl ammine hydrochloride (5 g in 100ml) and triethanol ammine (20 mg

in 50ml methanol) were added, followed by 1-2 ml of of 10% sodium hydroxide to raise

the pH to 12 or slightly higher. To this, five drops of calcon indicator was added and

titrated against standard 0.01 N EDT/\ solution (2.0g of l*lil)'l'A disodium salt in l000ml

distilled water). l-‘rom the titer value so obtained, exchangeable calcium content in soil

was calculated. liDTA was standardised using 0.0lN calcium chloride as a primary

standard [0.50g oi‘ oven dried calcium carbonate dissolved in minimum excess ol‘ dil.

hydrochloric acid (240ml oi‘ concentrated hydrochloric acid in l000rn1 water) and made

up to l000ml].

To estimate the quantity of calcium and magnesium in Sml oi‘ aliquot, 15ml ammonium

chloride - ammonium hydroxide buffer |67.5g of pure ammonium chloride in 570ml or

concentrated ammonium hydroxide (precooled) made up to l000ml with water], and ten

drops each of potassium cyanide (lg in 1()0ml). hydroxyl ammine hydrochloride (Sg in

100ml), potassium hexacyanoferrate (ll) (3.5g in 100ml) and triethanol ammine solutions

(20mg in 50ml methanol) were added and warmed gently on a magnetic stirrer. After

cooling ten drops of 1'5-richrome Black T was added to it and titrated with standardized

0.01N EDT A solution. From the titer value, calcium and magnesium content in aliquot

was calculated. Magnesium was determined by subtracting the amount of calcium from

the amount of calcium and magnesium in aliquot.

Ex. Ca in soil = Titer value x 0.02 x 104

lix. Mg in soil -" (Titer value of Ca & Mg — Titer value oi‘ Ca) x 0.012 x 104

\
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4.2.5. Available phosphorus

Available phosphorus was extracted using Bray’s No.1 extraetant (0.03N ammonium

flouride + 0.025N hydrochloric acid) (Bray and Kurtz, 1945) and phosphorus content

determined spectrophotometrically by ascorbic acid reduced molybdophosphoric blue

colour method (Watanabe and ()lsen. 1965). To prepare the standard curve. lOOppm

stock solution of phosphorus was prepared by dissolving 0.493g of dihydrogen

orthophosphate in halt’ a liter ol' distilled water. From this lO0ppm stock solution.

standard solutions of l, 3, 5, l0 and l5ppm were prepared by appropriate dilutions. The

soil extract was prepared by shaking 5 g of soil with 50ml oi‘ Bray’s No.1 extractant and

filtered with No. 42 filter paper. The solution was refiltered with activated charcoal. liive

ml of extraetant was pipetted into 25ml volumetric flask and carefully acidified with SN

sulphuric acid to pH 5. (The SN sulphuric acid was prepared by dissolving 140ml

concentrated sulphuric acid in one litre distilled water.) Added 7.5 ml of boric acid (50g

in lO0Oml) to prevent interference with fluorine and four ml of coloring reagent and the

volume made up to mark. The colouring reagent was prepared by dissolving ascorbic acid

(l.056g) in antimony potassium tartarate and ammonium molybdate solution (12g of

ammonium molybdate was dissolved in 250ml of distilled water and ().297g of antimony

potassium tartarate was dissolved. in 100ml of distilled water. separately. Both these

solutions were added to 2000ml oi‘ volumetric flask. mixed thoroughly and made up to

the mark). After waiting for l0 minutes. the blue colour developed was read at 660nm.

The process was repeated with standard phosphorus solution of varying concentrations to

prepare a standard curve. From the standard curve, concentration of phosphorus in the

extract was read.

Av.Pinsoil=Xx10

Where X = ppm of phosphorus in aliquot

4.2.6. Organic carbon

The organic carbon in soil was determined colorimetric-ally by the method described by

Sree Ramulu (2003). Air dried and sieved (0.2mm mesh size‘) soil (0.5g) was transferred

into a dry 100ml conical flask. To this. lOmI of lN potassium diehromate was added
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followed by followed by 20ml of concentrated sulphuric acid at a stretch. (The IN

potassium dichromate solution was prepared by dissolving 49.04 g of potassium

dichromate in lO()Oml water.) This solution was allowed to stand on an asbestos pad for

30 minutes and then 70ml ofdistilled water was added to it. The intensity of green colour

of chromium sulphate formed was measured in a spectrophotometer at 660nm. Standard

solutions for caliberation curve were prepared front anhydrous sucrose. ln order to

prepare standard caliberation curve. 2000ppm standard stock solution was prepared by

dissolving l.0008g accurately weighed anahydrous sucrose in 200ml distilled water.

From this stock solution, 2, 5, I5 and 25ml were pipetted out seperately into different

conical flasks and evaporated to dryness by placing overnight in an oven at 105° C. (Care

was taken not to overheat or bum the flask.) To this flask, 10ml of IN potassium

diehromate was added followed by 20ml of concentrated sulphuric acid at a stretch. This

solution was allowed to stand on an asbestos pad for 30 minutes and then 70ml of

distilled water was added to it. This is equivalent to 40 (for Zml). I00 (for Sml). 300 (for

l5ml) and 500ppm (for 25ml) standard solutions. The intensity of green colour of

chromium sulphate formed was measured in a spectrophotometer at 660nm and standard

cuvre generated. From the standard curve. organic carbon content in the sample was

calculated.

Per cent of().C in soil = X/50

where X  ppm of carbon in aliquot.

4.2.7. Total nitrogen

As it is envisaged to find out the organic carbon: nitrogen ratio, the total nitrogen content

in the soil was found out for arriving at this ratio. Total nitrogen was estimated by

Kjeldahl method as described in Jackson (1958). To 0.5g of soil, 4 ml of sulphuric acid 

salicylic acid mixture was added and kept aside for 30 minutes. (The sulphuric acid

salicylic acid mixture was prepared by dissolving 2.5g salicylic acid in 100ml

concentrated sulphuric acid.) To the soil-acid mixture. 0.5g sodium thoisulphate was

added and heated for live minutes. The flask was then allowed to cool and l.lg oi

potassium sulphate catalyst mixture added and the flask heated until the digestion

completed. (The catalyst mixture was prepared by grinding 20g of potassium sulphate, 5g
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of eupric sulphate pentahydrate and 0.5g of selenium powder). The llask was allowed to

cool and contents of the flask transferred completely to a Kjeldahl’s flask by washing

with distilled water. After setting up the distillation apparatus, ION sodium hydroxide

(400g in l0OOml) was added to the flask and the ammonia liberated was collected by

dissolving in two per cent boric acid containing the mixed indicator (bromocresol green

and methyl red). The nitrogen was estimated by titrating against standard sulphuric acid.

ln order to standardize sulphuric acid, l.06g of sodium carbonate was dissolved in water

and diluted to one liter. This is O.()2N sodium carbonate solution. From the sodium

carbonate solution, lOml was pipetted into a beaker and two drops of mixed indicator

(0.066g methyl red and ().099g bromoeresol green in lOOml ethyl alcohol) added and

titrated agaist sulphuric acid and normality of sulphuric acid calculated.

Total Nitrogen  {Titer value)*l4*(No_rmality ofsuglphuric acid)*l0O"f5()
lU()0*().5*20

4.2.8. Statistical analysis
From the data, both mean values and relative mean values were calculated. ln order to

calculate the relative mean values, the mean values of control stand i.e. natural forest was

assigned a value ofhundred and the relative mean ofplantations was calculated as

Relative mean - (mean of plantation x 100)/mean of natural forest)

lt was thus possible to compare soils in plantations in different locations (Mishra el a!..

2003)

ANOVA was done for each location and for each depth level separately for comparing

between vegetation. To study the soil changes over time, ANOVA was done for each age

class and depth level. lfthe analysis of variance was found to be significant, Least

Significant Difference was used for pair wise comparison. The analysis was carried out

using SPSS software package (Norusis, l988).
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4.3. Results and Discussion

The mean values of soil chemical properties in plantations of teak and natural forest are

depicted in Table 4 and those of eucalypt and natural forest are given in Table 5. Analysis

of variance of soil properties (ANOVA) due to vegetation type are presented in

Appendices 26 to 37. ANOVA between soils of natural forest and different age class teak

plantations and those of the natural forest and different rotation eucalypt plantations are

given in Appendices 37 to 50.

4.3.1. Soil pH

4.3.1.1. Teak

Soils of both teak plantations and natural forest were moderately to strongly acidic in

nature. Plantations of younger age class teak and natural forest had similar mean soil pl-ll

values. The same was noted by ()koro er al. (1999. 2000) and Chamshama el ui. (2000) in

a single age teak plantation and adjacent natural forest. However, soils of older teak

plantations had significantly higher pl-I values than those in natural forest in all the three

depths. Within teak plantations, relative mean pH values were found to increase with age

in all depths. Higher pH values in soils of single age teak plantations compared to natural

forest was also observed by Nath er al. (1988) and Balagopalan and Jose (1993, 1997).

4.3.1.2. Eucalypts

Soils in eucalypt plantations were moderately acidic while that of natural forest were

slightly acidic. A significant lowering of soil pll values was observed in eucalypts

relative to natural forest in all the three depths. 'l‘his is in agreement with the findings ol

Purwanto (1990) and Balagopalan (1992). lt was observed that soil pll values decreased

with rotation in plantations of eucalypt and the decrease was signilicant in the lowest

depth. This corroborates the findings of Balagopalan (1992, l995b).

4.3.1.3. Comparative evaluation

Change in soil pll values due to monoculture plantations depend on intrinsic pH of the

soil and type of tree species growing on the site (Moran er aZ., 2000). When soils in
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natural forest, teak and eucalypt were compared, it was observed that plantation activity

changed soil pl-l. Soils in teak showed an increase in soil pH values while those in

eucalypts recorded a decrease in pll values. This could be due to the fact that deciduous

trees tend to add more bases to the soil (Balagopalan and Jose, 1982b). Teak being

deciduous in nature. soils in teak had relatively higher pH values. Similar results have

also been reported by Marquez er af. (1993).

In the ease of eucalypt plantations, such process is non existent and the only factor that

influence the soil acidity is the leaching of bases (Balagopalan and Jose, 1983). Soil pll

values decreased with rotation in eucalypt plantations and the decrease was significant in

the lowest depth. Similar findings were reported by Balagopalan and Jose (1983) and

Balagopalan (l995a). Among these plantations as third rotation plantations were exposed

to vagaries of nature most often the leaching loss from soil would be correspondingly

higher, leading to a greater decline in pH values. When soils under teak and eucalypts for

similar periods (up to 40Y) were considered, it was observed that the greatest variation in

soil pl-l was under cucalypts. No significant difference was observed between soils ol

teak plantations and natural forest regarding soil pl l.

4.3.2. Exchangeable bases
4.3.2.1. Teak

Exchangeable bases contents varied from 3 to 12 per cent in soils of natural forest while

in plantations, the values ranged from 2 to 15 per cent. In the 0-20cm depth, no

significant difference was observed between plantations of teak and natural forest. The

mean values varied from 6.2 to 9.1 per cent in plantations of teak. Among teak

plantations, an increase in the value of mean exchangeable bases was observed with age.

The relative mean values in the 21-30Y, 31-40Y, 41-SOY and >50Y age class plantations

were 91, 92, l I8 and I34 per cent. respectively. Close exchangeable base values in soils

of natural forest and an adjacent teak plantation was recorded by Balagopalan (l995b).

ln the 20-40cm depth, no significant difference was observed between soils of natural

forest and teak plantations. The relative mean values in 21-3OY, 31-4O'Y. 41-50Y and
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>50Y age class plantations were 145, 130, 86 and 100 per cent, respectively. The mean

values varied from 5.7 to 8.8 per cent.

In the 40-60cm depth, the mean values were in the range of 5 to11.3 per cent. A

Significant increase in exchangeable base values was observed in >50Y age class

plantation. The relative mean values of 21-30Y, 31-40Y, 41-50Y and >50Y age class

were 109, 130, 86 and 135 per cent, respectively.

In the 0-60cm depth. mean values in natural forest and plantations were very close and

did not differ significantly from each other. Balagopalan (199521) also observed similar

values for exchangeable bases in a teak plantation and adjacent moist deciduous forest.

N0 definite pattern of variation with age was observed, in this depth. among plantations

of teak. The mean values of exchangeable bases, in plantations of teak, lay between 5.9 to

9.7 per cent. The relative mean exchangeable bases in plantations of21-30Y, 31-40Y. 41

50Y and >50Y age classes were 1 1 1, 1 13, 195 and 122 per cent, respectively.

4.3.2.2. Eucalypts

The highest value for exchangeable bases was observed in the O-20cm depth in natural

forest and second rotation eucalypt plantations. The exchangeable bases in natural forest

were in the range of 17 to 40 per cent while in eucalypts, the values varied from 13 to 37

per cent.

The mean values ofexchangcable bases. in the 0-60cm depth, in plantations ranged from

21 to 25 per cent. The exchangeable bases in plantations were significantly lower than

those in the natural forest and decreased with rotation. The same pattern was also

obsen/ed in the 0-20cm depth. Soils in plantations had significantly lower exchangeable

bases than natural "forest and the values decreased significantly with rotation. Mean

values ranged from 19-28 per cent. Exchangeable bases in replanted plantation were

lower than those of coppiced one. The relative mean values of exchangeable bases in

second rotation, third rotation coppiced and third rotation replanted plantations were 89,

75 and 72 per cent, respectively in the 0-60cm depth while corresponding values in the 0

20cm depth were 74, 63 and 50 per cent. On comparing the soils of uncoppiced, l and ll
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coppieed plantations of eucalypt, Balagopalan (l995b) also observed the same pattern ol

variation in the 0-20cm depth. In the 20-40cm depth, exchangeable bases contents in

eucalypts plantations were lower than those in the natural forest and the difference was

significant in third rotation coppieed plantation. Exchangeable bases in soils of replanted

plantations were greater than coppieed one. This may be due to fertilizer application in

replanted plantations during the initial years ofplantation establishment. The mean values

of exchangeable bases in 20-40cm depth varied from 17 to 25 per cent while in 40-60cm

depth. the values ranged from 18 to 24 per cent. There was no significant difference in

exchangeable bases contents between natural forest and plantations in the 40-60cm depth.

The relative mean values for second rotation, third rotation coppieed and third rotation

replanted plantations were 90, 63 and 90 per cent, respectively in the 20-40cm depth

while. corresponding values in the 40-60cm depth were I 14, I 12 and 86 per cent.

4.3.2.3. Comparative evaluation

When exchangeable bases contents in soils of teak and eucalypt plantations and natural

forest were compared, a significant decline was noticed in eucalypt plantations in the ()

20cm depth. In the 0-60cm depth, a significant decline from natural forest values was

observed in third rotation eucalypt plantations. Teak soils, on the other hand, exhibited no

significant difference.

When soils, under plantations of teak and eucalypts, over similar time scale were

compared, it was observed that loss of exchangeable bases from plantation soils was

greater in eucalypts than in teak. The loss of exchangeable bases was significant in

eucalypts while in teak, this was not significant. During the 21-30Y period, in the 0-20cm

depth. there was a loss of nine per cent in teak plantations while in eucalypts. the loss was

26 per cent. In the 31-40 year period. an eight per cent loss of exchangeable bases was

recorded in teak even as soils under euealypts suffered losses varying from 38 to 50 per

cent.
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4.3.3. Exchangeable Sodium
4.3.3.]. Teak

The amount of exchangeable sodium in soils was low in both natural forest and teak

plantations. ln natural forest, it was in the range of four to nine ppm whereas in teak

plantations it varied from 4 to l5ppm. No definite relationship between exchangeable

sodium and depth was noticed.

Sodium contents in soils of natural forest and younger age class plantations, in the 0

60cm depth, were very close. In older teak plantations. the values were slightly higher

than those of natural forest and the difference. though small, was significant in oldest teak

plantations. /\ similar pattern of change was observed in the 0-20, 20-40 and 40-60cm

depths. The relative mean values in the 21-30Y, 31-40Y, 41-SOY and >50Y age class

plantations in the 0-60cm depth were l00. 99, l32 and 181 per cent, while in the 0-20cm

depth, the values were 102, 99, lll and 138 per cent, respectively. The mean values

varied from four to nine ppm in the 0-60cm depth and from four to eight ppm in 0-20cm

depth. There was no significant difference in the soils of 0-20 cm depth with respect to

sodium between teak plantations and natural forest.

The relative mean values for exchangeable sodium in the 20-40cm depth of2l-30Y, 31

40Y, 4l—50Y and >50Y age class teak plantations were 100, 100, 142 and 193 per cent,

respectively. In the 40-60cm depth. the corresponding values were 97, 96, 149 and 225

per cent. The mean values for exchangeable sodium in plantations of teak were in the

range of four to nine ppm in both 20-40 and 40-60cm depth. In the oldest age class teak

plantation, a slight and significant increase in soil exchangeable sodium was observed in

20-40 and 40-60cm depths.

4.3.3.2. Eucalypts

ln the natural forest, the amount of exchangeable sodium varied between ll to 29ppm,

while, in plantations of eucalypts, the exchangeable sodium contents ranged from 10 to

90ppm.
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The amount of exchangeable sodium in the 0-60cm depth in natural forest and second

rotation plantations of eucalypts were very close while in third rotation plantations. the

values were significantly higher. Among third rotation plantations, higher values for

exchangeable sodium were seen in replanted plantations than coppiced ones. The same

trend was also observed in the 0-20cm, 20-40cm and 40-60cm depths. The mean values

ofexchangeable sodium in the O-60cm depth ofeucalypts plantations were in the range of

23 to 5_9ppm and the relative mean values for second rotation, third rotation coppiced and

third rotation replanted plantations were lO6, 217 and 269 per cent, respectively. ln the 0

20cm soil depth of the aforesaid plantations, mean values varied from 18 to 59ppm and

the relative mean values for the above plantations were 86, 219 and 277ppm. No

significant difference was observed in the amount of exchangeable sodium between

natural forest and second rotation eucalypts. On the other hand, soils in third rotation

plantations had significantly higher amount of exchangeable sodium than that of natural

forest.

When the exchangeable sodium in the 20-40cm and 40-60cm depths were determined.

the mean values for second rotation, third rotation and third rotation replanted plantations

were between 22 to 5.9ppm and 30 to 58ppm, respectively. The relative mean values were

102, 222 and 278 per cent in the 20-40cm depth and 129, 220 and 253 per cent in the 40

60cm depth. At both these depths, exchangeable sodium in second rotation eucalypt

plantations showed no significant difference from natural forest whereas in third rotation

plantations the increase was significant.

4.3.3.3. Comparative evaluation

The effect of cucalypt plantations _on exchangeable sodium in soils was more pronounced

than that in teak. When soils under plantations for similar period oftime were considered,

it was seen that during the 20 to 30 year period, both the plantations were similar to

natural forest. However after 30 to 40 years, the amount of exchangeable sodium in

cucalypt plantations was much higher than that of natural forest. This drastic increase was

not seen in plantations of teak. Higher amount of exchangeable sodium in soils of

eucalypt compared to teak was also reported by Chavan el al. (19958).
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4.3.4. Exchangeable potassium
4.3.4.]. Teak

No significant difference was observed between soils of younger teak plantations and

natural forest with respect to the amount ol‘ exchangeable potassium. In contrast, a small

but significant decrease was observed when soils of older teak plantations and natural

forest were compared.

In the 0-60cm depth, the relative mean values in the 21-3OY, 31-40Y, 41-SOY and >50Y

plantations oi‘ teak were 68. 95, 59 and 39 per cent, respectively whereas in the 0-20cm

depth, corresponding values were 68, 77, 79 and 63 per cent. ln the 20-40 and 40-60cm

depths, the relative mean values for plantations of these age classes were 78, 101, 56 and

28 per cent and 66, 101, 44 and 29 per cent, respectively.

Among plantations oi‘ teak. lower relative mean values For potassium were observed in

older plantations with the lowest value being recorded in the oldest age class. lt was also

noticed that potassium in soils initially increased and then decreased marginally with age.

This pattern was observed in all the three depths. lt has been reported that leaf in younger

plantations accumulate higher quantities of minerals than older plantations (Sonkar

2004). These nutrients are available for recycling and their continuous addition and

decomposition may enrich the soil. This translates into higher close quantity of potassium

in the soils of younger teak plantations and natural forest. As teak stand ages, a decrease

in net leaf biomass results in lowered nutrient return to soil (Karmaeharya and Singh,

1992). This is accompanied by an increase in root biomass. As maximum potassium, in

teak is held up in roots, an increase in root biomass progressively removes this potassium

from circulation (Negi er al., 1990, Negi er al., 1995). These factors were responsible for

the lower exchangeable potassium seen in older plantations.

In the O-20cm depth where the influence of litter is most pronounced. the difference

between younger and older plantations was less, where as in the 20-40 and 40-60cm

depth. the difiierence was more evident. Soils in the 0-20cm depth of the oldest teak

plantation differed significantly from natural forest. On the other hand, in the 20-40 and
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40-60cm depths, the difference was significant in both the older teak plantations. In the 0

60cm depth. a significant lowering of exchangeable potassium values was observed in

older plantations of teak. Aborisade and Aweto (1990). Mongia and Bandyopadhyay

(1994), Balagopalan and Jose (1993). Balagopalan (l995a. 1995b) and Amponsah and

Meyer (2000) observed lower exchangeable potassium in plantation soils compared to

natural forest.

4.3.4.2. Eucalypts

The mean value of exchangeable potassium in the 0-60cm depth in natural forest is

21ppm while in plantations of euealypt, the values varied from 13 to l9ppm. The relative

mean values for second rotation, third rotation coppiced and third rotation replanted

plantation were 93. 63 and 92 per cent, respectively. The mean values in natural forest in

the 0-20, 20-40 and 40-60cm depths were 25, 25 and l3ppm, respectively. The relative

mean values in the second rotation, third rotation coppiced and third rotation replanted

plantations were 96, 60 and 94 per cent, respectively in the 0-20cm depth while

corresponding values in the 20-40 and 40-60cm depths were 72, 55 and 68 per cent and

130, 84 and 136 per cent.

Exchangeable potassium in plantations of euealypt decreased marginally with rotation.

The mean values of exchangeable potassium in third rotation coppiced plantation were

lower than those in the natural forest and second rotation plantation. The decrease from

natural forest, though small, was significant in third rotation coppiced plantation in the

20-40cm depth. On the other hand, replanted third rotation and second rotation

plantations had similar amount of exchangeable potassium. The loss of potassium from

soils owing to plantation activity was visible in the third rotation coppiced plantation. The

increase in exchangeable potassium in replanted third rotation plantation may be

attributed to the addition of fertilizers during the initial years of plantation establishment.

This trend was seen in both 0-20cm and 20-40cm soil depths and also in the 0-60cm

depth. Sunita and Uma (1993). Bargali er al. (1993). Balagopalan and Jose (1993) and

Balagopalan (1995b) reported lower potassium content in euealypt soils compared to

natural forest.
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4.3.4.3. Comparative evaluation

When the exchangeable potassium in plantation soils were compared to that of natural

forest, a notable difference was seen only in older teak plantations. On comparing soils

under plantations of teak and eucalypts for 20 to 30 years, no outstanding difference was

noticed. but when soils under monoculture for 30 to 40 year were compared. a greater

decline in the exchangeable potassium was observed in plantations of eucalypt

(especially coppiced) than teak. The difference from natural forest was significant only in

coppiced plantation. On the whole, plantation activity does not seem to have a

pronounced affect on potassium content of plantation soil. Singh er al. (1990) noted that

exchangeable potassium in 44-54Y old teak plantation was lower than that of l8-20Y' old

eucalypt.

The lowering of relative mean value in the 0-60cm depth in teak plantations was five per

cent while in coppiced eucalypt plantations, it was 37 per cent and in replanted eucalypt

plantations, it was eight per cent. In the O-20cm depth, the relative lowering in teak

plantations was 23 per cent while in coppiced and replanted eucalypt plantations, it was

40 and 5 per cent, respectively. The relative mean values in the 20-40cm depth in teak

plantations was similar to those in the natural forest but in coppiced and replanted

eucalypt plantations, the values were lower than natural forest by 46 per cent and 32 per

cent, respectively.

4.3.5. Exchangeable Calcium
4.3.5.1. Teak

ln soils of natural forest, calcium content decreased with depth. in plantations of teak,

higher values for exchangeable calcium was observed in the surface layer though a steady

decline with depth was not observed. The values in the natural forest were in the range of

120 to 4lOppm and in teak plantations, the values lay between 160 to 480ppm. Among

teak plantations. highest relative mean value was recorded in 31-40Y age class

plantations.
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A comparison of soils in the natural forest and plantations, in the 0-20cm depth, led to the

conclusion that exchangeable calcium was higher in plantations than natural forest. lt was

also observed that the values initially increased and then decreased with the age of the

plantations. The mean values of teak varied from 280 to 392ppm and the relative mean

values in the 21-30Y. 31-40Y, 41-50Y and >50Y age class plantations were 110, 145,

ll l and 107 per cent. respectively. The highest relative mean value was observed in the

31-40Y age class plantations and the increase from natural forest was significant. On

comparing with adjacent natural forest, higher calcium content in a plantation of teak was

reported by Rathod and Devar (2003b).

Higher amount of exchangeable calcium in younger plantations compared to older

plantations was also observed in 20-40 and 40-60cm depths. The mean values for various

age classes in these depths varied from 212 to 284ppm and from 224 to 320ppm,

respectively. The relative mean values in the 21-30Y, 31-40Y, 41-50Y and >50Y age

class plantations were 102, 113. 78 and 92 per ecnt and 119, l38, 78 and 108 per cent,

respectively.

On studying the soils in the 0-60cm depth, it was observed that calcium content was

higher in younger than in older plantations. No significant difference was observed

between soils of plantations and natural forest. The mean values in this depth varied

from 239 to 327ppm. The relative mean values in the 21-30Y'. 31-40Y, 41-50Y and >50Y

age classes teak plantations were 1 10, 135, 82 and 96 per cent, respectively. Balagopalan

(l995a) observed that exchangeable calcium values in a 2l-30Y age class teak plantation

did not differ significantly from that of adjacent natural forest. Contrary to this,

Aborisade and Aweto (1990), Okoro el aZ. (1999) and Amponsah and Meyer (2000)

noted lower exchangeable calcium in teak soils.

The higher availability of calcium in soils of plantations than natural forest, in the 0

20cm depth, may be attributed to the influence of teak leaf litter. Teak litter is known to

be rich in calcium. lt also accumulates in greater quantities in the foliage than other

cations and does not go out of the foliage just before leaf fall as large portion of other
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elements do (Banerjee and Badola, 1980). Thus. the surface soil became richer in calcium

by leaf fall followed by its decomposition and release of nutrients like calcium.

In younger plantations, accumulation of the mineral, in leaf, is high (Negi er aI., 1995).

These nutrients are available for recycling and their continuous addition and

decomposition enriches the uppermost layer. ln older plantations, the biomass of non

photosynthetic components increases and the major portion of all the nutrients are

accumulated in bole while the maximum calcium is held up in bark (Negi er al., 1990;

Negi er a!., l995 and Nwoboshi, l984). Also leaf biomass decreases with age of the stand

(Karmacharya and Singh, 1992). Correspondingly, nutrients returned to the soil via litter

decreases. Accumulation of calcium in trees also increases with tree age as they absorb

calcium from the soil which is immobilized in cell walls (Binkley, 1986). These nutrients

are removed from the cycle which eventually translates into lower exchangeable calcium

in older plantations viz., 41-SOY and >50Y age classes. The 20-40 and 40-60cm depths

are not directly affected by litter. Though there may be downward movement of ions.

this pattern of variation is not clearly discernable in lower depths.

4.3.5.2. Euealypts

Exchangeable calcium contents, in plantation soils, were lower than that of natural forest.

The values decreased with depth in natural forest whereas in plantations of eucalypts, a

steady decline with depth was not observed. The exchangeable calcium in natural forest

varied from 500 to 2260 ppm while in plantations of eucalypts, the values varied from

220 to 960ppm.

In the 0-60cm depth, plantation soils had lost more than 50 per cent of exchangeable

calcium. More over, the net loss from soil was found to increase with rotation. The mean

values in this depth varied from 548 to 460ppm and the relative mean values for second

rotation, third rotation and third rotation replanted plantations were 45, 39 and 38 per

cent, respectively. The difference was significant in all the three plantations.

Nearly 60 per cent of exchangeable calcium has been lost from plantation soils in the 0

20cm and 20-40cm depths. The soils in the eucalypt plantations and natural forest
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differed significantly from each other. The mean values in the surface layer ranged from

460 to 704ppm and in the succeeding depths, the values varied from 392 to 484ppm.

Calcium content in plantation soils decreased with rotation. The relative mean values in

second rotation, third rotation coppiced and third rotation replantcd plantations ol

euealypts were 38, 33 and 25 per cent, respectively in 0-20cm depth and 36, 35 and 43

per cent, respectively in the 20-40cm depth. As in the preceding depths, in plantation

soils. the values were lower than those in the natural forest in the 40-60cm depth and the

decrease continued with succeeding rotation. In the 40-60cm depth, the mean values

varied from 416 to 536ppm and the relative mean values for second rotation, third

rotation and third rotation replanted plantations were 80, 62 and 65 per cent, respectively

4.3.5.3. Comparative evaluation

Monoculture plantations of teak and cucalypts differed in their effect on soil

exchangeable calcium. Soils in younger teak plantations were richer in exchangeable

calcium than natural forest. In older teak plantations, higher calcium in soils of teak than

natural forest was observed in the 0-20cm depth. In the succeeding depths, the values

were lower. In plantations of eucalypts, considerable loss of calcium from soils was

recorded. Nearly 60 per cent of calcium was lost from soils in the 0-20cm depth. When

soils in the depth of 0-60cm were considered, a loss of almost 50 per cent was recorded.

Comparison of a 44-54Y old teak to an adjacent 18-20Y old eucalypt led Singh er al.

(I990) to conclude that exchangeable calcium was higher under teak than eucalypt. No

comparison with natural forest was made in the study, hence information about the net

loss or gain ofealcium is not available.

On comparing soils under teak and eucalypts for similar period. it was observed that the

loss of calcium from eucalypts plantations was much larger than from teak. When soils in

the 0-60cm depth, for 20-30years, were compared, it was observed that soils under teak

recorded a I0 per cent increase while those under eucalypts lost 55 per cent ot

exchangeable calcium. A 10 per cent rise in soil exchangeable calcium was noticed in the

0-20cm depth of teak whereas in the corresponding depth of eucalypt plantation, a loss ot

62 per cent was recorded. On comparing soils in the 0-60cm depth under plantations of
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teak and euealypts for 30-40 year, a 35 per cent increase in exchangeable calcium was

noticed in teak while in eucalypts a decrease of 55 per cent was observed. During the

same period, in the 0-20cm depth, soils of teak gained 45 per cent calcium whereas

eucalypts lost 67 per cent.

4.3.6. Exchangeable Magnesium
4.3.6.1. Teak

Exchangeable magnesium contents in the natural ‘forest varied from 20 to 220ppm and in

teak plantations. the variations was from 24 to l90ppm. In the natural forest and

plantations of teak. 0-20cm depth is richest in exchangeable magnesium. However, in the

youngest age class plantations vz'z.. 21-30Y, exchangeable magnesium in 0-20 and 20

40cm depths were nearly equal.

ln the 0-20cm depth, the mean values varied from 99 to l34ppm. The relative mean

values in 21-30Y. 31-40Y, 41-50Y and >50Y age class plantations were 89. 85. 84 and

88 per cent. respectively. lixchangeablc magnesium in plantation soils was lower than

those of natural forest though the difference was not significant.

The mean values of exchangeable magnesium in the 20-40 and 40-60cm depths of teak

soils varied from 89 to 113 and 62 to l14ppm. The relative mean values in the 21-30Y,

31-40Y, 41-50Y and >50Y age class plantations were 241, 201, 71 and 84 per cent and

125, 122, 45 and 83 per cent, respectively. ln the younger age class plantations viz., 21

30Y and 31-40Y, exchangeable magnesium in 20-40 and 40-60cm depths were greater

than those in the natural forest. The difference was significant in the 20-40cm depth in

both plantations.

ln the 0-60cm depth, the mean values of exchangeable magnesium varied from 88 to

l20ppm. The relative mean values in the 21-30Y. 31-40Y, 41-50Y and >50Y age class

plantations were 129, l 18, 64 and 85 per cent. respectively. The difference from natural

forest values was significant only in 41-50Y age class plantations. Balagopalan (199521)

also observed that soils of 21-30Y age class plantation and adjacent natural forest showed

no significant difference regarding exchangeable magnesium values. Similar findings
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were reported by Okoro er al. (1999). Conversely, Aborisade and Aweto (1990) Salifu

and Meyer (1998) and Amponsah and Meyer (2000) found significantly lower values ot

exchangeable magnesium in a teak plantation when compared to an adjacent natural
forest.

ln all teak plantations, Ca: Mg ratio was higher in soils of0-20cm depth than in 20-40cm

depth. Calcium accumulates in greater quantities in the foliage than other cations and also

does not go out of foliage just before leaf fall as a large number of other cations do. As a

result, more of calcium, as compared to magnesium, is recycled from the lower depths to

surface soil which affects the Calcium to Magnesium ratio. I-ligher Ca: Mg ratio in the

upper depths relative to lower ones elucidates the active role of vegetation in pedogenesis

(Bhoumik and Totey, 1990).

4.3.6.2. Eucalypts

Exchangeable magnesium in natural forest varied from 264 to 564ppm whereas in

plantations, the values varied from 48 to 852ppm. ln natural forest, highest value was

seen in the 0-20cm depth. ln the 0-20cm depth, mean values varied from 151 to 587ppm

and the relative mean values for second rotation, third rotation and third rotation

replanted plantations were 11 1, 63 and 29 per cent. respectively. Soils in second rotation

eucalypt and natural forest did not differ signiticantly from each other in the 0-20cm

depth. On the other hand, a significant decrease in exchangeable magnesium was

recorded in third rotation plantations of eucalypt. Among third rotation plantations,

coppiced plantations had significantly higher exchangeable magnesium than replanted

ones.

ln the 20—40 and 40-60cm soil depths, the mean values varied from 130 to 492 and 156 to

655ppm, respectively. The relative mean values in these depths in second rotation, third

rotation and third rotation replanted plantations were 135, 80 and 36 per cent and 171, 79

and 41 per cent respectively. Exchangeable magnesium in soils of second rotation

plantations of euealypt was significantly higher than natural forest in the 20-40 and 40

60cm depths. ln third rotation plantations, both coppiced and replanted. exchangeable

magnesium was significantly lower than natural forest. Among plantations of eucalypt.
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exchangeable magnesium in soils decreased with rotation and the decrease was

significant in all the three depths.

In the 0-60cm depth, the mean values for eucalypt plantations varied from l46 to

578ppm and the relative mean values for second, third and third rotation replanted

plantations were 136, 73 and 34 per cent. respectively. The values in plantations were

significantly different from that of natural forest.

4.3.6.3. Comparative evaluation

On comparing soils under teak and eucalypt for 20-30Y, no significant difference from

natural forest was observed in the 0-20cm depth. After 30-40Y, soils under teak did not

differ significantly from natural forest in the 0-20cm depth. On the other hand.

plantations of eucalypt lost 37 -71 per cent of soil exchangeable magnesium and the

difference was significant.

In the 20-40cm depth. exchangeable magnesium in soils under 20-30 and 30-40Y old

teak were significantly greater than natural forest. A significant increase in availability of

magnesium was also observed in soils under eucalypt for 20-30Y. However, soils under

eucalypt for 30-40Y had significantly lower exchangeable magnesium compared to forest

soils. Soil under teak for 20-30 and 30-40Y did not differ significantly from natural forest

in the 40-60cm depth. ln soils under eucalypt for 20-30Y, a significant increase in

exchangeable magnesium was observed in the 40-60cm depth. At the same depth, in soils

under eucalypt for 30-40Y. significant decline in soil exchangeable magnesium was

nouced.

4.3.7. Available phosphorus
4.3.7.1. Teak

Available phosphorus varied from 0.1 to 3.lppm in natural forest and from 0.1 to 4.4

ppm in plantations of teak. The status of available phosphorus in soils of both natural

forest and plantations were low. In both natural forest and plantations of teak. highest

value for available phosphorus was recorded in the 0-20cm depth.
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In 0-20cm depth. the mean values in plantations of teak varied from 0.8 to 2.7ppm while

in 20-40 and 40~60cm depths, the mean values varied between 0.5 to I and 0.2 to 0.7

ppm, respectively. No definite pattern of variation with age of plantation was evident in

teak. In the 0-20cm depth, 31-40Y age class plantation recorded marginal though

significant increase over natural forest values. In older teak plantations, a significant

decline with age was observed in 20-40 and 40-60cm soil depths. Balagopalan (I995b)

also observed slightly lower available phosphorus values in a teak plantation compared to

natural forest values in the 0-20cm depth.

In the ()-60cm depth. all the teak plantations except 3l-40Y age class plantations had

lower amount of available phosphorus. The difference was significant in older teak

plantations. The mean values in the teak plantations varied from 0.5 to I.2ppm.

Balagopalan (199521) observed slightly higher exchangeable phosphorus values in a teak

plantation compared to natural forest values though the difference was not significant. A

significant increase in available phosphorus values was observed in teak plantations by

Chavan et al. (1995). On the other hand, Aborisade and Aweto (I990) observed that the

concentrations of available phosphorus were similar in plantations of teak and natural

forest, while Mongia and Bandyopadhyay (l992a) and ()koro er al. (2000) reported lower

phosphorus values in teak soils compared to natural forest.

4.3.7.2. Eucalypts

Available phosphorus contents in natural forest varied from 0.1 to 7.4ppm and in

plantations of cucalypt, the variation was from 1.8 to 20.9ppm. In the natural forest and

plantation soils. highest value for available phosphorus was recorded in the 0-20cm

depth. llowever. in third rotation replanted plantations. highest value for available

phosphorus was recorded in 40-60 cm depth.

Ilighcr availability of phosphorus in plantations of eucalypt was noticed in all the three

depths and the difference was significant in the 20—40 and 40-60cm depths. It was also

observed that available phosphorus in plantation soils increased with rotation though the

increase was not significant. Among third rotation plantations, higher value for available
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phosphorus was observed in replanted plantations than in coppiced ones. The same

pattern of variation of available phosphorus with rotation was observed in all depths. /-\

significant difference between replanted and coppiced plantations was observed in the

40-60cm depth. This could be due to the result 0|‘ fertilizer application in the first three

years after plantation establishment and its consequent leaching to lower depths.

On comparing the soils in the 0-60cm depth in natural forest and plantations, it was

observed that soils in eucalypt plantations were richer in available phosphorus than

natural forest. The increase was signilicant in third rotation plantation. This could be due

to microbial link with its contents and species requirements (Jha er al. 1996). /\n increase

in available phosphorus, when soils under eucalypts were compared with adjacent natural

forest was also reported by Jha er al. (1996) and Pande (2004). ()n the other hand

Balagopalan and .lose (1995) observed no significant difference in available phosphorus

values between soils of natural forest and adjacent eucalypt plantation.

4.3.7.3 Comparative evaluation

Soils of natural forest and plantations were low in phosphorus. Significant lowering in the

availability of phosphorus was observed in the 20-40, 40-60 and 0-60cm depths in older

teak plantations. On the other hand, soils in eucalypt plantations demonstrated an

increase in phosphorus availability with rotation. Higher available phosphorus in

eucalypts plantations than teak was also reported by Chavan e1 al. (1995).

4.3.8. Organic carbon
4.3.8.1. Teak

Soil organic matter is considered the single most important indicator of soil quality and a

major component in the assessment of soil quality (Sikora et a1.. 1996). Organic carbon

in natural forest varied from 1.02 to 3.09 per cent and in plantations of teak, it varied

from 0.51 to 2.35 per cent. ln both natural forest and plantations of teak, organic carbon

decreased with depth. The sharp decrease from surface to subsurface is due to the

accumulation of organic matter through leaf litter in the upper layer.
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A significant lowering of soil organic carbon in the 0-20cm depth was observed in all the

plantations of teak as compared to-natural forest. It was also observed that organic carbon

in soils first decreased and then increased with age of the plantation. Mean values ol

organic carbon in plantations of teak varied from 1.4 to 2.3 per cent and the relative mean

values for 21-30Y, 31-40Y, 41-SOY and >50Y age class plantations were 58, 53, 82 and

82 per cent, respectively. Lower organic carbon content in plantation soils compared to

that of natural liorcst was also observed by Balagopalan (1995b, 1995a).

Younger plantations of teak had significantly lower soil organic carbon than natural

forest in the 20-40 and 40-60cm depths. In contrast, soils of older teak plantations and

natural forest, in these depths, did not differ significantly from each other. Mean values

oi‘ soil organic carbon varied from 0.8 to 1.6 per cent in the 20-40cm depth and from 0.7

to 1.2 per cent in the 40-60cm depth. The relative mean values ol‘ organic carbon in 21

30Y, 31-40Y, 41-SOY and >50Y age class plantations in the 20-40cm depth were 62, 46.

88 and 94 per cent, respectively. In the 40-60cm depth. the corresponding values were 66.
0

45, 93 and 97 per cent.

When soils in the 20-40 and 40-60cm depths in plantations of teak were studied, it was

noticed that organic carbon content initially decreased and then increased with age. In all

the three depths, the lowest relative mean value for organic carbon was observed in 31

4OY age class plantation. ln the 0-20cm depth, the organic carbon content in older

plantations was 15 to 18 per cent lower than that of natural forest. The relative mean

values of organic carbon in older plantations were nearly equal to that of natural Forest in

the lower depths.

ln the 0-60cm depth, organic carbon in teak plantations varied from 0.9 to 1.7 per cent. ln

all the plantations in this depth. organic carbon was significantly lower than that ol

natural forest. Similar findings were also reported by Salifu and Meyer (19.98),

Amponsah and Meyer (2000). Conversely, no significant difference between organic

carbon values olia teak plantations and natural forest in Nigeria was reported by ()koro er

al. (1999). The relative mean values of soil organic carbon in 21-30Y, 31-4OY, 41-SOY

and >50Y age class plantations were 61, 49, 98 and 98 per cent, respectively. Soil organic
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carbon in plantations of teak was found to initially decrease and then increase with age.

ln contrast. Suwannaratna (1999) observed that organic carbon in a fifty year old teak

plantation was lower than that ofa 32Y old plantation in Ghana.

The occurrence of more organic matter content in natural forest could be attributed to a

number of factors including diversity of vegetation cover (Lundgren, 1978). ln natural

forest, greater diversity of species results in diversity of litter substrate and faster

mineralization leading to enhanced organic carbon content compared to teak. Moreover

lower erosion in natural forest results in greater conversion of organic matter (Maro er al..

1993). For the establishment of teak plantations, the natural forest was clearfelled and

slash burned. ln the beginning, the soil is exposed to the environment and erosion is wide

spread. This results in loss of top soil along with the organic carbon in it. However, as the

plantations mature addition of litter to soil and its decomposition increases soil organic

matter. Also, as teak grows, it provides a measure of cover to the soil. However,

plantations of teak are subjected to mechanical and silvicultural thinning. The disturbance

to the soil during the above processes and decrease of soil cover leads to loss of soil

organic carbon. Litter production at this stage appears to be inadequate to balance for the

loss of organic carbon. The net result is progressive loss of soil organic carbon. The

mechanical and silvieultural thinnings end by 25 years. Now soil starts to recuperate. lt is

probable that at this stage, the rate of nutrient return to the soil through the fall and break

down of litter is greater than its loss from soil. Thus an increase in soil organic carbon

occurs. In the older age class plantations, the values approach those ofnatural forest.

4.3.8.2. Eucalypts

Organic carbon in natural forest varied from 0.85 to 4.73 per cent and in plantations ol

eucalypts. it varied from 0.51 to 3.0 per cent. ln both natural forest and plantations ol

eucalypt. organic carbon decreased with depth. The sharp decrease from surface to

subsurface is due to the accumulation of organic matter through leaf litter in the upper

horizons. Soil organic carbon in all plantations of eucalypts were lower than that ot

natural forest The higher organic matter content in natural forest relative to plantations

may be because of diversity of vegetation cover (Lundgren, 1978), litter, its faster
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mineralization and lower erosion (Maro er u!., 1993). The disturbance to soil during

clearfelling, and the loss ofsoil cover in the initial years of plantation establishment often

leads to enhanced erosion and loss of top soil rich in organic matter. Moreover, shorter

rotation is thought to result in long-term decline in soil carbon content, as there is more

frequent cultivation and disruption to the flow of carbon to the soil through litter

(Polglase er 01.. 2000). The organic carbon status of plantations and natural forest differed

most in the surface.

ln the 0-60 cm depth, the mean values for organic carbon varied from 1.41 to 1.97 per

cent. The relative mean values of organic carbon in soils of second and third rotation and

third rotation replanted plantations were 67, 49 and 69 per cent, respectively. The

difference was significant. Mean values of soil organic carbon in the 0-20, 20-40 and 40

60cm depths in the eucalypt plantations, varied from 1.97 to 2.58, 1.32 to 1.91 and 0.93

to 1.37 per cent, respectively. The relative mean values in second and third rotation and

third rotation replanted plantations were 61. 46 and 63; 61, 46 and 67 and 97. 65 and 94

per cent, respectively. A significant decline in soil organic carbon compared to natural

forest was observed in the 0-20 and 20-40cm depths. ln the 40-60cm depth, organic

carbon contents in the natural forest and plantations of eucalypt did not differ

significantly from each other. Decline in organic carbon content in eucalypt plantation

was reported by Balagopalan and Jose (1986, 1995), Balagopalan (1995b). Sunita and

Uma (1993), Bargali er al. (1993) and Michelsen er al. (1996) and Geetha and

Balagopalan (2005b).

Organic carbon in plantations of eucalypts were found to decrease with rotation. A

decrease in organic carbon with rotation was previously described by Balagopalan and

Jose (1983) and Balagopalan (_l995b). Replanted plantations of eucalypt were richer in

organic carbon than the corresponding coppiced one. This pattern of variation was

noticed in all the three depths. Replantcd plantations were fertilized after their

establishment. This fertilizer application could have increased the growth of eucalypt that

would translate into higher litter fall and eventually higher organic matter in the soils

under it. Reports of increase in soil organic carbon as a result of fertilizer application
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exists (Iiussein, 1995, Johnson, 1992). On the other hand, in eoppiced plantation, where

fertilizer was not applied, organic carbon was lower.

4.3.8.3. Comparative evaluation

Soils in teak and eucalypt plantations were poorer in organic carbon than those in the

natural lorest and the difference between plantations and natural forest was most

pronounced in the upper layer. The decrease in soil organic matter in the plantations may

be explained by the low rate of addition and incorporation of Fresh and partially

decomposed litter material, while the normal rate of oxidation of soil organic matter

continues (Balagopalan, 1995b). ln teak plantations, soil organic carbon was found to

initially decrease and then increase with age, with the soils of oldest plantation

approaching natural forest in organic matter content. In eucalypt plantations, no such

pattern of variation was observed. Amount of organic carbon in soils decreased with

rotation. although in replanted plantations. an increase in organic carbon content was

observed. When plantations under teak and euealypts for similar period oil‘ time were

compared, it was observed that in the 0-20cm depth, teak lost 42 per cent oi‘ organic

carbon while eucalypt lost 39 per cent in 20-30Y period. On the contrary, alter 30-40Y

period. the loss from 0-20cm depth of teak was 48 per cent and in euealypts it was 54 per

cent. The loss for replanted euealypts during the same period was only 38 per cent. Soils

under teak for more than 40 years show a dramatic increase in organic carbon content.

From the data available, such an increase in euealypts cannot be expected. Greater

decline in organic carbon content of eucalypt plantations than that of teak was also

reported by Gectha and Balagopalan (2005b) and Balagopalan and Geetha (2006).

Conversely, Singh er al. (1990) observed that organic carbon in a 18-ZOY old eucalypt

plantation was higher than that of a 44-54Y old teak plantation.

4.3.9. Total Nitrogen
4.3.10.1. Teak

Total nitrogen contents in natural forest varied from 0.095 to 0.39 per cent and in

plantations of teak. the variation was from 0.09 to 0.40 per cent. Total nitrogen in soils
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was highest in the surface and decreased with depth in natural forest and teak plantations.

llowever, this pattern was not fully observed in 21-30Y age class plantations. ln this age

class, although the highest value for total nitrogen was reported in the upper layer. a

decrease in the amount of total nitrogen with depth was not seen.

N0 significant difference was observed in the amount of total nitrogen in soils of teak

plantations and natural forest". ln the 0-20cm soil depth, total nitrogen in soils varied from

0.28 to 0.35 per cent. The relative mean values in the 21-30Y, 31-40Y, 41-50Y and >50Y

age class plantations were 96, 97, 103 and 103 per cent, respectively. Total nitrogen in

soil increased with the age of the plantations. Mean values of total nitrogen varied from

0.16 to 0.26 per cent and from 0.18 to 0.19 per cent in the 20-40 and 40-60cm depths,

respectively. The relative mean values in the 21-30Y, 31-40Y, 41-50Y and >50Y age

class plantations were 68. 93. 98 and 115 per cent and 116. 109. 120 and 137 per cent.

respectively.

When the soil up to a depth of 60cm was considered. it was observed that, total nitrogen

in younger plantations were lower than that of natural forest though in older plantations

the values were higher. The difference was not significant. Lower total nitrogen in a

plantation of teak compared to adjacent natural forest was reported by Aborisade and

Awcto (1990), Mongia and Bandyopadhyay (1994), Salifu and Meyer (1998), Amponsah

and Meyer (2000). The mean values for total nitrogen in this depth varied from 0.21 to

0.27 per cent. The relative mean values of 21-30Y, 31-40Y, 41-50Y and >50Y age class

plantations were 91, 99, 105 and 114 per cent, respectively. Chamshama er al. (2000)

observed that total nitrogen decreased in young ls‘ rotation teak plantations and increased

in semi mature teak plantations of Tanzania. This corroborates the findings of the present

study.

In teak plantations, total nitrogen was observed to increase with age though the difference

was not significant. This trend is clearly visible in the two upper layers. Due to the

plantation activities in the initial year of its establishment, loss of top soil with its

accompanying loss of nitrogen leaves behind a soil that is low in nitrogen content. As the

plantation ages. addition of litter, its mineralization and incorporation into the soil
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enhances the nitrogen content of soil. Total nitrogen is significantly and positively

correlated to organic carbon and mirrors the variation of organic carbon in soil.

4.3.9.2. Eucalypts

Total nitrogen in soils of natural forest varied from 0.16 to 0.38 per cent while in

plantations of cucalypts, the range was between 0.05 to 0.28 per cent. Total soil nitrogen

decreased with depth in natural forest though this pattern was not distinctly discernible in

plantations.

The mean values for total nitrogen in plantations ofeucalypt varied l'rom 0.13 to 0.24 per

cent in 0-20cm and from 0.09 to 0.14 per cent in 20-40cm depths. The relative mean

values in the 0-20cm and 20-40cm depths in the plantations were 7l, 38 and 58 per cent

and 48, 33 and 43 per cent, respectively. The decrease was significant in the 0-20 and 20

40cm depths. Similar findings were earlier reported by Balagopalan and Jose (I986).

Among third rotation plantations. higher value for total nitrogen was observed in the

replanted plantations compared to eoppieed ones. The main source of nitrogen in soil is

organic matter. The loss of soil organic matter during clear felling and plantation

establishment translates into lower total nitrogen in soils of eucalypt plantations. In short

rotation crop like eucalypt, where disruption of carbon cycle is more frequent, each

rotation is accompanied by decrease in soil organic matter and consequent lowering ol

total nitrogen.

Among third rotation plantations, higher total nitrogen was observed in soils ofreplanted

plantations than eoppieed ones. Replanted plantations were fertilized in their initial years.

These additional nutrients would have enhanced growth and increased nutrient return to

soil through litter liall. This in tum would have led to improved organic matter status

enriching the total nitrogen in soil. Fertilizer application also adds nitrogen to the soil

directly thereby increasing total nitrogen content.

ln the 40-60cm depth, mean value of total nitrogen varied from 0.096 to 0.15 per cent and

the relative mean values of second and third rotation and third rotation replanted

plantations were 79, 70 and 50 per cent, respectively. In this depth too total nitrogen
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decreased with rotation, though replanted plantations had lower soil nitrogen than

coppiced plantations.

ln the 0-60cm depth, total nitrogen was significantly lower than that olinatural forest and

decreased with rotation. The mean values for total nitrogen in plantations of eucalypt

varied from 0.12 to 0.17 per cent. The relative mean values in the 0—60cm depth for

second, third and third rotation replanted plantations were 65, 44 and 51 per cent,

respectively. A decrease in total nitrogen with rotation in unc-oppiced, first and second

coppiced eucalypt was reported by Balagopalan and Jose (1983) and Balagopalan

(l995b). A decrease in total soil nitrogen as a result of reforestation with eucalypts was

also reported by Bargali er al. (1993) Sunita and Uma (1993) and Balagopalan and Jose

(1995).

4.3.9.3 Comparative evaluation

'The amount oi‘ nitrogen in soil organic matter is much greater than in the biomass. So

loss of nitrogen depend more on the amount of soil nitrogen mineralized than nitrogen

removed in logging (Smethurst and Nambiar, 1990) or held up in biomass. Total nitrogen

in soils ol‘ teak plantations and natural Forest did not differ significantly from each other.

On the other hand, in plantations oi‘ eucalypt. a significant decline was observed in 0-20

and 20-40cm depths. When soils in teak and eucalypts for similar periods oi‘ time were

considered, it was observed that after 21-30 years, plantations of teak lost 9 per cent total

nitrogen while those under euealypt lost 35 per cent from 0-60cm soil depth. ln the 0

20cm soil depth. plantations of teak lost 4 per cent, while those of euealypt lost 29 per

cent of total nitrogen. The loss from 20-40cm soil depth in plantations of teak was 32 per

cent while in plantations ol‘ euealypt, it was 52 per cent. The soils of40-60cm depth in

plantations of eucalypts was poorer by 82 per cent.

On comparing soils under teak and eucalypts For 31-40Y, it was observed that plantations

of teak and the adjacent natural forest had similar amounts of total nitrogen. ()n the other

hand, soils under eucalypts had suffered a loss 01' 50-57 per cent. The loss from 0-20cm

depth in plantations ol‘ teak was 3 per cent while in euealypt, it was 62 per cent. ln the 20

40cm depth, teak plantations lost 7 per cent and eucalypt lost 58-68 per cent of total soil
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nitrogen. Soils under teak in the 40-60cm depth were richer in organic carbon than

natural liorest while those under eucalypts were poorer than natural forest by 30-40 per

cent. Greater loss of total soil nitrogen from plantations olieucalypt than teak was earlier

reported by Balagopalan and Jose (1993, 1997) and Balagopalan (1995b). Conversely,

Singh er al. (1990) noted that total nitrogen was higher in 18-20Y old eucalypt than 44

SOY old teak.

4.3.10 Carbon : Nitrogen Ratio
4.3.10.1 Teak

The carbon to nitrogen ratio, an index of fertility was calculated. The carbon to nitrogen

ratio in soils ol‘ natural forest and that ofolder teak plantations were close.

The mean C:l\l ratio, in the 0-20cm, 20-40cm and 40-60cm depths in the 21-30Y, 31

40Y, 41-SOY and>50Y age class plantations varied from 5.0 to 6.9, 4.1 to 7.4 and 4.3 to

7.2, respectively. The relative mean values of these plantations in the 0-20cm depth were

67, 56, 83 and 82 per cent and in the 20-40cm, it was 80, 44, 89 and 80 per cent,

respectively. The relative mean values in the 40-60cm depth were 61, 47, 81 and 70 per

cent, respectively.

ln the 0-60cm soil depth, C:N ratio in plantations of teak varied from 4.5 to 7.7 and the

relative mean values in the 21-30Y, 31-40Y, 41-SOY and >50Y age class plantations

were 69, 49, 99 and 79 per cent, respectively. The C:N ratio in younger teak plantations

were lower than that of older plantations and the lowest value was observed in 31-40Y

age class plantations. The same pattern of variation was also observed in all the depths

under study. The C:l\l ratio of younger teak plantations and natural forest differed

significantly from each other. In older teak plantations, the difference was significant in

the 20-40 and 40-60cm depths.

4.3.10.2. Eucalypts

The C:N ratio in plantations olieucalypt were higher than that oi‘ natural liorest. The wide

C:N ratio of the soils is an indication of decline in soil fertility (Lal, 1973). Both carbon
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and nitrogen in cucalypt plantations were lower than that of natural forest, but the

decrease in the amount ofnitrogen was greater than the decrease of organic carbon. This

is responsible for the higher CIN ratio in plantations of eucalypt. In the 0- 60cm depth,

the C:N ratio in plantations of eucalypt varied from 11 to 14.5 and the relative mean

values For second. third and third rotation replanted plantations were 127, 140 and 168

per cent, respectively. C:N value varied significantly between natural forest and

plantations. The mean C:N ratio in the 0-20cm and 20-40cm depths in these plantations

varied from 11.1 to 14.0 and from 12.5 to15.7. respectively. The relative mean values oi

second, third and third rotation replanted plantations in the 20-40cm depth were 146, 167

and 183 per cent and in the 40-60cm depth the values were 152, 137 and 224 per cent,

respectively.

4.3.10.3. Comparative evaluation
Plantations of teak showed lower C :N ratio than that of natural forest while the value was

higher in plantations of eucalypt. C:1\1 ratio of younger teak plantations were lower than.

that of older teak plantation. In plantations of eucalypts the C:1\1 ratio increased with

rotation

4.3.11. Correlation studies

Correlation between the soil properties is given in Appendix 76. Some of the physical

properties of soils viz., bulk density, particle density, pore space and water holding

capacity were correlated with organic carbon. Bulk density was seen to have a significant

negative correlation with organic carbon. Similar findings were reported by Korschens

and Greilich (1981), llutington er al. (1988) and Manda] er al. (1990). Organic matter

helps in granulation and encourages a porous condition thus lowering bulk density.

Hence, lowering of organic matter in plantation soils may contribute to its increased

compaction. The trend in bulk density was influenced by the variation in organic carbon

status 01' plantation soils. llighest relative mean bulk density and lowest relative mean

organic carbon values were observed in the same age class plantations viz., 31-40Y.
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Water holding capacity was observed to have significant and negative correlation with

bulk density and significant positive correlation with organic carbon. lligher organic

matter as indicated by higher organic carbon in soil enhances water holding capacity. As

soils of plantations had lower organic matter than natural forest, water holding capacity

was also lower. Thus, it was observed that the single most important factor that

influences soil physical properties was organic carbon status of soils.

Significant correlations were observed between some of the soil chemical properties and

macronutrients. lixchangeable bases showed a significant positive correlation with

exchangeable sodium, potassium, calcium and magnesium. lixchangeable calcium was

significantly and positively correlated with pl-ll, exchangeable base, exchangeable

magnesium and organic carbon. Exchangeable magnesium in soil was significantly and

positively correlated with pl-1. exchangeable bases, exchangeable potassium and calcium.

Total nitrogen was significantly and positively correlated to organic carbon and its status

mirrors the variation oforganie carbon content in soil.
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Micronutrient Status



5.1. Introduction

Soils vary widely in their micronutrient content and their ability to supply micronutrients

in quantities suflicient for optimal crop growth. Soils deficient in their ability to supply

micronutrients to crops are alarmingly widespread across the globe. Original geologic

substrate and subsequent geochemical and pedogenic regimes determine total levels oi

micronutrients in soils. However, total levels are rarely indicative of plant availability,

because availability depends on soil texture, pH, organic matter content, adsorptive

surfaces, and other physical, chemical, and biological conditions in the soil (White and

Zasoski, 1999; Malewar, 2005).

A major portion oi‘ micronutrients is fixed by organic and inorganic colloids of the soil.

As a result. the total amounts of micronutrients in the soils may not be exchangeable to

plants (White and /asoski, l999). Essentially, every aspect of chemistry in micro

nutrients in soils is related to reactions that involve organic substances. l-lenc-e any change

in the organic matter content of soil may be accompanied by concomitant changes in

cycling ofmicronutrients (Stevenson, 1991). Moisture, aeration, clay, pll and nutrients in

the soils also affected micronutrient availability. Various researchers have investigated

the relationship of exchangeable iron, copper, zinc and manganese to pH, organic matter,

clay and cation exchange capacity (Rajagopal et al., 1974, Sakal cl al., 1988).

Each nutrient has a specific role to perform in influencing plant growth, development,

yield and quality of crop. The micronutrient cations are involved in enzyme systems as

co-factors. With the exception ol‘7,n, these are capable of acting as electron carriers in the

enzyme systems which are responsible for the oxidation  reduction reaction in plants.

'l‘hey also play a major role in building up chloroplasts and help in photosynthetic

activities (Deb and Sakal, 2002; llavlin ct al.. 2003). Awareness about importance oi

micronutrients is now wide spread. As per the All lndia Coordinated Research Project tor

Micronutrients, 48 per cent samples at all lndia level were deficient in zinc, 12 per cent in

iron and 5 per cent in manganese. The deficiency of Mo is not widely seen in Indian

(Singh er al.. 1979) though, a few instance of deficiency has been reported from

Vijaynagaram. A.P. (Singh, 2004)

89

‘

‘



In India, boron deficiency has been reported from eastern parts, namely Bihar

Jharkhand, West Bengal, Assam and Orissa (Deb and Sakal, 2002) The range of total and

exchangeable micronutrient contents in Indian soils are given in Table 6.

Table 6. Total and exchangeable mieronutrient contents in Indian soils

M M  .._ ___ _- _i' _1_  ___“ Exchangeable‘micronutrient (mg/Kg soil)Mieronutrient , . 1_____._  ._ ,_ -_  _ _, . _1 ‘ (mg/Kg soil) Content Mean
I _ 1
l_. .._ 1  _, _ _.. __ __1_ 2 ,., r _.  _      _Zine , I to I019 I 0.2 to 6.9 0.9

Copper , 1.9 to 960 0.1 to 8.2 2.1
Iron 1 2700 to 191,000 A 0.8 to 1% 19

Manganese 1 37 to 11,500 0.2 to 118 , 21
I  __ __ ._. 1. __.._.l._ .__..2 ____ _ ___, 2

There is no universal definition for critical limits of micronutrients in soils and plants

_ ._ _ ., 2 _,-_ _. l__ ._,  ___ .-_ ___

The critical limits of different micronutrients in soils have been found to vary with the

extractant used, soil to extraetant ratio, equilibration period, crops and their eultivars, soil

properties like texture, soil pH, calcium carbonate, organic matter, available phosphorus

level of fertility and effect of cropping sequence (Malewar, 2005). Information about

micronutrient status of forest or plantation soils, especially in India, is scarce and limited

in number (Nitant el ul., 1992, Thiyageshwari er al., 2006, Rahman and Elahi, 2006

Jianwei l,i er al., 2006). A few studies on effect ofmieronutrient deficiency on growth oi

teak and cucalypt were limited to "seedling stages at the nursery level (Sujatha, 2003

Gopikumar er al., 2001; Kamala er al.. 1986). Sujatha (2003) observed that among l’e

Cu, Mn, Zn, Mo and B, deficiency symptom of lie was observed earliest while that of B

was noticed last in teak. It was also observed that among the micronutrients studied

deficiency of B affected the growth of teak seedlings least. In the ease of eucalypt. at the

end of the seedling production rotation. Silveira el al. (2003) observed that, Mn was the

most extracted micronutrient while B was the least. This showed that the demand of B for

teak and cuealypt was relatively low when compared with Fe, Cu, Mn and Zn.
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Conversion oi‘ natural forest to monoculture plantations influences physical and chemical

properties of soils. This can. in turn, affect the micronutrient status. Considering the

relative importance of lie, Cu. Mn and Zn to teak and eucalypt and the extent of their

deficiency in lndia, a study on status of these mieronutrients in forest and plantations

soils was carried out.

5.2. Materials and Methods

Exchangeable mieronutrients vz'z., iron, copper, manganese and zinc were extracted From

the soil by 0.1M hydrochloric acid as an extractant in 1:10, soil: solution ratio (20g soil:

200ml solution), shaken for five minutes and filtered with Whatman no. 1 filter paper.

T he 0.1M hydrochloric acid extractant was prepared by adding 300ml. of 6M

hydrochloric acid to approximately 10L oi‘ deionized water and diluting to 18.01. final

volume.

ln order to prepare standard calibration curves o1‘7.n. Cu, Mn. and lie, six standards oi

each were prepared from 1000mgl." standard solutions, readily available from M/s

Merck Chemicals. The concentration of solutions prepared were 0.1, 0.5, 1.0, 2.0, 4.0

and 5.0mgI. -1 for Zn and Cu; 0.1, 1.0. 2.0, 4.0, 8.0 and 10 mgljl for Mn and Fe. For this,

10ml of 1000mgl." standard solutions of Zn were pippeted out and diluted to 100ml.

T his was l00mgl." standard solution. From this standard solution, 25 ml was diluted to

250ml, to obtain 10mgL’l standard solution. Similar dilutions were made with l000mgL'l

standard solutions ol‘Cu. Mn, and Fe.

In the case oi’ Zn and Cu, 10, 20, 40 and 50ml standard solutions were pippeted out and

made up to 100ml in order to prepare 1.0, 2.0, 4.0 and 5.0mgL" standard solutions,

respectively. To prepare 0.1 and 0.5mg1."l standard solutions, 10 and 50ml of 1.0mg1.'l

standard solutions were diluted. respectively to 100ml.

For preparing] .0. 2.0, 4.0 and 8.0mgl." standard solutions of Mn and lie, 10. 20, 40 and

80 ml l0mgI.‘1 standard solutions were pippeted out and diluted to 100ml. 'l‘he 0.1mgL"
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standard solutions of Mn and Fe were prepared by diluting 10ml of l.0mgL"l respective

standard solutions to l00ml.

The above standards were fed into the atomic absorption spectrophotometer (Perkin

lilmer) and standard curves for each micronutrient generated (Page er u{.. I982).

Similarly. the filtrate was led into the atomic absorption spectrophotometer and the

concentrations read. ln the ease of higher concentrations appropriate dilutions were made.

ANOVA was done for each location and for each depth level separately for comparing

between vegetation. To study the soil changes overtime, ANOVA was done for each age

class and depth level. ll’ the analysis of variance was liound to be significant, Least

Significant Dililierence was used for pair wise comparison. The analysis was carried out

using SPSS software package (Norusis, 1988‘).

5.3. Results and Discussion

The mean values of soil mieronutrients in natural forest and plantations of teak are

described in Table 7 and those of natural forest and euealypts are described in Table 8.

Results ol' analysis of variance oi‘ soil properties due to vegetation types are given in

Appendices 51 to 62. Al\l()\/A between soils ofnatural forest and different age class teak

plantations and those of the natural forest and dilTerent rotation eucalypt plantations are

given in Appendices 63 to 75. Correlation between the soil properties are given in

Appendix 76.

5.3.1. Exchangeable Iron
5.3.1.1. Teak

Exchangeable iron in soils of natural Forest varied from 6.5 to 55.25ppm whereas in

plantations of teak, it varied from 6.7 to 84.0ppm. Among plantations of teak.

exchangeable iron first increased and then decreased with age. This pattern of variation

was seen in 0-20. 20-40 and 40-60cm depths. The highest mean value for exchangeable

iron was obtained in 3l-40Y age class plantations in all depths.
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Soils of younger teak plantations had significantly higher amount of exchangeable iron

than natural forest in all the three depths. In the 0-20cm depth, availability of iron was

significantly higher in 31-40Y age class plantations than in natural forest. However. in

the 41-SOY and >50Y age class plantations, iron availability was significantly lower than

in natural forest. The relative mean values for these plantations were 150, 26], 58 and 41

per cent, respectively. The mean values of exchangeable iron in this layer varied from

l7.5 to 57.2ppm.

In the 20-40 and 40-60cm depths, the mean values varied from 20.0 to 50.4ppm and 20.2

to Sl.9ppm. The relative mean values in the 21-30Y, 31-40Y, 41-50Y and >50Y age

class plantations were l4l. 306, 1 l7 and 81 per cent in the 20-40cm depth while in 40

60cm depth, the values were 107, 276, l0l and 86 per cent, respectively. Soils with

natural forest and teak, with the exception of 31-40Y age class plantations, did not differ

significantly in iron availability in the 20-40 and 40-60cm depths. ln 31-40Y age class

plantations, significantly higher amount of iron was available to plants than in natural

forest.

The mean values of exchangeable iron in 0-60cm depth varied from 19.7 to 53.2ppm.

The relative mean values in the 2l-30Y, 31-40Y, 41-50Y and >50Y age class plantations

were l3l, 320. 86 and 64 per cent, respectively. The difference was significant in

younger teak plantations and non-significant in older teak plantations. Studies on

variation in micronutrient availability with age in teak plantations or comparison with

natural forest were not reported previously.

A study by Karia and Kiran (2004) on mic-ronutrients in forest soils of Chhotaudepur

exist but it does not cover the micronutrient status of teak plantations. Reported mean

value of exchangeable iron in the surface soil of a closed teak forest was higher than in

the present study.
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Table 7. Mean values of exchangeable micronutrients in natural forest and teak
plantations1.  ..__ -___-... ._ _  ._-__- _._ -___. .

l1 1

1. W Site I
&, Karadipara

~ Vazhachal
Forest 11

i

\ Site ll
Athirapilly

1._.__. i_..___. .2 ._ .__...i.......___  - _ 1 .

Natural
forest

Teak

l Division ‘_-_ __ __ ___1[ ._.___...- ..__

Natu ral

forest

Teak

Study area _ Location I Vegetation

.__+ - _._ ___ .. 9.  .___. . ui  ____. _ ..1

~ 0-2° 14.53 0.49 1.44 J_36.77

._-  .--_l. _- _. .3 _. . .

1 ’ t_    _._.
_  __ _    .

0 (la 0-2° 1 430 .

2°-4° 16.5 I

-4»-n———-av: _—__.--——

0.41 T_0.88

._...__ - H L.
“ ' 0-6077166 L1 21.8_ _.__ _ ._. .1 ,4

0.56 1- 0.97

0.47 *1 1.10

1.89 Y1.09

,- .3-.. _ . 3-. I . lZ . - ..-i_ .. .__.._.

Depth Exchangeable Micronutrients1  H lt__Fé__.    .___.class --cm» 1* _L M". __- .._.__-..__h .___-... ..  _.* 7"" PR“._ ____ .__7_ 11___  __ _.   ________

21.10

22.68

27.52

78.60

20-40 l 232
"7 7 "-12.30 0.79 31.6221-3OY  I .-  +

L 40-50 t 202 1 1.98 0.72 l 47.66
0-60 1 1 2.06 1 0.66

1

52.53LP L J‘ j  ‘fi21.8 J;
0-20 +572 l20-40 1

31-40v 0. - us. 5.014

1.64 A 1.36
1.66 1.00

1 40-60 1 520
A fifilfill 53.2 0_ -. . __. -_L

.

. 20-40 T 248

?_. , ’ _-.
1 .94 1 .07

52.94

22.57

22.67

1.75 1. 4
.i_+‘.7 _ . _4,,... 1 ‘

— i_ --4»0.65 ' 1.74
0.59 l 0.79

_ -2.  4 _ ._ _ 14
l:
. 0-20 1 24.7

62  .06
.42 .46

32.73.4 -i
45.09

24.44

17.02

28.85

31653 -120-40~ 40-50Y 1    29.11 _._
4°-6° 25.9 1t_._ ._1_. __ 1 0-60 255 .

2.9.. -._¢- 4- -—
1.68 1.30

H630 1 .
t. --  -3-.514.-@~51a<>_Y2._..1 .~ 31.1 0. 1_1 W’ . J

16.18
__..4__._,_1._ _ ._
1.26  0.67
1.46 1.21l . .._ _ . .

0-20 7 7
ll

_._- 2-41 .
1.55 1.33

14.34

1 >50Y ,2 .
..4  . ,.

1 .79

\ 1 .4
1 200-40 lb 20_.0 H_   _.2  _ _
" 4°~6° 21.6_L

2 - l.
1.65 0.75

0.84 l 31.63 1
28.89‘ “._ "2  _JU__-. -in   __..._i.  _2

' 0-6° 19.7 1 1.66 1 0.97 J 33.03

94

..J _.._ _. __H
1 20.66

T 36.57
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i

1

i
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li
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1

ll

l

1
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i‘

Table 8. Mean values of exchangeable micronutrients in natural forest and eucalypt
plantations

area 1‘
li

I

ii

Thrissur ‘
Forest 1 Marotichai
Division \

i

ll

‘i

ll

i

1

i

.____.. .....___.1._______ ____ _

i

i

.__ .__ ._ _.‘.__.___ ....

i

l

ii

1

ii

1

‘i

4

E“°a'YPt Rftéfiong 72°-457 A“ 11.0011 0.94L 0.75‘
1 “ 406 ‘ 770911611,
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5.3.1.2. Euealypts

The amount ol‘ exchangeable iron in the soils of natural forest increased with depth.

Similar trend was also observed in second and third rotation eucalypt plantations.

llowever, this pattern of variation was not observed in third rotation replanted

plantations, possibly due to soil disturbance during replanting. Exchangeable iron in soils

oi‘ natural forest varied from 5 to l4.lppm and in eucalypt plantations. the variation

from 4.5 to 33.9ppm.

ln 0-20cm depth, the corresponding values were 123. 212 and I75 per cent, respectively.

'l‘hc mean values of exchangeable iron in the 0-20cm depth varied from 9.4 to l6.2ppm

and increased significantly with rotation. The same pattern of change was observed in all

the three depths. Among third rotation plantations, availability of iron in coppiced

plantation was higher than replanted one. ln the 20-40 and 40-60cm depths, the mean

values varied from 10.3 to 25.8ppm and from I 1.6 to 29.3ppm. The relative mean values

of second, third and third rotation replanted plantations were 122, 306 and 131 per cent

and 104. 262 and 125 per cent, respectively.

Soils in eucalypt plantations had significantly higher values than that of natural forest in

0-60cm depth. 'l'he mean values varied from 10.4 to 23.8ppm. The relative mean values

in second. third and third rotation replanted plantations were 115, 262 and l4l per cent.

respectively. 'l'he increase from natural liorest was significant in third rotation plantations.

On comparing the soils ol‘ coppiced and replanted third rotation plantations, it was

observed that exchangeable iron in replanted plantations was lower than in coppiced one.

In plantations ol‘ eucalypts, exchangeable iron increased significantly with rotation in all

depths. Higher iron availability in older eucalypt plantations than younger plantations

was also reported by Sangha and Jalota (2005).

5.3.1.3. Comparative evaluation

Exchangeable iron in plantations ol‘ eucalypt increased with rotation. However, in teak

plantations an initial increase was followed by a decrease in the older plantations. When

soils under plantations of teak and eucalypts over similar period ol' time were considered.
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it was observed that after 20-30Y, soils under eucalypts were richer in exchangeable iron

than in natural forest by 15 per cent while those of teak plantations were richer by 31 per

cent. After 30-40Y, soils under teak were richer than natural forest by 220 per cent while

those under eucalypts were richer by 41 and 162 per ccnt. respectively.

Mic-ronutrient concentration may be reduced by complexation with soil organics.

particularly when metal organic complex has low solubility (Stevenson, 1991). ln this

case, exchangeable iron was found to be significantly and negatively correlated to

organic carbon. The change in exchangeable iron status of plantation soils may be

mediated through soil organic carbon. The pattern 01' change in exchangeable iron

concentration was also seen to be related to organic carbon status of soil. Among teak

plantations, relative availability of iron was highest in 31-40Y age class plantation soils.

The lowest relative mean organic carbon values among teak plantations was also

recorded in this age class. No significant difference was observed between soils of older

teak plantations and natural forest in the 20-40 and 40—60cm depths in either organic

carbon or exchangeable iron.

ln plantations of euealypts, iron content increased and organic carbon decreased with

rotation. Among third rotation plantations, higher organic carbon and lower exchangeable

iron was observed in replanted plantations when compared to coppiced one.

5.3.2. Exchangeable copper
5.3.2.1. Teak

The exchangeable copper in soils of natural forest varied from 0.27 to 0.92ppm and in

plantations of teak, it varied from 0.40 to 2.89ppm. Amount of exchangeable copper in

plantations 01‘ teak is significantly higher than that 01' natural forest. Within teak

plantations, relative values of exchangeable copper in older plantation soils were lower

than that ol‘ younger plantations.

97



ln the 0-20cm soil depth, the mean values of exchangeable copper varied from 1.42 to

l.88ppm and the relative mean values in the 21-30Y, 31-40Y, 41-SOY and >50Y age

class plantations were 384, 334, 220 and 240 per cent, respectively. Mean values of

exchangeable copper in 20-40 and 40-60cm depths varied from 1.68 to 2.29ppm and

from 1.28 to l.98ppm.The relative mean values in these depths in 21-30Y, 31-40Y, 41

50Y and >50Y age class plantations were 560, 409, 286 & 305 per cent and 340, 332,

252 & 325 per cent, respectively. Availability of copper in soils of teak plantations was

significantly higher than natural forest in 0-20, 20-40 and 40-60cm depths.

1n the 0-60cm depth, mean values of exchangeable copper in soils of teak plantations

varied between 1.46 to 2.06ppm and the relative mean values in the 21-30Y, 31-40Y, 41

SOY and >50Y plantations were 434, 370. 236 and 268 per cent, respectively. Karia and

Kiran (2004) reported higher values for copper in the surface sample of a closed teak

forest of('.‘hhotaudepur.

5.3.2.2. Eucalypts

lixchangeable copper in natural forest varied from 0.76 to 5.29ppm while in plantations

of eucalypt, it varied from 0.48 to 5.8ppm. In natural forest, exchangeable copper

increases with depth. On the other hand, no trend was observed in eucalypt plantations.

The mean values for exchangeable copper in eucalypt plantations were generally lower

than the corresponding values in the natural forest. However, availability of copper in

second rotation plantations was higher than that of natural forest in the 20-40cm depth

though the difference was not significant.

Third rotation replanted plantation had lower amounts of exchangeable copper than

coppiced plantations. ln general, availability of copper in eucalypt soils was significantly

lower than that in the natural forest. However. exchangeable copper in the 20-40cm depth

in second rotation eucalypt plantations was higher than that in the natural forest. 1n the 0

20cm depth, it was observed that, mean values of exchangeable copper varied from 1.06

to 2.1 lppm and the relative mean values of second, third and third rotation replanted

plantation were 97, 81 and 49 per cent, respectively. In the 20-40 and 40-60cm depths,

the mean values varied from 0.93 to 3.88ppm and from 0.9 to 2.36ppm. The relative
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mean values in the corresponding depths in second, third and third rotation re

plantations were 152, 67 and 37 per cent and 61, 40 and 24 per cent. respectively. _

ln the 0-60cm depth, the mean values of exchangeable copper varied from 1.0 to 2

\s“‘““’-_ “I, .

-II!

0

\
/£3

Q ‘E-».\.

cc:-t

97. 59 and 34 per cent respectively. Availability of copper in euealypt plantations

decreased with rotation in all the three depths. The difference between second rotation

and third rotation replanted plantations was significant in all depths. On the other hand. a

significant difference between second rotation and third rotation coppiced plantation was

observed only in 20-40cm depth. Availability of copper in replanted plantations _was

lower than in coppiced ones though the difference was not significant. é 3 f Q J. F
.._9"F

Baber er al. (2006) observed that copper in surface soil decreased as distance increased

from the tree. This could be due to absorption of copper from soil by euealypts. I.-ovver

copper availability in older euealypt plantations when compared to younger plantations

was reported by Sangha and Jalota (2005).

5.3.2.3. Comparative evaluation

The availability of soil copper to plants is relatively low which is favorable conditions as

excessive availability leads to copper deposition on the roots and to stunted root systems.

When exchangeable copper status in plantation soils was studied, contrasting pattern of

variation from natural forest was observed in teak and euealypt plantations. Soils of teak

plantations were richer in exchangeable copper than natural forest whereas those of

euealypt were poorer. Higher extractable copper in plantations of teak as compared to

soils under forest cover was also reported by Mongia and Bandyopadhyay (1 9912b). When

soils under teak and euealypt for similar periods of time were compared, it was observed

that. alter 20-30Y. soils of teak plantations were richer than natural forest by 334 per cent

while those under euealypts were poorer by 3 per cent. On comparing soils under teak

and euealypt in 30-40Y, it was noticed that soils under teak were richer in exchangeable

copper than natural forest by 270 per cent while those under euealypt were poorer by 42

to 66 per cent, respectively.
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5.3.3. Exchangeable Zinc
5.3.3.1. Teak

Exchangeable '/.inc in natural forest soils varied from 0.46 to 2.80ppm and in teak

plantations, it varied from 0.33 to 2.2ppm. In natural forest and plantations, the highest

value for exchangeable zinc was recorded in the 0—20cm depth. Soils in the natural forest

and teak plantations did not differ significantly in availability of zinc.

When soils in different age class teak plantations were compared, it was observed that

zinc availability first increased and then decreased with age in 0-20cm depth. The mean

values for exchangeable zinc in plantations of teak varied from 1.09 to l.48ppm and the

relative mean values in 21-30Y, 31-40Y, 4l-50Y and >50Y age class plantations were

75, 95, 85 and 76 per cent, respectively. The difference was significant in the oldest age

class plantation. A significant decline in total zinc, in soils of IS‘ rotation, II"d rotation,

lll'd rotation teak plantations was reported by Dhanya er al. (2006). Although the study

cannot be compared in tote, the trend observed, corroborated the findings of present

study.

In 20-40 and 40-60cm depths, the mean values for exchangeable zinc varied from 0.78 to

l.29ppm and from 0.71 to l.06ppm. The relative mean values in 20-40 and 40-60cm

depths, in teak plantations ot'2l'-30Y, 31-40Y, 4l -50Y and >50Y age class were 89, 1 l3,

164 and 106 per cent and 74, 110, I20 and 104 per cent, respectively. ln 0-20cm depth,

the highest relative mean value was recorded in 31-40Y age class plantations while in 20

40 and 40-60cm depths, the value was recorded in 41 -50Y age class plantations.

In the 0-60cm depth, mean values of exchangeable zinc in plantations of teak varied

from 0.86 to l.2lppm and the relative mean values in 21-30Y, 31-40Y, 41-SOY and

>50Y age class plantations were 79, 104, 112 and 90 per cent, respectively. Availability

of zinc in plantation soils initially increased and then decreased with age of plantations

and the highest value for exchangeable zinc was recorded in 4l-50Y age class

plantations. Karia and Kiran (2004) reported similar values for zinc in the surface sample

of a closed teak forest of Chhotaudepur.
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5.3.3.2. Euealypts

Exchangeable zinc, in soils of natural forest varied from 0.61 to 2.36ppm and in

plantations of eucalypt, it varied from 0.55 to 6.04ppm. Zinc availability decreased with

depth in soils of natural forest. This may be due to the enrichment ofthe upper portion oi

the solum due to the long term upper translocation by plant roots and subsequent

incorporation into the surface layer of the soil through plant litter decay (Stevenson,

1991). A similar pattern was also observed in all plantations of eucalypts except third

rotation replanted plantation. The disturbance to the soil during replanting might be

responsible for the lack of said pattern in replanted plantation.

Soils in second rotation eucalypts had higher zine availability than that of natural forest in

0-20, 20-40 and 40-60cm depths. Ilowever, the difference was significant only in 0-20cm

depth. Soils in third rotation plantations were poorer in exchangeable zinc when

compared with forest soils. lt was also observed that availability of zinc decreased with

rotation. Baber er al. (2006) observed that zine in surface soil decreased as distance

increased from the tree. This could be due to absorption of zine from soil by eucalypts.

On comparing the 0-20 and 20-40cm depths in different rotation eucalypt plantations, it

was observed that mean values of exchangeable zinc in plantations of eucalypt varied

from l.57 to 3.6ppm and from 0.84 to l.8lppm. The relative mean values of second,

third and third rotation replanted plantations for these were 166, 90 and 73 per cent and

153, 72 and 64 per cent, respectively. A significant decline in availability of zine with

rotation was observed in 0-20 and 20-40cm depths.

Among third rotation plantations, higher values were seen in coppic-ed plantations than

replanted ones, though the difference was not significant. Soils in 40-60cm depth had

exchangeable zinc varying from 0.85 to l.8lppm and the relative mean values of second,

third and third rotation replanted plantation were 147, 71 and 152 per cent, respectively.

Soils in the natural forest and eucalypt plantations did not differ significantly from each

other at this depth. ln the 0-60cm depth. the mean values for exchangeable '/.ine varied

from 1.2 to 2.4ppm and the relative mean values for second. third. third rotation replanted

l0l
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plantations were 158, 80 and 91 per cent, respectively. Sangha and Jalota (2005) reported

a decrease in Zn availability with age in eucalypt plantations.

5.3.3.3. Comparative evaluation

Exchangeable zinc in teak plantations initially increased and then decreased with age

while in plantations of eucalypt. a decline with rotation was observed. On comparing

soils under teak and cucalypts for 20-30Y. it was observed that soils under teak had 25

per cent less exchangeable zinc than natural forest, while those under eucalypt had 58 per

cent higher values. After a period oi‘ 31-40Y under plantations, it was observed that teak

were richer than natural forest by Your per cent and those of eucalypts were poorer by 9

20 per cent. Zine exhibited significant positive correlation with exchangeable base,

organic carbon and exchangeable magnesium. Significant positive correlation of zinc

with organic carbon has been previously reported by Sakal el al. (1988) and Shetty er al.

(2006)

5.3.4. Exchangeable Manganese
5.3.4.1. Teak

Exchangeable Manganese in soils of natural Iorest varied from ll to 55.2ppm while in

plantations oi‘ teak it varied from 5.3 to ll7.0ppm. Availability of manganese in soils oi

natural forest and plantations generally decreased with depth.

On comparing soils in 0-20cm depth in plantations of teak, it was observed that,

exchangeable manganese was higher in younger teak plantations than both older

plantations and natural forest. The mean values of teak plantations varied from 31.5 to

79ppm and the relative mean values in 21-30Y, 31-4OY, 41-50Y and >50Y age class

plantations were 203, l37, 70 and 86 per cent, respectively. The values reported by Karia

and Kiran (2004) from the soils of closed teak forest 0fChhotaudepur were similar to the

values obtained from older teak plantations in the present study and lower than the values

from younger teak plantations.
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In 20-40cm and 40-60cm depths, exchangeable manganese in soils of teak plantations

varied from 16.1 to 31.6ppm and from 14.3 to 28.89ppm. The relative mean values in 21

30Y, 31-40Y, 41-50Y and >50Y age class plantations were 149. 107, 66 and 129 per cent

and 210, 100, 84 and 170 per cent, respectively.

Soils in natural forest and plantations of teak did not differ significantly in manganese

availability. The only exception was the oldest age class teak plantation. Soils of >50Y

age class teak had significantly higher manganese content than natural forest in 20-40 and

40-60cm depths.

In the 0-60cm depth, mean values for exchangeable manganese in teak plantations varied

from 20.68 to 52.53ppm and the relative mean values in the 21-30Y. 31-40Y._ 41-SOY and

>50Y age class plantations were 191, 119, 72 and 115 per cent, respectively. Plantations

of teak were generally richer in exchangeable manganese than those of natural forest

although this was not true in the ease o1'41-50Y age class plantations.

5.3.4.2. Euealypts

Exchangeable manganese in soils ole‘ natural forest varied from 10.9 to 83.0ppm while in

eucalypt soils, the values varied from 9.3 to 81.3ppm. Availability of manganese in

natural forest decreased with depth. Availability of manganese in soils of eucalypt

plantations was significantly lowerthan that 01' natural forest in 0-20cm depth. When

soils in 0-20. 20-40 and 40-60cm depths in plantations ol‘ eucalypt were studied, it was

observed that exchangeable manganese decreased with rotation although the decrease

was significant only at 20-40cm depth. The mean values in 0-20 and 20-40cm depth

varied between 23.8 to 42.6ppm and from 17.5 to 50.9ppm.The relative mean values for

second, third and third rotation replanted plantations were 64, 41 and 36 per cent for 0

20cm and 140, 57 and 48 per cent in 20-40cm depth. The mean values in this depth in

eucalypt plantations varied from 14.2 to 49.4ppm and the relative mean values in second,

third, and third rotation replanted plantations were 148, 79 and 43 per cent, respectively.

In the 0-60cm soil layer, soil exchangeable manganese decreased with rotation. The mean

values of exchangeable manganese varied from 18.5 to 47.6ppm and the relative mean
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values of exchangeable manganese in second, third and third rotation replantcd

plantations were 105, 55and 41 per cent, respectively. Among third rotation plantations,

lower values were recorded in replanted plantations.

Lower availability of manganese in older eucalypt plantations was also observed by

Sangha and Jalota (2005). Baber er al. (2006) observed that manganese in surface soil

decreased as distance increased from the tree. This could be due to absorption of

manganese from soil by eucalypts.

5.3.4.3. Comparative evaluation

Availability of manganese in eucalypt plantation soils decreased with rotation. In

plantations oi‘ teak, such a clear pattern was not seen. ()n comparing soils under teak and

eucalypts For similar periods. it was observed that after 20-3UY, the soils under teak and

eucalypts were richer than natural forest by 91 per cent and 5 per cent, respectively.

When soils under teak and eucalypts plantations for 31-40Y were compared, it was

noticed that those under teak were richer than natural forest by l9 per cent while soils

under eucalypts were poorer by 45 to 59 per cent, respectively. Exchangeable manganese

was positively correlated with organic carbon and total nitrogen. Positive correlation of

exchangeable manganese with organic carbon was earlier reported by Sakal er al. (1988)

and Shctty er al. (2006). Total nitrogen is significantly and positively correlated to

organic carbon. I-lence the correlation of exchangeable manganese with total nitrogen

may be mediated by its relationship to organic carbon.
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Cfiapter 6

Organic Matter Fractions



6.1. Introduction

Monoeulture plantations differ from natural forest, and from each other, in quantity ol

litter, its nutrient content and rate of decomposition. Conversion of natural forest to

monoculture plantations results in replacement of mixed litter of a natural forest with

uniform litter of plantations and is accompanied by changes in the mic-roclimate. The

changes in quantity, quality and rate of decomposition of litter alters the amount and

nature of organic matter in soil.

Among plantations of teak and eucalypts, the annual amounts of leaf litter added were

higher in teak than in eucalypts (Singh er al., 1993). Teak litter also decomposed rapidly

when compared to eucalypts litter and the decay rate varied significantly both in the field

and laboratory (Singh er al., 1993, Pande and Sharma, 1993a, Sankaran, 1993,

Maharudrappa er al.. 2000, Panda and Swain, 2002). The release of carbon from teak

litter was lower than that ofeuealypts litter (Panda and Swain, 2002).

The chemical composition of litter also changes. laiucalypts leaves are waxy in nature and

contain fatty acids (Singh and Das. 1992). Pande (1999) found that ether soluble

extractives (fats and waxes), alcohol soluble extractives (resin) and hot water soluble

extractives (free sugars) were richer in leaves and twigs of eucalypts than teak. On the

other hand lignin content of teak leaves was greater than that of eucalypts.

Thus, it is reasonable to expect that surface soils with similar parent materials, ground

cover and topography but with different vegetation types differ in their soil properties.

Similar findings were reported by Singh er al. (1988). The conversion of natural forest to

\

monoculture plantations not only affect the chemical properties and nutritional status of

soil under it (Mongia and Bandyopadhyay, 1992a; Balagopalan 1995a; Balagopalan

1995b; Dagar er al., 1995; Michclsen er al., 1996; Joshi er al., 1997; Lian and Zhang.

1998; Aweto 2001; Pande, 2004; Guo -Jian Fen er al., 2004) but also has an effect on the

composition of soil organic matter (Wang. 1967, Singhal and Sharma, I983,

Balagopalan, 1991, Balagopalan, 1995a).
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6.2. Materials and Methods

Five surface samples. each from natural Forest, teak and eucalypts were subjected to

proximate analysis for determining the components by the methods oi‘ Stevenson (1965).

The proximate components estimated were fats, waxes and oils. resins. free sugars,

hemicellulose, cellulose. lignin and protein.

6.2.1. Fats, waxes and oils

Fifty gram of soil was extracted with 100ml ether in soxhlets apparatus for 24h.

Evaporated the ether extract to a small volume, and transtiered the solution to a

preweighed weighing bottle. Dried it to a constant weight in an oven at 100°C. Transfered

to a desiccator; allowed to cool and reweighed the weighing bottle (Stevenson, 1965).

Per cent of fat, waxes and oils = (W2-W1) x 100/50

Where WI = weight of empty weighing bottle

W; -T-6 weight oi‘ weighing bottle alter cooling

6.2.2. Resins

Transfered the ether extracted soil to a 500ml flask, add l00ml of ethvl alcohol, and

heated the mixture under steam bath under reflux for 2h. Filtered off hot alcohol using a

Buehner funnel, using Whatman No. 50 filter paper. Washed the soil thoroughly with hot

alcohol, combined the filtrate and washings, and evaporated off the bulk of alcohol on a

steam bath. Transfered the extract quantitatively to a weighed evaporating dish, using

several small washes oi‘ ethyl alcohol. Evaporated off the solvent of a steam bath, dry the

residue in an oven at 100°C and reweighed the evaporating dish after cooling in a

desiccator (Stevenson. 1965).

Per cent of resin ~-" (W2-W1) x 100/50

Where W1 = weight of empty evaporating dish

W; = weight of evaporating dish after cooling
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6.2.3. Free sugars
Added 100 to 200ml of distilled water to ether — alcohol- extracted soil. and boil the

mixture under rellux for two hours. Centrifuged the sample, decanted and washed the

residue thoroughly with hot water, and adjusted the volume oil‘ filtrate and washings to

one liter. Poured 200ml oi‘ this solution to an evaporating dish; evaporated off the water

on a steam bath. dried the residue in an oven at 100°C for 30 minutes. Cooled in a

desiccator, weighed the evaporating dish and placed in a mullle furnace at 550°C until all

the organic matter has burned oil‘. Cooled in desiccator and reweighed the evaporating

dish (Stevenson, 1965).

Per cent free sugars = [(\/V2-WI) x 100 x 200] /(50 x 1000)

Where W1 = weight of evaporating dish alter drying in oven

W2 = weight ol‘ evaporating dish after burning ollorganic matter

6.2.4. Hemicellulose

Placed the residue with hot water extract in an oven, and dried it at 100°C. Transfered

half of this residue to one liter flask. Added 300ml of hydrochloric acid solution (56ml

concentrated hydrochloric acid in one liter distilled water) and boiled the mixture for five

hours under reflux. Cooled, filtered through No. 50 Whatmann filter paper, washed the

residue thoroughly with hydrochloric acid solution and adjusted filtrate plus washings to

500ml. Added 25ml aliquot ofthis solution to l25ml lirlenmeyer llasks. To this added

two drops of bromo cresol purple indicator liollowed by sodium hydroxide solution (25g

sodium hydroxide in one liter distilled water) until colour turns purple. Allowed the flask

to stand for several hours with frequent shaking. Filtered and washed residue thoroughly

with distilled water and adjusted the volume of filtrate to l00ml. To this added excess ol

Felhing solution (usually 10ml), bring the mixture to boil and added 3-5 drops ol

methylene blue indicator and titrated against standard glucose solution (Zg of pure

glucose in one liter of distilled water). The standard glucose solution was added at Sml

increment at 20s intervals until the blue colour disappeared. From this rough titration

value, titrated the second sample by adding as much of the standard glucose as possible

before boiling commenced. Then added the final 0.3 to lml of standard glucose solution

at such a rate that the end point was reached within three minutes alter boiling starts.
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Performed a blank titration usingthe same quantity of Felhing’s solution (Stevenson,

1965)

Per cent Hemiccllulose = ('l‘.Vb|;,.;(---'F.Vi.§,nL,£)gx 2 x0.9 x500 x50 x_H2
25 x (wt. oi‘ sample taken for analysis)

6.2.5. Cellulose

Transfered the soil residue (obtained after hydrolysis with hydrochloric acid) to a

weighed evaporating dish and dried in an oven at 100°C and reweighed the evaporating

dish. Ten gram of residual soil was taken in a stoppered l00ml conical tlask and added

25ml of sulphuric acid solution (83.4 ml of concentrated sulphuric acid in 100ml of

distilled water). Allowed the soil to stand for 2.5 h. at l2 to 14°C. Transfcred to one liter

flask and added 875ml of distilled water and boiled for live hours under reflux. Cooled,

filtered through No. 5 0 lilter paper. Adjusted filtrate and washing to IL and estimated the

amount of reducing sugars in solution as above (Stevenson. 1965).

Per cent ofCellulose = (ub|i._k;1_‘.1,mI,l,E) x 2 it 0.93 1000 x 50 xi 2)
25 x (wt. of sample taken for analysis)

6.2.6. Protein

Transfered the soil residue from liltcr paper to a weighed evaporating dish. dried in an

oven at 100°C and reweighed it. Analyzed one gram of the residue for total carbon and

nitrogen. Protein was calculated by multiplying the nitrogen content in the soil residue by

a factor ol‘6.25 (Stevenson, 1965).

Per cent ofProtein = (Nitrogen content x 6.25 x 50) x 2

6.2.7. Lignin — humus

Lignin humus content of soil was estimated by subtracting the value from total organic

matter in the sulphuric acid residue (Stevenson, 1965).

Per cent ofLignin —humus '—‘]_(Carbon content x 1.724)-(Nitrogen content x 6.25)] X50 x 2
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6.2.8. Statistical analysis

The data were analyzed statistically with SPSS software and t-test was done for pair wise

comparison.

6.3. Results and Discussion

The mean values of soil proximate constituents in natural forest and plantations of teak

and eucalypts are described in 'l‘able.10. Results of ANOVA and t-test for different soil

parameters of Vazhachal Division and the result of ANOVA and t-test for different soil

parameters in 'l'hrissur Forest Division are given in appendix 77. Correlation between

proximate constituents is given in appendix 78.

6.3.1. Fats and waxes

The amount of fats and waxes in plantations of teak varied from 0.016 to 0.032 per cent

and in natural forest, the values ranged from 0.040 to 0.05 per cent. ln plantations of

eucalypts, the quantity of fats and waxes varied from 0.024 to 0.04 per cent and in the

adjacent natural forest, the amount varied from 0.056 to 0.069 per cent. The fats and

waxes in soils of monoculture plantations were significantly lower than that of natural

forest. The relative mean value in teak plantations was 54 per cent while in plantations of

eucalypts, it was 47 per cent. ln natural forest, fats and waxes constitute 1.5 per cent of

total organic carbon. On the other hand, in teak and eucalypt plantations, 1.0 and 1.2 per

cent of organic carbon in soil is made up of fats and waxes.

6.3.2. Resins

Soils in eucalypt plantations had higher resin contents than both natural forest and

plantations of teak. ln eucalypt plantations, resins varied from 0.111 to 0.137 per cent

whereas in the adjacent natural forest. the quantity varied from 0.056 to 0.069 per cent.

Resin content in soils of teak plantations varied from 0.016 to 0.032 per cent while in the

natural forest in the same location, the quantity varied between 0.04 to 0.05 per cent.

Resin content in soils of natural forest differed significantly from those in teak and

eucalypt plantations. The relative mean resin values for teak and eucalypt plantations.

112



Table 9. Mean value 01' soil proximate constituents in natural forest and plantations 01‘
teak and euealypt

l 1 Study area -1
Constituents l
Proximate 1 . . .Vazhachal lhrlssur

-f _ ~.¢ ___ T .. ._.
——-—--w_—_—— -vu-—__—_——-mu -we-_——_—-| -run __

Natural forest Teak 1 Natural forest l Euealypts% % -n-1|-o——__

-li

Fats and Waxes 0.045 0.025 0.065 0.031. .._  .. . . .. J. ...__ '1
1 Resins 0.045 0.023 0.063 0.124

‘-- .. ] __._. _ _ ll _._ __|l
I Free sugars 0.036 0.021 0.048 0.030

_,..___._ ‘i --_.
1 I--lemicellulose 1 0.347 0.282 0.511 0.322

. ..  .._.__ . .. _ .__|I. _ ._.-  .‘._Cellulose 1 0.086 ll
__ _ . “$2, ".21  .- _ .._..._a_.  .__._.,_

Lignin - humus . 1.044

Protein 1 0.814 Y
1 .. .__.i. .. - iii" .ii_...,1-ni._.._ - -- I -—----"— .

0.055

0.829

0.728
in -.._____  .  .._.__ _ __I_ .._?__ __._.

0.119

1.491
.i.. —

1.142

0.048

0.832

0.716
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compared to natural forest, were 50 and 199 per cent. respectively. ln the natural forest.

contribution of resin to soil organic carbon was 1.5 per cent whereas in plantations of

teak and eucalypt, it was 0.9 and 4.7 per cent, respectively. Singhal (1986) reported

higher contents of resins in soils under euealypts compared to Sal. Iligher resin content in

soils ofeucalypts compared to natural forest was also reported by Balagopalan (1991).

6.3.3. Free Sugars

Free sugar contents in soils of natural forest was significantly higher than those in

plantations of teak and eucalypt. The amount of free sugar in soils of teak plantations

varied from 0.018 to 0.024 per cent and in the adjacent natural forest. it varied from 0.035

to 0.038 per cent. In plantations of eucalypt. free sugar in soil varied between 0.024 to

0.037 per cent while the analogous values for adjacent natural forest were 0.04 to 0.052

per cent. respectively. The relative mean value of free sugars in plantations of teak and

euealypts were 59 and 62 per cent. respectively. Lower free sugars in plantation soils

corroborates the findings of Dalal and Henry (1988). In natural forest and euealypts

plantations. free sugars contribute to 1.1-1.2 per cent of soil organic carbon. On the other

hand. contribution of free sugar to organic carbon in teak soils was slightly lower viz.,

0.88 per cent.

6.3.4. Hemicellulose

Soils in the natural forest were the richest in hemicellulose and eucalypt soils had the

lowest values. Hemicellulose in soils of natural forest and adjacent teak plantations

varied from 0.330 to 0.378 per cent and from 0.260 to 0.313 per cent, respectively.

Hemicellulose in eucalypt and adjacent forest soils varied from 0.294 to 0.352 per cent

and from 0.482 to 0.535 per cent, respectively. Hemicellulose contents in plantation soils

were significantly lower than those in natural forest. The relative mean values of

hemicellulose in soils of teak and eucalypt plantations were 81 and 63 per cent.

respectively. The contribution of hemicellulose component to organic carbon did not

differ much between plantations and forest soils. Hemicellulose constituted nearly 1 1-12

per cent of organic carbon in soil.
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6.3.5. Cellulose

The quantity ofcellulose in soils varied from 0.074 to 0.112 per cent in forest and 0.048

to 0.063 per cent in teak plantations. ln plantations of eucalypt, cellulose content varied

from 0.045 to 0.052 per cent. ln the adjacent natural forest, cellulose varied from 0.1 14 to

0.126 per cent. Plantations of teak and eucalypt differed significantly from natural forest

in the amount of cellulose. The relative mean values of cellulose in teak and eucalypt

plantations were 64 and 40 per cent, respectively. Lower content of cellulose in soils

under eucalypts compared to Sal was also reported by Singhal (1986).

The contribution of cellulose towards organic carbon was lower in plantation soils than in

natural forest. The contribution of cellulose towards organic carbon in soils of natural

forest was 2.8-2.9 per cent. In teak and eucalypts plantations it was lower, vz'z., 2.26 to

1.80 per cent, respectively.

6.3.6. Lignin - humus

Soils in the teak and eucalypt plantations had significantly lower lignin - humus contents

than those in the natural forest. l.ignin - humus contents in teak soils varied from 0.780 to

0.904 per cent while in the adjacent natural forest, the variation was from 1.019 to 1.058

per cent, respectively. 1..ignin - humus contents in eucalypt soils varied from 0.775 to

0.901 per cent and in the adjacent natural forest, the values varied between 1.427 to 1.579

per cent. The relative mean values of teak and eucalypt plantations were 79 and 56 per

cent, respec-tively. Lower content of lignin - humus in soils under eucalypts compared to

Sal was also reported by Singhal (1986).The contribution of lignin - humus towards

organic carbon in soil was similar for natural forest and teak. Lignin - humus made up

nearly 35 per cent of soil organic carbon in natural forest and 34 per cent in teak

plantations. On the other hand, in plantations of eucalypt, lignin - humus constituted 31

per cent of total organic matter.
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6.3.7. Protein

Soils in the natural forest were richest in protein while those in eucalypt had the lowest

amount. The values in teak plantations varied from 0.679 to 0.784 per cent. In the

adjacent natural forest, protein contents in soils varied between 0.768 to 0.856 per cent.

ln euc-alypt plantations. protein contents in soils varied front 0.660 to 0.776 per cent and

in the adjacent natural forest. protein varied from 1.098 to 1.182 per cent. The relative

mean values of teak and eucalypt plantations were 89 and 63 per cent, respectively. The

quantity of protein in soils of teak and eucalypt plantations differed significantly from

that of natural forest. Protein made up 27 per cent of soil organic mater in forest and

plantations of eucalypt while in teak plantations, the value was slightly higher, 30 per

cent.

6.3.8. General Discussion

Proximate constituents play an important role in many soil properties. Some organic

compounds are known to possess stimulatory or phytotoxie effects in soils (Braids and

Miller, 1975; Ghosh and Bhardwaj, 2002 ). They are also known to influence the physical

and chemical properties of soils. For example, soil lipids, by their orientation on the

surface of soil particles, may affect the decomposition of soil organic matter and

subsequent mineralization of plant nutrients. As they are distinctly hydrophobic, they

could be expected to alter soil aggregate stability and degree of wetting. Soil waxy

materials may waterproof soil particles, thereby, limiting the free solution of soil

nutrients for plant growth and microbial activity (Greig and Smith, 1910).

Polysaccharidcs in soil exert an important influence on aggregate stability and thereby on

air and water movement in soil and are especially important in soils oflow organic matter

content (Green land and Oades, 1975).

Among the proximate constituents, the contribution of lignin-humus towards the total

organic carbon was the greatest in all the three ecosystems studied. This may be due to

the slow rate of degradation of lignin. Most organic materials, when added to soils, will

rapidly decompose under aerobic conditions. The rate at which decomposition occurs is

very dependent on the physical state and composition of organic material. and the precise
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soil conditions. ln general, decomposition proceeds most rapidly in soils, close to their

field capacity, whose temperature are between 25°C 35°C, having pH between 5 and 8

and supplied with adequate nutrient ions. Among the organic compounds added to soils.

the decomposition of glucose proceeds most rapidly followed by that of starch, which

decomposes more rapidly than cellulose. l..ignin is broken down very slowly (Greenland

and Oades, 1975). /\s a result, the concentration of lignin among proximate constituents

in soil may be expected to be the highest. This was also true in the present study. The per

cent of lignin-humus in soil organic fraction was the highest compared to other proximate

constituents. It varied from 35 per cent in natural forest to 31 per cent in eucalypt

plantations.

ln natural forest. teak and eucalypt plantations, the smallest fraction isolated

(quantitatively) was free sugars. This is not surprising, considering the rapidity with

which they are likely to be utilized by microorganisms being the most important material

readily available as an energy substrate. The content of cellulose and hemicellulose in

soils was greater than that of free sugars, fats and waxes. This is not only due to its

moderate resistance to break down, but also, because most of the carbohydrate added to

the soil is in the form of cellulose. The content of hemicellulose in soil was greater than

that of cellulose. This is explained by the fact that the rate of disappearance ol

hemicellulose is initially greater and subsequently slower than that of cellulose lt is also

likely that newly synthesized hemicellulose produced by microorganisms was more

resistant to decomposition (Waksman and Hutchings, I935; Ashworth, 1942).

Soils in teak and eucalypt plantations differed significantly from soils of natural forest in

the content of proximate organic constituents. The proximate constituents vz'z., fats and

waxes, free sugar, hemicellulose, cellulose, lignin and protein in soils of monoculture

plantations were significantly lower than that of natural forest. As the proximate

constituents are derived from organic matter, the trend observed with respect to organic

carbon in plantations is followed in toto for the proximate constituents. This supposition

is also supported by the significant. and strong intercorrelation observed between

proximate constituents and organic carbon. Also, it was observed that all the proximate
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constituents were strongly and significantly correlated among themselves with the

exception of resin (Appendix 60). Resin was poorly correlated with other proximate

constituents. Similar findings were reported by Balagopalan (1991).

Soils in eucalypt plantations had higher resin contents than both natural Forest and

plantations ofteak. la-lowever. significantly higher resin contents was observed in eucalypt

plantations compared to teak and natural forest. This can be attributed to the resinous

nature of eucalypt leaf litter. These observations are in concurrence with the findings ol"

Singhal (1986), Singh and Singhal (1974) and Balagopalan (1991).
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Cliapter 7

Factor Analysis
and

Fertility Index



7.]. Introduction

The classical method oi‘ studying the changes in soils is by estimating various properties

of soils w'z., physical properties (texture, bulk density, particle density. porosity etc.)

chemical properties (pll, exchangeable bases) and nutrient status (Organic carbon,

nitrogen. phosphorus. potassium, calcium, magnesium, iron, copper, zinc, manganese

etc.). These values were then subjected to statistical tools like analysis ol‘ variance,

correlation. regression etc. Many of these properties are correlated and measure aspects

of the same underlying dimensions or _/act0r.s'. ln this scenario, Factor analysis is an

extremely valuable tool that allows us to reduce a data set from a group of interrelated

variables into a smaller set of uncorrelated factors. lt explains the maximum amount ol

common variance in a correlation matrix using the smallest number of explanatory

concepts (Field, 2000).

Although factor analysis helps to explain the variation in soil properties. it does not give a

clear picture regarding the extent of degradation or recovery ol‘ soil consequent to

plantation activity. Soil tertility index is a valuable tool in this context. Soil fertility is

defined in terms ol‘ the capacity of soil to supply essential nutrients and water For the

growth of plants (Awcto, 1981). Thus, the fertility status of soils under natural forest and

plantations can be measured in terms of the concentration ol‘ exchangeable nutrients and

water holding capacity. By relating the values of these properties in plantation soils to

that of natural forest, the extent of degradation, il‘ any, in soils of plantations can be

assessed.

7.2. Factor analysis
Factor analysis is a multivariate method which takes into account the correlation among

the variables. Multivariate statistical analysis is the simultaneous analysis of observations

on several correlated variables. Aserics of univariate statistical analysis carried out

separately for each of the variables, in general, is not adequate as it ignores the

correlation among the variables. It may even be misleading. On the contrary. multivariate

analysis can throw light on the relationships. interdependence and relative importance of
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the characteristics involved and can ‘yield more meaningful information (James and

McCulloch. 1990).

Factor analysis is used in reducing the dimension ofthe problem i.e. from a large number

of characters to a few linear combinations, known as factors, which are physically

interpretable and also retain as much information as possible about the original set of

variables. The analysis can reveal relationships, not previously suspected, and allow

interpretations that would not ordinarily result from univariate analysis (Johnson and

Wichern, 1992).

liactor analysis was used by various workers like Jha er al. (2000), Rugmini and

Balagopalan (2004, 2006) to reduce the number of variables that explains the difference

or similarities between soils under different vegetational cover and management. Jha el

al. (2000) identified a four factor model as the underlying factor pattern on soil chemical

properties in five plantations. The four factors identified were aggrading factor, sodium

factor. phosphorus factor and total phosphorus factor. llowever, these factors were not

used to differentiate between plantations as such but to determine the variation in factor

patterns between season, canopies and soil depth.

7.2.1. Materials and Methods

The data on soil parameters generated from teak plantations and adjacent natural forest

and eucalypt plantations and adjacent natural forest were subjected to factor analysis

separately for reducing the dimension of the problem. The factor analysis was carried out

using SPSS software package (Norusis, 1988). The analysis was done on a correlation

matrix. Principal component analysis was used as a method of factor extraction (Harman,

1976) and all factors with eigen values greater than one were considered. ln the factor

extraction phase. the number of common factors needed to adequately describe the data

were determined.

Kaiser Meyer Olkin (KMO) measure of sampling adequacy was calculated. The KMO

statistics (Kaiser. 1970) was calculated for individual and multiple variables and

represents the ratio of squared correlation between variables to the squared partial
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correlation between variables. The KMO statistics varies between zero and one. The

value of zero indicates that sum of partial correlation is large relative to the sum of

correlations. indicating diffusion in the pattern of correlation. A value close to one

indicated that pattern of correlations are relatively compact and so factor analysis should

yield distinct and reliable factors (Field, 2000). ln our case. the KMO value was 0.677 for

factor analysis of soils of natural forest and teak plantations and 0.790 for natural forest

and plantations ofeucalypt. According to Kaiser (1974) the values were good.

Bartlett’s measure of sphericity was significant (X2  1038.9l2and 855.212). Bartlett’s

measure tests the null hypothesis that the original correlation matrix is an identity matrix.

A significant result tells us that there are some relationship between variables we hope to

include in our study. Hence factor analysis is appropriate for the present data set. The

values of KMO and Bartlett's Test for teak plantations and adjacent natural forest and

eucalypt plantations and adjacent natural forest are given in Appendix 79. Factor scores

for each factor were computed for individual soil samples. Analysis of variance on factor

scores for each of the factors was carried out to examine how the factor pattern varied

between natural forest and plantations.

7.2.2. Results and Discussions

7.2. 2.1.Teak plantations and natural forest

Factor analysis identified five factors, which together accounted for 67.1 per cent of total

variation in soil properties. The proportion ofvariance explained by the common factors

is called the communalities. The five factor model explained Z89 per cent of variance in

bulk density, 2 82 per cent of variance in sand, 282 per cent of variance in organic

carbon, 3:78 per cent of variance in clay, Z75 per cent of variance in water holding

capacity. 274 per cent of variance in exchangeable potassium, Z73 per cent of variance in

exchangeable copper, Z71 per cent of variance in exchangeable iron, Z69 per cent ol

variance in exchangeable manganese, 269 per cent of variance in pore space, 265 per

cent of variance in total nitrogen. Z62 per cent of variance in exchangeable calcium. 261
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per cent of variance in exchangeable magnesium, 61 per cent of variance in available

phosphorus, Z59 per cent of variance in gravel content, 256 per cent of variance in

exchangeable sodium, 42 per cent of variance in pH, 250 per cent of variance in

exchangeable zine and 248 per cent of variance in exchangeable bases (Table.l I).

Factor loadings are a gauge of the substantive importance of a given variable to a given

factor. The first factor accounted for 22.7 per cent of the total variation in the soil

properties and had a high positive loading on organic carbon, water holding capacity,

pore space. exchangeable calcium, magnesium and total nitrogen and a high negative

loading on bulk density. As this factor measures fertility and compaction of soil, it is

termed as fertility and compaction factor.

Analysis of variance on factor scores is given in Appendices 80-89. The mean factor

scores for fertility and compaction were significantly different between natural forest and

teak plantations in the O-20cm, 20-40cm and 40-60cm depths in younger teak plantations

and in both the older teak plantations, the difference is significant in 0-20cm depth. The

factor scores for fertility and compaction factor in plantations were lower than that of

natural forest. As soils of teak plantation were more compacted and had lower organic

matter than soils of natural forest, the fertility and compaction score was correspondingly

lower. The difference was non-significant between the oldest age class teak plantation

and natural forest in the 20-40 and 4O—6Oem depth. Among teak plantations, fertility and

compaction factor showed no significant difference.

The second factor accounted for 15.12 per cent of total variation in soil properties and

showed a high positive loading on sand and a high negative loading on clay. As this

factor reflects the texture of soil, it is named as texture factor. The mean factor score for

texture factor in plantations are higher than that of natural forest. This is in accordance

with the lower amount of finer fractions in plantation soils. The mean scores of texture

factor in natural forest and older age class plantations differed significantly from each

other in all the three depths. On the other hand, the mean scores of2l-30Y age class teak

plantations in 0-20cm depth and 31-40Y age class plantations at 20-40 and 40-60cm

depth, did not differ significantly from natural forest soils ofeorresponding depth.
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The third factor accounted for 12.995 per cent of total variation in soil properties and

showed a high positive loading on manganese, zinc and iron. As these factors reflect the

micronutrient status of plantations soils, it is called as micronutrient factor. The mean

scores of micronutrient factor, in the 0-20 and 20-40cm depths, were significantly higher

than natural forest in 31-40Y age class plantations. On the contrary, in older teak

plantations, the score was lower than that of natural forest and decreased with age. The

difference was significant in 0-20cm depth and 20-40cm depth in younger teak

plantations.

The fourth factor accounted for 9.13 per cent of total variation in soil properties and

showed a high negative loading on exchangeable potassium and positive loading on

gravel. Hence. this factor is called as potassium factor. Potassium factor did not differ

significantly between soils of natural forest and younger teak plantations. On the other

hand, in the oldest age class plantation, the mean score of potassium factor was

significantly higher than that of natural forest in the 20-40 and 40-60cm depth. This may

be because of the decrease in exchangeable potassium values with plantation age.

The fifth factor accounted for 7.117 per cent of total variation in soil properties and

showed a high positive loading on exchangeable bases and exchangeable iron. This factor

is named exchangeable bases and iron factor. The mean scores of exchangeable bases in

the younger age class plantations were higher than that of natural forest. A significant

difference from natural forest was observed in 21-30Y age class plantation in the 20

40cm depth and in 31-40Y age class plantation in 20-40 and 40-60cm depths. In older

age class plantations, the mean factor score was lower than that of natural forest and

generally decreased with age. The difference from natural forest was significant at all

depths in the oldest plantation under study. ln 41-50Y age class plantation, the difference

was significant in the 20-40 and 40-60cm depth.

7.2. 2. 2. Eucalypt plantations and natural forest

Factor analysis identified four factors. which together accounted for 71.211 per cent ol

total variation in soil properties. The four factor model explained for 293 per cent oi
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variance in clay. >.- 92 per cent of variance in sand, Z88 per cent of variance in organic

carbon, >85 per cent of variance in bulk density, Z81 per cent of variance in

exchangeable calcium, ?79 per cent of variance in particle density, >_80 per cent ol

variance in total nitrogen, 276 per cent of variance in exchangeable magnesium, >75 per

cent of variance in pll, Z67 per cent of variance in exchangeable potassium, Z65 per cent

of variance in exchangeable sodium, 265 per cent of variance in exchangeable zinc, 263

per cent of variance in gravel content, 262 per cent of variance in exchangeable bases,

262 per cent of variance in exchangeable copper, 61 per cent of variance in available

phosphorus, 259 per cent of variance in exchangeable manganese, Z48 per cent of

variance in exchangeable iron, and 243 per cent of variance in water holding capacity

(Table 12’).

The lirst factor accounted for 37.68 per cent of total variation in soil properties and had a

high positive loading on organic carbon, total nitrogen, exchangeable calcium. pll,

exchangeable bases, pore space. exchangeable manganese, water holding capacity and

exchangeable magnesium. The factor also has a high negative loading on bulk density

and exchangeable iron. As this factor measures the fertility status, nutrient capital and

compaction of soil. it is named as fertility, nutrient capital and compaction factor. The

mean factor score for the plantations significantly lower than natural forest in the 0-20

and 20-40cm depth. In the 40-60cm depth, the difference between the mean factor score

of natural forest and third rotation plantations was significant. It was also observed that

the mean factor score lowered significantly with rotation. This is an indication of overall

decline in nutrient capital and fertility of soils in plantations.

The second factor accounted for 14.571 per cent of total variation in soil properties and

had a high positive loading on sand and a high negative loading on clay. As this factor

assesses the texture of soil, it is called the texture factor. The mean factor scores for

plantations were higher than that of natural forest and is a reflection of the higher coarse

fragments in soils of plantation compared to that of natural forest. The difference was

significant in all the three depths in third rotation replanted plantation.
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Table 12. Factor loadings and communalities of soil variables in eucalypt
plantations and natural forest
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The third factor accounted for 13.39 per cent of total variation in soil properties and had

a high positive loading on exchangeable magnesium and is named as magnesium factor.

In both the coppiced plantations, the difference was significant in the O-20cm depth. The

fourth factor accounted for 5.5 per cent oftotal variation in soil properties and had a high

positive loading on exchangeable potassium and zinc. Hence this factor is named

potassium and zinc factor. The mean factor score does not differ significantly between

natural forest and plantations in the 0-20, 20-40 and 40—60cm depth.

7.2.2.3. Comparative evaluation

When the data were subjected to factor analysis, a live factor model explained the

variation in teak plantations while a four factor model explained the variation in euealypt

plantations (Table l3). In teak plantations. the fertility and compaction factor accounted

for the maximum variation in soil properties, viz., 22.7 per cent. On the other hand, in

euealypt plantations. the maximum variation in soil properties (37.6 per cent) was

explained by fertility, nutrient capital and compaction factor. In teak plantations, the fifth

factor loaded positively on exchangeable bases and exchangeable iron and accounted for

seven per cent variation in soil properties. ln contrast, exchangeable bases in euealypt

plantations loaded highly on the lirst factor. lt was also observed that although pll loaded

on the first factor in both plantations, the factor loading in euealypt was higher than that

of teak. The same was true for exchangeable calcium and total nitrogen. This is an

indication that variation from natural forest was more extensive under euealypt soils than

in teak. The texture factor accounted for comparable variations in both plantations of teak

and euealypt, vz'z., l5.l and 14.5 per cent, respectively.

In a study to identify the factor pattern in different vegetation types vz'z., evergreen, semi

evergreen, moist deciduous forest and plantations of teak, euealypt and rubber, Rugmini

and Balagopalan (2006) obtained a three-factor model. The factors obtained were

aggrading factor, texture and acidity factor. The first and second factors in this live and
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four factor models were similar. As in the present study, the dominant lactor viz..

aggrading factor loaded highly on organic carbon. total nitrogen and bulk density.

7.3. Soil fertility Index

The fertility status of soils under natural forest and plantations can be measured in terms

of the concentration of exchangeable nutrients and water holding capacity. By relating

the values of these properties in plantation soils to that of natural forest, the extent of

degradation, if any, in soils of plantations can be assessed. Soil fertility index is an

extremely valuable tool to do this effectively. Thus, instead oflooking at each property in

isolation. it will he possible to assess the fertility status of soils as a whole. Moreover, it

also enables to study the variation in fertility ofplantation soils with time.

7.3.1. Materials and Methods

Five variables are used in calculating the index: Organic carbon concentration. total

nitrogen concentration, water holding capacity, exchangeable bases and concentration of

available phosphorus. ln the first step, the properties in natural forest are assigned a score

of hundred. The score for each of these properties in plantations were then calculated by

expressing the mean value of these properties as a per cent of that in the adjacent natural

forest. Analysis of variance was performed on soil variables and properties which

differed significantly from natural forest at one per cent level were noted. ln the next

step, for those properties of plantations which did not differ significantly between natural

forest and plantations, the calculated score was replaced by the score for natural forest

vr'z., hundred. The fertility index was then calculated by computing the average of these

scores (modification of Aweto fertility index, 1981).

The study of soil properties in plantations and natural forest led to the conclusion that the

variation in soil properties was maximum in the 0-20cm depth. This was because soils in

the 0-20cm depth was most affected by plantation activities and exposed to the vagaries

of nature. llence. to calculate the fertility index, only soil properties of this depth were

considered.
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7.3.2. Results and Discussion

7.3.2.1. Teak

The fertility index for 21-30Y, 3l-4OY, 41-SOY and >50Y teak plantations were 86.5,

83. l, 94.2 and 93.1, respectively. The fertility of teak plantations first decreased and then

increased with age of the plantations. For the establishment of plantations, the natural

forest was clearfelled and slash burned. In the beginning, the soils were exposed to the

environment and erosion was wide spread. This resulted in the loss of nutrient rich top

soil. Nutrients were also lost from soil by leaching. Furthermore, exposure of soil to

sunlight leads to faster decomposition and eventual loss of organic matter. All these

factors contributed to the lowered fertility in younger teak plantations.

As the plantation grows, it provides a measure of cover to the soil. liurthermorc, addition

of litter to soil and its decomposition increased soil organic matter and nutrient status of

soils. However, the first twenty live year after establishment of a teak plantation are

periods of intensive soil disturbance. Mechanical and silvieultural thinning was carried

out during this period, resulting in decreased soil cover and periodic soil disturbance.

The net result is progressive loss of soil fertility. The mechanical and silvieultural

thinning ends by 25 years. Now the soil gets a chance to recuperate. lt is probable that at

this stage, the rate of nutrient return to the soil through the fall and break down of litter is

greater than its loss from soil. Thus, soil fertility increases with age ofthc plantation.

7.3.2.2. Eucalypt

The fertility index for second rotation, third rotation coppiced and third rotation replanted

plantations were 78.6. 68.1 and 74.3, respectively. The fertility status in eucalypt

plantations was lower than natural forest and found to decrease with rotation. The

disturbance to soil during clear felling-and the loss of soil cover in the initial years oi

plantation establishment often leads to enhanced erosion and loss ofnutrient rich top soil.
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Fig. 42 Fertility index in teak and eucalypt plantations

Moreover, shorter rotation results in more frequent exposure to the atmosphere and

disruption to the flow of nutrients to the soil through litter. Nutrients are also lost from

the soil by harvesting. All this contribute to the lower fertility status of eucalypt

plantations and a continuous decline in fertility with rotation.

Among third rotation plantations, replanted plantations had higher fertility index than

coppiced one. Replanted plantations were fertilized in the initial year of plantation

establishment. This enhanced nutrient capital of the soil. lt might have also led to

enhanced growth and higher litter return. Organic carbon content in replanted plantation

soils was thus higher than coppiced ones. These translate into higher soil fertility in

replanted plantations than coppiced one.

7.3.2.3. Comparative evaluation

When fertility index values for teak and eucalypt plantations were compared, it could be

concluded that loss of "fertility was greater in eucalypt plantations than in teak plantations.

It was also observed that, in plantations of teak, fertility initially decreased and then

increased with age of the plantation. /\n increase in soil fertility of teak plantations was

apparent only after 40 years of its establishment. After 40years, an increase in soil

fertility was noticed. At the end of rotation. fertility index of teak plantations were lower

than natural forest by seven points.
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ln plantations of eucalypt. fertility decreased with rotation. The lcrtility index oi‘ second

rotation plantation was lower than natural forest by 21 points while the fertility index of

third rotation plantation (coppiced and replantcd) were lower than natural forest by 32

and 26 points. respectively. The soil fertility of third rotation plantations was lower than

that oi‘ second rotation plantation by ten and four points respectively.

From the soil fertility index values, it is apparent that, under the current management

practices, short rotation eucalypt plantations degrade soils to a greater extend than long

rotation teak plantations. Unless ameliorative measures are taken to increase the soil

fertility, cucalypt plantations may be unsustainable over long periods. Furthermore. any

decision to decrease the rotation period of teak plantations should also take into ac-count

the pattern of soil fertility variation within a rotation.
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General Discussion



Forest plantations are an increasingly important resource world wide especially Kerala.

'l'eak, a high value long rotation crop, is a major plantation crop in the State. At present, it

is managed in a 6OY rotation, though questions about the advisability of retaining this

long rotation period are being raised. 'l'he discussion about rotation age is mostly

confined to the economic aspects and not much thought spared to its sustainability. Any

discussion on this aspect is also hampered by lack of relevant data. Studies that compare

one or two plantations of teak or eucalypt with adjacent natural forest, though useful to

understand the soil status in plantations, throw no light on the changes in soil properties

with time. It also does not provide any information about possible soil recuperation.

Hence. the effect of shorter rotation on soils in teak plantations cannot now be adequately

predicted.

ln this context, this study which traces the variation in physical and chemical properties

and nutrient status of teak soils with age of plantations, till the end ofa rotation period is

highly pertinent. The data generated will be more useful if accompanied by information

on soil changes following a short rotation plantation crop. Eucalypt, a major shon

rotation crop in Kerala, would bring out the possible impact of short rotation.

fhe importance of micronutrient to soil productivity is now widely recognized. llowever

information about micronutrient status of plantations in India is woefully inadequate.

This study not only generates pioneering information about micronutrient status ot

plantation soils but also throws light on the variation in micronutrient status with age in

teak plantations and with rotation in eucalypt plantations.

lt was observed that soils of plantations had higher gravel contents and bulk density and

lower pore space and water holding capacity values than natural forest. Although this

trend was observed in all the three depths, the difference was most pronounced in the

surface vz'z., 0-20cm depth which is the layer most affected by plantation activities. In

natural forest, gravel contents and bulk density increased and water holding capacity and

pore space values decreased with depth. Such a clear trend was not noticed in plantations

which is an indication of their disturbed status.
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As the plantations grow old, a general trend of decline in relative gravel per cent with age

was observed. This showed that in older teak plantations, soils started recuperating. This

decline in gravel contents over time could not be observed in cucalypt plantations where

a significant increase with rotation was noticed. Bulk density values also increased with

age in younger teak plantations. ln the older plantations, the values were lower than those

in younger plantations. This could be due to the relationship between bulk density and

organic carbon, the latter being higher in older teak plantations. The absence of further

disturbance in older teak plantations. by way of thinning operations, could also contribute

to the lower compactness in older plantations. Although, soils of both teak and cucalypt

plantations were more compacted than natural forest, greater compaction was observed in

plantations of cucalypt than teak. Si.gnificantly higher bulk density values in teak

plantations compared to natural forest was observed in O-20cm depth. On the other hand,

in cucalypt soils, a significant increase was observed in all the three depths.

Water holding capacity values of younger teak plantations differed from natural forest in

both 0-20 and O-60cm depth. lncontrast, a significant difference was confined to O-20cm

depth in older plantations. ()n the other hand, plantations of cucalypt had significantly

lower water holding capacity than natural forest in O-20, 20-40 and 40-60cm depth.

Water holding capacity decreased with depth in natural forest though the finer separates

increased down the profile. This was due to the influence of organic carbon on water

holding capacity. As the water holding capacity of soils is controlled to a greater extent

by organic matter. the more the organic matter in soils, higher the water holding capacity

(Ghosh and Bhardwaj, 2002) It was also observed that in deeper layers. the organic

matter was found to decrease due to low incorporation of litter when compared to the

surface layer. This decrease in organic carbon with depth also explains for the decrease ol

water holding capacity.

A significant decline in pore space values was confined to the 0-20cm depth in younger

teak plantations. In cucalypt plantations, significant difference was noted in the 0—6Oem

depth. As pore space is interrelated with compactness (Bulk density) which in turn is

influenced by soil organic matter (Ghosh and Bhardwaj, 2002; Das and Agrawal, 2002),

the more the organic matter, higher the pore space. As the soil organic matter in younger
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teak plantations was relatively lower than that of natural forest, similar trend was also

observed in pore space. The organic carbon content in older teak plantations was

comparatively higher than that in younger teak plantations and hence it could be expected

that the pore space would he higher in older plantations and close to that in natural forest.

This could be the reason for the difference to be significant only in younger teak

plantations.

Another aspect with respect to teak is that it is a long rotation crop while eucalypt is a

short rotation one. Due to the short rotation nature of eucalypt, the soils in the plantations

are more frequently disturbed compared to the long rotation teak plantation. This could

lead to intermittent loss of organic matter from eucalypt soil when compared to teak. This

intermittent loss of organic matter from eucalypt plantations might have lead to low

incorporation of organic matter into deeper layers, resulting in a greater decline in

organic carbon with depth. The greater decline in organic matter with depth in eucalypt

plantations resulted in lower pore space in deeper layers.

The very process of plantation establishment, which involves clearfelling of natural

forest, exposes the soil to disruptive forces ofnature like wind, rain and sunlight. The loss

of soil cover (accumulated litter), canopy cover, undergrowth, coupled with disturbances

at the time of burning the slash and the site preparation for establishment of plantations

might have caused accelerated soil erosion and increased compaction. During erosion, the

top soil is most susceptible to loss. ln some cases, it was noticed that the subsurface layer

got exposed to the surface. In an alternative scenario, it was also seen that gravel was left

behind and fine particles lost from the surface. Both these processes led to higher gravel

contents in plantation soils and coarsening of texture.

lt was also observed that highest relative mean values of bulk density and gravel and

lowest relative mean values of pore space and water holding capacity was found in 31

40Y age class plantations. Major thinning operations in teak plantations are usually over

by 30Y after which, there is no disturbance to the plantations and site. Soil now has a

chance to recuperate. Due to longer rotation period of teak plantations, as the plantations

grow old, accumulation of the litter on the ground, partial canopy closure and the growth
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of under-storey in plantations lead to decreased rate of erosion. This translates into a

general trend of decline in relative gravel per cent with age. Increased water holding

capacity and pore space and decreased bulk density values in older plantations are

indications of soil recuperation. Such an improvement in soil conditions was not

observed in eucalypt plantations. This is because of the short rotation nature of eucalypt.

When soils in natural forest, teak and eucalypt were compared, it was observed that

plantation activities changed soil pll. Soils in teak showed an increase in soil pll values

while those in eucalypt showed a decreasing trend. This could be due to the fact that

deciduous trees like teak tend to add more bases to the soil (Balagopalan and Jose

l982b), while this is not applicable to eucalypt. In plantations of eucalypt, the soil acidity

is predominantly influenced by the loss of bases, either by leaching or erosion. Soil pll

values decreased over rotations which was predominant in the lowest depth. The same

above factors might have influenced the exchangeable bases status in plantation soils. In

teak. the difference from natural forest was not pronounced while the decline in eucalypt,

especially in third rotation plantations, was significant.

The effect of eucalypt plantations on exchangeable sodium was more pronounced than

that in teak. Sodium contents in soils of natural forest and younger age class plantations,

in the 0-60cm depth, were very close. in older teak plantations, the values were slightly

higher than those of natural forest and the difference, though small, was significant in

oldest teak plantation. Conversely, in eucalypt plantations, the values were very close to

the natural forest and second rotation plantations while in third rotation plantations, the

values were significantly higher. It was also observed that among soils in teak and

eucalypt plantations for similar periods, vz'z., 30-40 years, the increase of exchangeable

sodium content in eucalypt plantations was much greater than that ofteak.

Soils in teak and eucalypt plantations were not largely affected by plantation activities

with respect to exchangeable potassium. A small but significant decrease from natural

forest was confined to older teak plantations. Plantations of teak and eucalypts differed in

their ettect on soil exchangeable calcium. A significant decline in exchangeable calcium

was observed in eucalypt plantations in the 0-60cm depth, which had lost almost 50 per
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cent of exchangeable calcium. On the other hand, in teak, no such difference was
observed.

Available phosphorus showed contrasting pattern of variation in soils of teak and

euealypt plantations. Soils in the O-60cm depth of younger teak plantations and natural

forest did not differ significantly from each other in phosphorus values, though older teak

plantations showed a slight but significant decline. On the other hand, soils in euealypt

plantations demonstrated an increase in phosphorus availability with rotation.

Soils in teak and euealypt plantations were poorer in organic carbon than those in the

natural forest and the difference was most pronounced in the upper layer. In teak

plantations, soil organic carbon was found to decrease initially and then increase with

age, with the soils of oldest plantation approaching natural forest. ln euealypt plantations,

such a pattern of variation was not observed. Organic carbon in soils decreased with

rotations, although in replanted plantations, an increase in organic carbon content was

observed. Soils in plantations were also lower in total nitrogen contents than natural

forest and mirrored the pattern of variation in organic carbon. llowever, the difference

was significant only in euealypt plantations. A decrease in total nitrogen with rotations

was also observed and the decrease was significant in the 0-20 and 20-40cm depths.

The higher organic matter in natural forest is predominantly due to diversity of vegetation

cover (Lundgren. 1978) and the resultant litter diversity which supports a variety of

microorganisms leading to faster mineralization. Moreover, lower erosion in natural

forest results in conversion of organic matter (Maro er aZ., 1993). T he teak plantations

were established by elearfelling and burning of slash. This results in wide spread erosion

and loss of top soil along with the organic carbon in it. However. as the plantations grow.

addition of litter to soil and its decomposition increases soil organic matter. Also, as teak

grows, it provides a measure of cover to the soil. The plantations of teak are subjected to

mechanical and silvicultural thinning, which disturbs the soil and temporarily decreases

the soil cover. It is also detrimental to the development of undergrowth. Litter production

at this stage appears to be inadequate to balance for the loss of organic carbon. The net

result is progressive loss of soil organic carbon. The mechanical and silvicultural thinning
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ends by around 30 years in Kerala condition and the soil starts to recuperate alter this

period. It is probable that at this stage, the rate ol‘ nutrient return to the soil through the

fall and break down of litter is greater than its loss from soil. Thus, there is scope for an

increase in soil organic carbon and in the older age class plantations, the values were

higher.

lrlucalypt is a short rotation crop and hence the flow oi‘ carbon and nutrients to soil is

disrupted more frequently. Also, as the time between each successive rotation is short, the

chances for soil recuperation are inadequate. Thus, organic carbon in plantations ot

euealypt were found to decrease with rotation. Among third rotation plantations, higher

organic carbon was observed in replanted plantations than eoppieed ones. This could be

due to the application of fertilizers in replanted plantations. This fertilizer application

could have increased the growth ofeucalypt that would translate into higher litter Tall and

eventually higher organic matter in the soils under it. lncrease in soil organic carbon as a

result ol‘ fertilizer application was reported by llussein (1995) and Johnson (1992). On

the other hand, in eoppieed plantation, where fertilizer was not applied, organic carbon

was found to be lower.

When plantations under teak and eucalypts for similar period oi‘ time (30-40Y period)

were compared, it was observed that the loss from eucalypt was greater than in teak. Soils

under teak tior more than 40 years showed a dramatic increase in organic carbon content.

lirom the data available, such an increasing trend in eucalypt plantations cannot be

expected.

Changes in organic carbon status also affected various other soil properties. Organic

carbon was significantly and negatively correlated with bulk density, particle density,

available phosphorus and positively with water holding capacity, exchangeable bases,

exchangeable potassium, calcium and total nitrogen. The lowest relative mean values for

organic carbon, pore space, water holding capacity, total nitrogen and highest relative

mean values for bulk density, particle density and available phosphorus were noted in 31

40Y age class plantations. Among eucalypt, the lowest relative mean values for organic
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carbon, exchangeable potassium, exchangeable calcium and total nitrogen were observed

in third rotation coppiced plantations.

Increase in gravel content and bulk density values and decrease in pore space, water

holding capacity values, exchangeable potassium. organic carbon and total nitrogen in

plantations soils was reported by Balagopalan (1987. 1995a, b). Bargali er al. (1993),

Balagopalan and .Iosc (1983, 1986, 1993, 1997) and Amponsah and Meyer (2000). Close

exchangeable bases, extractable calcium and available phosphorus values in soils of

natural forest and an adjacent teak plantation was recorded by Balagopalan (l995a, b).

These findings are in agreement with our study, though, they cannot be compared in toto

with the present study. This is because the above mentioned studies compared one or two

plantations with adjacent natural forest and provided no information about trends in soil

properties or possible soil recuperation.

Balagopalan in two separate studies (1987, 1995b) compared bulk density, texture. pll,

exchangeable bases, available phosphorus, potassium, total nitrogen and organic carbon

in successive rotation eucalypt plantations and adjacent natural forest. However, no

study in third rotation area has yet been reported. The study by Balagopalan (1987.

l995h') found that total nitrogen and organic carbon decreased with rotation.

Studies on micronutrients in forest soils are few in number. Studies on plantations of teak

and eucalypt are still fewer. A study by Karia and Kiran (2004) on micronutrients in

forest soils of Chhotaudepur exist, but, it does not cover the micronutricnt status of teak

plantations. l\/Iicronutrient availability in different age eucalypt plantations was carried

out by Sangha and Jalota (2005). However, no studies on variation in micronutrient

availability with age in teak plantations or with rotation in eucalypt plantations were

reported previously. Similarly, studies that compare soils of teak and eucalypt plantations

with natural forest have not been carried out.

Study of micronutrients in plantation soils led to the conclusion that the values for

exchangeable iron in plantations of eucalypt were significantly higher than that of natural

forest and the values increased with rotation. l-lowever, in teak plantations. an initial
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increase was followed by a decrease in the older plantations in the 0-60cm depth. The

difference was significant in younger teak plantations and non-significant in older teak

plantations. Exchangeable iron was found to be significantly and negatively correlated

with organic carbon. though the magnitude of correlation was low and the change in

exchangeable iron status of plantation soils may be mediated through soil organic carbon.

When exchangeable copper status in plantation soils was studied, contrasting pattern oi

variations from natural forest was observed in teak and euealypt plantations. Soils in teak

plantations were richer in exchangeable copper than natural forest whereas those ol

euealypt were poorer. The difference from natural forest was significant in both

plantations in the 0-60cm depth. Soils in teak and euealypt plantations and natural forest

did not differ significantly from each other with respect to exchangeable '/.inc values.

Availability of manganese in plantation soils decreased with rotation. The difference

from natural forest values was significant in the third rotation in the 0-60cm depth. In

plantations of teak, such a clear pattern or significant difference was not seen.

Soils in natural forest and plantations of teak did not differ significantly in manganese

availability. On the other hand, availability of manganese in euealypt soils decreased with

rotation and the difference was significant in third rotation plantations. This could be due

to absorption of manganese from soil byeuealypts. Baber er al. (2006) had observed that

manganese in surface soil decreased as distance increased from the tree in plantations oi

euealypt. This also supports the above supposition. Lower availability of manganese in

older euealypt plantations was also observed by Sangha and Jalota (2005).

The micronutrient cations (copper, zinc, manganese and iron) have rather complex

chemical relationships, controlling their availability in soils. Overall, the relative

availabilities are controlled by the cquilibria that exist between the soil solution, the soil

organic matter, the cation exchange sites, and insoluble compounds.

In the case of exchangeable iron, a signilicant and negative correlation was obtained with

organic carbon. Among teak plantations, lowest relative mean organic carbon values

corroborate the highest relative availability of iron in 31-40Y age class plantation soils.

142

\

\



Among third rotation plantations, higher organic carbon and lower exchangeable iron was

observed in replanted plantations when compared to coppiced one. The soil organic

matter acts as a "storehouse" for many of these elements. As the organic matter

decomposes, the nutrients are released and thus the organic matter tends to act as a

continuous nutrient supplier. Soil organic matter also influences micronutrient

availability through ehelation. Chelation is the combination of a metallic ion with an

organic molecule with varying degrees of bonding. This combination of the two in a

claw-like manner can either increase or decrease the availability of the mieronutricnt. In

the present study. it is seen that soil organic matter is the most predominant factor that

affected the exchangeable iron contents and had a negative relationship between these

two.

With regard to copper, it was observed that there was positive correlation with soil pH.

This is quite expected as soil solution controls the availability of exchangeable copper in

soils. In the present study, the soil pH varied from 4.5 to 6.5 i.e. from strongly acidic to

close to neutral range and hence availability of copper increased with soil pH. In the case

of zinc, no significant difference was observed between soils of natural forest and

plantations. In other words, zinc status was not significantly affected by plantation

activities. The availability of zinc is influenced by both pH and ()C content. Younger teak

plantations and natural forest had soils with pH values very close and exchangeable zinc

also followed the same pattern. ln the oldest teak plantation. a slight increase in pll was

observed. which resulted in still lower zinc content. In the case of eucalypt. it was noted

that the /.inc content increased and then decreased followed by a gradual increase in

replanted one. Actually. zine content should increase with lowering of pll. This

phenomenon was observed in second coppiced plantation. In the third coppiced

plantation, the value was lower due to its positive relation with organic carbon.

Proximate constituent varied between soils of natural forest and plantations. Fats and

waxes. free sugar, hemicellulose, cellulose. protein and lignin-humus in soils of

monoculture plantations were significantly lower than that of natural forest. As the

proximate constituents are derived from organic matter, the trend observed with respect
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to organic carbon is followed for the proximate constituents in toto. However,

significantly higher resin contents was observed in eucalypt plantations compared to teak

and natural forest. This can be attributed to the resinous nature of eucalypt leaf litter.

These observations are in concurrence with the findings of Singhal (1986), Singh and

Singhal (1974) and Balagopalan (1991).

In general, contribution of lignin to proximate constituents was found to be the highest,

irrespective of the vegetation type. This is because lignin is broken down only very

slowly in soil. On the other hand, the least contribution was from free sugars. The reason

may lie in the easy solubility of free sugars that may lead to their rapid loss from soil.

Also. free sugars are the most easily available food for the microorganisms. Among the

proximate constituents. hcmicellulosc and cellulose, the rate of decomposition of

hemicellulose was initially greater and subsequently slower than that of cellulose,

resulting in higher content of hemicellulose in all the vegetation types.

Factor analysis was carried out to reduce the number of variables that explains the

difference or similarities between soils under plantations and natural forest. Factor

analysis on soils of natural forest and teak plantation led to a five factor model which

accounted for 67.1 per cent of total variation in soil properties. These were fertility and

compaction factor, texture factor, micronutrient factor, potassium factor and

exchangeable bases factor. The difference in soil properties between natural forest and

eucalypt could be explained by a four-factor model that accounted for 71.2 per cent of

variation. The factors were fertility, nutrient capital and compaction factor, texture factor,

magnesium factor and potassium and -zine factor. ln teak plantations. the fertility and

compaction factor accounted for the maximum variation in soil properties, viz, 22.7 per

cent. On the other hand, in eucalypt plantations, the maximum variation in soil properties

(37.68 per cent) was explained by fertility, nutrient capital and compaction factor.

Although pl-I loaded on the first factor in both plantations, the factor loading in eucalypt

was higher than that of teak. The same was true for exchangeable calcium and total

nitrogen. This is an indication that variation from natural forest was more extensive under
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eucalypt soils than in teak. The texture factor accounted for comparable variations in both

plantations of teak and eucalypt. viz., 15.12 and 14. 57 per cent. respectively.

Rugmini and Balagopalan (2006) obtained a three-factor model to differentiate between

soils in evergreen, semi evergreen, moist deciduous forest and plantations of teak,

cucalypt and rubber. The factors obtained were aggrading factor, texture and acidity

factor. The first and second factors obtained in the present study were similar. As in the

present study, the dominant factor viz., aggrading factor loaded highly on organic carbon,

total nitrogen and bulk density.

To obtain a clear picture regarding the extent of degradation or recovery of soil

consequent to plantation activity. soil fertility index was calculated. When fertility index

values for teak and cucalypt plantations were compared. it could be concluded that loss ol

fertility was greater in cucalypt plantations than in teak. ln plantations of cucalypt,

fertility decreased with rotation. It was also observed that. in plantations of teak, fertility

initially decreased and then increased with age of the plantation. An increase in soil

fertility in teak plantations was apparent only after 40 years of its establishment.

From the foregoing, it is proved that the soil health in teak plantations of varying age

classes and cucalypt plantations ofdifferent rotations were lower than those in the natural

forest. Over time. better recuperation takes place in teak plantations when compared to

cucalypt where continuous degradation over rotation takes place. With in a rotation

period, in teak plantations, recuperation starts around 4OY onwards after establishment.

Weather this phenomenon prevails or not in successive rotations of teak and in other agro

ecological zones needs to be studied in detail.

145

‘



Cliapter9

Summary and Conclusions



Plantations are a significant component in terms of area and revenue of Kerala Forest

Department. Currently 50 per cent of area under plantations in the State is under teak and

25 per cent is under eucalypt accounting for 75 per cent of plantation area. From the very

beginning of plantation forestry, fear of soil deterioration in monoculture plantations was

expressed. Numerous studies in plantation soils, especially in teak and eucalypt are

available. llowever. a large number of these studies were attempts to correlate soil

properties with decline in productivity ofplantations during rotation cycle while very few

studies compared soils in plantations with barren lands to assess the effect of
afforestation.

Reports indicate that site deterioration between and within rotation in teak posses a threat

to potential yield and sustainable management. ln India, questions about the advisability

of retaining the 60 year rotation are being raised. However, the effect of shorter rotation

on soils in teak plantations cannot now be predicted in the absence of adequate data.

llcnce a study that traces the variation in physical and chemical properties and nutrient

status of teak soils with age of plantations, till the end of a rotation period is highly

pertinent. The data generated by such a study will be more useful if accompanied by

information on soil changes following a short rotation plantation crop. liucalypt, a major

short rotation crop in Kerala, was chosen for this purpose. Taking into account the

importance of micronutrients to productivity, the variability in micronutrients with

different age classes in teak and rotations in eucalypt was also studied.

Organic matter is the most important constituent of soil and its composition depends

upon the nature of vegetation. Replacement of natural forest by monoculture plantations

may not only change the quantity of organic matter in soils but also its quality. Thus, a

comparison of soil organic matter fractions in natural forest and plantations of teak and

eucalypt will enhance our understanding of these ecosystems. This study was thus
intended

1. to compare the soil physical and chemical properties in teak of varying age

classes and eucalypt plantations of different rotations with those of natural forest
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2. to evaluate the micro nutrient status of soils in teak plantations of varying age

classes and eucalypt plantations of different rotations with those of natural forest

'\
.1. to characterize and assess the soil organic matter (OM) fractions in these soils

4. and to evaluate the overall impact of plantation activities on soils

'l'he study was carried out in the South lndian moist deciduous forest and teak (Teclona

gramiis Linn. F')and eucalypt (1:‘uca1yptu.s' lerericornis Sm.) plantations. '1" hey were in

Va/.hachal Forest Division for teak and in Thrissur Forest Division for eucalypt in the

highlands ofKerala.

To compare the soil properties in different aged teak plantations with that of natural

forest, age classes were developed as base line. Plantations were aggregated into four age

classes viz. 21-30, 31-40, 41-50 and > 51 years. As there was a ban for clearfelling oi

natural forest since 1980, first rotation plantations of 1-10 and ll-20 year age classes

were not available. As plantations of all age classes satisfying the above mentioned

criteria were not available in one location. younger age teak plantations viz. 21-40 years

were selected in Karadipara and older age teak plantations viz. 41-50 and >51 years were

chosen at Athirapilly. The moist deciduous forest adjacent to the teak plantations in both

locations were selected as a reference stand. A total of26 sample plots in teak plantations

and 10 sample plots in natural forest were laid out.

To compare the soil properties in eucalypt plantations belonging to different rotations

with that of natural forest, second and third rotation plantations were selected. Two third

rotation plantations, one coppieed and a replanted plantation were included in the study.

A total of 15 sample plots in teak plantations and 5 sample plots in natural forest were

laid out.

Only plantations which were adjacent to, or in close proximity with moist deciduous

forest were chosen. 'fhree composite soil samples from 0-20, 20-40 and 40-60cm depths

were collected from each sample plot. A composite surface sample was also collected
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from the oldest teak and eucalypt plantation and adjacent natural forests. A total of 188

soil samples were collected.

Soil samples were subjected to physical and chemical analysis. Gravel content, particle

sixe separates, bulk density, particle density and maximum water holding capacity, soil

pl-I, exchangeable bases, organic carbon, total nitrogen, exchangeable sodium, potassium,

calcium, magnesium, phosphorus, iron, copper, manganese and zinc were determined.

Surface samples were subjected to proximate analysis for determining the fats and waxes,

resins, free sugars, hemicellulose, cellulose, lignin and protein contents in soils. The

conclusions of the study are:

r In natural forest, gravel contents and bulk density increased and water holding

capacity and pore space values decreased with depth. Such a clear trend was not

noticed in plantations, which is an indication of their disturbed status.

r When the effect of monoculture plantations on soils as a whole was studied. it

was observed that soils of plantations had higher gravel contents than natural

forest. ln teak plantations, as the plantations grew old, a general trend of decline

in relative gravel per cent with age was observed. Such a trend was not observed

in eucalypt plantations.

Soils in plantations had higher amount of coarse fragments and lower amount of

fine fractions than soils in the natural forest and were more compacted. Greater

compaction was observed in plantations of eucalypts than teak. In teak

plantations, an increase in bulk density values with age in younger ones and

stabilization in older plantations was noticed. Such a trend was not observed in

eucalypt.

Soils in the plantations, generally, had higher particle density and lower pore

space values than natural forest. A significant decrease in pore space was limited

to 0-20cm depth in teak. while in eucalypt, the difference was significant in the
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0-60cm depth. Water holding capacity values in plantation soils was lower than

that of natural forest though the difference was significant only in younger teak

plantations in the O-60cm depth. On the other hand, all the plantations ofeucalypt

had significantly lower water holding capacity values than natural forest.

When soils in natural forest, teak and eucalypt were compared, it was observed

that plantation activity changed soil pll. Soils in teak showed an increase in soil

pH values while those in eucalypts recorded a decrease in pll values.

Exchangeable bases in soils of teak plantations and natural forest did not differ

significantly from each other, although a significant decline was noticed in

eucalypt plantations.

The effect of eucalypt plantations on exchangeable sodium in soil was more

pronounced than that of teak. A small but significant increase in exchangeable

sodium was observed in the oldest age class teak plantations. In eucalypt, the

values were significantly higher in third rotation plantations.

Plantation activity had no outstanding effect on exchangeable potassium though a

small but significant decrease was observed in soils of older teak plantations.

Teak and eucalypt plantations differed in their effect on soil exchangeable

calcium. A significant decline in exchangeable calcium was observed in eucalypt

plantations in the 0-60cm depth. On the other hand, in teak, no such difference

was observed.

A slight decrease in the availability of phosphorus was observed in older teak

plantations relative to natural forest whereas in eucalypt plantations an increase

with rotation was observed.

Soils in teak and eucalypt plantations were poorer in organic carbon than those in

the natural forest and the difference was most pronounced in the upper layer. In

teak plantations, soil organic carbon was found to decrease initially and then
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increase with age. In eucalypt, such a pattern of variation was not observed.

Organic carbon in soils decreased with rotation, though an increase was observed

in replanted plantations relative to coppieed one.

Total nitrogen in plantation soils was lower than that of natural forest. The

difference was significant in eucalypt plantations and non significant in teak. In

plantations of eucalypt, total nitrogen decreased with rotation.

The values for exchangeable iron in plantations of eucalypt were signiticantly

higher than that of natural forest and the values increased with rotation. llowever,

in teak plantations, an initial increase was followed by a decrease in the older

plantations in the 0-60cm depth. Exchangeable iron was found to be negatively

correlated with organic carbon and the change in iron status of plantation soils

may be mediated through soil organic carbon. Soils in teak plantations were richer

in exchangeable copper than natural forest whereas those of euealypt were poorer.

The difference from natural forest was significant in both plantations in the

0-60cm depth.

Soils in teak and eucalypt plantations and natural forest did not differ significantly

from each other with respect to exchangeable zinc status. Availability oi

manganese in eucalypt plantation soils decreased with rotation. The difference

from natural forest values was significant in the third rotation in the 0-60cm

depth. ln plantations of teak, such a clear pattern or signilicant difference was not

seen.

Fats and waxes, free sugar, hemicellulose, cellulose, protein and lignin contents in

soils of monoculture plantations were significantly lower than that of natural

forest. Resin contents in eucalypt plantations were significantly higher than both

natural forest and plantations of teak.
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Factor analysis on soils of natural forest and teak plantation led to a five factor

model which accounted for 67.1 per cent of total variation in soil properties.

These were fertility and compaction factor, texture factor, micronutrient factor,

potassium factor and exchangeable bases factor.

The difference in soil properties between natural forest and eucalypt was

explained by a four factor model that accounted for 71.2 per cent of variation. The

factors were fertility, nutrient capital and compaction factor, texture factor,

magnesium factor and potassium and '/.inc factor.

When fertility index values for teak and eucalypt plantations were compared, it

could be concluded that loss of fertility was greater in eucalypt plantations than in

teak. In plantations of eucalypt, fertility decreased with rotation. lt was also

observed that, in plantations -of teak, fertility initially decreased and then

increased with age of the plantation. An increase in soil fertility in teak

plantations was apparent only after 40 years of its establishment.

From the foregoing, it is proved that the soil health in teak plantations of varying

age classes and eucalypt plantations of different rotations were lower than those in

the natural forest. Over time, soils started recuperating in teak plantations when

compared to eucalypt where continuous degradation over rotation takes place.

Within a rotation period, in teak plantations, recuperation starts around 40Y

onwards after establishment. Whether this phenomenon prevails or not in

successive rotations in teak and in other agro ecological zones have to be studied

in detail.
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List of Abbreviations

Y ~ Year
MSL - Mean Sea Level

ha. - llectare

NF  Natural Forest

'l‘P — Teak Plantation

E — Eucalypt

C -- Coppiced

R - Replanted
G - Gravel

S - Sand
Si -Silt
Cly - Clay

Wt. - Weight

Bl) - Bulk Density

PD ~ Particle Density

PS - Pore Space

WHC - Water Holding Capacity

Ex. Bases - Exchangeable bases

Ex. Na —- Exchangeable Sodium

Ex. K — Exchangeable Potassium

Ex. Ca — Exchangeable Calcium

Ex. Mg — Exchangeable Magnesium

Av. P — Available phosphorus

OC -- Organic carbon

Total N Total Nitrogen

C/N Carbon/Nitrogen

Ex. Fe — Exchangeable Iron

lix. Mn - Exchangeable Manganese

lix. Cu — Exchangeable Copper
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Ex. Zn — Exchangeable Zinc

'l‘.\/. — Titer value

ANOVA -- Analysis of Variance

SPSS — Statistical Programme For Social Sciences
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Appendix 1
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Appendix 2

ANOVA of physical properties in 0-2Oem depth for comparing
between natural forest and teak plantations of location I
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Appendix 3

/\N()\/A of physical properties in 20-40cm depth for comparing
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Appendix 4

ANOVA oi’ physical properties in 40-60cm depth for comparing

G

between natural forest and teak plantations of location I- . . . 1 _  __--..__- -_.- -. . .
Sum ofVariables Source df 1 Mean Square F1 1 Squares lL..- _ .. . - .1

Ezfrtgiss" 1 180.012 180.012 3.903;_. _ ___... . 1L___.._ _ .__. .  . _.   -4. Within 1 1 1691 804 46 120

1 Total 1 6
15 . .G 0L_ _-._-_..1._ rips    .,j  --  _. 1871.816- n -_ . .. -. __-- -1i__.. . - » .. -- . Z-.._  1. __..- __S Between 1 1 1133 1133 0011

Within = 1 5 1_.__@.. .(.:\QL_lH~‘_"_ . _1. ___ ,_ '     ‘.._ -4
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A BD

Ir“ .._ .

PD

L_. _
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l,0-.-     .._ . _-._ . .._.  ._ _ .. .. _. 1
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317 717 1 21 181 AL .1 5 . .
..G'°UP§. 1_-. .. _.. ._1   _  __.___1....____Total 16 320 471 I

Within l

Between .1 1 .GTOFLPS  .. -.l.
it 1' Within 15
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.1_...._-_.. __.. ___---   .. .,  .._1_..-_-...
1 Bétwee“ 1 1 . 0.942 - 0.942 0.011-@B§ .- _- .._.._.-....-J_  _..._l  _-._.__ ..  ..--_.__.

.. ...Q9.9r1$__..-.-.__-l5  .l32(.).‘1.17  83008
Total 16 1321.059 1--__ .._‘ _____.. ..-.___-__.  i. .,_.___. ___“  ..___. ..__

0.000

. __ _ .__.____ . _11

_l.0.000 0.063 1
.. ._.. .._ _t... . -.___. __ _.
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-14_
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-..____.-__  .
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,1 .. .._ .- 1 - _ ._ .
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.. .. _ lfi ._.._.__¢.
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.._-_...--__G_r.Q!Q.$__ .1 ___. -__.--... 2
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1L-_ _.  .. ~_.14.387 1.882

QFOUPS -.-_1l ..  .
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430.838.1 2“ _.-......__  "..___. -.___.-.. ..__.i_..-a..._._l__  . ._ .»
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4.. ...i__. ._ “W _.._.11. -----i .. --“Z. I
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..___.  ..-.__i_.. ...__.-- ._..
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Appendix 5

ANOVA of physical properties in 0-60c-m depth for comparingc_ r . . .
Variables

between natural for

Source df Sum of

Squares  Mean Square i F

81 and teak plantatlons of location ll? ’__

A G Between
Gtoups

1
l

J. .

78.160 . 78.160
1-..

1 2.258
___ . _ _.  T. Within

.Gr<>u1§.
17

i Hi .\ S
. -— ..

l_- ._.. ._

Total . .T8 '17

588.915 34.642
.22 ‘1 . . .._1

_.._V_ __,,_ _ , ___  i __ ____il667.075 1— :3" V. _J _ ___ . _.
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Groups A

1

--1
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Groups
17 302.056 1 17.768

1171.059 1171.059 85.908" .

_ -- _11 i i-. - 7 ; ..__¢.
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, .

1-»;

1_1473.114_J
1 s1 1

.. _ .. .__T.._ .

Between
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Total
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, .._ , ._._-..G&He.'__L.__-__.
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1

I

_. . .,t._
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226.580 226.580
...|1 -. _ Hi 5. 1
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- __ . .__ ___ .. - _., __, I ._¢
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1 0.0053403 0.00534 3.405 t‘- _.  4

17
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.-- __...\ 4+
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l  ___ ____ .__ _,. __.__. __ ________ ..___
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Appendix 6

/\N()\/A of physical properties in 0-20cm depth for comparing
between natural orest and teak plantations of location II- -____ .  _ _.-    -__‘f _.- _-- .. 1 3 f .

1 vanables $011708 i df  Squungrgs 2 Mean Square pp FBetween 1 1 H, 1
222-! <3r0_uJ1>S _ 1  -55“? - 55-52.?  81944-4Within A 1 ._»._.-.-... _---._._ T°L'__..i -__l_8 A .161-06.3  .  . _.Between ‘ . ,,,

Wm“ ” 17 101.234 1 5.955 1__..       ..   ._1 Total 18 1298.015 1
1' -9.. I __.   -_._i.. - - -i,__i.. - - 1- . .._.,.ii_1
’"__mS|  _~_figQs,___"‘__"___l‘__ _.__“__141.749 1 141.749 1. 8.492*Within ‘I _  - __.. .. .. _. _ .-  __..1 17 1 283.766 16.692_.__ GFOUPS   .__  1  _ 1.  
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'_ _.. in _ - > . -—i
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._ .--_-._..__._£3@11§- __... _--_, - .2-  .- - _ .. ._. -.

1 vvnc  Be“"’ee“ 1 1 157.733 157 733 13.030" 1

1 Total  13 1 353.539 7 1. .__ __... .1. T  _....____..- _ . .. ._ _... - __... _..
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Appendix 7

__ __between natural ‘t‘ore§t and_t_e
ANOVA of physical properties in 20-40cm depth for comparing

Variables 1 Source

Between

Within

Total
Between

Si

J2

my .li9~Ll2$-_-_...

PD "7T"i0'éWn"

PS

wgé 1“ Betweeh

Total

df

_ ._. ._. .__-_ ..-__T___..

. .....__G1;<>u_r>_s__..

l 1
T Within 17

GT°“llL_. l___.
16

-r

I

1.
“--

41.699  41.699 _r 0856

Sum of
Squares ‘ Mean Square

ak plantations of i0(.d11OI1 ll

828.432 1 48.731

670.132
. .._ -- -4 ,- _ ‘. .___ii__ _ . 1 i 2;.

1172.267 1 1172.267 45 265

440.267 25.898

Tl 1612.564
Between
GEQUPS

1 261.205 261.205

With in
Total

17 487.986 1 28.705
18

Between

Within

_§.[.°'~'P$

1

__...-i[

_..-. _~.
749.191._ -11 _..
326.761 326.761

17 714.745 . 42 .044

_1 Total 18 _1_0}11.606 Hi
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-83 __....--i='5>y9§__--.-.
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.__.. .._.GiuR.§_
Total
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Total..._i-_____._ 1. ---___
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Groups  _
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Total

Groups_ _i...  ..._
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1

17
_1?.i 18

1

1

1

0.004
. __ .L_.

1
_4._..

0.048

0.020

0.004
—¢___

0.003

17

1?.

1

- _-_.-_ -1...__1.?
1 a

1

17

I' 0.043

0.020

0.003

9°63

125.256 1 7.368
125.273

. .._ _ __
11.294 1 11.294 1 468

l

130.772 7.692

Total 18 142.066_ __ _,l . .2, .. _._ __ . . __ ._.  - _ _

_2;___.

_ i_4.

_ - — _
0.018 1 0.018 0 002



/\l\l()\/A of physical properties in 40-60cm depth for comparing
between natural forest and teal§ plantationg 01‘ lo_catiQ_n ll __ __p___

Sum of ~71

T

S

st
It . _._ —ll

, Variables T Source

Appendix 8

1 df.1  _
Between

G
2-- .-_ - Groves...

Within

.  ..__1_. .Gt°uE?.$
Total

---1
Squares Mean Square

F

1 159.090 ‘ 159.098 1.246
17

18
_-_?‘ __ ___

T 2171.429 A 127.731

2330.526
Between

l (_}‘_rouQs__
Within

GFOHIE--.
Total

Within

. .. _..- ..  2‘. _@>.UEi_
Total

1

. ._€,. _

. -T

_.»--- .:

1 ‘F .-l I *11144.421 1 1144.421 22.263

l 17
....  .___- - 1%Between

Q2995
1

17

Between61.9998 - =
"E.

1

. ._.._[__.. .__ ._|,__.. . _.._.___ .,-__..  .. _

T 477.186 ' 28.070..-in‘. -3-. "ii;-... - -- - . 

-__|L_  _  .. ._  ___-_. _..__.280.203 A 280.203 T 6473*

873.893 1 51.405
2018.315

292.070 ’ 292.070 10.405

769.256

Ti . -9

Within. A Grou sT_..- - l  P..
W. _.. .

17

u _ ...

_. __l -. _._

l_- ..

_... _ A; . ..-. _ “__ ..

Total ‘E ..-- :> __A_ Qu

l

735.948 43.291

1' Between___. -   GFWPS 1

.1_.  .

‘I’
1

1016.151 A

0.001 0.001 0.673

Within

_-.  GTPUPS. 17
.__ T» B

0.021 0.001

__i

Total l. 18 l 0.022

'—W 1' Between61911.98 1 0.017

»

0.017

Within

Groups p _.Total

17

1 8 1
0.136

_¢.i..- .—
0.153

ll

0.008

PS Between \3 .   _ -  --t_
Within

.. _._ _f fl>.29§__--__
_ __ Total  M18

Between 1

F. 21¢ .... _..- .%1P§__--. .-_- 1..Within-G'9.!.!P5

17
_-. 7-

1 1 7

1. ._T| 1.067 1.067

.. .l.

64.492

-55-55.9.

0.059

207.821

.. .>

_-¢

3.7941. .-

.059

12.225

_..

l

2.134

0.281

.005

; . -. T°‘a!. 1 __ 1?.
..._ .

207.880
4

.__. .-___. ..__l

. _ _ _ ____J
_ | --__¢.

_._, ..___i. ..- --Q-_-_. - ii. _-¢

- _-...u_.-.-_....-;



Appendix 9

AN OVA of physical properties in 0-60cm depth for comparing
_____ __H “between natural forest and eucalypts plantations: . 1 Sum of5 Variables Source 1 df S ares .Mean Square F

r'- ---'

..  -.  Bemtween
1_ i. Groves1 wtmm

.___..-_.  -G'°UE_$... V 1 8
78.562 78.562 11.539“ _

_i.- -- .... -- » __,\- --- -» . - -TI
122.554 @ 6.809

Total
. <,_

19* A _201.117 p p i

1

BetweenS 0. __  '°UE5 1 186.091 ’ 186.091 9.684“
A Within

. .._ J- Groves p 18J ___.
I

345.881 19.216
Total 1 119 _    B. __1 531.972 1 »: ... -- _... t

Si I Between
Within

_l Total
’ Within
i ___  Total _

1

A 1 9
1. ___. _EEw;eé?_...._ .--_____.  TCl 1
1 .--_y .._L_-§r.9“_F95__.   

1 18
.___  .._.-  ._G@E§__L_.____ ___

19

_ _~ Z. ——- .- “-1
2.963E-02 2.963E-02

.......-.__r___...-_. ..,.. . -. __..._[i_ ...._i_.p46.993 = 2.611

183.750 I 183.750 15.874" i

' 208.356 11.575 ,
___..._ ,.  _,._  ..._?;L_______ , ..-_i_____ ..__}

_. 471.022 .. .-_ . . _ _ _ . .___

392-1.06   _  -1

.011

1 BD Between-  Groups i 1 i4.612E-021 4.612E-02 1 18.378“

1 A Within
i__ .   GJQUPS

Total

..<1- i»
p 18 4.517E-02 2.509E-03

I: ' _.\-o
1 1 9!L_ ._

.. 1 9-.12_5E'°2  . -L ..1 Between
_;Gr0ups

p Within
1 Groups

1-4 _
1 8

i

-L.._

.196

2.15OE-02 2.150E-02 1.970

1 .091 E—021 Total 19. .218
~ _e ___ : _ —... : -1

9 l _-.... -..
PS ; Between1 Groups 1

1
1

26.622
-F ...? .1 26.622 1 12.944“

ii   Within
. Group§_

189.. .-- . ‘...
i

L _____ 1 Total
WHO

.__. ..__ .....,.__

'¢\-._ .

Between
Groyps

, 19
1. ___1 1 Within .

37.020 i 2.057n83.822

60.400 80.400
99“ . an ..i_,i___. . -9-.-. . -1

54 393

__-.  .i...-_L"?.‘___... .---1i_--..-__“4fi_.. .- .. .. .
3 022G 18 1 . . p.__JL.__   _.-_.\

___ ...-  ___-__ -9--- .-..__i

J 19.988"
.---ii. . .. ___;



Appendix 10

/\N()\/A of physical properties in O-20cm depth for comparing
_ __ between natural forest and cucalypts plantations  __ H

G

L___ .._

-A S

Sum ofVariables Source df 1 Mean Square
‘Square;

F

,9?--. ..... . i- .,_  1
9 _ _ . .I

p_..-._.  Groups

H Between
.  Q'°UP$ .. 1

1 Within

Total 1
.- §_E'°" $...__1

...¢

1

18

427.200 427.200
I_...  . ‘.._ .__

221.929 ’ 12.329

.r_._  .
34.649“

1

19

f Between
Groups - .1

1 308.267 308.267 13.451“ A

. Within
18 A 412.533 1 22.919

[I .. ..,._ _  ‘i___ .2 - ___

Total 1 19 1 720.800 I


-. I
1 CW

BD

L- ..

';._-. 5‘ . 
A Between

Within

Total 1

1.- S‘   -.@r@up_s 1  ‘-_.
2.817 2.817

’ 118193 6452\ A T. _....0.437 8

619.998  '__ l.__-.  __
19 , 118.950

I Within

.. _ 1 . _. _ ._._! ___ __..__252 150 252 1506&9?    -      -__j
A 182 800 10158

24 829“

-_§.r9.~m§_-.-.__j.8...._...  ._.___-.   .; ...-___-.-1Total 19 434. 950

.;._Et.“Ee_5__. ,___-- 1_--___-....__-_i. ..  . . . .Grou s A- P- .1. _-._ .\.»_-.
0.078 0.078

Within T 0.090 I 0.005
....__. ____.... .1‘

_.. . .i Z—
1 15.569“

‘ PD

>-.-.. . _.

Total .
1..-@r@~@s  "L

19

GTQEPS  _71 980885 1 W1 J
1 0.188 \ '2 -  .- _.

0.002 A 0.002 .‘... _. ...._ .i 0.120 .
Within A

Total .4i_... __ -»
619998  1.2

19 ,
.‘.._ _. ._ ..0.328 0.018

1» ._. . -. _¢.
I

8.388   9 _J __ __
A PS
,9- .-.i.. .

1 Between A
“- . __ . ‘ _. .

117544 117544Groups____1 ___1 _[,   ___ ' j 1 29.176“ 1

. T0181 19  190.063 L
Wm“ 18 H 72519 4029

.__ _-._-_-..1. 5[°uP$ -21 -     - [_ -._ 1
F_. .

1 Within

1 1l_d0Betwe_en  0     5  ,1“
LWWHC A_m'Gr0uP§ b 1 . 85.670 85.670 9.235.-._ T ..  .166 982 9 277
.    .i_.___1.i8.___....[. '. _,. 1.. _. _.-.  .._.-Q.
1  -._1_ ..L"?‘--_.-.._ -.._l? -._._1.-. 2.52-551 _ ._ _._  _

1-. ~ -0.. ,._ _ _ ._ ; . i ._ M



Appendix ll

/\N()\/A of physical properties in 20-40cm depth for comparing

Squares 1

between natural forest and euealypts plantations_. . ‘_.- _- _. _...  .2 -. .- - _...-___ .._Sum of 1 3 it N lVariables Source A df 1 pMean Square F
___.  ._..T____,_ ___._._ __..._ ____. . .BetweenGFQHPS 73. 926 73.926

_ Y .__-__.
3.578

» Within
; ._  G'°!P$ 1.. 1? .

. _ Ail,“
371 .864 20.659

'0' 1» .- -.._.V l
Total 19 445.790 ‘..._ _ IA '3 etweenBGrows    1 141.067 7.294‘141.067

Within
-9 ,. --ti .4 . --is

348.133 i 19.341

Q

I 1

'......___ ._.. _‘t-_  .___. .____ .-_.__
Between

1-910% 1- ‘8.  19 ‘Total 1 489.200 1
-7-

_.._ -__J  ., .. . _...._ ..
Between

- .__....S.'_. ...._@r¢>10$___ -._- _ .1 . 1
1 Within1 19._.._-..G&PS .... _-_L._ - ..  , .

191 TotalCly 1 1..__ -. 1__G'°uB§_ .T Within_*-.-Gr9vr2$

5.400 5.400 1.929 1

50.400 1

1 209.067

18 219 733

...- _ -ml _ -1- _ --- _...---iinn
2.800

—%.8dO.:-__u_ .  .. _  _ __  __.
209.067 17.126“

+i__ _
12.207

jl _.. . 9 _. ..__
l.

AL? Total    428.7800 _.- . _ .L.____..._.
BD Between A 1 . p.__.  _6r<>u09 B-  .00.063 0.063 11.214“ I

l Within
0.101 0.006

_ __ . __.. 
l

1

FT

__.__ . - . ..Gr<>v.P.$ ._._ 18
1 Total 0.164 H W H

__ .. _ . i__. -. -30

. _.l . _ _ __.!._. _  .-   19 _.-- 
PD Between  1 .

_ ____ _ Groups
Within

___  -._ Gr<>uP2_. 1___.__ 18-- 1 .1 19Total__-“ __  _ . .
PS 11_._ .. ..  _ __,_ .  .

Between
Groups
Within

A 0.207

0.355

0.207

0.020

A 10.519" =

0.562  1
1.8801 1
. A- ll _ - _.. .._? ,_ —'_j

1.880
._ .-_l
1 0.667i

1s ,1 50.703 > 2.817
._ 1.-  _ __-.r___ 1 _ L Groups

Totall _..-._19 .._ 1
p WHO p Between_1— 7
__- _ __._G@e§...--.a___ .-l_.--. p. Within1  Groups    1

A Total

52.583

84.645 5

129.763 1

___.-.._1_9_. .  .1. _

A‘.,__,._ ._ —--Ifl I —
84 .645

7.209
_  __,_ __.. _i1 .__i_ .... .-_? .1.

1 1.742“
_. . -. . ..-_!

n - .3.

4J



Appendix 12

ANOVA of physical properties in 40-60cm depth for comparing
between natural_l‘orest_pand etipcalyptgp plantations  ___ E

= Variables A Source 1 df
-__._. -..___], .- ..  1‘ Sum of 1

l Squares Mean Square F 1_- -6 .. »- 4.  ._...--__1
t Between 7.162 ‘ 7162 0.363
. Within1 .9066 *8.-

7 G . 1 .
4__.._.  GTOUPE. 1   -- \ .   __...3355.244 19.736 A
1 Total 1 19 L362406 A =-_-   B _-.. .   ._..  p.  -.___. ..S etween 1._t_-.€-529129..-.

. -_... . - ..  _.,_  [
132.017 132.017 1 5732* g

.; Within t 18

1 Within i
1; Totalp _.. in _ ._t ._.__ ,.1 Between

A CW Grogps 1

-. ....-___.Gr..(3lP_3_._  .--._-.__-. .1'_._-__ ...___ .. “_-.   ..._
Total 19 T‘ 546.550 L 1_ 41___"_

51 1 Betwee“ - 1 1.350 1.350 0.769 ;._ .... -      -_ 16 .-___   -L .. U
19

__i___..    .414.533 23.030 A

_._.-.  _. ___..
1.756 A...._ _.' 31 600

32.950  l -.- _.--— . __.~ -Q:—l
106.667 5.638*. 106.667

Within _
Groups __ ____ __ 18

. 18.919340.533. .. 1! _...
1. Total . 19 447.200

.. . _ . 5 .- -- I ii.‘ 1‘
» -» _... .-- '.- _ . --- .1

“"55 it 3 Bétween-   GrOu.rw_._--...
1 Within

......... - .._Gn9.92§_._._...
Total !

1

18

19

0.013

0.035

' 0.048

0.013 6.651* ,
T1 0.002 A

__ . -._-J.  .._. Betwéén . _._..

A 1 Within 7 18- -..-_i“_>99§ .  .
PD . 1

___- -._¢_§I@iw_t_ -__--_.--.. __.--_;
T 0.004 1 0.004 0.167_-_-.   J . -___.0.021 AA 0.369

Total ” 19
--v

‘ 0.373

r PS 1 Between  1_.____.Q.'.%li1..-_-._.... 
Within ' 18

.  ..._.l.._._¢§.r9u2§-_..-. -.--__..1 Total * 19
Between

10.666 10.666 3.426 "
56.012 1 3.112 =.____ ._.._____.__.. .. -__1____.
66 680-L___._. .__1__

1 23 611 23.611 2.096WHC      - 
Within "I

ll . . . .-_i- .. .  ._.._ . _ .____..1 l Total 19 226.403
= 202 793 11.266

._ i___-i,_i__,, 0-6-. n . _-__._...



. P8 .1_...-_  2 A9@_.9.'°£P5 2...- =
’______  Err0r___ ¢ 14 . 72.969 5.212 __ __

647 K 1

Appendix 13

/\N()\//\ of physical properties in 0-60cm depth between natural forest
and 199k P1§¥]1@1i.??¥?.$_.°[..‘1§_1ef°T¢.!1P..a.$¢_°.1a$.$-i¥3..1Q€?¥.1§.°¥‘..1_... -_-.' 1 7 .

Variables Source df ' Sum of ’ Mean Square 1 F. Squares. .__._-... ___§_ - . __._-_. . .__....  . . . . ..._- _.. .  .. _.. .. 1--_._-. ___1
i G Between A 2 366.631 163.315 1 14.465"...__. .._.......£~9e 9r.9.ur>$ -  . _. 4 1 1_ ..- _..  ._ ..-- -- -- 4- _.. --9 ._ . __i‘1 L Error 14 177.426 A 12.673 1A Total 16 1 544.057 .__. _T.. -2 t... 1-.  _. _.. ._e   Between . 1
i   Ageglpupsifl 2*  0.105  5.247E-02 .001
' Error 1 14  630.235 1 59.302-1     - -_

1 Total 16 630.340 1
1 sr Between A 2 145.074 72.537 5257*_..- -_.  _.   *   1- .-___ Error W 1__14 193.1901 13.799 . J_, .- ., .. . -4,-_ ____ ; .-_ _ ..
1__-. _.---.;6'-... 3389.265     -.

Cly ~ Between  2 152.471 1“ 76.235 .1 1.540 1...A9g9.r.9_9P_L..-.  .
1 Total 16 . 645.526 1 1 H

A 60 1 Between 2 0.02694 0.01447 3919* wi _ - A99 9r<>v2$1___-..- _ 1.... 2   _  _M 14 * 0.05170 % 0.003693 1+ _ %
T<#t+'=!! - 16   908064.- - . 1 - .1PD Between 1'  we 01 2 ‘ 0.04848 * 0.02424 9.595“_.A99-9@11§.  -____ .-__1“_.. ._1   ,_.-_.-_
-[__Ef£<.>.!_-...- 14 0-@3537-  0-@5271 i_ Total 16 1 0.06366

reetween 2 1 11.732 5.666 i 1.125 1
... -- » — ___ _~.. — . ._r— ' -._ .1

-4- ..q.__ 1 HT0tal ( 16 1 .01 1 .
WHC Ben”een 2 1 156.969 79.495 7.407"_. . I. A9? grOuE5.__   _. ‘J -  ‘L... ____?.,1_ a 14 150.261  10.733   W_._.. --9.21 -: 1--— - - --- _..»-- r —_A Error L

Total 1 16 309.251, __ . $9-. . » .¢.-i Z. 2--r 4 ..  _  —- L . - 1
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ANOVA oi‘ physical properties in 0-20cm depth between natural forest
and teak plantations ofdileleercnt age class in location l

G .-_  .._./iqzar9y
_ » Error

1 Variables 1 Source

Between

[__. .. __...

Si
“Hi. _.... _

Cly

Total.__. .___  ..._
S 1 Between

_i9.Q_9@E§. 1... __  _
Error

Error..___¢i.-. -9-...
Total

1-jieil-~—~

Total ?.l_M twee; 1 -"
'e.§9i9I9UR§-..__.._.

Appendix I4

2

14

Sum of_.T_._....____. .-_____  . .    -1. -_ ._ .._df F 'Mean Square
l

I. ----_,-li_..\.-_

221.435
1 Squares 110.717 9.696“

159.863 i 11.419 A
-_1§ _

2

s_a1.2ea M
l 1I_ 5! 4. 1 ..._.

14 992@@@-1 -?<1_-900 .
10.818 , .153-_ _  .._  . .__

16
2

14

86 218

21 635
EL“ .. ..._

ii A 14611235
l

_32é.400

' 43.109 ‘ 1.838

l

"1-fi=;1;¢BeT 1 '
. . /1913.9’ OUPS .

16

2

L 11.11%
217.035

~ .3 . -9 -.. ---41-1- -- _ -_ --{___108.518 1 1.622
Error

.1» \

14 93.5-70° . -66.90? 4' A 5 U _“
Total

BD ' "T" e"'%<é;-1-;;»'n_1T
___.  Age groups

-.J 6 1 1153.735 T ___ .._  . .__.
2 r 0.088 0.044 10.460“

L ’ Error 14
. - V

o.0%<-39 1 0.004 W it
Total 16 0.146

__,._ __ _ ,., Z ___

PD J e Between
. A; Ase 9r0u12.§.

__1.

2 A 0.054 T 0.027 11.402“
Error 1'21 0.035 5 0.002 1

-,5. --i
PS

Tetal e l

Error

1 4WBetween
.__.__'e‘9i9'lL!P§-T.___._...__.___...--.. ___ .  _..__   -_J

_16

2

14

62.510
0-.1188   -  7

31.255 . 5092*
' 85 941_L_ _'_ . -;_._.-...'____.   .Total 16 M 1148.451

6139

___ .... - -_.._..-  _.,-__-. -___-.WHC Between 1 2 312007 1 156 004 25 231"-      
-. --._ -§@’__- 11-  - 865?? B61189.  -__.-.
__- ._ 1-l‘.‘?‘!._.-  16...  _3.98»569...   1__

1'

23.457 _]



' G Between ,

F Total 1 16

Appendix 15

AN OVA ol‘ physical properties in 20-400-m depth between natural

Variables Source ’ df
1,..._i_ . .____,‘. . 9-... . 2111 .

---__- ._....A9g9r9311£.--..-._i.
.-  - 0.- E"°‘_... ._ .... -14

. iii.

forcst and teak plantations of different,_._  - . -- I _....
1 Sum of

Squares

age class in location I

1 Mean Square F

1 635.373 317.686 8.355“

532.305 33.022 1
1167.673 . 0 7'" ' _‘1— J.. 4-. E _

W S —-u A 1 Between 2
-_..  . 1_/198 92.11981

<.--.-- ~_
57.630 28.815 .448 .

-.  5"“ 14é 7 Total A 16
,_ k» —__
1 901.429

959.059
64.333

1

- > __- in!'__.__.._ .__. 1..-  __.. . _." . BetweenS1 2
.._ ._ ..'...fi9£.9LQLlPi.-....
-__- -_;_ -E"°' . . 14

A 863.708

578.057

A 431.854

41.290

T

10.459".- .__....)

Total 16 l
1“--1 M  6311156661 C| 2. A9?-L9‘°"P_§_1 .

_ __T- .
1441.765

J 519.072

...-.1

259.536

“ Error 14 A 572.457 p 40.390

1_. - ._ 
_  _. ._1

A 6347*

"7  T615]  16'”..> .

.  Age__gr0ups 2
1

0.043
1°91-52f~?   -  .__..

1

0.024 3.704 1
—; _¢.1

1“ 0.0911 T°‘a' _ .16 0.139

0. 007___[1 _; _. ., .._ .
‘ Between I 2 1 0.035 i 0.017 4454*.- PD . Ase 92998  .
A ______ J Error  p 14 p 0.054 H 0.004
.7“   - Tm?-=!.'_.. 16

1 Between
.-_. PS 699 QLZHPS1 ._ 2

1_..-.__, ._ [38.492 1 19.246  1.987
1 0.089

1 ~
_-.- 

_ A Error 1 14
1 Total 1'67  174.116 '7p 135.6231 9.637 T    A

3  11   .;.
A WHC Be“”‘°‘°“S 2 T 37427 1 43 713  2.006 1,   _-...i-A9gw.>.w3-...    -.__§..-__._. ._.  ;

3 . E”.   14  392034  €15783._-_  -__..
p_i392._460  __ _ _  .. __....... _.-l



Appendix I6

AN OVA ol‘ physical properties in 40-60cm depth between natural

l_
Qrest anc_l_ teak_p_lantatjons 0_f different zrge class in location I

1 Variables Source
49 9 . .,-_ ..._ ,._,;_

df
Sum of

Squares A Mean Square
F

A99 9[9£P5
Between

2
.1 .

427.585
_,..

213.792 6.738“

i   _ lL_%Error_? j __“
Total

__ s_ 1 A e rou
1. _ ____.]  ...._Between

. L--9 9__.l?_$.. ?”°I
Total. ..._____ _i_._   ._Between

Sr
.  .--._.. AE-J_e_9.l9L!Fi.-....._.
l_ _-_  .E'2'_.

Total _

-...

_14 1 444.232 31.731

16 _671.616
2

11

A 29.943 14.971-_. F-  -4; .--_ _... ..
I 1453.067 __

.144

1°4.- 147 .  .- __- ..
16 1466.000 1

2

, _... . 1- ..
' 6.756 3.378

14

16

L 313.714 221408

.151

‘ -
320.471

Between

_l_

._ C111- Age snaps
'___ _ ‘ 9 ?Err0r

4»._.-- 

2 64. 202L ._
14..

32.101 .358

1256 85 69.776

I -9- .._.- ----<

PS ~
T. - me groups

Total 16 1 1321.059 9

._ ‘ .‘ _ _
ai. “.5... 5

. BD 1
A9? 9r<>v9§.

- ._. E"°1.. - .
Between

Total

‘T

2

14

16

0.005

0.071
0.076

. L ,..
0.005

0.003 1 .539 _‘
_.,.. _ _..

Between TL. PDt_-_ _. -.  A9?_9l°UEi.
____ Error A

2 0.070 0.035 7.370“

151
- 0.067 0.0057

Total._. - .. _ 4 ._.. __ r__,_.
Between l

16

2

1,, _
0.137

35.082

N Error _ 1
Total

A  “Between

17.541

_ _ 
2.613

14 93.997 6.714

F- _.__. -_._!.’19@ groups

15..

2

-1. 129.079

141 438

L _ A Error
Total1. 3-. -9.. ll 19.-p ---ind.’ -1-4.

14

16

.-—

70 71. . 9
_2.5.9_-‘E -_...--§@1.-_-. _-_-.... ..-__.

T 430.636

_.--T
3.421



Appendix 17

AN OVA 01‘ physical properties in 0-60cm depth between natural forest
_ k_____and__teak plantaiions ofdifferent age 012195 in locatiop I1 ‘ ____ _‘ Sum ofVariabies _ Source 1 df Mean Square FL L Squares 7 _ _ .1 ____

0 Be“”ee" 2 1 103433  51717 1466.».fl9§.Q'_°£B§ .-__-.-. -_-__1. .-_  '
= 1 Totai 18 667.0751 Error \ 16 J_ 563.642 35.228. ...._._...  ._  .    ..__. .__.. -__. j.__.__  --__.

s Between * 2 . 1162 753 591376 1 32 567"
_-  .rA9?.9r91u2§. . -___.  .__‘. -..-_L-  --_; --__-....7 1' Error 16 290.361 16.146 .. .> -_ —

Total . 16 T 1473.114
"ii .. __. . .i... -<- - . 4—-- ...r>. .- _. - -. -: - 4» .  ——

1 Si ’ Betwee" 2 236 994 116497 6142*-. £99 9r9.9P$  ._ . .. ' ._ .  ' - 2... '
» Error 1 16 308.668 1 19.292._...i._--_1J .._. ..__. 21.4. 4 _ ,_..1— 1 Total A 16 545.662 1-_. _... ._ -_ T...  A _7 Betwee" 1 367 455- .-fl .JA9§_9m9.§.-   ‘

-Q . —---.

163.726 1 5726* 3
Error ~ 16 513.193 327075._.  .__. ___.-1_. -__  1  ._.Total 18 880.648

_,.1

1 so 2 Betwee" u 2 0005676.-_-....../59<-1 919998  _-.. 1
.._... ‘1_....  ..__0.002839 1.726 

4 1 Error 1 16 0.02632 0.001645 .L-.. _. 1  .._. _...  _-.Total  18 0. 03200
L ____H _ ,_.__

PD 1 Between 2 002446;__. _.__ ....A9§.9L°£P$ 2..-- . .___ ' 0.01224 1 8.601“
-11-» ¢- -_ Z _.

1 T018! 18 A 0.04725___ __ __'_Error_i_|1 16 A 0.02277 0.01423
Ii 2, ______ _‘._ ?_ .. _,.. _ _- . -__ _ .,,_ .;_, _.... _.._ 

1PS Bemee" 2 1 969 0 995 1 343 1-__ .,.A9<=‘QI£>£P$_f. ._   1.  _.- --_ " --_
1“_e  'Tr>1o1_1""ee""16  1 46.406

L Error  __16 1010675307 6.797

,4 5 Error 16 46.417 ‘ 2.901 L 9
..._i... .__._.1. . ._ .. _... _L_.... ._j,.  _..-___]__. .____-. .__.WHC Betwee“ 2 29.056 14.529 1 2136 1. /3\9§.9.'9.L§>$ 1- .._   _....._.._.__  .-__.-j

i_ _ _ ..__  Total.    .p  M -    ..

189



Appendix 18

ANOVA ol’ physical properties in 0-20cm depth between natural forest

' "_'—"'_l

Variables Source A
. ..- __ .. .¢,__..._ -- .5 .. -_ _..,.. _ .-i_._-. .-1i. .. -

Between A

..._. .._-..§"°' . --4_ 
Total

and teak plantations ofdiffer_.....__.. ___  .1.  ....p.__
df

G A 2___ .-__  9i9I°.‘~E....  ..-___.,
16 L
16'

Sum of
Squares

57.692

Mean Square

ent age class in location ll

28.846 1 4.465‘

F

103.371

‘§l-°63.

<._T

.,.
l

6.461
_. .. -. .. . -T ..... 1i .. . 5-. 1

j   Between "T ' 1198.458

_-.. 1- .. 0
599.229 L 96.303“, Error

N Total

A9? grows - .- 2  ;
p 167 16 3 l

99.557

1206.016 1

6.222 '
5. ---iiF J

-3- Si". lg‘ Betvieen ‘1Q A99 9r°uB§.. __
__<-__ —. ..

2 149.526 74.763 4334* .
-3 _ 1 p Error

¢_

16 2§6.966
1

l

V -.. .3
1r.249 7H Al Total l 18 426.614 L#5.. -i

l_.-. .._._.__.. ___A.9i9lQ.L1P$ il_-.._

-. ._  _..- .Cly Between u 2 517.009
‘-4;

258.505 I 10.759“
i.-- - ~4

BU.
-,5-.. .5

10. .

E Error
*1 .  T°la'   _ 4

Between 2
_f...A9e 9'°“P_$..;

Error  16 1

16' 3341420
ll

901.430
L . 251.026 -40-. ._____.._.

.1

0.017

__ 0.0431 Total 18 0.060

..- _ _---
10.008 ‘ 3.109

.- 01°03    -.
.. ...--5,.‘

PDy _.
A .-__ 1 Tot
1 Tl
' _. ..-_._E.”_°_'_ ..\___...‘_S_..-.a__Q@. °~°°.-2   _.._.al 16 0.061 it _ p , __ _

1, ._. 7,i__ _ .‘_ _..  H... _ --.._; _. —.- _ . ; . i __ _._'Betwee" 2  0.031 0.015 6.300" .tL\9§'.9@.L.lP$  ._ -  __  _ .  _.
[_.. t__.

PS
,. . _-.i

_..____l -.   .
WHC Between..  .._.. .1 A929'°“B§.5 M Error
A _ _  Total A.

___.. ..-Bem;één   ._ 1351
..__.. . ".\9§_Q[Q'1l§-..   . ._

2
hi“
16

18

l
0.675 .197

_..- -Q ._  _..ia.~—
3.421--  ___.E"°'--- -_0--_16.. _.. 517441 Total 18 6 05 . 95

160.769
.. .. . . _1 \80.385 6.343“ 1

_  __,..
29.2-779

363.639
'_l

12.673 _
L

15-. -- -4-4



Appendix 19

ANOV/\ of physical properties in 20-40cm depth between natural
forest and teak plantations ofd

...._...._ . .1. _. ._____..-__..  .___....-..I Variables Source 1 dfi G  Between 2
1 -.__  A9e_9EPP$.._[___..._

V Sum of
.- Square

1 780.08

. Mean Square

.ilTere'.‘.1 age 91.955 in. .1_.°°"at_i.9UL___ .-_

p F
-__ _.;__.Error 16

iL____ __ __ 1 Total 18
S ._  ..._fieéH_._T_...-. >. ..3 1_8_70.1_3__

1 10.043

2

55.021

47.506

A 1.158 .
-- ---—- -__.... - -

.-J1_ .. 1-_-

9 592.279
_l.. - ....... .- A

_-.-_._ __ .. ____... .__l

i 22.143"A Agg9r<wL_;..M Error 16i -. . 4 mi -1- '—~
. _

28.748

__ “___ Total 1 18 1812.58-3.-.

1184.55

427.975
4

_<

. _.   Betwegh Z _..S| 1 2
_.  §9i9L9.u.F£_-.__pi‘. --1

1 270.616 135.308 4.524‘ 1

__ _ L Error H 16
.-.-_ —,.._

478.575 29.91 1“

_.... . “.3 . .... . . 749.191 L._.._ _1 Cly  2_-_____.._ .;\9.9_<1@@..___ __-_
Between 326.953

.J.
I

1

163.476 3.661*

1 TotalW ..   _.  _-.__. BD ‘ Between \ 2_ _ -_A9e 9819981

E"9!. 1  16 __.t 
18

714.553
-71-.

44.860

0.004

1041.508 1
0.002

1

-,._ V» — _.»~_

...-\.623 l

M p Error 16 17 0.048 0.008

__.~_ .1

‘ Total 18‘E .... _.i. _..._._   ,» - 0.052
Between 1

1 _  1_ Error  18__PS Between 2
.--___-...  _'§9.e_9£L£’§ .. .-_____.. .

PD 1 2. _______ _.   .__;11 0.027 0.013

9. - .. Hi.

8012* l

0.036
0.063

2.083
_..r__.._ .

|

1

0.002

1.041

J

-+.

.135

123.191 7.699
—l

1 _____ p __ 1 Error  ____16
Total 1 18 . 125.27811.-.. .

_.>--- it

ii, i.i__.--W '.~.. _- ._ .
WHO . Between i 2A99 Qrqups 1 13.654 6.827 .851qt”, .

1 128.411 8.026
_. .,

7 Error 1 6- . .-_%_i___.-_-_ .._1 Total 18__ "ii ,,___ _,, _. _'-\ -i_ ~ ___. . 142.066
_ .._ -4.
....- J._,_.



Appendix 20

AN OVA of physical properties in 40-60cm depth between natural
F ______§0rc§}_6n_c1_te6k l)_l§n_lati0ns of different age class in location ll

Variables 1 Source df Suurg of Mean Square F i__- .-_l-_...-._-.-._-__l_-6 66 66 -_J, 66Sq PBS    6 __1‘ 1Between ‘WG fr 2  . 6 ‘
r6 6 66__66 __66 A9§9r6<6>m»6  6666_ 1  113 885 867__ --i_6 6_,.__666 .6__6 __-_.-.   6.6-‘

6_6   _El96’6_66.__T5 66 _i‘_Q6"§l5§66__6 61314622 6r_ 66= 1 Total L 16  2330.626 JP 1 11 Between 6 H
6  E6 66666/\9g9r¢>11>_$6__66 _i666_166 66.1l46'_‘261_3663__66 33111316 6 -2 1l;?62g_

6_6666_66 E"°'T6  6‘6___66 6844101 6 52-156 16 6 6
1 Total 16 A _201663_16w+

H_'_-_ ..__fi__ | .  -?,‘.1_-.. 9 . .i__  - - _-__..- 9..-_— -.--1 66 . __ _6 _ SI A 2 306.698 153.349 5304*
_666. __- __._ .6 _/l9_e6. QLQUET _____ _6 __6  ._ T _66  __.  _666 -_46 6 __- _ 66 6 6_,
__66-6666666_1 6 E-‘T956661 - "Z6 “F2-5??  638'966‘,96_6 666 Total 1 16 T769266 1  1

Cly ~ B°“”°"’" Bi 2 ' 262 671 A 141436 3066 1
_6 6 666666_A9g9'6<>g2§_,_66__ 6-__ 6B6 .6_.66__66_'6 6_66   666

61 '5"°'-  6616 66 66673366289   456-83°__ ._6 6__666__',__6 6__ .6_ __ __( __ ‘L * _
_r Total 6 168  10166-15160 6 66_ 6 6661___.6_66666_6“66 6_66 6_ 666-_____.6_66   66 60 Be“”ee" 6 2 T 0.003 0.002 1.316 16 69890095  6- _6_6 6 6 6 66   6  666_

T—'*7*

L_ Total ‘ 18 l 0.022  fiL
‘ PD Between  2
L-6__6_666__66__L§§9e69'°UP$ 616-6 _66  6 _6   66 -6 6-    .6
6_   61 Error 6 166 T’ 60135  0-°°§6E) ___ j

T°‘a' T 18 W‘ °6;1_566366_6616_66 _666__  66_6
PS Bemeen A 2 1 66696 1 3.449 6 .941
_ ‘_fi\9i9'°_l!P$__ _ _ _6__ ____ __ 6____ 6* _

16 166   E1» 66626 6196   666676667616

3_-i_.___i.-—
I

I

F 1‘ WHC Bemee“ » 2 1 14.739 7.370 7 .610
Error _ 16 _ _193.141 _7 126071 _ __

A 1 Error 16 06019 7 06001 1 A
06016  06009 ,6 1079L _1

66   __T°_"=‘6!6666_66  13 6@66_695_»5656666  _ _ 6_6  61

LI 6__6 -_6 6_66A9§.9L96u1§  66_6666__6_66_ _L6666_-_66_ -666  664
266_6_6_6_6  _66 [66 .6   6 6   ____ _66_ 66
6 6 66 66_ 6T°‘a6'6 61 13666 66666207-880266666  6 66__66

92



Appendix 21
ANOVA of physical properties in 0-60cm depth between natural forest

and 99941701 Plant41i9n§-9ri‘ diff¢Y§m.r913i9.n$__... -_

O

.__1_._.__J

Variables

1 _ Tofal J _ 19 A 631.972 ___
eetween E 3 W 21.776 ‘ 7.259 1 4.601 *_. ....A9iQ€°_uiE-......-___-.. ____.__.--i _. _. _-; ._
Error I» 16 25.244 1.578 H
Total 19 1 47.022 A_[i_._._i....T_.__:_ .21; .-.  ___.  -. ‘1__-...._;__.._. -_.A Between 3 224.263 74.761 7.128“ 1‘..A9i9LQl.!.FE_,1_.  -_.   -__._._,

Si

....._.___..- _    Sum of
Source df : Squares A Mean Square  F ;L -..i_ ..  _.-_.. .___.   __.____...._._ .___.__...   _.._.- . T?
Between 1 3 H 94.679 31.660 4744*....._. .+£~9.?.9LQ.L£>..$ .  -_;_- .._-.. 1 .-__-.. .__

‘L Error 16 106.436 6.652..  .- _.._.. _--.___.1 __..__.. ...___..}_. .__ .... .. .__.._._ .-___.- . ..-___.... ..__.... .-_
L.-.    _.T_9‘.a! ml? .--_._.-. 29111. .J___... _-_. -__1--. ..-.__._._J

s Between r 3 306.506 - 102.169 7.250" 1._-_ .Error 16 225.467 =' 14.092 '
I.___.____, ... ._..._i____....i__.___ . - E3 . -l -_ . .2" _ .....-i..._ . . ..__ -___ .

|.__ .._;__1_... ii

t _. Z... . +__. , __ii__. _.._..

* Cly
_  Error 1 16  1_._;___..____ mi, -._.“ _.19 367.822

92.106 -.--v— . .-.-- .- _a- r : ._-... - . 1

i 10.489
F __ . _  ‘E _. ..____....-.-. _.L Total._. .-__, .___.__ in

BD . .-__ AQQSLQLHE...
1_-_-.

Between 1 3 V 005689 0.01896 8.822"
1  Error 16 0.03439 .-Y._ _. __ . -4 . ._i . .<

_4.-_. § . 1?... . .24..
_._...... Tog‘   19  0.09128

‘ 0.002149 '
1- 1- i- 2.... . ------44.

I--__ ... ii 1.. _-vi 1.1» . --- _.._..‘ ‘
PD 0 Between A 3 5--__fl9_*?_9@E...--.__.._ .._

..  .. ..-i5".°T -._‘i_-  °-0967‘

.121 7 0.04041 6.667" Z‘
0.006044 j-   144- 19

1 PS = Between 3
__..  .-A9g91s?.u1g1_..-___--..

.216 -» .. ZI . . 4
27.984

,>
A 9.326 K 4166*

Error ‘ 16F___._... I - .2.  .._._-_.__.. __..A Total 1 9
35.658

63.642
A 2.229F .. -.

,. ...i_____.. .. _.___4.i.  I 1.1» --- _ - 4» .
Between

-_.???‘--1.4e4@1r§._- .3
74.781 A 24.927 9.968“

.1__. -.____ .-___._..
40011.-_ I H.-_-1..._Ti‘?.'. .._1_._-.  1_1‘i7.?.?_--__.-__..--._.__--..-.-_.__.. .-_

T Error ' 16 . 2.501 r. -.__  -.____._.._._1_...._-___.- .-.1___.._...._-__._.___._ ...-.____-..
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Appendix 22

Variabies . Source df Sum of
Squares 1 Mean Square F

Betweenr-.-__--. -   ._.__
487.265

4‘___; ; .__ .11 I_l 1 - ii162.422 16.055‘
Error‘ Total

{M11  "'“_'EE1\1r§?1

-._.1 /\99.9r@9P$ E-.- 3
1‘ 16__._.-_..__..._ _.  ._.__

19i_..--1--__... -i. 19-. -9- . . .._ __ _ _-.
Between.1 S 1 A 3

. ._ .__ .Q.Ll&5.  .. _o1.  EFTOF 16 259.600 i 16.225--. .. .__‘. _. . . 9. .._i__-.. I ..i....... _._i. _ l|_ - -hi-.. .» _i. ,--_i_ . - ----i_.. .. - -_-.. “___ —--_-_.

'—1

1 161.664
649.129

461.200
__ I—_I 4.

_L_ -1*<>-11?’ -     92.7
Afr.‘ - --__.. ..1_..___...

__L-I'll153.733 V 9.475
.T_i_ n -4 - -  . I— _ .._ . I ___ -.

1

Total  ___19 M_ _{:720_.600_J;p __ _.__
1_. _.,-...__
1 Error L 16 . 61.200 3.626_-.__-_..-___ _.--___ ....  -__--.__.._....-.--_._..._._-.1 Total 19 i 118.950 1

Cly A Asetween 3 1 263.760 1 94.663 . 10.009".9e9l0uQ§- _   . 

1

Error 1 16 161200 9460‘.__. .._. .4 _..   . ._ _. *2 I.   .1 .  .._ __\.~‘ Total L 19 , 434.950-1

BD 11   1'3 Berweeri A   “   in 3‘ T "1 . 3 0.064 0.026 6.371“-  --.._A9§_9‘°“P$ L... _ -2 -. .  . _- _ 
__.-. ._._ _ _... .._T,_..  -._. 2 -.  -2.  -_T1 0.168

Be“”ee" " 1 0040 0013 1
I 1 Error 16 0.064 ‘ 0.006'2 Total 1 19

-4

1 PS

L

4.Error * 16 . 123.666

PD 7 3 . . . .729,. .- - -  AQESTOUPS 4_..  .._l  2 ..l.    _...___ -___.. _.
Error 16 L 0.290 0.016 1| __ _T__ 2”‘, _ ___ 2,  i_..__.   i_  . __...  . ...___.H A Total 19 0.330_. .-  . __ T-.. .-__. -.__  _--  .

1 Asetwee" 3 1 117.734 1 39.246 6.661".-_. .-__9.§_9I.9"£’§_..  -.T-.-_.....__-. -.__..  - .-   ..' Error 16 A 72.329 1' 4.521 .
___, .___ llI@I— ‘.2 .._.__.__ ,~-I lI‘—- . .. .__.__..,_i._._..9_.__i1._. _i_._9..-__i..-Z41‘... --_.-- -_Total 19 1 190.063. ._ . .._ __ _..  ._.__ .._l._.-. ...______. ___.-..L ----- __.. ____ _... ._-___ ..._____.___,.. ___- . . _ _ _ _ ..__.... r— p —IWHC Betwee“ 1 3 126 966 42 996 6 663"

-__- __ .-_1_f\92-.9.r922$..r .__.1_'_-.-__...-_....;_.-__-...__.;_---_-..7 729

9'7 ii if i“_._"19_1=r=i_QiFii*i'5§57r§”_“7ii:fQIfIli

...._1



.__. Betgveen ..._- _. 3_, -__154‘29O

._ .-___ ____., A9@,9F°"E§  _ .  -.Error 16 291.500
._ .. _. _ .__; _. _.-fi- _ ..-.T°‘a‘... .- 19  44?-798- _.

s Z Bemee“ .1 3 A 219800
‘.__-   ___....E9I-.._.t.. 1?-  269-6°°_.. _.
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ah

ANOVA of physical properties in 20-40cm depth between natural

Sum of
forest and eucalypt plantations ofdifferent rotations 7I ____    __ __ _._ _--_  _ . _. . ..

Variables Source 1 df 1 Squares .Mean Squarei F—..--4 —» - 4

1

51.430 k 2.823
1

18.219 -- _-J _. -_-¢

A96 9£<>u@..._ .  _' 

>_

F

L

I"_'7_“"

1

T

L

Si

T.

1

‘K

__ .  ..._1_

t'€é1w'éé?i‘ "

./19.9 9l9HP§-.T_._.  ._____ ._.---.__--.___--.-__.__.--____-.._-__.

Total

Error 1
Total

F

73.200

_1e.85_0

3

. 1§__ ...__ ._ ...__ ..-__. -. _._  _

..___C.'..y.. 892919999

A 4344*

_i_¢.‘

25.000

30.800

_¢ _ _.. .

8.333

1.925

--_-19- _. 5_='>~8<>@  _-_-  -1Between 1 ,,,, T228.800 76.267 L 6.101
._. ._ 1. E"9L 1 16

_-__1_.. _-_ _;-. ...__.
209-00°  _12~5Q_O  JTotal 19 1 428.8007

. 1 6
L

0.059

__- _._ Bé.&eeh_....-.-_;\.9g91>uPS-__  12
PS . Between

Total 7‘ 19 Al;- 0.164

...__ -.1_ .. _.._1
-_ °_~.°P4 -_  _. .

4.329‘

. .__. -. .1. . . Betwgén .__ __  .. .._   _....._  .__. . .. _iBD A 3 0.105 0.035 9.400“ 1._-_.._.  893919019
1 Error

I

-1
3 0.374

.¢

0.125 7 10.856"

Total

0.187 W

0.582

1 0.012_._  ._ T- -_
:> _-. .. -_. 1

3

.__. 0

1.- .

11.335 3.778
__-.. . J  _..._j

- 1 .466
1. _-. _ .._.A9e 9[°}P5
___1_ ____ 1 Error _ 16

Total 1 '19

1

41.248

52.5_83

1 2.578_, 1  _.__
7?“ '7 "M11 Between 1'

C ._  .4&929r_9912§-.1 . .__.
__Efi‘.'   -_.-_16 8

It Total 7'1 19 1 214.408 A..___.. _ ...._.__.. .___._-...... .-_.._.. __.__-. ...1_____  -.___-.. .___..... ... ..-_..__ _ ...__ I

3
-.__-.1.

95. 260 31.753 4.264’

_1_1 9-14
7.1447

. J__._ .._____-___._..t.___ ..._.-_ _

_ "4
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ANOVA of physical properties in 40-60cm depth between natural
6F9.!@SI and w<=@1yP1.plan£91.i_@§.9if 9_i1’1’£9I3m@!i9n9_.   ._

>.._..-......

+9
, . _-

I

Si

W 1 .1 Sum of
Varnables Source 1 df S uares

. "___" '0"17Et£)i/'ééT_*‘1 S . 3I _...  ..._-_.._A9i9QU£§.. I  13 T 16Error

E. Between...  --.3 030 _...
_.  A929_Li>PP.$ 1.___ .--__-_ 1 16

1 Mean Square V F- _ _ ___? ___ .. .€-.....____L--... .--__-..
11.343 .553

328.376

. _, ___ ___ .i_ _....

20. 4--__...-- EE9r._-. .-___-..   .--.___- .-_
7 Total 19 p_p_§62.406__]

I

I

1

1

1

I

. .. --1

272.950 90.983 5321* I

1

I___, _ -» '_-. 1 273.600 17.100
1 Total w"—19_  666.656 1   up

Between

I TotalJI Cly . Betweensi 3 |
..|- A99 9.'9_UP_E"°'  . 16  
Total

Between
_ __§9e 9'0.“ 9 1  ._____.___L._..

BD___._-...    J?__
..._._--.  Error - 16-2

......-L\9i9l9.\!P_$_..  1
'§.'.T_‘.?' .E

19

n  .__ . _.' 3 . 6.960 ' 2.963 1.969
..§‘@9- .

3..2..;.9fl.

191 .600

95713797919

19---..._.14Y-6&1
‘Z 3 0.015

- ..L__.1...~59°_-...._-4 .
... ..-i...._.._ -—-—<~ i---N - ---~——-

63.867 3.998‘
. 1- - -. ...._ . 4

0.005 2.293

1 Total 1 9 0.034 __0.048 ‘. _,__ _- ____.
. 9902 .?-...--____-..

1

1

1

i

‘I

".31.

in..- -

h.__..~

._ agémeen   p
......-j5-__--..-&9e9r<>uP$  3.  .'.5"°' - -16 T

19

WHC

1—1|- .

0.132 0.044 2.911
0.241__  0.015 _ _

1_ Total 0.373

... ___..<» - -

1 Between ; 1 1 .296 3.765 1 1 .088
PS -...___699.9.r9.~5>$ ; .3.-
.-_-9._._ . . ... __._  ..

A Total
Between
iii,” ,._._.._..ii__.1-_.»——

55.384 _m_ 3.462____ A
19 1 66.680 i_1 __,_. ._ .. Ii@ ....-. ..

--. ...-.‘

1 EKFOF
' 1 T6Y5i' 19  189~Y§2-.l 11.860 1

.6gegro~ps   1 _???"64‘  .... 12'2"‘ -_ ~_-L°§__

-1

-9.
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Appendix 25

Mean of physical properties in Location 1

___ T_____|.__
‘ ro ~ J>

__g__1_e c_l§is_i G S T Si  Cly ‘L BD ' PD PS l_ WHC__ ___ . ...i._ _____ _ 1I |- _.. - i ‘.----- ...~- 4- ---. ---1~— — i —-~-- --- - ~---5-—--~ '- on ~' ' '-'"—--~---4L) b c » ' a_ -19 -_._---. -66  7  ___-?.7  162--  3.-.39 .___6_7~_3
1-sow 12.93 ea i 12 20 1.143 2.453 53.73 ____4e.03____h_ ..    .   _._31-40TP1 12.83 59 12 1 19 1 1.193 = 2.523 52.8 5'

1. 1 15 , ______i_ . _Jiii___ _. . ._-i_,_,__,_ mi---_.. . ..-1.._.9_¢----- '  1.»-¢— Z -¢-——ili- —-4 " —- -4" -——1

.  .. -— _ __.._._.i_.. .. .._.\"Aggazgs  31—?*  Si  5;" "B0 3 PD PS  W_l:i_Q 1
37,513 631""   284 £554 2.421  3751 3 @375’31.30%;  giwoooo 2512 we»  1.121“  _  _M_4@.'L

325317151» jT.~;.11  6; 35» "2 L 1.a9b_i“*3"2.52aj} %%5§2_  5|

{*0-60¢m___ _ ___ __ _____   -_
NF  1193- 6.1%»-  - 25  1-123- 2~39.i_.-_‘-. 5321*_- - 497.- 3
!21-30TP 24.1 65 12 23 1.153 2.493 l 53.8 i 47.5 .|_§.1;19.TP_ 11.-8 -- 9.2 i  2.4;
9.:6°9m___   _ _. .- -   ____ .1 Age class G S Si Cly BD PD PS WHC
LNF M #23 A“ 65“ 5'3‘ 27 "" 1.053 _'_2F_  H “_5_1._2{36"
'21-_s\F5'iW_19.'23  55 6"“ 153   19 6 6 1.1435 2.423 55.9 45.56

in 31-40'???’  14.'5i‘____i5% ___1163"6_' 2416 1.156  2.533___ 6<54.2__ 6 43.9,3_

Mean of physical properties in Location 2

ge class  s1 ‘M Cly  so '6 Pb“ ' F9 i 6612110 I.  -{
_._;.1_5d_}_‘;..1--.-i1'7;.......‘__._-..W79 - -_  1..OB_.____i .1.6.g8__-.-.-. .é..;Ea_..-.. 5;3_.._ .:. ..;%€5._
6]-- _61§9-93..‘..6.*..-_--.?§36Y..“ _,;i?§36.6666  i ‘§7L5_43_ii“5§ifii.6..iillé. 6 6T...j.i9.§.36

_n_ i .0."-Q?‘

#414

]>

Q

2 m

0' :1.%
|\)

20-40cm,-._-_ . - _ .- Z2  _.   ._ ....--_.__-_.-..  .-___.
' "§93‘E'fi  -§-_ §_ .. _i__ .-.-_ 6'Y . 66--- -F?D.-_._ .."’6__ ".¥.’*l<3_'
_  NF  13-6  66b  _- 21“  216.-. 1.-.96 -2-34a  669  -._4fi_.
41-50TP 14.0 783 L 113 113 1.04 2.383 55.3 = 45.2

|.-_;6L‘?..T? 1.6-6.-.___7i__i_-.-11*{i. -_.L-- _ “Off. 2.~§3   ,
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4Qi6fi1?1_ -. _-. -_ ----___ ___. ________ - _.-  .-_.--_ .-__.-__-_- -._-..__-.---- -  -_

f"‘_‘fi
-5

Age class G S ‘ Si I Cly ‘ BD PD PS ' WHC
...|.q:..... _. “.6 ..___ __g§_t -.?d.a .-__....--.._2_1.5_. .___;.b.6_- 2535. -_ _. .é_7_...2.  .-.g_d..-8._--   .  __- __b__  ._ -.__b - --_b -- .__ - .._ -_ ..__ ..-- -

559 T? 17.2 _' 75° 7| _'13°__" _“11° u _“10—4_' 7  2-43”  u 3-7.4 “mi -18.97‘. 

NF 14.0 58. 21 21 1.02‘~.5°TP._ 746. 
‘i5°T_P 1-32-3 1.-.   vii --__f’

Mean of physical properties in Location 3
0.:2_0¢9L_ __. .._   --  ____ --___-___.-_ - -_  _..__--._

Age class o _l s l Si 1' Cly BD PD PS___   _-         _..9_3_ .1 .  7.E3é_-_.‘.___.1%b_-. 1Tb_.-__ .. ..-1_6g__. .__._2.-.4q__-...._.5é€.-. __7 1 l 12 ' 102 243 5777WHC

4_-._|

7  1949

i _._.__i .0

WHC
\\/ 0.97”

'»_.- _._-- . .- _-\- _-i»
2.34 58.4“_Ageo1as_sl_ G S t  '_S| __ L Cly’ L_ BD 1 PD PS‘ NF 59" 75° 9°“ 188  __ __ _i_E II 14.1” 87“>- .-. . -- i. - .. .- an 1 b 1.148 ‘QT 2.42 g 52.9” __

557*’ .1 -. '
486° _ '1 EIIIC 19.13 T 897°   7_.._; -7   _-..§b ..  H111 9” 1.123

20 40cm

EIHR 18.53“ 2 "'84*’5‘ ‘ 7' 7°  M 9°77 1 .098 __2.37 52.7“ 51.5“ _7 2.30 i 52.7” 52.7”. _--- ‘ -i--.-- 1 - in-...~ - -ii-.. n ...J
Q

P .. _ . ' - .  . .. ___- . _. ... __ ._~.-— -i._.,._..-as _, -ii___‘ __ .. ___ _ _.._ _ .. _. ___ - — . . ii ... . .9. ...____.._ - I .Age class G 1 S I Si

E III C  19.7 78 i

4&§.Q.2I1
_.___ ..__._.__..... __ -.  . i...__.._-..-...___..'.. .-..
i-__E. ".15 1.__17'8dL.) i ....._8‘ab  ~ . 9” . .

Cly 80 PD
1..   ..-_- a_..._.J___. .._C___._.,....,__.___... .?_.__..__...____... -_?___ .______,______ ..r._____.._.__t;._   ..._.__’_ _.._..-.l§ --_i .._.8  ._17  . ...1-04?- P .-_2-181-. 52-3. 1 52-“ 1Ell 1 23 3° 1 84a 8° 8° 1.238 ' 2.58“ H 1 °.  ..  ab    -___.1.._é.a_6. ...___.  _.1 2.37

___. .___.,_ _ ..__..,..-i_., . ___- “_-._..- ______ _______.,.. ._...____ . _..____ __1b ' bc 1 a b 1'___‘ 1.1O_ ‘ 2.31

9'Y_Age class A G S ’ SiI _. --4-.__,--------i . .— *~-- b - |._. .-:_2§;?__.. 74 L 10 16°E H 23.2 8'48 8 75 A
j9Ej9.28f2“ii"2i39 "774   10 13*’i _.. ._  ab   .1.
i MEIII F3___M ____20.0_ L  79 9

O-60¢-m...___- .__...-___. -___-..  F- -. _..

__ -22,". an .. _i¢._ _.._. 113D

Cly. A .... .. BD  PD...

r*+->~

sow  PD-..T- 1~1€Q..-i47?§___T125° 2.55” . 50.9 47.6 ‘
“"*_iEF’_Ti'“:'jZ7F6‘ 9""  583  287.. H . ___, _v in, -2‘, ._,,_i_.... ".9? . ..>__._ _. .. .. I
_-._. .1-23ab._ 2 _.2j§D__-1.-.---_52“...._...-. --fi?_~§

PS was '
5 .9 1 48.8
50.5 . 48.8
52.4 g 47.4

P5‘  WHC 1

..___.._  _ .. L. .  .. ._ .... _0 c a 185” 47 1.0687 Y7 2.335 _ T“ 54.35  53.'15_._;
7° L 1.21”  2.51”- 2 -51.9“ Y 747.787"b.  BC 9 __ ___  -.  _.-. _._--.‘ EH10 20.4 78 11'_7'_  1-7 _"5'éi‘fi  bc 7'7 '7" b “'7

, Age class A G A S Si T. ___ .-_   r_-_N.F 1 __15" _ 75“ 9°
17 Ell L 20.2“ 85“ 8°
.._E-.'."_Fi_.._ 18..-.1 A 81-.-- .- 9

,1‘  J-18  ....-2-408..  513D 1_. 49?? -1
10°  114° _ 2.318 L 51.8” j___ 499° I

Figures with different superscript differ significantly from each other.

NF -Naturai forest, TP - Teak plantation,
Ell -- Eucalypt |l"° rotation, EIII C - Eucalypt iiI"° rotation coppiced, EIII R - Eucalypt IH'° rotation reptanted
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Appendix 26

ANOVA of chemical properties in 0-60cm depth for comparing
__[ __ b_etw_c_*_en 061ural_forest___and ;1_'0ung_0r_t ak plantations€

1 Variables W 666166 1 61 Z Sen‘ ef = Mean Square F 15 Squares L
1 pH 1- Between * 1 '3932E-04 393215-04 016A.9§-..9f.9.uE».-.. .___-._ .   .. -_.Error 16 .362 2.4165-02 ‘T .J Total 1 6 . _i_ _ _ . .__,,i , 12, .i_,_i_ ._i___ _, I l .. ... _.i. .__. .
' Ex 6666 Between 1 1 1 1.621 1.621 .267
1  ___ _ 1 %__HErr0_r_H p  152  W%91.163_  __ 6.028 4 ~__ M

T6161 ‘ 16 1 92.764 1 __ i___ p____i ____I "6. ._.¢-~~ > _1 Béetweeril In in 1
p Ex. Na . Agggrouegi 1 0.01067 0.01067 . .102
, __p___H. Er_r6r % 16  1.669 .__ 0.104 __N K _$ 11 Total 1 16__  1.669  7   if

E.K Between I 3.191 3.191 1.616 11._-_"._..  .-     1 _. ._.
1‘ Error  15 p 29.610 1.974I

|"' _. . .... - ~- _..._ _.- -1i_ .. ~ ,»  — 6 6 - ~ —__  _ L T018! L 16 1 32.801 1 1= 1-“BGIWBEU F 1  1 I  -1 an _
Ex. c6 Agegmyps 1 6921.641 6921.641 3.162

T Error 16 42064.630n 2603.642{.__

F Total 1 16 " ,60976.471 1’
- Ex. Mg Aeetween . 1 990.221  990.221 1.140 .1._9£9'..°}£§.....   -._
1.      --.£9?§5° .-_.--568-559..__.1 T6161 1 16 140164717 _'__ e _ n-__.  -__  ...1__......-____.___...-.- .. _-..,.  .__

Av P F Between 1 1 0.02046 0.02046 ’ .039 1-._._._ -._._'§9£9LQ9P.§-1____. -._. _ ..  __-- 16 1- T-267 - 0-524   .11 1 Total 2.887 _J__ ________p___A " ‘T  66166611 1 "   3 _'—**r ... .
o_.c._ wAgegL0ups 1  2.661 A 2.661 p46.746 ;
é__________  “Error __ [F ___16__ I "0946" 1__""0.06296h   H“7 Total 16 n 3.626 -1. 1 F-..,  A.  .  _ _. p _,_.__..--_T6161 N Between 1 1 36601069 36601069 ‘ 103A929r9u2§,   _.' ..  '
Err0f_  __ 16_ . 66299629  376330.664 .. A-.. ._ ,__ I; _T6161 16 6666464.0 1 A.- .  _._-_[ ...... -._-__..-. .__ -. . - .2 --. .- .

C/N Between S 1 63 620 63 620 17 462"
1. ..?_ -__]. ./3‘9i9§).L.'.L..T.._...____ .i'__...-_J_..._;...__-_._T;-..1___..-4__ A Error 1 15 1 46.233 > 3.082 1 __ A

_ '

.  ..._- - -___.- .__1-.     --.' 363 '-__--..--__
___.._ .  . __. __ .  -a. 6  1...-_ . 11

-__  T9*@!...-_n1_-..-§16- 2 -199-921'»     ..-f__..1
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Appendizg 27

AN OVA of chemical properties in 0-20cm depth for comparingqt ‘ ' ‘.b@§.W@@ng!L9r91..!§1'6.1 1 1 T6 S  ofVariables . Source 1 df U Mean Squ
..__.  ___ _1_...-__.-__.. _1_-_. ~ Between 0.014

and younger teak p12lI118'[10I1b._ _ _. _. __. _-.. E _. .-i
GT8Squares 7 \ j F _1' H . 1 . 0.014 0.405 l_ p A9£9_[°iE_$ J_ 1 .- .1   .___.._.--_---___._‘

A  Error ._.’  15. ..% .1 Total 1 61_..___. .. 1.-. .2  ._. _.. ‘ _._Ex Base 1 Between 1

0.525 0.035,_ 
0.f:>_39

1.07 1 1.07
T.’ - _. 4- I 9- I- 1_ — 4. . I

_._ _‘___.._ _ ..._i,,__ ,____-...-iii" ‘_._ |IZ‘Z __‘J

_,_,..i-. .r— _ _
7.54. Error 16 1 113.05  __1__.___.  ._ . .._._  _ . .

Total 1 16  114.1;
Eh .__i.._ _i ._i_

L..- .--___.._

1 .142 1.

\ 0.00' .-____. __. -.._ B. _... _  _. .._i_ . _Ex Na etwee" 1 1 1 0.00
_ bun r; — r_.__._A99._9r09P$ -.  

Error 1 15 J 2.61 1. 0.17
_1_

T1
.001" 1§

1

[_.__.._.-._I_._?().taT_1_... 1.6 . I . ._
.7 __ ._

2.61 1 _-__ ..__._.._1

6.39

30.11

6.39

21“ 2.01

__ _i._.. ..._ ___. ___ .__ I ‘ ._.._ . _...»

Ex" K 1 AB:t“f>T1ns 1 1 1
__Y_g___9___P .1. _.. ___..- 1__.4 Error L 15_.-- — _,r- — _ _ 1 - l -- - —

36 50 LA Total 1 16 __ . j ‘.L_....___ ._.L__-__-.-__.._.-_.,._ __._.__.__..._Between 1 1
1 E"'C"1  Asgjroyps .,_-,-_ 1 .-  2083533-. _.20835139. -.3'_51_1_._.

1 3.181 .
I- - “.34

L... _ ._1   ..15--- 1_-8991_1-61 1. 5994111 .1 ..  1
Total L 16 409647.06E .M 1 1 894.14 . 394.14L. X 9_1 A99 99.999   . _   _ 

_.  . ___ .-_-- ;_. _. _  E- _ -1..  __1 1 Between 1 571 1
L _ __ _ 21% .. ;1 _.Error . 15 123494.921 1566.33 1 4. -_ 9.. -4‘

1 ‘ Total  16 124369.06._ __ -r .._'_

-___l_".’_*9£§l'.9£Fl§-.  _. 1 _.. ' . Error 15 30.18 1 2.01
2.2 __...___...-11._ .4,  ... _ ___. __7 ‘r ,. _  V __ .3
.h__i___“ __ __ M Total l 16 32.00 J

AVP ‘B°‘wee" 1 161 1 161 1 .901

_-.. __  ._.___ ._  _._.  ..__.__. -._1_._.___.___ _.Between 1~
1  __..._._/+\.9§9!.9y9S...1__.  -_..__. .____1'§i..._-.i...fig? .11.--.
‘L f Error 4_ 15 ’ 1.59 1 0.111 Total 1__- _.- __._L__.  .1 Between '

1 Total 16 1 8293823.5

_._ __. .._.__.___ ._.___ .-     _..-  __1,_.__ .____.. .16 ‘ 6.42 1
W _..- _- _. ._ __ 4_....____.. ._. __.l,_.___._....___.

T°t‘.“l..'l'---.-1i\9:9L<>_u.r>_s.- ._1_-. -.4°1-56'8.§ .1_.--40156'§i_.1_-;-...-_;1 1 E 1 15 . [ . ‘L __   i rror  H J8253666 7* 650254 44

_..--— _--1-1

O73 1

T_ _i.u . _

4 _ *Error 1 15 L 2802* A?

. _ 6 ___ 6 ___ ._ 4 .1.-.._ __ _ _ ._ _._ ,. __ ._ ...-_ 1T 1C/N Betwee" 1 _ 44 96 44 96 1 24 062"
1699 E1'2£1B§__,__.._...-___--1__.-.  E  ‘___ -__..._;--__--_1

4» ~ _7 7 _i_,.,__..

L   1_._ T913L_...-.L__,. 16--  .73~°°. .1    1._ __ _
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Appendix 28

ANOVA ofchemical properties in 20-40cm depth for comparing6 ati sbetween natural forest and youngcrt
l

Variables = Source df A Ssquurgrgg j Mean Square F \

__ Eh in ,, , ii _ ._ “ii” if ._____¢__ . -5. - .-i__ ir-.. -.__i.-. ----Z-in--.. - -i i-  - - -i—--- - —w9_L19 %@-E._ “Tm 2..__L..._.___..... _ _. . ___Ex Base Betwee" 1 A 9.04 9.04 1.389..._-.-A9%_9r9_uE.

___‘ .5 
I

91$. P1991.

.I_-_._.-.. ..____. .._- __.._].__-.. i- . __ _0 O07pH . ~ 1 . .007 1 .306
.._-..._fi9_¢_9LQHP§_._._._... ___.. -.._.---..__-.. ._-_-.-.--_..Error 15 T 0.351 .023

Error 15 101.20 - 6.755 _ .  -- _4-ii -- -- —-in -- .. --—

1

I

r

I

Q“ ..., r._

1'

Total
1  }-"'Etir1réEF_'1

-1

___ ..____.1.   . .-___.-_._...-_-___....._!

M

% 16 110.24 __ __ .___1.  .-__.__...__. -_r-_ ___ __. ..Ex Na ‘ 1 - 000 1 000
-.____...' ___ ..-0Si9.'9_UJ9i.. _ .-__1__. ._'_ _ .__.__. -_._'_---.-_ __-  ?.__..J
. _. E _____ €i],,____ E . E _ __ _ .. ,,_ _ . ;—i-,1-|y1 _ I ---L . .. --51-. - --1

. T°‘a'. .-  ....___~?..33..__..t....._.._.-._.__._-...
Between ‘_

Error 15 2.33 0.16
EXK . i 1 117 117

Ex Ca
~..___.- ._--  .._f\_9_e__9.TQ.‘.4P

Error '. . .-_.?“ ... . ...i_.> .. .._iZ...i .-..
Total

..-.___.._..-.  1 ._  1 _-. 
W _______a_  Total 16 26894.12 _ M j

1*BetweenAvP

Ex Mg Taetwee“ 1 1 948245 9482 45  8169*‘ ..... ___- .-___-_].fi92.9[91£9i.----...--.-     _.1._

U7

.1. __-!___...L.-___

. i
I

_...f,_+__ ._T

7'5? 780'.'&>“1."'_:>}’452'frB T“ '0 A. . ...__ .-.___|_..-.  .----__.  .  ..-
-?.?§99~29.   .._.___ -.___._ ...6.012

. _ A . . | .338
_..9i9'°.UJ-£1. -_.____ .. _,_.   _  __.. . -._1.---. .-_.--- .-__   --E"<?.' .._-. .19-- .....'...__31-3.Q_.. .. .-_.-_~°.¢.-€?_-

1 we EJ6-M2@-TMmmM2--M‘ 2951020.00 ' 1020.00

2?‘.

4.  .

1-. -_-_._.._ _ —

1

1

1

Z,-\,\.J___i.i i. 51515.1

Error 15 1 1741167 1' 116078

-. - A9e_9I°UP$ 1

Error

0.00 1 0.00 1 .000 ;
15 47.19  0.26

Total

Error
. .._. ...*_._-i_.._..__ .. __i.

Total N

Total

' .A9_~=>.9r9~r>.§

C/N

.—-»~—7-—r-5_—~

Error

Between
6919591128-__-......--___-._-___._..-  _._..  ___

Error  “___12 --_1__..7.i!..122 .-1__-..7L- ---.L_
...---.1§7-§Z__.. --.-___ - - .-__-_ .. . .. ._“%a

'

~81

1 6 1

. 15
16

.1 1
I.,_-.. .

1

Ihj
|
|

I

‘F?

$ -. 1. .

[___ _    . .L\atT,.é.eH_.__ .. .-1.9§-9[9UP_$--_._-_ .

-._  T_--._-....._-_“~_‘...‘??- _1_   ..  -1
2.61 2.61

1m T.°W
3.62| Between ’

574156.86 i 574156.86
__..__.-_., ..______ , .. .-..__|_ ___--.. ..___._

15 -_1. 19§E‘§55.-Ii--..7?@fif‘-4ft___._
_....‘.J4_5§§?3;5  -_--__..1 _1 I ,50.65 50.65

.___.._.. -4
I

38.750"

9---9. .

i

.791

A 6.482 '

__J

2



Appendix 29

/\N()V/\ ofchemical properties in 40-60cm depth For comparing

“'_  1_"BEtTééh' "
’ _, pH A98 9'O9P$;

Error

1

between natural Forest and younger teak plantationsU   .....__-.  -__....  ._____ ._T .   W   ..IVariables Source df Sum of Mean Square F
0.021

0.489
-.».

Squares 1
.021

.033

1 0.637

.....i.. -\ _ .A 1 Total 1 16 .. -11 _ .
1 0 .5_09

Ex Base Between
._-  A9@_9r<>vP$1  1

3.41 3.41
_-.. _ A. .. _..1 .449

Error A 15
-6-‘ . .~-~ .

114.12 7._61

11 __ -.. . .<

.’_._ Tot..5|.. 16
-._.-- .
1 117.63

‘_,__ __
1

- [__.  . __.
1_ E _Na BetweenX Age groups 1 I._.- _-_ ..  . _ __ .__.. Error t 15

..~

. 0.09
2.44

1+
0.09

- ..._ __‘.1 .580
0.16

_p ; 9- _ 9..
- ___ _. ..._______.. _..._1 Total , 16 1 2.53 .... -. .L_. _.- _.
_ ___. _..._.. .BetW.eén  __..

_.- ___ .E"°'-   -151_ Total 16
F168 A9£9J°"Pi_.. --__.1.E56} l 16
E ‘M Between 1

t __ 1.- E991 1 15

Ex. K 1
. ..._/199 QIQHE-.- .... ___-...-.-_

.  ._.. .._BétwgéH..  _..

-._.. . mi-.- -_¢.__. l 1. "_... .9... --in.___ 
....-__-T<¥€=‘_'__ -_- ‘..§_---- .1_‘..9?.‘.‘fl96..-1_.  .__- ..._.  _

725.10 725.10 .438.____.   .__.X 9
-__ ..-_ _ ..i\9.e..9@.9.p§..___._.__4664.67 1666.96 J

. .1. - .-,..
3.07 3.07 .804

67923

1 60.30
1

'1

...1

Eva
_. - _.. i W1 in - -- ....1

1467.06 11467.06 1.891
9

2

0980.00 6065.33 A ._   ._ __  ..___.. ..___... ._,1

‘ti _-. ,, 1 _, Total. .   ._ -7 BetweenAv. P 1
.  ..._ .. -. .A9e QEZLLPS

0.83 0.83 2.856 1

!'__   Error,  15-_ ‘.
4.36

.-1

,,.... 0.29’
_. 1. _ __._ _.

1

1- 0 " - ._ ,-1» --—M

l_ Total , 16 6.19 J ..,-Y‘ _ ll‘_ ,,,_
FWOC W  mBetweFe_n 1'“ 1

_. ' E599 QIPUPS
1.63-1 -. 1.63 A 24.253“9 . 

T ___ 1 Error  15 1.01 -7. ' 0.07

Total 16L .1 2_;64
“..._

11__. - .  .__- ,
Between 1Total N

__,._..

1 36509.80 136509.80 .276
.__._ -..-_.

.. ' . .A9e 901925. T 
.-_ . __ -  Eff?‘- . Total  In

_

Q. _-.. ...T___.  .-_1  ..-_l°F.?.!._-. i.-_-__. 1?. .i-__-‘?.3i2    1-.-  ._

\ T- --_ . .- L -_  .-_ _ 1-. - -. _..
E-’_-.-.  7424666-Z - .49497ZZ.8_ -__.-.__ .__1
16 176611766  i._. -__-.-..-_-..,.-.._..-- -__.-  .___.-..___. -__C/N Betwee" 1 66 99 66 99 17 746" *,   ,../;\92.9.L<z9r2§       '-_ ._
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Appendix 29

/\N()V/\ olchcmical properties in 40~60cm depth for comparing
.b§1-*9.¢_I1 nawal ‘£21951 @.!1<_1_.v"<>.@1%_¢r.-1¢3l1 plan

.2"... .__ .. ._.. 4.2  ---_
A . Sum of
1 vanables 8 Source df Squares Mean Square A F

Between
0.021 .021

. T
0.637

-_
pH 11  __ ¢9i9£§£l§...__--  --  1  Error- L. 15   @2189 .033

.2 ___ .12

. F .

Total 16 0.509
‘ Ex Base Betwee" 1 1 341- ' _. . -699 QTPHPS f. 3.41 .449

Ex. Na_.. Asgstagpi
_WEiwééF'"”"'

_..“1 Error__ __- _+.-.Total l

[_..__.. .-   1 _-..E_.._E_11_4-12 ETotal 1 15 111.53 __

_.

l 7.61 . M  _..

1

-2.1» -
15

0.09 0.09 .580
l

2.114 5.16
"16 tr‘

2.55
.. ,L_ - ..__.

J

H _ Total
1 Ex. Ca

._ ...-___ --_l

A Ex. Mg

Total

> Error H

E?r=*tTeen__"1

_l.f‘.9e..9QF*P~‘.L;_- ....-__.

i_ Error k___ 15

5'erTeter'1"‘tt M 11'__. ..__.._.. __l  -_
15

1

15_ __-~
16

1

16

77-“ M N '7 Total 1?.

3.07
. __ _ “.1 _..- . .

3.07 l .804
57.23 3.82

4

_». _ ._ __ .. . _.. .___.
11467.06 1 11-___.-  __J_.

__- . 399§9£°.---___6
f T9_2447.~.§ _

125.10  7
._ @4854?  1
_-.772§.5Y91??-. l

... ~--+1

467.06 1.891

9.65~3.3..._- -___. -___.

-_. _1 _-- -__,
25.10 .438
556r98...--_..-

.. _. .. _ ._l,_   .<. 
A . P

1 -_T’  .1 Agsgrovas
Error

Betwzzen I
I

-9

1

15

0.83
. ,_,.._

36
2-21- 

0.83 A 2.856

T.

'1'

072-9. * Total "16

4.

5.19’
.... ..__¢.

14

Ouc Between
._. ._._-_1 A9? 9'°UP$

1

_..

1.63
L-

1.63
l

l

1 24.253“ '

- . E‘T°[
1 L Total

l

l

F
15

16 l

1.01

2.64
l

0.07

1* 'jO‘t;"N— 1" Between;
4-.- , ..- i-_...

1 1 36509.80 1 36509.80 .2761 .l A9§.9'°LiE.$..-;  -.J  _
I.

,_. ii . ..__ .

in ...i_.._

C/N
-_l_.P\9i9LQL.¥P$

Error

t L .E'.'
Between

-+——-1-—-i—%——-

1

15 55.63 3.78I _.   -T_.-.  ..._

l _l
Error L % 15 __ 1424565.? __ 49§_977.j5_ ___________

16  752115.-9.-. -_.    5
66.99 66.99 , 17.745“

l

_ -.l-_- BE.‘ .-_l-.- ._.‘§ .l.. .23.-.§?_.-.. . ..__.._.. -._ .._l  _-

T1

1

2



Appendix 30

ANOVA of chemical properties in 0-60¢-m depth for comparingrt ‘ . r . ' 4___t2¢1W@@1t .

‘ Ex Base

1 Error‘ Total .
1 Ex. Na
1.2 __.../l9_e_9LQ.LlP5 

ral_1ore3t and older teal; plantat1on__3

3;-..’ -- : __..- .... -., _.. .-i
18

.  Betwe..e.n _t_.... _1_...._

nd u_- .._-  .._
Variables Source df Sum of Mean Square F...__.2-.S9fl"?+°'.3___-.  ..__t_ -.-__- -_Between 1 1 ~ 533 533 H

_.. /’£i95>.U£>$_l_  .1
17

. . 22.720_--  9r_Qv_F?§ .  .-_  ...___.  -__......__..  .._3
4 Error A 17  .399 . 2.3475-02 at..__ .. -.--....l. . ..__ _.. .-._.._.,.. ._  ._._. _. .. .-  ....  ________ _.______ ._...__.. _

l Between . 3.511 1 1.11?3.511

53.437
.¢.._ . . .... . . . . A in . ..___._i.. -

53.927 4-. .  , . -_._ ___ ._l
34.024 _ 34.024 4845*

3.143 1.. __ .. __ .E___.. -.__.

Error A 17
-44 _ _,' _ __ _. __ ._ _...T- 1922  -_-_119.382V .- . .. . -- ; u ,—:A 1 Total 13

1 EX. K Between Lt
._ ..__. ... A9§.9r9ue$.

1

17

153.403

-_¢.

! _,_.._ -. .- _ .
l

132.006 A 132.006 26.906“

33.403 479084 1 Error ii Total 18

EX Ca ; Between \._  698 QFWPS E_. 1

215.411

307.970 ' 307.970 . .102
51137.93?  301_1.05s__A = Total ll__  E"°'  _1.?1 18 H .,...51495‘90‘6  H . .  l ..._  ....Betweé.n .

-i_M9_...-.&9g95>.9ps
1 3316.316’ 3316.316 . 5.159‘

Error ~
1 TotalA Between

F Total
Between

7 in  Total

17

18| .. .___. _..._ qr —ll -ll — . .._.-_._._ .3§ Av. P 1
. ._._.  1, A9§.-Qf9.HR5__... .._..__.
.. ._  1 ._E"°'. -_ .17

18.-._._.__. _ .._ _ .. -2 E .1 ___ .-_

. .__9C .__....../KEIQQEPEE... ._____1..

1 _Error_  17
18

...__..__.t ..___. ._ _-., ..  --t._ +_.. __. .-__. _.__.2'98°_...-  . ..
_ .‘._  .._ . . .J_.. --1 .. ii‘

____10927.032‘ _  __
___- .1_4243:.-348-.¢. .. .__l__. --__--.*_T

842 733

1.097 1.097 6.2599175
0.217 A 0.217 19.993“

. , __., _ _-- ... ._,___ ,...-i_ ..._i..
0.184 Al 0.01083 l,.l.-_

. Total N Between

....___.. l. ._ E"°[.  ._
.._.  -j._A_99.9@r2§.--__.-.

1

__ 0.401.T T  --  _ ___.223895.51 4 223895.519 2.170_ Ii '§ 1- *4? ... .r»- _.. -- .
17 1r53991.3 A 103175.982 L ___ _

;  -T@t9!. . ._
UN Between %___-  59i9L9£E§....

13

1

W986-8-..
~1

'1

9.433 1 9.483 A 10.073"
-..,-_..

17 13.010 ".9427. Error_..._. .. _ 7 .. -- . .- A‘4_-.._-_T_°&_..;._ -18 25.499 I _

2



Appendix 31

ANOVA ol‘ chemical properties in 0-20cm depth for comparingr l ' ' ' '
--_-a.

between nal

1 Total 16

foreit and older tealg? pla_1_1_t6t1on5__,  _.u 5  " 
1 Variables 1 Source df Ssum of Mean Square A F1 . . quares ,~.____ .._ ..   . .  . .___...    .-_.__.. ...__...pH T 1 V win '
1+- ._._. ._._. .. Q99 Q.'.'.O_Up5   _. .___._.. ___.. 2 .._.  E”°T. 0.556 0.556 16.870V . -. nan -1-. - --- 

0.561 l 0.033

A Ex. Base Between l 1
-. .- .3599 9_r29ps l ..

W ‘ll 
-->

1 .1 17

13.50 * 13.50 A 2.679
Error 17 t 65.66 55.0455" 11

156 99.16  5
T BetweenEx. Na = 1 1

_. . 2.099 9LQPLPiJ_.

‘____ __ _ _j. __ .___ 

10.01 5 10.01 1.246
M Error 17 136.60 A 6.045
7 Total T 1 8 I

11
1'. 146.61   5'  55 A

Ex. K
J.  1.099 QLQLPS

jmhi Be6~een57 51

.51"

l _ M  Error AI 17

‘T “Between * ‘TA99 groups

‘ ____ _ ._‘ _ Total A A‘
AV. P ’ Between

l ,, A99 QIPBPS .1.

l33.09 33.09 5598*
100.47’ A 55.915 1 5' 5

Total 1 8
1

H Error . .__ .17Total 18
M . Between A

-51. 9 ._.l-./-\9g91.<.>.u2u_- ._1.-.._  5"“ .. .17

.___~..__. I . Z 1-3-- ..

i..--—- _, —. -__ . .. —-_ - .. - ._. -1 -<

6- -5- -..- 1
1

3190.68 1 3190.68 ’ 1.464

._- 49242-1-1. 

.. __._..  ..?-_. ._;__..-..  . 4

1
L .57°51-£3 L... 2179-5°

1432.92 ' 1432.92 Y 1.603

15197.00 693.94 _ 'A 16
1

.l__

.... 16629.92‘. _.    _..__._. -.   ...._ .. .. .._ T
0.03 . 0.03 ~ .077 A.- l L

Pi . _..

H"  Between  '- .;._fi9e QFOUPS. . ..2 -2  l -1

. _ _? Error  17 5.76
Total 1 16 -._..J

1

5.?‘ _-- _ _|l- "--- 
0.92 0.92 66.252“_ , .,_..   |t_ _. .._ .__.

Between *

.., ,1-L

1 Total 1 8 1 .1 5
1 . . . ...  .._i__... _H__ ..-____-....-..-1Ji-....-i__...%l ..._ _ .- _ ‘ _ ._ _ _

T0tal.N A e ro 1 32395.56 32395.56 . ..__. --_ . _9_9_.l.1Pi_.._ -  2-    ._ 1

°~24._..  0;?‘ __-...__.- -0

A 129 T
1   Error _e ___17  4_256490.6t _250361.61  __ __T6715 _ 16- 42666663 5
‘e____ ..__.     _.. _.. ‘i _   . _ ___C/N 1 . . . ._. _ -_.A9e 959998 -_ ___    ,   .15 O9 5 09 1 442 .1 Fl ._ - L_.E"°[  17.-.. L- 59-95  3-55  |   .._._.. _ T°"5' _____ _18  55-04.-   - _

l

204



between natural forest

Appendix 32

ANOVA of chemical pI‘0p€I'Tl(.5 1n 20-40cm depth for companng
d older teak p1f;1ntation5 _

S

Ell]

Var|ables Source Sum of 1 Mean SquarequaresM Between _
___ _ Age groups ‘L

0.540 0.540

9.846 0.620

- A98 9_'_°£P$
0
0.72

-_ ___

0.72
---'.Error 116.01 6.82-,9 - 

116.74
_? Between - _
__ Age gr0uQs+ _ _ 41.66__...__.1

184.88

41.66iii _,
Ex K BetweenH A egrougs

176.54

208.03

.., -6-

208.03

1 57 .29"
_,. ._

$9.25 _

-_ __E_- 3;‘- E_ _ 86532

___ EX Ca Age grourg _
9001.20 9001.20

8851.48 5226.56

0 Between 7
Age group_s _

7852.63

2800.68 2800.68

1649.518 186113ii... 9
--_ _L E! _E_ __

A P Between_ V- _ A 9- '9£P_ ___- _2.- -   .--_._ ___ ___
4450.11

0.79 0.79

Error 2.04 0.12

2.83
2 i.i_ 2 .112 ii _ _...---  .__ __.-. i *9? L

Betwee" 1 0.11 0.11 3412___ 189° 9'°UP$ _ _ _ _  _..Error 0.57 i__._ 0.03 _ 1 i_— 16151 ' ' 0.68
Total N Bemee“ 159196.69 A 159196.69

__ A99 9@L'P_ ,_ _ - ~ »_-7 ; - _ __ 2 
H Error _ 2359788.

i_ _ Totel
_ 18881 1

_ 25_1f8985.6 > 7 __F . - A N Betwee“ 6.29 . 6.29 8 973"_ _ _ A99 910998 _     _- -_
_ _ Error _ _ g 11.91.___*___F 0.70T 6 _ _ ' _18.19___i 1



Appendix33

ANOVA of chemical properties in 40-60cm depth for comparing
between m11»1.r§1.Q<1r_<?.$1.s1"d@1s1@r1@a1<-Plan1a1i911S -. -_

Variables

pH. .
Source

"“_1%f\'71F<~;-<-:T*"_A99
Error .

1 1 or: _ SSumof
quares 1 Mean Square 1

mi ; ____ . Z ‘._. _ . ..._fi'
F

1

1 0.504

-- F__..
_l-. ..

1.143

10 1 .647 .. _ ..- _... _ ; i___ _ 32¢.1i.___, . .
Ex.Basel-l|-.

1

+2.. .. __.

Ex. K4-2-2 _
,_ .2

1 Total

i

1 Ex. Na

Ex. Ca

Between
1

A92 $2PLl>i_..
7.82

Error 17 i__ A 1
1 Total 18 _ 1

80.91

88.74

IA 7.62 1

0.504 7502*.  _.. ._.  _-__.‘ 0.067
J .. _ 22?. .._-_T1

____ _ ., .2 42 ......__-_.1 10.64.735

BéM:En_"11" 1"
A%_qr<>_v1>_S-... ._ 1  

2.106 62.10 . 4816*

ll WW/ve_en. &_" -1 ’

.L-i'9f  1.Z.____._ -2
T Total 16_ 261.33

19.23
'1“

204.29

12.90 _ =
204.29i. .2.-_A9¢.921£§.-i. - .....

J Error_ 1 7
_ ,,.__

06113.1 6.24 3
1 Total 1 16 310.31 -..t

32 .755“ ‘

_.. . . ._ _.. _ -_[l __. . . __._.....Between i 03.31 203.31
0..026 '1 2._./i9i9EL.'l?§..  ..

1 Error 1 1 7  13r __ ____ 3 1 7723.03___

l___ .___i .. _._..

+2. ----- 
I

. Av. P

Ex. Mg

1 T6151  16 1131291.4

1494.74 .
, ._»

_.. .. .-¢iiii._-._ _ i ‘_..--—
Between 1 V 6721.88 6721.88 1 5535*_A9i9L9.L!P$1 . _
__ Error  17___ ‘ 2Total 18 2 6

4

_..

0644.8

7366.7
1214.40

1

1

~,__—_. ——. . Q-..

.-_ .
_ ._i..

Between 7 1 * 4.38 4.38 12 .948“
... 608 9L>}!P$  .. _. ..Z._

_,____ .- —

O.C
T .

, I
1
5 Total. N

@_ n
1

C/N

A Error 17 A
l _. .. 2-.-“ -_f_--_____ .. II I

theisrwi I -.  .L

Error _ 17 5.75

1 TO18| 18
1A e roups _

Total
“-11----_.  1. . _..._E.. .

18

Between 1 7

.1.  ..__.._.. .1. .._._E12. 
0.01

0.60.

06517

0-03..-.  ..
.00 706517.06

._- ..§.--_ _' T
0.01

. .i_-i..... "ii . --11-i__-

4..-_..- . 2... . ._. I .

,l_. _ _.. ____.'.Q Error  17 437620 7 1 3.57361‘-_9Z_...TOE‘ 123116 is
3.

081720.3 1
1Te1r.;6Trot1  1 '1 20.06

.._  . - T... .-._
1‘ 20.06

892$-J@..LLFl'=3__-..__- _....

.T°‘a' t.-._. 18 ...__ 

—.A.

_46.81
66.87

2.75 .._‘.__--.i_.
»--- A __. --- -*1

. . n -4

292 1'

.12.- -4
2.745

II— ) .. . _i¢

_ . 2..
7.285“
-______ _.._1

__,,_ ,2 .-.



Appendix 34

ANOVA of chemical properties in 0-60cm depth for comparing
_____ __ between natura1_ji)[est_‘and eucalypts plantations __

TVariables 7 Source

i Between
1 PH .-  Age 9.10998.

> r _. d-v .: -— -7--_
df

1

Sum of
7 Squares Mean Square *-» < --.

2 . 249.ll_...,  . __  -.._!

F

A 2.249 1 33.372
__

Error 13 A .590 3.28OE-021 Total 19 .  2839 .‘L...._-. T _
Ex. Base ’ AsetweenJ _ M ge grotgqs

.>_.

1 1 139.030

Error

1 P Total__ . .l_ 1?».

19

139.030 10.662

373.753 1L 234.726

ii?

-7. 13-040  .1 _.-

1 Ex_Na Between
;..._-  . 1.A9e 9".?}.'P3

1

49.»1 Total 1; A Error 18

1 1695.662 1695.662 6.240

4391.391  '27_1.'7'31 _

J

1

19
_.<.._ .- 3

= 3337.353 a
j'  __""'3e1wé'énEx. K

_--_ _ ,A9e_9r<>uP_8.
11 Error_.  ..._._1_, . ._ __ ._

Total
1

18

19

49.021 1 49.021 l
.1. . —_ __... 4»

1.491

l

T

l ——‘I" .
591.852.- -   32-8.3‘ ___.1

1  64<>»8Y<*».-l   " 
_  - .BetWee_r_|
¥__ Ex’ C?  l A99 Qroupa

Error4-91--_. .i_. ..,_ —4_
IL 1 TOt8|

T

1
‘ 1953611.8  1953611.852 ‘ 75.847

l

.1,

,l

13  433332.59 2s7_s7.333  A  _ _AW
19 1 2417244.4 1 7

A  1  “Between
...ji-§'1.9.  A99 9r<wr>S

_-_r\-- _ -4-. - -1 . Q . - -
1 A 24860.919 24860.919 .855

--4

A Error 1 13

Total 19 1 343204.03 1 7-1 7 "-1 -- *7
T3_23343.17  29074321 j ( __

.i_._..  1 - .T T Between 1‘
Av. P

-._.._ -  A99 9l9_LlP5 - ._
1 A 74.317 74.317 7.329

1.

13
_ .._. -._   . l
133.743‘ __10.2031_-..___  Error .-..T Total 191 9.... .91, . .~-.——

Between

1 1 Error__.. ..-._ . ._,,__ -.____. .
Total

Total N

-_Bi.C --_....-/5999199121.. -_

. ._
1

.13

19

Error 18 126927983 I 149599.906 I

‘ 4.487 ' 4.487 21.694“
-   -9-3<>.7_-- L1
_ . 8.2-11 . lI‘— .. "9 an ._  IIn‘—Il

59483771 - 5948377103 1 we

l

<

2581562 .._.- _ .. l_. .- _ .___.

. 1 0 . . 39.732 ._... .__._?.*9i9l9UPi_‘--....._ __ -  .__      _ 1
!__.__ ...__- - K -_ . _...-_J _.. __ .._71   ,._____ .____1 Total 7 19 33411734 1

C/N @ Betwee" 7 1 1 33123 4 33123 1 14033".. l_/19893498 L. -    T .
.-4

._.:_.~
I
1

128.-.016... .- __
F -.. . .E"°'  -18  7 71899  3-994 --31  ._H 1* Total 19 \ 1 1.-.4

2



Appendix 35

ANOVA of chemical properties in 0-20cm depth for comparing
p { __ ‘between nat_ural_fore3t and eucalypts plantationsp _- 1 Sum of

. Varrables Source 7 df p Squares Mean Square. F

l

: _..--— .

Ex Na

n -

Bemee" ‘ 3.616  3.616 61729"
Error

pH.. _.,.A9g9r9u9§-.A  1_._
18 _.. 22;.  __..J __..- .  _l_. .-__ ..__.0.796 0.044

Total 19 4.413

Total 19
l_. ..

1419.75

l,__ _. .__.i..A9e  1 .__ __. Errorl_ _. ._ _ -.  . .
f _-i -_i1.._  P .. 1 _. 4 .

.. -1.
1521.07

-4

16 7515.37

Total T-.-  W _. | .2-—

9036.46

— Ala’ 2' .-— _ - _.. .— ..__ _._ . _ __ .. —— . - .— .. I - -i. 17- 9 . - i_. .. - -4. Ex. Base Betwee" 1 726.02 726.02 16.944"
Age 9.10}.-l% ..-___. __. .__T_.  _ . . _  __  __,;__.  ..___...Error _%L 16 691.73 1 36.43

__l_..._ .. _ . .l_ .-  ..___..
1521.07 3.643

H '7 417.62  1
_  ,_ -p___ ____ . _..

BetweenEx. K 1__.  _l A95-1' 9Y°!LP$ 64.27 64.27 .993

Errorl 1 Total
. Between "1
2- E1 Ca. .oe4@~6..

Error

Total

16.
4

1165.26 64.74 79
19

1

1 1229.54

5940906.7
F ‘L ... . _

594090667 82.235

. 19
19

.~_

9-.

1..

13003733
72412600 1

‘Y.
72242.96 — _ iu r.--+

.,_-9 -9 ..__ _
Betweten

.. E)?‘ M.g. ._'f\_Qe g_rOuE3._ .1‘
1 112320.27 112320.27 > 3.753

18
-9- <

. 636726.63 29929.36

2 . 4 _‘. .-.
7 l Error1_. ..;-.._.. .. .. _-. .- .

Total T9
11

BelweEr1

.._3LP .4 69392298

__

1

_-  .
651048.80

.___._\-  .
71.24 71.24 7.112*

18 _ l _160.30 lError T6 7.- - -_L . .- .
Total 19

P O C 1 Between
1.  ' . - .. A93 9"°UP$ 1.. ..

1

1 Error
Total

-.-__.
_L 261.64

12.90

...i _

10.02" _i  _

..i
12.90 50.033

_.. i__.___- E

._ ..__;;._I

4.64 0.2616___: _p
19 17.64

T1,",

' _-- ...- -. _--?“

-— i ,--3-. 

“T

Total. N .
6  il_AgeWgroupsp __ W_ p j~ Error PT 16 71 6160672.6 »
“ Bemeen 1 T7626461.7 762646167 I 22.667" .

_ .- 7. . - _  - .  342259.-.59  ..  .
1 7_ Total I 19 ~13967164   _____J____p____p7» . __ _-- __.._.__. -__ .... ....____ -._ ,l "
A C/N l Betwee“ 1, 1 9.63 9.63 3.234.l  _ _, A9E..9'°E'P5  _.__...J .. _..
L A Error _; _16? J. 64.71  W 3.04 p L __

- 1-  -- 12

2



Appendix 36

ANOVA of chemical properties in 20-40cm depth for comparing
__ bct\~'eeni_1]_a1ural i;orest and eucalypts plantations‘ _ __1 2 1

Variables pp Source df ] Squungrgg Mean Square F1 1Between  Y =
__-- pH  .1 A99 @9998  -_ 2  1113  °-5? _  -_Le?-_.i-.-..E"°‘ . 17 -208  Q-121 Total e 19 fie 3.21 1 _'

Ex Base Between 1 104 02 104 02 3556' 1' A e roups ' ' A '52656   39-22 T.°l'?f  ._ 19  630555
Ex Na Betwee“ 1566.20 r 1566.20 ‘ 3.619 1. 1 16..   Ase 9r<>u1E-2...-   -. 1A 1 Error._.__-. ._.    _16 7666.46 436.25 1

1 Total 1 19 9474.67 1
Ex.K Aeetwee" 6 1 266.64 266.64 4.636.1 .99 QFOUPS1 _. ...- 1‘ Error p‘ 18 .9  9 9   A___  p  1074.27p_ 59.66 f.1 Total 19 1362.91 _ _  _____[| ..__ _ . _; 11 ._ .. ,_ _-_  . ._ I  _ .Ex Ca Betwee“ 1 1 1 1623526 7 1623526 67 61 599"___-. '_.-.._....-A9<-1' 9[9!P$ 1    _ '  ' --  1.. A

Error 16 532653.33 29602.96. __ .. - - _.- . ..--- : ._.i -: 4-— _ - ': .. -- — -- -; . .. _ -.1 11 1016' 19 *235638@~Q -.   
Ex M9 Bemeen S 1 13500 00 13500 00 570Asesrlg  _-_ A ' . A  1-.-

T _ Error A 16 _. 426643.20 _j 23702.40  __ AT9*ae'e . 440143-2° .5 91 Between 1 re V 1 ,,1 Av. P I 1 1 69.94 69.94 A 6.367__. .__.  A98 9T°.!P$ I. ..__  -1E"?! -  1e-_.._. 1.97-74  1.9.-99 .- __-_. ..;1 ' Total  __ 19  267.66    ___i __
1 5.57 5.57 13.976" A

W

L L M__Betweer'1 9
O.C 166.96 groups .1 17 Error Y 16 We 7.17 A 0.40‘ F

. Total  19“ A “-12.74” 9 ' He  W__F-,.  1--. 1,._ --. 1  - __..-
.N-___A9i9@9p.§-. -_.1  ‘°55P929-.1°55°??9".  4111931
__-- _-. .._1 '§."°' -1, 1? .|L-fi.4894Q§'3 .1 --“9411.-29 .1.  .._.Total 7 19 4 15040333 ”‘__. __.  .-._,.__ _i_____ __” _ ..   _. ..__  I

C/N Betweee 1 1 117.45 1 117.45 14.511"
F_...  .  grouR§.._1 _..  __ ,L_--  L. _.- _____ ‘I E I‘ 18_ 145.68 M  8.09“ HipTF9 . - = Total 19 263.13

2



Appendix 37

ANOVA of chemical properties in 40-60cm depth for comparing
__ between natural forest andeucalyptsplantations‘ 1 A .

. Variables A Source df Ssum of .1 Mean Square Fquares _ __p  _i‘,2.---i ----7-v ; - _- .-r T Between .

.-_.p.'i..-._.A999r9vPs1.._ 2 1'18 0'59 1 8381. TA Error 12  1.20  I 0.07   H Mrp.-_ ._-.  -—r 8- -  - -..» - -. .-1 -- _ .__ A Total 19 p 2.38 A p J
AEX Base 1 Betwee“ 2 1 75.30 T 37.65 2.256 1-_'.__..-_.-. /-\9-9 groups -   _ . -   ..

1 Error 1 17 1 283.70 7,1 16.69- r - r» .~—- r—-r-_ -—\- 1. _T . ; -+. . . _ .. .— -.~Total 19 359.00 A I- T . _I. - -._-. -1.5-4-E 9 1Ex Na Bemee“ 4076.90 2038.45 19.912. A 2_ -,1-99 9L°UP$  -  11 Error 1 17 7 1740.38 102.38 1
E.  -  T01?! 19 - 98".~28     -  M

.- ~ ._ - q» — .__. —-- .. I .. - -.. '—

_ _ __ _--__--.. AEx K Be“”°e" 110 04 55 02 1334 ‘. . 2 . . .
_.....:..§9?.9E>_UP_§...-_.-. --__-- .__.-~.._._.___..._-_,  .__ .. _--1. .__ ._.__ Error 17 701.40 41.26{_.    ,___..     .__.

Ex Ca I Betwee" 2 159420 00 7971000 . 1898r.   ./3199 QLQHPS _ ._   --' -J -  . L.-_ ' ..
. i Error 17 714080.00 42004.71———_ \- . r E - p - if -rv I r__ _. 1-11"» — 1- —_ .- ' ---— . _1   rrrrr _ -.19-‘rr35@@r@<11  1 2 1 "Between. Ex. Mg 2 147292320 236461.60 1 10.202 A.__. .__.-A9§_9r<>uP$  _-- J -  _ .- __ -  1
.._.  50°’ 1 .47.. .L394°36~8Q4 23178-64.  - -7.- .__ -1 -Tom!  19 _ . 8.56950-00.. - -  - -. .
1 Av. P Bemee" ' 2 7 197.18 ‘ 98.59 T 7.023 A
1_--_.__ _ -__. -1 A9-e QFOHPS  , __7. _ -_ - . . _ . . - ._.A    Error 1 rr- 1 23869 1 -14-or T -  1
r'f_ _-  T°!?_' -1 --19 . “?5~84.-_r_-.  1 -  .. Between 1‘0.0 1A  2 . 0.77 0.39 . 2.183__.___.-.__... 99 Qrqvps 1. _... L. - .1 -  -4
L- -__. __1_ - E"9_r .  - .17_  3-00 ._ __  -__ -_-.'iTotal 1 19 3.77 Tr 1__--__  .__-_... ._- _- ._.-.__ -.__...__..__-_ -__. -.-_- _-.- .,
V T0ta|.N A ABe““’ee“ 2  19910357 .7 995517.83  3916* 1._ -_ _-. -.9£.9£L!P§__-.___..-_.-.-._2_..    ..  __ ___-__
1 -  Error 1 -rr  .1...4321896--9 t_..254.?29'23 ----_-_.
-l°.I?l_. .. --@..__._....531.2932.;6 ._  ..-___ -Qip Between T ‘ 1 T .C/N AA e mu S 2 129.88 64.94 7.551

-__- __.-_9__9__-.E!_,__-__----__--1 .. - 1.. -- -T. ..1 -  E'f°'    17 -_ T46-19  998-6° -  .
L . -T°‘a'.  L9 1‘. 275-07 ._1 - ‘
,_ ii



Appendix 38

ANOVA of chemical properties in 0-60cm depth between natural
" a d teak plantations ofdi1°ferent_age clasein location ___“forest

. _i-..: *1 .174»Variables 1 Source * df sum of T Mean Square. Squares l F

Between 0.04173 0.02086
..  1
.910 3. .. 1'

Error
DH .1 /\9¢§'°v2$. 2

14 A 0.521
'—. ~-- p
. 0.02293

Ex.Base

8 Total
Between

1' T
16 _ l 0.353“

1.673

7.‘. __.-— 1 _

_-¢ _..- _---* ‘-v__ --- v- _.-—~

.837 1 .129 .
Error,9___.i--- 9..
Total

. .i\.9e9L>.w>$ 2_it _L 14 91.111.-  .  L.  ___\ ~
16 92.784

. 7 5.500
_..--- . iq

7
_,_. _ . .._. _ .,._ _ ._ ___ _ ___.Between TEx Na 2 0.02192

.__ __.._. -._._A9e_9I.9.Lll§.   .___... _...A‘ Error 14 T "1 .547

T 0.01096

0.111

.099 A

.22-. ___.__ ....____.  _ ._ ..__. 

EXK

Total

__.._. ' . ...A9§9l°UP$_»_

16._-. .._ -_-._-  l..--.__. -._
Between ' 2 9.396 4.698 . 2.810

14
-0 Q "L-Q

23.405 ' 1.672

1569 1. .. _.-. ...___..._._..j
4- .. ¢__ Error  _'

F Total 16 32.801
1---— _. . Q

E .C
7.‘ Ta .399 9L<M.>S..l

Between

- ..  Em”
_ _ D  T0181

2

14

15775.836

35200635

7887.918

L __ 2514.331

3.137
1.._ 

16' 50975471 _. 7
___. I|i—

E Between. M
2-4.9. .1 Agggroups ,

2 1 165.080 582.540
E»

.635
L __ _ Error 14'

__1l

12053.3901 910.099
_1— Total 15  140121.471~_ .

Av" P---  A99 QFQUPS
Between

2
l .

1.320 0.660__.l -. .l_.
1 .408

' l

Total N

14

_... W}.
6.567 0.469

4+ --4
Error

__..._.-__..-l .. -. .l._.Total 16 7.85%
_... _,. ,

M -Betwee—n'_7 A

._. A9e.9L°EPi
_-._.-  E"°'

Total
_ -_ .._. ...€a&Tea1.

__A. Age grouge TError

Total

2

14

16
-- L..

3.064___  _ _l
l 0.05440 l0.762

3.025

» 1.532

_<- _ i4. i 4
2 122321.19 1 61160598

l7

1» _ __ -- .. .9..- |I .- I
281166“

l

1

.154 T

___ _.. ._  _.. ...___14in 1"55451f12.'sl7_8'395185s.o51_V__l _( _
16 - l;§668‘i64-° _l _L

C/N 1 Between
A99 9F°"P_§i

2
T

K 63.911 i 31.955 V 12.378“
l Error 14 - .36-142  2-{>82 -_  .. .._l

"5 it
. Total _ 15100-053  -  -. 7 - -1



ANOV/\ of chemical properties in 0-20cm depth between natural
__ _ forest end tealg pl21_1n_t_§11_io_n_5_£>_f2_cr_iiffercm ego clz__1_$s in locat1on_l

T

11 _

Appendix 39

Variables Source 51 Sum °f Mean Square1
M196 QEPLPS 

l
2

J Squares L. -_ _ 
0.131 0.065

1 Error\   2 ._-.»_~

1 142 0.405 1 Q 0.029

16_-. _.. -WEx Base Between ,.- 6-9i9LQ.UP$ 2

0.539 A_‘-  -2
1 .089 0.545

1 Error
1

14

16
1 113.029

114.118

5.073

ii ..-i_   _,_,
Ex Na Between‘_-.. '. A99 9F°"P3

1 - ?  Error ~ 1
2 0.052 0.026

14 2.557 0.153

16 2.509

T13.2 -- - -__. .. 4  .
1

.._. .1 .
1 Ex. K 1 Between 1

.--. A99 919998
2 7.106 3.553

Ex Ca Between
1_-- -_2_. __.‘-19391992--.
._ -2..   _,--_ - .1
L - 1. T°".?1

Ex M Between ’
1____'___g +1Ag§__grouE>_s

.1__-_ .

2

14

E.  491399 1 
16

2.099

__ 35.495 A__.-. -- .. -  - _-- --_ _ _
42954-202 21492-101 4 500*

mm" 55552-557 '“4_775.915 _ _ _
,..ii__¢

16

2

1 109547.05 _-.-.2. - _ 2- -. 2__ _
945-430 474.215-..» A _.~ -5.. -5 .- _i¢A 1 Error _‘ 14 23440629  1624.331 k __

_-. _ . . ‘.3
1 Av. P._.  1 A9i95?.LiP$

1_6

2

24389.0591 " 0 o‘fi' 0* '*- ?12.501 6.250 4 488*
14 V 19.496 _ ] 11.393 _ __._Err0r..-_ i.. -- T-°ta' -3 16

2 4.903
1_-. 31997 ..1  2. _ L ___.

2.451 22 580*1 _ 2__ . _ . N 1. --°"°. . LP19e9L9.91>$1 Error 1- .. 1..
Total. N Between

A99 QLQQPS

14

16

2

1L 1—1.520 N1 i 0-109 _6-423- L-  1 - _
44823529 224117651 L 11‘

.-L. , i_
_,__ n

14 8249000.0 589214.286T Error M
T tal 1

-11 M Betweefi
_-. .Lfi9§‘_9L°_*.-‘&._.___€ ---_..-.__.-'  _-. -Error . 14 25.233 1.802

1._-._ .
C/N

16 “529352357 0 3 ___"_
' 47 767 23.883 13 251

.__._.\ i-___.__..._;_...  -_1___. .-i_...__ _.L_ __ ____
. --12 1013' --_ 12- .__ 7..3-00O__- ___.--__- __ _ __

T _



Appendix 40

ANOV/\ oi‘ chemical properties in 20-40cm depth between natural
forest and tea_]_<_ pla1_1___taiion§__(_)l‘ d_i_fferent__age 01885 in locati_on_1.

Variables A Source df
.__|

Sum of
Squares

Mean Square 1 F
A  18888881
H pH_ _  Age groups 4 +__2

0.018 0.009 .363
4 j _ A Error 14 A_¢- .-.-

—_- <
0.340

.. .  4‘l_-. _ ...
9.-024  *  _

1_.  T°‘17=‘_'. - 16 N._.EX.BaSe Between  2 ._..-._ .499 9'°UP.§_.‘ 

0.358

10.407

\ . -4  _ _
5.203 .730

14 A 99.829 -7.131  WT1 Error .W  16 110.235
1.

I

Ex Na ~ Between 2 .i_.-_- ..A92.9@1>_S .1 .; 0.001 0.000 .003
2.334

—_, _ _¢.-- 4 .1
H; I M Erro_r_i   114.  Total 1 2.334

0.187 116 7
1 Ex. K i Between 2. . .‘ A99 9'°UP§.1 _.H— 1 1
.__’5L'<..*'.__... -_l4 .-  -T°‘a'  .161 Between
_ __ '4 Error A 14 55.11.98

_,__

7.729

fi-23.?

0331 .429‘

52-56%‘. ____  A 7

488.571 1

- -,1 ,,_ .... _ .._ .

3

_  T--- ___..

__...  ..__._-. ____ . . . .22

3.865 . 1.196i ; i 4}
-13.

1._.___._ _fi
234.286 .343
595-1021 Total . 1 62800.000

Ii

. - ..__ .. "Betwéén  -_ __ .._ _...
E"f-E.9__. A9s.9r@u9§. -.-2  1

0368.403
4.

8828.71-4

.- 1.  1-. . Z- -- .. 
5184.202 1 4.392’

‘.__..__1 180.408 -111 ._- 1.- E"°'  1.4 1.14 , Totai 16'8894.118
~ .>. _~- ..-4

A ‘AVIF; '1 Between T" 21 A rou._- ._- 999 -141 --- _ 4 . 0.160
1'. -_ _> .-, .. -, 1‘

0.080 L .279
- - E1121. - 14 ‘A 4.025 0.287 A

T0181 16
._ .»-—

4.185
- _ --,- ..- - _ _<

F__-._C_)_g .21 _..Betwe.én  2_.- E.._/19.1-;;9r<>ur>§    _ 2.879 1.439 A 27.080"

1  - 1 E1121 1 11- *1 0.745 0.053 A.-. . __ VA Totai 3.824 '818

. Total. N Betwee“ T 2 18458807 A 772840.338 1.091A _e groups _  _ 1
_ _  Error I1 (14 _.T9913142.’9 1 j70808_1.833_  %_ ( JT Total 18 114588238 1

C/N A Betwee“ 1 2 82.825 1 41.282 1 8.789" 17 A98 QLQPPS  ..  _-  _  _.ii-.- mt
-_- ..-L__§L"-.._~__ .-l‘E..-_¢. -85-395 -1 _--6-095. 

.  T°‘?.‘..  15 ._‘.67-86?_. -._ . _ ..__ __ .

I

213



Appendix 41

ANOVA of chemical properties in 40-60cm depth between natural
__fQ_re§l and teak pl_§11]1ati0ns ofdifferent age c]9_ss in loca  I% ’t10n

Variables Source 1 df  Ssum of Mean Square Q F1 1 quares ; A--...TTet_weefi........-___--. ..   .1
H pH _AQ€&.gr0uB§______2 0.049 0.024 .733ME!    - .    .
‘_.. ._. .1 .....__T°ta' .. .. ...1_§.  0-.599 1   ....__-__.1 Between 1 I

Z ... ... ___ .__.._,_5__...-- —
1 Error 14 ___1_11.20o __ ___7.943..... ....._. -4---- _.....»- -; --- 1A Total A 16 1 117.526.i-1----_- -- 1 - -_ - 1 -  l1 Ex. Na Bemee" 2 1 0.099 1 0.049 .295 1____.1.-_-._ _.   .221-  .  -__--- ."10151 16-  215.29  _  _-.

Ex.K 1ABe‘We°“ 1 2 1 19.570 1 9.795 1 3.353:-_.-“-- {»— --5 .0. . .. ---I—- 1

__ __ . ... l

._ - '.5"°’ i .14...- - 4°-732 - .2-909 =1  -2 T0191.  16.--  691593  1.  1
Ex. <35 ,1 Betwee" 1 2 115247.059 7623.529 1.224L .. .. fA9e QLZPPS1 __.. 1  .. 2    11

|1 _ ?Error 1  14  97200000 5229.571 A 1
Total 16 A ?_1O2447.O6M__  H

A Betwee" 731.535 1 355.759 A .206Ex. Mg 1 1 21 ---.__. 1 A9i9@E=?._...  ----___
1 l E.r_r_1_:1r ‘L  M 248118.229 1l'/4.876 '
= T991 16  -.?_5'~">79Z§??— ---.  .- 1

Av.P 1AB:““’$?§ 2 1 0.992 1 0.445 1 1.453..,,_i,ii___.. _ii__,_______ --.. -5... .. 1- - 2
...__- .1 E"°’.---  ‘4.....--..._§.3_-._ 9-307A Total 16 ; 5.191
T_ ... . .._.._._ ___.‘_, .. 1  .  ....,..__i_...,.__fi___

. E119!  14  0-744  _ 0-053. Total 1 15 r 2.636 K6

___ __. .. -4

‘_ ___ __ 1 _ - 1
. Tota|.N 1 Betwee" 4 2 170990.75 95445379 1 .152' __. .. A9...Q..9r°HP3 1. .~,.- 1-__._ 5— ___ 5» Z...‘-. -
1-  Error  14___ 73902957 527977.551_ _'__i

1 Total 15  75511765 1____-..   1 A IC/N 1 B°“"’ee" 1 2 71.999 35.949 1 9.731
__._.__ . _.. ____£‘.Q?_9r°uP$ .. ___..F Error __.  _  ._ .. . -- I-11  21-721  @694   

1 Ex. Base 1 1 2 6.329 3.155 .399 ,..- ..__i£le_9I.9.“££.1_1-_........ 5

_ L _Tota| i _ 16 ___1 123.619__H _ _



Appendix 42

ANOVA of chemical properties in 0-60cm depth between natural
1 K { forest and teal§_plan_t_a}i011____‘_; of different age clas8_ in lofaL

. Variables Source 1 df fquungrgg 1 Mean Square 1 F
1 Betwee“ 0.582 0.281 12.128" TpH A e rou s T 2 “ 1___ ._. -_. ._1__g_. _1_.__..__  .._L__.. _._ 5 _ _..- _ .L._._ ___. ._A Error 16 0.371 0.02316

Yienl- _.

J

1_____,. .-___ __T  .___.ié..___._.... H0'_é32"_..._ _- _. _.   ._... .;_-__-  L  -.
T Ex. Base Betwee" 1 2 . 18.241 1 9.121 1 8770* 4._.  . “A99 910‘-‘P5  ._  .. _ -1 _  1.. _...A Error 16 38.706 2.419
r______  Total  __18  5_8.947'J1 ~. . ...._— . -. _. -; ___ .. 7- oi- -» .  . -_  - .- 11 TEx. Na Betwee" 2 51.988 25.984 1 4099*._ - A98 9'°"Pi..J  .1 _  1 _. .- .8T 1 Error 18 101.487 8.840- - i _. _J .. . __ 1»  _  ._

Total 1 18 1 158.40
1 Ex K Be“”ee"s 2 147124 78 582.._'_....-_‘_L\_9‘L9EL.!L11_.-.- _.   ....__ _.'

_._-.--_8;.  .. -. __ .
_ i 
1 17.288"1.. _ ..._ ..

1_-._...__ E."°’_... T6-.- 58-283  1 4-358.,_T°‘a' 1 .18 J 2.15-41‘ E-  _
1 Ex. ca Betwee" S 2 7718.884 8858.842I Agegr0uLu_1 N ___1 _ j 1

1.409 »1 . _. .
1 1 _ Error 1__ 18 148782.222 2788.889 N  771

T°‘?‘.' .1 18 .514.95-9°50  - J -.  .

I ..-_?‘ P .t../19.? 92998.

;-._-..1 Aaesroups

1 1
1_-_  . A98 QLQEPS

.- . . E"°T.._I T Total
1 _.. .._._ .. ..-..__BéEefi_._.__.
5  ..,_A9§. QTOUP5 1 -. .

. Ex. Mg Betwee“ 2 15878748. 2888.874 ' 4847*.__-- _.... ..1_-_..._ .._1  - E- -  .- 

1-8
_,_..

18

1 Error 18__ 8889.800  554.850  _  1W __“18“'114248.8481 8 1

2

16

Betwee“ 2 1.299 0.849 8789*.._.._L_..   _.__.. .____ .___.. _2.779 0.174 1.1._.__. ._  .__.._.. _  .__.-..T 4.077 1 T.  ..__.__...__-- ._. .0
11 0.220 1 0.110 9.891"
. 0.181 1M1.188E-02  11 1. Error A

5 Total 1 18
. _. . 1.  0:401  E .- __

T T0181 N Between 2 1 364511.79 182255.897 1.807 A
18 ' L18188750 100885.9481i. -. .._.Error 1>-- ' - .. i__.-- .. ,

Total 18
-_ 1 ..-.1977§86-87 -  1 _

—1

2 A 11.781 5.876 6.838“

1 Error _ 1 18 1 18.747 X1 0.859 1 _
1..__,_ -_.  _.T°ta_' 18 25.499 .0 _ _

5



1 Ex.Ca » 2 1549.921 774.961 .1.  AEJTOUPS 1_.1 11 .11 1 16.1 1  .10 1. --_

Appendix 43

ANOVA of chemical properties in 0-20cm depth between natural
p forest and teak plantations oi‘ different age class in location ll1_1   1 - 1 _  1 -1 -1. 1 1 {-1 1 1_
Variables Source df Sum of A Mean Square 1 F1  - .1 , 1 Squams 1 1 1 11 0'  éerweérr 1” 0'  1 0 1 '0

1% pli  Agggmupép p 2 1 0.726 A 0.364 14.975_] 1 _-1 1t_. 1.1 -1 11 1-11 11   arm Error  16 0.389 0.024ui ....- - :

pH F AB:t"‘:igs A 2 17.469 6.735 11711fl_   9 9_ _.. +__ 1. ._i._  . .- .. _ . . _._-.. _.. __.__1 Error 16 61.669 5.1061...___. _--  .__T .__._ 2   .___._.__,  ___ __.__Total ‘ 18  99.158 A l
1 Ex Base A Betwews 2 16.231  9116 1 1.136

J Error 16 1 128.378 1 8.024 1L_ .J L
1 Total  18  W 146.609 __ p.__. Be_tWeeh.1 11 A 2 _-  -;...__

EX;i€:i_ A e maps; 2 39.840 i 19.920 Pi 3.401 I
1 Error 1 16 | 93.716 11 5.657 1
17“ 8 89 Total A '8 16"  136.5567 2 0 2’  Um"

._1-_t 18- .1 1-117__-1_l   1.1   -..-_

-1

_ 1 .11/i929r°“E...  1_. 1  _.. 11' _.- -1 .1 .-_1

1

__

1. _ 1.. _ 11 1 T . _. 1-    .. - .._.._1  .._Ex K Bemeen 2 4059 663 2029.942 .696
__.- I 11169991999;  1 1..-  1_1 1  1 21- -1 1A Error *_ 16 _ 36162222 2261.369

T°*a' 318111 1.140242-1°?>_1_1. .  11
A  A A  Between" A

3 Error 16 15060.000 1942.500 L _
1 '2 U 1* T013|  _813__ 1715629921 M  7 P 8 1 w V “Q

1

71
822

1

. l

A Ex. Mg 7 Asetwee“ 1 2 1 0.324 0.162 .4731 _1_,_ 9e,9T°\_|_P5;1_1__ _,  1   1 -   .._
1

1 Error i 16 L 5.482 1 _0.343 __%____v_____1.  .12. A T. T FAv P Be‘Wee" 2 1 0.919 1 0.459 31.274"1. 1T .11/1999¢9u9§_-11  ._._1  __-._.
“'1

I

1

1  _1 1;L_T°_*@1'._1.1 ‘L1 -3_.-E4__-1._-_
Bet1 o.c 1 Wee“ 2 325711153 16265.576 .061*L_. ...__.   1.1  .1  L- - .____ 1.
Error I 16 1 0.235 L 0.015 1

7

. _.   E'1'°' 2.- 151 14255315122660”-7°?
1 _H _p  Totalp 1 _ 161  426666614   p_   _
1 Tota|.N Betwee" 2 7.397 1 3.696 1 1.027__111.__.__.-A9§9T°UP$1. 11  .1   1   _

Error __l_ 16 K 57.644 L 3.603 A H
11   W8!   19  ".1 65-040 1 1 .

216



ANOVA of chemical properties in 20-40cm depth between natural
t Lions 01‘ different age class in location ll_ . .. 1 _.1 9

1

_ forest and_1eak plan

Appendix 44

fa ____ .__ , , .
Variables Source df A Sum of Mean Square

1 Squares 1 J

_,i

.  _..  . -4 
T Between

4pH 2 0.571 \ 0.285 i 14.470“ 1

1 Error
._.? .._. .. .___;mTaI_ ._Y_ . __;8

7 0.616
598 9L°°_P_$.-1  - 1. - .. . . -. 

16 A 0.020._T ... -_ _.,1-- — —
A 0.886

,_.-1%.. l -9 -4
1

Ex Base Between

Y Total

Ex Na Between A

-.J_ _

1_. _. _-- .=.-fi9§‘.9QU.Pi..-. .___?___ .._l__Error 1 16 1 111.556 L 6.972"9 -L- .1-.. _. n ____- -4-.__.. -_ --9.1.“
18...._._. ._.  .i_ .._.._1 .___ ___.. 2

1_ _-. ;..A9¢_9'°.“P$  _ .__

‘ 2.591‘ 5.161
_..-__ ...___... .__.--__. .-._[___ -___- .___ ..

_1...__..__ ....___._  -___   __....16.737______ -.1.._._ ..__.. .:. __/.. .__, -_
56.766 29.666 . 6992*

= _ Error a 16 _{ _ j 117.775 7.661 _1

4

,.. 9-- .9. 9 .. .
__, 9 --- -

A Ex K . Between- . ..-..'5_9e 9r°“B$
1 Total 1 16 T 176.541 1

2

__- 4. - __ . --—
I _.. -11 .

‘ u_-.__-_  -_
Ex Ca A Between

i_-._'.-.  JAL QFOBPS 1

4 Err0r_ 16 A H 121.196 1

2

_ 7 7.575 11

1 244.123 1 122.062 16.114“

.. <

-1

1

V _ .
Total 18 365.319L. __ _ 1;.

L .. L- . _. _ I
25870.409 12935205 2.875

16'
.-~

Error J47 '7 5' T T  IT1 _ _  ‘T0161 1
T_ Ex M 1 Between 1

18

2

M*97852.63‘2 T j 7 w

71962.222 4496.6691‘ ~ 5 1 — + 6
'_

~ 3852.416 1926.208 1.007
J

J._. -.-g_. AQQQTQEPS
Error 1 16

1.  _1  W0 2;.-. I65
60597669 1» 1912.656

.4 .164450105  f j  __
. 1

1

& AV F, Between
1_._' .__..._E~9i$£9£E_..t:__-..

‘  __ _T0ta1_ __
T Between ;1 O.C

;    ..-§9.9_9l9.LLFE. .___.
1 Error =

F   .J__..B 1°39‘  1. etween
Total. N Age grougs

L__.. ._  _ __.. --__..

2 A 1.156

16Error.___ -._ .___1 _,_.--_... ..___.__
18

2

1.676

\ A 0.578 5519*
T

2.832

0.123 ‘ 0.061 1.762
_ - iui I .-i__._-.

0105. .  ,_
J

16

18

2

V  0.557
_i 0.660 1 .. 1..

l 614963.4J 307481.699 i 2.584

1

1;

161

.._.

r . Total 15"?’ _,
16 ‘I

L 19040222  119001.669 F _2516965.6  % W
' C/N A e roggg_-. _._9_9__ -7.
I I “-1 “-1 Between 1 0'

2
1 8.000 Y 4.000  6.278*

Error 1 16 1_ 10.194  0.667
W‘ T0ta1 1 ___'“16—' "1 16.196 J‘ V _ L

_ #0 _ ,_ _.,.__ ._ _ __. 1‘.._.,— _..— _
_.Q

.._i¢.

' _'1

1



Appendix 45

ANOVA ofchemical properties in 40-60cm depth between natural
%  Forest and teak plantations ofhdifferent age class in location ll ___

A Variables 3 Source 1 df 1 gum of Mean Square 1 F1-. _.  .  q“a'e$4 Betwee" 1 0511 1 0.256 ~ 3.601
. . ;.- E"°'.-.  1.5 -2 -.1-13.5 .1 -°-07.1  ..  _+ _L Total 16 1.647 . i

. T 2 '
_|pH A 2 .1 9i€LF9_LlP§_- .. _ . . .- 4

. Ex. Base J A::‘£‘;‘:i‘)S 2 62.737 1 31.366 3963*
Error i __ 16 T126000? 7675  _ _1 Total 1 16 1 166.737 , . 2

1 Ex. Na 1 Aaetwee“ , 2 . 94.654 47.327 4056*___-  ._. . . 99 9LQE'P5-J.- -_  L. - .. .1 __ ,  1,  ..
_  __ L Error _i A ]_k_16_i A__Z16_6.676 11.667 11 1 Toran 1’ 16 261.326 T’ 1 1'__"__"__.  -. -   _-. ___.- __-.__...-_-.-_.T _- -__EXK Betwee“ 2  213.637 . 106.616 1 17.676" .._. ___A9§_QF9EE§ 2_.-_ .-__.. ..__.   .-__-_. -__.-.- _J2.-wr-w-EwQE@WI - Tote‘ _ 18 .31d.314.. . _.    -2___  ._- ....___. ___..  Hi-.. ..__.-._ _.1__ .2 .._...,L_. .2, ___..   ___. _.

BetweenEx. Ca A 2 25094737 12547368 1.887.-_  9_¢_9'°LP5 1- ._ --._1_-- - -1   ._1-.-_-.--_.A Error 16 106400.00 6650.000 7.__._..  - -_.  ...__-.. - .  -  -7. . ._- T°‘a'.  .18 .- .1314?”-73.
7 Between . ._.. .  ._.- _ -_T

Ex. Mg 2 153139.181 1 7669.591 A 10.203*.. .. .- .-_/i9e911°1~1R$..     _   -  ._  ..
g________ ___  Err0r 1 _ 16 L12O27.556 1L 751.722 1. _ .- .. _ , 5 . _ 1 ._ 1 _'‘ rA Total 16 27366.737 12   . ._. -  -- .‘_  *.1 Av P Between 1
J __ H ‘L Ag_e_groups T__

4.415 2.208 6.187 A
_ Error = 16 "1 5.709  0.357 ‘B-2 2,..7 _ _ __,. 4

1_-.._- -T°‘?.'- -L -18 1 ‘_°.~124. L- - .- .1 -- .. .
1 Betwee" 2 0.016 A 0.009 . .253 11 O.C 1

;....-__. -_- .i9_e_9I2\LFE_. .. .1--- . ..-__. __.L Error L 16 1 0.584 \ 0.037 . =. -  _.. . ._.. .2.  1» 7 --—-_l-_..._.__..____...- ._' .-r _Totai 16 0.603 1.. ___. -__,'...  ..i.___..   - _ __ . in.  ___.T018| N 2 6 ' 448572 268 1 715. -_.  ._.. /\9g9@.=4r2§.-.,_......__-. _...  -_..__. .,._ f_- _._ -_.  .... -.1 .8 L
C/N 1 Betwee“ 2 1 22.692 11.446 1 4165*

..--_ -_. -.T_./31.111’-‘ 9.101125   .-_     .. -- - . ..__..-.. . - 511°’  .16 -  43-9710,- 3-743 1

1 1 4
.1

._2aJ@2f6-6WW.nQT871
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Appendix 46

ANOVA ofchemical propenies in 0-60cm depth between natural
forest and eucalypt plantations of different rotations

Variables Source
_ ._.. .>._.9..--in -----

pH BetweenA e s
.__ _. T_9 9TQ.U_P ..

df Sum of Mean Square F 1-_.. §q".?’e$ - .1  .. _   .-__ i.  _13 2.382 0.794 27.739“
Error

Total
_-.~- 14- -  . \ T-19--   1839-   . -516 .458*A j 2.862E-O12 > ‘  .

. ._  . Tl . 6 _,_T\
Betw enEx Base e

i_. .. ._._AQ29'_9.LH>$
3 1 205.889 68.630 6.541“

1 Error
F__. _ . ,. TotalI .. L\ _. . .  _

EX Na ABetween1_ ._.. 9.9 9r°L!P5 4l_..

- f 9- 9... . .- 5— ._. - 4, .- - _. 
16 A W 167.667 Z 16.4921 119 1 373.756 7—- -_-. — —-- ¢ -- ~~. —' ; ._..-— ~- r £1

3 L 5002.125 1 1667.375 16.829“ A
Error 1_6 H » 1585.228 A __ 1 99.077 AL 1

F% ._- _.-.__.¥Mé.eT .... ..1 Ex. K
Lia  A92.9l°“R§_;. E"9r

Total ii _ ____ ._ ., _ _ _ . . 4_19 1 6567353111 1  11 1
3 1 178.323 \ 59.441 2.056
16 _{ 462.550} _ _26.9o9|_

1

Q.

l_

j Total
BetweenEx. Ca

_.___--_l§9i9E!F£L-.
_ _ Error

_L_ .6

1 . 119 .  64°-87?.-.   .. .   26
3 1976675.55 656691.652 23.929"

H1611  440566.669 27535556 1

l1_

. E T F .. _.

._-.--_. ._-T@tal  19- -..-241Y244~44-- -_  - . 1
Ex M Between

-_1_.£.1..._1_fi\9£9L<?UP$ .1.
3  501679.644 167226.548 . 57.510“

Error1__.....__ _..__,l _ . _
1 M Total M L

Between

1_A.1"_P ._.. T69?-?.£2J_F2§_l_.-. _ ..   .
__ _..._ .. _ ___ _ ,. _ _. ._ _ ___. ...-_i.  I14

16 246524.444’  291o7.77161] 1 11-19
-19 . 5482°4.~P89  .   ..
3 125.026 41.675 1 4993* .
16 _ 133.536 V __ _ 8.34611

F. Total
._1 _ ,... . -  ._19_ 1.__ 2585621.  . 2 ..

OC 171 Between 41 369999498  -   1.. .1 5 437 1 812 10 455“
16 1 2.774 L 0.173 7

l

11 L ErrorF. _ .  .. Total
Total. N
.2. .1 A9?9T°uP3

1111-1 B6-twee1111 I T3 6770280.60 2256760.202 19.300“

16_111 _1l1 1670694.6o1 1?_ 116930.925? H11 ( 11
.L_

1 A Errorl 17*
Total 19 16641175417 1 L  T.__ ___. .__, __,  _,, I

Betweenom
1  ,2/5.99 9L<>.~1r>S

J.

29.379 11.787“ 13 % 66.137 X_.. _ ,1 _. ._ 6..1 ._ _ 16  39.6791. ._2-4.92.- .. 1

2



Appendix 47

ANOVA of chemical properties in 0-20cm depth between natural
_  forest and eucalypt plantations ofdifferent rotations W_ W.7 7 7 1 1'1Variables Source ‘ df sum of Mean Square F 1
‘ H 1 Between 1
2 pa. A99 9199.119-.. -_

1 Total.____.__T.-____ ..___..
Ex. Base 1 Between

Error
.- _. .2 A99 QEPJE.-. ._...3

16

3

I9.

[ 3.769 1.256.-._.  _+..__  __
4.413

S.qua_r.eS 41 ...-_ .. _ 11.. __-......_.._. ..__l+F Error 1 16 0.644 0.040 ‘___ _..-_._... ..._.   ._._  __. ___--.
. 31.229 ~

_.._i_. .____- .. .i __ 4

1

1 498.000  31.125

1 921.750 . 307.250 ‘T 9.871“

3 3 H Total 1- _. ‘.‘ '7’ .7 _
Ex Na Between_  A99 919998 3

19 1419.750
5957.006 1 1985.669 10.317“. 1 ._,_ .. _ . ,__  __

19 7 3079.440 7 192.495 __ __ _1 L Error \
Total A 193 L 9036.445 p 7 _— 4 1.‘— ..» ‘>7 —; _.-—: _. -—

Ex K Between p
;__._'_ .__l A99 9199.98  .

1

3
L- l 1

322.192 A 107.394 p 1.994 ‘
16 907.356 56.710. 1 _... .4 __..__L_ _. _

1

. Q"-_ 
1 Error._. - . - ._ _j7Total 5

“7L"Between *7‘Ex. Ca .
_.- A9‘? 9'°PP5

- 4 — _.y-- _ _-- .
19 1229.539 1 7 7 . T .. \
3 31 60913600 1 2030453.33 ' 28.252“ A

T

Total
_-_ ._.. 1 _ E"-Pr _1 _.16

19 7241290. 1_ M {
. 1149920.0 71870.000

0Bétweéfi
Error

X 9 A99 91991>g-...___-_
3

16

591784.80 1 1972616 0 3‘ 53256“1 . 0 .
71_59294.000 ‘A 3704.000 A  _ _4 _ 71 Total 19 . 651048.80

A 3  BetweenlmfiAv. P
.__.-_ ._.; &g9=‘_999.§..-_-.

A Error

3

167 T Total l
1 QC pABetwreen .2-__ ._9.. 929 91119. 

19

3

16

. 91.. . .. __  4 . - -. ....__  . .29.923 “ 2.944 189.470
._i_,,__- . 9 ".9- "_

192.072_T 10.130 _Z  J

f 14.347 4.792 1 24.007“
_ . 4 _ ._. . ._.___. -1i___., if i__,_..i., n -.-— -... --

? Total1 -_9 -E"9!-  .
19 317.5353  H

1 3.187 L 0.199
. . .. . - _.J___ ___.. __W

9‘ 7 on 1"7Between'—J7"‘ Total.N
* Agepgrougs L__

3
-1+  __  __ _.
AN107933792 3594459400 17.951**1‘ -. ..l .. _. .

..  .  i ._ __+

19-“
_ ,_ ___

.L3202-779.00 200239.000A Error A5 7 Total 1 191'3 1313987154-2   -3
l 1

._   _  _. 2 -7.C/N . Between
- 2   A99 9F°!P.L_.._...

3
1 34.433 1 11.479 1 9.100"1 J1 1“rror1 . Total 1_.i...____. ._l ___ , ._ _.

193 M30105 7 1.992
_.1 9 l 94.539 1 _ - L. -. __.._

22



Appendix 47

AN OVA of chemical properties in 0-200m depth between natural
forest andfleucalypt pla_ntatjons?ofl”ferent rotationg  M

I

l 1 1
Variables Source df S . Mean Square F. r qU8l'(-38 K 1*. .1 ._.. .-_l_. .._____. .0--- ..  .. . - _ _ .. .- ....  _ ____ ..L.-  ..-__..

1 Sum of 1
on ABe1‘”°e" 3 . 3.769 1.256 1 31.229"_.-_.. -.__ _.-.’..  _.___ .____ .. ._ .___..._._ .. ___   __...  -,

511°‘ . 16  _0i5fl  .-_O-9119. -._ .1 _..  _
.1 T—

| Ex. Base 1 ABe1“’ee“ . 3 1 921.750 " 307.250 9.371". .99 9Q4.P.§.__-. _- -.._.._ -._-  -__. .__
.1 E1101 L .16  49?.-009.. j...... .31'1?.5. _L_-.. _..--_..

1 ‘__. W H __. T5151“ M 191- A 1419.750 I A. .  _1 _ ';7 ___v____..  .-   .. _.___ .__.  ._. T.  ,-._ ._EX. Na 7 Between 3
-.  A93 QFOUPS  

l

T5957.006 1985.669 10.317“ '

r. I 9-.-.

Ex. Ca

Ex. K .
.._.- . .-_ .__. 59§I3L°_‘!P§J_

‘ Error ‘
Total__-  -3_...._---_..r_._.191 Between 3
Error

16 __ M3079440 1 192.465ll 9036.445 1 1 4
_16

-\— - _- - .__?¢. . -— . - . -  __. _"'_
322.162 . 107.394 1 1.394

7 907.356_ _56_._710_
Total 1

ii. i- .   , _.___.
—r 1-17'9

___. __-- ./i9§.-9£9.P_$__. _.__.-   E"°[ 16

1 .1 "-l

Total J_ 19
__- _l   .1  . .L-. ..._TV72412800 1
111259.533“  ___ _ .=

1 60913600 2030453333 T 2a.252**J
1-“. 1149920.0  71'670.'000- 1  9"

1' Between“ I 1 1Ex. Mg 3 591784.80 197261.600 53.256**
11..-. __..--. _. _.l\9i9LQ1lF£ ......__ .____ .1.  .. E- - .   -_-...__.

* Error 1 16 1 59264.000 1 3704.000 I __ ___J

_ 1 _. ,  .- _.. __. __. -- _

-__ .-._-  ._I.°.1_a1_.....-._ B .-Bl-?fifi9._._-- .  1  ._Between 1 1
1. 111;?  /i9g92w&>§._-_.   89170.--- __- 29323-- .-   2'.914_..-_1 Error 1 16 162.072 10.130 __ _ _ =1   1   f . T0.0 Betwee“ 3 1 14.347 4.732 1 24.007"
E_._... ..__._.. __._.-....flg§.9E1-1}§__.....___... -._... _.  __..'A 9 E”??? .1 _....16-...-. -. 3187 . L °:.199....__1 .-_. ._.-- 9. T°1a'.. 1 19_  11539 . -  ._L

Between1 T I I. N 3 107833782 3594459400 17.951“
._._. Ff. ._..-A9§=_9Qu.r£1--__-.....1   . ..   __. _-.. T

Error 16 320377600 200236.000 _J__________%_.-. . ‘L. _ _ __._.T__...__.  _- -»   .~_ _ __1.‘Ea' ._ 1?... 1139871542.. ..  2  . ..- ..   T... W  71 C/N Baween 1 3 34.433 11.473 6.100" ,1_/_\_9g9r9.9ps...-..-_ .- __..   - _ . _. E- .. _Error 16 30.105 1 1.632 A
1  T991 1119... - 649538 T 1

2



Appendix 48

ANOV/\ of chemical properties in 20-40cm depth between natural

i
O.C

+4-_._ - ..

._._
C/N4-1.

T9191 7' 19 2-9414-665
Ex.K . AB:t""r‘z‘;';§ 3 1 337.223 112.409 1.754 1

8‘.  E111"  7 1°25-68°  77641105 .8.1_1.4

forest and__c}r0alypt plantations of dpifitjeront rotationsMM‘ 8 1 F 1 Sum of 1Variables Source 1 df S Mean Square F?-._..-...9Ea'es   ..__1TpH 1 ABe“”ee" 3 2.452 0.617 17.247"__.__ -.._.-.._-_Q§__g.rOup5 .  .._._-_ . ._.°;.‘?f‘_7_--..._ ___.__._Total ‘ 1 9 . 3.21 0 1
.__.....__ii_._. .‘,..._..._.._.__i._t______.__ __... . .  ..._....__ii ___li__... _ .._. .

Ex. Base r ABe“”ee" 3 1 266.550 A 95.517 . 4443*1 99...9_1_9_11JL$..-...-  1  .  ..... --Error 16 1 344.000 21.500 A._.__.-....-.-____. ..-_________-_._... .. .1_-_ .  _.- T9 .. 630550  .
Ex. Na ABe“”ee" 1 3 5112.109 A 1704.036 6.250"

Ex. Ca 1 3 .
g- - -. _._ . . __/i9§£lTQHPS_k_____.-3... 4 E”°L.._... 16
1 __1'_<>1a1 19

BetweenEx. Mg 3. UB$. .__- _- 
. - .--_._E.”°' 16...

Between
1__--.  19

_ Error 16 1 43g.556  272.660 _

1362.903 1 1 W 7

Total

Total

Error

Total

Total

..........._ _--. .
__.. f1Bi9El!P_$..-.

__ _
Total N Between 1__ A e rou 3+

E"°.r....  16
T°1a'._ ... .-..-_1.9_-- 15°4°33311.-......  _--_.

AB:Mrg‘;;i 3 1 142.710 47.570 6.320"
Error

iifi

__.. A 616160.000 A 19.413"
31740.000 1

1848540.0

507340.00
23563600-- i___q. ..__4 1 4 .._i__._. .,
342914.40 114304.800 18.810“ ;
97228.8O0 5.°_7§fi_1_.---_...
440143.20 1i._--  -1 IZl i

19

- _ _____..  11 Between @ 1Av. P 1‘ 3 1__-. .fi9i9EPLP_$ . __-.
_-_.  E119.‘ . 16 __ 1--...-1..48-146

119.534 8 39.845 4303*

A 9.259_ H267.630 1. --_---1»

16

19

-----. - -1- . ... _i i .._.-... ,, _, __ ,_.2.164 5.542" 16.493

6.249 ___ 0.391“ _ 4
12.742 U In _______.

3 1103303361 3677679533 Z 14.664"

400729453 250455.906 ___pp

16

m“19_"—‘—"'%§“63T1832

—iIIZI* .,, .. . . . ..-11.5.-

120422 b 7.526 _ _____ ___
___ __..--_-_-.-.-__.-- ._i- .l.___ -._-. . . .-.-..-._.. 



Appendix 49

AN()\/A ofchemical properties in 40-60cm depth between natural
_ __ forest“_21nd eucalypt B1__;t1_1_t_ations ofdiffcrenl r0tation_6l__¢

Variables] Source E 61 N Squargs iMean Square Ni F ;
Sumf 1

% Between
Error 1 16

EX Base Between 3
1 Error 16 1

1 1 Total _; 19

____-.  Error  1?.Total 19

1 1 1. pH 3 ‘ . . 1 223"
1__._. -__A9g9L>.9r2<_>f 1 ---._____.__.-.. ._+i.-...__._1__-.. --__

1 7 1  T@!.__Q  21387177  3  ,-_.;.
___--._...-- .../§9i9E'~fi--.-.. -- -2
- .__1...__.._......-- ...___-_i__.,_.._. .. -g ..--_ _.__1i. .. .

IIt
1 Ex. Na A Wee“ 3 41651371 1395.046 1 13.676". -.  98 9L9_L!P.$..1 --..__.-.-_;__..  _---.--__

i__ 1632.140 ‘__11_2.009M 5617.277  % 0

1 446 0 482 8.
0.938 1 0.059

97 800 32 600 1.997
261.200 16.325
359.000 1 1

Ex. K. m7Be‘wee"  3
___/392 9191198 _ 144.266 46.069 1.153 11 I H érr6r 16 667.172 41.096i  y T6161“""1 19 1 611.436   1

Ex. Ca
; -_ _9?_.39_r..°1-'P_§..-;____

_;_

1 Betwee" 7 3 * 205660.000 66553.333 ‘ 1.642 1

"“'_‘|'

Error 1 16 _ 16676400001 41740.000 %
————--ry-_____ —: —_.____ie

I Total  ’673500.000 V 
‘ Ex Mg Bemeen 3 656972 600, 219657 600 1 16 696"1. ..  A99 9'°uE§.-.;.-...-__._ . 1 __ f _-.

.9
_ _ _ Error 3 16 207987.200; 12999.200 4

AV P Between__ _ A9‘? 91°" P3 __-1 Error 16_.. .  .   __._  _._.i___.___L
1___h_ 1 __h » Total 19 1

-....IY T9131 - . 19   866595l7@957791i.§--.   7. 3 . . . * .;207 380 69127 4841
22B;:‘.63:. . 141279  . J"435.643 1 5

1

1 QC Between 1 3
r__._-_._. ___2.59i9E>_E'E§_1.......... ..

A Total 19
Between

. .-.-.E"°.r  16 i
-; i,_____ ._ .,. ...... ..__ii_

.. _ ___ _ _  .......--__[__i______0.776 0.259 1.384
_.. Z-_._i __ .-. . . .‘,_ .
-i..--..] .._.-._--.__

3.769 %, _... _-_ -1.9.. _..._._. - .----1-U

T I81. N 1 3 242076855 806922.850 3317* 1:_(;._,£.9E-.9[9.PP$  11 A Error *16 I 389216400 243260.250 1Total  '19- 631293255
1 C/N'  66rr~61e;a""'"" 3 3
1_____ .-4 §_...__.-...._-...- .

.. - _ __.-.T 1 _.1_,__ . .
155.799 51.933 6.909“

.. A E"°_'... ..L-_.fi-_; 120.271 7.517  UM1-...-- -  T9181  19  20071..  .. ._



Appendix 50

Mean ofchemical properties in Location 10-20001 ..   -. ._._.  -._ .-_    --   _
Age class H Ex. Ex. Na Ex. K

NF + 5.4 6.80 4.2 * 5.0 _ 117 » 1.2" ___2.5"_ 2590
—_—<- _. -

2°'4°°m _. ___..- ___  .. _._.   ___..-___   _ ..___

'0I

Age class

NF__ - .

.M1WW-.5@

Ex. _1—Ex. Na_!_Ex. K ‘ Ex. Ca 1 Ex. Mg Av. P  OC per Total. C/N
_._5.?.$Q$_._.PPm_.._. - |;>pm_-.  ..___P.rL,,.._£2m .._2_9e0&__  . _ -_-_

5.9.  4.é9_  66 2 298  44°  9.6  1~8a-__8 23520 953” 5
21-30TP_; 5.2 _____5.40 4.3 ___5.2 __ 212___L 1058 __ 0.5 i’ 1.1“ 1550 1 74*‘

721-30TP  52:1"i015.20  4.3 1' _3.4'" L 250*‘ A 103 1 0.53 1.5“ ‘ 2750""
-“1@W_.51 -@19L_:2- 29  4*“ ‘ 99- %f’1-14°- 25@.1

Z

.[-_.__

:0-60cm 1

J NF 5.2 4.60 4.4 6.8a 188 62 % 0.7 1.5a , 1620_.2 . . - - __ _ - ‘ _ __
0-60cm  ___ _ _ _ _

-.}'flI...._-_“_-.3 6-7._. . 234   896 I  07 .- °-8C_ ?.157  4-11

_ —.»u—   --- ..-- _ --- _.... -- . i. - _.--1.- --— _- - ___ 1» - __ ___ _ .. i__. .1 1
. Agedass  pH \ Ex. Ex. Na Ex.K A Ex. Ca Ex.Mg 1 Av.P A OC per 1 T0ta|.N C/N '-   Bases -_22r" ppm 1 r.1>.Pm-. 1 20'“ -_r_>.pm-_1 0.5.01  l_

28 .

21-30TP 1 5.3  5.00 , 4.3 4.5“ 1 224 A 77 A 0.3 1.0" 1550 L 5.5“ 1
i._3J;‘12Tf’_;--5i  ..1_6§_ 26°  76-  -0-2 -1 071‘. .___.1.Zl. .._._4;.3.°

Ex. Ca Ex.Mg 1 Av.P  oc per ‘4 To1a|.NTC/N I12 .-  1 Q- __B3$<i1_P.FL“__ 2pm  1.>pm_- 1 ppm  Cent ___. 2121- 7
2548

640?

.0‘ : F9
0' - m

__..._Z; _..._.i| .___ ..;._

9 _ .
_ ___ -- - |' .-_—T - --- -_. -- , _. '~~ ~- -»--._. -... » _ .- __~. ___ ' .. - i - .__ .-._

1A I
gecass Bases_1_ppm pm  ii. ppm- -2 _  -  _ .. ___?1 NF 1 5.3 1 5.3 7 4 5 1

F1

_ __ 1-. -- .. <1 -1--5-. ~ --- _u -- -»
cent 0

5 8 1 M p';{ M E70" _lE_>"<.“Na _'Ex.K  Ex.0a E_x.Mg*'1 Av'.m'P M '0Cper"1[ Tota1.N T‘.BE.“ 1 Rpm C/N 1

0.5 2.0a 227% 9124
21-§°TP -5.2-.__..5»9  _ 4 . 4  2.39 _ 95. 0.5 1.2” 2575

.8314°8TP.-_5-4.1 6-Q 1- -1 2-. 6 7 287.. L588 11.2
1

11

0.9” 5243

Mean ofchemical properties in Location 2
0-20cm

1Agec|aSs__ PH 1 Ex. Ex.Na
p 1...B.aS.¢S_2 PE.'D_.-.NF 46°’ : 6.80 5.8

5Q‘
.3 X

.010” -+5-|§@2.-2§

24__.
‘.3’ 5' $0

- --\ O7 O‘)' U IL Q,

@5011 1 51$. 1-9-11 140-

Mom -_
Age class pH B_  .2 aS@$1L_pPm ._-..BP'“  BE“. plpmb a .1BPm

3332

_,_,_. . in '§ '- ._._?_,___ _ ._ii____ ..,. ii _ .. .._i.,.... . .._ .___... .. -.-_.__.. . -i.- ,_ . ....._--...

Ex. Ca Ex. Mg Av. P ’ OC per Total. N C/N
-p.___pp.m_-. 1 -19."! _1__- P201..-  ._qe01___-..-... .p2*1~-- ._ . _352 151 1 9 2 8a 8 3

'.'h'“__'“"  _""_"  __' '“'-  " 392"   _[i'1'6'__'J' '—2_'éB"”__'34'2'L]_'_"' '....  .5 _ ___ _.._ _;. _ _ ...._ . _ .1- ----___... _ . '..___.. ._W5 0“ 04 -19.1.2? --229-_ 52 f

b

6-:1.b-%4 5

cen[ ppm.
Ex. 4 Ex. Na E>Z-R_" Ex.'(§1__"_E><. lvig . "Av. P OE3“B<-;-r f'1<5ta|.  ""'_“C/N

' 8NF 47*’ 5.50 4.5 12.1 A 305*‘ 4 134 1.33


1.7 2241 7.75“ '1
rii... i 2*-.. -_ .. .. _.__ ___. 5.. -_. -i..___-...._.i_..i 4 .... 4 ~_141-50TP . 5.03 7.50 . ° .° ° 4 ._>_ .

. 0.5“
.~

1.5 1 2207
L. .. _ .

5.9“, 5 4" 5 7 212 94 I.______1 ..... ___ t. ..   F- _l  1.. . .>50 TP 5.1" 5.75 5.73 34° 254“ 113 0 180” 1.5 2584 5-1“ ‘, ._-ii"... ---- -— 1» .. -- -» ___ --- --av ___» > __ — _ _

223



A cl g ._ Ex. A Ex. Na Ex.K: Ex. Ca T; Ex. Mg Av.P 1 OC per Tota[%N] C/Nge ass 1 pH . . 1 .
. -1 _-; .§2§ei4_ m_.-._122'T1.-J .--ppm..-  .___-.ppm  .- P1.>r0._.. -20! ..-J_...PP__-__.1._...
NF 4.73 6.40” 4.2? 11.43‘ 296 A 136“ .1 1.76 1.3 1424 1 69*‘ L

250 TP
_.. . .-_ _.  .. _ ..__1a aJ  11.33 k 9.4 3.3“  11 '1 320“ 1414*‘ 0.7“ 1.2 1960}L6..¥’ I

0-60cm g _____ _g g____  _
Age class

' 41-60 TP “I
6

,,ii__.-.i___....-4 _.. .¢\--— ._ -—— .-- -~. Z. . -» —-—-- . - _
41.5076» 86.1“ 7.20» T 6.2»  6.1176773? 71179"626**17fi197791?11-11696 6 >343

. - f pi  ._B§.$.<i.....-_£B'.?1.._i_PPmg NF ,47*‘ E‘ 6°‘ 11
TT1D . .

- I . 3-0-... 1___ '  -6 .L..D 76b 6a 6b W279

319 .
m ...

Ex. _ Ex. Na EX.K  Ex. Ca 1" Ex. Mg  2Av. F5” 1 QC per“ Tota'|.NQP  1 
1418

95b My

1.73

1.0“

.. Ce" _.. PPm
C/N

~-1

T

.1 161° . 2333 6.36‘ __

W 1.6” ],_ 2446  g__7.2""g_
327 1.23“ . 1.7“ 2664 _i 6.4“ _.l

Age class PHA
I

r

_g N.F 20 6.631
1 Ell

EIIIC 7 6.6
EIIIRit-iii

. __ _¢.__i. -- --

.|- <--4‘. q  _.. 
6.756

1 5.4“ Lii, ,3 .~.

Mean ofchcmical properties in Location 3

'77

.°2.Q°"1 . . -   ..  _  -    ...-__--.__....-  .__.. ..._
T Ex I Ex.Na? Ex.K A Ex.Ca Ex. Mg Av.P OC per 1?otaI.N C,519$ ’_PPl_ .__BPm _PLm _@ PPE

-37.20"? 21.6“  .260 7 16468“ "630"'"T“ 3_.6*_’
6.6”27.60 °

('7

18.80

1

'1=__._t_

HEW

1»... ~_ ~ 4. -

9?Lt.. -_£P"1-.--;
4.33 . 32766_... ._i_.. 1. ..i_,_ .___.....

- -J6=>1'i-- -..-2.1~<1_..--191.21-- .1-'61
23.40“  47.1“ 16.0 604° 334*’

H20-40cm

L
Age class pH Bases

23.6 , 46 J 6

b 1 a J’

..____  ._?O.6._fi... ..T1.b..__-. -___1_... .___ __L _.. .2  _ .. .. ...

7.6“I__._L.
9.2“

2.0‘ 1 1264°b <._  ._E92.._¢.._.- 
._,_  ..  [_14.0a

N

11.3“

1 2.6” 2336“ . 01101‘--l.-_- ._._.  .____....  .
13.7“

N.F 1 6.331 27.603 21.2L epmb_ 112424.9 a 364
m

1.7
1 cent

Ex.  E>'<.“Na"' Em -on Ema ....EX.|\_l1Q 1_'}¢\v.P' g 67: 661 16161.10
_[-KP": Epb 1 PP

C/N— m’ .1“ _ ia a T b_1~..,-1,. _._

g 2.9 . 2843  ._
F. Eu ' tb

5.614 24.603 21.6“ J 179°" 4b T 4923 3 68°

EIIIC 6.6” 17.40“ L 44.7Ti’
EIIIR J 6.6” 1

40-60cm

Age class J pH
N.F 6.18
EII   6.65“?

“Ems R 6.4°"T23.2'0°°IIIR 66“ °E_...
6_ ~ — .. .4. .

_.24.803

Ex.

J_.B§26
20.60“_23.80

.,_ -3 _j 1-

58.83.-.3. ----i_i.

Ex. Na
.PPm

13.7“
L 4° .

392“
_L

293*’ ‘ 7.18 . .L_- ...__ .. _ »13°

16.g9a° 464°
.v—

130° - 76.3 1.9“ I 1211__,.. ... 1 .... ._ - .1 .

Ex. K

PPm

Ex. ‘Ca F Ex. Mg

b b , a
1-8, ._..1§75.._U-?i934 14.3"

__.  b._.  .-__a15.7

__, _ _.., _ _ _ ... . _... --__._.
Av.P  OC per Tota1.N. C

23.1“ 12.5
Rpm
672

n

J .“  . 19301 .2“em“  Qpm  @1201  2210-  {.'.\.'-._f362° 19 H 14 1 6
29.6” 16.2 536

_ _.. _ _.. _....  _.._b a
16.20

59.-98

66.2
a T 10.5

17.1

_|— -.
416

436- ——.

-7
-6553 349  __1»4--. 1916?- 9111-.
302° 63°  0.9  1346‘*_°_; _6._6_“ _
.156  1.561 -1  9.66‘-.. .43-311

T1

".21

“'1

._1

%°°"1 - . - .. .. _ .. ._ _... .. .

EIIIC 6.6°' 21°“ 47° T 13 * 471°

__ _____ ___ L15_ _2§_

Figures with diftereot Iéunperscript differ 6IgE11r1¢5nt{|7fi6tm each other.

1_____.__.__.. __ . .___. ..._._.1. -_._-.  _.  .....__

‘A  ‘ _='_WEx. 2 Ex] Na '7 E>'1.K 1" Ex. Ca  Ex.Mg 8 Av.P ‘ ooper at 16131.11!. 1 H 1
.1..- 9° 9385.-. p. . Eases... ,--_2p£0_-  .__ERT1._.;.-.._J2B-.'T‘..  Cent  .. "1.N_"F _. .6-3.2 Q. .298  2.2a 1‘. 21-.  _.   ..  -8 I. .E" 67° 26*’ ' 23“ 19 646“ 676° _ 1 °° '

|\7Q n.

E"'R __§1°.» 21*’ 1-59 -2 19 -_24_6@ 3 146

NF —Natura| forest. TP — Teak plantation,
Ell - Eucalypt Il"° rotation, Elll C — Eucalypt ill“ rotation coppiced, EIII R - Eucalypt l||'d rotation replanted

\l U1
CT0

5 l 310° . °fi_;_-— _.. ._. .___. .... , 9. _.._ . --_..i_. .<.._ __..... . ._.i__ ... . _.-_ _i __ . ...._.-...11 -4- . - i._.___1- - -in --------H -1 ---—- -- --  ----- 11 --4 --—-—--- 1»' b b 1 b b ‘ Dc

CO
cr

.¢~

_ _ __
2 66 2666*’ _¢

141° 1176 4
.._1_-.-.1..£7_  _.._

224

C/N

3?;

39.-. ..___1.7@f’ --.1?T2*’..
.1210J.

I_.._i_L_-it

i



Appendix 51

ANOVA of micronutricnts in 0-60cm depth for comparing bclwecn
natural forest and younger teak plantations_____.--__.-._-..___ --.___..--_ ._  __. - .- . . -. -__. 1

Ex. Fe

Variables Source df 1 1 Mean Square .1 FSum of ‘
Squares ~

Betwee" 1 19 436 1 19 438 6 622* A.. 909.95   '  - ...i. ¢.

Ex. Cu

;.. _- .___ -__ 1T019!
_ _Bet1I1/eén

1*“ . .‘ Wm" 15 42.737 2.649 '
16 62.174 T +1

L 0.06761; 0.06761‘ 65.908"

6- -V :., .—._ 4

619998  ‘i--— . __
= Wm" 15 0.01539 0.001026. 1Groups .__ .. 1 .- . . 1 _1 ' 1 ' Q Tow ' 1TQIGI   0.08299 H _J

Ex. Zn A Between pGrows
F
‘ Ex. Mn

F_9 l

1_ ii .. __i.1 . .....

._.-. 0

1 0.0001821 1 0.0001821 I‘ .161
WM" 15 A 0.01701 0.001134 A60412.8     _ .__L-. .__-- .__ 116 0.017191 TBetwee“ 1 -1 6.395 * 6.395 - 1.504Groups ._ .-__. .__ .-.___. .__....  .. 1Within _‘15 63.604 . 4.254...§[QuP$__-.l.    .__.  ._ . .. . - _.__..

. Total

-1 Tow---  16  -..-Y@-29.9   - - -_T



Appendix 52

AN OVA 01‘ micronutrients in 0-20cm depth for comparing between
natural forest and younger teak lantations

Variables Source 1 df
. $2.. -i.....,-- _ ., _ _ 4, . _...

P
Sum of

~ Squares 1 Mean Square \ F* Between

Ex Cu % Between % 1.l_§.'_°£P_$..._J___.
Within

0 GYQPPS  1.05

A Ex_.__F.e H GFOLLES % 1 27.50 27.50 A 6544*_ WW    _]
0 @.r.<w>_==_ 1‘i__  _6.3"°3 _—  ‘"29 __1_ ‘1  ____   9°-52

A 0.06 69.005" 1t__t_   .. -7

,__ ..____ .__L   ..._

0.06

0.01
_.J 0 X 0.00 A

1 H _Tota|_ M __16 M W 0.07

Ex. Zn 1 Between-_ . 1 1 Groups“_ Within, .. .  SW28
1

15

_ _ —\ _ ‘* ... --s. "  - .--.- f
0.00 1 0.00 ‘ .381

1 0.05 0.00 1
1  Total 1 00_ 0.05

-<- . -.— » ._ -.-- .
1 _  .p- -0 _.__J   .

;_;;]n-"'" Batweza 1  1
____ .-__.. _J_  C@P.5.__L_ ._ __.T Within 1A 5

Groups._ - _ .. _._  .2, if .- —i
.._-. 1.1-_1T°E?.'- _.. TE.  T§§'66. At __ _  .__._ ._1

..  .   _.l. _ , .. . _L..___ .-.__.21.82 21.82 2.275
143.84 9.59 5

__.|. in. .._____ 1 .. .  ..____‘,_ .. .__..1

T1



Appendix 53

/\N()\"/-\ ofmicronutrients in 20-40cm depth for comparing between
natural i‘0r(_;_$t and younger teak lantationsl, -.  I ..____

W Total

Variables ‘ Source df gum of Mean Square Fquares1_.___ _ . -___,;_.__,,, .____i_\,_ _ _ .--i___ _..1 __ ---_ . _

___ 1  - 1 P__.1"— —1

41.23 2.751- ___11@p§_..-*___ 1.5.  16 59 24

1 Ex.Fe Egtwee“ 1 10.01 10.01 A 6551*A_______ ___-L roups 1 1...i_____ .1 .__ I  ..._ 1   ,
4., _ . iv? .. _..- _ _. .1

EXCU At Between

1 W|th|n
Groups

Total
_ .. . .2. . .__. ., -_

1

Betwe n
1 Ex‘ Zn Groups

Grqggs

e

tL_11.
1  ‘1 0.08 0.08 38.531“

15 0.03

L 16 0.11

0.00

1 0.00 0.00
,,_. _ __,-.iii..

.025 1
Within

1 Groups-L" - .0..- ;» .. ..~ -1-‘

1 5 ‘ 0.01 0.00» Total.. -01-. . ; — ~ 16‘
EXMH 1 Between

~ Qroups
1

1

k  I  Within _‘,...i

 0,101

_,_,___

—,- _ 
1 1

1

0.92 0.92 ' .671
15 20.65 1 .38

1_1__1 __1Gr<>_u9S_1.1111 1 1_  1.1' -_;e~ __._- 16__11 1  -.__-

T



Appendix 54

AN()V/\ oi‘ micronutrients in 40-60cm depth for comparing between
-   @1wL11<_>.Y¢=>.1fl8d->'"<w88@r_Iwk 9!w§§Ii<>n§ . __ ____F A \ .. _

Variab|es= Source  df Ssquungrgg Mean Square F1‘ 1 1 1 ‘ 3
Ex. Fe 1 Bétwee“ 1 1 13.98 A 18.98 4880* .. TOUE5. .  - __  - .. . 1r-__...... -.-.-. _-.2..- 2-1 __ _-._ -.. ' pi.Within 1

__W_H _J_.GrouPHS  15 . 48.10 3.0711 -. _.—. .p- .1-— _ -9Total 18 % 80.08 ..._._. -__ . __   ‘. __ .. ._  .. 1.._ _ _ . _L .. .._
A Ex. Cu Groups 1 0.07 0.07 2 24.318"i_ -  _  .-. ._.._ . ,l__ .. __.Within   N . *__-   - *5-..   °~°"f °~°°
= L Total 1 16 0. 1 1

EX Zn Between*_ . -. Grqlps  1 1 °'°° -1 -°"°9_  .f°58.-.Within " '  T
1   --@1o~1@s  - .‘.?__..-_--°-193.-. -_1_ i‘?°___-1_ _--__ _  Total 16 0.02
¢ Ex. Mn  Betwee" , 1  3.82 I 8.82 Y .852.   .. ._....§3rlJ.P3..   .___...  -_____ ...--._._.-..__..  - -. .- 1‘  Within ‘* J

1.__. _...- _ -  . 71
1

1

% G 15 87.92 ‘ 5.86 1_. .__..iL_'P§_. __._. __.--.___..  ..  _.  .1
_ .1 T°E=1' - .1.2--_--2J1 1“-  . ' -_ .....



Appendix 53

ANOV/\ 01‘ micronutrients in 0-60cm depth for comparing between
natural forest and older teak plantations

Variables Source

Ex Fe Between._. ._  GTQUPS 1

Squares

..__. __-T_______ l- .... .. _.  "T  _. é _..-..___. ..df Sum of FMean Square

2.911 2.911 3.438

F With in 7-.

17 14.397 .847 I.l __ _. .__-__... .4 GTQUPS
Total 1 0“

l

6- 17.308 ‘

1 EXCU Between
1 Grpgps

1 0.003765
ll . . _Tl

0.03765
T49.769" 1

“_l T "7  Within‘ Groupa 17 0.01286 0.0007564

H Total 18

.-7_  "11- Between
* Within

7' ' ' . Within

0 00002719

t_... °-°5°59-.-_l

0.00002719
_|~ _ .. _ 1

. 1 .l ‘ l
l

r.

. _.._-_.F3r.9.9P§..-. -__-- ..j__-   ..__.- -__- ..-_1Total 18 0.009787
0 009760

11 480

0.0005741

[_.-_- ._..    -_T_._. -_.-  ...__.. .-_.__ ....-___..- Ex. Mn eween 1 1 0.001925 0.001925 .003
_.G"°'~'B§.. ...._.__._. .-..____. ____._.-.--i..__.-.___- __. l

11 17 . 1 .675.  . .  _G'°“E-.3...__L__. _._-.....__  _  _ _  TTotal . 18 11.482 l

.047 -‘

~ 1.-  '.Z - § . -1 i.» 1» ..--- .. , _ —



I __.EX'..7.'.1 _._1 .G'°L!P$

1 Within
.. .._ .._  .-_--..G.[Q!P§_ .l.__

Appendix 56

ANOVA of micronutrients in 0-20cm depth for comparing between1 )0‘ .

Wzthm

--_ __- ...-.._.-1?3¥P@-fQE§.$l.}i13?1.Old“W1?@.§".E%P.!0 ‘ ! Sum of 1
17

1. .._.._..._....+..lPL.+_
; Ex CU Between 1

._. .-_- .--_.1- _ G!.9UE§- .._...

I Wuthnn
_... _J_ GWUPS. P

15

Variables Source df S ‘ Mean Square “ F~ quares
1‘  .!_-_ _._.._. . I -i_. _i 1 ,.i_. i._._i__..__.1,-..___ .___ ..__.L‘Ex. Fe 1 19.38 19.38 23.082“ A

""._  ....,- .G_r9\2_5>§... T_..__ __.,__.-_-__- -_- .-_ _114.27 0.84_.__ 3   _._ _._ ,1 ._.._  _.
33.65. 1..  _ _ _  GT.9U_£§ F. ..  ._ 3

17

_  _ , WT _. _= I 1-. . .‘ **A 0.03 0.03 18.407
0.02 0.00 1jg 3 _4 _ I .  . -..3 .

fa M L 0.05

-1.

1“

1 1 Between
Ttl1. T 0?- I

1

Within

-__-.__ __ 1+1 Total> -3. i
Ex_Mn Between 1

..__. .~‘....3 Gr0‘:'P.5_ ,-1

; Total A

17

18

1

17

0.00 0.00 ’ 4.654*._11 __,L . . ._ _fl__ _ _. ___ [ __
1 0.02 0.00 A0.02

3.01 3.01 2.643
\ 19.33 1.14 .1
_1 -. _ .____.;._. ___ -.__. ._......_._ .____ ._...

1.._. -_-_ _. _-l_. ___.  __.J_ .__. -.._2_2.-_3_4._ .._. -._. .__. A ._.

, .._?“ -3 ii ._?fl_  __.1_ .1__, ___..

___ ._. -___o_._.._ ._1
|

23



Appendix S7

ANOVA ofmieronutrients in 20-40cm depth for comparing between
d ld t k lantations. natural f9.r¢$_t;1.n_<>_¢&_12..f..--. Sum of 1

Vanables Source df % Squares éMean Square F
____._. ._...._. ..  .... __ .._  . ‘.. . ---- - .- . - _-Hi ______ ..

._._._...-. Groups i._ .

i___,  0, ,__Gf<>UP$

5 X. H
t__-_ -__;.......GF°u9$ t

t_.__.  ..  ._

Ex. Fe . Wee" 1 @ 0.09 @ 0.09 .064

Total 18
E _ C Between 1

Within '

0 I TOU S 0
i Wm" 1 17 2341 138

X 0 0.05 J 0.05 53.592".- 0 Groups   ----.-__
17 2 0.02 0.00

A Total A 1 8
Between

Ex. Zn ‘groups AA 1

._-_.--i___--. .  ..
0.00 0.00 A .744

Within 17 0.04
-1.» v- _

A 0.00
A Total 18

0.10E M * Between ‘ 1 ‘
0.04

B 0.10 .105
Within T 1

. Wat . ._18 1
6.78

6-33.

0.99___._ . i" ..---_-__i+
I

i_ ..-.- .. _ l

eI___i.._... ..

I._..J
.. ____ _ __.._ _-.- ..-.-- 

'l

—¢

L-__1

1J



ANOV/\ ofmicronulricnts in 40-60cm depth for comparing between
_._.  -&v..r.@1l- Oldetwk plenlalimw-.-  _. -_____

‘V Ex. Fe Grou‘EM_J

Appendix 58

1

’ Sum. of A
Vanables Source df Squares Mean Square . F

A 0.18
1

0.18 .214

Within

Groups

-  _j_é.éW..  .' 1..i. —y 17 14.06
_r

0.83

> T0181 1_. .~.--
‘W

18 \ 14.23
_J

1 Ex Cu Between= ' 1 GFOQQS A 1 0.04 0.04 44.380“

1_?"_“‘ Within
L   __Group_s___? ‘

17 0.01 0.00

A Total- .-.. . ---qj -.---- - -» ___ 18

_ .¢.

( 0.05


_ Exzn 1 Between
Within

‘ M 1 GroupsT____.. . .  ._.
G.t9.m1>$__1_ __1_.-.- 1

w

0.00
L

0.00 A .262
L

1

1;.

0.01 0.00

> TO18| 5 18

Ex. Mn :1‘ Egg/fgsn
7' 1 Vi/i1hin"_7' '

._._. -___Qr9@§_L-.\ L Total4i . _.  ,, .._i___._.. ...-_

1

17

__ 18

* 0.01
. -v-v

_ . -..~-- .. --..- _]I  .- _.__ ..  ._.  . - 5  _ -- -_
1.64 1.64

’ 13.38 ; 0.79
2.084

iii ,, . _ _._i_,_ __ .., .. i  . --4.. ...> - ' ~ -- - 1--iv

...--~__... .. _. .   - ..___ -__i15.02____._  ...___-  ._..____ ._._.___i

2



_ Groups  H1 19 ‘ 0211Tot

Ex Zn Bgtwee" 1 0 0008042 0 0008042rougs _

A[)[)€lldlX 59

natural iorest and eu
__ _ _L _ _ __T\ __.__..._T _
Vanables Source df Sum of Mean Square
Ex Fe Betwee__ - firswe

Wlthm

-_ __ __ £10112
Tot

'_ _ {Ewe

. _.i_. 1
1

18

19

1 _ 1'Wm" 18 0 117 6 5195-03___ _1_Gr0us J __  _
Total 1? _ 011

Ex Mn Bemee" 1 0 52FOQQS 0 __1 _
W|th|n 18 47 7_ _ _r0ups _ ¢Total 19 662

ANOVA 01 l11l(,I‘OI1UII‘l(,l’11S in 0-60cm depth for eompanng between
@a1>%p\an@a<& __ __ _ __

1619 1619 5155
5 654 4

fxfu Qrwes _1 _e01___0_ 14 0342? _ i°f§’4__ ._ 4? -_
W'"‘"‘ 10 0 168 0 009343

_1L

+ _ __.
8525 3214

ii i _ __ _

\J
L»)
v)



Appendix 60

/\N()\/A 01' micronutrienls in 0-20cm depth for comparing between
-_-. .2192! i1>_r§$1_._@1n.¢..¢2§ '

_ ._-.__.._;1 -GFOUPS .._.  .._.I

film.
Sum of

1.89
1

l I
' Variables . Source df S A Mean Square FI A quares 1  ..-._. ..F_  _. ._B_e.i%1 -__.. ._-.-._ ...___-.-   7Ex. Fe G 1 1.07 A 1.07 10.203"___.rQ'R$......_1__ __.__.B Within

‘S-2.19?-1_§F1.9B§.

7.

0.11= Total 1 9 — —.-.-—

2.96 _  . ‘- -..__...__._._1.__ .___.. .  T-  \IA Ex. Cu Between . 1
f_ Grogas

._ -1|

0.01
1 0.01 1.659_ -- .. -- . - -1» — -.A 1 Within . 18 .-G‘°uP$  .

. J, --
0.12

-1.
0.01

T; Total 1 19 1 . W -_.1

‘ Exz Between L 1n 1 Groups 1 1 0.00 0.00 1 .138
"_'“ ' 1 Within?  an 18.__.__.- 619995 .L.. _. -l 0.21

L

-  _ hi
0.01

1.. _ _. . Y- 1.- TOP‘ .. -19 0.21

. . I1_... -. .  G"-7“E§_ -_ ._. . -.' Within F A
T FEx M Between 1

_- !.--_QF9£P$ -_.T_..Total 19_ ._..._.. _. -._..|__.. .___.. ..__L

46.71

49.52

._96-.2?-*

T‘

1_

1_
1-

——-_ _  .... _  ._., i
46.71 16.980“ .'2.75 1
.-.-- _- . -...1 -- -.. - -. --—#

.. ..-L-.___. __..

*1J



Appendix 6]

/\N()\/A olemic-ronulricnts in 20-40cm depth For comparing between
natural forest and cucalL}vtsj,__pl;1n_1ati_o1s_  i___

‘F._...   .__.__... ..T_.. .__.__..Variables Source A df

A EX.Fe Between
.__. ._ -_._ ..G'9£P$_...J

Within 18
,_.  -_-.. ._G_">_uE$+.-. ll.

1  1.99 ..__m iqlgfiz? _L Mean Square F
1.99 I 3.850

-9“...  eee 1A T0181 19
Ex. Cu Between 11 _. _ _.  . GFOUE.

._ .. -_i_ .. . T; _. 11.30   ___ ,   ._...___.

.4  .. I ._ - ,.. ,.. _ - .0.01 0.01 .202 1+ -1
Within A

. -  1 .Gl°£P$_l 18 0.47 0.03

Sum of  '
_ . .-- - .. ._.. _.

.._  __._ J. .-._ ._ A

L _ _? Total 0
‘Ex. Zn I Groups H 1._.  1 -   ._

19 0.48
‘ 1" Between  "“"‘n  an "1 e  1 1‘ "0.00 0.00 .014‘ 4

1

Grou sV Total 19
l_. -;_  .._-§r929$Within 11* | 16G!._ .._.  -_l°£B5- _.  .T°‘a.'_ L “.01

i_. ____.. .;__ .__p -.____. _F_. .____.__  .__-.  ..____., __. _..--_. .__1
._.. .___.  ..._.._._._..   .__-. .-_..    -T..  -.._..;Ex Mn  Between 1 1 ' 1 1 ' 466

0.09 0.010.09 1
.64 1 1.64 .

_.  ...._ .._- .I._-._.  ...__.. ___‘ ..__-. _.... _.'

’ 63.35 A 3.52
-,_. .._- ._..   ._- -__,.._. ........ -.54:99-.   -.__.

'1J



“ EX Zn Between

Appendix 62

ANOVA of micronutrients in 40-60cm depth for comparing bctwccn
___ _ j na__tura}_%f0res__t__and eucalyptg plantations  j
A Variabies Source df A Sum of . Mean Square F. _ _ _i._i__..__ _ .. _,..  V '_ ___ ‘ __Fr Between
-A Gf<>u1>_F Within 1 A
. ._.   _.. .C?'°'-‘B5.    11.52  .  _   .- .

Ex Fe S 1 1.88 . 1.88 1 2.938

Total j_ 19 13.40 j— A
A A Within . : A§r<w9§ A 18 0'18 0'01
TJ  .-  T91?‘  -. .19 .._°a'°Z AA ’.__ _ _ ._..___ ..I___. ..__.

Ex. Cu Bétwee“ ~ 1 A 0.20 0.20 19.662"I ‘ ' T
1 0.00Within A

._ ..__..._» GF°"P_$ .L_. 18. J. 0'31 0'02 A
, Total 1 19 0032 EBetween A
Eiwln   .L_..._ 1_.

I_ .-   ..
0.42

J “I
0.42 1 .095.. _._l  . .. L... - . T1 19 79.69 4.37.__-. -_. _Gr<>u9$ L.-. ._  .  _    _.

1 Within
*1. .  WI 1 19. LJ9-11 T

E 0.00 f .165



Appendix 63

ANOV/\ of micronutricnts in 0-60cm depth bctwecn natural forest and
teak plantations _0f§_1_i_l‘i’er0_nt agg: class ig l0c8tiop__I.  p ___.. _.   Sum of AVariables 1 Source df 7 S Mean Square F g. -.__ _-.  . . ..~ Ex. Fe 3 Between I 2 4 48.219 ‘ 24.110 24.187" .

1 -_-. .T_-.GQL!P$..-__.- ___  .-__ _T ..__. .-__ -_. _.... 7 Wm" ' 14 1 13.955 4 .997 e..__ -_ Q9.‘-{Pin  ___ ...._2. .___...___    _.T T
8 .-l’.‘.a.'_--.<.._.. 7..6__...-_1.‘_ .?fl7.f?__... .. -.   _ .1 -_ - 1

Ex. Cu 1 Between 2 . 0.07027 , 0.03514 \ 38.684" er-_ .__.. _.._6!921>§ ....  1-     . . _ W
1 Wm" 14 0.01272 0.0000087 1,. _ 2 ..Gr0u.ps J. . _-.- 1_..   .. . 4‘ __.,_ _.Total 16 0.08299 ._ ‘. .  T  _ .‘._ .  ....___.._.

Ex. Zn A leégfieesn e 2 ‘ 0.002427 ” 0.00121 e 1.151 f_ .__ .. .__..  .__ ._      1 _._4 _Withm 1 e 1 ‘ 0 ‘1 Groups 14 0.0 478 0.001 55.  __.. _.. -J ' ~-8  ___.  ,. ,.1‘J 4 _. ‘L _ _Total  16 _ 0.01719 p W H
Ex. Mn e Between 2 ‘ 17.828 8.914 2.383L..-_.--_-.__.- .6r<>u9§  _. _--2   .. -  . - _ -.7. ~ - 1 1Wm" 4 14 ‘ 52.372 * 3.741 7

Total . 16 70.200
7 Grou s_ -_._....___..2. _- B T .. .. ‘_..  W ..  F .. -4

11 - ..  _ _... -.   0 .  ._

'7
L



Appendix 64

ANOV/\ olemicronutrienls in 0-20cm depth between natural forest andat. . . . _ I _ _ . ‘ ._i..-_I@_8!<.-Pl2n!

1 Variables Source df S Mean Square FL W _______ quares
1 Ex. Fe Between 2 8387.888 1 3193.794 1 18.779"

ngns 01_ci_1ftere1}t____age elass In loc-¢1t10_{_1_L______Sum of —ir

Wm“ ‘ 14 28848825 190.347 A.- 1_ G.£9y2.§ 1  __
Between

A Total .4.5-. i. _
Ex Zn T Between 5

WithinA Grou s.%__ _.i_F2_.-.._-....__

.. 9'0" S

__ Total A H_16____ 9052.44_.0.___  ___i_____'__Ex. Cu 2 5.707 2.854 38.941“ 1.. -_-___. .-_.iQ.L.!P$_____i...-  .. .?+_-._..   . _Within 1 Ai Gm S A 14  1.028 1 0.07328 pg,  .. __.. _..____1L_ ...._.
16

2

14

6.733 A..___. _......--w--—- _—-. ...- <—~i—ii1----
0.356 0.178 0.500. . . .“-42 Z 1
4.979 0.356 .— -- —.\ --- : __-.4- _= Total 1

EX Mn 1 Between 1_f__  GT0“ S __-.
18
2

5.335.. . 2-?  , . .
4101.840 2050.920 2.304. Within " 7  3'“  3"“ 1L _  ems -_--,l“    1- . 12464 325 890 309 T

1  A Total __ ._ _ 18 118888.185 1L_ _ ____ ,_.__

'\
.3



Appendix 65

ANOVA ofmieronutrients in 20-40cm depth between natural forest
and teak plantations of different age class in location I.F-.. ._.. .__ ___._.__,.____- .. . ..  , .. T. .

Variables

-_ _-- ._G.r992$.-_..- __  -._. ._._ .__...  _
1 . _ -i . ___ - - n __¢,__._. 21. .-.- 3. . P_ ..- -2. _-- ._i..1.. V _

Ex. Cu 7 Bgtwee“  2 l 9.329 " 4.664 31.290" 17.9uE§. .__. . .    _  ___'_' _‘  Within 1 T l14 2.067 .149 »
L..-_.._. ..G'9_'£P$ . - _. ___.     ___. _--   Hal

. .__-.. . _._. .1

Ex. Zn

l_.. ___

...____.. .2  ii 3 . ._T-..... I I-  , .* ,.. _,, . _ __._ _ | .-_i_ _ ' _
Ex. Fe A Egnween " 2 ‘ 3947.556 1973.776 A 13.965"T0298 _      ,____ -._F  __..  _

lHa _i._ i .2. 2.. .___.,.-_i_ _i  -— .,- 2- . _.

1 T011‘-3| ‘ 16 1.331 J»___ ...- -   __-__...  .__,,..____._._..._._..._-.   ___ ..
J Ex. Mn Bélwee“ 2 315.635 1 157.616  1.200 .1.-_F- .__r<.>L.!12§--__.. .._.. -_ .-._. ._-__..1-   ._  ..__..__;
L_._.__ -  _. _.___.___.-  . .. ,_- _

_i _T0ta_I  _ 16_  2157.396‘ _ _  J;

‘ Source =’ df Y squungrgg Mean Square“ F

Wm" 14 1975.914 141.137 ’
Total I 16 5923.471 _ _ [___ J

Total 7‘ 16 A 11.416
Betwee“ 1 2 A 0.126 0.06404 0.746 1Grougs  - I -.   -  2  _W -flwithi" 11" 14 * 1203 006590 A ~GYOLLPS . '  ' . ..2._-  W . -__.. . _. .. - ._.-_. _.-  _.

’ gg3‘“S ' 14 1‘ 1641.762 131.554 1_2  - _.2_-_.-_--_
. 1 _ _

'1J



Appendix 66

ANOV/\ of micronutricnts in 40-60cm depth bctwccn natural forest
and teak? plant_atiQ1_s 0f__dil’7t;<-;_rent age class in_l2_;_:i1_ti0_n I. N  __

A Bet
Within ‘

"H  1 T ‘A Sum of I I?* Variables Source df Mean Square ‘ FM Squares_....  .___.-_ . _,1 _.  _ . . l.__ ..  .. _ ._ .. .. _ _-. .ween 1 ,,,
h Ex. Fe J Groups   1661.790 116.699 16.306 1_.. _.- -_-   ___._ .1_..__  .___--  7. ..14 6008.035 .
A.   ..  _B_etweé_n ._ _ _
’_' “_'  Within

2-619998  .* Total 1

X U 619698 -1
16

2

7 6.672 3.336 1
, 4.106 0.293 1 11.374" A

» 10.776 i  7
1-.

.._E1f_En__... 6199128 -.

-.. i._-._-. L.  -L. - . --.1
Ex_Mn A, Between A. . . __GF0UP$ ..1__.r— _.

1 Totai

» . 14
. . _ ;L..-Gr°uP3 _i ._._

16 0.360 0.160 A 07B666-ea 1-"
2
.  .. 3. 4. _. . ..1.663 0.119 1.517 1i - _—-. -; _,. __ .- 1 - * ,--— - ia

7 Within 1
.. .. .__ .GF<>vP.$ . 

‘ Total ~
14

16

1 T2.024 A
220.3-23.5 - 11°‘_;6‘3-__I_ _. .-._-.

A Within
r- .
2 ---

W
2
-— Z-» _¢v . —‘J

6970.854 . 497.918 2.212

1 - 619998 .1-__..fi2. p. ._ .1   J - A9174.091 .
_. 1 . - .L..  -  .  .‘ I

'  _ "_Fotal___ F16‘ 1661.790 A 116.699 _ _



Appendix 67

AN()\/A ofmicronutricnts in 0-60cm depth between natural forest and
teak plantations of different age class in location ll.___  -.__2___--.   ...... -_T___ -__j

Within 7“-“Z '

T919!  __18....
i EXCU Between 2

GT°uP$ - -.-.

1 Variables Source df Sum of Mean Square I FS uares1 Q}_.__._._. _ ..__i._.. .__--_i_.. . .  .__i_...._. ..- -__-_____...... ....._..__-._....._... ....__.I F - Betwee“ 2 4399 2199 2726Ex. e : Grou S . . ._._-...  P...-._.  .-____.
‘ 1..2.910 ? .807 1 .99..

17.308 A _ L______i ¢ ..._-—-v— : .».
0.03897 0.01949 27.032“ ;._, .; __,_ _ _,,_._,_._ _--<_. 0 Within

. , 4519998  “-16 0.01153 ’ 0.0007208
M Total  _

A Ex. Zn Egtween 2. r°UR$..._ 

18
1

1

_._~.¢\»¢-- ~ ._\.-.___ 0.05050   _% ._...-..ii_fi
0.001900 0.0009499 1.927 i

> -_..._ — ---4i -v1"  Within
__._ ._‘_fi'P§.__ 1 16

Total 7 19
.’ Ex. Mn Bemee“ 2
Within 16

0.009707  __ _  _1

1

L____- ..__l’.‘.‘-i‘.!..-__g__‘§ _...._“.f.8.?.-_i  .1 1..

0.007887 0.0004929 ;__.._,_.‘ _ \.._ J V . .

4.903 2.451 5962* 1
6.579 .411

. ,, _. .. .. .. ..._"‘_i._._ _ .__.
I

2



Appendix 63

/\N(')V/-\ ofmicronutricnts in 0-20c-m depth between natural forest and
..  .-_t9¢1l< P1?“1a1§9“$ 31‘diff3r@nt@£¢1fl$$.i3 1@@.31iOI1.!l- .- ..1 1 1  1 Sum of1 Variables Source df S Mean Square A Fquares 21  1 .._

_ 4- _ir

-_._L_._l.._-_..__ . .._ - .1 Between 1 A 7.
‘ii

Wm" 1 16 1 1257 940 73 621_-.. - GF°£P$  -._  '  -   .  1
1 T5151  13 113364.631, 7.. . _11 .A Ex. Cu Betwee“ 2 2.756 1.373 9.000"-__  @193-ps .21 -   0 - -.  - - L' Wm“ A 16 2 449 0.153 1

Total 1 18 ‘ 5.205 ‘_ _,;_.Gr°'~'P§ ,,__ -- .,.  W ..  .1 .,-.__..._.\
-__.. _ . ...._Bet-._--_ ..._ _. .. ._.- __Ex Zn t wee“ 2 0550 0.275 2.614 Il_...  ..-...G'°}fl!3  .. _-... ...

. Within. A 16 1.683 . 0.105., ._._  . .__§r<>y3.&.... .;-  -1_. .__. _1_. _.    -._..‘L 1 Totat 13 2.233A T .__..  ..-.TI .._ _. . .'_-  ._    -__-.   .__- _\Ex. Mn e Ge" 2 460.010 230.005 2.075GI°uP$ .._ .- ._.._ .. .. _- -_ .. . --_Within 1 1- 16 1773.791 ‘ 110.862 *@1046.       - 
1 Total 1 13 12233300.1 15, 4. -_Z_¢-... _. _... . 1- ..... -—-—- - -— ? ;._ -_. --- -4- - ' 3



Appendix 69

ANOVA oi‘ micronutrients in 20-40cm depth between natural forest

l

l__. a ._.. .__. K éetwgen 2 _..- ..  .. . . -_

and teak plantations ofdifferent age cla "s in location ll.b

Sum of A‘ Variables Source df Mean Square 1 Ft Squares L . 
272626 136313 1050

__ . . __

._ _-   Groups
2_E1F°_-. -@r<>ups L -2   -. L.  3  T

l

Total

Wm" 1 16 2076.700. 129.794 =I 16 1_.._t.-?fi9:@_1_-._    - _
A Ex. Cu = Betwee" 2 5.045 . 2.523 26.075**l.Gr<_>l!.9$ ._-   .. 4.- .. .1   .W'“"“ 1 16 1546 1 009674 ~ “

Between
Groups = 9.649 H u 0.420 L - *.__4_.-._..   __. J - _..._-  __ : _

T wnmn 16

-_..   Q[°UP$.. 1-- .--__-  ._‘ __. l_. _' .__.-  _.  ._
Total _._ 16 . 6.593 _i _L

1Ex Zn 2 2 17L 1
3 090 O 193

L..___, ._- _. .G'°.'iP$  _. .  -;_....__.__'.._. .__’_ ._ .__.. .2.T Total L 16 3.929 . 1
Within%_.__- Grove?  _.  - Q1 Total T 16 1666217.__..‘ _. _. ,_l   _L .. ‘a J  _.. .. t. _____.-_

Bet _'
Ex. Mn Gwee“ 2 777.917 366.956 . 6.637"r.9HE3_.___._______._a.l ,._ - .. .1 . , 2 1 .

Ii 16 A 910.300 A 56.894
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Appendix 70

ANOVA of micronutrients in 40-60cm depth between natural forest

Variables

Ex. Fe

| |
-  _.G'°U .§_;___...i__.  _. 

. ..@L!9§_>.-_i__... ...._. _.- . . 1»

A Total

Within —_"

. --_. 9nd..%_P!9&@1i9I1S 9f.§1i.11‘i‘@r@I11 98¢ 9.1.9.88 in 19951190 11- _-.
Sum of

2 4.206 1

Source df A S 1 Mean Square.  -._’_-___. -.___.f... la..19§.-_l.._._......__  -..-__ - 
Egtwee“ 2 71.549 35.775 0.423£19? _.._..-.. .. .._  _... .-.._._._- ._._....  ._T if
Wm“ >1 15  1351.780 i‘ 84.485.iQHP$..._____  ...--__-.  - ___-. .__-..  ._._Total 18 1423.329 '

1 ..-___...  ..  .-.-.__.:_, .__.. ..-.-+__...._____ .._T.. ___.. ..JEx Cu Between . 1 ,2.103

0.9911 6 ~ 0.06193

7 F

33.959*

1

1_8_  __ 5.1974-  I . mi .
‘ Between1 EX. Zfl V1 H __ 1 __Grougs 1 2 1 0.05195 0.03098

Within "'7. . Groups A|li_-_-...__  . . ..
16 1.061 ~ 0.06630

1 0.467
1

1 Total 1 A 18  1.123 _ — .. .. - .- ....- .----T
EXIMH Between I1   - G'°U.P$

.. [2 844.415 A 422.208
1

A 10.270"

1 Within 1
__. ..i°_L.'P§ 1 16 657.769 1 41.111

“T  .1014  .1='?<9>2~1*%4 7 - -.

- _ ..._1



Appendix 71

AN OVA ofmicronutrients in the 0~60cm depth between natural forest
and eucalypt plantations 0l’dii‘fcrent rotation.

BetweenEx. Fe. . ._@m_“E$__..
Within

.._.  . _(.3?F9£i£_

i EXI Cu Between._._...... .§m_L'i§_
2 Withini_  Groups

Total
-_----.._ ._i..

, 1 9__._»

um
Squares4 i..ii__ii_ i -1 - iii _

6 675iIl h iIlI _ . ,, _ _ _, ._._. . .. . ,|
16 .598

E Variables Source  df i S of  Mean Square 1 F
-- .. .. _.__i_fi .  _. . . .. ._ ‘ . ._..‘,. . . .._._ _  . . .‘ 3 i . . “2 225 59.481

-   1273     0
. 0.04219 8.022“3 127

l\i._...a . ._ , I.‘ ___ ._ ._.__.__i_i
16 ; 0.005259 A0.08415

T 0.211
i._ .1
I

Exzn  Between
Groups

3 0.04117
~ -4-4- 1-‘ ~

0.01372 2.852 A
in’ Hm it Within

‘, _ Tota_li_
E _ M Between

1 .   -..__@i§____- 0.07698

. 1 9 i0.118iu--..-.Z.

__. .—— -,-Q---.
0.004811

32.019x n 3
1 Within 9

.  .....__16_____2i'I_?§.3  1516 -._._ . .1 Total 19 56.2722 ._.___ .. _-.. .i _. .. _ ...___. . .._.. -._-__.|>_ .._. ...|ii._.iii¢

J _ _
* 10.673 AF 7.041“



Appendix 72

/\N()\//\ ofmicronutricnls in the 0-20cm depth bctwecn natural forest
and cucalypl plantations ofdiffcrcnt rotation.

A df Sum ofVariabies Source
Squares__ .-..-_.___._...-___._..-_ ._.__ _._.- .

_, -.___._ ..___ ..__j
Mean Square

Between -3Ex. Fe G 3 223.282__-  TQEP5 1 _-...___. ____._..._-..__..
74.427 1 16.302“

» _._. __.. _J

F

73.0481 Within . .
-___-  , §.E°“P$  16 1 4.566

_  4 Total 19 296.330Between = 3980. Ex. Cu G A 3__.  ....._!..OflpS ..._ .._ 1. .
.._ - ~---6 ,-5.,

1.327 1 2.425
. Within 8756 0.547

i _  T6161 (1 19__ 12.73_6_
1 Between

_E*_'.Zn - __.- -- ...G'°"P$..._..-§.L_--.  K56
3.919 6.895“

Within 9 093

__. ___...,._.iL!IL_.._......__  ..

O 56816 . . 1__.'. -22  1018'    -_ - - 2
‘i _ — . .. -.

Ex. Mn 1 Eg’r‘:’u‘;e;‘ 3 5666.606 1666.935 7.640" A
Wm" 16 39559121 247.245

" Total - 19 9622 718._ .. ._ . __.. ._..-_1____.._   .1. -._1 . -_



Appendix 73

ANOVA 01‘ micronutrients in the 20-40cm depth between natural forest
__  _ and c_ucalyp§_\Planta_ti0ns otlqifferent rotation
1 Variables Source = df Sum of A Mean Square F *. Squares 1

Ex. Fe 1 Pg‘“’ee" 3 961.670 320.557 30.457" 1.‘ __ FOUPS ‘
.L gg3;"S 1 16 1 166.400 A 10.525 ..  ...L_I¢.*9'_.-  _ 113°-07°  - - 2;
1 Ex. Cu Egetwee" ~ 3 23.796 y 7.932 5264* A.-__  F9928 -l- 1 >

‘E  .___i__ ._.. . .__l_i-_ ._..i._ ._.- I __.____.__i.__... . ._-_.i’ 16 24.111 1.507 A.- . .  Grgws   -_ .- 3Total i 19 47.907 1
Ex Zn z Between 1 3. . 3.430 1.143 3.245

.____-. ._4_ ._(.-i3_r°“9$  _k .. -.._ . ..._.____ ..-__._-_..11 gN"h'“ 16 . 5.637 0.352 . *.   _I°“P$   1,    -  ........ .-_.
__ 1‘ Total ' 19 A 9.068‘ "'   ""_—_—_' """"_ii"—'_' "_'  “M 0 1’  '11 Ex. Mn G 3 3558.612; 1186.204 1 6.454" »2....____  FOQPS  ____1 .. 1i Within 1 ’ 5 * 1'16 2940.540 1 163.764..          1

. _ . i-2.. ----. .1 .-_.-  qIZI II.I|

- .  T018‘  19 0 6499-1521   . _.- 1



Appendix 74

ANOV/\ ofmicronutrients in the 40-60cm depth bctwcen natural forest
and eucalypt plantations of different rotati.-__ -.__ _ .__ _._ -.__ .__ _.-_. ._ T-..  _ _.. ._ _

_ Variables * Source ‘ df Sum of \ Mean Square ‘ F .1 . Squares 1
1 _._ _*+_.. -__. .__.. 1___....__ ._. _..  _. ._ ._L. ___ ___ _._ ..__.-_. .__. .__.

Ex. Fe 1 Béfgfpes“ 1 3 1 1112.466 1 370.622 . 26.135" ‘*I _._ ._.. . .-]1_ ___._ .__--...-__\.\ ._..._.-_ __..._-_ _..-_.\*1 1 Wm" 16 227.016 14.169 ‘ A
.._I,._ ._. .__.. ..__.l1__ _.  _|__ -__._...____.__. _‘1fi._.._..___* ‘ Total ‘ 19 1339.462 A 1,.__.   .__].-. . _ _ : __1__.._.__ .__  _...__ _.

A Ex. Cu Eéfmee" % 3 , 24.690 1 6.297 . 10.669**~1 '°ELP$__-L.-  _-  _. __ - 1- ._ .- ___‘ .

OD

__..  ._..-  __ .

~ ~ WM" » 16  12.560 0.765 " A. §rOuP5_. __. - __.  -. _ , 3
k_'”_"__M' “M Total _F 19 T 37.450 1‘ * Z“  A jz N '_.
I __ __ _ _ 32 _._ ___ T2 _ __ ___.  _. _.. ._ ..1__.__.__..._.Ex. Zn B°“”°e" 3 3.191 1.064 A 0.696 1
~..-_ _  _-_~2..__G£U_F£. _1_-_.___ .__ \.__..___-._L.._. _-_. ..__ .1_ .._.-_-. . _..v\/1111111 ‘T A

T Total P 19 ‘ 31.733 *1 "__.4 _._ .__. _-. __ ._ ._ _. _._  _._;
19 .9. -.. 

1

_._ 2.. ,
. Ex. Mn N Bgtween ‘ 3 ‘ 3241.630 ’ 1060.643 ‘A 3703* ,f_ _- _._. -EL.!F£ ..1_--__--_-.._..1. .- .- _.__ .__+..___ .__~ ‘ Within 16 4669.000 . 291.613 "_. ..__ 7  ro UB8  ._L

_. 7 _— V-9.9- -9-9.-in. -i.L._..__- _2 069.1 -16  7919630   1  .



0-20cm

Appiill
Moan ofmicronutricnt in Location 1

Q."3Q.¢.FT?.  .

dix 75

--v
Ex. Mn

38.770

21-3OTP _2l§400‘f’ 1.66600" 1.06600 76.600“

Age class Ex. Fe Ex. Cu __ ?_?I_El<.‘_Z‘[1_
NF M L_1_4_.§300° 0.49100b 1.44100

31-40 TP s7.16_7'1'*‘00 "'1'§4071'5m  1.362662049.90
A29..9*3§§_--_-.E*~.Fe. 1 E><- Cu _[ ??‘.1..¥"_-__.LNF bi c '_ .__.1_6;_§8°Q_._ 1__Q-f1_10QQ._[.; 0-88400

21-30 TP 123.2-100°‘ 2.29600“ E 0.76600 1
31-40 TP 1 60.37147 1.67667“ 0.99671 22.571

§.2.;9_43

-5’?-_@_
?.1_-19_°_...._

31 .320

__ .-1-----v

°-60¢m._.... .  
Age class Ex. Fe I Ex. Cu } Ex. Zn "Ex. Mn. _ _ ET___}i_________é__ .i._1..-__.

40-60_¢£_______.___._. __ ___.__.____._____.._ _. .
Age class Ex. Fe Ex. Cu Ex. Zn Ex. Mn____

' 160.0200; T166400” 0.96600 M§*2660
21-30 TP _ 20.T6'00'“'0 1964003 0.71600 _ 47.660 H
31-40 TP 61.97147 1.94000“ '0 _0”1.'06671__L _L__ 22.671

NF 16.6  0.47 .0 __2L_7'._§_2L
21-30 TPL 21_._sL*’ 2.L0L6FL’Lfl___LL_L__L_0.86 52.53___

31-40TP 63.205“ _M_1.76_" __1L_i4___L_ LL 3_2_.73

- Mean of micronutrients in Location 2

+ .

NF _ 42.€_390_0_ _ 0.64600 1.74200 45.090

E;

1T1

F

E590 glass Ex. Fe Ex._(J_u __i__  _E2<_. [I\/_1__r_1___
0 NF 24.7600‘ "00.§§300” 0.79000 __24.440°
+11‘-'6'(>? “29i0'600' -00?" 0' '1'.296_00_ 16.160°__L
$077‘ "'20’._000'0 1.7_9_3_33*‘ _m0i'0377a __3_1_.6_3§

Age classT—§:Fe   Ex. Mn0 - .--_a_   .-.____-__a 
M41-so TP 24.7200“ 1.4_23_10_a "1__._47—es0000bE*00 -31.630
250 TP 17.4667“ 1.647398 1.32633” 36.672



I49-.6090 _  4. _. 4.Age class Ex Fe Ex Cu Ex Zn
_ _ 25 1200
41-50 TP 25 8600 O1 27800 0 866
4‘3_50]‘_P Y Q1750] 0165150 07477s_ __2saa9

0'6OC.m . 44 __. . 4. 444 __4. _. . .4 _._ 4

4./%gi.9"=*_s$.4i-§Fe_4 -E1~_94u4_1 4 EX-Z" E><~'\/In .
3

Ex Mn

020*’

14 3403

W NF  31.1 0.62 ' 1.0a 28.85"“_..      -45 -_. _..._. ..__. ..__. -_.b_
1 .41-5011?. 266 -1 -1164- i -4121. 1 -2068-*=*50TP I 19.7 i 166° , 0.97 1 33.03“ 4

__._?_|

Mean of rnicronutrients in Location 3

O-20cm N __ j j
‘Z Age class 1 Ex. in EXCL1  Zn  |\/in N
T'_1\1.?F_'[_i_’fi40§" % 2.1aa00‘*i+2.1'/000°"1_.§sW_i

114-151 -_1 9_T4°Q§i  3»6¢°°4°? 442620” 0
-4 .4§-11'£._1-1&18@2@ 0 1~YY@@@“i- i_.11954@@@? 1-27-W
‘ EIHR 1s3a00“T1o6200°° 1 157600“ 4 23.820”_..  _;_,..'  if -_ . ti  _._ 4_L\ .. 4. _ I
20-40cm

ge class T—Ex. Fe qr
; 11.1:  ‘s.4é16o°" W 02.5500» 01.1801;@» i" %%3¢.31@@~%j

1211  1_10.301)_0ff" 3.88000? 1 1.81000“ 1 50.920“ 4
Q5_‘!°_ .£»£<1@@_1-72.1113 14-@1§L‘° -14 Q72 -41
.3 113 4_.1.~@§@@L 2001014 £75200”  175$ -4

="1()~60i:1n  ____  ____ ___ ___ __ ___ _____
“'Txg§E1a§-.54 M  I-'i'Ex. Cu H 4 Ex. Zn" 0“
;.7iii*€4_I7?645*?.fi@iiii17.P@<f1Eg@f 4

E ii A 11.5600“ 2.36800” 1.76200 A 49.4008
. ..__. ._.._4  ._. 4. ..   .___  .__ 1%-  .__]'
4 5"‘ ‘.3 $945609- .1__‘4-§‘4‘.Q4°_4- 444°-556094  3.5.-349 4
1 E 11113 _‘ 13.9000" 0.91000°%j___1_.a1_4_o0{ 14.1s0‘f_

0-60cm...____.._1. __-.__-   0- 44 4_4__ __
‘Ageclass Ex. Fe , Ex. Cu Ex. Zn Ex. Mn ‘
no 1.? T005183" 00113.8? “ts *1 .55  warriorI‘; .___. .. _ _ ,L_ »
1 Eil  10.42“. .2795 W 2.5§_'1'T7E§°_%1.. . .
L E 111 0 23.75”  $1.685‘  1.22 24.83,4 _. _ . 4%. -_ . __. ._;_. _._ , 4  .4 4 _.___.. _., _.. 4.. _i

E"'R4 I 12.?9d.-._i_-_ Q97“  J-334  41851“. 1
Figures vi/ith different superscript differ significantly from each other

NF -Natural forest, TP ~ Teak plantation,
Eli — Eucalypt ||'"° rotation, Elli C - Eucalypt HI“ rotation coppiced, Elll R - Eucaiypt |||'° rotation replanted

2 5
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Appendix 79

KMO and Bartlett's Test

N§t‘1_'3| fFL35_t. <3'E t.?_€‘S__P'a“t§_ti°"5 __,_ .--_   - __ __..
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. O 677

Approx.Chi-Square 1 1038.912 J¢_.____... __  . 0, , _Bartlett's Test of Sphericity I df 171__.______ .-.. _ _ _ _. .1“ Sig. = 0.0001  L , . -.. __1 -1‘ __. , ____ . __. _,_ ,

T.\f_'@‘1“T?ii_lf°Y@.§!-fi1F‘d.1fl11¢?*11flPl?1m?!1iQ.!E1-0 -,___ 0__e  0__  1

F Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0 790-...___.1 ___._.  _______   ..L__. .___-.____ 1
1 L Approx. Chi-Square A 856.212' ' ‘ _...  _,, -... J '2“ ..df 171Bartlett s Test of Spher|city ~ 7

[_ ..  ..  .-- .. . . _Sig. 0.000L _.. __i. - --_i__..__ . .._-. I—- .-. _ ...-. _. __.- -» ._ . _..-.
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AN()\/A of all Factor scores in 0-20cm depth for comparing bctwccn
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ANOVA ol‘ all factor scores in 20-40cm depth for comparing between

df
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ANOVA 01' all factor scores in 40-60cm depth for comparing between
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ANOVA of all factor scores in O-20cm depth for comparing between

l Sum ofage classes of location II
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Between lFa IOF1 1 2 2.324 1.162 6.660“f_- - -.Aee-9r@ue$- _. .  - ; .  -___Error 1 16 1 2.792 A 0.174._. ._ .1.  _ _ L..-  __ 1 .  ..._.  ..-..__  ...___-. .41 1 Total 18 5.115__-_...-__ -_..  _.Between W‘ ii‘

"1 ia_°.t°'2._. ll’*9e_9Lf>.UL$ . -__--2.__ .1§i9O.-__....._._6'lf - ._...--_§.0.‘§§?1 1_E”°‘ t -16 _..-_3-4_5fi_-._r_ .l?‘l_--.-_-.l.

~ Factor3 Between 2 1.995T -_-_ Ase sroyps -.--__.._s_.- 
A Total . 18 A 16.754     ___ __J0.997 = 3.574

-_. .2 . . 1. 2 1

-_ .___ -.__.l___'.5l.E'_.-  . -_16.._. --_ 4.535

._T. .__-.-.____-..*_-.- -_.Fact0r4 1 Betwee“ 2 1 .485.___.._ AQSHFOLPE   .7 Error 16 6.274
1 Total 17 1s 1 6.460“

,__. _,._'
0.279 T_-._ .......   . ._T

-7 _.._ ____¢.

0.243

0.392
"7 77' ‘.Tc>tal._ '1? 7" _s.%59

BetweenFactor 5 l 2  1 711
Error l_1e  3.072

T .___ -_. ._.r_F.\9i9...F°.';'P_5..1___..._-__._. ._._.
0.856

.619 .._ . I
_,_..__ .______ _4

l7 4.457’ l
0.192._-._-_. _-__.__. _.. ._ M _.

- , . t- .. T°.Ea'  _,__1§... , 4:783..- 
_¢_ ..7





Appendix 84

/\N()\/A of all factor scores in 20-40cm depth for comparing between
age classes of location ll.- _ _. __-.-- _-..  .  .. . _

Sum of

A Variables Source 1 df . Squares ‘Mean Square M F A
1 Factor1 I Between \ 2 2178. 1-\9<== 9f<.>.~LP$-.__. 1.089 3.121

5 Error A 16 _ 5.583Total 18 . 7.761
..

0.349

. ._ ._ - .. .. . .__-. ..   . .,J .. ._ _.. __1J
Factor 2 . Betwee" 2 13 715 6.857_. .__. -_L59@.BE>£P§- -  .. .. .'

F . E191. 1% 1? if 5-646 1
‘$1 --

0.353 . 1

Total W 18 19.351

Factor 4
__L.'€.\9£9L°.UR5_,-.

L. _ . -E"<>'... ‘

Factor 5

Fact0r3 Between 2 0243 AAge _gLoups '.__. .__. __.t_- _ _....._. v__.-_-_.-.._  . _
[_.- .. _.. . E”°f._ T-._ 16 T

.* Total2___ -. .__-. . . .
Between

-13

2
7‘;

0.121

1.817 071 '1 4

2.060
l .11 ... -3-. .. .-_i _- -

1.069

_ -7. .

4.276

._  1 A9_e_9l9'~LE ..
.3  -__. 55""

Total-__.Between

1'5”

-_l8
2

16

,1 _‘, ._i

‘_..

2.138 1 5886*

--- i ._ 
19.432“_. - -ii...  ._,1

--J

H 5.811

__.,_

912163

10.087

_1 L.   
,._ _ .. 1%

6.466

7.190

3.233

0.449 1
7.195“

..._‘

J

_ Totat_ _
-_---1

18 13.555 , .
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Appendix 85
AN()\/A of all factor scores in 40-60cm depth for comparing between

_ _ age cless 0 ‘location ll _ ___  ___t

Variables Source 1 df 1 Squurgrgs Mean Square * Fl .
- _‘i...‘i'.  Age grow...  2 2"’Be_.RNee.rT_.. . _-... _2_ .,__.  .. -_[r___.. - . .1 107 A 3.797‘

Error 16  4.663 ._. 20.29%. ..._l___,  .__1__._:__________ _..  _.' Total 1 18 6.876....__1  ._ [I
.. ,_ __ . _ ?__-_ _ .. .
. ‘., -. __.- __ _ _...93 .9. . ..- . .

_' Factor 2 Asetween 2 14.507; _- 99 9r°.LlP$  ._ .. ll 7.254 21.980" l
.., :> .. ~~ -. _ 1-7 In 1 Error 18 5.292A Total 18 19.799r _---— .-...7 : _¢.- __.- 5 _.-. _.. . _¢- —-

er. -.91. . . [1 -_ ,,_ _T _ "TFactor 3 Between A 2 1 0.959_-_. -._l_A9e QLQUPS
. 1 Total 18  4.403 . _l_

1 2.227 T.479

.215
__ in ...._i___ . __ii__ . .._____. .____.

Factor 4 Between A 2 9.399,1..fi9_9B£'.P5. _.. -____.Error 4' 16 7.624
Total 18 17.023_. ..-._-__..  _-_. . __... _-_.. ___......i_.  .L___.  -- ----- ---------- -<

7; Z . _ _.. ,. .,_ ..... ._i._ . -
‘ 4.699 1' 9.862“

___ _._.. -___..  ._T- 0.477
_._. l_....__. ._ -  __.

Between l_F I 5 2'-- 7.770._f'1° °'.. 1-699 9r9u.r>S  A 8.885 7.284" A
Error  18 _i 8.534 ... - __, 1 i_... ---Z -i. --in. .-<I in . -.. ---,9...---9....-.--i __.- __9_. -i .._. -- _-T9‘?' .- --‘.§._-.. 16304.   . .  _ 0.5332 .. .  .____ _[
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Appendix 86

ANOVA of all Factor scores in the O-20cm depth for comparing

Sum of

Q _ _H _ JP Squares %

between age classes oflocation Ill
_..-_.. ___.‘.._._____..  -_ .. {_._  . \,___- _._ _._ ... _

Variables Source 3 df ‘ Mean Square ~ F
Factor 1 Be“”e°“s 1 3 23 2751- _ . 1 A99 9F°'£ L .' . L. 7.758‘ -r — 8 —--- —-~ *—- —— - ' -4 1 

‘ 57.878“

0.134Error ; 16 2.145. _ -4 .4 Y. 4 . 1.-- .9 .  4.  .
.__T .__.-J

L _  _*[ __ Total 19 25.419 _Between“?  ___m1  J 1 S
1 .Fa°t°’2. A9.e9r9.ups .3  .. 7.301  6434

,_.

¢ 5.188

L Error ¢ _ 16 _ j 7.537 0.471
Total T 19 1 14.838 , D  .

Fact0r3 Bawee“  8 14988 4.989_ _ _Age grougs _ ____ ' A _ S 30. 890“
_. .._[___ J

.,__ _1L.-_ __... __.,_1 1 1 1' * '11 1 Total 19 17.552_ ._ .. __. .__. j|._ __ .-  i. _,__ ._1 Factor4 = Between 3 3.656 1
_-_.  .__- .._A92Q'.9}£P_3

1.219

.1-P39

T 1.173

_L  __... .__
.    J2?! _.l ._Q19__  -2_<>.~.2Y_3"-1;1._-. -_ | ‘S Z__- "_-_. .



Appendix 87

ANOVA 01‘ all Factor scores in 20-40cm depth for comparing between

Factor 1 Between i 3  10.737 1 3.579 24.953".  _..-f\99 9'°UP$  __ ‘

._qe9...91§§$.$>1?.l.<>.9@!1ion III -  -_-_-_ . L I I
Variables Source § df Sum of Mean Square F 9Squares

._._1__

_ ._ _....__.+_. ..... . .. .- --_ _- ----- __--__---__----_ -_-

_i_i___l_":_rLc>_ri __ 1e__ ;__2.29s 1L___0_;_1_¢_1_3_%__  ___1
T918!   _19___. *3-O32 . .

Fact0r2 Betweee 3 7.202 Y 2.401 . 4114*_  /-\ge 9r<>upS__   1   1__M __ Error A 16  8.149   '

_ L. ____@,_1_

.-,-...... .  Tote‘  19  1. 1i._.-4

Error

. Total
_ .. ____. 1..i._...._______ .- .. _._-... . .-1»-

1 Between
4 i Ase groups

Factor3 Betweee 3 18.133 4 3.061 31.953"___  Age groups _____________________ .16 3.035 0.190_ . . __.__......T-_ii.
19

3

___21.218 A A _
1.293 0.431 .4133 iii____,_,,._\ ._ _lZ

Error3-. i.;_ __i____..._._.-  .
Total A

16

19
A _ __ 16.690 A 1.043

17.983 _ _  ______ _ __



Results oi‘/XNOVA ofall factor scores in 40-60cm depth For comparmg

Appendix 88

Factor 2 Between 1

j Total
1 Error_.._   -.__.?...._ ..._

E

Variables Source I df Sum of Mean Square E
. ._.--_.  ..__.___ 1 _1 Squares

F

11.441 3814 9641

Factor1 | Betwee“ ' 3 A 3.071 1 1.290 9.513. _- --._ -__.;- A9£9@11$__._ ....___i--...   -4
* ._ - E.‘.[9L ‘..6_ _-..2:1_7°___.-. .9.l__-.......___.-._= Total 1 19 6.0412-. .. -- 1-||$-  -- 4 .__. .. -—- --. -- -Z-...~ ---—-ii---~ - ---— iii 1

632
19

-» ._._ 9
17.770

_ 0.396
____- _.A9g@qu9§--i'_-..-.   '  _ ‘

1 6 ___.....- , _ . -2

i Between ‘
E .3.   A99 9F°.HP§ 3

. -¢.~

14.427 4.809 18.483 *

16
.~—. >

0.260J AError AA5 1 Total 19
4.103

018.59
.__i —.u-—

1 Factor4 Bemee"
_. ._ _.A9:-*..9!s.>.w>$ “

3
1

3.232 1.077 1.072

Error _1§ 16.08
_¢.

1 0°?3.

19.314
_... ,-i

... .. -._. 211.. .. -i
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Appendix 89

Moan score ofcach [actor for location I

Depth 1 __    . ..1,_ 1.  .6 _ 7
fitge class _   2 Factor 3 H Factor;-F 8 Factor 6 _

NF  I935)?‘ M -77044368  35783418 -3.9801_1988E-O2 ”"§m888_“"
2'1-30_TP —-4828.570“ 53023945“ — "W'.9454948 .7816_1"99'—_ -100049330

16t65F2TfP   2 79828633 F0111"--989013? 3 3

Age class Factor 1 Factor 2 Factor 3 l Factor 4 Factor 55 5 a J F“ 0 _""_li.'=T ""003504183 , -1.2123784 -8029126 1 -8531919 -1.7002521

21-30 TP -1.0150362“ 1-2.9971834E-02*” -4251457" .6072683 ‘1'48§g§95E' 1A

I>.1;2£1_82_t      4
NF

31-40TP 1 :1.2076972°_" -.4627534"5'_“*  .41§§033° N 331428415 _ .456501‘0"’_"-A

Age class Factor 1 i Factor 2 Factor 3 Factor 4 Factor 5 5
NF ' -5604370 -118396661’

H2237

,i--_iiL._.¢,.-w

A -2589387 _ -6710564 -1.020295?
21 -30 TP -1.1894924 -2702429” -1873990 8674237 -6973442"

[ T _]
31-408115.88"! -1.14.7"s-957.5“. W-1'58883_1A9°“ .1472120 .2885593 1 7913544._- _._1._- _ .. lI ._. ._ ...__-i._. _  ,.__  ...... ,, ._ i____.__, . - ._ ...__i__ _ ..

Mean scorc of each factor location 2

Age class i Factort I Factor2 Factor3 Factor4 L Factor5_W:-W H 1.848'01407__—<7_573618a W'1T1509797  -329893635-02 "'8_.'50<)sae3i7r5*’__'_0
1:50'?F7 '1_.0004T1E5' H”m80*1"5'_ .48'17836 “I-.4736201m_ 9.9298655-02‘“’
2»~50'fi>_—__' 1.03:$§_“' "1_.2§4E*_"" .3935'é'38 —-12555654  I -.225:sT1§55'_

Depth 2
0 593851556 m.Fa00tor-1._ "_T=l3_¢wTl"" II.-8Ta<:toT1'1_— E5284 _' .TéEl(3tCJ_r€5..__—_

L@;l'FF’Q38?§4@+21@_3” F§62~1lT11_3@i66  -“@276 31082341818 {
41-50 T P 3.039346E-02 3187267“ -6332751 -27208508 2.088791 E-O2

H" t%sd“rT1'l"' ‘t61e@"‘l1"l'_.s%T5s'2‘0*>0_ 150816461 'W.5110946"5_ I “l'j17Ii5E5*5“1. 4-5 ___ ,- |.| ' _ an __ _, - “ii ___i____ _. ...-_ii 5 _ ___ .. _ _. . ._.. _,, , “-5- . .- -- - lII -- ni

U

a.___..-L.._...?.i.

1l=P1h_3   __  .6 6
Age class Factor 1 Factor 2 Factor 3 N Factor 4 Factor 5 HNF .5645652"" -1 2502091“ -6704433 -65898002’ 1 60447423
__._....._ .. .. ._    ...._._. _   1 _._....-- _-_... '  ___i_...._-_T..

41-50 TP -.3686711 ‘ 2278893 -1.1058040 —.3849715 4t -1372767- '-‘>50 TP 1849562” I .8706972D I -1.2081146 .8724855b _L .5356067b _

[_- __-_
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. N.F ' 2.8925965-02*“ ‘K -154091466 .2727a7sé"_ r"'_E_-.s27“51_s6

E
/50;;

Mean score of each factor for location 3
Depth 1

1

. -._ _,_ -_ '7, 9__. _ ., ,5 __.. ,,_i .  _.- _
A Age class 1 Factort Factor2 H _ Factor3 3 j _ Factor4 _
1' N.F 2.4374790*'  -3030197“ M -.so27ef_14‘* -4.48_49432E:O2

E u 5069435” 1.0414197” 1.2673005“ .8740116
Emc 1 -2225681“ 39216993  -.2s70a92°“ -.1a_2'1a6s M!.____. ..t.__...,rt1__  ..   t.,_ __.-. .__ -  11

1' E Ill R -.1848309° 1.2379526° 8909728a 9.3377243E O2_ - ‘, ii _ _ _ _ ___ .5 <- _-. - . ~-- _. _.---- _-- ...- ~——. .--— _ ----i

P991112 _         _  _t
Age class Factor 1 L Factor 2 1 Factor 3 Factor 4Ell _ ___ ._t.. .  _

N. F 1 1.0410575a -.9748338a 1 -58997163 1 7.830523E-O2 \_-_ .  1   b *7 .._._ a_ 1. .-.  b  .-, -_ ..,3 E ll -.170801O 4 -2863325 1.5881349 -1605165___ __ ..... ,_  ‘  a.._._ca _ _,._ 5 .‘._. ._ .. 9 _. .._I E m c 9339999 1788930 -4514533  -1568052
EIIIR A -.4as0340b° 4 .71297a7°“ -.7s7422%2_*’ -6227198 _7

Depth 3
Age class , Factor 1 A Factor 2 Factor 3 M Factor 4

E ll -.2088743a -1128235“ 1.5838436b — 2552838
_.r _..._€D____ __ ___ __ __bd ., __ ._._ ____ C _ _, 1  ._  .1E III C -.9814464 1 -5297924 -84101158 8.909644E—03-- 9  .-_.a__ b.-. -  ...__ _- ,... -._ _.   ._ ....__ __ . 1E lll R 1 -9238513 1 .5420894° -.6213812° 5714499-- ...._ ., ; __..-J. _ ,_ .-_ i  l

NF —Natural forest, TP - Teak plantation,
Ell — Eucalypt llnd rotation, Elll C — Eucalypt |l|'° rotation coppiced, Elll R - Eucalypt ||l'°' rotation replanted

__,.-_it. .

"  X '»- \
K \¢\Cr

its
I-*3 3 O

-_.'|.‘\

tw.- ‘\ , _. -. .
.4"

\ .»- ..
‘ ’-1'*. 4:5,; .

/_.. -.
- L _\_\.
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