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1 N T ROD U C T ION 

}'oreat. - a renewable r •• ource, con8~i tute an 

•••• nti.l as.et of a country owing to their significance 

in aoc:io-econondc ~ev.1oprnent a~ enhancino the quality 

of environment. Unfortunately foreat wealth in India ia 

today faced with a near criais situation. On one ha~ 

it i8 shrinking at an alarming pace - jeopa~i.ino the 

very life support system, on the othpr, growing population 

haa increasing expectations of fuelw~, f~, fod~er and 

variety of other products from forests. The effective 

forest cover which should be around one thirC! of the to'tel 

landmass of the country has dv.1~l~ frent 22.7 per cent 

1n 1952 to 16.8 per cent 1n 1976 and 14.1 per cent in 1992 

(Tandon, 1989). The oyer exploitation of trees i. still 

not stopped as the country is loosing nearly 1.5 '1lillion he 

of forest area every year (InCia Today. 1986). The 

productivity of the stands has '1lade no headway but continues 

bel ( 3 -1 -1) to ranK ~ch ow 0.5 m ha yr as against the vorl~ 

average of 2.5 m3 ha-1 yr-1. The qrovin<] stock 

statistics of 32 ra3 ha-1 1n c0'ftP4rision to vorl(! .... eraqe 

of 110 m3 h.-1 are also li~1se very depressinq 

(Sachkheti, 1982). 

Undo~f!dly. this eco-deqradat!on is the outco .. 

of e.calating ~emograph1c pressures ~ our i~111~y ~o 
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maintain harmony between development and conservation. 

Today the country is faced not only with wide spread 

shortage of forest based products. but also with many 

concomitant environmental disasters. The recurrence of 

floods. drouqhts and landslides has become a common feature. 

The intensity of soil erosion and environmental pollution 

ha. attained almost appallinq dimensions. A recent estimate 

of the Planning Commission ~eals that the country has 

lost around 105 m ha under wasteland which amounts to 18-20 

per cent to the total soil loss at the global level_ It 

also projects a colossal gap between de~ano and supply 

of foreft products by 2000 AD as the requirement for fuel 

wood. timber and pulp wood will increase by 19, 106 and 

323 per cent respectively over What it was 1n 1980 

(Khoshoo. 1986). 

A perusal of the situation stated above reveals 

that there 1s an urgent need to evolve strateq1es which 

help in reducing the gap between demand end supply of 

forest products and revamping of the much degr~ed ecosystem_ 

Attempts are needed not only to increase the productivity 

of existing stands but also to lessen the pressure on 

these, by raiainq massive plantations of the fast q~inq 

auperior tree s~c1ea. The culture of high density short 

rotation plantations, first proposed by MCAlpine S$ ~ (1966), 

seems to hold a Viable potential 1n this direction, such 
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plantations would avoid the excessive drain of forests through 

generating ample quantum of wood to meet fuel, fibre and ~ulp 

requirements. The productivity of such plantations, however, 

shall ~epend laroely on the nature of tree species, plant 

spacings, exploitable cycle, intensity of mangement and 

species adaptability to.site. The fast growing species ll~e 

bsy~aeDa leycoc,phalo. Melia a2edlroch and Eu&ll~u§ hYbri~ 

which exhibit appreciable yields, shall account much preference 

in raising such plantation •• 

Eucal~us, a native to Australia which belongs to family 

Myrtaeeae has about 600 Known species. The species exhibit , 

rapid juvenile growth. best copp1cing power. easy establishment, 

wide ada~abl1ity and outstanding biomass production. Since 

its introduction at Nandi hills (Mysore) in early eighties ~f 

18th century it is utilized for shelter belts, wind breaKS, 

essential oils, rutin and oxalic acio content and wood for 

pulp, transmission poles, fence-posts, manufacture of ha~ 

boards and particle boards, match splints, packing cases, 

timberl firewood and excellent chareoal (Chaturvedi. 1983). 

Lc~ •• nl 1,uc9C,PbJl. (Fam. - ~mo •• c@ae) ia • ~rollf1c 

producer of highly palatable and nutritious leaves, flower 

buds. pods and twiqs (Takahashi and Ripperton, 1947, Ha11,1971). 

The light coloured .~ atronq wood can be very well utilized 

for tool handles, tent pines, fence posts 8n~ oossibly even 

for sports goods (Shukla, 1982, Bhalla and Sha~, 1982). In 

the process of improvino aOil, beside. a~~1tion of 81qnificant 
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amount of calcium and other micro nutrients. 1t adds 
-1 -1 500 k9 N, 200 k9 P20S and 450 kg K20 ha yr 

(Mendoza and Semana. 1976). Apart from these. Leucaena 

has immense value 88 props in Banana plantations, nurse 

and cover crop. heoQe fence. soil conservation. green 

manuring. qum. medicine and other such miscellaneous uses 

(Krishnaavamy. 1956, Arora, 1979). 

f:!Jt11A II~Ar:.I&b, a member of family ~liaeeae. 1s 

1rXllgenous to Jhelum Valley (Kashmir) and is grown 

throughout the country as avenue and ornamental tree because 

of its attractive flowers (Seth ~ Al, 1962). In addition 

to this its wood 1s also quite hard and it yields very 

attractive veneers. It is extensively used for toys. 

small boxes. handles of tennis racquets and also as small 

roofing material (Brandis, 1906). 

The concept of high density short rotation 

plantations has attracted wide attention in many developed 

countries (Sancier S1 Al., 1972, Steinback ~ ~., 1972, 

Schmidt and DeBell. 1973, Cromer ~ Al., 1976, 

Hansen and Sacker. 1979, Cannel and Smith, 1990). In 

relation to biomass production, the yields as high as 

19.7 dt/h~yr with 22000 trees of populus clones over a 

period of seven years (Bowersox an(! Waro. 1976), 30 dt/ha/yr 

with 6470 stems for E\\5CAIVPtys Asnan at. 10 years 

(Frederick st Al •• 1983), 20 dt.!h-'yr for ASICi. dCa1bato 
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at B years and 20 dt/hayr to aver 30 dt/ha/yr in GmeliD,l 

I[Qgrca at 4th. 5th and 6th year (Akachuku. 1981) have been 

demonstrated. Although intensive studies on growth and 

yield of such plantations in India are still lacking. yet, 

the investigations of Seshadri S1 Al.(1978) and Kimoth1 

S1~. (1983) prOYi~e some interesting information. In 

view of the pavcity of sufficient information on this aspect, 

the present investigation entitled ·St~ies on growth 

performance and site amelioration under high density 

plantation" was undertaken vith the followinq objectivesl 

i) To study relative growth and biomass production 

potential of different species under various 

densities. 

11) To determine the effect of these plantations 
on site. 



2. 
REVIEW o F LITERATURE 

Everaince McAlpine ~ Al. (1966) first proposed the 

idea of ·Silage Sycamore· the concept .of high density short 

rotation plantations has been gaining increasing attention. 

The system basically aims at producing increasing a~unt of 

wood on short cycles from the view point of pulp. fibre 

and fuelwood. Ribe (1974). Howlett and Gamache (1977) and 
, 

Cannel and Smith (1980) have provided a comprehensive review 

on the work related to short rotation forestry. This 

~proaeh haa though attracted a nUY1lber of investigations in 

industralised countries (Herrick and Brown, 1967, Steinbeck 

J1 Al., 1968, Young. 1972, Steinbeck ~ Al., 1972, 

Schmidt and DeBell. 1973, Pearce, 1983), th@ sturlies on 

these lines 1n India are still in the formative stage. 

There have been very few attempts to explore the biomass 

production potential of species when raised under varying 

spacings and different edapho-cl1matic conditions. The 

species influence on site with respect to soil-changes 

have been scarcely investigated. This chapter reviews the 

relevant literature pertaining to the performance of 

species under different spacings and species influence on 

site characteristics. For the sake of convenience the 

review has been discus.~ unrler the followinq three 

heacUnq.J 



1) Growth performance and biomass productivity 

Eucslyptus tereticornis 

Leucaena leucocephala 

Melia azedarach 

1i) Plant nutrient content 

Eucalyptus tereticornis 

Leucaena leucocephala 

Melia azedarach 

11i) Species influences on site 

2.1 Growth performance and biomass productivity 

EucalyPtus tereticornis 

7 

Bhatia (1980) tried various combinations of spacing 

viz. 1.5m x 1.Sm. 2.5m x 2.5rn and 3m x 3m with number of 

irrigations and manurings to estimate growth potential in 

Eucalyptus tereticornls. Both, plant height and collar 

diameter were inversely related with plant density. Hiqhest 

productivity (20 metric tonne ha-1 yr-1) at the age of 2 

years was observed at 3m x 3m spacing coupled with 2 baskets 

FYM per pit and four irrigations. 

Shukla and Rajput (1991) estimated specific gravity 

of Eucalyptus species from different localities and found 

that there was large variation in the relative density of 

Eucalyptus tereticornis of different ages as well as among 

different trees of same .oe. Specifi~ gravity ranged between 

0.515 to 0.599 for the samples taken from the collar 

reolon of tree. 
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George (1982) observed average height 14.64m and 

average dbh 11.1ern in Eucalyptus hybrid plantations of East 

Dehradun Division at the age of 5 years. Thereafter at the 

age of 10 years. average height and average dbh were 18m and 

14.4em respectively. He estimated litter production at 

-1 -1 5 years aqe and observed that 2567 Kq ha leaf. 647 Kg ha 

twig and 163 Kg ha-l bark constituted 3377 Kg ha-1 of 

total litter biomass. 

Patel (1982) reported total biomass yield of 38072 Kg 

-1 -1 ha in Eucalyptus tereticornls: out of which 29942 Kg ha 
~ 

was utilisable biomass. contributed by wood. bark and branches 

amounting to 12898. 4435 and 7609 Kg ha-1 respectively. 

Further 4761 kg leaf ha-l , 15 KQ fruit ha-1 and 5336 Kq roots 

-1 he were also included in total biomass. 

Singh (1982) estimated above ground biomass production 

of Eucalyptus tereticornis in terms of mean annual net 

production to be 18.53. 16.16 and 27.27 tonlha at the age of 

5, 7 and 9 years respectively. .~ereas under-ground biomass 

production was 2.11, 1.55 and 2.06 ton/ha during the same 

ages respectively. 

Chauhan ~!!. (1983) investigated the effect of 

fertilizers and spacinq on tree size, wood specific gravity 

and fibre length of 8 year old EucallPtus tereticornis in 

Gujrat and W. aenqal. They conclude~ that close spacing 

adver.ely affected the height and qirth of the trees whereas 

spacinq and fertilizer. showed no siQnificant effects on 

specific qravity. 
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Gogate (1983) raised Eucalyptus tereticornls under 

high density energy plantation in Gujrat and expected 5-6 times 

more yield per unit area when adequate sunlight, soil nutrients 

and moisture is assured. He revealed that when spacing 

increase. from 1.75 sqm to 8 sqm, m.a.i. goes on decreasing. 

For economic returns 10' x 3' spacing 1s far better over 

6' x 1', 6'x 2', 6' x 3' spacings. The 6' x 4' spacing 

showed outstanding performance from productivity point of view. 

Gurumurthl ~ Ai. (1984) investigated biomass production 

and growth in Eucalyptus hybrid under energy plantations 

trial ( 1.3m x 1.3m spacing) at six months interval in 

Gujrat. The results showed that the total biomass ranged 

from 5dt/ha at 12 months to 66.5 dt/ha at 36 months, the 

utilizable biomass (wood, bark and branch) ranged from 

2.25 dtlha to 43.5 dtlha for the same period. They further 

revealed a direct correlation between the leaf biomass and 

total biomass of different categories of trees. 

Nkaonja (1995) tried 93 species in Malawi~ over 200 

hactare of land in 1979. He observed that Eucalyptus 

camaldulensis, Eucalyptus hybrid, Melia azedarach and 

Leucaen~ leucocephala were among the best adapted and more 

productive species. 

Pandey (1987) compared production potential of 17 

srecies of humid tropics. tropical high land and .emi-arid 

areas. Among the 8 species of semi-arid areas EucalyPtus 

microtheca topped in wood production with wood m.a.i. of 
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7-10 Cu.m per hactare at 8-10 years age, Azadirachta indica 

-1 showed wood ma.i. of 4-6 Cu.m ha at same age. He further 

stated that EucalYptus tereticornis planted on good sites in 

-1 India attains maximum ~.i. of 15.5 Cu.m ha at eight years 

age with 1200 stems ha-l and 21 CU.m ha-1 at six years 

-1 age with 2900 stems ha • 

Tandon et ale (1988) observed that with increase in --
plant density dbh falls whereas plant height shoots up and 

usually, above ground biomass is 3-5 times of under ground 

biomass. They recorded mean heiqht of 13.85m, mean dbh 8.6 em 

in Eucalyptus tereticornis at 3 years aqe under a plant 

density of 1700 plants ha- l • Further splitting the total 

biomass of 26.55 Kg tree-1 produced in a diameter class of 

6-10 cms at 3 years age, the share of various plant parts 

was recorded as 14.67 Kg stem, 2.16 xq bark, 1.3 Kg leaf, 

1.7 Kg twig, 3.25 Kg branch and 3.47 Kg roots. 

Leucaena leucocephala 

Brewbaker (1975) reported that Leucaena leucocephala 

at 16 years age attained a height of 20m or more in Guaitemala. 

Hawaiian oaint reached 15m height for the same age in Hawaii. 

Anon.(1977) reported that Leue_ena leucocephala when 

spaced every 4' as wind breaks, grew to a height of 

4.1m in six months, 9.1m in 2 years ftnd 16.8m in 6 years. 

In another sinqle row plant1nq of aatnt Leucaena leucoeephala 

spaced at 1.2m, the dbh averaqed 21.6cm with a ranqe of 

10.4 to 32.3em 1n 6 years. 
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Benge (197B) reported that gaint ~ucaena grew 13m 

tall with average dbh of 37cm in B years. Where as 

Gupta (1980) observed that 1n North India, Leucaena plants 

grow upto a height of 2m in first year and put on an average 

height increment of about one metre per year. 

Hu et ale (1980) evaluated the growth of Leucaena in --
Taiwan and concluded ~hat more wood can be produc@d by 

-1 closer spacings. They found 20.06 cu.m ha yield of 

Hawaiian gaint Laucaena with 40,000 trees ha-1 , 17.66 cu.m ha-
1 

with 20,000 trees per hactare and 12.27 cu.m ha-1 with 

10,000 trees per hactare of one year old plantation. 

Pathak et al. (1980) studied the effect of three --
population densities (4, 3 and 1.5 plant/sq.m) there cutting 

in(:ensitles (10. 20 and lOcm above the qround) and three 

cutting intervals (40. 60 and 120 days)on the foraqe yield 

of Leucaena leucoaephala. The maximum forage yield was 

obtaln~d with 40 days interval, 30cm cutting height and the 

highest population density (4 plants/sq.m). Dry matter per 

hactare was reduced with depression in plant density. 

Production of branches and leaf/stem ratio was enhanced with 

decrease In plant density. 

In Jammu-Tawil Dutt (1991) observed that Leucaena 

attained a mean height ::)f 4.58m and mean dbh of 2.65cm in 

the first 9 months. Laucaana tree. however. attained a 

helqht of 7.02m and dbh 5.35cm in 2 years. 
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Kapoor !S 51. (1981)reported average height of 3.04m, 

collar dIameter 3.2em and dbh 1.55cm in 18 months for 

Leucaena leueocephalo under Dehra Dun conditions. 

Under farm forestry conditions, aerial biomass and 

coppice shoot qr~,th performance of Leucaena leucoceehala 

were observed by Pathak ~!l. (1991). They revealed th~t 

under 3 rows at 2m spacing, 11.0 ton fuel wood and 1 ton 

fodder (on dry matter basis) can be produced on per hactare 

basis. They also observed 5.59m average height, S.16cm 

average dbh, 5.18 Kg average biomass of bole and branches 

pEr tree and 0.749 kg leaves per tree making a total of 

5.929 kg aerial biomass per tree at 3 years age. 

Shukla (1982) conducted some physical and mechanical 

tests on the strength properties of Leucaena leucocephala 

in green concH.tion in Tara!" forest of Distt. Nainital. 

They recorded the average specific gravity to the tune of 

0.601. -

Van Den Beldt ~ ~.(1982) indicated the productivity 

of Leuca.n~ leucocephala at 4 years age to the tune of 13.3 

to 54.9m3 ha-1 yr-1 at a density of 5,000 trees ha-1• They 

recorded the yield of 96.8 m3 ha-1 yr-1 at 10,000 trees ha-1 

density in 3 years. 

Chaturvedi (1993) view@d the performance of Leucaena 

at different densities. He recorded average ~bh of 8.qem and 

average height of 11.3m at th@ aqe of 2.5 years 1n 2m x 2m 
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spacing. At the same age, using 3m x 3m spacing, he observed 

average dbh 9.5em and average height of lO.8m and concluded 

that plant heiqht was reduced where as dbh was enhanced with 

reduction In plant population. 

('" Relwani ~ 'ale (19 q 4) conducted an experiment on 

Leucaena leucocephala under various plant densities at 

Urull-Kanchan 1n 1972. They estimated fodder yield, growth 

and productivity at the age of 9~ years. They observed 

larqest fodder yield of 72.96 q ha-1 euttlng-1 at a density 

of 1,00,000 plants ha-1 followed by 66.83 q ha-1 euttinq-l 

at 50,000 plants ha-1 and 62.26 q ha-1 cuttlng-1 at 33333 

plants ha-! They revealed a linear relationship of yield 

with increasinq density. It was further observed that plants 

in 1m x 1m spacinq averaqed a height of lO.46m and dbh of 

6.S9cm aqainst 10.94rn 1n height and 12.7cm dbh in 3m x 3m 

spacing in 3 years. 

~ Mishra ~ ~.(1986) dealt with biomass accumulation 

pattern in Laueaena leueocephala K-B raised under O.75m x O.75m, 

1m x 1m, 1.25m x 1.25m and 1.50m x 1.50m spacings. Maximum 

biomass vas recorded in planta raised at 1.25m x 1.25m 

spAcing. Accumulation oE dry matter (kq per plant) revealed 

a direct relationship ~th increasing spacement, whereas 

total biomass prOduction followed an inverse trend with 

increa.ing spacings. Maximum value ~or both, av~ra9. he1qht 

and averaqe diameter were observed under 1.2Smx I.25m .pac1nq, 

revealinq a positive response to wider spacinqa. 
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Pathak (1987) tried Leucaena at v'.rious ait •• including 

dry and moi.t condition.. On road aide (moi.t) plantation at 

4 year. age with 5,000 plants ha-1 density, collar diameter 

wa. 12.5 % 1.2cm, height was 12.4 ± 0.9m yielding 308 cu.m ha-t 

volume. On river bank (moist) at the age of 1 years under 

same plant density, collar diameter va. 16.8 ± 1.6em, height 

18.1 ± O.8m yieldinq 831.6 cu.m ha-1 of volume. Even on dry 

road side plantations 1n 4 years appears to be encouraging f~r 

optimizing biomass production from vaste lands. 

~Sharma et 81.(1987) while comp~ring the growth --
performance of eleven agroforestry species, observed 113.6Scm 

height and O.Slem collar diameter at 6 months age in 

Leucaena leucocephala. It gave quite better performance 

than Eucalyptus teretlcornls which attained 84.92cm height 

and O.8Scm collar diameter within same period of time • 
.. 

Desai ~ !!.(198S) tried Eucalyptus hybrid and 

Leucaena leucocephala under 30cm x 3Ocm. 60cm x 60cm and 

90cm x 90cm spacings to estimate annual yields. Highest 

yield of Leucaena was recorded under 60cm x 60cm spacing 

whereas the maximum biomass under !:ucalyptus hybrid vas 

observed at 90cm x 90em spacing. 

Melia azedarach 

Anon. (1910) revealed the performance of Melia 

azed8rach to be better than Poinciana regia and Alblzzia 

procera • 

In Mahara.htra, 8 .pecies were tried on d.qrad~ 

vertisols by Nlmbkar et al.(lq86). At 15 months a;e. --



15 

Leuceana leucocephala and Melia azedarac~ were found to be 

superior than all other apecies. These two species performed 

better at the spacing of Sm x O.6m as compared to 3m x 1m. 

Watanabe et al. (1988) advocated the use of EucalyPtus --
camaldulensia, Melia azedarach and Leucaena leucocephala in 

Thailand, under Taungya system with various crops viz. coffee, 

cashew nut, banana, etc. They considered these as faat 

growing species and best suited to all the four agro-cltmatic 

zones of the country. 

Miscellaneous 

Pakirov (1972) estimated the biomass production of 

poplar plantations under different spacings varying from 

3m x 3m to 8m x 8m. After 7 years, best growth performance 

was observed at spacing of 4m x 4m. 

Heilman et ale (1972) tested O.3Om x O.30~, O.61m x --
O.61m and 1.22m x 1.22m spaeing in close spaced, short-rotation 

culture of black cotton wood. They conclUded closest spacing 

(O.30m x O.30m) resulted in highest yield in the first 

rotation where as in the second rotation, yield was not affected 

siqnificantly by spacing. In both the rotations dry matter 

production h.-1 followed an inverse trend with increase in 

spaci~. 

Pal.shev (1973) detailed the performance of Populus 

deltoides upto the age of 12 years under various plant 

dens1tie.. Stem wood volume per hactare at the age of 12 years 

deere ••• d with increa.inq spacing. However, m.a.i. vas 4.84cu •• 
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ha-1 at 2m x 2m spacing and 2.38 cu.m ha-1 for 6m x 6m 

spacing. 

Schmidt and Debell (1973) grew populus under O.3m x 

O.3m, O.6m x O.6m and 1.2m 1.2m spacings. At the age of 2, 

3 and 4 years, maximum wood production was observed under 

O.6m x O.6m spacinq followed by O.3m x O.3m and then by 

1.2m 1.2m spacing. 

Dawson et ale (1976) stUdied growth, dry weight yield --
and specific gravity of 3 years old Populus 'Tristis#l' under 

intensive culture and suggested that more wood can be 

produced for pulp manufacture under short rotation and nearly 

optimal growing conditions than in natural stands. 

/ ~ Kaul and Sharma (1982) planted Pinus carlbaea under 

different spacings varying between 2 sq.m to 3.5 sq.m and 

observed its grOwth at the age of 8-9 years. DBH was enhanced 

with incc@ase in plant .pacing where as plant height and 

mean plot volume followed an inverse trend with plant spacings. 

Kaul ~ !l.(1983) observed that at the age of 8 years,438 

poplar trees yielded 85991 xg per hactare biomass in total. 

Share of various tree components was estimated in the order 

I bole (48-59 X), leaf (5-8"') I Bark (11-18~') 1 branches (8-1 ~) 

and twig (10_17%). The above ground biomass shared 83 per cent 

and root. shared 17 per cent of the total biomass. 

2.2 Plant nutrient content 
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Eucalyptus hybrid 

George (1984) investigated biomass production and 

nutrient removal 1n three,10 year old plantations of 

Eucalyptu~ hybrid. He observed that biomass production was 

93187 kq ha-1 with 992 trees he-1 , 9868 k9 ha-1 with 1023 

trees and 83804 kg ha-1 with 1133 trees ha-1 which constituted 

69-74 per cent of the total above ground biomass of the 

total uptake 43-44 per cent of N, 48-50 per cent of P, 31-35 

per cent of K and 37-47 per cent of Hq were removed by wood 

harvesting alon~~ 12-30 per cent of ·the total uptake of various 

nutrients could be re-cyeled by leaving the bark on 

forest floor. 

Gupta and Raturi (1984) observed 1.78 per cent N, 0.087 

per cent P, 0.91 per cent K, 1.357 per cent Ca and 0.309 per 

cent Mq in leaves of Eucalyptus hybrid at 10 years age. 

Bark recorded 0.41 per cent N, 0.033 per cent P, 0.522 per cent 

K. 3.4 per cent Ca and 0.293 per cent Mg where as 0~J83 per 

cent N, 0.027 per cent P, 0.353 per cent K and 0.947 per cent 

Ca and 0.150 per cent Mq was indicated in branches. However, 

0.19 per cent N, 0.023 per cent P, 0.108 per cent K, 0.210 per 

cent Ca and 0.023 per cent Mg vas revealed in bole. 

Ne;l and Sharma (1984) reported that in Eucalyptus 

qlobulu8 harvestin; the bole alone (S9per cent of the total 

biomass) at the aqe of 7 years resulted 1n the removal of 

nearly 44 per cent Nand p. 29 per cent K, 7 per cent Ca and 

24 per cent Ho. 

Singh (1984) recorded nutrient concentrations in 
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different plant parts of 5 year old Eucaliptu8 teretlcornla. 

He observed 0.96 per cent N, 0.29 per cent P and 4.58 per cent 

Ce In leave., 0.51 per cent N, 0.24 per cent P and 3.83 per 

cent Ca in bole, 0.46 per cent N, 0.23 per cent P and 3.50 

per cent Ca In branehe., 0.28 per cent N, 0.29 per cent P and 

3.75 per cent Ca in roots. 

Malik (1997) estimated nutrient content in various 

plant components. In leaves 1.]07-1.643 per cant N, 0.180-

0.207 per cent P and 0.42-0.59 per cent K were highest among 

all tree components. In branches, N (0.560-0.747 per cent), 

P (0.105-0.183 per cent) and K (0.37-0.48 per cent) was 

observed where as 0.597-0.747 per cent N, 0.128-0.188 per cent 

P and 0.42-0.48 per cent K vere reported in stem. However, 

in roots 0.485-0.709 per cent N, 0.070-0.117 per cent P and 

0.37-0.44 per cent K were recorded. 

Lauc •• na leucocephala 

Upadhyay ~ ~.(1974) found a wide ratio between 

calclum and phosphorus (1611) 1.e. Calcium (2.7 per cent) and 

Phosphorus (0.17 per cent) 1n mature Laueaena leucocephala 

leav... ·Nhere as maqnes1wn 0.11-0.32 per cent, Phosphorus 

0.10-0.25 per cent and calcium 1.2-2.2 per cent have been 

r.ported by James at ale (1977). --
Adenqe (1979) reported 2.8 per cent calcium, 0.20 

per cent phosphorus. 1.78 per cent potasslwn, 0.21 per cent 

sodium and 0.37 per cent IftaqneslUJ11 In mature leaves of Leueaena. 
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According to Sharma (1981) dry Leucaena contains total 

ash 11.0 per cent, total nitrogen 4.2 per cent, Calcium 2.3 per 

cent and phosphorus 0.23 per cent. 

Melia azedarach 

Singh (1982) reported 2.55 per cent calcium and 0.23 

per cent phosphorus in Melia azedarach, while in Leucaena 

leugocephala, 2.99 per cent calcium and 0.19 per cent P was 

reported. 

Miscellaneous 

Kaul et ale (1979) estimated nutrient content (N, p. K, --
Ca and Mg) of leaves, twig, branches. stems and bark in 21 

year old coppiced sal forest. They observed highest -
concentration of N. P, K. Mg 1n leaves and Ca in bark. Hi9hest 

value of N. p. K and Mq in leaves was followed by twig, bark 

and bole where as highest value of Ca in bark was followed 

by twiq. leaves and bole. 

2.3 Species influences on site 

Trees can have a major effect on site by influenclnq 

micro-c1 tmate and soil properties. They affect the 80il 

primarily by the amount and composition of litter deposited 

and alno by nutrient uptake and accumulation. They also 

affect the amount and compo.ition of water flow into and 

throuqh the eco-system. In some cases tree species enriches 

the aoil by f1xinq atmospheric-N2, where as in others only 

the nutrient depletion la accounted. Since the information 
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on thi. a.pect i. very .canty. it i. attempted to pre.ent 

the relevant literature 1n a conden •• d form. 

Dljkman (1950) revealed that the nutrients which 

Lauc.ena obtain. from the deeper soil strata are Qradually -deposited in the top .011 a. it shed. l •• ves reqularly. It 

was further foun~ that the amount of orqanic material can be 

increa.ed enormously. 

NlhlQard (1971) observed .oil chemical properties 
/ 

under 40-55 years old Picea abies surface .oil pH. Ca, Mq and 

K were aome what lower, P and Fe were some what hiQher, and 

Nand C were the same as under Fagus .ylvatic. • 
I 

Anon. (1976) mixed Laue.ena gfauca, after one year of 

90winQ, into the soil and revealed that alkaline soil has 

become neutral. 

Flinn ~!!. (1979) reported a net annual increase of 

nutrients per hactare for three undisturbed forest catchments 

distant from coast. of the order of 0.3kg N. 0.005 kg P, 

2.7 kg Ca, 1.4 kg K, 0.2 kg Mg. 1.0 kg Na and 9.9 kg Cl. 
/' 

George (1979) estimated that in Eucalyetus h~rid 

plantation of 6 year aqe, 18.5 kq ha-1 of K, 18.5 ltq ha-1 of 

Ca, 4.7 kg h.-1 of Mg, 3.9 kq ha-1 of N and 0.4 kq h.-1 of P 

1s returned to the 8011 as stenflow, through fall and , 
rain water. 

Turvey (1979) found that depletion of exchangeable 

calcium in the soil under 4 year old and 14 year ole! 
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( 
Eucalyptus hybrid.plantations corresponded very closely to 

the quantity of calcium contained in the biomass. His data 

showed that the harvesting of the 14 year old plantation 

could leave the soil severly depleted in exchangeable calcium. 

Wise and Pitman (1981) observed Phosphorus, Sulphur 

and Calcium to be the main limiting nutrients for forest 

trees in New South Wales. Nitrogen might also be limiting 

on a few sites but in most forest situations nitrogen 

availability usually increases after clear felling (harvest). 

/ 
Evans and Rombold (1984) observed that Melia azedarach 

if clearfelled after 10 years age, have a potential to 

improve soil by adding organic-C and nitrogen. Besides 

improving soil aeration, its root retriev the nutrients 

leached below the root zone of annual crops. It was observed 

that humus layers was re-built and the soil structure is 

becoming le88 compact and more porus where wood lots have 

been planted. 

Karunakaran (1984) conducted a study at Kerala Forest 

Research Institute to evaluate the change in soil properties 

under current ~uc~YPtus plantations. The study indicated 

generally hiqh fertility of the 80ils, based on relatively 

hlqher levels of orqanic carbon and cation exchange capacity. 

Slnqh (1984) revealed that Ca concentration vas 7-8 

time. ~o that of nitrogen in 5-9 years old EucalyPtus hybrid. 

The ratio was still higher in non-leaf litter. Eucalyptus 
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tereticornis r.l •••• d 14.25 to 34.59 k9 N. 98.22 to 334.55 kg 

C. and 8.63 to 13.78 kg P ha-1yr-1 to so11 in 5-9 years 

~ plantations. 

Verinumbe (1987) received highest ground nut yield 

on the soll from under Azadirachta indica followed by 

Pro.opls follflor.. EucalYptus camaldulensls and f1eld 

so11a. 



3. 
MATERIALS AND METHODS 

The present investigation entitled ~Studie. on qrowth 

performance and aite amelioration under hiqh density 

plantations". was carried out in the energy plantation trial 

at Re9ional Re •• arch Station, Dhaulakuan (Sirmaur) of the 

Dr.Y.S.Parmar University of Horticulture and Forestry, Solan 

Himachal Pradesh during the year 1988-89. Details about the 

experimental site. materials used and methodology adopted 

durinq the course of study are discussed in this chapter. 

3.1 Experimental site 

3.1.1 Location 

The experimental site is located at 300 4'N latitude 

Bnd 770 5 1 E longitude with elevation of 370 metre above mean 

sea level. It is situated at a distance of 22 Km from Nahan 

on Nahan-Dehra Dun road. 

3.1.2 Climate 

The study area falls in the sub mountain low hill 

sub-tropical zone. May and June are the hottest months 

whereas December and January experiences the lowest 

temperatures. 90th .arly as well as late frosts are quite 

common. Or, an average the annual rainfall varies from 

1400-1800mm, most of which is concentrated during July-Au~t 

(Monaoon •• a.on). Winter showers are thouqh connon, but the 

quantum of precipitation is usually love Annual temperature 
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o 0 ranqe between 4-44 Cel.ius with a mean value of 23.5 Celsius. 

The meteoroloqical data pertaining to the experimental aite 

for the year 1987 and 198B are presented in appendix -I and 

oraphlcally 1llustrated 1n Fig.l. 

3.1.3 so11 characteristics 

The experimental aite was an abandoned land on the 

of eeaaonal rivulet. Due to low depth of s011 and high 

proportion of 9ravel. it was being used only for grazing 

and at times for storing the fire wood and agricultural 

hank 

produce. The details of the profile characteristics as well 

as chemical analysis for so11 samples drawn before initiating 

the study are documented in Table 1a and lb respectively. 

].2 Description of energy plantation trial 

The energy plantation experiment was established 

during July 1986 to demonstrate the growth and biomass 

production potential of three fast growing species under 

varyinq plant densities. In total 960 planta for each 

of the species 1 ••• ,EucalyPtus hybrid. Melia azedarach (non 

leguminous app.) and Leucaena leucocephala (le9umlnous) were 

planted originally. These species showed remarkable 

.stabli.hnen~.: as an average survival of more than 98.7 per cent 

was noticed at ~he time of record!n; observations 1.e. 

October, 1988. The full details about the experimental 

d •• iqn, layout and treatments are mentioned in the follovln9 

section •• 
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Tabl. 1a. Soil profile characteristics of the experimental 
area 

Horizon 

Land features - Flat land 

Parent materlals- Sand-stone, Conqlomerates, 
boulders, pink dolomitic lime­
stone and calcareous shales 

Depth Characters 

--------~-----~ ... - .... -------.----,-.- .... -. .... ~- -
o - lScm 

15 - 30cm 

B 30 - 10cm 

70 - 90cm 

Tex: Sandyloaml strl weak medium 
sub angular 
blocky, 

Colour I 10 YR 5/4 

Tex. Sandyloaml Colour: 10 YR 4/4 

Texl Loamysand; Colour 10 YR 4/4 

Tex. Sandyloaml colour. 10 YR 5/4 

Table lb. 5011 chemical characteristics of the blank area 
adjoining to the experimental area 

SolI Depth Characters ------------------------------
o - 15c:m pHs 6.961 orqanic carbon. 0.22 per cent, 

available nitrogen. 306.55 kq ha-I , 
available phosphorus. 26.8 kg he-1 , 
available potassium. 119.4 kg ha-1 , 
exchangeable calcium. 618.33 ppm, 
exchanqeable maqnesiumr 136.33 ppm. 
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3.2.1 Experimental design and layout 

The experiment was laid out in a Factorial Randomised 

Block Design (RBO) with three replications. The treatments 

included three species and four densities comprising 12 

combinations. The size of each plot was kept as 8 m x 8 m. 

3.2.2 Treatments 

The details of the 12 treatments resulting from all 

the possible combinations of three species and four densities 

are given below. 

Species I 
51 - Eucalyptus hybrid (Sym. !. tereticornis) 

82 - Leucaena leucocephala 

S3 - Melia azederach 

Spacing., 
Dl - 5, 000 plants/ha (2m x 1m) 

02 - 10,000 plant./ha (1m x 1m) 

D3 - 15,000 plant./ha (1m x O.66m) 

D. - 20,000 plant-Iba (1m x 0.5m) 

Treatments, 
5 1 .. °1 S2 Dl S]Dl 

5
1

D
2 

5
2

D
2 S3 D2 

S1D] S2Dl 5
l

D
1 

S1 D• 5 2 D. SlD .. 

l.J Observations recorded 

The observations were recorded on growth, b1.oma66 

nutrient content 1n plant component and chemical 

change. in .oi1 component. To study growth related 

and 
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character. a definite .ample proportional to plant 

population (den.ity) i.e. 5 plant. from 5000 plants/ha 

den.ity and 30 plants from 20,000 planta/ha density v •• 

•• lected randomly. Bioma •• e.tim~tiona, however, w •• 

performed by excavating only 5 plant. from •• ch plot. The 

obaervationa were macSe from October 34 -2R, 1988 when the 

years Qrowth wa. almoat complete. The detaila of the 

methodoloqy adopted an a. under, 

Pl,at height 

Plant heiqht was me •• ured in met~. fra. qround lev.l 

to the tip of main .hoot with the help of a pr~rly 

qraduated wooden rod. 

Collar -diameter 

Collar diameter was measured in centimeters with the 

help of a vernier calliper. To maintain uniformity, 

measurements wwre taken 5cms above ground level. 

Specific gravity 

Observations on specific qravity were confiDed to the 

main .tem. Specific gravity was determined by the ~1-_ 

moisture method (Smith. 1954). Two centt.eter looq samples 

of wood were taken at collar level. 'lhe green .... ight of t"'.e 

samples at maximum moisture level waa recorded. ?he .~les 

were then oven dried at 102 Z 10 C until a c~stant weiqht 

-was attained, the dried ..... ple. were w.iCJhed aDd the 5;)eClflc: 

qravity va. workltd out as per the foratla 9iYen below. 



Specific gravity of wood sample· Mm-Mo 
Mo 

where 

1 
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+ 1 

• Fresh/qreen weioht of the sample having 
maximum moisture content 

Mo • Oven dry weight of sample 

as .. a constant with a value of 1.53 

Tot,l biomass and its partItioning 

To study this aspect, five plants were sampled from 

each plot. The plants were separated into different components 

viz. root, stem, branches and leaYe8 and processed for qreen 

and dry weight measurements. - Leaves and wood samples were 

oven dried at 60°C and 110°C respectively. Biomass of the 

component was worked out by using the formula 

Dry matter • Dry weight of samples Total fresh 
Fresh weiqht of the samples x weight 

Sum of the dry weight of all the components gave the 

total biomass. 

3.4 Chemical analysis 

3.4.1 Plant. -----
The oven dried and ground plant samples were digested 

in 411 Nitric Perchloric acid mixture. The digested material 
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was diluted to 100ml. Total Phosphorus and Potash were 

determined by Vando-molybdate method and flame photometer 

(Jackson, 1973) respectively. Total Ca and Mg content were 

determined by Versenate method (Richard, 1954). For the 

estimation ot total N, plant material was digested in 

concentrated sulphuric acid and it was determined by 

Micro-kjeldahl method (Jackson, 1973). 

3.4.2 SolIs 

The solI samples were analysed for the various 

chemical characteristics. Soil pH was determined in 112.5 

80il water suspension with the help of digital pH meter. 

The organic carbon was estimated by wet digestion method of 

Walkley and Black (1934). Available N was determined by 

Alkaline Potassium permagnate method (Subbiah & ASija, 1956). 

The determination of available phosphorus was done by Olsen's 

method (1954). Available K was extracted in neutral normal 

ammonium acetate solution (Morwin & Peach, 1951) and 

eat~ated by a Flame Photometer. Exchangeable Ca and Mg 

were determined with EDTA titration method given by 

Black (1965). 

3.5 Statistical analysis 

The data recorded for different parameters were 

subjected- to appropriate statistical analysiS as per the 

procedure given by Cochran and Cox (1970) and ANOVA were 

prepared accordinoly. 
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4. 
E X PER I HEN TAL RESULTS 

The results of the present investigation undertaken to 

study the growth performance and site amelioration under hiqh 

density plantations are presented in this chapter. The 

results have been dealt under five principal headings. 

i ) Survival 

11) Growth and development 

iii) Biomass and its partitioning 

iv) Plant nutrient content 

V ) Site amelioration 

The relevent data pertaining to different attributes 

have been presented in Table 2 to 10. The analysis of 

variance have been appended in appendix-II. 

4.1 Survival per cent 

The data on survival per cent revealed only 1-2 per 

cent mortality (Table 2). The species. density as well as 

species x density interaction did not cause any significant 

effect on survival. 

4.2 Growth and development 

The results in relation to growth and development of 

difterent species raised under varying densities are presented 

in Table 2. 



Table 2 Survival, growth and development in different species as influenced by various densities 

\ 

~ 
&1rvlval per- CB1t Plant ~ (an) 

°2 02 03 °4 r-'e3I1 01 D2 03 04 M9an 

El.x:alyttus <13.% 100.00 100.00 100.00 ~.74 2.fJl 3.43 3.54 3.44 3.32 
~ 

La.xEEm. <13.% 100.00 97 /57 ~.44 <13.74 3.41 3.00 3.9:> 3.97 3.79 
.le rTXl.£lala 

~. <13.% l00.a> ~.65 93.48 ~.52- 3.00 3.32 3.T! 3.763.76 
.~ 

fi:B1 <13.% 100.00 <:J3.Cf7 <:J3.l) 3.10 3.55 3.6) 3.72 

<bliar di.cm=t.er- (an) 

01 02 D3 D4 Mean 

3.02 2.83 2.84 2.TI 2.00 

3.52 3.12 3.10 2.TI 3.13 

4.51 3.61 3.31 3.26 3.67 

3.69 3.21 3.(8 2.93 

S Ed 
Survival per cent Plant height Collar diameter Specific gravity 

S 0.66 0.11 0.17 0.0091 

0 0.76 0.13 0.19 , 0.0105 

S x 0 1.32 0.22 0.34 0.0182 

COat 5% 

S NS 0.23 0.35 0.0189 

D NS 0.26 0.41 0.0219 

S x D NS NS NS 0.0379 

~fic gravity 

Dl D2 03 D4 Mean 

0.5723 0/3iB7 0.'3£72 0.5642 0.5694 

0.6493 0.6415 0.6356 0.6315 0.6395 

0.4841 0.4f:iT7 0.4235 0.3933 0.4415 

0.5677 0.5996 0.5421 0.5291 

~ ... 
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4.2.1 Plant height 

Plant height reflected significant differences among 

different species (Table 2). Leucaena leucocephala (52) 

registered the maximum plant height (J.79m) which proved 

significantly better than Eucalyptus hybrid (51) as well as 

Melia azedarach (53)' the latter species. however. remained 

statistically at par. Plant height increased with .increase 

in plant density. The D2• D3 and D4 though revealed no 

significant differences yet proved statistically superior to D1 • 
, 

The species x plant density interaction showed no 

significant effect for plant height. In all the species. 

the plant height increased with an increase in plant density 

excepting for Eucalyptus hybrid where D4 showed comparatively 

smaller plants than 03. 

4.2.3 Collar diameter 

Table 2 shows that collar diameter in species ranged 

from 2.88 to 3.67cm. It gained the maximum value under 53 

which was significantly higher than other species. 3
2 

though _ 

depicted substantial qain over S1. the difference. however 

remained statistically non-significant. 

Collar diameter declined with increase in plant density. 

It attained significantly higher value under 01 as compared 

to other densitiesl the °2 - OJ and D. behaved statistically 

alike. 

The collar diameter was not influenced significantly 

by interaction between species and densities. It attained 



Table 3 Biomass and its partitioning {on kg per plant basis} in different species as influenced by various densities 

Species 

EU::alyp:m 
~ 

*Per:calt 

Le..xa:ra 
le~ 

.Per:~'" . 

LEAF BIOMASS TWIG BIOMASS STEM BIOMASS ROOT BIOMASS 
01 02 03 D4 Mean Dl 02 D3 04 Mean Dl D2 D3 D4 Mean Dl 02 D3 04 

TOTAL BIOMASS 
Mean Dl 02 03 D4 Mean 

0.26 0.25 0.2l 0.18 0.22 0.105 O.CSS O.C@ 0.051 0.078 0.39 o.n 0.36 0.36 o.n O.Al 0.18 0.17 0.17 0.18 0.96 O.fB 0.00 0.71 0.85 

7:7.00 28.00 26.25 23.38 26.37 10.94 9.55 7.00 7.92 9.lB <D.63 41..57 45.00 46.75 43.n Al.83 ;r)!22 21.25 22.W 2.l.CB 
. , 

0.25 0.2l 0.18 0.17 O.Al o.em 0.002 0.031 0.<B4 0.001 0.71 0.56 0.53 0.41. 0.55 0.28 0.22 0.17 O.ll O.Al 1.34 1.01 0.97 O. Tl 1.01 

18.a5 19.44 18.56 22.00 19.42 7.23 8.52' ,$ld.91 8. 70 52.~ 51.85 44.64 53.23 53.13 Xl.90 'XJ37 17.53 14.29 lB.75 
, . . . 

Milia 
~ 

I. 0.23 0.2l 0.18 0.18 0.2:> 0.94 0.002-0.0050.<B4 O.Cffi L35 0.65 0.65 0.42 0.77 o.m 0.42 0.25 0.2) 0.39 2.36 1.n 1.170.00 1.45 -
JItlPer:cmt 9.7515.3315.38 2:>.45 13.71 3.~ 6.72 7.26 . 9.55 6.ll 57.2:> 47.45 55.5547.73 53.65 23.24 X>.a5 2l.37 22.73 27.13 

tml 0.24 0.22 0.19 0.17 O.~ 0.000 o.rm 0.076 '1;).82 0.53 0.51 O.<D 0.39 0.7:7 O.;!) 0.16 1.55 loll O.~ 0.81 
tml19m tml7$ ~~~ ~~~ 

S Ed Leaf biomass Twig biomass Stem biomass Root biomass Total biomass 

S 0.08 0.007 0.01 0.03 0.14 

° 0.09 0.008 0.01 0.04 0.16 

S x D 0.15 0.014 0.03 0.07 0.28 

COat 5% 

S 0.16 NS NS 0.07 0.29 

° 0.18 0.016 0.03 0.08 0.33 

S x D 0.31 NS NS 0.14 NS 
' . ~ 
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the maximum value (4.51cm) for 5] at D1, whereas the minimum 

value (2.77em) occurred for 51 at D4• 

4.1.4 Specific gravity 

The specific gravity varied slqnificantly among 

different species (Table 2). It assumed the highest value 

in S2 (0.6395) followed by 51 (0.56684) and 5] (0.4415). 

Plant density showed an inverse relation with specific 

qravity. The 01 behaved statistically alike to . D2 but 

proved significantly better than D] and D4 • The D2, and D3 

did not differ siqnificantly. ' 

Specific gravity was not found to be influenced 

siqnificantly by species x plant density interaction. It 

experienced a continuous decline in all the species with 

increasing plant populationl significant difference however 

could be noticed only in 5] where D1 and D2 though remained 

statistically at par but were significantly better than D3 

and D4• While observinq the specific gravity of species 

under a particular density, the Leucaena leucocephala always 

excelled the other species. 

4.3 Biomess and its partitioning 

4.3.1 Biomass computed on per plant basis 

Th. data on total biomass and its partitioning as 

computed on individual plant basis are presented in Table 3. 
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4.3.1.1 Leaf biomass 

Leaf biomass in species ranged from 0.20 to 0 •. 22 kg 

plant-1 (Table 3) but lacked to reflect significant 

differences. 

Leaf biomass revealed significant differences among 

different densities. It showed a consistent reduction in 

leaf biomass with increase in plant density. 01 behaved 

statistically alike to 02 but both the levels were found 

siqnificantly better than 03 and 04. The leaf biomass was 

not influenced siqnificantly by interaction between species 

and densities. It obtained the maximum value in case of 

51 01 whereas 52 D4 recorded the minimum value. 

4.3.1.2 Twig biomass , 
-1 The twig biomass varied from 0.079 to 0.091 kg plant 

in species but reflected no significant differences (Table 3). 

~. leucocephala accumulated the maximum twig blom~ss 

followed by Melia azedarach and !.tereticornls. There was 

a marked decline in twig biomass with increase in plant 

density. 01 behaved statistically at par with 02 but 

proved significantly better than 03 and 0.. The 02' 03 

and 0. depicted no statistically significant differences. 

The twig biomass wa. not found influenced 

Significantly by species x density interaction. It decreased 

under 611 speeies with subsequent increase in plant density. 

Maxtmum as well a. minimum twig biomass was observed for 

51 at D1 and 0. respectively. 
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4.3.1.3 Stem biomass 

Stem biomass differed significantly among different 

specie. (Table J). Maximum stem biomass was recorded in 

53 (0.77 kq plant-I) whilst 51 yielded the minimum value 

(0.37 kQ Plant-I). Stem biomass depicted an inverse relation 

with plant density. It attained significantly higher value 

un~er 01 as compared with other ~ensities. Increasing plant 

density from 02 to 0] or D4 resulted in considerable decline 

in stem biomass but the difference remained non-significant. 

The stem biomass was affected significantly by species x 

density interaction. It ~ecline, in general, under all 

species with corresponding increase in plant population. 

Significant reduction however could be observed only under 

S3 while increasing the density from Dl to D2 , D] or 04. In 

relation to performance of species under a definite density, 

S3 always maintained its superiority over other species. 

4.3.1.4 Root biomass 

As evident from Table 3 root biomass ~s influenced 

significantly by the species under study. It attained the 

maximum value in S3 (0.39 kq plant-I) which was 

significantly higher than 52 (0.20 kg plant-1 ) as veIl as 

51 (0.18 kg plant-1
)1 the latter species depicted no 

significant difference. Root biomass experienced a 

significant reduction with increase in plant density fro. 

°1 to D2, 03 or 0.. The D2 behaved statistically alika 

with D3 but proved aiqniflcantly better than D •• 
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There was a significant effect of species x density 

interaction on root biomas8. It declined in all the species 

with increase in plant densitYI a drastic decline, however 

could be observed only in Melia azedarach. While observing 

root biomass under a particular density it was seen, 53 

always maintained its superiority over other species. 

4.3.1.5 Total biomass 

Tabla ] shows that total biomass producti~n differed 

significantly among different species. Melia azedarach 

-1 accumulated the max~um biomass 1.44 kg plant which was .. 
27.7 per cent more than ~. leucocephala and 39.58 per cent 

more than !.hybrld·. ~. leucocephala yielded 16.35 per cent 

more biomass than 1. hybrid but the difference remained 

statistically non-significant. 

Total biomass declined markedly with increase in plant 

density. There was a significant reduction of 28.51 per cent, 

35.71 per cent and 46.75 per cent in total biomass with 

increase in plant population from D1 to 02' D] and 0. 

respectively. The D2, D3 and 0. behaved statistically alike. 

The species x plant ~.n8ity interactions did not 

influence total plant biomass siqnificantly. While comparing 

the performance of species under different densities, 53 

\ always yielded the maximum biomsss followed by 52 and 51. 

While compsrinq the contribution of individual plant 

component In total biomass irrespective of densities, it was 

seen that both In !.hybrid aa well aa Leucsena leucocephala 
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stem provided the major share follow@d by leaf. root and twig. 

In ~.azedaracn stem continued to be the dominant component but 

the root biomass showed an edge over leaf biomass. Averag@ 

contribution of stem. root, leaf and twig computed on the 

baais of three species was observed to be 49.85, 22.33, 

19.83 and 8.03 per cent respectively. There was apparantly 

more allocation of assimilates towards above ground portion 

in all the three species. 

4.3.2 Total biomass computed on per hactare basis 

The data on total biomass computed on per hactare 

basi. are tabulated in Table 4. It i8 seen that M.azedarach - -------
recorded the max~um biomass (14947.5 kg ha-1) which was 

19.65 per cent and 30.05 per cent higher than ~.leucocephala 

and !.hybrid r@spectlY8ly. 

Total biomass showed a substantial improvement with 

increase in plant density. It gained significantly 

higher values under D3 and D. compared with D1 and 02' 03 

and D4 behaved statistically alike. 

The interaction between species and density did not 

cause aiqnific&nt effect on total biomass computed on per 

hactare basis. 

4.4 Plant nutrient content 

4.4.1 Leaf nitrogen 

The ~.ta for leaf nltroqen content demonstrated 

8ignificant differences amonq different species (Table 5). 



Table 4 . 'b"Tc> <-tuci~~ . . . (k h b ' ) . d' f f Bl~:nass ~ ~ ~a IbiGlilli'!l' on 9 per actare aSls 1n 1 erent 
species as influenced by various densftiec. 

Species Plant density 
D1 D2 D3 D4 Mean 

Eucalyptus· ·4770 9026 12361 15666 10456 
hybrid 

. 
Leucaena 6442 10936 14735 15926 12010 
1eucaena -
Melia 11025 13160 17725 17880 14947 ~ 
azedarch c.. 

--.j' 

~~ . ,.,. 
Mean 7412 11041 14940 16491 ,...<:> 

\J\ 

S Ed C D at 5% 

S 1342 2785 

"6J 
D 1550 3215 ~ 

S x D 2685 NS 
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5 accumulated the maximum leaf nitrogen (1.74 per cent) 
2 

which proved significantly higher than 53 (1.~4 per cent) .s well as 51 (1.22 per cent). 

Leal nitrogen was depressed significantly with 

increase in plant density. The reduction was more striking 

with increase in density from D1 to D2 than with subsequent 

increase 1n density levels. 

Species x plant -iensity interactions revealed maximum 

leaf nitrogen in case of 52 Dl while the minimum was 

recorded under 51 D.- Observing a particular density, 

Leucaena leucocephala always showed an edge over other species. 

It was further observed that leaf nitrogen declined in all the 

species with increase in plant density. 

4.4.2 Leaf phosphorus 

Leaf phosphorus content attained almost identical 

values in all the species and thus failed to reflect 

significant differences (Table 5). It showed however a 

significant reduction with subsequent increase in plant 

density. The species x density interaction was not found to 

influence the leaf phosphorus Significantly. Leucaena 

l@ucocephala demonstrated the max~ leaf phosphorus 

content under all dena1ties. 

4.4.3 Leaf potassium 

As eVinced from Table 5. leaf potassium differed 

aiqnlflcantly under different specie.. Max~um leaf 



Table 5 Leaf N,P,K,Ca and Mg content {%) in diffet"ent species as influenced by vat"ious densities 

~es N P K Ca M3 
D 
1 °2 D3 °4 ~ °1 D2 °3 °4 Meal D1 O2 D3 04 

M9;n 01 °2 °3 °4 Meal °1 °2 °3 °4 ~ 

Ell::al~lS 1.38 1.33 1.13 1.05 1.22 0.21 O.~ 0.19 0.18 O.~ 0.70 O.ES O.ES 0.61 O.ES 5.26 5.43 5.53 6.13 5.59 0.47 O.~ 0.47 0.46 0.47 
~ 

raraena 1.92 1.77 1.74 1.52 1.74 0.23 0.22 0.21 0.19 0.21 1.01 0.94 O.SO O.SO 0.94 5.~ 5.26 5.70 5.73 5.:0 0.55 0.53 0.52 0.:0 0.53 
le~ 

Mia 1.00. 1.33 1.29 1.15 1.34 _ 0.22 O.~ 0.19 0.18 O.~ 0.85 0.82 0.00 0.78 0.81 4.9J 5.76 5.83 6.00 5.52 0.48 0.46 0.45 0.44 0.46 
azal:m::h . 
M:m 1.63 1.48 1.38 1.24 0.22 0.21 0.20 O.lB 0.85 O.Bl 0.79 0.78 5.U 5.38 5.63 5.95 0.:0 O.4:J 0.48 O.if! 

SEd N P K ca ~ 

S O.l() o.em 0.02 0.20 0.02 

D 0.4) 0.003 0.02 0.23 0.02 

SxO 0.00 0.016 0.00 0.4:1 O.~ 

CDat5% 

s 0.00 N3 O.~ N3 O.~ 

° 0.0) 0.02 O.~ 0.48 N3 

SxD 0.16 t'6 0.03 ~ ~ 

-'=" .-
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potassium was observed in Leucaena leucocephala (0.94 per cent) 

followed by Melia azedarach (0.81 per cent) anu Eucalyptus 

teretlcornia (0.68 per cent)_ 

Leaf potassium content declined with each successive 

incre&se in plant density_ Significant reduction could be 

observed only when density increased from D1 to D3 or D.-

The plants under 02' 03 and 04 showed no significant variationo 

Leaf potassium content reflected no siqdficant effect 

of species x density interaction. It registered the 

:; maximuil value 1n Leueaena leucocephala at 01 where as minimum 
,~ 

was recorded for Eucalyptus hybrid at D4- Leaf potassium 

content decree.ed in all species with subsequent increase in 

plant population. Wh11e observing at a particular density it 

varied in the order of S2 '> S3 > S1. 

4.4.4 Leaf calcium 

The data pre.ented in Table 5 revealed that the calcium 

content could not show a Significant difference in the 

species. Unlike leaf N and P content, it followed an 

increasing trend with increase in plant density_ Max~ 

•• lue obtained under Df was statistically at par with D3 but 

proved significantly better than Dl and °2- The calcium 

content vas not affected significantly by species x density 

interactions_ 

I 
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4.4. S teaf maqnesium 

The data presented in Table 5 shows that leaf Mq 

content varied siqnificantly in different species. Leueaena 

leucocephala accumulated maximum leaf magnesium content 

which was significantly higher than other species. The 

Eucalyptus hybrid and Melia azadarach remained statistically 

at par. The density as well .a species x density 

interaotions lacked to oause significant influence on leaf 

magnesium content. 

4.4.6 Twig nitrogen 

Table 6 shows that twig nitrogen eontent differed 

significantly in different species. Eucalyptus hybrid 

recorded the minimum twig nitrogen which was slqniflcantly 

lower than other species. Lauea.n. leucocephala depicted 

slight qain over Melia azedarachl however remained 

8tatistically non-significant. 

Twig nitrogen content declined siqnificantly with 

increase in plant density. The reduction vas more drastic 

from D2 to D3 than D1 to D2 or D] to D.. It was further 

revealed ap8cies x density interaction had a significant effect 

Oft twig Nitro]en. It was observed to be maximum under 52 01 

(1.67 per cent) which was statistically at par vith S D 
] 1 

4.4.7 Twig phosphorua 

TWiq pho.phorus eontent varied from 0.13 to 0.15 par 

cent among different apeci •• (Table 6). Laue •• na leucocephala 
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Table 6 Twig N,P,K,Ca and Mg content {%) in different species as influenced by various densities 

~es 

EucalyPtus 
hybrid 

I.a.i:c¥:re 
le~ 

r-hlia 
~ 

Me:rI 

5 Ed 

s 

° 
SxO 

COat ~ 

S 

0 

SxD 

N p K ca MJ 
~ D2 03 04 ' M<m. Dl 02 D3 04 M:a1 D1 D2 D3 04 1'H:n D1 02 03 °4 M:en D:t D2 D3 04 Ma=rl 

!..(Jl 0.35 O.lE 0.63 0.00 0.15 0.14 0.13 0.12 0.13 0.760.760.740.73 0.74 4.9 5.2 5.5 5.8 5.4 0.26 0.24 0.22 0.21 0.23 
.-- . -~-

1.67 1.15 1.(1) 0.78 1.1.5 0.18 0.16 0.15 0.14 0.15 0.85 0.81 0.00 0.78 0.81 4.65.25.45.55.2 0.26 0.240.22 0.21 0.23 · 

1.55 1.4) O. 79 O.~ 1.12 0.16 0.15 0.14 0.13 0.14 0.72 0.00 0.07 0.65 O.fa 4.6 5.1 5.2 5.4 5.1 0.25 0.24 0.21 O.:a) 0.23 

1.43 1.A> 0.00 0.68 0.160.15 0.14 0.13 0.78 0.75 0.73 0.72 4.7 5.2 5.4 5.6 0.26 0.24 0.22 0.21 

N P K Ca M:3 

O.o:t 0.003 0.016 0.11 0.010 

O.o:t 0.003 0.016 0.12 0.012 

0.00 0.005 0.CJ2 0.22 0.21 

0.00 0.01 0.03 {IS {IS 

0.11 0.01 0.04 0.3:) 0.02 

0.18 r~ N5 0.50 l'l3 

~ 
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recorded si9nificantly higher twig phosphorus content as 

compared to other species. 

The increase in plant density. resulted in 

significant reduction in twig phosphorus content. The rate 

of decrease. however remained same with subsequent increase 

in density level. 

The species x plant density interaction could not 

influence twig phosphorus content significantly. The 

maxtroum value was observed 1n case of S2 D1 (0.18 per cent) 

and min~ was obtained for 51 D4 (0.12 per cent). 

~ucaena leucocephala maintained more twig phosphorus at 

all density levels in comparison to other species. 

4.4.8 Twig potassium 

TWig K-content differed siqnificantly under different 

species. Maximum twig potassium content occurred in 

Laue.ena leucocephala (0.81 per cent) followed by 

Eucalyptus hybrid (0.75 per cent) and Melia azedarach 

(0.68 per cent). 

Twig K-content declined with successive increase in 

plant density. Statistically siqnlficant difference. however. 

could be observed when density increased from D1 to D) or D.-

Twiq potassium content reflected no significant 

effect of species x density interaction. It reqistered the 

maximum value in Leucaena leucocephala at D1 whereas 

minimum vas recorded for Eucalyptus hybrid at D 4. There 

VAS. oAn@ral r.dw+4nft .R all the .peele. with inerea •• in 
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plant ~.n.tty. Whil. ob •• rvtnq the vAriation at a pertleular 

d.nslty, .p.el •• vllri.d in ord.r ot 82> S1 > S']. 

4.4.9 Twlq calcium 

Tabl. 6 rev.al.d th8t twiq calcium cont.nt wa. not 

influenc.d .ignificantly by the epeaie. und.r •• udy. It 

r.gl.t.red the maximum value 1n Eue.lxptus hybrt~ wh1ch was 

clo •• ly follow.d by LeUC;UM 1'\1Coc.phale and Melia az.~'r8Ctl. 

Twiq aalcium show.d a po.itive re.pona. to plant ~.n.ity. 

Plants under 01 conta1n s1qnitlcantly lower twlq calcium 

then other 4enslty. D2 and 0] a. w.ll a. 0) and 0. behaved 

atatistically alike but 02 and 0. reflected .1qnifleant 

d1 ff.rene.s. 

Twig calcium content was found to be influenced 

significantly by apecles x plant density interaction. It 

incr.esed under all the species wIth increase In plent 

d.nsity. WhIle obaervinq the twig calcium un~er part1eular 

denaity though no specific trend vas revealed. yet 

Eucalyptus hybrid In general maintained its auperiority. 

4.4.10 Twi9 magnesium 

Twig maqnesium content showed no variation a.anq 

different species. It however. decliDed with aubsequent 

increase in plant density. Dl behaged atat1.stlc:ally alU. 

with D2 but proved significantly better then D) and D.- ~ 

epeci •• x d.nsity interactions did not 1n£lueace tv19 

.. qne.1um. content significantly_ 
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4.4.11 Stem nitrogen 

A perusal of Table 7 reveals that stem nitrogen 

content varied significantly among different species as well 

a. densities. It recorded highest value under Laucaena 

leucocephala which was significantly higher than other species. 

The difference between Eucalyptus hybrid and Melia azedarach, 

however, remained statistically non-significant. 

Stem nitrogen followed an inverse relation with 

increasing plant density. Dl and D2 were statistically alike. 

but the former attained significantly superior value over 

D3 .s well as D4• Increase in plant population from D3 to 
~ 

D4 had no distant reduction in stem N. 

Species x plant density did not influence stem N 

content significantly, though. it varied from 0.522 to 

1.297 per cent. While observing stem nitrogen under particular 

plant density Leucaena leucocephala always showed an edge. 

other species. 

4.4.12 Stem phosphorus 

A perusal of Table 7 shows that stem phosphorus content 

was significantly influenced by the species under study. It 

attained the maximum value under ~. leucocephala which vas 

closely followed by ~.azedar.ch and !.hybrid. There appeared 

to be a resiprocal relation between stem phosphorus and plant 

density. 

Stem phosphorus did not show siqnificant effect of 

speci •• x plant ~.n.lty interaction. It declined under all 



Table 7 Stem ~IP,K,Ca and Mg content (%) in different species as influenced by various densities 

Species 

fu:al y;:t:.lS 
~ 

I:araem 
) e x:xnriala 

Melia 
~ 

~ 

SEd 

S 

D 

SxD 

CDat5% 

S 

D 

SxD 

N p K Ca Mg 

f\ O2 D3 D4 ~ rt ~ ~ 0 4 Mean rt ~ ~ D4 Mean 11 D2 D3 D4 Mean D 1 ~ D3 D4 Mean 

0.96 0.85 0.68 0.52 0.75 0.14 0.13 0.13 0.12 0.1.3 0.43 0.43 0.37 0.35 0.4:) 4.2 4.4 4.6 4.6 4.4 0.34 0.33 0.32 O.:JJ 0.32 

1.30 1.23 0.81 0.71 1.01 0.18 0.15 0.14 0.14 0.15 0.58 0.'57 0.56 0.5:) 0.55 4.2 4.4 4.5 4.6 4.4 0.41 O.:B 0.38 0.35 0.38 . 
0.91 0.82 0.72 0.67 0.78 0.15 0.14 0.14 0.14 0.14 0.49 0.1fl 0.46 0.4:) 0.46 4.2 4.4 4.5 4.5 4~4 0.Z7 0.25 0.23 0.21. 0.24 

l.05 O.gJ 0.740.63 0.15 0.14 0.14 0.13 0.9::> 0.49 0.46 0.42 4.2 4.4 4.5 4.6 0.34 0.32 0.32 0.28 

N P K Ca ~ 

0.03 0.003 0.003 0.121 o.rm 

0.04 0.004 0.004 0.l:B O.COB 

0.07 o.rm o.rm 0.242 0.014 

0·05 0.01 0.01 lIB 0.02 

0.00 0.01 0.01 lIB 0.02 

lIB lIB lIB lIB lIB 

.0 

~ 
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the species with increase in plant density. It attained 

maximum value under S2 Dl (0.18 per cent) which prove~ 

significantly higher than rest of the treatments. 

4.4.13 Stem potassium 

Stem K-content reflected significant differences among 

different species (Table 7). It assumed the maximum value in 

Lauc.ena leucocephala (0.55 per cent) followed by Melia 

azedar.ch (0.46 per cent) and Eycalyptus hybrid 

(0.40 per cent). 

Stem K-content showed a negative relation with increase 

in plant population. Significant decline was observed when 

plant density increased from Dl to 03 or 0.- The plants 

in 03 and D. however showed-no significant variation. 

Stem K-content reflected no significant effect of 

species x d.nsity interaction. It registered max~ value 

in 52 Dl whereas minimum was recorded for 51 D •• 

4.4.14 Stem calcium 

The data presented in Table depicted that the calcium 

content did not achieve significant differences in the species. 

It followed an increasing trend with increase in plant 

population. Max~um value obtained under D. was statl.tically 

at par with D2 and D] but proved significantly better than 

D1• The stem calcium content was not affected significantly 

by .peeies x density interactions. 
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4.4.15 Stem magnesium 

Stem maqnesium content varied siqnificantly among 

species (Table 8). A statistically higher value was observed 

in S2 (0.38 per cent) followed by 51 (0.32 per cent) and S3 

(0.24 per cent). 

There was a pronounced decline in stem magnesium 

content with increase in plant density. A significant 

reduction was observed with increase In density from Dl to D2, 

D3 or D4 • D2 and D3 were statistically at par but both 

proved significantly superior to D4 • 

The species x density interaction did not affect stem 

Mg content significantly. It showed a consistent decline 

under all the species with increase in plant population. 

While observing a particular density a gL~neral trend like 

52 > SI > S3 was revealed. 

4.4.16 Root nitrogen 

Root nitrogen content was siqnificantly affected by 

different species as w.ll as plant densities (Table 8). 

Significantly hiqher values was observed under Leucaena 

leucocephala (0.80 per cent) followed by Melia azedarach 

(0.74 per cent) and EucalYptus hybrid (0.64 per cent). 

There was a significant decrease in root-N with increase 

in density from Dl to D2 , beyond this decrease vas quite 

distinct but siqnificant difference occurred only between 

0] and D •• 



Table 8 Root N,P,K,Ca and Mg content (t) in different species as influenced by various densities 

Species 

i:;l.lca1yptus 
hybrid 

Iaraem 
1a~ 

~ 
.~ 

fI&11 

SEd 

S 

D 

SxD 

CUdt5% 

S 

D 

SxD 

\ 

N P K 
------~------~---02 D3 D4 Mean Dl D2 D3 D4 Mean D1 D2 

Ca Mg 
D3 D4 Mean D1 D2 D3 D4 Mean D1 D2 D3 1>4 Moan rt 

0.00 0.61 0.62 OS7 0.64 0.18 0.17 0.14 0.13 0.16 0.73 0.72 0.65 0.59 0.61 3.EO 3.86 4.EO 4.93 4.24 0.28 0.25 0.240.22 0.25 

0.96 0.82 0.70 0.63 0.00 0.16 0.14 0.13 0.12 0.14 0.76 0.72 0.68 0.62 0.70 3.66 4.~ 4.56 4.9J 4.42 0.25 0.24 0.21 0.2) 0.23 

0.85 0.75 0.71 0.66 0.74 0.19 0.16 0.15 0.14 0.16 0.81 0.760.740.61 Ck;IS 4.3:) 4.77 5.03 5.4:) 4.85 0.27 0.25 0.22 0.21 0.24 

0.83 0.75 0.70 0.62 0.17 0.15 0.14 0.13 0.76 0.73 0.00 0.62 3.85 4.77 4.73 5.CJl 0.27 0.25 0.22 0.21 

N P K ca M;J 

0.03 0.(X9 0.01 0.12 0.01 

0.03 0.010 0.01 0.14 0.01 

0.(J5 O.~ 0.02 0.24 0.02 

0.0> N3 0.02 0.25 N3 

0.0> 0.02 0.02 0.29 0.02 

N3 N3 N3 N3 N3 

UI 
to-
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Species x plant density did not influence root nitrogen 

siqnificantly. It attained maximum value under S2 Dl a,d 

minimum in 9
1 

D 4. Root nitrogen was reduced in all the 

species with increase in plant density. While observing a 

particular density, Laue.ena leucocephala always assumed 

hiqher value in comparison to other speci ••• 

4.4.17 Root phosphorus 

As i8 evident from Table 8 the root phosphorus content 

was not influenced significantly by species. 51 and S3 

recorded identical value (0.16 per cent) which was slightly 

higher than S2 (0.14 per cent). 

Root phosphorus revealed an inverse trend with increase 

in plant density. A significant decline was observed from 

D1 to D2, D] or 04. D3 and D. were statistically at par 

but proved siqnificantly inferior to D1 • 

Root phosphorus was not found to be influenced 

significantly by speeies x denaity interaction. It 

declined under all the species with increase in plant 

density. Under all the densities, exceptinq D2, S3 wa. 

found to be superior over other specie •• 

4.4.19 Root potassium 

Root K-content varied from 0.67 to 0.75 per cent 1n 

different speci.s (Table 8). Statistically superior value 
• 

wa. obtained 1n ~l1. azedarach (0.75 per cent) wh1ch vas 

followed by Leue •• n. leucocephala (0.70 per cent) and 
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EucalyPtus hybrid (0.67 per cent). The root K-content 

showed a significant reduction with increase in plant 

population. 

The species x density interactions did not influence 

root-- J(- content siqnificantly. However, it declined 1n all 
in 

the species with increaseAplant density. While observing a 

particular density, these species followed a qeneral trend 

4.4.19 Root calcium 

As seen in Table 8. root calcium content differed 

slqnlficantly among different species. It was found to be 

maximum under ~.azedarach (4.85 per cent) followed by 

~.leucoeophala (4.42 per cent) and !.hybrid (4.24 per cent). 

Root calcium showed a significant increase with 

corresponding increase in plant density. 

The species x density interactions resulted in no 

siqnificant differences in root calcium which varied from 

3.60 to 5.40 per cent. A rising trend was observed in 

all the species with respect to density. Observing a 

particular density, Melia 87-edarach always maintained an 

edge over other species. 

4.4.20 Root magnesium 

The data presented 1n Table 8 show. that root 

maqnesium content did not vary significantly in _peeles. 
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~ 

Maximum root magnesium content was observed under !.hXbrid 
~ 

followed by ~.leucocophala and M.azedarach. Root-Mg 
@ -

revealed a conspicous decline with increase in plant 

density. D1 though behaved statistically alike to D2 but 

both the levels proved significantly better than D3 and D4 -

Species x plant density failed to cause a significant effect. 

4.5 Site amelioration 

4.5.1 Comparison of soil chemical properties among the 
experimental plots 

4.5.1.1 Soil pH 1 

Tabl. 9 indicates that soil pH under different treatment 

varied only slightly 1.e. 6.89 to 6.95. The speei.s. density 

as well as species x density interaction did not influenced 

the soil pH significantly. 

4.5.1.2 Organic carbon 

The organic carbon content varied from 0.26 to 0.49 

per cent under different species (Table 9). Max~um 

organic carbon content was .stimated under Eucalyptus hybrid 

which also proved significantly higher than other species. 

~.leucocephala proved least effective to enhance organic 

carbon status. 

Increasing plant density resulted In higher organic-C 

content. Thouqh D3 and D4 were statistically alike yet both 

recorded significantly higher orqanic carbon content than 

D1 and D2• D1 and D2 reflected statistically similar values. 



Table 10 Available Soil N,P,K content (kg!ha) under different species as influenced by -various densities 

~es 
Available nit.ro:JE:n AvaiJ..ct)le ~ a\JS : : : : Availcble p:::tassiun 

D D2 D D4 Me:n °1 °2 °3 D4 M:En °1 °2 D D4 t>\:B1 
1 3 3 

EucalYEtus 321.23 31B.63 311.80 306.56 314.55 33.65 32.34 23.84 22.10 23.48 148.% 143.13 llJ.66 U3.aJ 136 •. 63 
hybrid 

Leuca~na 351.(1) ~.3) 334.73 333.36 342.36 35.52 32.~ 31.65 26.21 31.47 ill.X> l2l..n liS.73 ill.OO l.lR.a> 
leucoce,.e.hal::l. 

Melia 317.46 310.03 305.53 304.93 309.48 '£.76 7J.fi3 26.<l3 21.a> 26.11 154.93 147.4& 138.13 128.00 142..33 
azedarch 

.' ~ 

Mean 329.91 ~.32 317.35 314.95 32.64 3).84 29.39 23.12 142.36 137!b lLB.17 l2l.3) 

SEd N P K 

S 2.31 0.92 2.00 

0 2.67 1.07 2.31 

SxO 4.62 1.85 4.CO 

CDatSt 

S 4.00 1.92 4.14 

0 5.54 2.22 2.79 

sxo r-E N:> t£ 

'" '" 
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Organic carbon was not influenced significantly due to 

species x density Inter~ctlon. It enhanced under all species 

at increasing level of density. Eucalyptus hybrid was found 

to be more efficient than others. 

4.5.1.3 Available nitrogen 

Available nitrogen content ranged from 309.49 to 342.36 

kg ha-1 and was influenced siqnificantly by different species 

(Table 10). The max~ value was observed under S2 followed 

by Sl and 53-

There was consistent reduction in available N with 

increase 1n plant density. Available Nitrogen content under 

D1 was statistically at par with D2 but both of theae levels 

proved 8iqnifieantly superior to D3 and °4- Increasing 

density from D3 to D. did not cause significant change in 

available nitrogen content. 

Available nitrogen was not influenced significantly 

by species x density interactions. It gained the maximum 

value under 8 2 D1 whereas minimum value occurred for S3 D 4. 

In respect of different densities, Laue.en. leucocephala 

established 1ts superiority over other species. General 

pattern evolved was S2 Sl S3. Available nitrogen 

declined in all the specie. with respect to densitt.a. 

4.5.1.4 Available phosphorus 

Available phosphorus was affected s19nif1c.n~ly due 

\ to different specie. (Table 10). It recorded h1ghest value 



Table 9 Soil pH~ Organic carbon, Exchangea~le Ca and Mg as influenced by different 
species und~r various densities 

\ ~ ..... "l.. .. , ()t J 

[:H Q:g;ni.c carlxn (%) ~le calci.un(FPll) Exch:rgemle llB} es3iutifPTl) 
Species 

°1 °2 °3 04 Moon 01 O2 °3 °4 r1Bl °1 °2 °3 D4 fm1l1. °2 °3 D4 !1:m 

EUal~lS 6.92 6.91 6.91 6.89 6.91 0.46 0.47 O.:D 0.51 0.48 6S600633~fiSl 152 146 1.42 133 145 
~ 

. .. -~ ._---

LEu::a:m 6.92 6.9~ 6.91 6.90 6.91 0.20 0.25 0.]) 0.31 0.26 633 (3) 623 620 6Z7 l.93 l:D 143 142 148 
laklnfh3la 

f1ilia , • 6:95 6.93 6.94 5.94 6.94 0.'J7 0.37 0.39 0.43 0.39 6:0 633 623 Em 627 143 1~ 135 132 133 
~ 

frBrI 6.93 6.92 6.92 6.91 0.34 0.35 0.39 0.41 617 634 627 6D 151 1<5 14) 137 

S Ed pH Orag-C Ca Mg 

S 0.05 0.01 5.88 1.'18 

0 0.05 0.01 6.79 1.36 

S x ° 0.09 0.02 11.77 2.36 

COat 5% 

S NS 0.02 NS 2.45 

0 NS 0.03 14.10 2.82 

S x D NS NS NS NS 

..." .... 
-' 



1n Leucaena leucocephala (31.47 kg ha-1 ) followed by 

Eucalyptus hybrid (29.48 kg ha-l ) and Melia azedarach 

(26.11 kg ha-1). 
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Plant density depicted an inverse relation with 

available phosphorus. Dl behaved statistically alike to 02 

but proved significantly better then D3 and 04. The 02 and 

D] did not differ significantly but the former proved 

statistically superior to D4• 

Interactions between species x densities resulted in 

no .iqnlficant effect on available phosphorus. It 

experienced a constant decline in all the species with 

lnerea.ing plant population. :1hile obaervinq available 

phosphorus under particular density, a qeneral trend of 

S2> 5 1>53 was noticed. 

4.5.1.5 Available potassium 

AS i8 evident from Table 10, availahle K-content 

differed siqnificantly under different species. It attained 

~h. maximum value under 33 (142.33 kg ha-1 ) followed by 51 

(136.63 kg h.-1 ) and 52 (119.06 kg he-1). 

S!qnifieant reduction in available K was observed 

with increase in plant aenslty from D1 to D.. Th. species x 

density interactions did not influence total available K 

.iqnif1cantly. It got more and more exhausted under all the 

species with increase in plant density. ~~ile comparing 

available K content under particular density, 53 proved 

superior moat followed by 51 and 52-
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4.5.1.6 Exchangeable calcium 

A perusal of Table 9 revealed that exchanoeable 

calcIum content was not influenced siqnIficantly by species. 

Maximum exchangeable content wae estimated under 51 (637 ppm) 

which was closely followed by 53 (627 ppm) and S2 (627 ppm). 

Exchangeable calcium content was reduced with increase 

in plant density. Significant difference, however could only 

be observed between D1 and 03 or 04 as well as 02 and D4 • 

Species x plant density dId not influence exchangeahle 

calcium content significantly, though it varied from 603 to 

656 ppm. Under all the species exchangeable Ca was reduced 

with increase in plant density. ~~ereas under all the 

densities, 51 maintained its superiority over other species. 

\ 
4.5.1.7 Exchangeable magnesium 

Exchangeable magnesium content varied significantly 

among different species (Table 9). It attained maximum value 

under 52 (148ppm) followed by 51 (145 ppm) and 53 (138 ppm). 

Exchangeable magnesium showed a pronounced reduction 

with increase in plant den~ity. 51qnificantly higher yalue 

under D1 as compared with other densities. D3 and D4 

behaved statistically alike but the latter obtained the minimum 

value. 

Exchanqeable Mg remained aiqnlficantly unaffected due 

to specles x density interaction. It depreciated ln all 

the .peeles with respect to plant densi~. In relation to 

performance of spec~.~ . .nd~a ·~cular density. 52 prOYed 
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4.5.2 Compariaon of aoil chemical properties between 
exper~ntal plots and the blanK area adjoining 
plantation 

A comparison for seven selected chemical characteristics 

of 80il vise pH. orqanic-C. available N, p. K and 

exchangeable Ca and M9 was carried out between experimental 

plota and the blank area (Appendix.VI). It revealed that 

in experimental plots the pH was reduced and organic-C was 

enhanced under all species. The orqanic-C status in all 

experimental plots improved with increase indensity and 

enrichment in particular was remarkably hi9h under 
\ 

Eucalyptus hybrid. In the remaining parameters i.e. avail N, 

p. K and exchangeable Ca and Mq there was appreciable 

enhancement at lower densities under all species. The extent 

of improvement. however, became less or even in certain 

cases experimental plots attained lower values as the 

density increased to D] or D4e Available N, available P 

and exchangeable Ca under Eucalyptus tereticornis1 

available P and available K under Leuc.ena leucocephalar 

and available N, av_ilable P, exchangeable Ca and Mg under 

Melia azedarach were l~~er in experimental plots under D. 
density. The available ~ and exchangeable Mq under Melia 

aeedarach as well as available K under Leucaena leucocephala 

were found to be lower even under D]e 
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DIS C U S S ION 

Increasing human population with ever - expanding 

expectations for material goods is causing unprecedented 

demands for forest products. In response to this, forest 

management 1s becoming more intensive. Efforts are being 

made not merely to enhance the productivity of existing stands 

but to raise massive forest plantations of fast growing 

species as well. The purpose of such plantation is to 

generate additional biomass and indirectly help lessen the 

pressure on existing stands. The culture of high density 

short rotation plantation, in such situations .eems to 

offer a promising way to produce more wood biomass to meet 

pulp, fibre and energy requirements. . Such plantations can 

also be exploited partially for generating substantial 

quantities of fodder. The productivity of the system. 

however, shall largely depend upon the genetic behaviour of 

species, plant spacings, period of rotation and species 

adaptability to the site. The species which fixes atmospheric 

· nitroqen, exhibit higher solar energy conversion, and 

poasess relatively better coppicing and nutrient utilization 

e~ficiency, shall have Significant preferences in raising 

such plantations. The present stUdy is a preliminary 

attempt to explore the . gro~th performance and site 

amelioration potential of three fast growing species raised 

under high density plantations. This chapter provides a 

comprehensive explanation for the results obtained under the 

present investigation with the followinQ three he~dinq.a 
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i) Survival. growth and biomass productivity 

ii) Plant nutrient content 

iii) Site amelioration 

5.1 Survival. growth and biomass productivity 

Survival per cent of the species varied only slightly 

i.e. 98.96 to 100 per cent and as such revealed no 

significant effect due to species. density and species x 

density interaction. 

The plant height as well as collar diameter were 

influenced siqnlficantly due to species and densitiej, the 

species x density interaction. however lacked to cause any 

remarkable variation in these parameters. The plant height 

was observed to be maximum under Leucaena leucocephala 

whereas in case of collar diameter the best performance was 

shown by Melia azedarach. These results are well in 

confirmity with the findings of Evans and Rombold (1994) 

for Leucaena leucocephala and Melia azedarach as well as 

Sharma ~!!. (1987)for Leucaena leucocephala and 

Eucalyptus hybrid. The improvement in plant height and 

reduction in collar diameter with corresponding increase in 

plant density may be ascribed to the tendency of plants to 

qrow more in height for capturing solar enerqy under 

increasinq intensity of competition. These results are 

well in line with the findings of Chaturvedi (1983). 

Van Den Drlessche (1984) and Tandon et ale (1988). --
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The specific qravity showed significant effect due to 

speciea. density and species x density interaction. It 

attained maximum value in Leucaena leucgcephala followed by 

Eucalyptus hybrid and Melia azedarach. The mean values of 

specific gravity recorded for the three species under study 

are in line with FRI records as well as the investigations 

of Shukla and Rajput (1981) in Eucalyptus hybrid and 

Shukla (1992) in Lauea.na leucocephala, The specific 

gravity reflected in general, a significant reduction with 

increase in plant density. These results are supported with 

the findings of Malik (1987) who observed an appreciable 

reduction in specific qravity in Eucalyptus teretlcornls 

with a subsequent increase in seedling density. 

In relation to biomass per plant and ita components. 

significant difference. due to species could be observed 

only in case of total biomass. stem biomass and root biomass. 

All these three parameters showed max~ accumulation in 

Melia azedarach followed by Leucaena leucocephala and 

Eucalyptus hybrid. Leaf biomass gained its maximum value in 

Eucalyptus hybrid whereas twig biomass vas found to be maxLmum 

in Leucaena leucoceQhala. Plant density showed a significant 

effect on total biomass per plant and ita components. Values 

for all these parameters registered a consistent reduction 

with subsequent increase in plant density. Such a decline in 

total biomas. computed on per plant baai. with increase in plant 

density can be ascribed to an intense competition at the 

closer spaelnqs. Species x density interaction resulted in 

/ 



significant differences only 1n case of stem biomass and 

leaf biomass. Average contribution of stem, root, leaf and. 

twiq computed on the ~81s of three species irrespective of 

density was observed to be 49.85, 22.33, 19.83 and 7.99 per 
I 

cent respectively (See Table 3). Almost similar proportions 

were earlier observed by Gurumurthi ~~. (1984) and 

Malik (1987). 

Total biomass computed on per hactare basis was found 

to be influenced significantly only due to species and 

density. Melia azedarach yielded the maximum biomass 

followed by Leueaena leucocephala and Eucalyptus hybridl such 

a trend may be attributed to variation 1n weight per plant 

alone, as the survival per cent ot species showed almost 

identical values. The total biomass showed a significant 

improvement with subsequent increase in plant density. It is 

interesting to note that the total biomass per plant falls 

and total biomass per hactare rises with increase in plant , 

density. Steinbeck (1972) in Sycamore and Zavitkovski ~ ~.(1976/ 
in Populus species reported that closer spaeings generally 

gave the greatest MAP in the first few years. As the 

plantations qet older and occupy the site. the yield of wider 

spaced plots qradually increasea towards that of narrow 

ap.ce~ plots and sometime equals or even excel. them. S±milar 

£1ndinqs indicating a direct ~lation between biomass per 

hactare and plant density are also reported by other authors 

(Hu ~ ~.,1geO, Relwani ~ ~., 1980, Van Den Dri.aache. 1982, 

/1 

~ 
Malik, 1987 and Tandon ~ al., 1988). In regard to species x ! 

f 
j 



Fig. 2: Biomass and its partitioning ( on kg per plant basis L 
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density interaction. maximum biomass per hactare was 

recorded under Melia azedarach at the highest density which 

may be attributed to its highest weight per plant compared 

to other species. 

5.2 Plant nutrient content 

Excepting stem calcium which remained significantly 

uninfluenced by any of the treatments, all other characters 

varied significantly in either species or plant densities and 

many a time 1n both (see Table 5 to 8). 

The mean values for all the nutrient elements with 

respect to species were highest in leaf as compared to other 

plant components. ~-Jhile comparing nutrient content in above 

ground components. Leucaena leucocephala emerged as the 

species which gathered maximum concentration of all the 

nutrients excepting calcium. Though Eucalyptus hybrid 

accumulated highest calcium in aerial components yet no 

significant variation among species was observed. Melia 

azedar'~~. in general, revealed comparatively higher 

concentration of N. P, K and lower accumulation of Ca and 

Mg in relation to Eucalyptus hybrid. Hlqher level of almost 

all the nutrients in Leucaena leucocephala could be 

attributed to close affini.ty of all the nutrient. elements 

with hiqher levels of nitrogen in thi. species. George (1982), 

Gupta and Raturi (1ge4)~ Kaul (1998) reported atmilar effect 

in Eucalyptus teret.icornis whereas OVington and Madqwick(1959) 

~ported it in Birch and also by Edmonds (1979) in Douglas-Fir. 
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Similar observations, excepting 1n few cases of calcium. 

were made by Han •• n and Backer (1979) in short rotation 

intensively cultured plantations. 

All the nutrient elements excepting calcium, 1n all 

the tree components were depressed with increase in plant 

density. This strengthens the earlier observations made by 

Gupta and Raturl (1984), Singh (1984) and Malik (1987). 

Calcium being an exception always followed an inverse trend 

to nitrogen and was enhanced with an increase in plant 
~th 

density. These results are in confirmityAthe findings of 

Puri and Gupta (1954) as quoted by Raman (1984). Excessively 

higher concentrations of calcium in plant components may 

be related to its higher status in soil. Similar observations 

were earlier made by y!ise and Pitman (1981)and Singh (19B4) 

in Eucalyptus hybrid. Species x density interaction could 

result in significant effect in Leaf N, Leaf K, Twig Nand 

Twig Ca. 

An attempt to demonstrate the uptake of different 

nutrients 1n the species studied, revealed very interesting 

results. Melia azedaraeh showed the maximum uptake for all 

the nutrients followed by ~caena leucocephala and 

Eucalyptus hybrid (Appendix-V) which is mainly a 

reflection of comparatively higher biomass production of the 

species. The effect of higher concentration of all the 

nutrients. in general. in different components of Leucaena 

leucocephala while computinq uptake wa. offset by the larger 

variation 1n the biomass content of the speeie •• 
, . 

, 'if 
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5.3 Site amelioration 

Trees exert major influence on site primarily by the 

amount and composition of litter deposited as well as by 

nutrient uptake and accumulation. They also effect the amount 

and composition of water flow. into and through the 

ecosystem. R6duction in runoff and increase in infiltration 

under plantations also accounts for comparatively less 

nutrient loss as compared to soil devoid of tree growth. 

Site amelioration potential of Eucalyptus hybrid. 

Leucaena leucocephala and Melia azedarach are reported by 

George (1982), Mendoza and Semans (1976), and E~ans and 

Rambold!1984) respectively. Among the seven selected soil 
~ 

characteristics viz •• pH. orqanic-C. available N. p. K and 

exchangeable Ca and Mg, only 80il pH remained uninfluenced 

significantly by any of the treatments. The species x 

density interaction did not affect significantly any of the 

character. Excepting calcium, all other characteristics 

showed significant variation due to both species as well as 

densities. Higher content of organic carbon under Eucalyptus 

hybrid than other species. could be ascribed to as highest 

leaf biomass production, and slow rate of decomposition of 

leaves. Available Nand P were found to be maximum under 

Leue •• n. leucocephala followed by Eucalyptus hybrid and 

Melia azedarach, wherea~ available K fell in the order of 

Melia azedarach ~ Leucaena leucocephala> Eucalyptus hybrid. 

Exchangeable calcium revealed the maximum content under 

EucalYptus hybrid wher@8s exchangeable maQnesium. was found 
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to be highest under Leucaena leucocephala. The contents of 

all the nutrients excepting organic carbon decreased with 

corresponding increase in plant density indicating higher 

depleation of these nutrients with rising plant populations. 

A comparison of soil chemical characteristics between 

experimental plots and the blank area adjoining to 

plantations revealed some interesting information. Whereas 

pH was reduced, the organic-C status improved under 

plantations. ~e gain in organic-C content showed a direct 

relation with plant density, however. it was particularly 

higher under Eucalyptus hybrid. Th~ occurrence of relatively 

higher organic-C content under Eucalyptus may be attributed 

to slow rate of the decomposition of its foliage. The 

content of available N, P and K as well 8S exchangeable Ca 

and Mq reflected appreciable enhancement at lower densities 

under all species compared to blank area. The quantum of 

improvement in these parameter however, declined with 
ira 

increase indensity andAcertain cases the values in 

experimental plots were lower than the blank area either at 

D] or D. or both. The intensive depletion of the nutrients 

at higher population density may have been responsible for 

negative values of the parameters. The available N status 

showed a spectacular improvement under Leueaena 

1 euc:oqeehal!._ 



SUMMARY 

The present investigation entitled "Studies on growth 

performance and site amelioration under high density plantations M 

was carried out at Reqional Research Station, Dhaulakuan, 

Dr.Y.S.Parmar University of Horticulture and Forestry, Solan 

(H.P.) during the year 1988-89. The study was carried out 

in enerqy plantation trial established during July, 1986. The 

experiment consisted of twelve treatment combinations 

comprising three species (Eucalyptus teret1cornis, Leucaena 

leucocephala, Melia azedarach) and four plant densities 

(5,000, 10,000, 15,000, 20,000 plant per hactare). It was 

laid out in Factorial Randomised Block design with three 

raplicates. In the begining of experiment, for each species 

in total 960 plants were planted. The species showed a remarkable 

survival as only 1-2 per cent mortality could be observed 

during October 23-28, 1988. 

Observations were recorded on survival, growth 

characteristics viz. plant height, collar diameter and specific 
, 

gravitYI total plant biomass and biomass accumulated in various 

plant components, N, P, K, Ca and Mq content in all plant 

components i.e. root, stem, twig and leaf, soil chemical 

properties viz. pH, organic-C, available N, P, K. exchangeable 

ea and Mg. The influence of different species, various plant 

densities and their interactions was studied on these 

selected parameters. 
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Survival per cent was higher in Eucalyptus hybrid 

but it could not reveal an appreciable variation 1n any of 

the treatment. Pl~nt height revealed a direct relation with 

plant density and gained significant enhancement 1n Leucaena 

leucoeephala. Collar diameter was appreciably higher 1n 

Melia azedarach but was significantly reduced in all the 
... 

species with increase in plant density. Leucaena leucocephala 

reflected highest specific gravity whereas, the minimum was 

observed in Melia azedarach specific gravity revealed a 

negative relation with plant density. 

In relation to biomass per plant and its partitioning 

all the selected parameters namely total biomass, root 

biomass, stem biomass, twig biomass and leaf biomass 

exhibited pronounced decline with increase in plant density. 

AS far as species effect is concerned, only first three 

parameters showed significant enhancement in Melia azedarach. 

Leaf and twig biomass could not vary Significantly in speciesl 

the former was found to be highest 1n Eucalyptus hybr1d and 

the latter showed highest value 1n Leucaena leucocephala • 

Total biomass per hectare was found to occur in species in 

the order. Melia azedarach> Leucaena leucocephala > 
EucalYptus hybrid. ~'1herea~ total biomass per plant 

decreased, the total biomass per hactere increased with 

increase in plant density. 

The content of N, p. K. Ca and Mq 1n various aerial plant 

components viz. stem, twig and leaf was obeerved to be 
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significantly higher in Laueaena leucocephala as compared 

to o~her species. Calcium content in leaf and stem though 

indicated an enhancement in EucalyPtus hybrid but lack to 

demonstrate any siqnificant difference among species. Also 

leaf phosphorus and twiq magnesium revealed no significant 

v~riation among different species. The leaf reflected always 

the highest concentration of different nutrients i.e. N. P, K. 

Ca and Mq 1n all the species. In roots. contrasting and 

interesting results were observed. Appreciable variation 

W~. lacking 1n case of root phosphorus and root magnesium, 

though both the characters showed higher values in 

Eucalyptus hybrid. Root nitrogen, a8 usual was convincingly 

higher in Lauca.n. leueocephala whereas for root potassium 

and root calcium. Melia azedarach dominated other species. In 

relation to the effect of different plant densities, only 

leaf magnesium and starn calcium failed to reflect significant 

impact. Exceptinq calcium which was positively related with 

plant density. all other nutrients in all the plant components 

were siqnificantly reduced with increase in plant density. 

Among soil chemical properties. only one character i.e. 

pH, was not influenced Significantly by any of the treatments. 

All other 80il characteristics studied. exceptinq exchanqeable 

calci~#showed siqnlficant variation in species. Orqanic-C 

was siqnificantly enhanced under Eucalyptus hybri~. Available 

N, P and exchanqeable Mg recorded appreciably higher values 

under Laucaena laucocephala however. available potaSSium 

attained maxtmum value under Melia azedarach. In response to 

the effect of various densities, orqanic carbon showed a 
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positive relation, where as all other nutrients reflected a 

negative relation with increa5e in plant densitY1 

A comparison of 80il chemical characteristics 

between experimental plots and blank area adjoining the 

plots revealed a reduction in pH and an improvement in 

orqanic carbon statue under plantations. The content of 

available N, P, K as well as exchangeable Ca and Mq were 

always found to be higher under plantations at lower 

densities. The values for these parameters, however, 

declined appreciably- at higher densities and in some cases 

reflected lower content under plantations than blank area. 

Conclusion 

Total biomass production per hectare under Melia 

azedarach was found to be 24.45 per cent higher than 

Leucaena leucoephala and 42.95 per cent higher than 

Eucalyptus hybrid. \~ereas tn relation to soil tmprovement, 

Laueaena leucocephala proved to be most efficient especially 

with regard to available nitrogen and phosphorus statu.-

in qeneral the most limiting nutrient elements. 

In situations, where the plantations are to be raised 

1n deqraded land. without providinq any input from outside 

like fertilizer etc. it becomes 109ic81 to brinq a 

compromise between biomass production and nutrient removals. 

Therefore from the present investiqation it seems quite 

reasonable to conclUde that Laucaena leucocephala raised 

at a density of 20.000 plants hectare would be • promisinq 
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way for •• tabli8hing 8uch high d_nslty enery plantalona 

under similar site condition •• 
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Append ix-I 

Metaroloqical data for the experimental site during the year 1987 and 1988 

Month Teme!ratureOc Rainfall(mm) Relative humlditI (,,) 
198' 1988 1981 1988 1987 1988 

Min. . Max. Min. Max. 

~--~-------~~--~--~-------~--~------------------
Jan. 4.13 20.61 

Feb. 6.88 23.11 

March 10.56 27.95 

April 13.23 33.73 

May 11~lE 32.30 

June 21.40 38~10 

July 24.16 34.40 

Auquat 23.16 32.00 

Sep. 19.06 32.l0 

Oct. 12.90 30.40 

Nov. 7.80 27.50 

Dec. 4.10 22.60 

3.20 21.30 36.50 6.40 59.90 

5.10 23.90 13.40 44.50 60.05 

8.90 26.60 30.20 67.00 52.15 

13.60 35.50 44.80 15.00 46.45 

19.70 36.60 233.90 44.80 50.69 

23.00 33.20 128.00 184.90 45.30 

24.40 29.80 255.10 82l.40 69.00 

2l.90 30.l0 509.70 632.50 81.45 

21.90 31.30 10l.80 347.60 79.75 

12.90 29.00 35.20 - 70.75 

1.70 26.10 - - 61.60 

5.l0 20.20 6.60 146.80 67.00 

Source I Meteorological observatory, Horticulture and Forestry 
Regional Research Station, Dhaulakuan 

66.30 

65.55 

56.55 

48.50 

44.00 

65.00 

86.45 

83.20 

75.95 

66.80 

64.30 

65.60 



Source of 
vsriance 

- - - --
Replication 

Species 

Density 

S x D 

Error 

Source of 
variance 
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Appendix-II 

Analysi. of variance 
Growth and development 

df ·Survival 
Mean sum of sguare 
Plant Collar 
heiJht diameter 

(") (rn (cm) 

Specific 
gravity 

------~-----------~-------
2 1.46 0.0485 0.066 0.000005 

* * • 2 3.30 0.8100 1.966 0.1207 

* • * 3 1.95 0.6580 0.945 0.0026 

6 1.25 0.0453 0.178 0.0012 

22 2.63 0.0716 0.174 0.0005 

/. 

Biomass and its partitioning 

df Totsl 
Mean sum of square 

Stem Twig Lesf Root Total 
biomass bio- blo- bio- bl0. biomass 

(kg/plarti mass mass mass mass (lcg/ha) 
(kg! (leg! (leg! (kg! 
plant) plant) plant) plant) - - - -- - - -- -- - - --- - -- - .. - ... - -- - - .- - -- -- - - - -- ~ - ~ 

Rep 11cat ial 2 0.0005 0.006 0.00015 0.001 0.002 5806416 
. 1 

* * Species 2 0.0011 0.463 0.00055 0.002 0.163 62423125 

* 0.285* • • • '111 

Density 3 0.0054 0.00093 0.0086 0.0916 149674790 

* * s x 0 6 0.00008 0.124 0.00026 0.0003 0.035 2643403 

Error 22 .0.0009 0.034 0.0003 0.001 0.007 10819171 

• Significant at 5 per cent 



Appendix-III 

ANOVA 
Leaf nutrient content (%) 

Source of 
df Mean sum of sguara 

variance N P K Ca Mg -- ... ~--- _-.:_----------------_.-_-
Raplicatkn 2 0.0264 0.0010 0.0032 0.270 0.0005 

• .,.. 
* Species 2 0.8748 0.0012 0.1950 0.027 0.015 

• 0.0020· • .,.. 
Density 3 0.1871 0.0087 1.176 0.002 

.,.. 
S x D 6 0.0369 O.OOCl'.6 0.0013 0.094 0.0001 

Error 22 0.0087 0.0004 0.0026 0.244 0.002 

Twig nutrient content 

Source of df Mean sum of square 
:a:i~n:e _____ ! ____ !! ___ ! ____ £& ____ ~ __ _ 

Replicatkn 2 0.0131 0.00001 0.0025 0.2315 

• '* '* Species 2 0.2231 0.00133 0.0500 0.189 
.,.. '* • • 

Density 3 0.9800 0.00130 0.0054 1.169 

'* S x D 6 0.1078 0.00009 0.0003 0.018 

Error 22 0.0116 0.00006 0.0016 0.075 

Stem nutrient content 

0.0007 

0.0004 

'* 0.004 

0.00003 

0.0007 

Source of df Mean sum of square 
~a':i~":. _____ ! ____ P _____ ! ___ £a _____ Mg __ _ 

Replicatial 2 0.0126 0.00002 0.0025 

Species 

Density 

S x D 

Error 

.,.. '* '* 2 0.3959 0.00138 0.0740 
.,.. . . 

3 0.2838 0.00102 0.0100 

6 0.0127 0.00012 0.0003 

22 0.007 0.00008 0.0010 

0.218 

0.008 

0.283 

0.006 

0.088 

.,.. 

0.0002 

. * 0.0625 

'* 0.0044 

0.0001 

0.0003 

Contd •• P-2. 



-2-

Root nutrient content 

Source of df Mean sum of sg;uare 
variance N p K Ca Mq 

---~------- .... -----.----------------
Replication 2 0.013 0.0017 0.0004 0.27 0.0006 

* * * Species 2 0.075 0.0017 0.0155 1.175 0.0011 

* * * * * Density 3 0.071 0.0030 0.033 2.93 0.0054 

S· x 0 6 0.006 0.0002 0.0002 0.055 0.00008 

Error 22 0.004 0.0005 0.0007 0.09 0.0009 

.... 
* Significant at 5 per cent 



Source of 
variance df pH 

Appendix-IV 

SolI nutrient content 

Mean sum of square 
Organic ~_Kq~~p~e~r~h~a __ ~~ 
Carbon N P K 

(") 

Ca 
ppm 

Mg 
ppm 

------- ....... --~--- ... -- ... --- ... -~~-------
Replication 2 0.0005 0.0006 32.025 9.945 5.956 77.83 8.528 

.... .... .... ........ *' 
Species 2 0.0045 0.1562 3759.4 87.758 1932.5 344.5 367.028 

*' .... .... .... .... .... 
oensity 3 0.0033 0.0094 457.68 154.16 797.1 1648.18 365.11 

S x D 6 0.0002 0.0008 26.6 3.05 43.24 137.01 11.027 

Error 22 0.013 0.0008 32.11 5.16 24.01 208.07 8.37 

.... 
Significant at 5 per cent 



A9pendix-V 

Nutrient uptake (Kg/ha) in various species as influenced by various densities 

Plant Density 
pecies D D D3 D4 1 2 

N P K CaM3 N • P K Ca ~g N P K Ca' r-g N p K -:a. ~ 

TEM 
.h'yb:id 18.53 7.91 2.71 81 6.55 31.41 4.81 4.81 162 12.21 36.77 7.02 7.02 248 17.28 54.22 8.64 9.36 E. 21.61 
.1eYn?:fh3la 45.56 6.32 6.32 147 14.4J 6B.9} 8.4J 8.4) 246 21.84 62.g:) 10.86 11.64 P3 29.48 57.00 11.3) 11.3) 371 28.25 
.~ 00.45 10.02 10.02 2B) 18.04 53.37 9.10 9.10 286 16.25 EB.4J 13.00 13.00 437 3J.12 SS.oo 11.70 11 .. 70 376 17.55 

WIG 
.hzh:id 5.56 0.78 3.95 25 1.35 8.16 1.19 6.46 44 2.04 8.32 1.23 6.99 51 2.es - 7.EB 1.46 8..91 70 2.56 
.1e1D Ef!ala 8.02 O.ffi 4.12 22 1.25 10.58 1.47 7.45 47 2.21 13.32 2.00 10.00 7l 2.93 12.~ 2.32 12 .. ~ .~ 3.47 
.azai3t'dl 7.21 0.74 3.63 21 1.;n 13.71 1.38 6.34 46 2.21 11.3J 1.78 9.2.8 EB 2.00 3 .. 51 10.?') 2.17 9J 3.34 

EAF 
17.73 2.71 9.01 67 6.05 33.3) 5.00 17.00 135 12.00 35.53 5.99 21.42 174 14.81 37.94 6.48 24 .. 12 220 16.56 
23.78 2.8512.~ 64 6.00 37.23 4.62 19.74 ill 9.00 45.71 5.53 21.es 158 11 .. 59 50.9) 6.36 3).12 191 16.73 
18.16 2.:i> 9.fi7 55 5.46 27.83 4.Xl 17.22 ill 10.29 37 .24 5.38 21.26 153 12 .. 92 41.12 6.45 V.94 214 15.76 

OOT 
:t¥rid 6.83 1.78 7.22 35 2.77 12.ffi 3.ffi12.96 ffi 4.50 15.81 3.57 16.58 117 6 .. 12 19.38 4 .. 42 Xl.O> 167 7.48 
:len a:pala 13.3) 2.22 10.53 50 3.46 18.04 3.00 15.84 93 5.28 19.16 3.23 16.92 ill 5 .. 23 13.64 2.00 13.43 127 4.33 .. ~ 29.02 6.~ 27.65 131 9.22 21.50 6.72 31.92 19~ 10.50 26.53 5.61 lJ.65 187 8.22 26 .. 26 5 .. 67 26.00 214 8.36 . 
'OTAL 
:.t!frid 48.65 13.18 22.00 AB 16.73 84.93 14.ffi 41.23 412 3).75 96.43 17.81 52.01 991 4:).29 119.23 21.00 62.45 m 48.2.) 
.• ~ <D.oo 12.25 33.46 284 25.91 134.84 17.57 51.43 :m 38.~ 141.18 21.62 00.3J fB2 41.23 135.24 22.58 fi7.75 781 52.78 
I.~ 114.84 19.75 :i>.'J7 493 33.92 . 126.41 21.40 64.58 643 :B.25 143.47 26.37 7l.R B46 54.0> 126.55 34.22 34.22 8S6 45.01 

MEAN 

87 .31 16.51 44.UJ ~1 33.SB 
125.48 18.51 53.24 564 41.73 
lZ7.82 25.49 55.44 718 43.ffi 



Appendix-VI 

5011 chemical changes in experimental plots with 
respect to blank area adjoining the plantation 

Species Plant densitl 
D1 D2 D3 D4 

--~~-~-~-~~~~-~-----~--~-~------
Eucalyptus hybrid pH 6.91 6.91 6.91 6.89 

(- 0.05) (- 0.05) (- 0.05) (- 0.07) 

Ckganio- 0.46 0.47 0.50 0.51 
c (. 0.24) (+ 0.25) (+ 0.28) (+ 0.29) 

N 321.23 318.63 311.80 306.56 
(+14.68) (+12.08) (+ 5.25) (- 0.01) 

p 33.65 32.34 29.84 22.1 
(+ 6.85) (+ 5.54) (+ 3.04) (- 4.7 ) 

K 149.96 143.73 130.66 123.2 
(+29.56) (+24.33) (+11.26) (+ 3.8 ) 

Ca 656.66 640.33 633.33 616.66 
(+38.33) (+21.00) . (+15.00) (- 2.33) 

Mq 152.3 146.3 142.00 137.6 
(+15.97) (+ 9.97) (+ 5.67) (+ 1.27) 

Leucaena leucoceehala 
pH 6.92 6.91 6.91 6.90 

(- 0.04) (- 0.05) (- 0.05) (- 0.06) 

Orqanic-C 0.20 0.25 0.30 0.31 
(+ 0.02) (+ 0.03) (+ 0.08) (+ 0.09) 

N 351.06 350.3 334.73 333.36 
(+44.51) (+43.75) (+28.18) (+26.81) 

p 35.52 32.5 31.65 26.21 
(+ 8.72) (+ 5.7 ) (. 4.85) (- 0.59) 

J< 123.2 121.33 1 115.73 112.00 
(+ 3.8 ) (. 1.(3) (- 3.67) (- 7.4 ) 

Ca 650.00 633.33 623.33 620.00 
(+31.67) (+15.00) (+ 5.00) (+ 1.67) 

Mg 159.33 150.00 142.66 142.00 
(+23.00) (+13.67) (+ 6.33) (.5 .67) 



Melia azedarach 
pH 

Orqanic- C 

N 

p 

X 

Ca 

Mg 

-2-

6.95 6.95 6.94 
(- 0.01) (- 0.01) (- 0.02) 

0.37 0.37 0.39 
(+ O.lS) (+ 0.15) (+ 0.17) 

317.46 310.03 305.53 
(+10.91) (+ 3.48) (- 1.02) 

28.76 27.68 26.98 
(+ 2.96) (+ O.OS) (+ O.lS) 

154.93 147.46 138.13 
(+35.53) (+28.06) (+18.73) 

650.00 633.33 623.33 
(.31.66) (+15.00) C+ 5.00) 

143.33 139.66 135.33 
(+ 7.00) (+ 3.33) (- 1.00) 

Controls H 
P . 6.96 J' 

Orqani~-C 
N 

0.22 
306.55 I 

p 
K 

26.8 
119.4 

Ca 618.33 
Mq 136.33 

6.94 
(- 0.02) 

0.43 
(+ 0.21) 

304.93 
(- 1.62) 

21.06 
(- 5.84) 

128.8 
(. 9.4 ) 

613.33 
(- 5.00) 

132.00 
(- 4.33) 

Values in paranthesis indicates the changes 

------~--
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