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Introduction

The genus Populus belongs to family
Salicaceae and has aunique ability to adjust
and adapt to a wide range of sites. Poplar
wood is white in colour of suitable density
with an even texture. Its wood is easy to
saw and work, has good carving quality
indices and finishing qualities. Poplar wood
is used in packing cases, hard boards,
veneers, sports goods, pulpwood and poles.
Besides this, Poplar wood is also used in
matchbox industry for manufacturing
match splints.

Biomass production is directly or
indirectly related to the availability of plant
nutrients besides the fast growth of the
species. Due to high density plantations
there is more pressure on the soil nutrients,
as more number of trees are present on a
unit area. So, it is also necessary to study
the relationship between soilnutrients and
biomass production. Also, some amount of
nutrientis returned to the soil through leaf
litter, hence the overall nutrient cycling
studies can help to know about the nutrient
balance and nutrient removal from the
plantation area. The present study was
carried out to investigate the above ground
biomass production potential of Populus

deltoides in relation to different population
densities and component-wise distribution
of biomass and plant nutrients cycling.

Material and Methods

The experimental site is located in the
mid-hill zone of Himachal Pradesh at an
elevation of 1200 m above mean sea level.
The area lies between 30°51'N latitude and
76°11'E longitude andis a transitional zone
between sub-tropical and moist temperate.
On an average the annual rainfall varies
from 1000-1400 mm, bulk of which is being
received during monsoons i.e. July-
September. The mean annual minimum
and maximum temperatures were recorded
as 13°C and 24.5°C respectively, whereas,
mean annu.zl temperature is 19°C.

The experimental was laid out in
randomized block designin 1986 with three
spacings viz. 60 cm x 60 cm (27,777 plants/
ha), 90 cm x 90 cm (12,345 plants/ha) and
120 cm x 120 ¢m (6,944 plants/ha) and was
maintained purely on rainfed conditions.
Net plots size for each treatment was kept
as 3.60 x 3.60 m which were replicated
seven times. The plots were harvested in
December, 1999, when the plantation was
of 13 years.
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For the above ground biomass
estimation, 50 per cent of the total trees
were felled in each replication using
stratified mean tree technique (Art and
Marks, 1971). All the trees were measured
for diameter at breast height and total
height. Fresh weight was recorded in the
field for branches and bole. Representative
samples of each component were collected
for their dry weight estimation. Biomass of
individual components was worked out by
using formula :

Dry matter =

Dry weight of sample

x Total fresh

Fresh weight of sample weight

Volume of the above ground biomass
was estimated with the following
formula :

fxhx{d?
Vs —4—M—
4

Where,

V = Volume (m?),

f =Form factor (2 h/3 h),

h = Total height (m),

h, = Height at which the diameter is half
of dbh,

d = Diameter at breast height (cm),

g = Basal area and

q = Constant (22/7).

A representative composite samples
of bole and branches were collected from
each plot. Branch samples were collected
from upper, middle and lower portion of
the crown. Similarly, basal, middle and top
portion of bole of each sample tree were

sampled from different plots immediately
after the harvesting. Litter (Leaf + branch
twigs) was collected by laying two random
quadrate of 1 m x 1 m in each plot and
samples from each quadrate were collected
and weighed in field. Composite samples of
100 g were taken for oven dry weight
estimation and nutrient analysis. The plant
samples collected were immediately
weighed and brought to the laboratory in
paper bags. All the samples were washed in
series, first with tap water, then 0.1 N HCl
followed by distilled water. The washed
samples were allowed to dry in oven at 65
+ 5°C temperature till constant weight and
subsequently samples were grounded in a
willy mill and stored in butter paper bags
for chemical analysis.

The estimation of total N in plant
material was done using Kjeltec Auto 1030
Analyzer after digesting plant samples in
concentrated H,SO,. Forthe determination
oftotal Pand K, 0.5 g of plant material was
digested in4: 1 nitro perchloric acid (HNO,
: HCIO,) mixture. In order to have a
complete transfer of digested material,
three washings of the digestion flask was
given with distilled water and volume made
to 100 ml. Total P in the digest was
determined by Vanadomolybdate yellow
orange colour method at 470 nm (Jackson,
1973), whereas total K in the extract was
determined by Atomic Absorption
Spectrophotometer (Z 6100).

Soil samples from varying depths 0-30
cm, 30-60 cm, were collected after
harvesting for studying the depth-wise
distribution of N,P K organic carbon and
soil pH. The soil samples were air dried,
¢rushed and passed through 2 mm sieve
and stored in cloth bags for chemical
analysis. The chemical analysis was carried
by the following methods : pH (Jackson,
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1973), Organic carbon (Walkley and Black,
1934), Available nitrogen (Subbiah and
Asija, 1956), Available phosphorus (Olsen
et al., 1954) and Available potassium
{Merwin and Peech, 1951).

The entire data from the present
investigations was put to statistical analysis
in accordance with procedures outlined by
Gomez and Gomez (1984).

Results and Discussion

Growth parameters and biomass
distribution : The survival did not showed
significant results with the variation in
density (Table 1). However, maximum
survival (73.29%) was observed at 120 cm
x 120 cm spacing and minimum (67.06%) at
60 cm x 60 cm spacing. Tree height also
showed non-significant results with varying
density. However, itincreased with increase
in spacing. Tree height was maximum
(11.71 m) at widest spacing and minimum
(11.67 m) at closest spacing. Highest tree
diameter, (8.53 cm) was observed at 120 cm
x 120 cm spacing which differed
significantly from 90 cm x 90 cm (7.18 cm)
and 60 cm x 60 cm (5.54 cm) spacing.
Differing significantly among spacing,
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maximum volume (363.4 m?) was recorded
at 60 cm x 60 cm spacing and minimum

© (238.2 cm®) at 120 cm x 120 cm spacing.

Following the trend of volume mean annual
increment was highest (27.95 m¥%ha/yr) for
60 cm x 60 cm and lowest (18.32 m%ha/yr)
for 120 cm x 120 cm spacing.

Survival of Populus deltoides was
found to increase with decrease in plant
density butthisincrease wasnot significant.
This trend can be attributed to the less
plant competition for space, light, nutrients
and moisture at lower densities. Saralch
(1994) and Temeche (1999) also reported
the same trend of increase for Eucalyptus
tereticornis. The significant increase in
diameter with the corresponding decrease
in density may be due totheless competition
atlower densities. This significant increase
in diameter is in accordance with the
findings of Torvi et al. (1998) for Pinus
trecunumanii and Bhardwaj et al. (2000)
for Eucalyptus tereticornis. Volume and
MAI computed on per hectare basis showed
significant increase with increase in plant
density. This increase can be attributed to
the fact that there are more number of
trees at higher density. The results are in
line with the findings of Pandey (1987) for

Table 1

Effect of density on survival and dimensional growth in Populus deltoides

Growth parameters Spacing (cm)

60 x 60 90 x 90 120 x 120 S.Em = CD 0.05
Survival (%) 67.03 69.83 73.29 4.44 NS
Height (cm) 11.67 11.69 11.71 0.73 NS
Diameter (mm) 5.54 7.18 8.53 0.07 0.16
Volume (m?) 363.40 289.00 238.20 4.52 9.86
Mean Annual Increment 27.95 22.23 18.32 0.34 0.75

(m*%ha/yr)
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Table 2

Effect of spacing on component-wise biomass distribution of Populus deltoides

Components Spacing (cm)
60 x 60 90 x 90 120 x 120 SEm=+ |CDO0.05

Branch (kg/tree) 0.73 1.69 2.69 0.085 0.18
Branch (t/ha) 20.28 (9.29) 20.84 (11.36) 18.67 (12.87) 1.16 NS
Bole (kg/tree) 7.12 13.17 18.20 0.28 0.61
Bole (t/ha) 197.80 (90.71) 162.50 (88.64) 126.40 (87.13) 3.76 8.20
Total above ground

biomass (kg/tree) 7.85 14.86 20.89 1.31 2.86
Total above ground

biomass (t/ha) 218.08 183.34 145.07 4.49 9.80

Figures in parenthesis are per cent values of total above ground biomass.

Eucalyptus tereticornis and Torvi et al.
(1998) for Pinus trecunumanii. The non-
significant effect of plant density on height
isin accordance with the findings of Xu and
Chen (1994) for Poplar, Torvi et al. (1998)
for Pinus trecunumanii.

The above ground biomass and its
distribution tobranch and bole is presented
in Table 2. It is evident from the data that
branch biomass differed significantly
among the spacing. Branch biomass
increased with increase in spacing.
Maximum branch biomass (2.69 kg/tree)
was recorded at 120 cm x 120 cm while
minimum (0.73 kg/tree) at 60 cm x 60 cm
spacing. On converting branch biomass on
per hectare basis it showed non-significant
results. The per cent contribution of branch
biomass to total above ground biomass was
9.29, 11.36, 12.87 at 60 cm x 60 cm, 90 cm
x 90 cm and 120 cm x 120 ¢m spacing
respectively. Bole biomass showed
significant variation with density.
Maximum bole biomass (18.20 kg/tree and
126.40 t/ha) was recorded at 120 cm x 120
cm spacing. The proportion of bole biomass

to total above ground biomass was 90.71,
88.64, 87.13 per cent at 60 cm x 60 cm, 90
cm X 90 em and 120 cm x 120 em spacing,
respectively. Showing significant
differences with density total above ground
biomass was maximum (20.89 kg/tree and
145.07 t/ha) at 120 cm x 120 em spacing and
minimum (7.85 kg/tree and 218.08 t/ha) at
60 cm x 60 cm spacing.

The increase in bole biomass with the
decrease in spacing may be attributed to
the fact that the trees at lower density were
having more diameter and number of
branches per plant. These results are in
accordance with the findings of Saralch
(1994) and Temeche (1999) in Eucalyptus
tereticornis plantation. Above ground
biomass computed on hectare basis
increased with theincrease in plant density.
This can be ascribed to difference in
number of trees per ha which increased
towards higher density. The results
coincide with the findings of Armstrong et
al. (1999) for three clones of Poplar and
Saralch (1994) in Eucalyptus tereticornis
plantations.
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Table 3

Effect of planting density on macro-nutrient contents in Populus deltoides

Macro-nutrient Spacing (cm)
(kg/ha) 60 x 60 90 x 90 120 x 120 SEm =+ CD 0.05
Nitrogen :
Branch 156.10 (0.76) 143.80 (0.72) 137.30 (0.73) 6.23 (0.02) 13.60 (NS)
Bole 849.50 (0.44) 810.40(0.49) 628.10(0.49) 68.68(0.03) 149.73(NS)
Total biomass 1005.60 954.20 765.40 71.47 155.81
Phosphorous :
Branch 1.76 (0.0087) 1.91 (0.0091) 1.98 (0.010) 0.91 (0.003) NS
Bole 16.71 (0.0084) 13.68 (0.0084) 11.56 (0.0091) 0.90 (0.006) 1.97 (NS)
Total biomass 18.47 15.59 13.54 1.02 2.24
Potassium :
Branch 121.40 (0.59) 99.32 (0.54) 104.60 (0.56)  14.34 (0.04) NS
Bole 774.30 (0.39) 603.40 (0.37) 507.30 (0.40)  38.98 (0.03) 84.99 (NS)
Total biomass 895.70 702.72 611.90 43.84 95.58

Figures in the parenthesis are per cent values

Macro-nutrient content and their
recycling : 'The data on per cent nutrient
concentration at three spacing viz. 60 cm x
60 cm, 90 cm x 90 cm and 120 cm x 120 cm
in tree components is presented in Table 3.
Per cent nitrogen concentration in branch
as well as bole was not influenced
significantly by spacing. Nitrogen
accumulation by branch was maximum
(156.1 kg/ha) at 60 cm x 60 cm which was
at par with 90 cm x 90 cm spacing (143.8 kg/
ha) but differed significantly with spacing
0f 120 em x 120 ¢m (137.3 kg/ha). Nitrogen
contentinbole also followed the same trend
with maximum accumulation (849.5 kg/ha)
at 60 cm x 60 cm and minimum (628.1 kg/
ha)at 120 cm x 120 cm spacing. Total above
ground nitrogen accumulation showed
decreasing trends as the density decreased.
It was highest (1005.6 kg/ha) at spacing of
60 cm x 60 cm and was lowest (765.4 kg/ha)
at spacing of 120 cm x 120 cm.

Phosphorus concentration increased
with the decrease in plant density. The
phosphorus content in branch was
maximum (0.01%) at spacing of 120 cm x
120 cm and was minimum (0.0087%) at
spacing of 60 cm x 60 cm. However, all the
three spacing were statistically at par.
Similarly, bole phosphorus concentration
was also non-significant for all the spacing.
Branch phosphorus accumulation was non
significant at different spacings. However,
it registered 1.76, 1.91, 1.98 kg/ha for
spacing or 60 cm x 60 cm, 90 cm x 90 cm and
120 ecm x 120 em respectively. Bole
phosphorus accumulation differed
significantly for all spacing, with maximum
(16.71 kg/ha) for spacing of 60 cm x 60 cm
and minimum (11.56 kg/ha) at spacing of
120 em x 120 cm. Total above ground
accumulation also showed significant
differences among different spacing.
Phosphorous accumulation was maximum
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Effect of spacing on depth-wise distribution of available macro-nutrients

Table 4

Spacing (cm)

Soil depth (cm) 60 x 60 90 x 90 120 x 120 SEm= CD 0.05

pH: 0-30 6.56 6.47 6.37 0.076 NS
30-60 6.71 6.65 6.55 0.097 NS
Mean 6.63 6.56 6.46

0C (%) : 0-30 1.81 1.22 0.75 0.020 0.04
30-60 1.06 0.86 0.44 0.012 0.03
Mean 1.43 1.04 0.59

N (kg/ha) : 0-30 273.50 301.00 340.60 4.03 8.78
30-60 223.10 256.90 277.90 3.32 7.25
Mean 248.30 278.95 309.25

P (kg/ha): 0-30 58.87 82.91 95.52 1.50 3.26
30-60 49.01 59.20 73.22 1.79 3.92
Mean 53.94 71.05 84.37

K (kg/ha) : 0-30 236.10 256.60 312.20 1.80 3.93
30-60 199.10 210.10 237.80 4.16 9.07
Mean 217.60 233.35 275.00

(18.47 kg/ha) for spacing 60 cm x 60 cm and
was minimum (13.54 kg/ha) at spacing of
120 em x 120 em. Spacings 90 em x 90 cm
and 120 cm x 120 cm were at par with each
other.

Potassium content in branch was
maximum (0.59 per cent) at 60 cm x 60 cm
spacing and was minimum (0.54 per cent)
at 90 cm x 90 cm spacing while potassium
content in bole was maximum (0.40 per
cent) at 60 cm x 60 cm spacing and was
minimum (0.37 per cent) at spacing of 90
ecm x 90 em. Potassium accumulation in
bole was significantly affected by spacing.
It was maximum (774.3 kg/ha) at spacing
60 cm x 60 cm and was minimum (507.3 kg/

ha) at spacing of 120 cm x 120 cm.

N, P and K retention in branch, bole
and above ground biomass showed
decreasing trend with increase in spacing.
This can be attributed to the fact that there
was more branch, bole and above ground
biomass production in close spacing as
compared to the wider spacing. These
results were line with the findings of
Temeche (1999) and Bhardwaj et al. (2000)
in Eucalyptus tereticornis plantation.

The chemical characteristics of the
soil pH, organic carbon, nitrogen,
phosphorus, potassium under Populus
deltoides plantation are presented in
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Table 4. There is no significant difference
in pH values at 0-30 cm and 30-60 cm
depths of soil. However, soil pH showed
increased trend with increasing soil depth
at all plant densities. Organic carbon
content in the soil at both the depths
(0-30 cn, 30-60 cmi) increased significantly
withreductionin spacing. The datain Table
4 revealed than increase in plant density
had significant negative effect on the
available nitrogen content in soil at both
soil depths. There was a decreasing trend
in available nitrogen content with increase
in soil depth. The data on amount of
available phosphorus revealed that there
was significant difference of available
phosphorus among different spacings at
both the depths. There was decreasing trend
in available phosphorus content with
increase in soil depth. Available potassium
decreased with the increase in plant
population, while with increase in soil
depth, there was decrease in available
potassium content at all plant densities. At
0-30 cm depth, it was maximum (312.2 kg/
ha) at 120 cm x 120 cm spacing and was
minimum (236.1 kg/ha) 60 cm x 60 cm
spacing. At 30-60 cm depth it was recorded
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highest (237.8 kg/ha) at 120 ecm x 120 ¢m
and was lowest (199.1 kg/ha) at 60 cm x 60
cm spacing.

The increase in pH with depth could
be ascribed to substantial addition of organic
matter at higher density than lower one on
the surface and less organic matter addition
duetorootlitter andincreaseinclay content
of the soil, respectively. The findings are in
line with the findings of Soni (1991), Sharma
(1991), Kaushal (1992), Saralch (1994) and
Das et al. (1996). Organic carbon content
decreased with decrease in density and
increase in soil depth. These results are in
conformity with the findings of Bisht et al.
(1989), Soni (1991), Sharma and Singh
(1991), Sharma (1991), Jha and Chhimwal
(1993) and Saralch (1994). The significant
decrease for N, P and K with the increase
in plant number may be due to more
nutrient uptake per unit area since more
roots exérted on the nutrient absorption in
the soil in comparison to lower plant
number. The decrease in available macro-
nutrients was also observed with increase
insoil depthirrespective of planting density,
this can be attributed to deep rooted nature

Table 5

Effect of biomass on macro-nutrient cycling in Populus deltoides

Nutrients (kg/ha)
Nitrogen Phosphorous Potassium
Spacing 60 x 60 | 90 x 90 |120 x 120 {60 x 60 (90 x 90/120 x 120 |60 x 60 |90 x 90 [120 x 120
cm cm cm cm cm cm cm cm cm
Total above
ground
accumulation 1005.60 954.20 765.40 18.47 15.59 13.54 895.70 702.72 611.90
Release
through
litter fall 288.80 261.20 240.90 15.28 13.27 12.88 127.50 120.20 107.20
Total uptake 1294.40 1215.40 1006.30 33.75 28.86 26.42 1023.20 82292 719.10
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of trees. These results are on line with the
findings of Banerjee and Nath (1991) for
forest soils of Sikkim, Sharma and Singh
(1991) for soils of Kinnaur, Malik (1992) for
Chir pine forests of Solan District, Kaushal
(1992) for Deodar forest soils of Kinnaur.

The balance of macro-nutrients N, P
and K in 13 years old Populus deltoides
plantation has been presented in Table 5.
It is evident from the table that both
accumulation of nutrients and its uptake
showed increasing trends for macro-
nutrients (N, P, K) kg/ha, with the increase
in plant population. The total amount of
nitrogen retained (branch + bole) was

highest (1005.6 kg/ha) at 60 cm x 60 cm
followed by 954.2 kg/ha at 90 cm x 90 cm

- and least (765.4 kg/ha) at 120 cm x 120 cm

spacing. Whereas, P and K had values to
the tune of 18.47 kg/ha and 895.7 kg/ha of
60 cm x 60 cm spacing, 15.59 kg/ha and
702.72 kg/ha at 90 cm x 90 ¢cm spacing and
13.54kg/haand 611.9kg/haat 120cmx 120
cm spacing, respectively. Total above
ground uptake (retained + returned
through litterfall) was highest at 60 cm x 60
cm spacing with respective values of N, P
and K 1294.9, 33.75, 1023.2 kg/ha and
least at 120 ecm x 120 em spacing having
values of 1006.3, 26.42 and 719.1 kg/ha,
respectively.

SUMMARY

The experiment on Populus deltoides was laid out in randomised block design with three
densities viz 60 cm x 60 cm (27,777 plants/ha), 90 cm x 90 ¢cm (12,345 plants/ha) and 120 em x 120
cm (6,944 plants/ha) under rainfed conditions in mid hill zone of Himachal Pradesh. The
plantation harvested after 13 years, produced maximum biomass (218.08t/ha) in the closest
spacing of 60 cm x 60 cm for which the bole contributed 90.71 per cent of the total above ground
biomass accumulation. The nutrient accumulation in the biomass also differed with the density.
The maximum nutrients were present in the closest spacing. It was further observed that
organic carbon content in the soil decreases with the decrease in density. Conversely, an
increase was observed in nitrogen, phosphorous and potassium content of soil with the increase
in spacing. Study reveals that accumulation of nutrients in the biomass is higher in 60 cm x 60
em spacing whereas, the nutrient return through litterfall was less as compared to the total
uptake which created nutrient deficit in the soil.

Fftras Teca gt A9al A YA Seraldw &t Sayst e gmar @t
qrERl @ttt
Tho8o RGN, Yahl Yar a afre e
qREl
YA IFTRASE W a5 GAQeA0T Ao T3W B WeA qETEl Sl o auiqiiw awsd ¥ S auAa st
60 x 60 @ (27,777 TRH/TH o) 90 x 90 A (12,245 TET /3o ) 3 120 x 120 FA? (6,944
WY /T o) AR W gFsw w@us suweq R ¥ frar w1 Ava @ wers 13 af ae @ v R
Felifiren Stagst M (218.08 TH/3q o) T BT A= K 60 x 60 VA, Ve W ek fort ofwr ¥
TR AR Y A Sage F TR w W 90.71 e w1 Sagw ¥ whid ge aRamn @ wesar i
AT U T | S AR qed 6 walite e ane WS e g | e sfakad
7E A @ R B M WA @ St wET A N ued o W ¥ ) e gl 99 @ s
TGN WA W T & A, FRARE X D ¥ gfe 2t 3 1 w9 semet A v w60 x 60
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N FEA TER D A DI T W AAGA ¥ NAER M GIAT w8 waih g9 F TES T
TR & Yo § quiterer AT ¥ et ¥ eaEnl 6 ol w9 e @ Rl ger @ aewn W e
EICT '

References

Armstrong, A., C. Johns and I. Tubby (1999). Effect of spacing and cutting cycle on the yield of Poplar
grown as an energy crop. Biomass and Bioenergy, 17 (4) : 305-314.

Art, HW. and P.L. Marks (1971). A summary table of biomass and net annual primary production
in forest ecosystems of the world. Forest biomass studies (Ed. H.E. Young). Life Sci. and
Agri. Exp. Sta., University of Maine, Orono, Maine, U.S.A.

Banerjee, S.P. and S. Nath (1991). Soil and vegetation of South Sikkim forest and management. Ind.
J. For., 14 : 261-274.

Bhardwaj, S.D., Workneh Andarge and Pankaj Panwar (2000). Above ground biomass production
in high density plantation of Eucalyptus tereticornis after 12 year of plantation. Ann.
Pl. and Soil Res., 2 (1) : 101-105.

Bhardwaj, S.D., Workneh Andarge and Pankaj Panwar (2000). Effect of spacing on nutrient
accumulation pattern of Eucalyptus tereticornis. J. Hill Res., 13 (1) : 15-18.

Bisht, Y.P.S.,D. Sharma, Uma Melkania and Nel Pandey (1989). Distribution of biomassin 18 years
old Eucalyptus hybrid (E. tereticornis) Plantation. J. Tree Sci., 8 (20 : 56-61.

Das, T.H., Dipak Sarkar and J. Sehgal (1996). Soil acidity on steep slopes of Sikkim at higher
altitude. J. Ind. Soc. Soil Sct., 44 (2) : 319-321.

Gomez, KA. and A.A. Gomez (1984). Statistical procedures for Agricultural Research (IInd edn.).
John Wiley and Sons, Inc. New York, 680 p.

Jackson, M.L. (1973). Soil chemical analysis. Prentice Hall of India, New Delhi. 498 pp.

Jha, KK and C.B. Chhimwal (1993). Performance of different provenances of Eucalyptus
camaldulensis in Tarai and its effect on soil properties. Haldwani (U.P.). Ind. J. For.,
16 (2) : 97-102.

Kaushal, R. (1992). Fertility status and moisture retention characteristics of forest soils of dry zone
Decdar (Cedrus deodara) Ecosystems. M.Sc. Thesis, UHF, Nauni, Solan. 95p.

Malik, P.C. (1992). Studies on the relationship of soil physico-chemical properties with Chir pine
associations. M.Sc. Thesis, UHF, Nauni-Solan (H.P.). 74p.

Merwin, H.D. and M. Peech (1951). Exchangeability of soil potassium in sand, silt and clay fractions
as influenced by the nature of complementary exchangeable cations. Soil Sci. Soc. Am.
Proc. 15 : 125-128.

Olsen, S.R., W. Cole, F.S. Watanabe and L.A. Dean (1954). Estimation of available phosphorus in
soils by extraction with sodium bicarbonate. Methods of soil analysis. (Black, C.A. ed)
Madison. Am. Soc. Agronomy. pp. 1044-1046.

Pandey, D. (1987). Yield model of the plantations in the tropics. Unasylva, 30 (3 & 4) : 74-75.

Saralch, H.S.(1994). Nutrient dynamics and biomass production potential of Eucalyptus tereticornis
Smith in high density short rotation systems. M.Sc. Thesis, UHF, Nauni, Solan (H.P.).
99p.

Sharma, B. (1991). Studies on the relationship of soil physico-chemical properties with Chir pine
association. M.Sc. Thesis, UHF, Nauni-Solan (H.P.). 72 p.

Sharma, P.D. and Karan Singh (1991). Status report on Kinnaur and Spiti catchment of Sutlej river
in Himachal Pradesh. P. 107.

Soni, A. (1991). Characterisation of some soils under Deodar forests in Chamba District of Himachal
Pradesh. M.Sc. Thesis, UHF, Nauni, Solan (H.P.). p. 93.



2001] Biomass production potential and nutrient dynamics of Populus deltoides... 153

Subbiah, B.W. and G.L. Asija (1956). A rapid procedure for estimation of available nitrogen in soils.
Curr. Sci., 25 : 259-260.

Temeche, W.A. (1999). Biomass production and nutrient dynamics of Eucalyptus tereticornis
planted at different density. Solan. M.Sc. Thesis, UHF, Nauni, Solan. 71p.

Torvi, R.K., G.S. Kariyappa and K.M. Satishchandra (1998). Effect of initial spacing on production
of pulpwood in Pinus trecunumanii. Indian Forester, 123 (3) : 192-197.

Walkley, A. and L.A. Black (1934). An examination of the Degtjareff method for determining soil
organic matter and a proposed modification of chromic acid titration method. Soil
Science, 37 : 29-38.

Xu, HY. and Z.S. Chen (1994). Studies on growth of I-69 Poplar plantations at different spacing.
Forest Research, 7 (1) : 61.




