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Soil propertics

age series stands of Alnus nepelensis 1. Don monocultures bave been selected

iri range of the Kalimpong forest division in the Eastern Himalayas. Chemieal
i f and

Summary  ive
from the Pank

able phosphorus

soil properties such as organic carbon, total nitrogen, C:N v
exchangeable cations (Ca PR Y and Na®y were analysed inall thizse 1
stands from the surtace to 1Tm deep profiles to lind \Jutalhc long term clffect ol A. wepalensis

s ol plan

on the soil quality of these erasion vulnerable slopes. » 7

Organic carbon, available phosphorus and total nitragen content per-hcctare incrcased
with increasing plantation stand age. Analysis of variance lor nutrients showed significant
variation in depth (total nitrogen, £ <2 0.001; organic carbon, £ < 0.001 s available phosphorus,
P 0.05; exchangeable Ca*? ) P < 0.01; and exchangeable K", 2 <2 0.01) and between plan-
tation stands (organic carbon, 7 <2 0.05; and available phosphorus £ < 0.05). High value ol
total nitrogen content (34.971 ha™ 'y was obtained in 46 yr old stand. Soil pH is low. 1t in

hosoil total nitrogen

creased down the depth and in older plantations. These stands with hi
and organic carbon content show increased tertility of the stands. The cover of A nepalensis
in rocky, landslhide and ¢rosion prone slopes of the Fastern Himalayas, serves o protect and
improve sail quality.

Introduction

Alnus nepalensis . Don is a comunon tree in both natural and
managed ecosystems in the Central and the Eastern Ilimalayas. It is
planted as an associate species with Crypromeria japonica Don, Cup-
ressus cashmeriana Royle, Betula alnoides Ham, Michelia champaca Linn
ete. and in monocultures. It is good nurse tree in Cinchona spp. and
Amomum subularum plantations in the Himalayan region. A, nepalen-
sis is found to be a successful pioncer in Treshly exposed soils in land-
slide affected arcas, rocky and eroded slopes. A, nepalensis with ac-
tinorhizal root nodules is an efficient biological nitrogen fixer in the
Eastern Himalayas'®. Actinorhizal species have been shown to improve
soil nitrogen status and act as pioneer species on denuded habitats'
The soil-improving propertics of other Afnuws species are well known.
Studics have shown that Alnus rubra Bong, makes a significant con-
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tribution to fertility of forested sites in the Cascade Range, USAT
and on some ot the more fertile coastal soils®.

On the crosion prone slopes ot the [limalayas the conservation of
soil nutrients against erosion is an important task. Forest plantation
by suitable species is probably the best way of control against crosion
of soil along with nutrients. A, nepalensis, a fast growing tree with
nitrogen fixing capahility, 1s a good species for plantation. Nitrogen,
being casily washed down by torrential rains and through leaching,
can he mtroduced into the system by Alnus through biological nitrogen
fixation' . Thus a series ol five different ages of A, nepalensis plan-
tation stuands were selected to study chemical soil properties and nature
of the effect of stand age on a long range basis (7 yr to 56 vr old plan-
tation stands).

Muteriuls and methods

Five different stands in the FPankhasari range of the Kaelimpong forest division in the hills
ol Darjecling (Fastern Himalayas) were selected (2777 N 88°35 1), These stands represented
.30, 46 and 56 years. The selection of these stands

monocuttures ol A nepalensis of 7, 17
were done on the basis of available age series ol A, nepalensis monoculnures in close proximity.
Ages ot these alder stands were recorded in stand history maintained by West Bengal Paorest
Development Corporation. Fach of the stand was divided into sample. buffer, measurement
and study arcas!®. The studics on seils were done in the measurement area. All the stands
were within 10 km distance. These stands fall beween 1670 m 1o 2040 m altitude abave musl.
with a temperate climate. Normal annual precipitation is 3000 mum o 4000 mm. Mean maximum
of 22,470, mean minimum of 15.4°C temperatures for the growing season (April to November)
and mean maximum ol 14.2°C, mean minimum of 6°C temperatures for the winter scason
{(December to March) were recorded in 1981 to 1982, The seiceted stands oceupy sloping
topography (257 to 357 slope). Soils in the study stands were sandy loam in texture and dark
brown to yellowish brown in colour. Soils exhibited little dilTerences among stands. The
seolegical formation belonged to Darjeeling Gneiss consisting of different grades ol mera-
motphic rocks.

In July 1981, s0il pits were exeavated up to a depth of 1 m at five different monoculiure
stands ol A, nepalensis. The pits were divided into five harizons vz, (a) 0 -20cm. (h} 20
40cm, () 40-60cm, {d) 6080 cm and {¢) 80100 cm. A bulk sample ol cach horizon was
taken from cach pit, air-dricd and used for chemical analvsis, Bulk density samples of soil
were obtained from all the pits using bulk density tube sampler, oven dried (80°C Lor 48 hrs)
and weighed. The caleulated bulk density values were used to convert analytical data on kilo-
Lrams or lons-per-hectare basis,

All chemical analyses were carried out with the air-dried, sicved (< 2 mm size) samples,
Soeilwater paste srepared in 1:b proportion for measurcment of pll by glass clectrode
pH mewer®. Some of the chemival analyses were carried out by the procedures outlined by
Jacksan®: (i) available phosphorus-dilute acid extracted and estimated by chlorostannous-

reduced molvbdophosphorie blue colour method, (i1} total nitrogen -- by moditficd Kjeldahl
method and (iii) exchangeable calcium, potassium and sodium extracted by ammonium acetate
solution and determined by [Tame photometer. The arganic earban was determined by Walkley
Black titration method!.

in caleulation of Xilograms or tons per hectare of the various nutrients, values were cal-
culated separatety tor cach horizon and then added to obtain data Yor cach profile.



CHEMICAL SOIL PROPERTIES O1- ALNUS PLANTATIONS 107

]

my g*‘ SOIL Mg qf' SOl
o] el EQ 75 100 120 220 0 2 4 6 5] ]
M T 1 T T T T T T T 1

n
=
1

=

iy
jo
T

)
<
I

SOiL DEPTH (em)
o)
Q
T

L {a)

)
<

g 10 1= 20 25 Q2 4 3 5

T T T — 1 T T 1
20+ 2Ok k
Aok 40

SOIL DEPTH (cm)

60 60 \
8O- 8O &

Telel = (C} 0//- |ODL (d} I

Iig. 1. Variation in (2) Organic carbon, (Iry Total nitrogen, (¢) C/N ralio and {(d) pll of different
plantations: () 7 yr, (&) 17 w1, {©) 30 yr. (#) 46 yrand (o) 56 yr at dilferent depths.

Results and discussion

Soil horizons under age serics of A nepalensis stands have more
differcnces in the values ol soil reaction (pH) and nutrients in the
upper threc horizons, but these differences are less in the lower two
horizons (Figs. 1 and 2). The values are converted on a kilogram or fon
per hectare basis, adjusted for horizon thickness and bulk density
to get the magnitude and importance of some differences, more ap-
parent. Valucs of soil nutrients on per hectare basis for 1 m profile of
plantation stands are presented (IFig. 3) to show the eflfect of plan-
tation ages on the stand soil properties.

Organic carbon

The 0—20 cm horizon, appearing dark brown in the field, had high
organic carbon content and decreased down the depth sharply in all
the plantation stands (IFig. Ta). 1t increased with the maturation of the
stand. but the maxinmum value of 212mg g ! soil is obtained in
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I4g. 2. Variation in {a) Available phosphorus, (b} Exchangeable calcium, (¢) Fxchangeable
putassium and {d} xchangeable sodinum of ditferent plantations: (2) 7yr, (&) 17 yr, (2) 30y7,
{®} 46 yr and (0) 56 yr at different depths.

0—20c¢m horizon of 30vyr old planfation stand. High average value
of organic carbon 234 mg ¢! soil in 0—30 ¢ horizon of 40 vr old red
alder stand® is compuarable (o 212mg ¢7' soil in 0--20 cm herizon
of 30yr old A. xepalensis stand. The organic carbon contents of 60
100 ¢m depths are almost consistent in all the stands. Statistically,
variations of organic carbon (it ha™! horizon) between the soil depths
and the plantation slands are signilicant at 2 <2 0.001 and P << 0.05
levels, respectively (Table 1). Organic carbon is contributed to the soil
through litter and root decomposition. The fast growing naturc of
A, nepalensis with maximum litter fall in winter and higher rate of
decomposition in the rainy season continuousiy add organic carbon
to the soil (Sharma and Ambasht, unpublished). In spite of the slope
factor, surface runoff and removal of leaf litter for biofertilizer purposc
by the local people, organic carben content of the stands increased
with advancing plantation stand age (Fig. 3).

Toral nitrogen and C: N ratio
Total nitrogen content of A, nepalensis plantation soil-pool is very
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Fig. 3. Quanlity per hectare of Organic carbon (), Total nitrogen {4}, Available phosphoerus
(o), Exchangeable potassium (@), Exchangeable calcium (2) and Exchangeable sodium ()
of five ditferent ages of pluntation stands.

high (Fig. 3). In the uppermost (0—20cm) horizon the total nitrogen
content increased with the stand age (7yr, 6mgg ;17 yr, T4dmgg Tt
30yr, 8§3mg gt d6yr, 8.2mg g7t and 56vr. 9.1 mg gt soil) and ii
deereased down the depth in all the plantations (Fig. 1b). The total
nitrogen content of the lower horizons is also high, as the runoff
effect is mostly confined to slope surface only and underground de-
composing roots add total nitrogen to the lower horizon soils through
leaching. The significant variance ratio (F) is obtained for total nitrogen
content for soil depth (/< 0.001) only {Tablc 1).

Soil total nitrogen content (34.97 tha™!) under the stand of 46 yr
old A. nepalensis up to a depth of 100 em is high as compared to other
ecosystems (25 vr old Pinus patula stand in the Eastern Himalayas'”,
0-100cm soil depth, 2534t ha™; 18yr old Cryptomeria japonica
stand in the Fastern Himalayas'®, 0-- 100 em soil depth, 24.51 ha 1:



110 SHARMA. AMBASIT AND "‘\,'('iil

Table 1. Vartance rario (1) for soil chemical propertics

Organie Total

curbon nitrogen Available Exchangeable ITxchangeabie
Source of tha™! tia™! phospherus potassinm calciwm
variation horizon horizon g w! soit e e b osoll pe et soil
Soil depth GG ] 2w=s 97 40%%+ 373 S.61%F 4.18%
Flintation 467" 2.93™ 1.06% - 161™

stand

d.d. for soil depth (4), plantation stand (4) and crror (i6) were same Tor all the chemical pro-
purtics. ns — not significant.

Significant at: *7 < D05, %% P <001 and *5% £ < 0.001

Eucalvprus obligua Lucalyprus dives and Fucalyptus vegnans stands
in Australia®, 0 100cm soil depth, 1344 and 17.281 ha ™! respec
tively: and 40vr old Alnus rubra stand in Oregon, USA®, 0 90cm
soil depth, 8.7t ha '), A nepalensis stand showed the highest soil
total nitrogen value, nevertheless the Pinus patule and Cryptomeria
japonica stands of the Eastern Himalayas also showed high values.
Soil total nitrogen content of A, pubra stand® is hall of the AL nepalen-
sis stand when compared to 0—90 cm depths although both of them are
efficient biolegical nitrogen fixing actinorhizals. Biological nitrogen
fixation is not affected by the increasing fertitity of the slands'.
Total nitrogen content is increased in advancing age series stands
irrespective of loss through surface runoff.

Soils with a very high C:N ratio have low net rate of mineralization.
The ratios most favourable for mineralization lies between 101 and
20014 In all the horizons and plantation stands of A, nepalensis,
C:N ratios are between 14:1 and 26:1 (Fig. 1¢) indicating the most
favourable ratios for mincralization. Faster mineralization of nitrogen
is accorded with enhanced leaching?.

Avaifable plhosphorus

Available phosphorus changed significantly between the soil depth
(£ < 0.05) and plantation stands (P < 0.0%). Availability of phos-
phorus is highest at 40-60cm horizon (Fig. 2a) and it increased in
the stand soil-pool with plantation age ([fig. 3). Maximum value of
880.49 kg ha™' is recorded in 46yr old stand and is comparable to
§53 kg ha™ of Fucalyptus obligua stand?,

Exchangeable cations (Ca™®, K* gnd Na‘)

Exchangeable calcium (Ca™) increased down the depth in all the
plantation stands (Fig. 2b). There is no significant trend of variation
from plantation to plantation stund, although the variation in quantity
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of exchangeable Ca*? of the soil-pool is ohserved {Fig. 3). Exchange-
4ble Ca*? showed significant (P <C 0.01) variation down the soil depih.
Calcinm availability decreases as acidity increases, thus the higher pH
values down the depth resulted in presence of more cxchangeable
Ca*?. The highest quantity (873.37kg ha™') of exchangeable Cat?
is found in the soil-pool ol 36 yr ald stand.

Exchangeable potassium (K*) in 7yr, V/yr and 30vr old stands
decreased sharply form 0 to 60 cm depth, horizons of active nutrient
absorption by roots, and then increased moderately down the depth,
In comirast, exchangeuble K* of the older stands (46yr and S6vr)
decreased down the depth throughout (Fig. 2¢). Variation of exchange-
able K*is significant (P <2 0.01) between the soil depths only (Table 1).
Exchangeable K* is in higher concentrations (40.6 to 86.9up g7
in the upper two horizons of all the plantations. Highest value of
564.99 kg ha™' is recorded in 46 yr old stand soil-pool (Fig. 3).

There is no variation of cxchangeable sodium (Nua™) between the
Lorizons and in plantation stands (Fig. 2d). although increasc in soit-
pool with the stand maturity is observed (Fig. 3). Na™ being non-
essential element does not show any significant trend.

Legumes symbiotically fix atmospheric nitrogen, they remove
excess of cations over anions from the soil solution, and thus acidity
increases af their root surfuce’ 7*. Similarly excess of cation uptake
can be one of the causes of acidity in the actinorhizal A. nepalensis
stands. Decrease of hase content under red alder stand is reported®,

Soil reaction

The pH of the soil has an effect upon its structure, weathering and
humification processes and mainly on the mobilization of nutrients
and exchange of ions. Soil reaction increased down the depth and
lowest pH are recorded in the uppermost horizon of all the plantation
stands (Fig. 1d). As in A, nepalensis stands soil pll down the depth is
reported to increase in A rubra stands whercas it decreased in conifer
stands® . Soil pH of the pure A. rubra stand is 4—5in 0—30cm depth.
A. nepalensis and Cryptomeria japonica'® monoculture stands in the
Lastern Himalayas showed 3.6—3.4 and 4.0—4.8 pH range in 0--40c¢m
depths respectively. Acidity is due to immobilization at the earlier
stage of litter decomposition, accumulation of nitrates and higher
cation uptake as compared to anions in nitrogen fixing species® !?,
Increased soil acidity is coupled with reduced base content in soils® .

Soil orgunic carbon, total nitrogen, available phosphorus, exchange-
able Ca*™ | K* and Na' increased with stand age. Acidity is higher in
7yr, 17yr and 30yr stands as compared to 46yr and 56yr stands.
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These alder stands show higher values of soil total nitrogen and organic
carbon with the increase in plantation stand age indicaling increased
fertility status of the soil. Thus, A nepalensis plantations not only
make signiticant contribution to the nitrogen cconomy but also im-
prove soil quality and protect the vulnerable slopes against erosion with
Juxuriant undergrow(h in the Himalayan region. But the elfect ot (i)
acidity on base status of the stands and {ii) slope on nutrient loss
through surface runoll and leaching. arc to be answered by further
invesligations.
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