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PREFACE

Human interference in the form of shifting agricul-
ture (Jhum) is the major destructive force of vegetation
in the entire north-east India. Forested areas after few
years of jhumming are left for vegetation regrowth. Some
earlier workers have studied the secondary succession on
abandoned jhum fallows in Meghalaya. This piece of research
work lays emphasis on investigating functional attributes
of the seral communities. The study was conducted in the
young (< 5 year old) and old (15 - 20 year old) stands of
subtropical wet hill and tropical moist deciduous forests

of Meghalaya.

The thesis is divided into six chapters. General
introduction and review of relevant work is given in the
first chapter. Second chapter describes the study sZites
and climate of the area. Community composition and tree
phenology are dealt with in the third chapter. Data pertain-
ing to litter production and accumulation have been discuss-
ed in the fourth chapter. Results of mineral elements (N,
P, K) input through litter and their release during decompo-
sition are discussed in the fifth chapter. A general discus-
sion is given in the 1last chapter followed by a summary.

Literature cited is given at the end.
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CHAPTER 1

GENERAL INTRODUCTION AND
REVIEW OF LITERATURE




Forests all over the world are exposed to different
kinds of natural and human disturbances. Natural disturbances
and concommitant recovery mechanism are integrated aspects
of normal ecosystem behaviour (White 1979). Human disturban-
ces, on the other hand, differ sharply in kind, scale, inten-
sity and frequency and may or may not be more extensive
than natural disturbances. Many kinds of human disturbances
have a higher frequency than natural disturbances. This
is obvious in shifting cultivation practice followed in
humid tropical forests (Reiners 1980). The interaction of
man's activities with physiography and c¢limate has 1led to
the extensive degradation of original vegetation and soil

in many parts of the world (Rosen 1984).

The structure of plant and animal communities and
subsequent development of vegetation is strongly influenced
by nature and intensity of disturbance (White 1979, Pandey
and Singh 198Y4), Effects of human intervention on basic
ecosystem processes such as energy flow and nutrient and
hydrologic cycles are widely prevalent both in temperate
and tropical countries of the world (Lamottee 1981). And
some amount of quantitative data are now available that permit
us to predict: (1) the changing structure of forest through

time after massive disturbance, (2) the changing status



of nutrient stores in ecosystem, and (3) the changes in
water balance of whole ecosystem as they develop following
disturbance (Mooney 1977). But, still our understanding of
the impacts of man's intervention with the structure and

function of natural ecosystem is far from complete.

The north-eastern region of India is characterized
by luxuriant growth of deciduous, humid evergreen and mixed
coniferous types of forest vegetation. Much of the original
vegetation, however, have either been totally disappeared
or transformed into degraded secondary forests by different
kinds of human activities. Two major activities that have
contributed to the large scale destruction of the forests
in the north-east India are large scale extraction of timber
and shifting cultivation, 1locally called 'Jhum'. Jhumming
is the predominant form of agriculture which supports about
1.6 million tribal population, spread over in an area of
0.426 million hectares in the entire north-eastern region.
Shortening of Jjhum cycle (the intervening fallow period
before the farmer returns to the same site) during last
few decades under increasing pressure of rising population
is a major cause of rapid environmental degradation includ-

ing deforestation in the region.

Removal of tree canopy either through selective fell-

ing or clear cutting of forest and abandonment of land after



few years of cultivation provide suitable site for the com-
mencement of secondary succession. Secondary successional
pattern subsequent to 'Jhumming' depends upon the weeding
practice at the time of agriculture, type of vegetation
that is slashed and seed source available to soil (Rama-
krishnan et al. 1981). The seral communities on jhum fallows
differ from one another in species composition, diversity
and dominance and show differences in population structure
of the constituent species. Such a variability in the commu-
nity structure influences the energy and nutrient budgets
of the ecosystem by altering the amount and pattern of the
litter production and decomposition. Recovery of vegetation
is closely associated with the recovery of biogeochemical
cycle. Initially, recovery in nutrient cycle during succes-
sion was attributed to the increasing capacity of ecosystem
to entrap and hold nutrients (Odum 1969). More specifically
rapid rate of net primary production, high elemental storage
in successional vegetation, faster recovery of evapotranspi-
ration and reduction in mineralisation have been offered
as mechanisms for minimising nutrient losses from the ecosys-

tem (Vitousek et al. 1979).

Based on the long history of research and observations
of earlier workers on succession, Marglef (1968), Odum (1969)

and Whittaker (1975) identified general trends in community



development. Their synthetic treatments helped subsequent
researchers (Connell and Slatyer 1977, Van Hulst 1978) to
examine the empirical . .. and experimental basis of succes-
sion theory. Virtually all current discussion on succession
considers only secondary succession which may be the result
of severe disturbances associated with natural catastrophies,
man-induced changes or due to subtle processes. In each
instance the individual species in the ecosystem interacts
in such a way that disturbance to any one of them or to
one part of the system may affect the entire community.
White (1979) has pointed out the problems of assessing the
impact of disturbance on natural vegetation and has described
disturbance as a tripartite continuum of frequency, predicta-
bility and magnitude. Depending on the degree of disturbance
Connell (1979) has proposed six hypotheses which operate

during plant succession.

Succession 1is characteristically variable both in
its environment and species composition. The variability
is partly attributed to the climate, geographical location,
geomorphological features, site disturbance and the number
and kind of species present in the community (Bazzaz 1979).
The functional changes such as organic productivity, litter
production, rate of decomposition and mineral cycling during

progression of succession have been examined by Golley et



al. (1974). Recent studies (Meentemeyer et al. 1982) show
aboveground litter production to be the dominant pathway
joining the 1living biological component to the non-living
soil component of the ecosystem through organic matter decom-
position c¢ycle. It acts as an input-output system on the
soil surface and determines several other functions of the
ecosystem. Therefore, recently much emphasis has been placed
on determining the nutrient flux accompanying 1litterfall

and decomposition in forest ecosystem.

Forest 1litter 1is the layer of residues of 1leaves,
branches, bark, fruits and other parts of plants that accumu-
late on the surface of soil. The classic work of Ebermayer
(1876) on the production and chemical composition of forest
litter demonstrated conclusively the importance of 1litter
fall in the nutrient cyecling in forest ecosystem. At the
same time 1its significance in so0il development was shown
by Muller:- (1887). The studies on the litterfall in forest
ecosystems have been reviewed by Lutz and Chandler (1946),
Adaltonen (1948) and Bray and Gorham (1964). The role of
physical environment in litter production has been discussed
by Jordan (1971), Jensen (1974) and Jordan and Murphy (1978).
Recently, the importance of forest litter in soil and slope
conservation, forest management. resistant to anthropogenic
and pyrogenic activities and forest productivity have been

emphasized by Sapozhnikov (1984)..



The early work on litter dynamics 1in the tropics
has been done in Africa by Laudelout and Meyer (1954) in
equatorial forest. Greenland and Kowal (1960) and Nye (1961)
have determined the 1litter fall and nutrient content in
moist tropical forest of Ghana. In South Central America
Jenny et al. (1949) studied the litter dynamics in temperate
and tropical forests and Klinge and Rodrigues (1968) in
Amazonia %erra. Firma. Fforest. Ewel (1976) studied litter
production in successional forest of eastern Guatemala.
Litterfall in relation to climate has been studied by Tanner
(1980, 1981) in the montane rain forests of Jamaica. In
south east Asia some work has been done in Thailand (Kira
et al. 1967), New Guinea (Edwards 1977), Edwards and Grubb
1977) and Malaysia (Gong 1972, Lim 1978, Ogawa 1978, Yoda
1978, Proctor et al. 1983).

In India, litter production studies have been confined
mainly to the tropical deciduous forest (Champion 1936,
Puri 1953). Litter production, its nutrient content and
turnover in dry deciduous forest at Varanasi were determined
by Singh (1968, 1969). Subsequently, information on
this aspect was added by Gaur and Pandey (1978), Vyas and
Garg (1984) and Kapur et al. (1986). The litter production
in the forests of north-east India has been investigated
by Singh and Ramakrishnan (1982) and Boojh and Ramakrishnan
(1981).



The importance of 1litterfall, particularly leaffall
during early stages of succession has been reviewed by Golley
et al. (1974). The rate of 1litterfall and nutrient input
has been investigated in very few successional communities
of the tropics. Gomez Pompa (1974) has carried out a number
of studies on 1litter dynamics in successional communities
in the ¢tropics. He emphasized the importance of mineral
turnover in community development during succession. Van
Cleve and Viereck (1981) have examined the role of standing
dead biomass on the forest floor during succession in the

boreal forest of Alaska.

A large number of factors affect litter production
and composition in forest ecosystem. Effects of climate,
soil, forest type and physiography have been discussed in
great depth by Bray and Gorham (1964), Swift (1977), Turnbull
(1983) and Meentemeyer (1984). Bray and Gorham (1964) have
shown the influence of climate on 1litter production. The
mean annual litter production averages 1 t/ha for Arctic-
Alpine Zone, 11 t/ha for equatorial forests and 3.5 and
5.5 t/ha for cool and warm temperate forests, respectively.
It ranges from 5.5 to 15.3 t/ha in tropical forests (Madge
1965, Muller and Neilsen 1965, Hopkins 1966, Kira and Shidei
1967, Hains and Foster 1977, Brassel et al. 1980, Tanner

1980). The rate of 1litterfall decreases with decrease in



availability of 1light during the growing season along a
world wide gradient (Jordan 1971). Bray and Gorham (1964)
have shown the role of temperature in controlling total
litterfall at different 1latitudes. The maximum amount
was observed at the equator, declining steadily at 65° N
latitude in Europe where forest grades into Tundra. The
litterfall pattern may vary even at the same 1latitude in
coastal and montane forests due to difference: 1in total
amount of light available for growth during growing season

(Jordan and Murphy 1978).

Jorgensen et al. (1975) noted that water and nutrient

availability also limits litter production.

Physical effects of rain have also been considered
in 1litterfall. The 1increased weight of senesced material
in the canopy due to wetting caused them to fall (Brassel
et al. 1980). But, Tanner (1980) has observed that litterfall
per day during the dry season was about two times and during
the hurricane period it was about 4 times more than during
the wet period. Ovington (1957) was first to quantify the

dry matter production in - Pinus sylvestris plantation from

early stage of development to fully mature stage and conclud-
ed that it is a function of stand development. However,
Bray and Gorham (1964) have shown that there is no inherent

tendency towards higher or lower litterfall with increasing
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age from 30 to more than 100 years of age; the variation
may be encountered at lower age where canopy is underdeve-

loped.

The litter which falls seasonally or continuously
is attacked by a variety of microorganisms and is decomposed
to such a degree that it becomes an inseparable ingredient
of the soil system (Swift 1983). The relationship between
litterfall and 1litter standing crop on the forest floor
has been used to measure turnover (k) of forest floor mate-
rial (Jenny et al. 1949, Greenland and Nye 1959). Olson
(1963) has reviewed the studies carried out in different
types of forests both in tropical and temperate climates.
The litter turnover coefficient has been estimated in few
tropical lowland forests of Nigeria by Madge (1965), Hopkins
(1966) and Swift et al. (1981). In dipterocarp forest of
Malaya, the turnover of leaves and small litter was calcula-
ted by Ogawa (1978), Yoda (1978), Andersen et al. (1983)
and Gong and Ong (1983). Similar studies in temperate deci-
duous forest were conducted by Reiners and Reiners (1970)
at Minnesota, Harris et al. (1975) at Tennessee, Rochow
(1975) at Missouri and Lang and Forman (1978) at New Jersey.
The tropical rain forests have the values greater than 1
suggesting complete turnover within a year while values

less than one indicate turnover time ranging from few years
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to several decades, generally reported from temperate and

alpine forests.

The weight loss from 1litter bags has been widely
used to measure the rate of decomposition of plant litter
in different climatic zones (Edwards and Heath 1963, Wiegert

and Evans 1964),

Litter forms an important nutrient pool and plays
a significant role 1in regulating structure and function
of forest ecosystem in a variety of ways. The large volume
of information on this aspect has been reviewed by Ovington
(1962), Olson (1963), Rodin and Bazilevish (1967), Swift
et al. (1979) and Singh (1967). In the tropical forests
nutrient content of litterfall was determined by Laudelout
and Meyer (1954), Nye (1961), Hopkins (1966), Bernhard (1970),
Egunjobi (1974), Haines (1977) and Lamb (1985). Litterfall
is an important process through which major amount of mineral
elements is transferred to the soil in forest ecosystem.
Intensive studies on nutrient cycling incorporating 1litter
production and decomposition aspects have been carried out
by Likens and Bormann (1972), Fogel and Cromai (1977), Meen-
temeyer (1978), Birk and Simpson (1980), Cooper (1982),
Lindsay (1988) and Staaf (1988). In India, similar studies
are available from Central Himalaya and dry deciduous forests

(Rai and Srivastava 1982, Mehra et al. 1985, Upadhyay 1988,
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and Singh 1968, 1969). Some studies on litter decomposition
in the tropical moist deciduous forest of Meghalaya have

been carried out by Singh (1984).

Decomposition of organic material is the vital aspect
of overall nutrient c¢ycling within the forest ecosystem
(Reichle. 1981). One of the variable influencing the rate
and extent of decomposition of biodegradable materials is
the supply of mineral nutrients, especially of nitrogenous
materials, since microorganisms have a relatively high require
ment of nitrogen and nitrogenous compounds which are often
limiting in the decomposers’ habitats (Park 1976). The impor-
tance of mineral supply to microorganisms during decomposi-
tion was recognised early in the present century. Hutchinson
and Richards (1921) introduced the term ‘'nitrogen factor'
to quantify the relationship between available N and decompo-
sition. The C/N ratio of the decomposable material was later
used by Waksman and Tenney (1928), Tenney and Waksman (1929)
and Jensen (1931) to quantify the nitrogen release to discuss
the variation in decomposition rate., and—nitrogen—release.
Since different elements have different patterns of release
over time and the elements are retained with different
strength in the 1litter structure, attempts have been made
to explain the dynamics of a single element and its status

as a limiting or non-limiting nutrient for microbial growth
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(Gosz et al. 1973, Parnas 1975, Swift et al. 1979). The
element in non-limiting concentrations are released during
the whole decomposition period, while the 1limiting ones
may be immobilized for a short period (Berg and Staaf 1981).
In its general features, carbon : element ratio has gained
support from litter decomposition studies concerning several
elements in forest ecosystem (Lousier and Parkinson 1976,

MacLean and Wein 1976, Berg and Staaf 1980).

The closed nutrient cycling within the forest ecosys-
tem is often disrupted by human intervention and leads to
nutrient losses from the system. Deforestation of an experi-
mental watershed in New England increased nitrogen export
in streams and decreased organic matter increment within
the ecosystem (Likens et al. 1969, 1970; Marks and Bormann
1972). The cutting of tropical forests also leads to increas-
ed litter breakdown, mineralization and subsequent nutrient
loss (Edmiston 1970, Witkamp 1970, Gonzalo de 1las salas
1973). Bernhard - Reversat (1975) also recorded increased
nitrogen loss following the clearance of tropical rain forest

in Brazil and Africa.

Forest ecosystem exhibits mechanisms for capture,
distribution and conservation of elements essential to system
persistence (Witkamp 1971, Dommerques and Mangenot 1970,

Gose et al. 1972, Likens et al. 1972, Satchell 1974). Nutrient
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immobilization, mineralisation and release have been postula-
ted as the conservation mechanisms which are controlled
by decomposer- plant interactions (Parkinson 1967, Witkamp
1971, Henderson and Harris 1974, Harris et al. 1975). Indi-
rect measurements of microbial immobilization and release
of elements have shown microbial influence on element leach-
ing and root uptake (Witkamp and Frank 1970, Witkamp 1971).
The information on inputs (through litterfall), exports,
substrates and decomposer organisms are essential for an
understanding of elemental conservation mechanisms of forest
ecosystem (Mitchell 1974, Jensen 1974, Levilt 1972, Reichle

et al. 1981) and its recovery process following disturbance.

The objective of the present study were to collect
data on some of the above mentioned aspects in the moist
deciduous and wet hill mixed coniferous forests of Meghalaya,\
to understand the structural and functional changes particu-
larly nutrient dynamics through litter production and decom-
position during their regrowth after jhumming. Community
structure, phenology, litter production, decomposition,
Nitrogen (N), Phosphorus (P) and Potassium (K) return through
litter, their accumulation on forest floor and release from
decaying litter were studied for a period of two years during
1987-88. The results have been discussed in five chapters

of the dissertation.




CHAPTER 2

STUDY SITE
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Location

The state of Meghalaya (latitude - 25°05' - 26°10' N,
longitude - 90°0' - 92°45' E, altitude ~ 100 - 1900 m) forms
the north-eastern tip of Indian peninsula. On the basis of
landform association, 1lithology, micro- and macroclimatic
conditions and the prevalent fluvial processes, Rai (1986)
has divided the Meghalaya plateau into northern hill region,
southern dissected plateau and Shillong plateau. The study
sites are located in the northern hill region and the central
plateau of the State. The site in the northern hill region
is located at an altitude of 100 m near Burnihat while that
on the central plateau in Shillong is at an altitude of 1500 m.
The two sites are about 80 Km apart and lie between 25°34!'
to 26°0' N latitude and 90°56' to 91°50' E longitude (Figure
2.1). At each site two regenerating forest stands (young,
£ 5 year old, o0ld-15-20 year old) after tree cutting were
selected for detailed study. The area of each stand was about
0.75 ha. The physiographic characters of the stands are given

in Table 2.1.

Climate
The climate is typically monsoonic. But due to high
rainfall rainy season extends for about six months from May

to October. The winter season (December ~ February) is marked
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by low temperature and scanty rainfall. The summer season
(March =~ April) is short and mild. Annual rainfall, mean
min. and max. temperatures and their monthly values during
study period (1987-88) are given in the climatic diagrams
(Figure 2.2). At Burnihat annual mean min. and maXx. tempera-
tures were 2 and 38°C, respectively. The corresponding values
for Shillong were 3 and 23°C. Annual rainfall at Burnihat
and Shillong was 2220 and 3788 mm, respectively. Atmospheric
temperature (Figure 2.3) exhibited similar seasonal pattern
at both the sites but temperature fluctuation during rainy

and winter seasons was more at Burnihat than Shillong.

e

Soil %

The hill slopes are covered by thick weathered lateri-
tic soils derived from the underlying metamorphosed quartzite,
gneiss, schist and granite rocks. It is red to deep brown
in colour, sandy to sandy loam in texture and acidic to neutral

in reaction. The range of variation in pH, nutrient and orga-

nic matter content as reported by several workers are shown

below:
pH - 4.9 -~ 7.4
NH; - N(ppm) - 2 =~ 23
NO3 - N(ppm) - 0.5 - 2
P(ppm) - 0.075 ~ 0.5
Organic - 2.5 -5

matter (%)
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Monthly variation in temperature of the top soil (upto
15 c¢m depth) at all the four stands (Figure 2.4) during the
study period showed distinct seasonal and altitudinal varia-
tions. Thsz temperature was invariably high in the young stand.
Soil moisture ranged between 12 and 19% and showed marked
seasonal variation. The values were generally high in the

old stand at both the elevations.

Vegetation

The forest at lower altitude falls under group - '3!
(sub group 302) of moist deciduous forest type and that on
the higher altitude has been grouped under '8B2' of sub-
tropical wet hill forest type by Champion and Seth (1968).
According to these authors the floristic component of moist
deciduous forest is closely allied to Himalayan forms such
as Shorea spp, Schima spp, Dillenia spp, Vitex spp etc.,
which represents a true climax. At higher altitude Quercus

spp, Beilschmiedia spp, Michilus spp, Bucklandia spp, Ficus

nemoralies etc. are important components of the original

forest. Human disturbances in the form of tree cutting and
shifting cultivation have greatly altered the species composi-
tion and community structure of the original forests, whose
cover had been reduced to above 9% of the total forested
area of the state. According to Meghalaya Forest Statistics
(1983-84), about 91% of the total forested area in the state

is in the form of degraded forests.
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Site history and anthropogenic activities

Shifting agriculture or Jhumming is the major human
activity in the state. Earlier Jhum cycle used to be of
10 - 30 years, but on account of increasing population pres-
sure it has come down to about 4 - 5 years at many places.
In this practice almost all the trees in a patch of forest
are cut and the slash is burnt after drying. At higher eleva-
tion slash is burnt by arranging them in rows parallel to
the hill slope but at the lower altitude slash is not burnt
in this manner. In the young stand at lower altitude all

but a few trees of Mallotus philippensis were cut near the

ground. M philippensis was cut at about 2 m height. Enquiry

with local people revealed that trees were cut about 5 years
ago in the young stand and 15 - 20 years ago in the old
stand at both the altitudes. After tree cutting and burning
of ... slash the land was put under cultivation for about
2 years and then 1left fallow without any disturbance for

vegetation recovery.



CHAPTER 3

COMMUNITY COMPOSITION
AND PHENOLOGY
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INTRODUCTION

Species composition, tree population structure and
successional pattern in forest ecosystem are strongly in-
fluenced by natural and man induced disturbances. These
changes play an important role in regulating processes like
energy flow, hydrology and nutrient cycling within the eco-
system (Harmon et al. 1983). In Meghalaya the age old practi-
ces of tree cutting and shifting cultivation are the major
human activities which have led to the destruction of origi-
nal vegetation and development of degraded seral forest

stands of different ages.

General description of the forest vegetation of Megha-
laya has been given by Champion and Seth (1968). But informa-
tion about the seral communities 1is restricted only to some
communities on the jhum fallows both at 1lower and higher
altitudes of the state (Tokey and Ramakrishnan 1983, Mishra
and Ramakrishnan 1983). Recently, phytosociological attributes
of disturbed and undisturbed sub-tropical wet hill forest
of Meghalaya have been given by Khan et al. (1987). This
chapter describes the species composition and tree population
structure of the four regenerating forest stands wherein
detailed study was conducted during 1987-88. Description

of the stand structure is based on the phytosociological
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parameters such as phenology, frequency, density, abundance

and importance value of species.
METHODS

Phytosociological analysis of the forest stands was
done during July-August 1987. Ten quadrats, each of 10m x 10m,
5m x 5m and 1m x 1m size were placed randomly in each stand
fﬁr the sampling of trees ( 23m height), saplings(<3m height)
and ground flora, respectively. Frequency, density, basal
cover and importance value index (IVI) were determined accor-
ding to Misra (1968). Tree species were divided into six
diameter classes viz., 0-5, 5-10, 10-15, 15-20, 20-25,
25-30 cm for frequency and density determinations. Species
diversity was determined by using Shannon-Wiener (1963)

information function (H).

s
Shannon~Wiener Index (H) =-I (Ni/N) log (Ni/N)
i=1
Where,
Ni = importance value of species,
N = importance value of all species.

Concentration of dominance (cd) among the species

was calculated according to Simpson Index (Simpson 1949).
ed = F (N IN)T

Where,
Ni and N are the same as the species diversity

index.
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Similarity index was calculated according to Jaccard

(1912).

. - . _
Jaccard's Similarity Index (ISJ) = i TB 7 C

Where,

A presence of total number of species in stand A,

B

presence of total number of species in stand B,

C

number of common species.

Phenological studies were restricted to tree species
only. Records of leaffall, flushing (leafless condition),
flowering and fruit maturity were made at monthly intervals

for two years (1987-88) and data are given in this chapter.

RESULTS

Tree - layer

Tree species composition and phytosociological attri-
butes of the young and old stands at Burnihat and Shillong
are given in Tables 3.1 and 3.2. Species richness, diversity
and dominance are given in Table 3.3. Similarity index be-
tween the young and old stands was higher at Shillong than
Burnihat (Table 3.4). At both the altitudes species richness
and diversity were low in the young stand. The young stand

at Burnihat was devoid of fully developed trees, however,
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Table 3.4. Jacec@ird's similarity index between the young and
0ld forest stands at Burnihat and Shillong

Burnihat Shillong
Young stand 01ld stand Young stand 01d stand

Young stand 100 25 0 0
(Burnihat)
0ld stand 100 0 0
(Burnihat)
Young stand 100 71.42
(Shillong)
0ld stand 100

(Shillong)
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a few sprouting stumps of Mallotus philippensis, Manihot

esculents and Toona ciliata of about 2 m height were present

in the o0ld.. The old stand with ten tree species was domina-

ted by Holarrhena antidysentrica. At higher altitude there

were five tree species in the young stand and seven in the

old stand. Five species were common to both. Pinus kesiya

was dominant in both the stands. Myrica esculenta was

co-dominant in the young stand and Alnus nepalensis in the

0ld stand (Table 3.2).

At lower altitude total tree density and basal cover
were 110 plant/ha and 2.1 x 10_3%, respectively in the young
stand. The corresponding values in the o0ld stand were 430
plant/ha and 7.1 x 10_3%. At higher altitude the values
of tree density and basal cover were 1350 plant/ha and
2.3 x 10_3% in the young stand and 680 plant/ha and 5.1 x

10_3% in the old stand.

Frequency was generally low at both the altitudes.

Vitex glabrata and Holarrhena antidysentrica showed higher

frequency at Burnihat while Pinus kesiya and Alnus nepalensis

exhibited higher values at Shillong. Frequency distribution
of trees of different girth classes is shown in Figure 3.1.
At lower altitude the young stand showed highest frequency
of very young trees (diameter 10-15 cm) and there was complete

absence of trees in 25-30 cm diameter class. In the old
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Figure 3.1. Frequency distribution of trees
of different girth classes 1in
the young and old forest stands.
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stand frequency was high both in lower and higher girth
classes. The frequency distribution pattern of trees at
higher altitude was slightly different from that found at
the lower altitude. The young stand was exclusively composed
of trees upto 10 cm girth while in the o0ld stand, though
the frequency was maximum in 10-15 cm girth class, it declin-
ed in higher girth classes. Density-diameter histograms
are given in Figure 3.2. The trend exhibited by density-
diameter bars was almost similar to that of frequency in

all the four stands.

Phenology of trees
The phenological behaviour of tree species at the
lower altitude is shown in Figure 3.3. In most of the cases

leaf fall occurred from September to January. In Holarrhena

antidysentrica, Morus 1lavigata and Litsea monopetala 1leaf

shedding started in June and continued upto December. Cassia

fistula and Bauhinia purpurea showed leaf fall during October

to April. At higher altitude 1leaf fall in Pinus kesiya

occurred throughout the year. In other trees it started

in June and continued upto March. Lyonia ovalifolia shed

leaves during December to April (Figure 3.4).

Ground layer
Analysis of ground vegetation was carried out during

peak growth period (July-August, 1987) prior to commencement
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of the study of 1litter dynamics. Frequency, density, cover
and IVI values of important species in the young and old
stands at the lower altitude are given in Table 3.5. Ageratum

conyzoides and Eupatorium odoratum were dominant herbs in

both the stands. At higher altitude ground vegetation in

the two stands was dominated by Pteris longipes and Eupato-

rium adenophorum (Table 3.6). The ground flora was species

poor and was not affected much by the stand age at both
the altitudes. The species diversity, however, showed a
declining tendency from the young to old stand. The dominance
index followed a reverse trend. When both trees and ground
flora were combined, an increase in the diversity index
and decrease in the dominance index became more clear from

the young to old stand (Table 3.3).

DISCUSSION

Results of frequency, density, species diversity and
dominance presented in the foregoing pages show that the
young and old stands of both the altitudes differ markedly
from each other in tree species composition and community
structure. The difference in species composition at the
two altitudes are obviously due to the climatic variation.
The seral stages of moist deciduous forest represented by
the young and old stands at Burnihat had high species rich-

ness compared to their counterparts of similar ages of
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sub-tropical wet hill forest at Shillong. During the course
of community development, although recovery in species rich-
ness was seen at both the elevations, it was more at Burnihat.
This 1is the normal feature of the developing communities
and has been reported by several other workers (Nicholson
and Monk 1974, Peet and Christensen 1980) as well. Faster
recovery at the lower elevation is 1in agreement with the
findings of Kirkpatrick (1984) and Richerson and Lum (1980)

in tropical forests.

Total tree density and basal cover in protected sub-
tropical broad 1leaved climax forest at higher elevation
have been reported to be 2134 tree/ha and 0.3% respectively
(Khan 1986). At lower elevation the corresponding values
in a 50 year o0ld protected forest stand were 1058 tree/ha
and 0.8% (Singh 1980). Density and tree cover of the young
and old stands were calculated considering these values
as control (100%) for the respective sites. It was found
that density was about 10% and 40% and cover was 3% and
9% in the young and old stands, respectively at the lower
altitude. At higher altitude the density was 63 and 32%
and cover was 8 and 19% in the young and old stands, respec-
tively. These values clearly indicate that recovery in the
basal cover of the stand was more rapid at the lower altitude

during forest regrowth. Relatively higher density in the
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young stand at wupper elevation 1is attributed to greater

3apling density of Pinus kesiya. Since the surrounding vege-

tation is mostly composed of secondary pine forest, large
number of seedlings are recruited in the field after distur-
bance. Ellenberg (1956) has also emphasised the role of
regional flora 1in colonization of newly created habitat

and subsequent community development.

The values of diversity index at the lower altitude
compare favourably with those (H = 0.1 - 2.58) reported
by Singh and Ramakrishnan (1982) for 1-20 year old succes-
sional communities. Similar data is not available from higher
altitude. In the tropical forest at Boro Colorado, Iseland,
Panama, Knight (1975) has reported much higher value (H =
5 - 5.4) for young and old stand without specifying their
age. Similar values (H = 2.52 - 4.15) have been reported
for the tropical rain forest of the silent valley, India,
by Singh et al. (1981). Compared to these, the values obtain-
ed in the four stands are much less. Dominance index was
inversely related to species diversity at both the elevations.
This is in agreement with the findings of Risser and Rice
(1971) and Millinger and McNaughton (1975) who showed an
increase in species diversity and decrease in dominance
with progression of succession. In the ground flora concen-

tration of dominance was less in the young stand and more



4y

in the old stand but diversity followed a reverse trend.
Peet and Christenson (1980) have also reported that diversity
of herbs decreased with progression of forest succession
in experimental thinning treatment in Duke forest, North
Carolina. This trend in species diversity was related to
the reduction in 1light intensity on the forest floor due
to gradual closing of canopy. However, when both trees and
the species 1in the ground flora were considered together,
diversity and dominance 1indices showed 1inverse relation

during secondary forest succession at both the altitudes.

Phenological data show distinct seasonal pattern at
both the altitudes. Winter season was characterized by leaf
shedding by the majority of tree species. Leaf shedding
was followed by flowering during spring (Feb-April) in most
of them. Most of trees in the community were naked during
peak winter period. Studies of Beard (1946), Madge (1965)
and Frankie et al. (1974) showed that peak period of leaf
fall correspond with relatively xeric condition of dry season.
This is true in the present case also. However, slightly
early leaffall at upper elevation may be attributed to
severe winter. Here small amount of leaffall . occurred

throughout the year due to presence of Pinus kesiya in the

stand. In showing extended period of leaf fall, the forest

at lower altitude is similar to most of the low land tropical
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forest where leaf fall has been found to be maximum in dry
season before the onset of monsoon (Hopkins, 1966; Fittkau
and Klinge, 1973). Two flowering spells observed in the
old stand at the upper altitude may be related to the clima-
tic conditions as reported by Duke and Black (1953), and Frankie
et al. (1974) and nature of the species. The production
of mature fruit in majority of the species at lower altitude
in post-monsoon season indicates that seeds require some
resting period before their germination in next favourable
season whereas at higher altitude fruit maturity occurred
during March-April and seeds germinated immediately with

the onset of rain in the month of May and June.

Leaf flushing showed a marked seasonality at lower
a1ltitude. Almost all the trees were naked between January

and April. Similarly,at the higher altitude Alnus nepalensis,

Castenopsis indica and Rhus Jjavanica were 1leafless during

January to March. At lower altitude flushing in Litsea mono-

petala, Toona ciliata, Morus lavigata and Beilschmidia rox-

burghiana oc¢curred during March-April and fruits were mature

during August to October. While in Toona c¢ilata they matured

slightly earlier (July). At higher altitude cones were borne

in Pinus kesiya during December-February in both the stands

but their maturity was not observed during the study period.

Other species such as Alnus nepalensis, Eleaegnus latifolia
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and Lyonia ovalifolia flowered during March and May in the

old stand only.

Phenological analysis of the four stands based on
the number of species showing different phenophase in diffe-
rent seasons (Figure 3.5) reveals that number of species
showing leaf fall, declined from January to May, thereafter
it again increased and attained peak during October to Decem-
ber. Most of the species showed leaf flushing during winter
season at both the altitudes, however, some species at the
lower altitude exhibited extended leaf flushing period upto
May. There were two flowering seasons at higher altitude,
one during January to April (spring) and another during
October to December (winter). Whereas at the lower altitude
there was only one flowering season during February to April
(summer). Observations on the fruiting behaviour of the
trees made only during the second year of study revealed
that most of the species produced fruits during July to
November. Number of fruit bearing species increased from

July to November.

The above account of analytic parameters of community
and phenological behaviour of tree species clearly reveals
that the species composition and community structure of
the regenerating forest stands was markedly different at

the two elevations of Meghalaya and both the stands were
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characterized by low species diversity, basal cover and

density.



CHAPTER U4

LITTER PRODUCTION
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INTRODUCTION

Information on the amount and composition of litter-
fall is prerequisite for any study of nutrient cycling
within the forest ecosystem (Ovington, K 1965; Gosz et al.
1976, Swift et al. 1981). Litter production in forest eco-
system has been extensively studied all over the world and
huge amount of data accumulated on this subject has been
comprehensively reviewed by several authors (see Bray and
Gorham 1964, Reichle 1981). In the tropics 1large number
of studies on litter dynamics have been conducted in Africa
(Laudelout and Meyer 1954, Nye 1961, Madge 1965, Bernhard-
Reversat 1970) and in south central America (Jenny et al.
1949, Klinge and Rodrigues 1968, Ewel 1976, Klinge 1978,
Tanner 1980, 1981). Similar studies in the tropical forests
of south east Asia have been carried out by Edwards (1977)
and Kira et al. (1967). In India litter production studies
have been confined mainly to the tropical deciduous forests
(Champion 1936, Puri 1953, Singh 1969, Gaur and Pandey 1978,
Vyas and Garg 1984, Kapur et al. 1986). The moist deciduous and
subtropical wet hill forests of north-east India have been
investigated from this angle by Singh and Ramakrishnan (1982)

and Boojh and Ramakrishnan (1981).



51

It is well known that a large number of factors
affect production and composition of litter in forest eco-
system. Effects of climate, soil, forest type and physiogra-
phy on litter production and its quality have been discussed
in great detail by Bray and Gorham (1964), Swift (1977),
Turnbull (1983) and Meentemeyer (1984). Relatively few
studies have, however, assessed the variability in litter-
fall in successional forest communities (Swift et al. 1981,
Muller and Martin 1983). The data for disturbed forests
are still meagre (Richards 1952, Hall and Okali 1979) for
proper evaluation of the effects of disturbance on litter

dynamics and nutrient cycling in forest ecosystem.

This chapter deals with the monthly and seasonal
variations in litterfall, litter standing crop on the forest
floor and its composition during regrowth of disturbed tro-
pical moist deciduous and subtropical wet hill forests of

Meghalaya.

METHODS

Litter standing crop was determined at monthly inter-
vals by randomly laying ten 1m x Tm size quadrats. Monthly
litter production was determined in ten permanent quadrats
of Tm x Tm size in each stand. This technique was adopted

when sampling through litter traps failed to produce reliable
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data due to damage of the litter traps. Since the stand
is located on the hill slope, the four arms of the permanent
quadrats were kept about 10 cm high and they were positioned
about 3 cm above the ground to minimize litter loss through
run-off water. The permanent quadrats were laid along two
- 20 m long line transects running across the hill slope.
The 1litter samples were brought to the laboratory and the

following fractions were separated.

a) Leaf 1litter -~ Specieswise 1leaves with petiole
and foliar rachis.

b) Woody litter - The branches ( > 4mm dia.) of all
the species were considered in this fraction
(Procter 1985).

c) Reproductive parts - It included flowers and
fruits of angiospermous species and cones of
P. kesiya at upper altitude.

d) Miscellaneous - This fraction included unrecogni-
sable remains of leaves, thin branches (< i4m dia.)

and fine particles.

The samples were dried at 60°C to a constant weight
and weighed. The results have been presented on dry weight
(g/mz) basis. The data were statistically analysed employing

ANOVA (Kapur and Saxena 1967).
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Monthly variation in decomposition 1losses of leaf
and total litter was estimated by the difference between
the expected and observed values of the respective fraction
on the forest floor according to the method outlined by

Swift et al. (1979).

The annual litter turnover was calculated using the

formula given by Olson (1963).

Turnover ratio (KL) = L/XL

Where, L

Annual litterfall,

X

L Mean annual standing crop.

RESULTS
Litter production
Monthly values of 1leaffall by different species in
the two stands at lower altitude are given in Tables 4.1,

4.2, 4.3 and 4.4. In the young stand M. philippensis was

the only tree species which contributed to leaf litter pro-
duction. In this species leaffall started in the month
of August, attained peak in January and declined thereafter
until March. The chief contributors to leaf litter produc-
tion in this stand were herbaceous species like E. odoratum,

M. micrantha and A. conyzoides. All of them showed maximum

leaffall during winter and minimum during summer months.

In the old stand, since specieswise separation of herbaceous
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litter was not feasible, most of the leaves were kept in
the miscellaneous fraction. Leaffall of important tree spe-

cies, namely H. antidysentrica, V. glabrata and L. monope-

tala was almost synchronous. It occurred throughout the
year, except during peak rainy season (June-July). November

and December were the peak months for H. antidysentrica,

January-February for V. glabrata and February-March for

L. monopetala. In other tree species leaffall was confined

either to November or April. This pattern of 1leaffall did
not show any marked variation during two years of study

period.

Specieswise monthly 1leaffall at higher altitude is
given in Tables 4.7, 4.8, 4.9 and 4.10. In the young stand
P. kesiya was responsible for major amount of leaf litter
production. Leaffall in this species, although occurred
throughout the year, the maximum was during April-May and
minimum during July-August. In case of A. nepalensis and
M. esculenta it occurred for about 5 months between Septem-
ber and January; the highest values were recorded 1in the
month of September. Among the species of ground flora, P.

longipes and 1. cylindrica were important from the point

of view of leaf 1litter production, whereas in case of P.
longipes leaffall was recorded throughout the year, it was

confined only to the winter season in I. cylindrica.
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Monthly variation in total 1leaf 1litter production
in the two stands, both at the lower and higher altitudes,
is given in Figures 4.1. and 4.2, respectively. At lower
altitude the i:r'end was more or less similar in the two
stands. Leaffall was minimum during May and June, increased
sharply and attained peak during September-October in the
young stand and during January-February in the o0ld stand,
it declined thereafter to the minimum level in the month
of May-June in both the stands. At higher altitude the two
stands showed different monthly trends of 1litterfall. 1In
the young stand, except for the rainy season (July-August)
when litterfall was minimum, the wvalues were almost uniform
throughout the year. But in the old stand leaffall commenced
from September, attained peak during winter (November -
February) and then declined and reached to its minimum
during June and July. Statistical analysis of data (Tables
4.5, 4.11) reveals that in all, except the old stand at
higher altitude, monthly variation in leaf litter production

was significantly different (P< 0.05).

Monthly values of woody 1litter production at the
lower altitude are given in Tables 4.1, 4.2, 4.3 and 4.4.
In the young stand production was confined mainly to drier
months (November - December) but in the o0ld stand the maximum

value was found during pre-monsoon pzariod (May-June). At
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Table U4.5.

66

Analysis of variance of leaf 1litter production

in the young and old forest

during 1987-88

stands at Burnihat

Source of Young stand 0ld stand
variation df MSS F ratio MSS F ratio
Year 1 13.02 1.01N8 11111 1.24NS
Month 11 131.88  10.24* 1420.43 15.87%
Year x Month 11 4.39 0.34NS 97.15 1.09NS
Error 216 12.88 0 89.50 0
Total 239 - - - -

¥ - Significant at P< 0.05

NS = Not significant
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Table %.11. Analysis of variance of 1leaf 1litter production

in the young and o0ld forest stands at Shillong
during 1987-88

Source of Young stand 0ld stand
variation df MSS F ratio MSS F ratio
Year 1 10.62  0.38 N5 26204.10 0.86N5
Month 1 168.37  6.06* 36803.90 1.209%3
Year x Month 11 132.86 4,.78% 33675.60 1,114
Error 216 27.79 0 30444.,30 0

Total 239 - - - -

an
1]

NS

Not significant

Significant at P <0.05
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the higher altitude small amount of woody litter was formed
throughout the year in the young stand while in the old
stand it was confined only during December to August (Figure
4.,2). The maximum value was recorded in June and July.
Reproductive parts followed the trend of woody 1litter in

both the stands.

Total litter production (leaf + woody + reproductive
parts + miscellaneous) showed significant (P < 0.05) monthly
variation in all the stands (Tables 4.6 and 4.12). In moist
deciduous forest at Burnihat it increased from August and
attained higher values during November-January in both the
stands while in the wet hill forest at Shillong, peak
period of litter production extended from November to Februa-
ry; the rainy season was the period of minimum litter pro-

duction in both the stands.

Mean daily 1leaf litterfall (g/mz/day) and total pro-
duction in different seasons are shown in Figure U4.3. At
the lower altitude the rate was maximum in winter and mini-
mum in summer in both the stands, but the differences among
the seasons were more prominent in the o0ld stands. At the
higher altitude the rate of leaf litter production was dif-
ferent during 1987 and 1988. During 1987 in the young stand
the seasonal trend was winter < summer > rainy, while in the

0old stand it was winter > summer < rainy. In 1988 minimum



Table 4.6.

in the young and old forest

during 1987-88

69

Analysis of variance of total  1litter production

stands at Burnihat

Source of Young stand 01d stand
variation df MSS F ratio  MSS F ratio
Year 1 7.39 0.73% 21.77 0.43NS
Month 11 293.2 28.78% 1557.66 30.58%
Year x Month 11 6.47 0.64NS 91.87 1.80N3
Error 216 10.19 0 50.94 0
Total 239 - - - -

NS

I

Significant at P <0.05

Not significant



Table 4.12.
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Analysis of variance of total 1litter production
in the young and old forest stands at Shillong
during 1987-88

Source of Young stand 0ld stand
varlation df MSS F ratio MSS F ratio
Year 1 48.89  1.04"S .17 0.0uNS
Month 11 260.36  5.36% 3395.67 33.22%
Year x Month 11 66.44  1.42NS 338.58 3. 3%
Error 216 46.80 0 102.23 0
Total 239 - - - -

%
1]

NS

Not significant

Significant at P <0.05



PRODUCTION (g/m? )

TOTAL LITTER

BURNIHAT
105 YOUNG STAND - OLD STAN
657 =
I oE — /\
30} — [ - \
; K MV
| M/ \HAM .
ol I I O L O O Y
SHILLONG
140 YOUNG STAND [’OLD STAND
" [ )
—
b m S
80} _1/\./,(/‘ i / \,
S v B \'
- -
ol L1 L || D LU ] || U
W s R W s R W WwW s R W R W
" 1987 ' 1988 ' ' "
SEASON 1987 1968
Figure 4.3. Seasonal total litter production (bar)

young and old forest stands.

R-rainy)

71

o

Q-8

and mean
daily leaf litter production (line) in the three
seasons (W-winter, S-summer,

in

the

( Aop 7 w76 ) NOILONGOY¥d ¥31i11 V3T



T2

litter production in the young stand was obtained in the
summer season while in the old stand it was in the rainy
season. When total seasonal 1litter production was taken
into consideration the trend:: winter < summer < rainy, was

similar in all the four stands.

Annual production of 1leaf, woody and miscellaneous
litter fractions showed a marked increase from the young
to old stand, except the leaf litter which exhibited a de-
clining trend from the young to old stand at higher altitude
in 1987 (Table 4.13). Annual total 1litter production did
not show significant difference between 1987 and 1988 (Tables
4.6 and 4.12). In the moist deciduous forest the values
were 0.92 - 0.94 and 2.04 - 2.10 t/ha in the young and old
stands, respectively. The corresponding values for the young
and old forest stands at Shillong were 1.95 - 2.14 and

2.47 - 3.25 t/ha.

Litter standing crop
Monthly values of specieswise leaf, woody and total
litter dry weight at the lower altitude are given in Tables

4,14, 4.15, 4.16 and 4.17. M. philippensis leaves were the

main component among the tree leaf litter in the young stand.
It showed highest value in &the winter and lowest 1in the
rainy season. Complete separation of leaf litter of herba-

ceaous species was not possible in this stand, therefore,
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Table 4.13. Annual production of different categories of litter
(t/ha) in the young and o0ld stands of tropical
moist deciduous forest at Burnihat and subtropical
wet hill forest at Shillong

Year Litter category Burnihat Shillong
Young 0ld Young 01ld
stand stand stand stand

1987

Leaf 0.38 1.33 1.1 1.25
Woody 0.03 0.06 0.07 0.24
Reproductive parts - - 0.02 0.27
Miscellaneous 0.51 0.71 0.45 0.71
Total 0.92 2.10 1.95 2.47
1988
Leaf 0.41 1.27 1.41 1.98
Woody 0.07 0.15 0.10 0.16
Reproductive parts - - 0.03 0.38
Miscellaneous 0.46 0.62 0.60 0.74
Total 0.94 2.04 2.14 3.25

~ = Absent



T4

62°89  02°%E G1°92 0%°61 09°€l 09°8 0%°91 06°S1 00°p¢ 02°1¢ 25769 99°%9 T830L
(ce"1) (¥6°0) (¥1°1) (80°0) (62°0) (20°0) (85°0) (8%°0) (¥6°0) (€6°0) (¥c°1) (€6°2)
0¢°6¢ 06°%¥2 08°91 0e°11 O01°8 06°9 0511 06°01 08°461 0L°81 (4 4° 06°19 STNOJUBTTIISTN
(92°0) (10°1) (€8°0) (1¥°0) (9€°0) (58°0) (90°0) (8L°1) (66°0) (2%"0) (€2°0)
ov-¢ - 0% L 06°9 01y 0L°1 06°¥ 0b°¢ 0Z2°91 04°8 0€°s 02y 121317 4poom
(92°0) (81°0) (11°0) —
06°¢ oe°t - - - - - - - - - $5°0 BYJUBIOTW
(1€70) (82°0) (0°0) (L0°0) -
00°€ 0y 2 - 01°0 - - - - - - - 0€°0 wnjeJopo °§
(12°0) (61°0) (60°0) (90°0) -
60°¢ 02°1 0570 - - - - - - - - €0 sept1ozfuod °y
(68°1) (¥6°0) (12°0) (zZo0°0) (0€£°0) (16°0) (2970) (L2°1) (68°1) —
08°L  0P'%F  SP°1 01°1  0g°1 - - 09°1 00°2 00°¥ - 0% L stsueddifryd "W
1I9NTT Jeer]
29(] AON 3190 ideag Sny Anrp aunp LepN 1tady  yoaep qa4q uep so1oadg
(01 = u *-g°S T oxe sosoyjuased uy
sanfeA) 1861 SBuyanp jeqruang je pueys Sunok Y3 uy Awﬁ\mv 1g8tem Axp a93317 ur uomjeraea A[qjuon °“H1°y *19elL



75

00°%S 6£°2€ GL°€Z OP'IE OE°LT 00°9T OL°8T 0€°2Z 65°2¢ 06°2¢  0£°9%  0g£°9¢ Tei0L
(ot°1) (2270) (ss°0) (9%°0) (sp°0) (¥%°0) (¥9°0) (¥S°0) (e1°1) (€8°0) (€1°1) (20°1)
08°2v 06°61 00°9T 06°1Z OI°ST 02°IT  0€°SL OL"61 SS°SZ  0¥°2Z 08°bE 09702 SNODUBT[IISTIY
(og°0) (02 0) (21°0) (81°0) «(iz°0) (2970) (¥2°0) (62°0) (¥9°0) (€9°0) (89°0) (Z9°0)
09°T  66°0 0870 08°0 02°¢ 00°% 0v°¢  09°1 09°¢€ 02°¢ 01°¥ 00°¥ 1931 dpoom
(g2 0) (1g70) (e1°0) (€2°0) (¥2°0) (91°0) (91°0) (€1°0) _
08°1T 06°1  0€°1 02°€ - - - 09°1 - 02°1 00°1 0¢"1 BYjUBIOTW I
(¢1°0) (e€70) (91°0) (2g-0) (60°0) (e1°0) (¥1°0) (21°0) _
08°1 o0b°¢t  06°L 08°€ - 0L°0 - - - 0L°0 00°2 06°1 wnjelopo ‘g
(12°0) (60°0) (60°0) (20°0) (90°0) (60°0) _
06°2  0S°0  GL°0 - - 01°0 - - - - 05°0 00" [ septozfuod -y
(69°0) (z6°0) (€9°0) (8€°0) (80°1) (69°0) (g2°1) (62°1) _
05°€  0L°6 00°€ 0L°1 - - - - 0p°€ 00°¢ 06°¢€ 05°L stsueddrfiyd ‘N
$I9331T Jeory
28 AON 3120 idsg Sny Anyp aunrp Aepw 1tady  yoaep ga4q ueyp soroadg
(01 = & **d°S ¥ oae sesaqjuaaed ux
sonTea) 8861 Suranp jeyiuang je pues Bunok oy3 uy ANEB ) I4Srem Axp 19337 UT uopjerdEA A[Hiuol °“GI°y OIqelL



76

0,798 9Z°¢l 09°2¢ Ge€°¢€Z 4GI°¥Z GP°61 0L°%% 08°L¥ G8°6¢ 0%°4S SL°LL lv° L8 Te30L
(96°0) (659°0) (68°0) (¥%°0) (29°0) (gz2°0) (10°2) (6€°1) (¥9°0) (96°0) (61°2) (68°1)
06°%y 0F° 9P 09°¢l  0%°9 06°91 0.°8 0e°2y 02°8¢ 05°81 02°9¢ 00° 1% 08°¢v SNOSUBITSOST
(zo1) (s1°1) (8%°0) (8,°0) (96°1) (9170) (6L°0) (¥6°0)
09°9 - 0e°S 00°8 96°¢ 9s°9 - - 00°8 0s°0 01°9 L9°8 18317 Apoop
(60°0) (e1°0) -
- - - - - 09°0 - - ~ - 0%°0 - BIBIIIO °L
(65°0) (91°0) (8%°0) —
0y 2 0L°0 - ~ - - - - - - 0% 2 - ejusnoss W
(82°0) _ - - - _ _ _ _ _ -
- 06°0 - Tutmmd °g
(z2*0) (99°0) (10°0)  (59°0) _
- 00°1 - 01°¢€ - - - - - S0°0 G6°¢ - BURTYIINQXOL °g
(85°0) (6€°0) (sp°0) (12°0) (gec0) (¥%°0) (1z°1) (19°0) -
09°¢ 00°¢ 0%°¢ 06°0 - - - - 08°¢ 09°¢ 0b°L 0y ¢ BINISTY D
(v2°1) (€870) (ev°0) (€8°0) (82°0) (90°0) (€1°0) (80°1) (91°1) (99°0) (S6°1) (99°%) _
09°¢ 06°¢ A4 09°¢ G9°2 02°0 0570 0%°0 o'y S0°Y 02°8 0,782 eTejedouom 7
(89°0) (8z°0) (2¥°0) (90°0) (¢z*0) (gz"0) (82°0) -
02°¢  SI'I 00°2 - ~ 5%°0 - - 0T 081  S8°1 - eoandand -g
(88°0) (90°1)  (S€70) (61°0) (£2°0) (01°1)  (2°0)  (#9°0) (LL°0) (1€°0) _
0s°L 0%°9 08°¢ 09°0 TN - - 0€e°0 ge"e 0,°9 oc*y 0L°1 ejRIqe]8 ‘A
(89°1) (6%°1) (9%°0) (22°0) (Le*0) (1%°0) (2% 2) (6¥-0) (zL°0) (s870) (18°0) -
0611 08°01 oty 0,70 - G6°¢ 06°1 06°8 0¥ ¢ 00°¥ 1] A 02°¢ edTajuesApTiue
19T Feer]
29(] AON 120 jdeg Sny Lngp aunp Aep 11ady  yoaep qagq uep so1dadg
(01 = u “°Q°S ¥ °ae sosoyjuaxed
ur sonyea) g6l SBuranp jeqiuang je spueis pjo dY3 ur ANE\wv yStom Lap 93317 Uy uomeIIRA A[YIUOW °9[°y oIqel



77

06°9L 0% LL 010 0b°82 00Z2°¢€c 09°0¢ 0V ¥9v 0C°6% 00° ¢S 06°09 0F°¢c8 06°18 18301
(e1°1) (5.°0) (ep°0) (€2°0) (L¥°0) (69°0) (9L70) (€0°1) (16°0) (98°0) (sp°2) (1¥°0)
08°sy 01°S¥ oz el 09°¢S 08°91 09°91 0e°ve  00°9¢ 08° L2 08" .2 0°¢y 09°¢ SNOSUBTTSOSTN
(19°0) (zg-0) (9%°0) (62°0) (1e°0) (15°0) (29°0) (s2°0) (zv=0) (¥5°0) (¥b°0) (82°0)
VN 4 02 ¢ 0L°¥ 00°9 0z°2¢ 09°¢ 08°¥ 0L°t 02 ¢ 0e"¢ 00°¢ 0L°¢ 193317 Apoom
(62°0) (61°0) (¢z°0) _
08°0 06°0 - -~ - - - - - - - 08°0 BJUSTNOSD ‘I
(¥1°0) (80°0) _
06°0 0L°0 - - - - - - - - - - TIUTwnD *g
(82°0) (€%°0) (gz*0) (ogc0) (L9°0) (6%°0) -
- oe°t - 01°¢ - - - 06°1 0e°1 0L°¢ 0e°¢ - BUBTLBINGXOL *g
(09°0) (%970} (62°0) (zg=0) (s£°0) (91°0) (ev°0) (9€°0) (¥5°0) (98°0) _
01°¢ 0s6°¢ 08°1 0s°1 0e°t 0870 - - 05°¢ 01°¢ 02°e 02°G 'IN3ISTy *D
(02°0) (99°0) (1%°0) (05°0) (1€70) (29°0) (62°0) (9g70) (c0°1) (6£°0) (90°1) (¥2°%) -
08°¢ 00°% 06°2 09°¢ 0e°¢ 01°¢ 01°¢ 00°¢ 09°¢ 00°¢ 01°9 06" 1¢ eTe3edouow 1
(6€°0) (g270) (9€°0) (2£°0) (0Z°0) (9¢*0) (91°0) (8£°0) -
0e°1 011 00°¢ 09°¢ 0z°1 - - - 01"t 0s°0 06°¢ - eeandand -g
(8e~1) (12°0) (¢e70) (s9°0) (89°0) (0g*0) (88°0) (¥L°0) (€5°2) (8%°€) —
09°6 0e"L oy ¢ oev 0y - - 08°¢ 019 0€°S 06°91 09°9¢ eiRIqE]S ‘A
(¢2°1) (80°1) (LF°0) (s%°0) (2Zv°0) (9%°0) (zs°0) (29°0) (er°0) (6L°0) (92°1) (¥2°2) _
08°11 o0c°lt 06°¢ 0L°¢ 06°¢ 0Z°¥ oc ¢ 09°G 0" ¢ 08°¢ 0% L 09701 eOTIjUSSApTiUE *H
$I933T] Jeory
o9Qq AON 3190 ydeg Sny Lnp sunp Lep 1rady  yoaep qa4q uep soroadg

ur senyea) gg4] Suranp jeYruang 3je puels plo |Yj} ur

(01 = ¥ *°@°S 7 oae sosoyjuaxed
ANE\w ) IyBrem Lap 93317 Ul uoIjEIIBA ATYjuoly LIV Oldel



78

the miscellaneous fraction was composed mainly of the broken

leaves of A. conyzoides, E. odoratum and M. micrantha. This

fraction showed minimum value in July, which increased gra-
dually through post rainy season and attained peak in Februa-
ry. The woody litter dry weight ranged between 1.7 and 16.2

g/m2 without showing any definite seasonal trend.

In the o0l1ld stand three important tree species viz.,

H. antidysentrica, V. glabrata and L. monopetala exhibited

similar monthly variation in litter dry weight; the values
were generally high during November-December and lower during
June. The miscellaneous fraction which accounted for major
portion of litter in this stand also exhibited a similar
seasonal trend. The woody 1litter was comparatively 1less
than the leaf and miscellaneous fractions but its monthly

trend was similar to the other two fractions.

At the higher altitude although P. kesiya needles
were present in the litter throughout the year (Tables M.ji?
to 4:%;)), the maximum leaf litter was recorded in January
in both the stands. Monthly variation in leaf litter stand-
ing crop was found to be significantly (P < 0.05) different

(Tables 4.18, 4.24) in all the four stands.

The miscellaneous fraction which was composed mainly

of broken pine needles and leaves of the ground flora tended
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Table 4.18. Analysis of variance of standing crop of 1leaf

litter in the young and old forest stands at
Burnihat during 1987-88

Source of Young stand 0ld stand
variation ar MSS F ratio MSS F ratio
NS
Year 1 1099.97 6.54% 173.06 0.52
Month 11 4026.73 23.96% 10755.40 32.21%
Year x Month 11 715.66 b 26% 318.42 0.21%
Error 216 168.09 0 333.64 0
Total 239 - - - -

H

NS Not significant

Significant at P <0.05
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Table 4.24. Analysis of variance of standing crop of leaf
litter in the young and old stands at Shillong
during 1987-88

Source of Young stand 01ld stand
variation df MSS F ratio  MSS F ratio
Year 1 2217.38 6.69% 9272.75 24, 47%
Month 11 5426.88 16.39% 10463.00 27.61%
Year x Month 11 1179.95 3.56% 3591.74 9.48%
Error 216 331.05 - 378.99 -
Total 239 - - - -

¥ = Significant at P <0.05
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to rise from September onwards until March and then declined
in the ensuing months. The woody litter broadly followed
this trend in both the stands during two years of the study.
Its values were, however, generally low in the young and
high in the o0ld stand. Higher amount of reproductive parts
in litter was recorded during November-December at the young

stand and during April and May in the old stand.

e . - ..3 Mean standing crop of leaf lit-
ter was more in the winter season in all the four stands.
At the lower altitude the values declined from winter to
summer and were minimum in the rainy season. At the higher
altitude the values of summer and winter seasons were almost

equal, the minimum remained in the rainy season (Figure

4.y,

Standing crop of total 1litter varied significantly
in different months in all the four stands (Tables 4.19,
4.25) and exhibited definite seasonal pattern. At Burnihat
(Tables 4.14 - 4.17) in both the stands higher values were
recorded during December-January, declined thereafter upto
July. At the higher altitude two peaks, one in December
and the other in April were seen in both the stands. After

April standing crop decreased upto August.

Annual mean standing crop of 1litter of different

categories given in Table U4.26 tended to increase from the
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Figure U4.4. Mean standing crop of total litter (bar) and leaf
litter (line) during three seasons (W=winter,
S=summer, R=rainy) in the young and old forest
stands at Burnihat and Shillong.
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Table 4.19. Analysis of variance of standing crop of total

litter in the young and old forest stands at
Burnihat during 1987-88

Source of Young stand 01ld stand
variation

daf MSS F ratio MSS F ratio

NS

Year 1 1099.97 6.54% 173.06 0.52
Month 1 4026.73 23.96% 10755.40 32.21%
Year x Month 11 715.66  4.26% 318.42 0.95%S
Error 216 168.09 0 333.64 0
Total 239 - - - -

*
I

NS

Not significant

Significant at P <0.05



Table 4.25.

88

Analysis of variance of standing crop of total
litter in the young and old stands at Shillong

during 1987-88

Source of Young stand 0ld stand
variation dr MSS F ratio MSS F ratio
Year 1 308.50 0.16N° 196.25 0.39N°
Month 11 3261.66 1.29N° 18295.30 38.37%
Year x Month 11 9234.52 3.65% 357.91 0.73%
Error 216 2532.14 - 493.19 -
Total 239 - - - -

NS

Not significant

Significant at P <0.05
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young to old stand in both the forests. This trend is more
clear in case of leaf litter than other fractions. Year
to year variation in the mean standing crop was insignifi-
cant but it varied significantly between the two forest

types.

Litter disappearance and turnover

Annual input, accumulation and disappearance of dif-
ferent categories of litter in all the four stands for the
year 1987 and 1988 are given in Tables 4.27 and 4.28, respec-
tively. Input of 1litter increased from the young to old
stand at both the altitudes and the values were generally
higher in the subtropical wet hill forest than the moist
deciduous forest at Burnihat. The annual disappearance cal-
culated as input (initial standing crop + annual production)
minus final standing crop, indicates higher disappearance
from the o0ld stand at both the sites. All the four catego-

ries of litter followed the same trend.

The annual fractional weight 1loss (k) of different
types of 1litter is given in Table 4.29. For 1leaf 1litter
the values ranged between 5.2 and 9.5 at Burnihat and 2.6
and 3.3 at Shillong. Turnover rate of total litter varied

between 4.1 and 2.8 at Burnihat and 2 and 3 at Shillong.

In general, turnover of leaf litter decreased while
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Table 4.27. Annual balance-sheet of litter input, accumulation
and disappearance in the young and old forest
stands at Burnihat and Shillong during 1987

Burnihat Shillong
Young 0ld Young 0ld
stand stand stand stand
Initial litter standing
crop (Jan '87) (g/mz)
Leaf litter 15.35 34.20 32.19 58.10
Woody litter 3.40 6.60 6.20 6.80
Reproductive parts - - 3.50 5.80
Miscellaneous 39.50 W4 .90 58.40 26.10
Total 58.25 85.70 100.29 96.18
Litter production
(g/m®/yr)
Leaf 41.25 127.10 141.20 197.80
Woody 7.15 14.90 10.50 15.50
Reproductive parts - - 2.60 37.80
Miscellaneous U6.45 62.15 60.00 T4.65
Total 94.85 204.15 214.30 325.75
Total litter input
(g/mz/yr)
Leaf 59.56 161.30 173.39 255.9
Woody 10.55 21.50 16.70 22.30
Reproductive parts - - 22.90 85.40
Miscellaneous 85.95 107.05 118.40 100.55

Total 156.06 289.85 314.59 422.55



Table 4.27 (Contd.)
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Burnihat Shillong
Young 01d Young 0ld
stand stand stand stand
Litter at the g/m2
end (Dec. '87)
Leaf 9.6 31.3 43.0 53.4
Woody 1 4.1 3.6 4.5
Reproductive parts - - 5.5 8.6
Miscellaneous 42.8 41.5 62.0 32.0
Total 54.0 76.9 1141 98.5
Litter disappearance
(g/mz/yr)
Leaf 49.96 130.0 130.39 202.50
Woody 8.95 17.4 13.10 17.80
Reproductive parts - - 17.4 76.80
Miscellaneous 43.15 65.55 56.40 68.75
Total 102.06 212.95 217.29 365.85
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Table 4.28. Annual balance-sheet of litter input, accumulation

and disappearance in the young and old stands
at Burnihat and Shillong during 1988

Burnihat Shillong
Young 0ld Young Old
stand stand stand stand
Initial litter standing
crop (Jan '87) (g/m2)
Leaf 8.56 36.00 71.19 113.95
Woody 4.20 8.67 3.45 25.67
Reproductive parts - - 0.03 3.47
Miscellaneous 51.9 42.80 36.50 4,00
Total 64.66 8T7.47 111.17 147.07
Litter production
(g/mz/yr)
Leaf 38.14 132.58 140.95 124.84
Woody 3.20 6.32 6.92 24 .37
Reproductive parts - - 2.30 26.75
Total litter input
(g/mz/yr)
Leaf 46.70 168.58 212.14 238.79
Woody 7.40 14.99 10.37 50.04
Reproductive parts - - 2.33 30.22
Miscellaneous 103.05 113.95 80.55 75.22
Total 157.15 297.52 305.39 394.25



Table 4.28 (Contd.)
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Burnihat Shillong
Young 01d Young 01ld
stand stand stand stand
Litter at the end
(Dec '88) (g/m?)
Leaf 15.35 34.2 32.19 58.1
Woody 3.4 6.6 6.20 .8
Reproductive parts - - .5 .8
Miscellaneous 39.5 44 .9 58.4 26.1
Total 58.25 85.7 100.29 96.8
Litter disappearance .
(g/mz/yr)
Leaf 31.35 134.38 179.95 180.69
Woody 4.00 8.39 4.17 43,24
Reproductive parts - - 1.17 24 .42
Miscellaneous 63.55 69.05 22.15 hg.12
Total 98.90 211.62 205.10 297.45
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Table 4.29. Turnover coefficient (k) for different categories
of litter in the young and old forest stands at
Burnihat and Shillong during 1987-1988

Burnihat Shillong
Year Litter category Young 01d Young 01ld
. stand stand stand stand
1987
Leaf 9.50 7.82 3.36 2.60
Woody 0.50 1.50 2.33 2.18
Reproductive parts - - 2.00 3.85
Miscellaneous 2.21 2.37 0.92 1.73
Total 2.87 4,11 2.05 2.31
1988
Leaf 6.83 5.29 2.82 3.30
Woody 2.23 3.75 3.33 3.20
Reproductive parts - - 1.50 6.33
Miscellaneous 2.09 2.38 1.46 2.00
Total 3.03 3.85 2.28 3.02
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that of the total litter increased during forest regrowth

at the two sites.
DISCUSSION

Litterfall, 1litter standing crop and disappearance
data presented in the preceding pages for the moist deci-
duous and montane forests c¢learly indicates the effects
of stand age, composition, phenoclogy and climate on the
above ecosystem characteristics. Seasonality in the litter-
fall is a characteristic feature of tropical and subtropical
forests (Nye 1961, Laudelout and Meyer 1954, Klinge and
Rodrigues 1968, Lam and Dudgeon Cousens 1988). And the role
of climate on annual litter production in different forest
types has been emphasized by several workers (Bray and Gor-
ham 1964, Meentemeyer 1984). The leaffall in the moist deci-
duous forest at Burnihat occurred mainly during the period
of relative drought which extended from November to February
(Figure 4.1). This part of the year is characterized by
low rainfall and low temperature (Figure 2.2). A minor varia-
tion in litterfall pattern observed in the two stands seems
to be related to the differences in the species composition,
their habit and phenological behaviour. Since in the young
stand there were abundant herbaceous species, a significant
amount of litterfall was also observed during the post-rainy
season when most of the annuals were dead after completing

their life cycles.
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In the wet hill forest at upper altitude the overall
seasonality in the 1leaf litterfall is similar to that of
moist deciduous forest at Burnihat. The area receives much
higher rainfall spreading over for about 5-6 months due
to its special topography and has a relatively prolonged
severe dry winter, with temperature generally touching the
freezing point. This difference in climate at Shillong is
manifested by litterfall pattern in the forest of the area.
Here the period of relative drought (December-February)
corresponds to the peak period of 1litterfall. Since the
young stand is solely composed of pine and the old one
represents a mixed coniferous stand, the period of peak
litterfall in both the stands was extended upto April owing
to the maximum needle fall during March-April. Several other
investigators working in a variety of tropical forest types,
both in India and abroad, have reported maximum leaffall
during the driest part of the year (Madge 1965, Hopkins
1966, Singh 1969, Gordon 1974). This is true for the present
forests also. However, a slightly extended period of litter-
fall of about five months during dry winter in the montane
forest is attributed to the phenological behaviour of the

tree species, particularly P. kesiya.

The effect of age on leaf as well as total litter

production 1is visibly clear in both the forests, indicating
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increase in litterfall during forest regrowth after distur-
bance at 1least upto 20 years of age. This increase from
the young to old stand was, however, more (68%) in deciduous
forest than in the montane forest (59%). This trend is
closely related to the increase in species richness as des-
cribed in chapter 3 of the thesis. Cooper (1981) while

studying production during succession in Populus grandiden-

tata stand on poor sites in Northern lower Michigan has
reported that litterfall closely parallels with development
of the canopy and during first 25 years annual litterfall
increased to about 200 g/mz. Our findings in these forest
stands show an increase of 113 g/m2 in moist deciduous and
24 g/m2 in wet hill forest. Besides species richness, litter-
fall was also related to stand density and basal area. Both
these community measures were directly related to stand
age and litter production in the two forest types. A compa-
rison between the forests at Burnihat and Shillong also
reveals a positive relationship between litterfall and den-
sity and basal cover except in the o0ld stand, where although
density declined but litter production increased. Bray and
Gorham (1964), Van Cleve and Noonan (1975), Turnbull (1983)
and Prasad and Mishra (1985) have reported a positive rela-
tionship of litter production with density and basal cover.
A slight variation was observed in the montane forest where

density declined from the young to o0ld stand but litter
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production showed about 40% increase mainly because of the
abundance of young pine trees in the former stand. So far
as the negative trend between 1litterfall and basal cover
in the o0ld stand of the two forest types 1is concerned,
it 1is attributed to the abundance of low diameter trees
in the o0ld stand at Shillong which did not increase the
basal cover significantly but contributed to higher 1litter

production.

Annual 1litter production although increased during
forest regrowth at both the elevations, the values are very
low compared to other tropical and subtropical forests of
the world (Table 4.30). Obviously this is related to the
lower age and 1low density of the stands. The percentage
contributions of different categories of 1litter to total
production are, however, comparable to those reported for
other forests of the tropics. The percentage of woody litter
is however, low which may be due to the abundance of saplings
and young trees in the stand (Christensen 1975). Ratio of
wood to 1litter production ranged between 0.03 - 0.09 in
the present study. These values are lower than many other
workers (Jordan, 1971). This is again related to the stand

age.

The annual litter production in the two forest types

is related to rainfall and mean maximum temperature of the
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area. With the rainfall, litter production showed direct
relation while with the mean maximum temperature it depicted
a reverse trend. A positive relationship between annual
litterfall and the rainfall is a established fact (Turnbull
1983, Meentemeyer 1984), which also holds good for the pre-
sent study. But an inverse relationship with mean maximum
temperature may be due to topographical difference between
the two sites which is responsible for the high summer rain-

fall and low winter temperature.

The 1litter standing c¢rop represents the balance
between input by 1litterfall and output by decomposition.
Since the climate of study area shows distinct seasonal
cycle, 1litter production as well as decomposition closely
follow a seasonal pattern. The net result of these two pro-
cesses 1s clearly evident from the litter standing crop
values. Winter season being favourable for litterfall and
unfavourable for decomposition activity due to low tempera-~
ture and soil moisture, showed higher litter on the forest
floor. Reverse was true for the rainy season when the rate
of litterfall was low and microbial activity was high due
to favourable moisture and temperature conditions (Sharma
1981). This is further explained by the trends shown by
observed and expected values of litter mass on the forest

floor (Figures 4.5 to 4.8). The difference between expected
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and observed values shows net result of litterfall and decay;
higher the difference lower the accumulation. Maximum diffe-
rence during June-~-July indicated higher disappearance and
low accumulation while the minimum difference during Novem-
ber-January shows the period of higher accumulation. Since
2ll the stands are located on the hill slope, the possibi-
lity of litter loss with runoff cannot be ruled out. A cri-
tical examination of Figures 4.5 - 4.8 also indicates higher
annual disappearance from wet hill forest than moist deci-
duous forest. The annual mean standing crop although showed
an 1increasing tendency, it did not differ significantly
from the young to old stand possibly due to overriding effect
of climate over age. An increasing tendency in litter accu-
mulation in secondary successional communities has also
been observed by Pandey et al. (1980). Conversely, in the
temperate climate Cooper (1981) has reported rapid litter
accumulation during 25 years of succession in aspen forest
at Michigan. The values of decay constant of different frac-
tions of 1litter are within the range reported (0.7 - 6)
for the tropical forests, indicating rapid breakdown of
litter in these forests compared to their temperate counter-
parts (Swift et al. 1981). The other reasons for rapid
litter turnover may be the favourable microclimate on the
forest floor such as temperature, aeration and diurnal wet-

ting and drying cycles due to incomplete canopy development
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in these stands. The role of microclimatic factors on litter
decomposition and nutrient c¢ycling has been emphasized by
Lindsay and Monk (1981) in a regenerating Appalachian forest.
The difference in decay constant (k) in the two forest types
may be attributed to the variation in c¢limatic conditions
and quality of 1litter (Williams and Gray. 1974). Excep~
tionally higher turnover of the litter in young stand at
Burnihat may be attributed to the high proportion of herba-
ceous litter which tends to decompose more rapid (Jensen
1913) than tree 1litter. This aspect has been dealt with

in the ensuing chapter.



CHAPTER 5

LITTER DECOMPOSITION, NUTRIENT INPUT
AND RELEASE
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INTRODUCTION

Nutrient input and release strongly influence the
processes in the biogeochemical cycle of the forest ecosys-
tem (DeCatanzaro and Kimmins. 1985). Basically, forest eco-
systems are nutrient accumulating system in which elements
combine 1in a variety of organic and inorganic compounds
through its different components. Among the nutrient pools,
litter plays an important role in regulating the structure
and function of forest ecosystem in a variety of ways. There-
fore, considerable emphasis has been given on the studies
related to litter production and its decomposition in diffe-
rent parts of the world (Witkamp and Ausmus 1976). The large
volume of information on this aspect has been reviewed by
Ovington (1962), Olson (1963), Rodin and Bazilevich (1967),
Swift et al. (1979) and .Singh and Singh (1987). These articles reveal
that most of the work on this aspect has been done in the
temperate forests. In the tropical forests nutrient content
of litterfall was determined by Laudelout and Meyer (1954),
Nye (1961), Hopkins (1966), Bernhard (1970), Egunjobi (1974),
Hains (1977) and Lamb (1985). Litterfall and decomposition
are important processes through which major amount of mine-
ral elements is transferred to the soil in the forest ecosys-

tem. Intensive studies on nutrient cycling incorporating
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these aspects have been carried out by Likens and Bormann
(1972), Fogel and Cromai (1977), Meentemeyer (1978), Birk
and Simpson (1980), Cooper (1982), Lindsay (1988) and Staaf
(1988). In India similar studies are available from central
Himalaya and dry deciduous forests (Mehra et al. 1985,
Upadhyay 1988, Singh K.P. 1968, 1969). Litter decomposition
studies in the tropical moist deciduous forest of Meghalaya
has been carried out by Singh (1984). Some studies on element
dynamics in terms of C: element ratio in decomposing litter
have been done by Park (1976). Recently it has been reco-
gnised as an important factor that affect nutrient release
(Swift et al. 1979, Staaf and Berg 1982) during decompo-

sition.

Disruption of forest structure by natural or human
disturbances alters ecosystem processes which regulate reten-
tion and cycling of elements. Besides interruption in elemen-
tal uptake by vegetation, other processes such as decomposi-
tion, nitrogen transformation and soil physico-chemical
properties are changed as well (Likens et al. 1978, Witkamp,
1979). These aspects have been emphasized in relation to

succession (Odum "1969).

The data presented in this chapter describes the
seasonal and annual variation in input, accumulation and

release of N, P, K through litter in successional stands
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of tropical moist deciduous and subtropical wet hill forest
after their disruption for shifting cultivation in the area.
Experiments have also been conducted using litter bag tech-
nique to study the dry weight 1loss, changes in chemical
composition and nutrient release pattern during decomposi-

tion of different categories of litter.

METHODS

Litter decomposition

The rate of 1litter decomposition and release of
nutrients was studied by litter bag technique (Shanks and
Olson 1961). The fresh 1litter was collected in February
and leaf of the dominant and co-dominant species was sorted
out. All the woody 1litter was kept together and remainder
in the miscellaneous category. These were air dried for
about 2 weeks in the laboratory. Depending upon the total
amount of litter (g/mz) present on the forest floor at the
time of first sampling, 5 g litter samples were filled in
the nylon bags of 6 x 12 cm size with 2 mm mesh size. Vat-
sauliya (1981) and Darlong (1984) have demonstrated that a
mesh size of 2 mm was sufficient for the movement of meso-
fauna which are predominant in the litter layer of the secon-
dary forest. Although, Arthropods and Annelids Wwere also
important litter feeders in the forests, but mesh size more

than 2 mm was not selected, as bag with large mess size
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could not retain small pieces of litter. More than 36 bags
for each category of litter were prepared and kept randomly
on the fgrest floog in the month of February-March. Three
bags of each category of litter were considered to determine
oven dry weight before placing them on the forest floor.
Monthly sampling was done for leaf & miscellaneous fractions
and bimonthly samplings were done for woodylitter at Burni-
hat forest stands. At Shillong all the samplings were done
at two months intervals. At each sampling time three bags
of each category were brought to the laboratory carefully
avoiding 1loss of material from litter bags. The extraneous
matters over the litter were washed by tap water and dried
at 60° C to a constant weight. Decay constant on dry weight
basis was calculated following the formula given by Olson

(1963).

X - kdt
Where, dx = difference in weight
dt = time interval
X = 1initial weight
k = decay constant.

Chemical analysis of litter and soil
The dried and powdered samples were analysed for

total carbon, nitrogen, phosphorus and potassium contents



114

following the methods outlined by Allen (1974). Total carbon
was determined by rapid titration method (Moore and Chapman
1986) using Barium Chloride and Barium Diphenylamine-Sulphate
as indicators. Total nitrogen was determined by micro-Kjeldahl
method using Copper Sulphate, Potassium Sulphate and Selenium
Dioxide as catalyst. Mixed acid digestion method was followed
for phosphorus and potassium analysis. Phosphorus =.. was
determined colorimetrically by Molybdenum blue method and

potassium by flame photometer.

Nutrient input, accumulation and release

Monthly nutrient input through litterfall was comput-
ed using nutrient concentration and production values.
Nutrient accumulation in 1litter was computed in similar

fashion using standing crop and nutrient concentration values.

Rate of release of N, P, and K during decomposition was

determined by weight 1loss and element concentration data

of the samples obtained from litter bags.

So0il samples 1in five replicates were collected at
bimonthly intervals from four depths 0-10, 10-20, 20-30 and
30-40 cm from each stand. The replicated samples from each
depth were mixed together to give one composite sample after

drying at 60° C. The samples were analysed for total nitrogen,
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available phosphorus and exchangeable potassium by the method
given by Allen (1974). Nitrogen was determined by Kjeldahl
method, phosphorus colorimetrically using molybdenum blue
method and potassium was estimated by flame emission method
after extracting exchangeable cations with 1 N Ammonium

Acetate at pH 7.

RESULTS

Litter Decomposition
Weight loss

Decomposition rates of enclosed leaf litter of domi-
nant and codominant species and other fractions are shown
in Figures 5.1, 5.2, 5.3 and 5.4. The loss in weight occurr-
ed at a more rapid rates in the moist deciduous forest at
Burnihat than the montane forest at Shillong. At Burnihat
it took about 180 days for about 90-95% loss of leaf and
miscellaneous materials from the litter bag. The woody 1lit-
ter, however, did not decompose completely even after 540
days of the setting of experiment in the field. At Shillong
the decomposition was slow and all the four fractions of

litter were retrieved from the bags even after 20 months.

The shape of weight loss curves for different types
of litter did not differ markedly among themselves at Burni-

hat but at Shillong a sharp fall was noticed in case of
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leaf litter of A. nepalensis and M. esculenta as compared

to P. kesiya. The shapes of these curves further indicated
that the age of the stand had little affect on litter loss

in the two forest types.

Olson's decay constant (k) for different types of
litter is given in Table 5.1. The values were generally
higher in the moist deciduous forest at Burnihat than the
montane forest at Shillong. The highest value (k = 2.6) was

found for 1leaf litter of A. conizoides at Burnihat and the

lowest (k = 0.46) for P. kesiya at Shillong. The values
for angiospermic tree 1leaf 1litter were higher than pine
needles. The k-value for woody litter was invariably the
lowest. The decay constant for all the four types of litter
declined from the young to old stand more markedly at Burni-
hat than at Shillong and the values were generally lower

at the later site.

Nutrient release

Net release of N, P, and K from the enclosed litter
during decomposition is shown by the bars in Figures 5.1,
5.2, 5.3, and 5.4. These figures show relatively higher
amount of nutrient release during early stages of decomposi-
tion, irrespective of 1litter and forest types and stand
age. The phase of rapid nutrient release was upto 60 days

in the moist deciduous forest and 120 days in the montane
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Table 5.1. Decay constant (k) and time required for the loss
of one half of the original dry weight of different
litter fractions in the young and old forest stands
at Burnihat and Shillong

Stand Litter categories k Half time

(0.693/k)

Burnihat

Leaf

Young A. conyzoides 2.36 0.29

stand M. philippensis 2.27 0.31
Miscellaneous 2.35 0.29
Woody 0.53 1.31
Leaf

0ld V. glabrata 1.76 0.39

stand H. antidysentrica 1.96 0.35
Miscellaneous 1.75 0.40
Woody 0.58 1.19

Shillong

Leaf
Young P. kesiya 0.46 1.51
stand M. esculenta 0.56 1.24
Miscellaneous 0.42 1.65
Woody 0.31 2.23
Leaf
01d P. kesiya 0.46 1.51
stand A. nepalensis 0.54 1.28
Miscellaneous 0.34 2.04

Woody 0.29 2.39
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forest. After this phase of more rapid nutrient release,
there was a distinct decline in the net release of N and P
from the 1litter but K did not show any appreciable change
with time. The weight loss was continued even after 60 days
but the nitrogen content in remaining material showed ;n
increase, thus yielded a negative value for the net release
(Figures 5.1, 5.2, 5.3 and 5.4) in case of leaf litter of
M. philippensis, H. antidysentrica P+—kesiya—{young stand),
M.—esculenta and miscellaneous litter at Burnihat. Similar

situation at Shillong occurred after 120 days in leaf

litter of A. nepalensis, M. esculenta and P. kesiya in the

old stand.

Nutrient Input Through Litterfall

Nutrient concentrations in fresh litter - In tropical
moist deciduous forest at Burnihat N concentration in 1leaf,
woody and miscellaneous litter samples is shown in Figure
5.5. In the young stand the miscellaneous fraction gene-
rally showed higher concentration (1.4 - 2.7%) followed
by leaf (1.2 -~ 2%) and woody (0.2 -~ 1.6%) litter. In the
0ld stand leaf and miscellaneous fractions have almost simi-
lar values (1.4 - 2.1%) but the woody litter with slightly

higher values (1.1 - 3.2%) showed wide seasonal variation.

In the young stand of montane forest (Figure 5.5)

leaf (1.3 - 2.5%) and woody (1.7 - 3.6%) fractions did not
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differ much in N concentration but the difference was more
clear in the old stand. The woody litter in the old stand
showed higher values (2.5 - 3.6%) than the leaf and miscel-
laneous litter. Seasonality was indistinct in both the stands.
Analysis of variance revealed significant (P < 0.05) effect

of month on nitrogen concentration of woody 1litter only.

Phosphorus concentration (Figure 5.6) exhibited marked
monthly and seasonal fluctuations. At Burnihat seasonality
is more clearly seen than at Shillong. The values were gene-
rally low during summer and high during winter months in
both the stands. In the wet hill forest similar seasonal
trend was not evident and the values varied between 0.04
and 0.07% in different months. In this forest P concentra-
tion in the woody litter was minimum (0.04 - 0.05%) in the
old stand. The leaf and miscellaneous litter depicted higher
values (0.06 - 0.07). P concentration in woody and miscella-

neous litter was significantly (P< 0.05) influenced by month.

Concentration of K in different types of litter is shown
in Figure 5.7. At Burnihat, unlike P the value in the léaf
and miscellaneous fractions did not show a marked seasonal
variation, however, it was high in the leaf. The woody 1lit-
ter had the minimum (0.26 - 0.32%) concentration but an
exceptionally high value (0.63%) was found in the month

of June. At Shillong seasonality was more clear in the young
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stand than in the o0ld stand. In both the stands higher
(0.45 - 0.70%) values in 1leaf were found during January-
February and lower (0.24 - 0.38%) during May-June. The mis-
cellaneous and woody fractions have higher concentrations
in August and lower during February and March. Potassium
concentration in the woody litter at the old stand was more
(0.67 - 0.72%) than the 1leaf and miscellaneous materials
while it was 1lower than the other two categories in the
young stand. Monthly and yearly variations in K concentra-
tion in different types of 1litter was found to be statis-

tically insignificant.

Nutrient Input

Monthly input of N through 1litterfall is given 1in
Table 5.2. In the young stand at Burnihat miscellaneous
fraction constituted the major source followed by leaf and
woody 1litter. In case of the o0ld stand leaf litter became
more important than any other fraction. Mean N input rate
(g/mz/day) by leaf and total litter during different seasons
presented in Figure 5.8 reveals similar trend for both the
fractions in the stands. The highest values were recorded
for the winter and the lowest for the rainy season. At Shil-
long, although seasonality was less marked, it was slightly
different from that seen at Burnihat. Here in the young

stand, N return through total litter did not show much varia-
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tion from one season to another but the value for leaf litter
was high in winter, declined in summer and was minimum in
the rainy season. The o0ld stand followed almost the same
trend. A comparison between the two stands indicates an
increase 1in nutrient input rate through 1litterfall with

increasing age.

Input of P through litterfall (Table 5.3) also varied
widely in different months. In the young stand at Burnihat
the miscellaneous fraction again contributed more than leaf
and wood whereas in the old stand, leaf litter was the major
source of P return to soil. With age, P input through all the
three fractions of 1litter increasel, however, it was more
conspicuous in case of wood. The seasonal trend was similar
to that of N (Figure 5.9), although the values were much
less. In the wet hill forest the young stand showed higher
input by woody 1litter compared to its counterpart at Burni-
hat. The leaf litter remained the major source of nutrient
input. In the old stand P input by leaf as well as the woody
litter increased from the young stand. The increase was,
however, more in case of 1leaf than woody material. During
winter season the rate was higher for both 1leaf as well
as total litter in the young stand (Figure 5.9). In the
0ld stand this trend was applicable only during the first
year of study. During second year summer season exhibited

peak for both the fractions.
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The values for K input are given in Table 5.4. Both
monthly and seasonal trends (Figure 5.10) were similar to
that of N, but there was a quantitative difference between
the two elements. The values were higher for N (31 - 162
g/mz/day) and lower for K (10 - 32 g/m2/day). Difference
between the young and old stand was more at Burnihat than

at Shillong.

Annual return of N, P, and K through 1litterfall,
given in Tables 5.2, 5.3 and 5.4,respectively, show maximum
value of N followed by K and P in all the four stands. Annual
nutrient input through litter increased with stand age.
At Burnihat increase was about 2.5 times for N and P and
more than four fold in K. At Shillong increase from the
young to old stand was less compared to Burnihat. Composition
of N, P, K return with litter between the two forest types

revealed higher values for wet hill forest at Shillong.

Nutrient concentration in litter mass -

N, P, K concentration -~ N concentration in 1leaf,
woody and miscellaneous fractions showed a definite seasonal
pattern by having higher concentration during rainy season
and low during winter (Figure 5.11). In the young stand
at Burnihat N concentration in woody 1litter ranged between
1.7 and 2.8% and in miscellaneous material it varied from

1.3 to 2.2%. In the o0ld stand this trend was changed and
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the woody litter has minimum concentration (1.3 -~ 2.1%) than
leaf (1.7 - 2.7%) and miscellaneous (1.9 - 3.1%). Monthly
difference in N concentration of woody and miscellaneous
fractions was significantly different (P < 0.05) in both
of them. At Shillong concentration in miscellaneous fraction
was higher (2.9 - 3.7%) than leaf (2.4 - 3.3%) and woody
litter (1.4 - 2.8%) in the young stand. But in the old stand
leaf showed slightly higher values (2.8 - 3.6%) than other
litter types. In both the stands monthly variation in woody
and miscellaneous fractions was significant (P<0.05). N con-
centration seemed to be higher in the o0ld stands both at

Burnihat and Shillong.

Seasonality in concentration of P was more distinct
than N (Figure 5.12) owing to higher values in the rainy
season and lower figures during winter in all the four stands.
The concentration in miscellaneous fraction was higher in
both the stands at Burnihat followed by leaf in the young
and woody litper in the old stand. At Shillong higher concen-
tration was found in leaf litter in both the stands. Nonethe-
less, the values were high in the old stand. Mean P concentra-
tion in litter showed a rising tendency from the young to old

stand at Shillong and a declining trend at Burnihat.

K concentration in leaf was higher than any other
fraction in both the stands at Burnihat (Figure 5.13). The
values were, however, low in the young stand, except in

miscellaneous fraction which exhibited 1lower concentration.
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Figure 5.8. Rate of N - input through leaf litter (line)

and total litter (bar) during three seasons
(W=winter, S=summer, R=rainy) in the young
and old forest stands at Burnihat and Shil-
long.
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Figure 5.11. Monthly variation in nitrogen -~ concen--
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tration in accumulated leaf (0), woody
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In the young stand of montane forest leaves had higher con-
centration than other fractions. In the o0ld stand woody
litter showed higher values (0.4 - 0.35%) than leaf (0.18
- 0.29%) and miscellaneous litter (0.14 - 0.25%). A distinct
seasonal trend was visible in all the four stands, the values
were higher during February and March and lower during June

and July.

N, P, K accumulation

In the young as well as the old stand at Burnihat
miscellaneous fraction accumulated major amount of N and
leaf and woody materials were relatively 1less important
(Table 5.5). All the fractions showed peak in winter and
trough in the rainy season, except the woody material which
accumulated maximum amount during summer in the young stand.
In both the stands of montane forest accumulation in woody
fraction was minimum. Miscellaneous fraction in the young
stand and leaf litter in the old stand were of major impor-
tance from this point of view. The seasonal trend in the
wet hill forest was similar to the moist deciduous forest
but the total amount was higher in the former. P accumula-
tion in different fractions of litter mass is given in Table
5.6. At Burnihat its allocation in different fractions was
similar to that of N. At Shillong major amount (51 - 55%)

was present in leaf in both the stands. As far as the
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seasonal trend is concerned, maximum accumulation was seen
during winter season and minimum during rainy season in
both the forest types. Summer peak was, however, observed

for the woody litter.

K content in litter standing crop is given in Table
5.7. It also exhibited the trend of N and P. The values
were higher during winter and lower in rainy season. The
total accumulation in 1litter mass also increased with the

stand age at both the sites.

Annual data of mean standing state of N, P, and K in
litter furnished in Table 5.8 showed that the miscellaneous
fraction which was mainly composed of leaves and reproduc-
tive plant parts, accumulated highest proportion of nutrients
on the forest floor. The data further indicated substantial
enhancement in nutrient accumulation in 1litter from the
young to old stand, the increase was, however, more in the

deciduous forest.

Turnover rate

The turnover coefficient (k) for different elements
accumulated in leaf and total litter is given in Table 5.8.
The values were generally higher for leaf than total litter
for all the three elements. A more rapid nutrient turnover

in leaf litter was recorded in the young stand at Burnihat.
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However, when nutrients in the total litter mass were consi-
dered, turnover rate was faster in the old stand. In the
wet hill forest nutrient turnover rate both in 1leaf and
total litter was higher in the old stand. A comparison of
the two forest types reveals higher turnover rates for all

the three elements in the moist deciduous forest at Burnihat.

N, P, K contents in soil

Total N, available P and exchangeable K in soil pro-
file at all the four stands are shown in Figures5.14, 5.15,
and 5.16, respectively. The concentration of all the three
elements was generally higher in the old stands of the two
forest types and the difference between the young and old
stands was significant at P < 0.05 (Tables 5.9, 5.10, 5.11).
With higher values during July-August and lower during April,

all the stands depicted a clear seasonal trend.

The mean standing states (kg/ha) of N, P, and K are
given in Tables 5.12, 5.13 and 5.14, respectively. The
amount of these elements was more in the old stand both
at Burnihat and Shillong. At Shillong greater accumulation
of P and K was found at 10-20 cm soil layer. Amount of N
declined with increasing soil depth in all the stands. The
young stand showed maximum nutrient accumulation in

upper soil layer.
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Figure 5.15. Seasonal variation in available

soil phosphorus concentration
in the young and old forest
stands at Burnihat (B) and
Shillong (3). Soil  depths
- 0-10 em (—0—); 10-20 cm
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Figure 5.16. Seasonal variation in exchangeable soil
potassium concentration in the young
and old forest stands at Burnihat (B)
and Shillong (S). Soil depths - 0-10 cm
(—e—); 10-20 cm (--0--); 20-30 cm
(—0—1); 30-40 cm (--0--).
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DISCUSSION

The findings presented in the preceding pages clearly
bring out the effects of climate, forest type, stand age
and quality of litter on decomposition process. Since clima-
tic conditions at the two sites did not show drastic change,
litter decomposition pattern was broadly similar 1in the
two forest types. Nevertheless, relatively high temperature
and favourable moisture conditions through major part of
the year at Burnihat were responsible for more rapid decay
of enclosed litter in the moist deciduous forest than at
wet hill forest. where low temperature for about six months
provided unfavourable conditions for decomposition. Since
the rainfall was sufficiently high at both the sites, it
appears that temperature, rather than the rainfall, played
a more significant role in litter decay. Mikola (1955) in
the temperate forest at Finland has also shown a decisive
influence of c¢limate, particularly temperature on litter
decomposition. Another factor that regulated temperature
within the forest stand was the development of tree canopy.
The young stand with an open canopy generally had higher
soil surface temperature and might be experiencing wide
fluctuations in diurnal temperature and wetting and drying
cycles (Lindsay. 1988). These microclimatic differences

contributed to the rapid decay of litter in the young stand
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at Burnihat where there was practically no fully grown tree
in the stand. Among other things, decomposition rate is
also influenced by properties of 1litter (Jensen. 1974).
The mechanical nature and chemical c¢omposition of plant
tissues are important factors which determine decomposition
rate. Faster decomposition in the young stand at Burnihat
may also be due to these attributes of leaf and miscella-
neous fractions which were mainly composed of herbaceous
litter. Relatively rapid decomposition rate of angiospermous
tree leaf litter as compared to pine needle is also attribu-
ted to the difference in the chemical composition of the
two types of litter. Relatively slow decomposition of coni-
ferous 1litter has also been reported by Staaf and Berg

(1983).

The decomposition rate of 1litter can be explained
in terms of carbon : element ratio. Plant materials with
high C:N ratio tend to decompose more slowly than those
having low ratio (Jensen. 1929; Brady. 1974, Wieder et-3l. 1983).
C:N ratio in all litter fractions was more in the wet hill
forest at Shillong than the deciduous forest at Burnihat
(Tables 5.15, 5.16, 5.17, 5.18 and 5.19). This was yet ano-
ther reason for slow decomposition in the montane forest.
Slower decomposition in the old stand at Shillong, except
the pine needle, may also be attributed to the difference

in C:N ratio.
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Table 5.17. Changes in C/N, C/P and C/K ratios during decompo-

sition of woody litter from litter bags in the
young and old forest stands at Burnihat

Young stand 0ld stand

Days C/N C/P C/K C/N C/P C/K
Initial 68 614 31 51 500 35
60 69 760 45 58 586 u8
120 62 640 73 50 616 51
210 63 675 68 46 517 uy
270 61 460 56 36 540 43
330 76 667 57 27 399 40
390 36 697 47 26 399 40
450 29 koo 46 23 351 33
510 40 465 39 19 340 32
570 by 700 64 23 353 37
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In addition to the above factors, litter decomposi-
tion is also influenced by soil reaction. Rapp (1971) report-
ed that vegetation replacement is associated with an acidifi-
cation of soil, a reduction in cation exchange capacity
and the pool of exchangeable c¢ations and transformation
of mull humus to mor humus type. It has also been shown
that low pH retards decomposition of litter by influencing
the activity of decomposer organisms (Sanchez. 1976). Thus,
acidic soil at Shillong might have been another important

cause for slow decomposition.

The overall effects of physical conditions, litter
quality and nature of soil substratum on decomposition have
been evaluated through determination of decay constant (k).
In general higher values indicate rapid 1litter decay. The
values obtained in the present study are comparable to those
of tropical forests (Swift et al. 1979; Singh 1980; Anderson and Swift
1983 ) and are higher than those reported from the temperate

region (Olson,; 1963).

Nutrient release during the initial phase of decompo-
sition was similar in all the 1litter types. Rapid release
of nutrients as observed in the present study has also been
reported by Singh and Ramakrishnan (1982) from decomposing
leaf 1litter in tropical moist deciduous forest. Upadhyay

and Singh (1989) while working in the central Himalayan
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forest, have also reported similar trend of nutrient release.
Similar trend was found by Likens and Bormann (1972) in
beech and sugar maple leaves. The net release of any element
during decomposition is directly related to the availability
of that element to the decomposer organisms (Swift et al.
1979). Carbon is wusually in plentiful supply during the
early stages of decomposition while N and P are present
in much lower amount. As the decomposition proceeds mineral
elements along with carbon are released rapidly and their
supply become limiting to the decomposers during the later
stages of decomposition (Jensen 1929). At Shillong high
C:N ratio in the beginning, followed by a rapid decline,
indicate the possibility of N and P being limiting for the
growth of microorganisms, which, in turn,6 was probably respon-
sible for slow nutrient release during later stages of decom-
position. Negative values of net N and P release after 60
days at Burnihat and 180 days at Shillong do not rule out
this possibility. This finding is in conformity with that
of Schlesinger (1985) who reported net accumulation of N
and P during second phase of 1litter decomposition. - e
micro-organisms involved in the immobilization have the
ability to immobilize nutrients within their biomass 1in
higher concentrations than found in litterfall (Vogt 1985).
In the young stand total N and P immobilization in an annual

cycle was 6.00 and 0.30 kg/ha, respectively in the wet hill
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forest and 1.6 kg/ha N only in the deciduous forest. This
amount in the old stand was 0.50 kg/ha for N in the deci-
duous forest and 0.20 kg/ha for P in the forest at Shillong.
The total amount of N immobilized in these forests
was less compared to that reported by Upadhyay and Singh
(1987) in the mixed oak-pine forest of central Himalaya.

N and P immobilization occurred in M. philippensis, H. anti-

dysentrica, V. glabrata, A. nepalensis, M. esculenta and

P. kesiya only in the young stand. Upadhyay and Singh (1985),
although reported immobilization in few species of the commu-
nity only, but they have also underlined the importance
of other species in nutrient dynamics within the ecosystem.
This may be true in these forests also. Comparatively higher
nutrient immobilization at the forest floor in the young
stand of both the forest types might serve as potential

nutrient pool for subsequent community development.

Nutrient input through litterfall and its accumula-
tion on the forest floor in litter mass are largely deter-
mined by climate and vegetation (Anderson et al. 1983). Both the.
forests exhibited seasonality in these ecosystem processes.
In general, winter season was the favourable period for
nutrient input and accumulation while the rainy season was
characterized by low accumulation and faster nutrient loss

from litter. Obviously this seasonal trend is mainly related
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to the 1litterfall pattern and climatic conditions that

influenced both decomposition and accumulation.

Annual nutrient return through 1litterfall and its
mean standing state in litter mass increased with increasing
age of the stand. Contribution of 1leaf 1litter to total
nutrient input was more in both the stands while the amount
of nutrient returned through woody material was less. Lowef
nutrient 1input through woody 1litter 1is attributed to its
low production owing to the abundance of young trees in
the stands at both the sites and generally lower nutrient
concentration. Conversely, high nutrient concentration and
larger production of 1leaf litter could be held responsible
for higher nutrient return through leaf and miscellaneous
fractions, The percentage increase in nutrient input in the
0ld stand through 1litterfall was N - 138%, P - 90% and
K - 217% at Burnihat. The corresponding values for Shillong
were 87, 42 and 59%, respectively. The increase in nutrient
accumulation in litter mass was N - 20%, P - 14% and K -
30% at Burnihat and N - 6%, P - 2% and K - 8% at Shillong.
Similar trend in N, P, K input through litterfall and accu-
mulation in standing dead biomass on forest floor during
the vegetation development from shrub stage (5 yr old) to
mature balsam poplar stand in boreal forest has been report-

ed by Van Cleave and Viereck (1981). They have also reported
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3, 4 and 5 fold increase in N, P and K contents, respec-
tively in the standing dead biomass in the forest floor.
A comparative account of N, P and K return through litter-
fall in some tropical and subtropical forests is given in
Table 5.20. The values obtained in the present study are
low compared to other places. Lower stand age, poor stand
density and basal cover could be the probable reasons for
lower nutrient return through litter (Gorham et al. 1979). Apart
from these, translocation of nutrients from leaves and leach-
ing of soluble organic and inorganic materials before senes-
cence also affects nutrient return to the forest floor (Tuf-
key 1970). Since a senescent leaf in humid condition of
tropical rain forest has a rich phylloplane flora (Ruinen.
1961), the extent of decomposition of standing dead biomass
before falling on the forest floor is a factor of conside-
rable importance which might have also influenced the amount

of nutrients returned through litter.

The relationship between nutrient input through 1it-
terfall and mean standing state on the forest floor has
been widely used to compare turnover rate of nutrient. The
tropical forest generally have turnover values greater than
one suggesting turnover within a year while values less
than one indicate a turnover time that may vary from few

years to several decades (Jenny et al. 1949, Olson 1963),
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a characteristic feature of temperate and alpine climates.
In general, higher values of N, P and K turnover indicate
their rapid transfer from litter to soil compartment within
the ecosystem. But, behaviour of these three elements was
not similar with respect to litter category, stand age and
forest type. Generally, turnover was faster for leaf nutrients
than total 1litter fraction in all the four stands. As far
as age 1is concerned, turnover was more rapid in the old
stand. A wide variation in the behaviour of N, P and K was
also noticed in the two forest types. In the moist deciduous
forest the trend was N > K> P while in the wet hill forest,
it was K>P > N. The trend obtained in the mixed broad leaved
forest at Shillong is in conformity with temperate conife-
rous, temperate deciduous and mediterranean forests (Cole
and Rapp. 1981). Faster turnover of N at Burnihat indicates
higher requirement for this element in deciduous forest
than in the mixed broad leaved forest at Shillong. Higher
annual requirement for N in deciduous species compared to
the coniferous species has been demonstrated by Cole and
Rapp (1981). They also noted that the coniferous forest
floor has 1longer turnover period than the deciduous forest
floor. Similar information about K and P is apparently limi-
ted, however, the importance of these elements in developing
communities cannot be overemphasized (Heitman and Gessel

1963, Madgwick et al.. 1970 and Fagerstrom and Lohm 1977).
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The annual balance sheet illustrating nutrient move-
ment from aboveground vegetation through 1litter to soil
compartment 1s given in Table 5.21. It 1is apparent that
the relationship between nutrient input and turnover is
~hanging during the forest regrowth after disturbance. This
kind of trend in a series of plantations of varying ages

from early stages of development to fully mature Pinus syl-

vestris stand has been reported by Ovington (1957). Besides,
relatively high N return in the wet hill forest may be attri-
buted to the presence of P. kesiya, since gymnospermous
species retain more N before needlefall compared to the
deciduous species which translocate significantly more
nutrients from older foliage (Nihlgard, 1972 and Cole et
al. 1978).

A positive balance of N, P and K in so0il at deciduous
forest and a negative values, extent K in the old stand
of wet hill forest, could be one of the major causes for
relatively slow recovery of the forest at Shillong. Hilly
topography, high rainfall and coarse soil texture all con-
tributed to the impoverishment of s0il substratum which
had low pH, exchangeable cations and showed relatively high
nutrient accumulation in sub-s0il layer. In spite of above
incongenial edaphic conditions, wet hill forest has a marked

advantage over the moist deciduous forest having colonized
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by Alnus nepalensis, a nitrogen fixer, sometimes after about

five years of stand growth. This species might have played
a significant role in the annual nutrient budget of the

stand.



CHAPTER 6

GENERAL DISCUSSION
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During early stages of vegetation regrowth on abandon-
ed Jjhum fallow at Burnihat, herbaceous species such as A.
conyzoides and E. odoratum were dominant in the community
whereas pine. being the main element of surrounding vegeta-
tion, its seedlings were abundant among the early colonisers
at Shillong. As the succession progressed, species content
in the tree layer increased but it tended to decline in
the ground layer. Reduction in light intensity on the forest
floor due to gradual closing of overhead canopy and accompa-
nying changes in micro-environmental factors as reported
by Peet and Christensen (1980) appear to be the reasons
for this trend. The overall increase in species diversity
and decrease in dominance with the progression of succession
is in agreement of Risser and Rice (1971) and Millinger and
McNaughton (1975). The density increased from the young

to 0ld stand except in the young stand at Shillong on account

of high seedling density of P. kesiya< The increase in basal
cover from the young to old stand was 78% in the moist deci-
duous forest and 73% in the wet hill forest. Litter produc-
tion in both the forests was related to the increase in
basal cover of the stand. A positive correlation between
basal cover and litter production has also been established

by Gaur and Pandey (1978) and Corsby (1961). Similar relation-
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ship was not observed between stand density and litter pro-

duction in the present study.

Phenological analysis of all the four stands reveals
an overall similarity between moist deciduous and wet hill
forests, apparently due to broad similarity in the climate
of the two sites. Nevertheless, on account of more severe
winter at Shillong, leaffall was almost complete in majority
of broad leaved species during winter season but peak period
of leaffall of pine was during March-April. Similarly, at
Burnihat some species shed leaves upto May, therefore the
period of leaffall extended from November to May. Trees
in the o0ld stand of wet hill forest showed flowering either
during s.:. ; ‘May-June, or during post-monsoon (October-
December) period. At lower altitude there was only one flower-

ing period during March-April.

Litter production attains higher value at favourable
habitats than 1less favourable sites (Meentemayer 1984).
It shows a greater variability in rhythm and ﬁay,be conti-
nuous or seasonal (Bray and Gorham 1964). Since the present
study was conducted in two forest types having distinct
vegetation composition and slightly different climate, in-
fluence of both these factors could be seen on litter produc-
tion. Besides, the effect of phenological behaviour of species
was also evident on 1litter production pattern in the two

forest types.
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At Burnihat the young stand was dominated by herba-
ceous species and the old stand had abundance of deciduous
trees. At Shillong the young stand was almost a pure stand
of pine while the o0ld stand had a mixed character due to

presence of A. nepalensis along with P. kesiya. Thus, the

species composition of the four stands was different markedly
from one another. This variation in composition was responsi-
ble for strongly seasonal pattern of litter production in
the herb dominated community to minimal seasonality in the
pine dominated young stand at Shillong. In the old stand
seasonal effect was minimised due to presence of pine which
shed needles almost throughout the year. In both the forests
the peak period of litterfall was more or less synchronised
with the period of relative drought. The deciduous forest
showed one peak during post rainy season (November-December)
while the montane forest exhibited peaks during Dec & March.
Several other investigators working in tropical forests
at different places in India and elsewhere have reported

maximum leaffall during the drier part of the year.

Leaf as well as total 1litter production increased
from the young to old stand. The increase was about 68%
in the deciduous forest and 50% in the montane forest. This
was c¢losely related to species richness and basal cover

of the stand. The percentage contribution of different cate-
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gories of litter to total production is, however, comparable
to those reported for other forests of the tropics (Table
4,.,30). The percentage of woody litter is, however, low proba-
bly due to abundance of saplings and young trees in the

stand (Christensen 1975).

The annual litter production in the two forest types
is related to the rainfall and mean maximum temperature
of the area. With the former, it showed direct relation while

with the latter it depicted a reverse trend.

Since the climate of the study area.: is distinctly
seasonal, litter production as well as its standing crop
followed a seasonal pattern. Winter season being favourable
for litterfall and unfavourable for decomposition activity
due to 1low temperature and soil moisture, showed higher
amount of litter on the forest floor. Reverse was true for
the rainy season when the litterfall was low and decomposi-
tion was rapid due to the favourable moisture and temperature
conditions (Sharma 1987). The annual mean standing crop
although showed an increasing tendency from the young to
old stand, it did not differ significantly, possibly due
to overriding effect of climate over the age on litter dyna-
mics. An increasing tendency in litter accumulation in secon-
dary successional communities has also been observed by

Pandey et al. (1980).
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The values of decay constant of different fractions
of litter are within the range reported by many workers
for the tropical forests (Swift et al. 1979). The reasons for the
rapid litter turnover may be the favourable microclimate
on the forest floor such as temperature, aeration and diurnal
wetting and drying cycles due to incomplete canopy develop-
ment in the stands. The role of these factors on 1litter
decomposition has been emphasized by Lindsay and Monk (1981).
The difference in the decay constantsin the two forest types
may be ascribed to the wvariation in climatic conditions
and quality of 1litter. Exceptionally high turnover of the
litter in young stand at Burnihat was chiefly due to the
high proportion of herbaceous litter which tends to decompose

more rapidly than tree litter (Jensen 1974).

Decomposition of enclosed litter was faster in the
moist deciduous forest at Burnihat than the montane forest
at Shillong. Relatively high temperature and favourable
soil moisture conditions through major part of the year
were responsible for more rapid decay of enclosed litter
in the moist deciduous forest than the wet hill forest,
where low temperature for about six months provided unfavoura-
ble conditions for decomposition. Since the rainfall was
not a limiting factor at both the sites, it appears that

temperature, rather than the rainfall played a more impor-
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tant role in 1litter decay. Another factor that regulated
temperature within the forest stand was the development
of tree canopy. The young stand with an open canopy generally
had higher soil surface temperature and might be experiencing
wide fluctuations in diurnal temperature and drying and
wetting cycles. These microclimatic differences between
the young and old stands also contributed to the rapid decay
of litter in the former at Burnihat where there was practi-
cally no fully grown tree in stand. Relatively rapid decompo-
sition of angiospermous tree leaf 1litter as compared to
pine needle is attributed to the difference in the chemical
composition of the two types of litter. Staaf and Berg (1982)

have also reported slow decomposition of coniferous litter.

Decomposition rate of 1litter can be explained 1in
terms of C : element ratio. Plant materials with high C:N
ratio tend to decompose more slowly than those having low
ratio (Jensen 1929, Brady 1974;. Wieder et al. 1983).. C:N ratio
in all the fractions was more in the wet hill forest than
the deciduous forest. This was yet another reason for slow
decomposition in the montane forest. In addition to the
above factors, litter decomposition is also influenced by
S0il reaction. It has been shown that low pH retards decompo-~

sition of 1litter by influencing the activity of decomposer
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organisms (Sanchez 1976). Thus,acidic soil at Shillong might

have been another important cause for slow decomposition.

The overall effects of physical conditions, litter
quality and nature of soil substratum on decomposition have
been evaluated through determination of Jenny's decay con-
stant (k). In general, higher values at Burnihat further
indicate more rapid litter decay in moist deciduous forest
than wet hill forest. The k values obtained in the present
study are comparable to those of tropical forests (Swift
et al. 1979, Anderson et al. 1983, Singh 1980) and are higher

than those reported from the temperate region (Olson 1963).

Nutrient (N, P, K) release pattern during the initial
phases of decomposition of the confined leaf and woody litter
was similar. The net release of any element during decompo-
sition is directly related to the availability of that element
to the decomposer organisms (Swift et al. 1979). Carbon
is usually in plentiful supply during the early stages of
decomposition while N and P are present in much lower amounts
As the decomposition proceeds mineral elements along with
the C are released rapidly and become limiting to the decom-
posers during the 1later stages of decomposition (Jensen
1929). In the montane forest at Shillong high C:N ratio
in the beginning followed by a rapid decline, indicatesthis

possibility which, in turn, might have been responsible for
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slow nutrient release during later stages of decomposition.
Upadhyay and Singh (1989) while working in the Central Hima-
layan forest have reported similar trend of nutrient release
during litter decomposition. Negative values of net N and
P release after 60 days at Burnihat and 120 days at Shillong
indicate immobilization of these elements as suggested by
Schlesinger (1985) and Upadhyay and Singh (1989). In the
young stand total N and P immobilization in an annual cycle
was about 6 and 0.30 Kg/ha, respectively in the wet hill
forest and 1.6 Kg/ha N only in the deciduous forest. This
amount in the o0l1d stand was 0.50 Kg N/ha at Burnihat and
0.20 Kg P/ha at Shillong. Although the amount of N that
was immobilized in these forests was less compared to -that
reported by Upadhyay and Singh (1985), a relatively higher
nutrient immobilization in the young stand of both the forest
types might have served as a potential nutrient source for

the subsequent seral communities.

Nutrient input through litterfall and its accumulation
on the forest floor in litter mass are largely determined
by climate and vegetation (Anderson et al. 1983). In general,
winter season was the favourable period for nutrient input
and accumulation while the rainy season was characterized
by low 1litter accumulation and more rapid nutrient 1loss

from litter. Leaf 1litter contributed a major portion to
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total nutrient input in both the forest types since woody
litter production was less owing to the abundance of young
trees in the stands. Besides, elemental concentration was
also low in the woody 1litter. Conversely, higher nutrient
concentration and 1larger production of 1leaf 1litter could
be held responsible for higher nutrient return through leaf

and miscellaneous fractions.

Annual return of N, P and K through 1litterfall and
their mean standing state in litter mass increased with
increasing age of the stand. At Burnihat, the percentage
increase in N, P and K input through litter in the old stand,
compared to that of the young stand,was N - 138%, P ~ 90%
and K - 217%. The corresponding values for Shillong were
87, 42 and 59%. The increase of mineral elements in the
litter mass was N - 20%, P - 14% and K - 300% at Burnihat
and N - 6%, P - 2% and K - 8% at Shillong. The increase
in nutrient input and accumulation in standing dead biomass
on the forest floor during vegetation development has also
been reported by Van Cleave and Viereck (1981) in boreal
forest. The amount of N, P and K returned through litter-in
the two forests is low compared to other tropical and subtro-
pical, forests (Table 5.20). Again this may be due to lower

stand age and poor stand density and basal cover.

In general, turnover values for N, P and K were higher

indicating the rapid transfers from vegetation to soil



190

compartment. The turnover was faster for leaf nutrients
than for the total litter and generally it was more rapid
in the o0ld stand. A wide variation in the behaviour of N,
P and K turnover was noticed in the two forest types. In
the moist deciduous forest the trend was N > K > P while
in the wet hill forest it was K> P >N. The trend observed
in the wet hill forest is in conformity with temperate coni-
ferous, temperate deciduous and mediterranean forests by
Cole and Rapp (1981). They also noted that the coniferous
forest floor had longer turnover period than the deciduous
forest floor. Faster turnover of N in the moist deciduous
forest and that of K in the wet hill forest indicates diffe-

rent nutrient requirement by the seral communities.

Cole and Rapp (1981) concluded that the requirement
for different ~+ ~ -~ eleménts, : was significantly
different in deciduous and coniferous forests and it was

higher in the former.

The annual N, P, K balance-sheet showed that the
input of nutrients and their turnover increased during vege-
tation regrowth at least upto 5-20 years of age. This kind
of trend has been reported by Ovington (1959) in a series
of plantation of varying ages from early stage of development

to fully mature Pinus sylvestris stand.
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4 positive balance of N, P and K in soil at deciduous
forest and negative values, except K, in the old stand of
wet hill forest could be one of the major causes for rela-
tively slow recovery of the forest at Shillong. Hilly topo-
graphy, high rainfall and coarse soil contributed to
the negative balance of mineral elements by accelerating
losses from the soil substratum. In spite of above inconge-
nial edaphic conditions wet hill forest has a marked advan-

tage over the moist deciduous forest since Alnus nepalensis,

a nitrogen fixer, became an important component of the com-
munity sometimes after about five years of stand growth
and might have played a significant role in the annual

nutrient-budget,; particularly N-budget of the stand.

A summary of the annual litter production, N, P and K
input through litter, their mean standing state in 1litter
and so0il and release during decomposition are given in
Figures 6.1, 6.2. The two forests exhibited a broad simi-
larity in the above parameters during secondary succession.
However, input : output (release) ratio of the nutrients
(N, P, K) decreased from 1.8 to 1.4 in the moist deciduous
forest and 1.4 to 1.2 in the wet hill forest. In the wet
hill forest the ratios for all the three elements
decreased in similar manner from the young to old stand

but in the moist deciduous forest the ratio for P decreased
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more sharply than K and N. Greater reduction in the total

elemental input : output ratio during secondary
in moist deciduous forests was marked by better
development of the community. Among the three
seemed to have played more important role in
growth, since it showed greater dynamism than

two, especially in the moist deciduous forest.

succession
growth and
elements P
vegetation

the other



SUMMARY
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Community composition, litter production, decomposi-
tion, and N, P and K input through litter and their accumu-
lation in litter mass and soil were studied in the regenera-
ting young (¢ 5 year old) and the old (15 - 20 year old)
stands of moist deciduous forest at Burnihat (altitude 100 m)
and wet hill forest at Shillong (altitude 1500 m) during
1987-88. The important findings of the study are summarised

below:

1. The young stand at Burnihat was almost devoid of
tree element and was dominated by herbaceous species 1like

A. conyzoides and E. odoratum. In the old stand H. antidy-

sentrica was the dominant tree species with abundant growth

of A. conyzoides on the forest floor. At Shillong both young

and the old stands were dominated by P. kesiya. The ground

vegetation in both the stands showed dominance of Pteris

longipes.
2. Number of tree species increased from 3 in the young
stand to 10 in the o0ld stand at Burnihat. The correspond-

ing numbers were 5 and 7 at Shillong. Number of species
in the ground flora decreased from the young to o0ld stand
at both the sites. The two stands of wet hill forest were
more similar (ISJ - 72%) than those of moist deciduous

forest (ISJ - 25%).
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3. Density and frequency of trees of higher girth class-
es were more in the old stand at both the sites. Total basal
cover increased from the ‘young to old stand. The increase
was more at Burnihat than at Shillong. The total stand den-
sity ranged from 10 to 530 plants/ha at Burnihat and 680

to 1350 plants/ha at Shillong.

y, Tree species diversity increased but dominance de-
creased from the young to old stand. The ground flora showed

a reverse trend.

5. Phenology showed a distinct seasonality in both the
forests. Most of the species showed leaffall during winter
season (November-February). The period of leaf shedding
in the wet hill forest extended until summer season (March-

April) on account of P. kesiya.

6. Total annual 1litter production was 94 g/m2 in the
young stand and 207 g/m2 in the old stand at Burnihat. The
corresponding values for Shillong were 204 and 286 g/mz.
The peak period of 1litter production in both the forest
types was between November to February. The percent contri-
bution of 1leaf to total 1litter production declined from
the young to old stand at Burnihat but increased at Shillong.

The woody 1litter did not show marked difference either

between the stands or between the forest types.
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7. Litter production exhibited positive relationship
with density and basal cover except in the old stand of
wet hill forest where density declined but production in-

creased.

8. Seasonality in litter mass was similar to that of
litter production. The mean annual 1litter standing crop
was 32 g/m2 in the young and 51 g/m2 in the o0ld stand at
Burnihat. The values for Shillong were 95 and 107 g/mz,
respectively. Thus, there was 63% increase in litter accumu-
lation on forest floor in the moist deciduous forest and

54% in the wet hill forest in about 10 years of forest re-

growth.

9. Turnover rate of total 1litter increased with the
progression of succession and the values ranged from 3 to U
and 2 to 3 at Burnihat and Shillong, respectively. Turnover
of leaf litter was faster than total litter but it decreased

with stand age.

10. About 64 and 72% of the total annual litter produc-
tion disappeared in the young and old stands, respectively

at Burnihat. The corresponding values for Shillong were

68 and 81%.

11. Decomposition of confined litter was faster in the

moist ‘deciduous forest than the wet hill forest. Decay
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constant (k) revealed greater influence of litter quality

than the stand microclimate on the decomposition process.

'12. Net N, P and K release was more during early phase
of decomposition, irrespective of 1litter quality, forest
type and stand age. The phase of rapid nutrient release
was until 60 days in the moist deciduous forest and 120
days in the montane forest. The net release of N and P was
slowed down beyond this time but it remained unchanged in

case of K.

13. C:N ratio in all the 1litter fractions was more in

the wet hill forest than the deciduous forest.

14, Annual immobilization of N was 1.6 kg/ha in the young
and 0.5 kg/ha in the old stand of the deciduous forest where-
as 6 kg/ha N was immobilized only in the young stand of
the wet hill forest. P was immobilized only in wet hill
forest. The amount was slightly higher in the young stand

(0.3 kg/ha) than in the old stand (0.2 kg/ha).

15. Annual nutrient return through litter and its mean
standing state in 1litter mass increased with increase in
age of the stands. In an annual cycle, winter season was
the favourable period for nutrient input and accumulation
while the rainy season was characterized by low accumulation

and faster nutrient loss from the litter.
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16. In the moist deciduous forest N, P and K return was
16.03, 0.63, 3.69 g/m2/yr in the young stand and 38.26,
1.26, 11.71 g/mz/yr in the o0ld stand, respectively. The
corresponding figures for the young and old of wet hill
forest were 31.66, 1.15, 7.06 g/mz/yr and 57.45, 1.70, 11.33

g/mz/yr, respectively.

17. In the young stand the mean standing state of N,
P and K was 5.46, 0.33, 1.83 g/mz/yr in the moist deciduous
forest and 27.99, 0.62, 2.03 g/mz/yr in the wet hill forest.
The percent increase in the o0ld stand over the young stand
was N 60, P 56, K 66% in the former and N 52, P 50, K 54%

in the latter forest.

18. The turnover rate of the elements was N > K > P in

the moist deciduous and K > P > N in the wet hill forest.

19. Annual release of N, P and K through litter was 10.6,
0.4 and 2.4 g/m2 in the young stand and 28.1, 0.90 and 8.6

2 in the o0ld stand of the moist deciduous forest. The

g/m
corresponding values for wet hill forest were 21.5, 0.78,

4.8 and 47.8, 1.3, 9.1 g/mz, respectively.

20. Total nutrient (N, P, K) input and output (release)
ratio decreased from 1.8 to 1.4 in the moist deciduous forest
and 1.4 to 1.2 in the wet hill forest. The decline of input/

output ratio for P was more distinet than N and K in the
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moist deciduous forest. The annual balance-sheet showed
a net gain of N, P and K in s0il at Burnihat and a net loss

at Shillong.

21. Both the forests exhibited almost similar recovery
pattern in community structure and processes, particularly
nutrient- (N, P, K) transfers and accumulation through litter
within the ecosystem after cessation of human intervention.
Nonetheless, the changes occurred at a faster pace in the
deciduous forest probably due to net gain of essential macro-
nutrients such as N, P and K in the forest floor during

succession.
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