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PREFACE:

The landscape of Cherrapunji, one of the wettest
spots of the world, is largely barren, Much of the area
is occupied by stunted grassy cover on a thin nutrient
deficient soil with parental rock jutting out. A combi-
nation of factors such as, shifting agriculture practised
in the past, exceptionally high rainfall resulting in a
highly leached soil derived from limestone/sandstone
fTormation have contributed to an arrested succession of
grassland by degradation of am climax evergreen rain-
forest, Freguent fires are common in these grasslands,
with consequent impact on species composition, soil

fertility and hydrological cycle,

The present study considers two major aspects of
these degraded grasslands at Cherrapunji in north-eastern
India: (i) structure of these grasslands, (ii) functional
attributes of these graéslands with climax evergreen rain-

forest (sacred grove) as a reference point,

The thesis starts with a 'General Introduction?,
surveying the literature pertaining to that of investiga-
tion, followed by a description of the studyvaroa and
climate, Each of the subsequent five chapters deal with
different aspects such as biomass, productivity, litter

production and decomposition, soil fertility changes,



nutrient cycling and ecophysiological attributes of some
of the important species, These chapters are organized
in a condensed form meant for simultaneous pub”ication
in scientific journals, Besides the results presented,
each chapter has its own brief introduction, methods of
study, discussion and summary, Therefore, some amount
of repetition (though minimal) was unavoidable. The

literature cited in the text, however, has all been

put together at the end of the thesis,

The results presented here apart from its academic
value in terms of vegetation development under stress
conditions, has also applied implications from +the point
of view of land management under Ssuch stress conditioné

as prevailing here,
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Fcatures of the system

Cherrepunji located 51 Km south of Sshillong is one
of the wetlest spots of the world receiving an average
dnnual rainfall of 1037 cm which may go uplo 245% cm in

an exceptional year as in 1974,

Climex vegetation of the area is a mixed evergreen
rainforect, which now exists only as relict vegetation in
the sacred groves, protected by the local community for
religious reasons (Boojh & Ramakrishnan, 1983). Much of
the area, however, is under grasslands representing
various stages in degradation of the sites (Ramekrishnan
ot al. e

?

Formation of the system

& combinction of factors may be responsible for

fille st orma Lion of in@se degruaéd grasslands, These factors
aine
(a)‘ Anthropogenic factors:

Shifting cultivation, locally called as Jhum
involves clear-cutting of forests, burning the slash and
crOppiﬁg for a yeer or two before the land is abandoned
Tor natural regeneration of plant cover and nutrient
recovery before the cropping operation is repeated on

gghiessame site, As long as Jhum cycle was a resscnable



20-30 years or more, Jhum was in harmony with nature.
With increase in population pressure and decrease in land
.available due to desertification jhum cycle has come down
to a very short 3-5 year. When the cycle is short,
hazards of erosion ere high and the land is colonized by
jeedy species and results in grassland formation under
arrested succession, Under extreme climate at Cherrapunji
the forest ecosystem 1s more fragile and the forest once
cut down often does not recover to its original state
due to infertile soil under high rain fall (Ramakrishnan
o1,
1984).

1981; Ramakrishnan, 1985b; Ramekrishnan & Saxena,

(b) Climatological factors:

Clear-cutting of forest, followed by burning of
the slash on stecp slopes affects the amount of water
pascsing through the sub-soil, dissolved substances and
particulate matter being extensively lost from the upper
yers, At Cherrapunji, where rainfall is extiremely high
water nutrient and sediment losses get exaggerated high
than at other parts of the north-east, resulting in &

barren lendscape (Toky & Remakrishnan, 1981).

c) Geolegical factcrs:
In Cherrapinji, desertification has been more rapid

and sudden, The climetic and human factors were accentu-



ated by the peculiar geology with nutrient deficient soil
over limestone and sandstone formations, with a network
of underground tunnels with stalactites and stalagmites

(Ramakrishnan, 1985a,b).

ECOSYSTEM FUNCTION
I Biomass and productivity:

Inforﬁations regarding the prikary productivity
and biomass under subtropical and tropical conditions are
limited, Work done on tropical grassland (including
pfoductivity) was reviewed by Basilevich and Rodin (1966)

which can be summarized as follows:

(i) Total quantity of organic matter: Ghana
equitorial savanna, 6660 g m"2; Atrican equitorial
savanna (aerial biomess), 3000 g m—z; Thailand

mixed savenna (above and below-ground), 8000 g m"z;
India dry savanna, 3000 g m-2°

(ii) Structure of biomass: In savanna the propor-
tion of green part is about 10%, and if trees are
iSiitdec - “the proportion of roots alsoc incregses

upto 40%, the remainder is woody.,

(iii) Annual increment: Annual fresh weight produc-

: : : -2 . :
o of savannas is- about 3000 g m in a monsoon

climate, an estimate for equjtorisl savannas 1is
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42@0 g m_zl(green parts, 750; woody,v200; and roots
300) and Iﬁdia dry ssvannas have annual increments
f about 7500 g m™2 with green parts about 40%,
Mréﬁnial Qerial parts 5% and roots 5%,

v) Litter: Ghana savannas have total litter of -
oughly 1150 g mf2 (green parts, 830; wood, 120;
"§ roots %OO), and dry savannas in India have

ut 7500 9 - (Van Dyne et al,, 1978).

risﬁudﬂes done by Singh (1972) Singh and Yadava

r et al.,(1973), San Jose and Medina (1976)

| Singh (1982) in monsoonic grasslands found

of about 3000 g n? of primaery productivity,
Bl (1973) “in Jhansi, Indie end San Jose

in Celabozo, Venezuela noted lower values

?’IESPeCtivelY) for aboveground

tes that there are approximately

opical grasslands all over the world

lliob = o temperate grasslahds. His
Vayeragk net primsry productivity was calculated
. ?@0 g%m"2 yr"l for tropicel grasslands and

i;forgtemperate grasslands,

|
|
i
!

i
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(green parts, 750; woody, 200; and
and Indie dry savennashave annual
~of about 7500 g m™2 with green parts

perennial aerial parts 5% and roots

) Litter: Ghana savannas have total litter of
Ly 150 g m"'2 (green parts, 830; wood, 120;

rﬁots‘ZOO), and dry savannas in India have

0 i (Van Dyne et al., 1978),

lies done by Singh (1972) Singh and Yadava
et al., (1973), San Jose and Medina (1976)

_fijjr (1982) in monsoconic grasclands found

i e
bout 3MO g of primary productivity,

( Q73)'in Jhansi, India and
) in Calabozo, Venezuels noted
and 492 g o respectively) for

tivity,

estimates that there are approximately
)f tropical grasslands all ovér the world
"én Km2 of temperate grasslands. His

Fles me prhmary productivity was calcu-

g m y]:ml for tropical grasslands and

or temperate grasslands,




t turnover implies therate of replacament of
through an ingenious method of calculation, Dahlman
_(1965) estimated that about 25% of roots in
praixie are replaced each year, Using the

d Sims and Singh (1978) have calculated the

» values for four north American grasslancs

m 11 Fo 74% annually, Singh and Yadava (1974)
at %ufukshetra, India, the maximum amount
-WLS replaced during winter (67%). In
97%”ofvr00ts sre replaced each year in

Strong seasonality in climate, more

flush each year and the high temperature

responsible for theseé high rates,

pmd hutrient‘uptake Ge Cur
eeoiogical and geochemical

are dependent and with which they
2ilevich &Titlyanova, 1980) Plant
lﬁmént, nutrient uptake, the grazing of
.;jtheAdying off of plants, transformation
énd a numbér of othef phenomenéh'related
>les constitute the biotic process,

: af
processes such as movement chemicels in

t

f;anslocation by wind and their gravita-




stored in the vegetation compartment and

rned to the soil surface by rain, from

dates. However, perennial grasses store
| : E
|

rgrbUnd parts like rhizome after re-

rassland a massive trans-
hhgﬁdead occur. Sims and
én!grasslands, calculated

e to standing dead. The
fer of meterial into thé stending
£y g

aged o5 0,95 and 0,86 g 0 - for

grassland, respectively,

N

B veachies the standing dead
main in this compartment for varying

‘ily, however, all material in




ent must be transferred to the litter,
(1969) estimated that the mean value for

_.anﬁfer to tbe litter cémpartment in an

uﬁity as 0,98 g'm"2 a~l. For a tropical

in India, Singh and Yadava (1974) estimated
Q%the staﬁding dead material is transfe-

compartment each year, approximately

ground primary productivity.

, litter decomposition and soil respira-

> la cruz, 1963; Macfadyen 2%
~act as an energy
‘and nutrient reservoir

es the hydrological cycle

oo the seil.,’ Thiis organic
: : :

oy a host of organisms releasing

 @_8011 for reuse by the plants,

‘biomass of grasslands communities
,5u1£ing in the sukbsequent increase
'uction. Kucera and Ehrenreich (1962)

S and A, gerardi grasslands, Hadley




963) in Andropogon gerardi and Sorghastrum

'"andey (19741) in Indian grasslands found
=
=
productivity, biomass and litter production

that under without burn., San Jose and
Venezuelan Savanna, found lesser litter
the burn, Smith (1960) and Mott (1982)

|
r results,

- (1969) determined the transfer from

nt to standing dead compartment by
increases in standing dead biomass

by summing the losses from the

lue (417 g m-2), while

stanaing dead yielded

o0 ts too,

(1974) and Sims and Singh (1978b)

tality by adding the aboveground



) observed the daily rate of transfer of
standing dead to be higher in ungrazed

Ugra§sland (0.95 and 0,86 g m“’2 d"'l respec-

al grasslands in India Singh (1968),Singh

Gupta and Singh (1982) have reported

iew from the live to standing dead
during the post monsoon period,

t herbage produced in the rainy season,

erial has reached the standing dead

n in this c ompartment for var,

ing
‘however, all material in the
e transferred to 1ittér,

in India, Singh & Yadava

e itter compartiments each

"iittér is a complex and a prolonged
ion rate constants vary with the

d the elimeacteristics of the environ-
!Basedvon the work of temperate
5ummérized the process of decomposi-

(i) development of phylloplane micro-

10



nization by Saprophytes, (iii) comminution

) invertebrates, resulting in incorporation

]

into soil and a great increase of surface

hemical change, (iv) Microbial colonization

faeces and comminuted litter resulting
tion of tissue and production of complex

almiL e acid) g (v) the formstion of

i eomp Lex,

on (1961) used litter bag technique to

. position. Crossley and Hoglund (1962)
seslfof litter of pire, ogk and dogwood
e to be most suitable in their
r nag technique is well
Soll, 1975; Gupta & Singh,
ot al., 1983; Van der
Ramakrishnan, 1984: Das &
ahey, 1986). Gupts and Singh

l thave showed that position of
,‘d@g@mposition. They also v
 @¢1@$:characterised by highest
‘$.85h, acid detergent, cellwall

e liuretion of carbon, cellulose

"répidfy also supported by other




loﬁization by SaprOpﬁytes, (iii) comminution
invert%%rates, resulting in incorporation
er into soil and a great increase of surface
chemical change, (iv) Microbizal coloniza-
ion of fafées and comminuted litter

vcal degradation of tiscue ana production
Tic Compoﬁnd (humic acid) and (v) the

¥

organo-mineral complex,

isen (1961) used litter decomposition.
‘;Ql962) tested different mesh sizes
?qék.and dogwood leaves and found 1 mm
= jed i their studies, 1In
chnique is well adapted by

Gupita & Singh, 1981;

lg & Eloranta, 1982;
, 1983; Van der Valk &
n, 1984; bas & Rama-

1986). Gupta and Singh

héve showed that position
it décomposifion. They also

@ S chieracterized by highest
il 8eh, acid detergent, cellwall
entration o f carbbn, cellulose

g lihi o 1c0 supported by other



A low rate of decomposition has been

[t pine forest ranging from L to

al., 1949), The values for temperate
"range from 0,14 to 0.082% per day

- 1965; Redmann, 1975), Gupta and

dian tropical grassland observed a

Jte 0,3% per day. Mobility of

' vary. ' Phosphorus (Ramezov
iwill, 1984) ahd potassium

B oel., 1973; Grigal
111,

51984 : Yavit &

1985) have shown higher

ther elements, Attiwill (1968),

v

:?nd M¢Coll (1977), however, )
'fbr'phoéphofﬁhs. Nitrogen generally f
'rationras.Well as quantity during
SRliemet 1., 1968; Gosz et al,,

- 1985; Yavit & Fahey, 1986), which
absorption of atmospheric ammonia)
mmobilizationof nitrogen by



ration represent the sum of all soil
in which carbon dioxide is produced
Wiicer field conditions, carbon di-

by Lundegardh (1924) and Feher (1933)

bamber. The widely sccepted method
:piration measurement 1s the alkali
hera & Kirkham, 1971; Coleman, 1973;
B 975 Gupta 8 Singh, 1981b:

982;‘Das & Ramaskrishnen, 1985),

Lt o s affected by several

jximum S0il respiration
‘IQ”mg-coz m“2 et

ge-de Jomg & Schapper,
' indicéte_a value well below
:&*Gupta,_1977). T o lropical
>§i972)/observed = to 532 mg
land Singh (1981) in an Indian

378 mg  CO, P hrt,
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Boon represent the sum of all soil

ons in which carbon di oxide is produced

X

);f Under field conditions, carhon di-
by Lpn%gardh (1924) and Feher (1933) ///

chamber, The widely accepted method

ra & Kirkham, 1971; Coleman, 1973;

al,, 1975; Gupta & Singh, 1981b;

11982; Das & Ramskrishnan, 1985).

Bt s affected by several
(Edwards & Sollins, 1973;
‘ I o)) soil depth and
: and moisture play

O oxide from

*ﬁXimum_Soil respiration

2780 mg €O, m™* hr™

958; de\ Jong & Schapper,

es indicate a value well below
& Gupta, ldi?), In a tropiéal
'Ql972)'obSerbéd 257 to 532
'Gupta and Singh (i98l) in an

Sited 5% to 378 mg;CD? m‘z hr_}.
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e in a grassland ecosystem, the remaining
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ir ability to hold the nutrients, It J/

BUlit ofter the fire the run-off will

burning also adversely affect the
e wilh increased run-off and infiltra-
system, because of lack of plant

1976; 1982), Heavy water losses

studies of slash and burn

astern India,

suf fered following
the development
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n-off (Odum, 1969),

séturated, high exchange D

e ¥

latively more of their nutrients
turated and/or low exchange
02 ac in the case

sandy (Toky & Ramakrishnan,

A



Isen the sbil in exchangeable form,
ely large proportion of nutrients,

- Tainforests would lose a relatively
e s totsl nutrients, as in these
trients are tied up in the biomass
dum, 1983); and mineral soil has

(Went & Stark, 1968).

&Titl yanova, 1980),
various types of
:for formation
es in parallel

land ecosystem,

:f@lafed to the seral status
: devélopment of gegetation
15‘8 rapid accumulation of bio-
high, Toky and Ramakrishnan

akrishnan (1983c,d) also observed

77) in which a large percentage of total
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nutrients in developing communities upto
jic e alter slash and burn agriculture
dia. Risser and Parton (1982) in tall

d a reduction of nutrient uptake both

component after repeated fire,

tling:
probably varies with the nutrient
with the time available for the

e Site, and also the environmental

ted to nutrient cycling
‘Bazilevich and

¢ facts about nutrient
h are as follows:
BEpCRNEE feasc 1o nd is much
'aesert eco-systems,

ee of ecosystem openness is
eppe and prairie ecosystem

her grassland eCOSysteﬁs (meadows

VO forest or desert eco-

g regimes of steppes and prairies
Ly stationary, while climax. forest
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t and output exchange processes

with respect to minerals),§ﬁee§§ and
A

the most stable ecosystemé on this

tems are high speed systems,
f the processes of production,
amd intake of nutrient elements

n those of other ecosystem

abiotic processes are generally
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sp@cifib rates of

e Lamex
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lLcular environments, These groups

aits are the basis of plant adaptive

ed by Grime (1979), Grime provides
primary plant strategies in (a) stress
racteristic of unfavourable (stressful)
(b) competelive species and (c) rud%al
ze favourable habitals in which

ent or frequent, respectively.

e are not unduly limiting,

ient sites are dominated by slow

el b nutrient rich sites

of the two and by

opposite extreme, infertile
.,l&iexploited by stress tolerant
ntly Jow capacities for photo-
:iabsorption. Clarkson (1967),

e ont (1975), Crime (1979)

@Wing species that absorb nutrients

-

e



Wiinient flushes may use these
owth after soil reserves are exha-

Bt ecics such as Pinus kesiya

 however, ere adapted to a strategy
over rates so that a high flux of

tained (Ramakrishnan & Das, 1983;

ficiency (dry metter produc-
‘adaptation to nutrient
Jeffery, 1968; White
such an evolution

it luxury!uptaké
(Bielesky, 1973;
Bt c or net
- may be a more
i ciéﬁcy, Saxena
have done much work

ies of developing

el ture and found
nghad higher nutrient //
‘ficiency and species with

*thake but higher nutrient
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B8 v that organisﬂihave certain
'ﬁo Eeend for different purposes,
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- thc proportion.
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fhgr@ is & strong correlation
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