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Q. dealbata and M. kingii (both open and forest grown),
current year's (1579) cohort of leaves showed no mortality
wheraas the rate and final mortality increas=2d with the age of
the cohort, In gsneral ths individual cohorts undzr forest

grown situations showed graater survivorship than thosz of the

open grown situations. (Fig. 5.5)

DISCUSSION

The ecological streategy of trees has been linked to
shoot morphogencesis (Marks, 1975; Bormann & Likens, 1979).
Conservative species which make relatively modest amounts of
height growth during the earlicst part of their life-span and
complete annual height growth carly in the growing season are
adapted to the relatively predictable and highly competitive
environments of closed forests. Growth of the exploitive
spacies, on the other hand, is geared to temporary conditiohs
of incr:ased resource availabiiity and reduced competion
associated with recently disturbed sites such as those resul-~
ting from fire, clear cutting, wind throw or abandonmaent of
agricultural land. Thus the specizs thal are exploitive ccolo-
gically are exploitive phenologically and developmentally and
vice versa (Marks, 1975). These expectations are related to
the slower growth (Marks, 1975) of late &s compared to the
early successional spacies and ultimet=ly to the generally

lower resource demend of the former (Grime, 1979; Bazzaz, 1379).

The dynamics of leaf populetions of zarly and late suc-

cessional specics indicates some 6f the potentiteals that enables



Fige 5.5: Survivorship curvas for leaf populations of
A, carly successional : A. nepalensis, a;
S. khasiana, b, and
B, late successional: Q. dealbata, C, Q. griffi-
thii, d; M. kingii, e tree spacies,
1979 cohort of leavaes (@)
1978 cohort of lcaves (0 )
1977 cohort of leaves (&)

1976 cohort of leaves ( &)
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them to perform their role in the ecological niche they occupy
in the foroest. Barly successional spcocies through their
axtended period of leaf production are able to produce a large
photosynthetic area to exploit effectively temporary conditions
of resource availability which follow distrrbance, The high
turnover rates of leaves may be associated with the tendency
of these species to achieve fast growth through putting their
leaves always in a favourable light envirénment. Further,
growth of thase spacies are dependent mainly on the current
photosynthates. The growth analysis of some tropical trees
(Coombe, 1560; Coombe & Hadfield, 1962) has revealed that the
rapid growth of zarly successional spcecics doas not lie in
particularly efficient energy conv:a:rstion but rathzr in their
Capacities for unrostricted leaf production, Late successional
species, which have a brief leaf production period and produce
only a determinate number of leaves, have evolved this strategy

to sult the compotitive late successional environments.

Leéves change their activity witﬁ age; in particuleacr,
their photosynthetic activity rises to a plateceau and then
declines. Hence the population of leaaves that constitute a
canopy shwould have an activity determined by the age structure

and

o

ge specific phtosynthetic activity of tha leaves, Thus,
apart from having more leaves of youngar age Jgroups, carly
successional specices have lesser numbar of age groups as mutual
shading of a large number of age groups would reduce their
performance., The late successional species, being shade adapted

and having a monolayer arrangement of their leaves (Horn, 1971),
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pack leaves of various age groups in their crown and this is

more pronounced zn the forest grown trees of this category.

The study of births and deaths of the leaf populations
revealed fluxes that determine the net population size. For
early successional species the n2t population size was
greatey during the faveourable growing season. 2lso, these
show greater fluxes of births and deaths of leaf populations
than late successional spocies. Thus, these species have
developed a competitive attribute in the form of large size
of leaf populations. This in term is dependent upon an
extended period of phtosynthetic activity under conditions
conducive to high productivity. In late successional species
the lower flux of leaf modulas especially in forest grown
situations can be attributed to their rapid adjustment in
growth in response to local depletion in resources arising
during competition. Short-term experiments involving artifi-
cial shading have also shown such adjustments (Grime &

Jefferey, 1965; Loach, 1970).

Leaf populations undergo mortality over a time period.
Tﬁé leaf populations in the present study follow a Deevey
.Type I (Deevey, 1947) survivorship curve, having very slight
mortality during early life, but increasing with age. In
several other studies also similar survivorship curves have
been observed for leaf populations (Kimura et al, 1968;
Williamson, 1976; Bazzaz & Harper, 1977; Yuwaka et al, 1977:

Reader, 1978; Solbrig, Newell & Kincaid, 1980). SAS
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A variety of patterns of leafiness (renewal and fall)
have been resported for tropical trees (Holttum, 1940; Koriba,
1958; Longman & Jenik, 1974), mostly with a pattern of prerain
or equinoctial flushing (Alvim, 1964; Frankie et al, 1574)
which may perhaps be related to the display of the newly
expandad leaves at the time of maximum solar irradiation and
other favourablz growth conditions. This is also true in the
present casce. The foliage deciduousness patterns that appear
to be beneficial adaptations have evolved in response to
seasonal climaetic changes. A large number of factors have been
implicated to trigger +he leaf sheeding in tropical trees
like water or cold stress, photoperiod and intrinsic factors
(Addicott, 1978). Maximum leaf sheeding occurring during the
winter scason as seen from the present study seems to be an

adaptetion to avoid cold stress.

SUMMARY

The leaf dynamics of two carly (&Alnus ncpalcnsis and

Schima khasiana) and three late (Machillus kingii, Quercus

dealbata and Q. griffithii) successional tree specics of a

subtropical, humid, evergrezen, montanc (1900m) forest at Upper
Shillong in north-g¢ast India, heve beesn analysed by applying
demographic technigques to study the leaf populations, The
garly successional specics show greater leaf production,
ntigher leaf turncover rate and a greater flux of births and
deaths of lecaf populestions than the late successional ones.
The latter, under forest grown situations, though having a

lesser flux of leaf populations consisted of leaves of several
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age-groups. The dynamics of lezaf populations indicates exploi-
tive potentials of the early successional species suitable

for such environments of tenporary resource availesbility.

The late successional species on the other hand have conser-
vative strategy adepted to the relatively predictable and
highly competitive environments of closed forests. The leafing
characteristics of both the groups of species arz discussed

with respect to their ecological strategy for niche occupancy.
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Seed germination and seedling establishment of
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Germination ecology of Alnus nepalensis Don
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SEED GERMINATION AND SaZiDLING ESTABLISHMENT OF TWO

CLOSEZLY RELATZID SCHIMA SPECIAS

INTRODUCTION

Germination and establishment represent two critical phases
in the life-cycle of a plant species and these two aspects have
been related to adaptation and distribution pattern of species
in space (Koller et al., 1962; Harper, 1965; Cohen, 1967;
Ramakrishnan, 1972; Ross & Harper 1972; Thompson, 1973; Boojh
& Ramakrishnan, 198l1a)and in time (Kapoor & Ramakrishnan, 1973).
However, this aspact of the problem in relation to adaptive
strategy of tree species has received little attention (Kozlow-
ski, 1971; 1979). Although the size of a single species popula-
tion is to some extent related to seed supply, it is ultimately
deéermined by favourable conditions available for germination
and establishment (Harper et al., 1961). Further, a large gap
often exists between the seeding potential of a species and the
actual number of seedlings established in that area, depending

on environmental conditions.

S. khasiana Dyer and S. wallichii D.C. (Korth) are two
closely related and economically important timber tree species
of north-ecastern hills of India. These species show a distribu-
tion pattern on an altitudinal basis where S. khasiana is res-
tricted to higher elevations (1800 - 1900m), while S. wallichii
shows a wide distribution ranging from 100 to 1600m. Thaese two

species are zarly successional and come up in the secondary
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fallows after slash and burn agriculture (Jhum). It is light
demanding and regenerate profusely in the open, through light
wind dispersed sczds. The praesent study is a comparative inves-
tigation of s:22d germination and scadling establishment of thase
two sp:zci:xs along an altitudinal gradient in the Khasi Hills of

Maghalaya.

CLIMATE

All the three sites are characterised by marked seasonal
changes in climate. The year could be divided into 3 distinct
saasons: (i) Monsoon season of high temperature and humidity
axtending from May to October when over 80% of the rainfall
occurg (ii) Winter scason (November to February) of lower tem-—
perature which is comparatively dry except for a fow winter
showers,& (iii) Z warm, dry and windy summar in March-April

(Tahla 6:1).

METHODS OF STUDY
Maturz fruits of 8. khasiana werz collacted from Upper
Shillong and that of §, wallichii from 3 sites at Shillong,
Umsaw and Burnihat, in the months of February-March, 1978.
Scads were separat:d out by air drying. The fruit and sced
weight measurcements were basaed on 100 fruit/sced with 20 repli-

cations,

S:cads were storad at 20 + 5°C and at OOC, in tightly
closed plastic bottles in the laboratory. In nature, seeds

were similarly storad 5 cm. below the soil surface. Viability



Tabl: 6.1 : Comparison of climatic data at study sites during 1978<79

Upper Shillong Shillong Ums aw Burnihat

LOCATION

Latitule (N) 25.34 25.34 25.45 26.02

Longitude (8) 91.56 91.56 91.54 91.52

Altitude (m.) 1900 1400 800 100
TEMPERATURE (°C)

Mecan Monsoon Maximum 22 24 30 32

Mcan Monsoon Minimum 15 16 22 24

Mean winter maximum 16 16 20 25

Mecan winter minimum 3 6 10 12

PRECIPITATION (mm) 2400 2000 1800 1600
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tests with tetrazolium trichloride solution and germination
tasts in poetri-dishes on moist filtoer peper were done et inter-

vals of 3 months.

Sceds waere testod under two conditions, of continuous
light under an incandcscént fluorscent tube (500 - 600 1x.) or
under continuous darkncess by covering the petri-dishes inside
thick bleck peper, =zt a constant tempoeraturc of 20°C. Seed
germination in dark was count:d under greon light. Different
constent ( 15, 20, 25, 30 and 35°C) and altornating (25/15 and
25/200C ) temperature regimes were tried in B,0.D., incubeators
maintain:d at thoese tomperaturcs. The effoct of different soil
depths of 0, 2, 4, 6, 8 and 10 cm. in pots fill:ed with soil,

by plecing scids at the appropriete depth.

All germinetion experiments were replicatod 4 times with
50 szads in cach tost. The emergence of radicls was teaken as
an indicator of gormination., Toests in all cases were done for

20 days aftar the szads were pleced for germination.

(v

Ten replicates of 100 viebl: sceds of cech spocics/popu-
lation were sown at a depth of 5 cm at all the 4 study sites
both in the open and under forested situations, in May 1978.
Obscervations on the secdling emergence and establishment were
taken at monthly intcorvals. Scaedlings were harvested at the
end of one ycar period and after noting plant height and leeaf

area using a planimcter, the root and shoot portions were

sgparated and dried to a constant weight at 85°cC.
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RESULTS

Fruit and seed charactors:

The capsules and seeds of §. khasiana were heavier than
of the populations of S.. wallichii. While the fruit weight of
the populations of S. wallichii were not vary differaent, signi-
ficantly higher seod weight was noticad for the Burnihat popu-
lation of this speci:s compared to that of th3 two other popu-

lations (Table 6.2).

Germination studiaes -

(i) Effoct of storage

When sceaeds were stored in the soil or in the leboratory at
a temperature of 25°C, both viability and germinability of tha
secads of all the populations decreased markedly with pessage of
time so that aofter one yzar, sceds were totally non-viable or
gave vary poor germinestion, Howaver, storage at 0°C maintained
better viability and germinability after 1 year storage

(Fig 6.1).

(ii) Depth of burial

| As saan from Fig 6.2, the depth of burial affected both

the time and the final percentage of germination. Maximum ger-
mination was found to occur at 2 ch. depth and it decrceased ét
the depths greataer than this for all the spaecies and populations.
At soil surface though faster germination occurrad the total

parcentage was lasser than at 2 cm. depth.



Fig. 6.1 : Viability and germinability (:hatched columns )
of Schima seeds after different storage periods.
First column - Storage under OOC;
Second column ~ Storage at 20 + 5°C; and

Third column -~ Storage under soil.
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Fig. 6.2 : The relationship between seed Cepth, germination
and emergence period of seedlings of Schima
species/populations over a period of 35 days

after sowing.



o/ EMERBENCE

"smu&ﬁ;
l Umsaw and
m Bﬂfn)hn

‘DEPTH OF BURIAL(eml

Fopumlom




Table 6.2 : Fruit and Scad weight of Schima specics/pouplations
(+ S.38. of the mean)

Fruit weight Saed weight
(g) mg )
S., KHASIANA 1.67 + 0,09 1.18 + 0.03
S. WALLICHII
SHILLONG 1.13 + 0,07 0.46 + 0,06
. UMSAW 1.04 + 0.03 0.44 + 0.02
BURNIHAT 1.07 + 0©0.05 0.53 + o0.01
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(1ii) The effect of light and darkness

There was germinestion both in the dark and light and tha
rasults obtain:d waere not significently different under these

two conditions (Tablas 6.3).

(iv) The offsct of temparatura

Tabla 654, reveals tha sffect of various tomperature ragimes
on the germination of ﬁhe saeds of Schima specics and populations.
S. khasiana showed maximum germination at constant 15°C, with
a gradual decrease with increase in temperature, so that at
3%?C no szads of this specics germinataed. Populations of 8. wal-
lichii showed maximum germination at 20 and 25°C with decrease
in germination on either side. Two alternating temperature
regimcé tried were favourable for germination for all the

spacics/populetions,

The rate of germination was faster at 15°C for S. khasiana
and 20 and 25°C or eltormating (25/20°C) for S. wallichid

populations (Fig 6.3).

Scedling sstablishment
(1) Seedling emergence

Only a small prOportion of seedlings could emerge under
field conditions et all the study sites. Further, the differen-
ces in emergence were not significant (at 5% level) between

species/populations (Table 6.5).

(ii) Survivorship

No seedlings could survive under forested situations beyond



Fig. 6.3 : Percentage germination of Schima species/popula-
tions on different periods, at constant and
alternating temperatures of - 15°C (®@); 20°C ( 0):
25°c ((m ); 30°c (D); 35°C ( A);

25/15°C ( A) & 25/20% ( x ).



Peacmmea 8 géa»n;nirsnw- |

| 5.,khgs{ggg B

(Shitlong)

‘-

15

DAYS OF

GERMINATION



Fig. 6.4 : Survivorship of Schima seed‘lin.gs under f£ield
conditions (open). No seedlings could survive
beyond 2 months under forested situations.

S. khasiana ( @);
S. wallichii, Shillong ( 0 );
S. wallichii, Umsaw ( B ) &

S. wallichii, Burnihat ( Q) populations.'
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Table 6, 3 : The effect of light and dark treatment on sead
germination of Schima spacies ( + S.E. of the mean)

CONTINUOUS LIGHT - CONTINUQOUS DARK
20°c 20°¢
S. KHEASIANA 50 48
+ 5.4 +3.4
S, WALLICHITI 62 57
+ 6.4 + 1.3

The seeds & populations of S. wallichii werc pooled.



Table 6.4 : Garmination (%) of S, khesiana and S. wallichii seeds
at various constant and altarnating tomperctures

( + S.E. of the mean)

. CONSTANT TEMPARATURES (°C) ALTERNATING TEMPARATURES
. ( °c)
© 15 20 25 30 35 25/15 25/20
S. KHESIANA 55 46 44 42 o) 46 45
+ 2.7 + 3.6 +2.9 + 2.2 + 2.3 + 5,5
S. WALLICHIT
SHILLONG 37 48 48 33 20 48 50
+ 4,3 + 6.0 + 6.8 + 4,1 + 7.5 + 4.1 + 4.6
UMS A 42 65 58 40 27 61 70
+ 5.3 + 3.7 + 3.7 t 6.8 + 2.9 + 3,7 + 9,9
BURNTHAT 38 69 56 50 33 59 64




Table 6.5 : Seedling emergence (%) of S. khasiana and S. wallichii

at different altitudinal sites.

E
SPECIZS/POPULLTIONS
PIELD STATIONS S. KHASIANA Se WALLICHII
’ SHILLONG UMS 2W BURNIHAT
Upper Shillong 20 10 11 14
+ 4,6 ¥ 2.3 + 1.8 + 1.8
Shillong 1¢ 21 10 10
j 2.4 + 3.9 + 3.3 + 2.1
Ums aw 16 13 13 13
+ 1.7 + 2.7 + k.2 + 2.5
Burnihat 16 12 11 11
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a8 period of 2 months, Under open grown situations, mortality
was generally very high resulting in a steep decline in popula-
tion upto January-February, at all the sites. At Upper Shillong,
however, the rate of decline in population was slower for

S. khasiana with an ultimately large population size compared to
the populations of 8. wallichii. At the other 3 experimental |
sites, however, the pattern of survivorship was not very diffea
rent for tﬁe populations of Schima, though the local popula-
tions showed better survivorship than the introduced ones.

S. khasiana gave the lowest final survival at these three sites

(Fig 6.4).

(1ii) Plant performance

The growth characteristics of the different species/popu-
létions at different sites given in 'Fig 6.5, shows that the
naturalized population for a given site was superior compared
to the other iﬁtroduced populations. Thus, S. khasiana gave
better growth yield under Upper Shiliong site, while the popula-
tions of S. wallichii from 3 different sites did better in their

other natural habitats.

DISCUSSION
Schima specias being a: early successional colonizersdepend
. for regeneration on the availability of open sites which favour
their germination, establishment and growth. The most important
factor limiting the ability of such species to colonize disturbed

sites is the availability of seed, which must come either from

a stand in close proximity or from storage in the soil. The



".ge 6.5 : Growth performance of Schima species/populations
at different field conditions. -a = Upper Shillong
site; b = Shillong site; c¢ = Umsaw site and
d = Burnihat site. S. khasiana, filled bars and
S. wallichii, Shillong, hollow bars; Umsaw,

‘hatched bars and Burnihat, dotted bars.
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latter is not possible for Schima as seeds do not remain viable
in the soil for an extended period of time as seen from the
present study where the viability of seads &s completely lost
after storage in soil for one year. Thus, the species is fugi-
tive in nature (Hutchinson, 1951), where good dispersal macha-
nism would play an important role permitting the species to
colonize new habitats (Salisbury, 1942). Schima due to its
light, mobile (winged) seeds often invadsshighly disturbed arecas
after slash and burn agriculture in the region. Similarly in
temperate forasts it has been reported that light seeded species
Fraxinus and Bgtula play an important role in revegetation

after clear cutting (Bormann & Likens, 1979). The variation in
seed weight in betwaan spacies/populations may partly be related
to climate (Bakar, 1972; Wearstler & Barnes, 1977) and partly

to ecotypic differences related to altitude which is supported
by growth studizs of the different Schima populations done at

different altitudes discussed below.

The differsnces in gormination behaviour in response to
temperature as szen in the present case where S. khasiana
germinated at a comparatively lowar temperature compared to
S. wallichii population, have often been correlated with clima-
tic conditions and sc¢ed source (Callaham, 1960; Thompson, 1973),
whereby seads from cold arzas germinate batter at lower tempe-
rature than those from warmer regions. Grose (1957) heve
demonstratad that montane spacics of Hucalyptus germinated best

at a lower temperaturc of 16OC, in contrast to somewhat higher
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temperatures for species of warmer arcas. Though the total
numbar of szeds of a spaecies which ultimately germinate at a
given temperature is a good indicator of that spaecics potential,
howaver,the time taken to germinat: is of much gignificance since
the carly germineting individuals ehjoy a considaerable competi-
tive advantage'(Ross & Harper, 1972). Tha germination rate which
was higher at lSOC for S. khasiana and at 20 or 25°C for S.
wallichii populations is consistent with the tempereature optima
for their germination,., The rapidity of germination in this
sp2cias without a dormancy'mechanism is advantageous in coldni-
zing new arcas by producing a profusion of szedlings and this
has beaen reported for a majority of tropical trees which has

baan termed as biological nomads (Ng, 1978).

Schima seads come under microbiotic category (Crocker &
Barton, 1953) as they normally lose viability and germinability
within a ycear., Small and light sceds are reported to lose
their viability faster (Quick, 1961) and this has been reported
in sp:cies of Salix, Populus end Ulmus (Waering, 1963) and
Alnus ( Boojh & Ramakrishnan, 1981b).The better retention of
viébility and germinability under lower temperature storage may
be attributed to slow biological and biochemical procasses at

such temperctures (Kamra, 1967).

There exists a large gap between seading potential of a
spaeciecs and the number of seedlings emerged at a given site.

The failure of survival of seedlings under a forest canopy
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may be attributed to the shade intolerance of the seedlings. The
differences in survival pettern for different specices/popula-
tions under field conditions are suggzstive of the adaptation

of a given population to the netural ¢limetic conditions in
which they grow. This is suggested by the relatively better
survival and performance of local spacies/populations to that
habitat compared to the introduced ones. Thus, the lower altitude
population of S, wallichii which is adapted to longer growing
season, higher temperature and frost free winter is adversely

affected at hidgher altitude,

SUMMARY

Sead germination of S. khasiana from Upper Shillong and
S. wallichii frém Shillong, Umsaw and Burnihat and scecedling
establishment and growth of these specics/populations in reci-
procal cultivation, were studiad. Sceeds lost viability and
germinability gredually within a ycar when stored in the soil
or at 20°C in the laboratory but storage at 0°C permitted reten-
‘tion of some viability. Scads in neture germinated better in
‘the surface layers of the soil. 3. kKhasiana had a low tempera-
' ture optimum for germination while the lower altitude popula-
/ tions of S, wallichii had a higher temperaturce optimum. Similarly
a given species/population of Schima gave better seedling esta-
blishment and growth in its own natural habitet as compared to
the introduced pOpulatiéns from the other altitudinal sites.
This is indicative of the closce adaptation of-the natural popu-~
lations to their habit and the possible ccotypic differaentia-

tion in this spcecies,
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GERMINATION ECOLOGY OF ALNUS NEPALENSIS DON

INTRODUCTION

Alnus ncpalensis, Nepalese alder is & native of India and

Burma and is fairly common‘in Bestern Himelayazs,., This is an
carly successional tree specics and among the first to become
establish:d neturally on many 2lenuded arcas parﬁicularly at
higher altitules in northe-cest:rn hilly parts of India. It fro-
unntly represents as stand lines along streams or areas of
standing water and low lying alluvial lands. The wind disscmina-
ted seads help in its wide distribution. Cultivators in parts
of Nagaland and quipur statas of North-cast India, grow it for
soil improvemaent, affer slash and burn agriculture (Jhum), as
it is a symbiotic nitrogen fixer and is clso important for

timboer and watarshed management.

The germinawion acology of A. ngpalensis is not known,

though studies on its other temperate spaecies like A. glutinosa
(McVean, 1955) and A. inokumai (Asaskawa & Negeo, 1963) are

available.

 MMTERIALS AND METHODS
Mature con:s of A. ngpalensis collicted from Upper Shillong
(alt. 1800m) in March 1978 ware air dried to oxtract the scads.
Seeds were stored at 20 + 5°C and 0 + 2°C in tightly closed
plastic bottlas. The scads were similerly stored at 5 cm below
soil surface and were tasted for viability and germination.

Germination tests in poetri-dishes ware done @t constant tempa=-
ratures of 15, 20, 25 anad 3OOC wherz exposure to light was only
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for a brief periol Jduring thoe day at the time of recording
germination counts. Germination tests ware also done under
continuous light or dark &t a constant tempefaﬁure of 20°c. The‘
tost under an elternating tompoerature regime had 25/150C.1ight
(550~600.1x) © was provided from fluorescent tubes and this was
given for the alternating temperature et higher‘temperature

(8 hrs.) in th: cycle. For lark trecatment petri—lishes ware
placed in light proof card board boxaes. The tasts were carried
out for a periodl of 20 iays, a8 no scead germination could be
racordaed for the next consecutive 10 days. Germination percene-
tages warae 2xpressed on the baéis of viable s:eds. Germination
values waere calculectod using the formula (Czabator, 1962),

GV = (Pv) (MDG), where PV is thoe meximum vealue of cumulaotive
germineation poercentage diviiled by days of test and MDG is mean
daily germination. Sceaeds were buricd at different soil depths
of O (with or without moss cover), 0.5, 1.0 and 1.5 cm. in pots

maintained with sufficient moisture and tested for germination.,

RESULTS AWD DISCUSSION

The viability and germinability of A. napalensis seads

stored at 20 F 5°C were lost gradually and no sead could germi-
nate aftor one yeer (Table 7.1). Sceds stored unler O + ZOC,
howaver, showed better viability and germination and after ona
year storage gave about 22% germinetion. Scoels stored balow the
so0il surface in nsture, lost thoir viability after 6 months of
storage. EBven at the 2nd of 3 months storage period, germina-

tion was very poor. Thus the secds of A, negpalonsis erc




Table 7. 1 : Viability (%)

(a) and germinastion (% of the total seads)

{b) after storage ( + S.2. values)

Duraticn of Storage (months)

Storega conlitions 0 3 6 9. 12
o (2) 63.30 + 5.55 39.80 + 4.49 13.40 + 1.91 6,40 + 1.53 1.60 + 0.40
20 1 5°¢ (b) 45.33 + 6,70 28,67 + 1.86 8,33 + 2.03 4.20 + 0.86 0 + O
(a) 65,30 + 5.55 63.67 + 1.83 39.67 + 2.91 34,67 + 0.88 27.33% 1.77
o
crze (b) 45.33 + .70 49.33 + 3.48 36.00 + 2.08 29,00 + 1.73 22.33+ 1.46
Balow soil surface = (a) 65,30 + 5.55 13,33 + 0.88
. 0
(b) 45.33 + 6.70 4.00 + 1.53
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microbiotic (Crocker & Barton, 1953), as they lose their via-
bility within a ycar. Small anl light scels are reported to
losa thair viability very fast (Quick, 1961) and is also

report:d (Wareing & Taylor, 1963) for species of Salix, Populus

and Ulmus; and Boojh and Ramakrishnan (unpublishod) for Schima.

The seeds of A. ngpalensis with an average number of 2769 +

200.19 seeds/gm., clso falls into this category. The better
retention of viability ani germinebility unler low toemperature
storage conlitions may be luec to slow biological and biochemi-

cal processas ¢t such tempercturcs (Kamra, 1967).

The seeds of 4., nopalensis showed maximum germination

parcentage and germination value et a constant temperoture of
20°%¢c undaer continuous light, Germination under continuous
darknaess was vary poor (Teble 7.2) Bettor seed germination
was olso obtained under altermeting temperatura. Thus the sceads
are light sensitive as also reported for A. inokumai (Asakewa
& Nagao, 1963)., The light requircment for seed germination of
early successionel tree species as in the presant case is con-
sistaent with their scology and suggests a mechanism whersby
the seeds of these specics might be prevented from germination
beneath & closaed canopy (Berton, 1961; Grime & Jarvis, 1976).
Generally, the temperzture optima for seed germinction repra-
sent the normal season for germination and cemergence under
fizld conditions, subject to svailability of water (Ashby &
Hallmers, 1965). In present case too, boatter germination at

20°C is close to the tempaerature conditions prevailing in



Table 7.2 : Germination total (% of viabl: seeds) and germination values
of seceds of Alnus nepalgensis at difforent temperatures and
light conditions ( + S.8. valuas) '

Constant temparestures (°C) Alternating
temperatures (°C)

15 20 25 30 20 20 25 /15
(continuous (continuous (light) (dark)
light) dark)
Germination 17.95 45,13 26,67 14.87 69,74 2.05 -43.08
total + 1,36 + 4.11 + 1.36 + 2.72  +10.30 +0.89 + 2.35
Germination 0053 4,56 2.06 0,77 21,73 0.15 5.52
value

+ 0.08 + 0.64 * 0.21 +0.21 + 6.70 +0.07 + 0.59
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Nature at the time of scod germination. The'inability of scuads
to germinate at depths below 1 em (Teble 7.3) is probably
relatad to their light requircment. Better germination of seods

placed on the surface layers of the soil with moss cover mey be

related to good moisture supply.

SUMMARY

Tha seeds of Alnus nepalensis were microbiotic in nature

but low tcmperature storage retained Viability to some extaent,
The secds were found to be light sensitive for germihation and
germinats favourably at moist soil surface. The germination
behaviour is consistent with the spoecies' role as an carly

succaessional colonizer,



A0 1

Table 7.3 : EBffect of lepth of burial on seed germination of
Alnus nepalensis. ( + S.E. Values)

Depth nf burial Germinction total Days of amargence
(cm) (%)

0.0 (wihtout moss covar) 43 ¢+ 4,17 7

0.0 (with moss cover) 53 + 2.31 7

0¢5 22 + 1.53 15

1.0 8 _'i_'_ 2.08 20
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TEMPERATURE RESPONSES TO SFED
GERMINATION IN TWO CLOSELY RELATED
TREE SPECIES OF SCHIM A, REINW

Ram Boodtt AND P S RAMAKRISHNAN

Departinent of Botany | “
Scheot of Life Scienees

North-fastern Hill Unwversity

Shillong 793 014, India

A s Roof studies o gevaminadon 2cotogy of species
die ovanlable whorain gormipafion  cequrements are
closeh aehated o et adaplavon and  distibuton
pastern in space' 1 oamdan timet. Temperature reguire-
ment is ope sueh Factor which has recen ed considerable
agtentiont . However this aspect of (he problem in-
refation to adaptive sirategy of (ree species h not
recersed much attention?, The present stu y I8 cone
cerned weth temperature responses of the seeds of
Schimu hhasiona, Dyer and S, wallichil, Choisy, two,
closely retated  and  economically  inportant  timber
tree species of nonheeast India, which are also exten-
sively  distributed in Mceghaluya, on an  altfitudinal
basis. The former is restricted to higher elevations
(1600 10 1900 m), whereas the Jutter occurs at lower
elevatans (60 o 1600 m).

Seedy of 8 Ao and SO oo were coltaced
frem uprer Shotong (IScomg o0 NMawls {1 fomy
respectively durmg Vebruary NMaicin 198, whidh weep
separated out oy trwits by anc deying, Germipiaton
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Tasie [

Germination taral 00) (with S.E. valuesy for 8, kKhasiana and S. wallichii ar different temperature regimes

Alternating tempe-

Species Constant temperatures (" C) ratures (C)
10 15 20 25 30 35 25/20 25/15
S. khasiana 10423 55427 46436 44429 42422 0 454.5-5 46423
S. wallichii Q 37443 A846-0 48168 3344-1 200475 5044:6 A48.44-1

TasLg 1l
Germination values {with S.E) for S. khasiana and £ wallichii
Alternating tempe-
Speciag Constant temperatures (¢ C) ratures ¢ C)
10 15 20 25 30 38 25/20 25/15

8. khasiona

S. wallichii 0 6 344:1:6 9.412:0

tests were performed. at a given temperature in incu-
bators, on fresh sceds between moist filter papers.
Only alternating temperature rcgimes reccived 14 hour
light period at the time of higher temperature in the
cycle. Fifty sceds in four replicates were used for
all treatments,

Table 1 shows that seeds of both the species could
germinate weil over a wide range of iem ecratures,
though the germination of S, kdewiana was poor at
10°C and no germinatien oceurs for S, wallichii at
this temperature, At constant temperature reghnes,
while S, khasians gave optimum germiration at 15 €,
that for S. warlichii occurred at 20 and 25°C, The
two alternating wm, crature regimes did not have any
favourabie cffect on the germnution of S, khasionu,
whereas the germination  of 8. waflichii  im)roved
slightly at 25,20 C alernating temperaturc regime
compared to that at 4 cor rant 20 or 25 C. Further
the range of temperature at which at least some
germunation  occurred  varied for the two soecies,
K, khasiana having a range of 10 10 30°C and §. wulhi-
chii with a range of 15" to 35°C.

Germination values are given in Table 1T wiinch
are indices of germimability combining speed and
completene - of germination, and are calculated Uung
the formuia PY - MDG whore PY represents peak

0324012 12-0846'9 6-084+0-9 §-66-L17 3-414.0-430

2:36+ 118 3-8240-58

883416 4:06:0-5 3-23+£2:0 1095422 2-36-L1-18

value of germination and MDG represents mean daily
germinations. This is a berter indicator of germination
behaviour of the species conceined. S. Khaslana
gave maximum value at a constani temperatuce of
15°C. L is significant that the values at aliernating
temperature regimes for S, khasianc  were extromely
low though the final germination total was fairly good
as secn from Table 1. This is due to very low mean
daily germination at alternating temrerawure regimes
compared to that af constant temyeratures of 20 or
350, where also the final germination totl is more
or less similar, S, wallichii, on the other hand, gave
maxynum  germination salue at 20 C followed by
250 C constant. [t is significant that much  betier
germivation valie wis observed for this species at an
alternating temyperature of 2520 ¢

These results indicate that the two species are closely
adarted to their altitudinal restriction at least as far
as temyperature response to  sced  germination s
concerned, Thus, S khasiuna exciusively found at
higher elevations tends 1o germinaie betier at lower
temperatures and S, wallichii fromy lower clevations
responds better to comparatively hygher temperatures,
Though such stedies are tacking in this country, parti-
culatly on iree adaptation. similar conclusions have
been made on some  wmperate trees hke  Pinns
comoria®, P. osyhestris'” and  dcer negundo',
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PINJORIAPOLLIS, A NEW FOSSIL POLLEN
FROM THE PINJOR FORMATION (UPPER
SAWALIE) EXPOSED NEAR CHANDIGARH
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SIL6 GROWTH STRATEGY AND ARCHITECTURE OF TREES RELA%%D 5

TO PRODUCTIVITY ENERGY REsoU RLEC

RaM Booju anp P. S. RAMAKRISHNAN
Department of Botany, School of Life Sciences, North Eastern Hill University, Shillong-793 014

Pattern of growth and architecture build-up of early successional (Schima
wallichii, S. Khasiana and Alnus nepalensis) and late successional (Minglietia insignis, and
Quercus dealbata) trec species were studied in a subtropical humid mountain forest at
Shillong peak (altitude, 1900 m). Early successional tree species have indeterminate
pattern of shoot growth, prolonged growth period, much more extension growth and
leaf production than the latc successional ones. The latter are with determinate growth
pattern, make small amount of extension growth and confined the active growth mainly
for a brief period of the growing season. The early successional species exhibit more
frequent rhythms of shoot extension, branching and leaf production (becoming conti-
nuous growth in case of Alnus nepalensis) than the late successional species with single
deterniinate flush of extension as well as branch and leaf production (production of
lamma shoots or additional flush of shoot growth in response to favourable climatic
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conditions have been considercd as special cases of hasic determinate scheme).  Branches.
are produced through Syllepsis-axillary buds grow into branches without a rest period
in early successional tree species, conferring an advantage for having morc frequency
of branching. Late successional species, on the other hand produce branches pro-
laptically—axillary buds undergoing a period of rest. The early successional species,
however, can produce prolaptic branches if main axis is disturbed which is a common
feature in the region due to slash and burn agriculture,  Early successional species tend
to maintain a higher, narrower crown at a given diameter (correlative growth processes)’
than late successional trees which have longer, wider and deeper crown,. Growth in the
former tends 0 emphasize height growth in ordoe to attain a superior competitive posi-
tion while in the latter it emmphasizes laceral growth.  Consequently, branches of carly
successional tree specics are more vertical at all canopy positions than the late successional
trees. The leaf angles in late successional species in general is more near to hovizontal
than the carly successional ones which have its feaves dispessed into several layers (multi-
layer) with sun leaves placed vertically and shade leaves to icar horizontally,

The fast and prolonged indeterminate pattern of growth, multilayered distri-
bution of leaves and branching pattern related to light interception strategy equips the
early successional species to grow and occupy the ecological niche through exploitive
stralegy. On the other hand, the late successional species with determinate shoot growth
pattern and consequent predictable shading of leaves (monolayer) as well as spreading
crown are suited for conservative strategy of late successional cnvironments, The signi-
ficance of these results for exploiting forest resources of the north eastern region for timber
and energy resources are discussed.
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‘w1285 Pupulaugu Variation i seed germination of Srhmm wallich)s,
' Chely .

RAM BOOJH & P. S. RAMAKRISHNAN, Shillong:

‘The gcrmmmen behaviour of sceds of Schima waltichii, Choisy hom dxﬂelcm

pmnuom rangipg from 300 to 1800 elualmns was studied dinder coftrolled '
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v growth beviern of six yenr dpey grown Schiima kliasiung, en earlv succcuional N
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day. l:!mm of shoot growth in young §chima Khasians, Dyer, trees, T
* BAM BODJH #hd F. 8 BAMARRISHNAN, Shilong. i
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