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EXumaun Himalaya represents a great diversity of
rest types, but incidentally no information isavailable
fon.their genetic resources. An attempt has been made
“this- paper to project information on-the fall of
teproductive biomass from overstorey forest-tree
Uspecies in seven forests located along an altitudinal
pradient in Kumaun Himalaya.

STUDY SITES AND CLIMATE

HiiThe sifes selected -in Kumaun Hills cover three

and 79° 27'-79° 48 E long, encompassing an
altitudinal gradient from 300 to 2200.m: the Bhabhar -

_outer-Himalayan: Siwalik belt, 900:1 500, m_high,
Ifugged and restive topography characterized by steep
thill=siopes-and-deep valleysyand-the Lesser-Himalaya,
§ separated from the Siwalik by the Krol Thrust (main

175

& longitudinal belts located between 29° 7-29° 38" N

\ib-mountainous and piedmont belt-in thefoothills;

{ up of late tertiary sedimentaries, which exhibit a 3
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Restitution of reproductive biomass in seven forests of Kumaun Himalaya was estimated. Two
forests were dominated by Shorea robusta, two by Pinus roxburghii and the remaining three by
" Quercus spp. Reproductive organs of nine tree species were captured in the litter traps; of these
Y seven were angiosperms and two gymnosperms. The highest reproductive output was recorded for
the two oak dominated forests, followed by the pine forest, whereas the lowest output was recorded
for pine-mixed broadleaf forest. The total reproductive output ranged between81.16and 36gmi’.
These account for 11.09 to 1.03% of the total litter fall in these forests.

boundary fault) in the Lesser Himalaya, 1500 to 2500
m high (Valdiya, 1980). Rainfall, temperature and
dominant species are given in Table 1. The climate
varies from monsoon sub-tropical to monsoon
temperate. The two sal (Shorea robusta Gaertn. f.)
forests lie in the monsoon sub-tropical climate,

- characterized by a hot summer and cool winter, and

the three oak-dominated forests lig in monsoon
temperate climate, characterized by a warm summer
and cold winter, experiencing frequent frost and snow.

“The two pine (Pinus roxburghii Sarg.) dominated

forests lie in between these two extremes of climate.
The annual cycle is generally divided into a rainy (July
-October), a-winter (November-February) and a
summer (March-June) season. as described by
Pandey & Singh (1981) and Saxena & Singh (1982).

= METHODS OF STUDY

Stand structure, viz., species composition, density,
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" Sal oldgrowth forest

Pine-mixed broadieaf

Mixed oak-pine forest

Mixed oak, Rianj-
_ dominated forest
Mixed oak, Tilonj-

dominated Forest

Zﬂ_._En_n - Average Average Forest type
(m) annual tempera-
Rainfall  ture
(mm)  (°C)
329 2076 23 !
350 2076 23 Sal coppice forest
1350 ' 2005 18
: forest
1750 2185 16 Pine forest
1850 1313 ! 16
2150 2508 13
250

Table 1. Site characteristics of different forests

Dominant species

Shorea robusta

Shorea robusta

Pinus roxburghii
Quercus leucorrichophora
Myrica esculenta

Pinus roxburghii
Quercus leucotrichophora
Pinus roxburghii
Quercus lanuginosa

Quercus floribunda
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basal cover and ‘importance value index’ (IVI) was’
quantified for each site. using ~standard
phytosociological techniques (Curtis ‘& Mcintosh, .
- 1951; Muller-Dombois & Ellenberg, 1974). During
.1981-8, litter input was measured . by placing 10
wooden litter traps (50 X 50 X 15 cin), randomly on the
forest floor in each forest. Litter ‘was collected at
‘monthly intervals in-polyethylene bags and sorted into
components such as leaf, wood, bark, flower and fruit,
for analysis. The material was oven'dried at 80°C to
constant weight and data on fruit and flower fall were
recorded. ‘

.. RESULTS .

Important phytosociological. characters.are

Table 2. Among the various species, S. robus; b
both- sal forests, P. roxburghii in" the pinemiradt
broadleaf forest at Kalona and in the Baldiyakhsirs %
forest, Quercus leucotrichophora 'A. Camus Sinig
mixed oak-pine forest at Ranikhet, Q. lanuginosg:
(Rianj) in the Rianj-dominated mixed oak f, ot
Kilbury and Q. floribunda Lind. (Tilonj) in the Tileea
non-.m—_waa mixed oak forest at Kilbury shows e
maximum density, basal cover and importance:

Table 2. Phytosociological characteristics of different forests

Forest type Species
o (tree
ha™!)

Shorea robusta
Mallotus philippensis
Others

. Total )

Chorgalia Sal

194.0
oldgrowth forest _

106.0
93.0
393.0

Chorgalia Sal
coppice forest

Shorea robusta
Others
Total

488.0
238.0
726.0
Kalona pine-mixed

Pinus roxburghii’
broadleaf forest o

~Quercus leucotrichophora
Quercus glauca
Pyrus pashia
Others
" Total

62.5
29.8
17.3
78
197.3
314.7

\

- Baldiyakhan

.. Pinus roxburghii .
pine forest

‘Others
"7 “Total

5750
82,0
657.0

Ranikhet
mixed-oak-pine
forest

Quercus ~n_.~nain§wvma§. 14330
Pinus roxburghii
Cedrus deodara
Others

Total

67.0
33.0
250.0
783.0

629.0
257.0

Kilbury Rianj-dominated Quercus lanuginosa
mixed oak forest Quercus floribunda
Quercus leucotrichophora
Others - =~ i
Total

86.0
993.0

Kilbury Tilonj-
dominated mixed

Quercus floribunda
oak forest l y

Q.:.mR.E deucotrichophora
Quercus lanuginosa
_Others :
Total

85.0
93.0
- 1000
64.0
3420

Density

210 -

Total
basal
cover
(m? ha™)
51.2
34
23
56.9

Importance  Species Concentra 552
value index diversity tion of - RS
v

. 1738 . R
61.5 2E
64.7
300.0

33.1
8.8
39.9

198.7
101.3
300.0

127
35
14 .-
0.5

6.2

243

85.3
388
150
- 94
151.5
300.0

246.9
—-S3.1.
300.0

333
.26
359

19.1 134.8
54.8
223
88.1

300.0

3.0
6.3

179.2
80.5
9.6
30.7
300.0
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ex (IVI). The tree species diversity as represented
Shannon-Wiener information function (Shannon
iener, 1967) was maximim in the pine-mixed
adleaf- forest at Kalona and lowest in the
akhan -pine forest. The reverse was true for the
centration of dominance. :
Monthly pattern of fruit and flower fall is given in
1 and 3 and the seasonal pattern in Fig. 2.
pared to the fruit fall, the flower fall was more
ricted- in time. In the sal old growth forest at
Chorgalia, M. philippensis yielded flower fall in the
iny season. In the remaining five forests, the highest
flower fall occurred in the summer season.
iThe maximum fall of reproductive biomass was
i2g m* in the Rianj~dominated mixed oak forest at
Ibury, followed by the ‘nixed oak-pine forest at
nikhet (57.7 g m™?), the Baldiyakhan pine forest
3.3 g m2), Chorgalia sal old growth forest (27.4
%), Chorgalia sal coppice forest (21,8 g m™?), the

W%E.@oﬂ::mﬁn mixed oak forest at Kilbury (21.2

Loe
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Fig. 1. Monthly fruit fall (g m™) pattern in Shorea robusta
: in sal oldgrowth (o) and sal coppice (o) forests;
Quercus glauca + Quercus leucotrichophora (0)
and Pyrus pashia (A); in pine mixed-broadleaf
forest; Pinus roxburghii (A) in pine forest; Q.
leucotri chophora (#) and Cedrus deodara (*) in
mixed oak-pine forest; Quercus lanuginosa +
Quercus floribunda + Quercus leucotrichophora
(X)in Rianj-dominated mixed oak forest; and
Quercus floribunda + Quercus leucotrichophora +
Quercus lanuginosa (#--»); in Tilonj-dominated
mixed oak forest.

FLOWER FALL
FRUIT - FALL

FRUIT AND FLower  FALL (om? seasor!)

lm.l ,

RWS RWS RWS RWS RWS RWS RWS
SEASONS
CSO CSC' KPB . BP ROP KRO KTO

Fig. 2. Seasonal pattern in flower and fruit restitution in
different forests, CSO .(Chorgalia, sal oldgrowth
;.o_du&. CSC (Chorgalia, sal coppice forest), KPB
(Kalona, pine. mixed-broadleaf forest), BP
(Baldiyakban pine forest), ROP (Ranikhet, mixed

" oak-pine forest), KRO (Kilbury, Rianj-dominated

" ‘'mixed oak forest), and KTO (Kilbury, Tilonj-
dominated mixed oak forest). R=Rainy season,
W =Winter season and S=Summer season.

"g m*) and the pine-inixed broadieaf forest at Kalona

(3.6 g m?). These values were 11.1, 9.3, 5.1, 3.3, 3.2,
3.4 and 1.0% of the total litter production on the
respective sites..

The highest fruit output was recorded in the Ew:m.-
dominated mixed-oak forest at Kilbury (69.2 g m )
followed by the mixed oak-pine forest at Ranikhet
(37.5 gm™). The flower fall was highest for the mixed
oak-pine forest at Ranikhet (20.3 g m'%) where Q.
leucotrichophora, the dominant species, contributed
8.8 g m ™ and C. deodara and P. roxburghii 11.0 and
0.5gm?, respectively. The lowest flower fall was 0.1
g m?), recorded for M. philippensis in Chorgalia sal
oldgrowth forest.

DISCUSSION

The total restitution of reproductive biomass in the sal
forest was less than the values (98.8 - 366.8 g m™)
reported by Narayan Rao (1970), Anon. (1971), and
Verma.& Sharma (1978) for certain sal forests, but
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Monthly flower fall in Mallotus tk..:.«%m:&...ﬂ (A)in
sal oldgrowth forest; Quercus glauca + Quercus
leucotrichophora (*) in pine-mixed broadleaf
forest; Pinus roxburghii (x) in pine forest; Quercus
,~N§°3§S~S°S .(0—o0), Cedrus deodara (e---0)
and Pinus roxburghii (A---4) in mixed oak-pine
forest; Quercus lanuginosa + Quercus floribunda +
-Quercus leucotrichophora () in Em&n&o:—mswﬂan -
‘mixed oak forest and. Quercus Sloribunda +
Quercus leucotrichophora + Quercus lanuginosa
(°) in Tilonj-dominated mixed oak forest.

higher than the values (0.4 to 5.1 gm™) reported by
Ray Chowdhary (1970) for West Bengal and Sharma
(1981) for Dehra Dun sal forests. These differences
may be due to stocking density, year to year variability
and climate. The reproductive fall in the Kalona pine-
mixed broadleaf forest was lowest in the wamonﬂ study
and was also less than the value 7.7 gm " reported by
Lawson & Cottam (1971)for an oak-Wisconsin forest.
This value is very low compared to values (32.0 to
105.0 g m™) reported by Safarov & Dijhalilov (De
Angelis et al., 1980) and Alvera (De Angelis ez al.,
1980) for subtropical oak (Quercetum nudum) forest
in USSR and for pine-Holley forest in Spain. The
reproductive fall for the Baldiyakhan pine forest is
within the range (38.2 to 48.0 g m?) reported for

coniferous forests by Lemee (De Angeliseet al., '1980) .

and Gordon (De Angelisez al., 1980) but less than the
value (105.0 g m™) reported by Alvera (De Angeliser
al., 1980) for ‘a pine-Holly forest from Spain. The

‘the range (51.0 to 59.6 g m2) reported by Rapp (1971i4&

(1971), Whittaker & Woodwell (De Angelis et al%5%

. broadleaf forest. . ..

value for the WE:E.Q mixed oak-pine forestisw

Malaisse ez al. (1972) and Andersson AUm,?wm&M& )
al., 1980).for mediterranean evergreen oak- gt

France), Miombo-Woodland (Zaire) and for N0k ! \ t : :
Ml_w.nmy mnwnamn (Sweden), respectively. The reprod ; ‘IMQMHW of feproducting output ‘with total litter fx1]
fall in Kilbury- Rianj-dominated mixed oak forz e 613), and total tree density (r=0.616) tended to be
within the range (70.6-79.0 g m™) reported by Vanal sitive but non-significant statistically. However, the
der Drift (1974)-and Nihlgard & Lindgren (19 m%m\m ) _um_oam_.:v of nnv_,oaco.:ﬁ fall with density of tree
an oak forest (Netherlands) and for a becohz pecies s&mm,m navno%oaé organs were captured in
Mercurialis-type (Sweden) forest. The reproductives SaNiaps was sigiiificant (r=0.866, P<0.05). The total fali
fall for the Kilbury Tilonj~dominated mixed oak fog: stSaat: reproductive biomass tended to be inversely
lies within the range (20.7-23.0 g m®) as reportegijiteadielated with Shannon-Wiener information function

Holm & Jensen (De Angelis er al., 1980), Sa mnmm.ﬂ

. ude and.topographic features.
s this study, mro correlation between' reproductive
tput and altitude wag not significant (r= 0.46);

1980) and Hyttenborn (De Angelis-et al., 1980).fa: Jhis work was funded by the Oavwn.soi of msg.om
85%038 nwm&acocm-cnao: (Denmark), . o Technology, Government of India, New Delhi.
deciduous forest (United Kingdom),
(USA) and deciduous Quercus-
(Sweden), respectively.
HE:.E&mzon by wild animals, birds, and ins
a major cause of loss of seeds and fruits from pl
litter and soil (Salisbury, 1942; Janzen, 1970, 1 55
Saxena (1979), Tewari & Singh (1981) and U TEHE
(1982) conclude that the biotic pressure Amvon._,m_im.;
generalized) is very high in the Kumaun Himalay.
mostly in oak, oak-pine E.E pine forest. Inthe p 2 the prairie-forest border region. of
study sites, important fruit, flower and seed preddtonEy Wisconsin. Ecology 32, 476496 : Blon.
are: Presbytis “entellus (langur), Macaca m Latia = tbavsenmIRE, R. (1972), Phenology and other characteristics
mulatta (monkey), Solenarctos tibetanus :ﬁw@ﬁm&%ﬁ. of tropical semi-deciduous forest in north western Costa
(black bear), Rattus rattus rattus (rat), Hystrix ini e ES.. Journal of Ecology 60, 1474170. - N
indica (Indian porcupine), Chlorophorus strobilic : gn....m...c.h GARDNER, R.H. kw:no;ﬁ.m.m.a. 1980).
Blastobasis' transcripta, Dioryctria abeetelizmrgel oductivity of forest ecosystems studied during the IBP:
Calandra sp., Eucosma dryocarpa, Dioronogndth the Woodlands data set. In Dynamic Properties of Forest
’ RN ) > Leosystems .(ed. D.E. Reichle) pp. 567-672. Cambridge
nubulosus and Endrmonis disporma. The prédatio

nubu ’ . ¥ University Press, Malta,
1s evidently much higher in the sal and pine , G.W.. B ARKER, H.G. & OPLER, P.A.

] : 1974). Comparative .phenclogical studies in tropical wet
- Flowering and fruiting is the most dynamic proce urgiand dry forests in the lowlands of Costa 'Rica. Journal of
of forest systems which tend to be rather more vanableRiZgs Eeology 62, 881919, . )

in its timing than other seasonal changes-Thesei#UALLEGos, C.M. (1981). Flowering and seed production of
ecological interpretation of the timing of flowering 1S4 inus roxburghii var. honduransis. (Preliminary results of
complex. From the present study it is evident that g0 Wworldwide survey). Forest

Genetic Resource
" : L Mformation No. 10 FAO. pp. 17-22.
deciduous tree species this is related to the wwoz. .>.. G. pp
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