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Leaf growth pattern in co-existing evergreen and
deciduous species of Kumaon Himalaya
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Abstract. Leaf growth patterns were studied
in three pairs of evergreen and deciduous
species, occurzing at an elevation of 2025-2150
m in the Kumaon Himalaya. Leaf initiation
occurred earlier in evergreens with an exception of
Litsea umbrosa. Peak leaf pool size was attained
earlier in deciduous species (June to early July),
while later (October) in evergreen species.

Rate of leaf expansion was higher in deciduous
species. Specific leaf mass in the initial period was
higher in evergreen species than in deciduous
species. Leaf area was higher in deciduous
species as compared to evergreen species, while
root length/leaf area unit was greater in evergreen
species.

Key words: Leaf growth, co-existing, evergreen, de-
ciduous.
Introduction

The leaf area available for photosynthesis plays a
crucial role in  biomass production (Shukla and
Ramakrishnan 1984). The total leaf area is primarily
determined by the patterns of production and fall,
and the longevity of leaves (Watson 1956, Newhouse
and Madgwick 1968). The evergreen habit in plants
has a number of potential advantages, such as
conservation of energy, and the capacity to
perform photosynthesis over a considerable surface
area whenever conditions are suitable. Predomi-
nance of evergreens can also be seen at the
two opposite ends of water supply spectrum
{Moore 1980). The incidence of deciduous species
in the tropics is reported to increase with increasing
seasonality of rainfall (eg. Beard 1955, Walter 1973,
Whitemore 1975, Hall and Swaine 1981).

Inspite of the highly seasonal rainfall pattern
in the Central Himalaya, evergreen species occur-
ring below 2,500 m elevation form most of the
forests; however, in terms of standing crops,
deciduous species are equally abundant (Singh and
Singh 1987). The evergreen species of this region
are a leaf exchanging type in which old leaf crop
is replaced by new leaves and the leaf life span
is equal to one year (Ralhan et al 1985, Dhaila
et al 1995).

The present paper compares leaf dynamics such
as leaf initiation, leaf fall, leaf mass accumulation
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and specific leaf mass evergreen, and deciduous
species sharing same microclimate (except in the
rooting depth). Studies on phenology of these two
groups have concluded that the leaf growth pattern
is different for the two groups in many ways;
(1) rapid leaf expansion in deciduous species,
(2) leaf population per unit shoot length happens to
be greater in evergreen species, (3) leaf expansion
rate is higher in deciduous species (Shukla and
Ramakrishnan 1984, Ralhan et al 1986ab, Sobrado
1991). The present paper compares leaf growth
pattern of co-existing evergreen and deciduous
species. We sought to test whether deciduous and
evergreen species differ substantially in leaf
growth patterns when the two types of plants
are rooted immediately adjacent to each other.
It is important to compare the leaf growth pattern
of these two forms in a common environment,
because all the previous comparisons have been
of " evergreen and deciduous species occurring
in different sites and microsites. The study of shoot
growth pattern shows some significant difference
in co-existing evergreen and deciduous species
(Dhaila et al. 1995).

Materials and methods

Study site and species selected: The study site was
located at 2,025 to 2,150 m elevations at 29°7" N
lat. and 79°15" E long. in the Central Himalaya.
The presence of a sufficient number of saplings
of evergreen and deciduous species immediately
adjacent to each other at the site was the main
reason for its selection. Species under study have
been given with their leaf longevity in Table 1.
Site description and climate in detail has been
given elsewhere (Dhaila and Singh 1994; Dhaila et
al. 1995).

There are three main seasons: winter  with
infrequent rainstorms (December to February), early
summer which is warm and dry (April to mid June
with mean monthly temperature in the range of 18.6
to 23.7°C), and late summer which is warm and wet
(mid June to September, when mean monthly tem-
perature is relatively invariant, 17.8 to 185°C).
Of the 2,279 mm of annual rainfall 1,704 mm occurs
during the wet summer.

One hundred newly emerging shoots in each of
the 10 individuals per species distributed evenly
in the tree crown were marked prior to bud-
break (generally during February to early April in
1989). Thus a total of 1,000 shoots were marked for
each species. From this marked population of
shoots, one hundred leaves (10 leaves from each
of the ten individuals of a species from all crown
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positions) were collected at monthly intervals and
their length and width were measured to the nearest
of 0.1 cm. Out of these, 25 leaves were measured
for leaf area using a planimeter. The remaining 75
leaves were divided into three sets, each of 25
leaves, and were oven dried at 80°C ftill constant
weight. Leaf units were individual leaves for all
species except for those with compound leaves (F.
micrantha) in which an individual leaf let was
regarded as a leaf unit. Correlation between area
by planimeter (n=25) and the area by product of
length and width of leaves was developed for all
the leaves (Table 2).

On the basis of dry mass of leaves, specific
leaf mass was calculated by using the following
formula (Evans 1972, Specific leaf mass = SLM):

SLM (gm?) =,

A = Leaf area (m? and L, = Leaf dry weight (9).

Root length was observed by uprooting the trees.
Tap roots were measured with tape, and lateral
roots (in case of Shookeriana) were measured by li-
ne intersection technique (Rowse and Phillips 1974).

Results

Leaf recruitment: Among all the pairs (co-stratal)
leaf recruitment started eatly in the season (second

Species Growth form SS Leaf Longevity
(days)

SPECIES PAIR I

Quercus floribunda

Lindle ex A.Cam. evergreen tree late 316.4

Fraxinus micrantha

Lingelsh deciduous tree mid 129.6

SPECIES PAIR 1I

Litsea umbrosa

Nees evergreen tree late 322.1

Populus ciliata

Wall. deciduous tree early  159.7

SPECIES PAIR III

Sarcococca hookeriana

Baill. evergreen shrub late  337.2

Rhamnus virgata

Roxb. deciduous shrub early 153.8

Table 1. Characteristics of species selected for study
(SS - succesional status).

Species Regression equations

Evergreen

Qfornbunda  Y=0.029+0.873X; (r=0.96, P<0.01)
L.umbrosa Y=-0.380+0.695X; (r=0.98,P<0(.01)
S.hookeriana  Y=0.235+0.789X; (r=0.99, P<0.01)
Deciduous

F. micrantha Y=1.200+0.601X; (r=0.98, P<0.01)
P, ciliata Y=-1.898+0.810X; (1=0.98, P<0.01)
R. virgata Y=0.930+0.536X; (r=0.92, P<0.01)
Table 2. Regression equations relating leaf area
calculated by product of length and width (X) to

be determined by (Y); n = 25.

week of March) in evergreen species. Except, in
tree pair II where leaf recruitment in the evergreen
tree species L. umbrosa started in the second week
of April and in its deciduous counterpart P. ciliata
it occurred in the second week of March.

Root length per leaf area unit was greater in
evergreens compared to deciduous (3.98 vs 1.99
cm/cm?). Although the leaf area was greater in
deciduous species, their root length/leaf area unit
was lower than evergreens.

Leaf expansion: The period of leaf expansion
ranged from 22 days to 42 days in evergreens, and
from 17 to 36 days in deciduous species (Fig. 1). The
interspecies variations in leaf area were distinctly
wider for deciduous species (20 to 1045 cm? than
for evergreen species (16.8 to 24.3 cm?). Leaf area
was significantly (P<0.01) greater for deciduous
species than evergreen species of each pair. The
deciduous species of each pair realized significantly
greater (P<0.05) leaf expansion rate compared to
the evergreen species (1.54 vs 0.54 cm?d!). The
rate of leaf expansion 1is also affected by position
in the forest canopy, for example, the two shrubs
studied completed their leaf expansion significantly
earlier (P<0.01) and in shorter period than the tree
species (19.5 days vs 40.2 days).

The specific leaf mass (SLM) of the evergreen
species f(average 119 gm™ was significantly
greater {P<0.05) than that of the deciduous species
(average = 73.3 gm? ). In the initial stage SLM
was significantly greater (P<0.01) for each of the
evergreen species compared to their deciduous
counterparts (Fig. 2). However, at mature stage
this significance in difference was maintained only
by tree species.

Leaf mass loss: The phase of increasing leaf mass
(subsequent to leaf initiation) ranged from 4 months
to 6 months in deciduous species, while this range
was from 5 to 8 months in evergreen species (Fig.3).
The interspecies variation in leaf mass at the mature
stage was wider (0.15 to 0.6 g leaf!) for deciduous
species compared to evergreen species (0.12 to
0.31g leaf?!). Leaf mass in the initial stage was
significantly (P<0.05) greater for all the evergreen
species compared to each of the decidous species
of the pair. This significant difference was not
maintained at the mature stage by the pair Q.
floribunda (evergreen species) and F. micrantha (de-
ciduous species) and a pair of shrub species.

The average percentage of total accumulation
of leaf mass (per leaf) during the first two months
of leaf initiation was significantly greater (P<0.01)
for evergreen species (45.9%) compared to decidu-
ous species. The phase of stable leaf mass was
short in deciduous species than those of the ever-
green species (1 month vs 3 months on average;Fig.3).

Leaf Longevity: The average leaf longevity for
deciduous species (148 days) was significantly lower
(P<0.01) than for the evergreen species (325 days).
It ranged from 316 days to 337 days for evergreen
species, while the range was from 130 days to
160 days for deciduous species (Table 1).

Discussion

The earlier leaf recruitment in evergreen species
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Fig. 1. Monthly changes in leaf area (leaf expansion).
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Fig. 3. Monthly changes in leaf dry mass.

(with exception of L. umbrosa) is correlated with
earlier recovery from winter stress in them (Dhaila
1991). In winter, water stress (in terms of water
potential) remains low in both groups as an alter-
native of frost hardiness (Morgan 1984), but as the
spring proceeds, the evergreen species recover
immediately and leaf recruitment starts in them. This
is also one of the reasons of deciduous species to
complete annual growth earlier {before the onset
of dry season) and for lower carbon assimilation
rate of evergreens. The leaf expansion rate is
also higher in deciduous species. This rapid growth
in deciduous species before onset of unfa-
vourable conditions is to compensate for any dis-
advantage in photosynthetic carbon gain that may
occur due to the delay in initiating the growth
(Dhaila et al. 1995). This study is also in conformity
with the observations of Ralhan et al (1985) and
Singh and Singh (1987). Although the leaf area was
greater in deciduous species still their root length/

leaf area unit was lower than evergreens. This
feature of evergreens is advantageous over
deciduous species and shows drought tolerance

of evergreens (Pallardy and Rhods 1993).

The early and rapid foliage development in
shrubs may reduce the competitive effect of the
canopy species. Further, this time separation in
growth activities may stagger the demand for
nutrients within an annual cycle at the ecosystem
level (Singh and Singh 1987). The production of
leaves during favourable period would seem, on
energetic grounds, to be the worst possible time
for leaf expansion (Givnish 1984). May be, this is

the strategy to avoid leaching of minerals by tor-
rential rains in the following rainy season from the
soft leaves, which lack thick cell walls and a heavy
cuticle (Sarmiento 1983).

According to Gates (1914), the initial cost of an
evergreen leaf may be greater than that of the
deciduous leaf of comparable size, because of
thicker leaves with a higher specific leaf mass.
Sturdier construction may be necessary for leaves
that must endure several years of environmental
vicissitudes. Greater initial costs means a longer
time before a leaf pays back its cost. Leaves of
the Japanese deciduous species Zelkowa serrata
require only 9-15 days to pay back their initial cost.
While leaves of broad-leaf evergreens Shiia sieboldi
and Pittosporum tobira take about 30 days because
of greater specific leaf weight, and some may take
even longer pay back time {(Saeki and Nomoto 1958).

There existed a negative relationship between
osmotic potential and leaf dry mass per unit leaf
area which shows that as the leaf dry mass increases
the osmotic potential decreases and in turn, water
extraction efficiency from the drying soil increases
(Dhaila 1991). Earlier decline in leaf mass in decidu-
ous species shows their  inability to extract water
from drying soil (at the onset of winter), which they
compensate by shedding their leaves. Leaf efficiency
of the evergreen in terms of net gain of carbon per
unit leaf mass is lower than that of the deciduous
species, but stands of evergreen forests produce a
larger leaf crop on a unit area basis than the
deciduous forest of the region (Singh et al 1990,
Dhaila et al. 1995). Thus the absolute carbon cost
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of leaf production for a forest stand may not differ
between evergreen and deciduous species of the
region.

The individual leaves of the evergreen species
of this region showed a gain in leaf mass for 6-
8 months, and in general, leaf longevity of 1 year
or just more than one year. The evergreen species
of this region showed gradual loss of leaf mass (in
contrast to the sharp decline in leaf mass of senescing
leaves of deciduous species). Which enables the
evergreen species to fix carbon through out the
winter, and to retranslocate it to the reservoires
of (perennial parts) the plant to be reutilized for the
production of long lived efficient leaves of a new
crop. During winter the evergreen retranslocate only
a small fraction of their nitrogen, which is correlated
with the loss of leaf mass (Negi and Singh 1993,
Dhaila and Singh 1994). It has been observed by a
number of workers (e.g. Chapin 1980, Coley 1985,
Reich et al 1991 ab,)} that there is a strong inter-
dependence among leaf life span, net photosynthesis,
leaf N concentration, and SLA. According to Reich
et al (1992), a plant either produces leaves that
possess a high photosynthetic assimilation rate but
persist briefly, or it provides resistant leaf physical
structure with low photosynthetic capacity, so that
leaves can assimilate carbon over a longer period
of time, but at a lower rate.

In conclusion, the leaf growth pattern of ever-
green and deciduous species sharing the same
microsites varies in  various ways. The deciduous
species design their growth in such a way so as
to utilize maximum of favourable period to achieve
their goal of annual growth and production. While
the evergreen leaves with low photosynthetic rate
(Reich et al. 1991a), have the whole year to complete
their annual growth. Their greater root:shoot ratio
(Dhaila et al. 1995) makes them opportunist to take
each possible advantage over a long period of time
of one year, inspite of occupying the same microsite.
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