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Initiation and proliferation of leaf primordia, leaf expansion and maturation of a basket fern Dryopteris
wallichiana are described based on two years of
observation. The phenology of these events is strictly
seasonal beginning with the onset of spring in the
temperate Himalayan climate. Leaf primordia initiated during late summer often remain dormant but
expand in the next growing season. Maturation of
most of the leaves of a growing season is completed
before the start of winter, but these withstand the
winter cold. Leaves of the previous growing season
remain erect on the rhizome for about 20 months after
which they collapse. Significance of the presence of
green and dry collapsed leaves on the rhizome is discussed.
Keywords: Dormancy of leaf primordia, Dryopteris
wallichiana, Indo-Himalaya, phenology, temperate forest.
THE mixed (oak-conifer) temperate forests of the west
and central Himalayas are as rich as the forests of the
lower elevations, but the constituents of these forests include understorey herbaceous vegetation which contains a
large number of temperate ferns. The importance of the
fern understorey plants as constituents of the biodiversity
of these forests cannot be neglected though they may
have less economic importance than plants of other groups.
Some ferns are evergreen, i.e. they produce leaves round
the year thus contributing to the winter vegetation of
forests. The role of ferns in general in the ecosystem
dynamics of any particular area is little studied1–3 and
information on temperate ferns is very sparse4–6. Overwintering of one-year old Dryopteris crassirhizoma Nakai
leaves in Japan is reported to contribute to overall carbon
gain but serves very little as nutrient storage7. Studies on
some temperate fern life cycles reveal that the leaf length
and production rates vary during different periods of the
year8–12. Annual variation in leaf production has also been
observed in other temperate ferns such as Polystichum
braunii (Spenn.) Fée, P. tripteron (Kunze) C. Presl,
Dryopteris crassirhizoma Nakai13, D. intermedia (Muhl. ex
Willd.) A. Gray and P. acrostichoides (Michx.) Schott6.
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Among higher altitude species of Dryopteris, D. wallichiana (Spreng.) Hyl. is confined to upper-mid to higher
altitude zones, from c. 2000–3000 m altitude west Himalayan forests and has a wide range of distribution from
the eastern part of the west to the east Himalayas within
the Indo-Himalayas14–16, which is an obvious indication
of it being a successful forest floor fern. The populations
of D. wallichiana we studied probably belong to subsp.
nepalensis Fraser-Jenk., which is already known from
Pithoragarh. Our goal was to increase understanding of
its life cycle by observing seasonal and annual changes in
leaf production rate, size and longevity in some living
populations of this fern in Kumaon (west Indo-Himalayas).
Phenological events were studied on the live populations at Dhaj forest (29°40′N, 80°14′E), c. 22 km north of
Pithoragarh (Uttarakhand State, India). The locality contains a temperate flora, lying at 2400–2600 m altitude.
We studied the population of D. wallichiana mainly on
the north-facing side. In addition to several deciduous
ferns, many evergreen species, particularly Dryopteris
and Polystichum species, occupy humus-rich shady floors
of north-facing slopes of the forests where the climate is
strikingly seasonal with moderate summers and cold
winters. The range of humidity varies from 18.4% during
winter months to 95.97% during the summer rainy season. Rainfall levels are high in this area: the amount of
precipitation varies from 5.05 mm in December to
382 mm in July and winter precipitation is often in the
form of snow. Fluctuations in the annual range of
temperature are also striking: while the mean minimum
and maximum temperature recorded in February was 1°C
and 5°C respectively, the fluctuation in July was between
12°C and 19°C.
Chemical analysis of the humus-rich dark soil reveals
that it is rich in N, K, Na and organic carbon and is
generally acidic (pH 5.68) in nature.
We made monthly observations on the emergence of
leaf-primordia from the rhizome apex, formation of
croziers, maturation of the leaf and dessication and death
of older leaves. We grouped the plants into two sizeclasses based on leaf count: category I = 1–5 leaves; category II = 6–10 leaves. This is mainly because in younger
plants the basket comprises only up to five expanded
leaves, whereas in relatively older plants up to 10 leaves
are present. Sixteen plants in each category were selected
in a limited area of the forest. Each selected plant was
tagged to differentiate it from the others. The study was
spread over a two-year period from May 1999 to April
2001 and the results given below are the averages from
the two years.
D. wallichiana is a rosette fern with an erect compact,
perennial rhizome which in a full grown plant may attain
a height of about 10 cm. The leaves arise in a spiral and
are 75 to 80 cm long and 30 cm wide and form a basket
on the rhizome. The number of leaves on a rhizome may
vary from 1 to 10 depending on the age of the plant. A
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full grown leaf bears 30 to 35 pair of lateral pinnae.
Whereas many leaves on selected plants were green and
semi-erect, some were at the primordial stage and some
others (particularly those of outer spiral of leaves that had
matured the previous year) were flat on the ground but
still attached to the plant. Some dormant leaf primordia
of the previous year were present on the rhizome apex
and the new leaf primordia usually emerge from April
onwards and are dome shaped and covered with thick
scales. The average number of leaf primordia including
those of the previous year and those newly appeared during April in category I was 2 in May, 2.5 in June, 3.5 in
July and 5 in August, but in category II the average number of leaf primordia on the rhizome apex was relatively
higher: 3 in May to 6.5 in August.
Emergence of primordia and increase in length of leaf
in both categories is strikingly variable: the average
height of dormant primordia formed late in the previous
growing season was 3 cm at the beginning of the growing
season in May in category I. These grew to about 67 cm
in June (the maximum length attained was 70.5 cm in
July). Other primordia initiated during the previous growing season that remained dormant measured about 2.5 cm
and started growth in June. These grew to 40.5 cm in July
and reached 63.5 cm in August (the maximum length
attained was 64.5 cm in September). About 30% of the
primordia that emerged in the current growing season
started growth in July and 17% in August; these grew
faster for approximately the next one month. Primordia
which started growth in July were longer (up to 50 cm)
than those which started growth in August (up to 35 cm)
(Figure 1). Some primordia of variable height persisted
on the rhizome apex and remained dormant throughout
the winter.
Dormant primordia initiated in the previous growing
season on the rhizome apex in category II were relatively
longer (3.0 to 3.5 cm) than those of category I. These
were released from dormancy in May and 50% of them

Figure 1.
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Average monthly elongation of leaf (size-class I).

became active and started growth; on expansion they
grew to about 79.5 cm in August. The remaining 50%
started growth in June and grew to about 70 m in September (Figure 2). Of some additional primordia initiated
in the current growing season, 50% started growth by
August, but the expanded leaves developed from these
primordia were smaller than leaves that expanded early in
the growing season (Figure 2). The remaining 50% of
primordia initiated in the current growing season became
dormant and become the leaves of the next growing season.
In category I, only 22.8% of leaves formed in early
summer (May, June) were fertile but a total of 85.4% of
the leaves present at the end of the growing season were
vegetative, i.e. 36.3% formed late in the summer
remained vegetative. More precisely, all leaves in plants
bearing up to three leaves were vegetative, whereas in
plants with 4–5 leaves only one leaf in each plant was
fertile. In category II, all leaves produced and expanded
in early summer (May, June) were fertile (100% fertile)
but leaves formed later (July, August) remained vegetative. At the end of the growing season only 20% of leaves
were fertile whereas the remaining 80% were nonsoriferous.
Only those leaves which were formed during early
summer were fertile, i.e. producing sporangia on the
under-surface of the pinnae. Sori are usually absent in
the lower third of the leaf and are formed along with the
growth of the mid and upper pinnae. Leaves formed late
in summer or during autumn often remain vegetative.
There is no striking difference in the growth-period and
rate of elongation of vegetative and fertile leaves.
Lateral pinnae in fern leaves are produced in acropetal
succession and simultaneously with the apical growth of
the leaf. A fully curled up crozier is not formed in D.
wallichiana but the growing leaf apex always remains
free and downwardly directed until 10 to 15 pairs of
lateral pinnae are formed when it straightens out in line

Figure 2.

Average monthly elongation of leaf (size-class II).
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with the rest of the leaf. At the primordial stage, lateral
pinnae are not discernible. The first pair of pinnae
appeared when the leaf grew to about 5 cm in length in
both the categories. The number of pairs of lateral pinnae
depends on the length of the growing leaf in both categories (Figures 3 and 4). Similarly the expansion of lateral
pinnae also depends on the growth and length of the leaf.
However the leaves which arise late in the growing
season (July–August) were smaller than those which were
formed in earlier months and the number of pairs of lateral pinnae in leaves formed later was also lower than in
those which were formed earlier (Figures 3 and 4).
The average number of lateral pairs of pinnae in leaves
which began to grow in May in category I was 0.5 as
against 1.0 in leaves which started growth in August. As
many as 27 pairs of lateral pinnae were formed by July in
the former case whereas the highest number of lateral
pair of pinnae in the later case was 17 in October (Figure
3). The average number of lateral pairs of pinnae per leaf
was 1.0 in May in category II but the average number of
pinnae for leaves which started growth in August was
only 0.8. In the leaves of this category, which matured by
August, an average of 31.7 pairs of lateral pinnae were
formed in the former case (category I) but only 28.5 pairs

Figure 3.

Figure 4.

of lateral pinnae were present in category II (Figure 4).
There is no further increase in length of leaf and obviously
no more lateral pairs of pinnae are added after October in
either case.
The life-span of leaves from when the leaf begins to
expand, which is generally in May, through to August in
this fern, until they collapse and become dry was noted.
As expected, the dormant primordia of last growing season start expanding first (in May) and grow faster during
next two months in both categories until the final length
is attained. Other primordial start growth successively
until August and grow to full length in following months.
The maximum number of fully expanded green leaves
was present between September and November (Figure
5), but then the older green leaves (which were formed
during the previous growing season more than a year earlier) collapse (Figure 6). This process continues until April
the next year. The green collapsed leaves become dry but
still remain attached to the rhizome. Thus the average
life-span of leaves in this fern is about 20 months.
Species diversity has a significant role in the ecosystem dynamics of the subtropical and temperate Himalayas, and to understand the plant ecology of the region,
it is important to know the longevity of the floristic

Average number of pinnae per leaf per plant (size-class I).

Figure 5. Average number of expanded leaves in two sizeclasses (blank, short bars represent category I; dark long bars represent
category II).

Average number of pinnae per leaf per plant (size-class II).

Figure 6. Average number of green collapsed leaves in two sizeclasses (blank, short bars represent category I; dark long bars represent
category II).
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components and their rate of replacement. Though rare in
occurrence, Cyathea spinulosa Wall. ex Hook., a tree
fern, has been studied as an interesting example of a
woody component of the forest ecosystem of the eastern
part of the west Himalayas17, but the role of herbaceous
ferns has not been so well studied. Quite a large number
of ferns found in the herbaceous vegetation of the temperate forests of the Indo-Himalayas are deciduous. In deciduous ferns, the mature leaves wither or abscise at the
onset of winter, and their role becomes limited to formation of litter and humus. On the other hand, a good number of leaves remain attached to the rhizome during
winter in other ferns including D. wallichiana; these species are categorized as winter-green ferns18 in contrast to
evergreen ferns in which the leaves are produced round
the year9. Ferns of these two categories can withstand the
extreme temperatures of winters and continue to take an
active role in winter metabolism and ecosystem function
through photosynthesis. The one-year old, but still green
leaves of D. intermedia subsp. intermedia in North America are known to contribute 29% of overall carbon gain in
deciduous forest, but substantially more, 63%, in boreal
forest19.
The emergence and expansion of leaves in D. wallichiana are highly seasonal: new leaf-buds are initiated
only during a certain period of the year in both sizeclasses. Sigmoid leaf growth is known in ferns such as
Osmunda cinnamomea L.20 in North America and Lygodium japonicum (Thunb.) Sw.21 in the Indo-Himalayas
and is also observed in the present species, in which the
leaf-apex grows acropetally and the lateral pinnae are initiated. This is in contrast to the growth of compound
leaves of some seed-plants in which the leaves often arise
basipetally22,23. The present study reveals that initiation,
proliferation of leaf primordia and expansion of the leaf
is influenced by seasonal climate; leaves initiated in early
summer grow at a faster rate and are relatively larger in
size than those which are initiated in later months. The
number of lateral pairs of pinnae is also higher in leaves
formed first in the growing season. Leaf primordia
formed in later months may remain dormant until the next
growing season. Dormancy of various parts of fern
sporophytes has been considered an important part of
phenology24.
Members of Polypodiaceae and Davalliaceae, which
are common epiphytes in the temperate forests of central
Himalayas nearly all have a short leaf life-span as the
leaves abscise in late autumn, being impossible to maintain on dry tree-trunks. But in D. wallichiana, inhabiting
damp forest-soils, the leaf life-span is spread over 20
months suggesting the ability of this fern to withstand the
winter cold. Winter-hardening of leaves in low temperature has been reported in the New Zealand populations of
the introduced European species, Dryopteris filix-mas25.
Retention of leaves during winter, either as green collapsed or as dry collapsed leaves, is of great advantage
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for ferns. All the sporangia present on the under-side of
the leaves do not dehisce at one time, but those present
on the distal pinnae remain intact and dehisce on further
drying of the dry collapsed lamina. Prolonged and gradual dispersal of spores provides additional opportunity
for spore-germination and spread of populations. Retention of spores within sporangia of the leaves of previous
year throughout winter in ferns of central Iowa, USA, has
been reported by Farrar26; release of some spores from
these sporangia during winter is also indicated. Although
not investigated in the present study, the senescent, dry
collapsed leaves of D. wallichiana are marcescent later,
still bearing intact sporangia on their under side27. In
addition to this advantage, these leaves add to the forest
litter and humus. The role of marcescent leaves of Dicranopteris linearis (Burm.f.) Underw. in Hawai’i: in soil
dynamics has been studied in detail by Russell and
Vitousek28.
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