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Abstract. The morphology of forest herbs was
examined to determine how variation in growth
form could relate to growth and survival in the
forest. The four common herb species in both
oak and chirpine forests were totally excavated
in old growth forest in the Kumaun Himalaya.
Both aboveground and belowground parts were
measured oven dried and weighed. The different
growth forms allow there species flexibility in
exploiting the forest environment. The four
species were different in rate of extension,
growth and rooting depth in both forests. A.
vulgaris, G. gossypina, A. concinnum and O.
contiguum have difference in above and below
ground growth within the species pairs and
these differences in above and belowground
growths often greatly effects the plant habitat,
tolerances and competitive ability. The difference
in growth form among the species help to
explain their ability to survive and coexist in
the heterogeneous forest floor environment and
may be causal in determining distribution patterns..
Key-words: forest, herbs, belowground, mofphology,
growth form

Introduction

The morphological differences in underground
structures between the species examined are
consistent with their distributional differences.
Plants require few basic rescurces such as water
and nutrients, which affect distiribution and
abundance of plants. Root structure is critical
to the extraction of these resources and can
determine environmental tolerances and out
come of species interactions (Antos 1988). The
nature of underground structure controls veg-
etative expansion and reproduction of species as
well as their nutrients and water uptake (Weaver,
1919; Holch et. al. 1941). For a species to survive
in a habitat variety of plant characteristics must
be appropriate but of more interest than char-
acteristics that allow a species to grow in a
habitat are those that constrain it from growing
elsewhere (Harper 1982). Underground morphol-
ogy is relevant with some exceptions (Bell 1974,
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Hutching and Benkham 1976; Shireffs and Bell
1984, Pitelka et. al 1988). The underground
morphology of the Central Himalayan herbaceous
plant forest has received inadequate attention.
We examined morphology of four common herbs
occurring both in oak and pine forests with
emphasis on underground structures. Our spe-
cific objectives were(i) To document the differ-
ences in morphology of the species and changes
that occur in them due to variations in site (ii)
To evaluate the possible significance of various
morphological features in relation to the growth
and survival of the species in the forests.

Materials and Methods:

The four common herb species of the two forest
sites studied (oak and pine forest) were Artemisia
vulgaris Sensu Hook F., Gerbera gossypina
(Royle) Raisada and Saxsena, Arisaema concinnum
Schoot and Onychium contiguum Wall. Oxhop.

The oak forest (Quercus leucotrichophora A.
Camus) is located at 29°23' N lat. and 79°29'E
long and chirpine forest (Pinus roxburghii Sarg.)
at 29°22' N lat. and 79°26' E long. Both the
site have south facing slopes. There are three
well defined seasons in a year i.e. summer (April
to mid-June), raihy {mid-June to September) and
winter (November to February). May to June are
the hottest months (27.4°C and 26.0°C mean
temperature) and December and January are the
coldest months (6.0° C and 3.5°C mean tem-
perature). The annual rainfall is 2366 mm of
which about 7%% falls from mid-June to mid-
September.

Oak and chir-pine forest have ‘80 and 60%
crown density, respectively (Tewari and Singh
1982). Fire is quite frequent in chir-pine forest
while it is rare in oak forest (Singh and Singh
1984). Shrub layer are common in oak forest but
rare in chir-pine forest, largely due to frequent
burning in Pine forest. So grasses formed a sizeable
part of ground vegetation in chir-pine forest. The
soil in oak and chir-pine forests of this region is
residual brown earth derived from lime stones,
quartzite, - shales and sandy loam. The water
holding capacity and pH of soil at 0-10 cm depth
was relatively higher at oak forest site (66.3% and
6.30, respectively) than chir-pine forest (49.6% and
6.1, respectively) and the total nitrogen concen-
tration was also relatively higher at oak forest (5.1%)
than chir-pine forest (2.4%) (Table 1a).

The growth form and period of leaf development

~ for four species . are given in (Table 1b).
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At each site five plants of each herb species
were harvested in first week of October when
plants had attained maximum biomass and were
at reproduction stages. The plants were carefully
excavated by hand and also by using some small
digging implements. The below ground system
was separatéd into rhizome/tuber/corm/taproot/
stolon and secondary roots. The above ground parts
were also separated into different components
(stem, leaves, inflorescence, flower and fruit, etc.).
The number, and diameter (by using screwgauge)
of main rcot, secondary root, stolon and stem
length of four herb species at sites were measured.
The leaf, flowers and fruits number were also
recorded. The samples of all plant parts were dried
separately in oven at 80°C till constant weight
and weigh.

Results

Four herb species occurring at both pine and oak
forests were compared for various morphological
differences in different above and below ground parts.

Artemisia vulgaris an evergreen, erect form
(Givnish 1987) with taproot system, occurred in
forest gaps where stony rocks with thin soil were
present. Plants were generally multistoryed in oak
forest and had stolons which were generally not
found in the pine forest’s plants. The number
of secondary roots {(which were not dimorphic in
nature) were more in plants growing in pine forest
(21.6 number/plant}) than in oak forest (14.2
number/plant).. In pine forest roots also grew
deeper. Leaves were comparatively fewer but
larger in the oak forest plants. The total leaf area
per plant was greater in chir pine forest, but values
for many characters viz. specific leaf mass, canopy
height, main root diameter and length were greater
in oak forest. The species of oak forest had greater
root:shoot ratio, leaf weight: below ground and leaf
weight: total biomass than chir-pine forest plants.
The percent allocation in stem and leaves of oak
forest plants was also greater than in chir-pine forest
plants, whereas, ratio between leaf weight; above
ground biomass and percent allocation in main root
and secondary roots were higher in chir-pine forest
plants (Table 2a, Fig. 1).

Several aboveground parameters were signifi-

cantly correlated with below ground biomass in
oak forest plants (Table 2 b). In chir pine forest
above ground parameters viz. plant height, aerial
stem weight, leaf number and flower weight were
significantly correlated with below around biomass.
However, leaf weight and aerial stem diameter
of plants were not significantly correlated.
Gerbera gossypina is a basal form (Givnish
1987) with radical leaves. The underground parts
were tuberous. The upper surface of leaves was
glaborus while lower surface was white tomentose
and lobed. Leaf margins are minutely toothed.
It ‘grows commonlty on shady places but occa-
sionally occurs on dry slopes. The better growth
was observed in oak forests. In this plant stem
is pseudo-stem (leaf petioles give the appearance
of stem by the overlapping of peticle bases).. The
below ground system consists of a single tuber

running horizontally to the ground surface.
However, secondary roots grew deep in soil up
to 154 cm. in oak forest and 24.40 cm. in
chirpine -forest. All the components of plants in
the oak forest showed more growth except
secondary roots, which showed more growth in
the pine forest. The ratio between leaf
weight:below ground biomass, and leaf
weight:total biomass, were higher in oak forest
than pine forest. However, the root: shoot ratio
of the plants was greater in chir pine forest than
in oak forest. The total plant biomass was higher
in oak forest (Table 2a, Fig. 1).

Positive significant correlation were observed
between belowground biomass and different above
ground parameters of plants in oak forest (Table 2b).

Arisaemra concinnum: This herb species
generally occurred in deeper shade and avoided
open-crown sites (scil and free of stones). The
plants deployed leaves from July to November
thereafter stem died off. It had characteristically
light cream coloured ball like below around
structure called tuber from which unbranched
stem with crown of leaves emerged. The plants
of pine forest had comparatively higher canopy
height than oak forest plants. Other parameters
such as number of leaves, total leaf area, specific
leaf mass, corm diameter and corm length, root
depth and total biomass were greater in oak
forest (Table 2a). The different plant component
ratios in chir-pine forest were also higher (Table
2a, Fig. 1). Many positively significant correla-
tions were observed between below ground and other
parameters of above ground components in oak forest
plants. The cormrelation between below ground biomass
and leaf number (in both forests) and aerial shoot of
pine forest plant were not significant (Table 2b).

Onychium contiguum: This species is
rhizomatous fern. The stipes were stamineous
but base invariably black and lamina was more
pinnate in both the forests. This is one of the
commonest terrestrial fern around Nainital. It
grows near forest margins on soil which is rich
in forest floor organic matter and grows never
in open canopy area. This plant had tube like
below ground structure which runs horizontal
and from which numerous secondary r00ts
emerged. The secondary roots were dimorphic
in nature. The growth of above ground com-
ponents of this species was greater in oak forest
as compared to the pine forest (Table 2a, Fig. 1)
The below ground component of this species
in oak forest also showed higher growth than
in chir-pine forest. The secondary roct diameter
had similar growth in both the forests (Table
2a). The total biomass and different ratios were
also greater in oak forest than in pine forest.
The plant height, aerial shoot weight, teaf
weight, and sporophylls of plants in both forests
showed positive correlation with below ground
biomass (Table 2b).

Discussion

Comparison of the growth performance of herbs
in the two study sites indicate that the growth
of herb species was influenced by micro-
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Parameters Soil depth Q.leucotrichophora P. roxburghii
{cm)
Fine soil 0-10 48.8+2 45 36.9+2.55
10-20 41.1+2.39 33.0£2.30
20-30 38.6+3.41 29.6=3.41
Bulk  density 0-10 0.62+0.03 0.83+0.026
10-20 0.79+0.04 0.94+0.023
20-30 0.86+0.03 1.05+0.028
Water holding 0-10 66.3+£3.72 49.5+5 05
capacity % 10-20 57.0+4.04 43.3+3.92
20.30 54.0+2.88 38.9+3.12
pH 0-10 6.3+0.008 6.3£0.011
10-20 6.0+0.000 6.1+0.011
20.30 6.0+0.00 5.9+0.00
Carbon mg/g 0-10 44.1+0.63 36.3+0.11
10-20 24.7+0.40 14.3+0.17
20-30 30.4+0.20 13.7+0.43
Organic matters 0-10 76.0+1.09 62.520.20
mg/g 10-20 42.3+0.69 24.6+0.28
20-30 35.0+0.39 23.6+0.72
Nitrogen 0-10 5.1+0.23 2.4+0.17
concentration 10-20 2.8+0.06 1.4+0.23
mg/g 20-30 2.2:0.11 1.1+0.20
Calcium mg/g 0-10 3.4+0.098 1.4+0.17
10-20 2+0.28 1.0+0.11
20-30 1.67+0.23 0.77+0.04
Sodium/mg/g 0-10 0.40+0.20 0.15+0.028
10-20 0.19+.054 0.073%0.001
20-30 .88+.019 0.048+0.004
Potassium mg/g 0-10 1.28+0.115 0.71+.006
10-20 0.63+0.75 0.29+0.049
20-30 0.30+0.057 0.16x0.031
Available 0-10 0.15+0.028 0.08+0.011
Phosphorus mg/g 10-20 ~0.09+0.17 0.05+0.005
20-30 0.07+0.011 0.6320.005

Table 1a. Physical and chemical

properties of Q. leucotrichophora and

P. roxburhii forests soils

Species Growth Form

Seasonal Periodicity

Erect form.

Taproot plant

Basal form parts belowground
running horizontaly

to the ground surface
Unbranched stem rising
from a corm tuber
with a leaf crown
(Leaves in same place)
Fern, basal form.
rhizomatous plant

1.A.vulgaris

2.G.gossypina

3.A.concinnum

4.O.contiguum

Evergreen leaves, flowering

in September last week to October
Evergreen leaves. Flovering

absent during study

Rainy season green.

Flowering during study period

Rainy season green.
Flowering during study period.

Table 1b. Species, growth form and their periodicity

environmental factors and response to site vari-
ation varies from species to species. In Artemisia
of chir-pine forest leaf number was significantly
greater than in the oak forest, but no such
difference was displayed by the other species
except Gerbera. The leaf area of Artemisia
increased markedly in the pine forest and that

of the remaining three species declined. The rest

three species seemed to be shade-loving.

The specific leaf mass of all herb species was
in more shady environment of oak forest. In
Artemisia the stolon was present only in indi-

of growth

viduals of oak forest indicating greater tendency
for vegetative propagation. This is consistent with
the observation that the proportion of the
sophytes increases in more disturbed environ-
ment (Saxsena and Singh 1982). Fire, grazing and
rapid soil erosion make a pine forest environment
highly disturbed promoting the sophytic flora
(Saxsena and Singh 1982). The dimorphic root
system has been found only in Onychium. The
dimorphic root system gives the clonal fragments
considerable ability to integrate resource and
take advantage of improvements in microsite
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Parameters A. vulgaris G.gossypina A.concinnum O.contiguum
Qak Pine Qak Pine QOak Pine Oak Pine
Forest Forest Forest Forest Forest Forest Forest  Forest

1 2 3 4 "5 6 7 8 9

Number 1.60% 1.00 - - 1.00 1.00 2.00* 1.00

of aerial NS

stem/Plant

Number of 62.0** 115.40 18.40* 15.20 20.20 18.40 17.40 17.60

leaf/Plant NS

Total leaf area 900.86** 1838.86 2001.92** 1306.136 460.567 372.78 1257.32**  820.15

(cm? / plant) NS

Specific leaf mass 0.118** 0.004 0.009 0.009 0.1566 0.013 0.008* 0.005

{gm/cm?) NS NS

Plant height (cm) 138.00* 118.20 13.40 12.60 102.40 110.20 55.20* 46.40

NS NS

Main root diameter 1.08* 0.71 1.38 1.24 4.88 4.08 1.18 1.02

(cm) (Tap/tuber/ rhizomse) NS NS NS

Main root length 6.50%* 4.00 8.16* 13.98 4.40 3.46 11.60* 19.20

(cm) NS

Number of Sec. 14,20* 21.60 21.30** 36.40 3.80%* 15.40 175.00* 133.00

root/plant

Secondary root 0.17* 0.21 0.16 0.20 0.15 0.17 0.04 .05

diameter (cm) NS NS NS

Secondary root 15.20* 17.40 11.36% 18.66 4.50* 7.33 13.33* 8.00

length (cm)

Root depth (cm) 13.30* 22.00 15.14* 24.40 21.40* 13.60 16.60* 12.70

Stolen number 2 - - - - - - -

Stolen diameter 1.04 - - - - - - -

{cm)

Stolen length (cm) 4.40 - - - - - - -

Total  biomass 50.701 51.283 50.022**  47.865 215.28 60.77 57.214* 39.746

(gm/plant) NS NS

Leaf wt and 2412  27.735 100 100 4.827 19.04 46.08 39.11

aboveground biomass

ratio (%)

Leaf wt. and 64.915 31.42 62.72 37.19 10.856 13.811 30.50 19.18

belowground biomass

ratio (%)

Leaf wt and Total 18 15 38.547 27 4 8 18 10

biomass ratio (%)

Root and shoot ratio 0.29 0.88 1.59 2.69 0.44 1.38 1.51 2.76

Table 2a. Means of plant Characteristics for four herb species common in both oak and pine forests.
For each species at each site significant differences (T-test between species in pairs) are indicated

by asterisk (*=P<0.05,**<0.001 and NS =

condition (Antos 1988). According to Grime (1977)
the dimorphic rhizome system allows plants to
respond to both spatial and temporal variation
in the forest floor environment and make the
species stress tolerator. The minimal energy is
invested by the plant to the below ground
organs like Arisaema, where leaves constructed
crown at the top of aerial shoot to utilise the
maximum solar radiation and fine secondary roots
are few in number. For this type of plant Antos
(1988) gave explanation that these were all due
to integrate resowrce and take advantage of
improvements in microgite conditions. The
microsite of plant which receives the filter light
affects the growth of plants stolon system and
also influence the branching system of plant. The
microsite of plant slightly interfers the growth
form. The major growth form characteristics
remain more or less constant and can be used
to evaluate habitat and distribution differences
with in the species pairs {(Antos 1988). Although
the above ground characteristics of species, viz.
differences in phenology (Mahall and Boramann
1978), leaf height (Givinsh 1982), and leaf
physiology (Young and Smith 1979). often greatly
affects the plants habitat tolerances competitive,

non-significant)

the morphology of underground structures can also
have important ecological consequences.
Weaver (1919, 1958 a, b) demonstrated that vertical
root distribution of plant is an important variable
affecting water relations among grassland herbs.
Bierzychudek (1982) said that the character-
istics of underground organs may allow species
to exploit resources differently. These character-
istics of underground organs are still poorly
understood in the field of ecological implications.
So Weaver (1953) said that the detailed exami-
nation of the roots of grassland plants yielded
explanations of many species responses, similar
studies of forest plants would be illuminating.
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Fig. 1. Percent dry mass distribution in four pairs of forest herbs (a) Artimisia vulgans, (b) Gerbera gossypina,
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