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Abstraer. The chlorophylls, carotenoids and their ratios were determined in 6 liverworts
and 4 mosses of Nainital, Kumaun Himalaya. The amount of chlorophylls and carotenoids
was higher in liverworts except for Stephensoniella brevipedunculata compared to mosses.
Liverworts studied occurred in shady habitats, whereas the mosses occurred in open
situations. The chlorophyll a/b ratios were less than 1"5. This is a response of bryophytes to
low light environments. The chlorophyll/carotenoid ratio did not show any remarkable
difference among liverworts and mosses, as the study was carried out during the rainy
season--the luxuriant growth period of bryophytes.
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I. lntroduction
Generally, the plants inhabiting at low solar irradiances have a greater chlorophyil
concentration and lower chlorophyll a/b ratio compared to the plants growing in
bright light (Boardman 1977). Thornber et al (1976) concluded that chlorophyll bis
found only in the light-harvesting chlorophyll protein complex; a relatively larger
amount of chlorophyll b, thus a lower chlorophyli a/b ratio is expected for plants
inhabiting low light habitats relative to those growing in exposed areas. Martin
(1980) and Martin and Churchill (1982) reported the effects of sun and shade on the
variation of chlorophyll concentration among the bryophytes. Several other workers
have investigated a positive correlation between chlorophyll a/b ratio and irradiance
(Brown et al 1975; Patterson et al 1977, 1978; Martin 1980). Carotenoids also assist
in light absorption.
Relatively few reports of chlorophyll a and b concentrations and chlorophyll a/b
ratio of bryophytes are known (Wolf 1955; Miyata and Hosokawa 1961; Rao et al
1979; Dager et al 1980; Martin 1980; Muller and Ruch 1981; Glime 1984; Penuelas
1984a). The luxuriant growth of bryophytes was observed during the rainy season
(from July to mid September); therefore, the present study was undertaken to assess
the chlorophyll a and b and the carotenoid concentrations in certain bryophytes, at
their maximum growth period growing in the Himalayan region.
2. Methods
Bryophytes were collected in August 1980 and 1981 respectively from various habitats
in Nainital (29~
lat, 79'~28'E long) at an altitude ranging from 1950-2200 m. The
liverworts and mosses collected were Marchantia pol)'morpha from moist stony walls,
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Conocephalum conicum from scree deposit of gravel and sandy soil, Dumortiera
hirsuta from shady, wet clayey soil, Stephensoniella brevipedunculata from dripping
calcareous rocks, Cryptomitrium himalayense ffom caverns, Pellia endiviaefolia from
aquatic shady habitats, Hymenostylium recurvirostrum from stone walls, Rhodobryum
roseum and Plagiomniurn cuspidatum from the forest-floor and Leucodon secundus
from the tree bark. Al1 the species were found growing in shadows cast by surrounding
plants and boulders except Hymenostyliurn recurvirostrum.
A sample of 0-4 g green parts of the plants (in triplicate) was cleaned and blotted
dry. Each sample was then divided into two halves, one of these was used for the
determination of dry weight, whereas the other hall was ground in a glass mortar
with 80% acetone. For the determination of dry weight, another half was oyen dried
at 80~ and weighed.
The extract was centrifuged at 3000 rpm for 5 min and supernatant liquid was
separated out for spectrophotometric analysis. Final volume of the extract was made
upzo 10 cc. The absorptions were made on a Beckmann's DK 2 spectrophotometer at
663 nm and 645 nm for chlorophylls a and b and at 480 nm and 510 nm for total
carotenoids (Arnon 1949). The equation given by Maclachlan and Zalik (1963) was
used for calculating the chlorophylls a and b concentrations, and from these the a : b
ratios. Total carotenoids were computed from the expression given by Duxbury and
Yentsch (1956). Total chlorophyll was calculated as the sum of chlorophyll a and b
components.
3.

Results and discussion

Mean total chlorophyll concentrations for the species examined ranged from 1.726.44 mg g - t dw (table 1). The greatest concentration occurred in D. hirsuta, whereas
the lowest was in H. recurvirostrum. It may perhaps be due to the fact that D. hirsuta
was growing under low solar irradiance (10 Klux) compared to H. recurvirostrum,
which was found in exposed habitats (70 Klux). This was in agreement with the
results of MartŸ and Churchill (1982). Mosses h a d a lower total chlorophyU concentration compared to liverworts except S. brevipedunculata (1.89 mg g- t dw).
Likewise, chlorophylls a and b concentrations varied significantly from one species
to another. It was maximum for D. hirsuta (chlorophyll a=3.35 mg g -~ dw;
chiorophyll b= 3"09 mg/g-~ dw) and minimum for H. recurvirostrum (chlorophyll
a = 0-96 mg/g- 1 dw: chlorophyll b = 0.76 mg/g- 1 dw).
The carotenoid concentration ranged from 0.87-2-44 mg g- ~ dw, the highest being
in D. hirsuta znd lowest in S. hrevipedunculata. AIthough the mean total chlorophyll
concentration of H. recurvirostrum was less than that of the liverworts, the carotenoid concentration was slightly higher (0-94 mg g- t dw). The value of total carotenoids for the 10 bryophytes was Iow relative to values reported for higher plants
(Paule 1977} indicating that these plants might be adapted to the environments of
Iow irradiance (MartŸ 1980; Valanne et al 1981; Martin and Churchill t982). The
results, therefore, suggested that generally bryophytes thriving in dark (low solar
irradiance) and shady habitats accumulated greater chlorophyU and carotenoid
concentrations. For example, D. hirsuta growing in shady habitats with low solar
irradiance (10 Klux) h a d a mean total chiorophyll concentration of 6.44 mg g- t dw
and mean total carotenoid of 2.44 mg g- ~ dw, while H. recurvirostrum growing in
exposed habitats with high solar irradiance (70 Klux) had mean total chlorophyll
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Table I. Concentration of different pigments (mg g-~dw) in bryophytes (mean+SE;
sample size = 3 in each case).

Species

Cryptomitrium himalayense
Kash.
Dumortiera hirsuta
(Reinw. BI. et Nees)
Pellia endiviaefolia
(Dicks.) Dum,
Conocephalum conicum
(L.) Necker
Leucodon secundus
(Harv.) Mitt.
Stephensoniella brevipedunculata Kash.
Marchantia polymorpha L,
Rhodobryum roseum
(Hedw.) Limpr.
Plaoiomnium cuspidatum
(Hedw.) Kop.
Hymenostylium recurvirostrum (Hedw.) Dix

Chlorophyll
a

Chlorophyll
b

Total
chlorophyll

Total
carotenoid

Solar
irradiance
(Klux)

3"33+0"24

2"58+0-22

5.91+0-47

1.814-0"15

8

3'354-0-07

3"094-0-13

6.44 4-0.18

2.444-0.24

10

3.164-0.09

2"724-0.08

5-884-0"13

1'974-0"10

10

2"864-0-32

2"394-0'37

5-254-0-69

2.15•

12

1.434-0.09

1"324-0"10

2.754-0-19

1"034-0"04

15

1"024-0"09
1.57+0.17

0"874-0-07
1"254-0"13

t-89+0-15
2.82+0-27

0-874-0-03
1'244-0-08

18
20

l'574-0"17

1"41 4-0.02

2-984-0-04

1-54 +0"37

50

1"674-0.06

1"384-0'01

3"054-0-06

1'484-0"17

60

0-964-0-05

0-76 4-0.01

1-72 4-0-05

0"944-0-04
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Figure 1. Pigment concentration in bryophytes. (a) Chlorophyll a/b ratio, (b) Chlorophyll
Carotenoid ratio. M, M. polymorpha; C, C. conicum; D, D. hirsuta; S, S. brevipedunculata; Cr,
C. himalayense; P, P. endivaefolia; H, H. recurvirostrum; R, R. roseum; Mn, P. cuspidatum; L,
L. secundus.

concentration of 1.72 mg g-1 dw and mean total carotenoid of 0.94 mg g - t dw.
Sanger (1971), in angiosperms has reported higher chlorophyll and carotenoid concentrations in plants growing under shade.
The chlorophyll a/b ratio varied between 2"0 and 4-0 for most of the vascular
plants (Chang and Troughton 1972; Alberte et al 1976). The chlorophyll a/b ratio in
the present bryophytes was less than 2"0 (figure la). The maximum mean value (1-3)
occurred in C. himalayense. Similar values for chlorophyll a/b ratio (1.1-1-2) were
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reported in 3 species of liverworts by Rao et al (1979). Kallio and Valanne (1975) and
Valanne (1977) also reported low values (1.3-2.4) for 4 moss species, grown under
various light conditions. Tieszen and Johnson (1968) in their observation on some
arctic tundra communities noted very low values for the chlorophyll a/b ratio in the
moss layer (0.99-1"89). The low ratios are likely to be a response of these-plants to a
low light intensity as also suggested by Martin (1980) for 11 mosses of North
Carolina and MartŸ and Churchill (1982) for 31 moss species.
The chlorophyll/carotenoid ratio varied between 1.82 and 3-28, the highest being
in C. himatayense and the lowest in H. recurvirostrum (figure lb).
In summary, it can be concluded that chlorophyll and carotenoid concentration
was greater in liverworts relative to mosses, irrespective of solar irradiance. Bryophytes thriving in habitats with bright light, in general, have a lower chlorophyll
concentration and higher chlorophyll a/b ratio compared to those occurring in
shaded habitats.
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