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ABSTRACT

Eleven populations of Asterella multiflora were collected from an altitudinal range of 305-2515 m a.s.l in five districts of Jammu 
region (J&K, India) of which, seven were analysed statistically for studying the relationship between reproduction and various 
environmental factors by coefficient of correlation and regression using the SPSS software. Results obtained revealed that there 
was significant correlation between different environmental parameters and spore-elater ratio. There existed a significant +ve 
correlation (r=.727) between spore count and maximum temperature and significant –ve correlation between spore count and 
altitude (r=-.855) and minimum humidity (r=-.739). Furthermore, elater count was observed to have significant +ve correlation 
with spore count (r=.893) and –ve correlation with altitude (r=-.723). Similarly, spore-elater ratio showed significant –ve 
correlation with O.C (r=-.802), O.M (r=-.802), N (r=-.802) and elater count (r=-.753). In order to find the influence of each 
parameter, regression analysis was carried out and regression equations were framed. It was found that at altitude <1500m a.s.l, 
spore count was influenced by humidity and temperature whereas elater count was influenced by humidity only.

Keywords:  Asterella multiflora, correlation, hepatics, phenology, reproduction, regression, soil nutrients.

Bryophytes were amongst the first plants to establish on The mode of reproduction may differ with the change in 
land. In order to accomplish this, they acquired a number of habitat conditions. An important factor in temporary 
morphological (rhizoids, scales, dorsiventrally flattened environments is the chance that a suitable substrate will recur 
thallus), physiological (air chambers, chlorophyll pigments, at the same point compared to the chance of it being recreated 
internal differentiation of the thallus) and reproductive at another place. If the substrate tends to recur in the same 
(jacketed sex organs, flagellated sperms, embryo, sporophyte, place, it becomes easy for the species to reproduce. 
spores etc.) features. In spite of their successful establishment Conversely, if the substrate recurs elsewhere, the species must 
on terrestrial habitats, they still have an absolute dependence invest more in the transport mechanism. Thus, in habitats 
on water for fertilization. Studying their reproductive biology, subject to frequent disturbance, dispersal of progeny is 
therefore, assumes special significance. essential (Schuster 1988). Söderstrom (1994) was of the view 

Spores are the final products of sexual reproduction; that a critical role in this process is played by sexual 
represent the pioneers of the gametophytic generation which reproduction as the spores have more chance of long range 
on germination result in the formation of a new plant body dispersal along with the potential of genetic variation. While, 
(sporophytic generation). Elaters are tubular cells with helical the habitat may influence the mode of reproduction, the effect 
thickenings which often help in spore release. During the last of habitat conditions on quantitative characters of 
few decades, many hepatic taxa/populations have been reproduction is altogether a new finding. Present work is 
reported to suffer decline in spore output and spore-elater based on the studies conducted on the reproductive biology of 
ratios, which has ultimately led to the severe reduction in their eleven populations of Asterella multifora, author/s collected 
sexuality. Mishler (1988) therefore, suggested that sexuality is from five districts of Jammu province of J&K state. 
regressing in bryophytes with a concomitant increase in Collections were made from sites located over an altitudinal 
asexual reproduction, as later supported by During (2007). range of 305-2515m a.s.l.
Laaka-Lindberg (2000a) reported in Lophozia ventricosa var. 

MATERIALS AND METHODS 
silvicola, that the number of gemmae produced annually 
outnumber the spores. Miles and Longton (1990) opined the Study area— Jammu province is divided into ten districts, of 
common means of propagation- vegetative and sexual to differ which seven (Doda, Kishtwar, Poonch, Rajouri, Ramban, 
with respect to dispersal range. They considered spores to be Reasi and Udhampur) are totally hilly, two (Jammu and 
the main means of dispersal. According to Söderstrom and  Samba) are totally plain and one (Kathua) is partly hilly and 
During (2005), species which lack asexual reproduction also partly plain. Different districts along with sites of collection 
switched to the formation of more number of spores. This was and their habitats have been tabulated in Table 1. 
important for many annual species whose life cycle was too Phenological studies— Collections were made periodically 
short to accomplish the production of both sexual and asexual from different areas between March, 2010 and December, 
propagules. 2013. Data on relative humidity and temperature was recorded 
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during each visit. Each selected population was allotted an the antheridia were in young condition. Archegonia remained 
accession number and some thalli were brought to the in young stage till October when they started becoming 
laboratory for studying the different stages of reproduction. receptive for antherozoids. Fertilization occurred during 
With the help of compound microscope, gametangial October to mid November. Mature sporophytes with spores 
phenophases (both male and female) were studied. and elaters were collected from January and remained in the 

For determining the spore elater output, crushed a single field till March (Figs. 5, 6). Depending on the arrival of 
capsule on a glass slide with the help of a needle and mounted monsoon season and average monthly temperature of the 
in a drop of glycerine. For counting spores and elaters, earlier months the reproductive cycle may shift one or two 
coverslip divided into 4 quadrates was placed over the slide months later or earlier. Various phenological events are shown 
and counted the number of spores and elaters in each quadrate. in Figs. 7-12. 
Total spore/elater output was calculated by adding the number Spore elater characteristics— Spore length 49.8-68.06 µm; 
of spores and elaters recorded for all quadrates. Repeated the spores light brown when young and blackish brown at 
same procedure for at least five capsules and took out the maturity; globular, reticulate, exine undulating; elaters 
mean. Spore elater ratio was determined by using the formula: yellowish brown at maturity, elongated rod like, bihelical 

(Figs. 11, 12).  Spore output 1,178-4,997; elater output 654-
2,901 per capsule; spore-elater ratio varied from 1.3-2.7:1 

Same method was applied to the herbarium capsules for (Table 2). Data regarding the spore-elater ratios and different 
determining the spore/elater ratio but they were stretched 

habitat conditions including the soil parameters are given in 
overnight in a petriplate containing water. 

Tables 2 and 3. 
For soil analysis, soil from the substratum was removed 

It was interesting to note that though sporophyte 
and dried. N, P, K and organic C % of the soil was determined 

formation took place in all the populations, there was quite 
by Kjeldahl method (Bremner 1960), Ascorbic acid method 

large variation in spore-elater output and ratios. Due to lack of 
(Watanbe and Olsen 1965), Ammonium acetate method 

resources, soil analysis was carried out only in seven 
(Hanway and Heidel 1952) and Walkley and Black's rapid 

populations so as to find out if any correlation exists between 
titration method (1934) respectively. For determining the 

these parameters and spore-elater ratios (Table 3).
micronutrients, soil samples were extracted with DTPA-TEA 

Statistical analysis— In order to find the correlation between 
buffer (0.005M + 0.01MCacl +0.1M TEA) (Lindsay and 2

spore output, elater output and spore-elater ratios and various Norwell 1978) and concentration of micronutrients (Fe, Zn, 
parameters (altitude, relative humidity, temperature, macro- Cu, Mn) in the DTPA extracts was determined using an 
and micronutrients in the soil) a bivariate coefficient of Atomic Absorption Spectrophotometer. pH analysis of the soil 
correlation (Table 4) was determined and it was observed that samples was carried out by mixing the dried soil samples and 
there existed a significant +ve correlation (r=.727) between distilled water in the ratio of 2:1. After half an hour, soil 
spore count and maximum temperature and significant –ve solutions were filtered in another beaker and pH was recorded 
correlation between spore count and altitude (r=-.855) and using pen type pH meter (Hanna make). Temperature was 
minimum humidity (r=-.739). Furthermore, elater count was recorded using thermometer and altitude by altimeter at the 
observed to have significant +ve correlation with spore count collection site itself.
(r=.893) and –ve correlation with altitude (r=-.723). Similarly, The effect of different parameters on sexual reproduction 
spore elater ratio showed significant –ve correlation with O.C was statistically analyzed by applying coefficient of 
(r=-.802), O.M (r=-.802), N (r=-.802) and elater count (r=-correlation and regression using the SPSS statistical software. 
.753; Table 4). In order to find the influence of each parameter, In regression analysis, only those equations were considered 

2 regression analysis was carried out and regression equations as significant in which coefficient of determination (R ) was 
were framed. It is clear from Figs. I-III that at altitude <1500m greater than 60%. 
a.s.l., spore count was influenced by humidity and 

RESULTS AND DISCUSSION
temperature whereas elater count was influenced by humidity 

Phenology— Young thalli appeared in the field during early only. Temperature did not seem to help in determining the 
2August when light green, small innovations emerged from the elater count as R value in this case is less than 60% (Fig. IV). 

dried thalli (Figs. 1, 2) and these innovations by means of Regression equations were also framed to predict the 
repeated branching formed dark green dense patches and the value of spore, elater output and spore-elater ratio (dependent 
same bore reproductive structures during favorable variables) by using the known variables (altitude, 
conditions. The period for the formation of male plants (Figs. temperature, humidity, macro-micronutrients) at altitude less 
3, 4) in A. multiflora is from August to November and may than 1500m a.s.l. in any region of Jammu province (Equation 
extend further up to February if the monsoon arrives later. 1). Thus, variability in spore-elater output and spore-elater 
Female receptacles also started forming during August when ratios is attributed to different climatic parameters. 
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Figs. 1-6. Various modes of reproduction in Asterella multiflora. 1 & 2. Thalli showing vegetative modes of propagation by death and decay (Fig. 1) 
and innovations (Fig. 2; arrows), 3. A monoecious thallus, note sessile male receptacles (Y) at thallus apex and stalked female receptacles (M) 
arising from small ventral shoots. 4. Thalli showing the presence of 1 or 2 male and female receptacles. 5. A patch of thalli showing small, sub sessile 
female receptacles. 6. Thalli bearing lobed, long stalked female receptacles with drooping perianth showing variation in number per thallus.
Figs 7-12. Various phenological events in A. multiflora. 7. V.S. passing through male receptacles with young antheridia. 8 & 9. V.S. passing through 
lobes of female receptacles showing archegonia at post fertilization stages. Note complete degeneration of neck in Fig. 9. 10. A section passing 
through mature sporophyte showing capsule with spores and elaters. 12. W.M. of spores and elaters. Note the spore with undulating exine and 
bispiralled elater in Fig. 12.

Spore-elater ratio in relation to environmental parameters in Asterella multiflora
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Table 1. Ecological data collected for Asterella multiflora.

S.No. District/Site  Acc. no. Habitat Altitude (m) pH
of collection

1. Jammu
Harkipoudi MB 64 Non-epilitic ons oil; under fully shady conditions 340 7.8
Jagti MB 70 Epilithic, on cemented wall; under fully shady conditions 340 7.9
Nagbani MB 22 Epilithic, on cemented wall; under fully shady conditions along 305 8.7

the bank of canal
Nagrota MB 24 Epilithic, on rock surface; partially exposed to sunlight 345 7.8
Nandini MB 26 Non epilithic, on moist soil; under fully shady conditions 625 7.8
(wild life sanctuary)

2. Kathua DingaAmb MB 85 Non epilithic on soil; under fully shady conditions 670 8.2

3. Rajouri
Shahdra MB 76 Non epilithic; on soil; under fully shady conditions 1478 8.1
sharief

4. Reasi
Aghar baba jitto MB 78 Epilithic, on stone wall; under shady conditions 656 8.0

Pouni MB 03 Non epilithic, on soil;  under shady conditions 510 8.3

5. Udhampur
Patnitop MB 45 Epilithic, on stone wall;  partially exposed to sunlight 2060 8.1
Rehmbal MB 53 Epilithic, on stone wall;  under shady conditions. 625 7.9

Table 2. Effect of various ecological parameters on spore/ elater output and S/E ratio per capsule of A. multiflora.

Acc. no. Habitat Altitude (m) pH No. of spores/capsule (S) No.of elaters /capsule (E) S/E ratio
Mean±S.E Mean±S.E

MB 03 Non-epilitic ons oil u 510 8.3 1325-4372 689-2901 1.50-
3021.2±404.99 1671.2±305.75 2.49:1

MB 22 Epilithic, on cemented wall; under 305 8.7 1668-4312 855-2301 1.75-
fully shady conditions along the 2732.6±432.23 1426.8±244.97 2.34:1
bank of canal

MB 24 Epilithic, on rock surface; partially 345 7.8 1585-4997 752-2292 1.87-
exposed to sunlight 3285.6±444.34 1604±210.09 2.10:1

MB 26 Non epilithic, on moist soil; under 625 7.8 1586-4582 843-2091 1.3-
fully shady conditions 2881.4±430.97 1502.8±195.93 2.43:1

MB 45 Epilithic, on stone wall;  partially 2060 8.1 2584-4784 1203-2298 1.86-
exposed to sunlight 3908.8±356.13 1907±146.79 2.31:1

MB 53 Epilithic, on stone wall;  under 625 7.9 1463-4138 702-1802 1.64-
shady conditions. 2672.6±452.28 1362.4±255.62 2.34:1

MB 64 Non epilithic; on soil; under fully 340 7.8 2635-4293 1365-2410 1.36-
shady conditions 3386.2±241.42 1864±173.34 2.47:1

MB 70 Epilithic, on cemented wall; under 340 7.9 1920-4132 790-1987 1.71-
fully shady conditions 3157.4±301.84 1498.2±164.28 2.45:1

MB 76 Non epilithic; on soil; under fully 1478 8.1 1178-3684 610-1563 1.85-
shady conditions 2426.6±392.62 1073.4±151.73 2.53:1

MB 78 Epilithic, on stone wall; under shady 656 8.0 1210-3876 590-1921 2.0-
conditions 2483.2±430.30 1120.2±189.15 2.7:1

MB 85 Non epilithic on soil; under fully 670 8.2 1536-4086 654-2058 1.80-
shady conditions 2935.2±361.23 1397.8±209.95 2.36:1

nder shady conditions

Table 3. Effect of various parameters on sexuality of A. multiflora.

S. No. Altitude pH Macronutrients (ppm)         Micronutrients (ppm) ♀ S/E Ratio

(m) O.C P O.M N K Cu Zn Fe Mn

MB 03 510 8.3 6123 28.67 10531.56 526.57 192.2 4.21 2.98 3.72 2.95 + + 1.50-2.49:1
MB 22 305 8.7 5310 28.28 9133.2 456.66 104 1.63 13.07 21.62 14.5 + + 1.75-2.34:1
MB 24 345 7.8 10800 1.24 18576 928.8 77.82 3.21 2.13 3.13 1.92 + + 1.87-2.10:1
MB 26 625 7.8 14280 19.49 24561.6 1228.08 223 3.20 1.98 3.10 2.01 + + 1.3-2.43:1
MB 45 2060 8.1 19950 21.02 34313 1715.7 223 2.33 6.00 43.48 54.7 - + 1.86-2.31:1
MB 76 1478 8.1 22650 1.911 38958 1947.9 168 3.22 3.18 2.65 3.37 + + 1.85-2.53:1
MB 78 656 8.0 6120 29.43 10526.4 526.32 191 3.57 3.48 3.68 3.07 + + 2.0-2.7:1

♂
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Table 4. Coefficient of Correlation (r) of Asterella multiflora

Alti
-tude -dity -dity -dity
(m) (max) (min) (avg) (max) (min) (avg)

pH .384 

Temp -.681 -.731*
(max)

Temp -.320 -.037 .606 
(min)

Temp -.497 -.570 .927** .663 
(avg)

Humi -.400 -.452 .816* .759* .830*
-dity
(max)

Humi .602 .630 -.972** -.728* -.934** -.926**
-dity
(min)

Humi .715* .428 -.642 -.241 -.531 -.129 .480 
-dity
(avg)

O.C -.031 -.397 .589 .283 .714* .540 -.587 -.326 

P .455 .322 -.500 -.237 -.536 -.470 .501 .301 -.455 

O.M -.031 -.397 .589 .283 .714* .540 -.587 -.326 1.000** -.455 

N -.031 -.397 .589 .283 .714* .540 -.587 -.326 1.000** -.455 1.000**

K .531 .020 -.139 -.050 -.087 -.183 .156 .070 .173 .778* .173 .173 

Cu .341 -.222 -.071 .028 -.044 -.264 .132 -.115 -.142 .165 -.142 -.142 .293 

Zn -.135 .491 -.402 -.244 -.502 -.207 .350 .357 -.551 .397 -.551 -.551 -.111 -.708*

Fe -.208 .435 -.272 -.189 -.353 -.064 .213 .302 -.352 .245 -.352 -.352 -.167 -.855** .972**

Mn -.153 .471 -.351 -.223 -.441 -.148 .295 .338 -.459 .357 -.459 -.459 -.105 -.775* .994** .990**

S -.855** -.262 .727* .563 .603 .661 -.739* -.544 .310 -.635 .310 .310 -.565 -.503 .068 .213 .118 

E -.723* -.162 .549 .331 .382 .414 -.522 -.575 .371 -.463 .371 .371 -.360 -.582 .151 .304 .212 .893**

S/E .315 .323 -.519 -.101 -.485 -.468 .503 .335 -.802* .495 -.802* -.802* .100 .583 .089 -.132 -.010 -.588 -.753*
ratio

pH Temp Temp Temp Humi Humi Humi O.C P O.M N K Cu Zn Fe Mn S E

Spore-elater ratio in relation to environmental parameters in Asterella multiflora

Fig. I. Spore count of Asterella multiflora as influenced by average 
humidity (%) at lower altitude.

Fig. II. Elater count of Asterella multiflora as influenced by average 
humidity (%) at lower altitude.

Fig. IV. Elater count of Asterella multiflora as influenced by average 
temperature at lower altitude.

Fig. III. Spore count of Asterella multiflora as influenced by average 
temperature at lower altitude.
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Equation 1- Relationship between spore / elater count of spore-elater ratios reported by Kumari (2009) in the Asterella 
Asterella multiflora and other variables. multiflora were higher i.e. 2.4-3.0:1. 
If altitude < 1500m a.s.l. Spore elater ratios obtained in present samples were also 
• Spore count = -6389.896 - .286 × Alt + 1603.436 × Ph - compared with preserved specimens collected from 

44.260 × mH-2.806 × K -154.991 × Mn herbarium of NBRI, Lucknow (Accession no. 203595, 
• Elater count = -8957.745 - .231 × Alt + 1673.255 × Ph- Company garden Mussorie collected in 1980) so as to 

41.916 × mH - .710 × K -134.065 × Mn understand whether the taxon under the study has undergone 
• S:E= 8.743+.000 × Alt-1.196 × Ph+.050 × mH+.000 × any change in spore-elater ratios since its collection during 

K+.091 × Mn yesteryears. Comparison of ratios between the present and 
Where Alt=Altitude (m), Ph = pH, mH=Min. Humidity (%),  preserved samples revealed that the ratios have declined from 
K = Potassium (ppm), Mn = Manganese (ppm); 4:1 to 2:1. Thus by comparing the previous records with the 

present values, it can be inferred that despite successful sexual 
reproduction, spore output and thus spore-elater ratios have 

Perusal of available literature reveals that habitat also has declined.
role to play in sexual reproduction of bryophytes. While Although only some literature is available on effect of 
working on the two species of Marchantia (M. nepalensis and heavy metals such as Ca (Voth 1941), Pb (Briggs 1972) and Cu 
M. palmata), Arora and Langer (2011) recorded sporophyte (Coombes and Lepp 1974)  levels on gemma formation/ spore 
formation only in populations growing on non- epilithic germination in Marchantia, work done on the effect of 
habitats. The results obtained by Miles and Longton (1990) nutrients on bryophyte reproduction is extremely negligible 
were entirely in contrast to the latter observations as they (Une 1984). Statistical analysis of data obtained for Asterella 
recorded sporophyte formation only in those populations of multiflora revealed that soil nutrients do not affect the 
Pellia endivaefolia which were growing on non epilithic gametangial initiation. Spore-elater output/ratios were, 
surface. Not only habitat, but various microhabitat however, found to be influenced by different environmental 
characteristics have also been reported to affect sex expression parameters and nutrient conditions of the soil. Spore number 
in bryophytes. Bowker et al. (2000) while working on the decreased with the increase in altitude and minimum humidity 
dioecious moss Syntrichia caninervis found that male ramets and vice versa. Maximum temperature on the other hand, had 
and populations were restricted to shaded microhabitats, positive influence on spore output. Organic carbon, organic 
whereas female ones were found in both shaded and exposed matter and Nitrogen concentration of the soil had a significant 
microhabitats, suggesting gender specialization. Influence of negative effect on spore-elater ratios.
micro habitat specialization was demonstrated by Laaka-

CONCLUSION
Lindberg (2000b) in case of a foliose hepatic, Lophozia 
silvicola. She observed that the species produced gametangia Spores are the product of sexual reproduction and thus 
and fertile shoots more frequently in colonies on wood than on store house of genetic variation. Vegetative/asexual 
other substrate types. Present observations, however, don't reproduction, on the other hand, result in the formation of 
support this view as populations practising sexual clones. Lesser number of spores does not mean failure of 
reproduction were collected from epilithic as well as non sexual reproduction but the variation in spore-elater ratios and 
epilithic habitats (Table 2). their output is attributed to multiple factors like altitude, 

Spores which are the products of sexual reproduction are temperature, relative humidity and soil macro- and 
formed due to reduction division in sporocytes and the elaters micronutrients.
by elongation of elaterocytes. Since both, sporocytes and Decline in spore-elater ratios is accepted as long as the 
elaterocytes belong to the same generation; basic ratio between species is producing vegetative structures and habitat 
spores and elaters expected is 4:1. Schuster (1996) reported the disturbance is negligible. But in this rapid rate of urbanization 
spore elater ratio in various members of Marchantiales i.e and fast change in soil characters and environmental 
Reboulia, Mannia (and other Aytoniaceae), Targionia, conditions, further drop in spore output cannot be ignored. The 
Sauteria and Conocephalum ranging between 3:1-3.7:1. problem will be a severe one when lack of sexual reproduction 
Highest ratio among Marchantiales is reported for Marchantia coupled with habitat loss will result in the extinction of 
polymorpha (128:1).  Miyoshi (1966) calculated spore elater- species. Thus, it is need of the hour to control human 
ratio's of the three taxa (Reboulia, Mannia and Asterella) interference and protect the natural habitats of these small 
which came out to be 3.1:1, 2.9:1 and 3.8:1 respectively. Many Lilliputians. Regression equations framed by the authors will 
taxa exhibit much higher ratio 128:1 among the order. In all help to predict the values of spore-elater output and ratios in 
such taxa which exhibit ratios higher than 4:1, sporocytes different regions of Jammu province at altitude less than 
divide mitotically varying number of times before undergoing 1500m a.s.l. and by using these values, one can recognize the 
reduction division. During present studies, spore-elater ratio habitats which must be declared as protected so as to prevent 
was found to range between 1.3-2.7:1(Table 3). However, the extinction of these species from plant kingdom.

No. of spores/capsule
No. of elaters/capsule

S:E =
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