
B6T. SURV. INDIA 
To]. 4, Nos; 1:4 : pp. 141-146, 1962 

ECOLOGY AS AN AID TO FU)RISTIC% 
I : ADAPTATION AND ECOlYPES 

S. C. PANDEYA 
Dcfiartmenr of Botany, University School of ScimMs, AhnmhbacCS 

A B S T R A C T  

The p h  aiw to demonstrate the role of the biological environment in &ping plant 
npecis. G e t i d l y  and physiologially contr011ed demands and range of tolerance a d  their 
interactions produce a mosaic of populations. It is in these populations that 'd' and 'ecotypeaf 
art? distinguished.. 

The paper dvea aurtable examples of adaptations, emdr and ecotypes. 

This has opened a new line of work in taxonomic studies. Slight &T~'mces in rnarpholo&J 
or even physiological characters of otherwise similar species should not be taken to separate tke spdcks 
taxonomically. Only ecological experimentation will provide the final answer. 

INTRODUCTION 

The paper aims to tjemonstrate the role of the 
biological environment in shaping a plant species. 
Actually illdividual demands and range of tolerance 
and their interactions (as also interbreeding between 
genetical races) produce a mosaic of population, 
whether edaphic, zonal, altitudinal or regional. I t  
is in this context that ecological study is of signifid 
cance in many taxonomic problems. 

Environment and organisms, both a n i d s  and 
plants, is a diphase system. A s cies can be pictured 
as n crystal of' solute immerse IY m the solvent of its 
biological environment. If the solvent is suitable 
the species is dispersed homogenous1 and widely or 
otherwise precipitates and is L a r d e d .  The 
deinands of the solute are accordin to its genetic 
and hysiological characteristics. T R ~  environment Ri in w ch a species grows is not a simple physical 
system but ;I biological .complex. With this complex 
a species -is intimately connected ma kin^ an ''inter. 
related whole" (accoiding to the 'ecosyst& concept 
of Tanslev. I ~ C \  

- J ' -ZJJ/' 
Environment is galaxy of factors each with tem- 

poral and spatial aspects ; and a species grows in one 
or more media of soil, water and atmosphere. Tern- 
fmature is also of reat importance smce it regu- 
ates . metabolism. i s  pointed out by Misra and 

Puri (1954) photo-thermal requirements actually 
control the periodicity in plants, such as sequence of 
dW%tnCyY germination and sprouting of buds, leaf 
fall and flowering and fruiting, as also thermal 
zonation of plants. The role of temperature h 
abso ti0.n and translocation of water and minerals 'P is we 1 known. binfal l  directly controls the mois- 
ture requirements in plants. In monsoonic country 
like .ours the complete attern and periodicity kf 
lants is different from t R e temperate world. It  has 

%en shorn hg Went (1957) that the frequency of 
rains has a direct effect upm the gmth  of some 
p b  in contrast to its cneral effects d h-ty 

~ailrwates supply. &mevu. the p - e  ~b 

gain and loss of water in a terrain actually governs 
the distribution of e3 of vegetation. 

Soils including 3 - b i o t a  constitute the under- 
ground environment of a plant and ate responsible 
for the supply of moisture and mined nutrients. 

The biotic factors, which are independent vari- 
ables of the environment, not only disturb the! 
physical surroundidgs but also affect the plant life 
directly. 
, Actually the components of the environment act 
and interact in various wa s and degrees to produce 
a large variety of habitats ! or plant growth which is 
conditioned hy temporal variations in their elements 
during the oi~togenlc phases of the plants, Putting it 
in terms of Weaver and Clements (1938) a species 
under oes action,. reactions and coactions amongst 
the e f emente of the environment and amongst 
themselves to present the existing mosaic of 
popuIation. 

ADAPTATION 
Unlike a physical solute a species on its part also 

adapts itself to various degrees to be able to grow 
in the existing environmental complex. The adap- 
tation may be purely physiological or any morpholo- 
gical characteristics may change, or both, Dauben-I 
mire (1959) opines that such features may ensure a 
degree of success either by allowing the plant to: 
make especially full use of the amounts of nutrients, 
water, heat, or light available to it or by bestowing 
a significant amount of protection against soma 
adverse factors. 

The range of demands or range of tolerance may 
be narrow (with low ecological am 1itude):or broad 
(with high ecological amplitud$. Species with 
high ecological amplitude are adapted to greater 
fluctuations in the components of the environment, 
When genetically similar plants are grown in 
different habitats they show dierent features sf 
growth, and to a certain extent, the characteridat 
of an individual develop aewding to the padcularr 
habitat. Sometimes the: diikmces in: the adapted 



structures are so large that a casual observer may 
mistake them, to be two different species. Thus for 
example Marselia grows right from the water to thcr 
dry. margins of a pond. It shows broad leaflets with 
entire margins, long petioles and internodes whenl 
in water in contrast to highly serrated leaflets, short 
petioles and comparr internodes when growing on; 
dry margins (Pandcya, . I 952). 

Similarly, grasses Bothn'ocWoa pertma (Linn.) A. 
Camus and Dichmithium caricosum A. Carnus have 
been shown (Pandeya, 195651, 53) to have large 
variations in their morphological characters under 
different habitats. In both the cases variations have 
been noted in habit form, number of a lms,  
number of spikes per culms, number of spikelets 
per spike and total seed output. The variations 
which are found to be largely governed by intensity 
of grazing and soil moisture are 

(i) The species undcr protection show 'basket 
.form' habit, whereas in crvcr-grazed areas they 
acquire 'Saurcr sl)nlx-' ( t c ~ t  fig. I ) .  

Fig: 1, hlo~~tlilj  vat i;ttiwl\ i l l  1 1 1 ~  gro!\ t11 1111 n~ (I~ztbit), 
helght and covcr ol Uorlrriothlon pr!rrra (Linn. J A. Canlus 

and/or Dicanthiuni n~nukaium Stapf. undcr ( I )  modcratc 
grazing and (11) intense grazing. A & B are the 

rurface view of the spread of the grass. 

Pig. 2. Ptequency doccumme of the d m  morpbalogial 
chuacten of f f ~ w W p n a v m  (tinn.) A. Camur rr 

d.pted dnda the w o w  ecological codt iow-  
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(ii) Variations in the other morphological charac- 
ters of B. pertusa in relation to soil moisture and 
intensity of grazing are presented graphically in 
text fig. 2. 

The variations in the morphological characters of 
the plants ot L.icl~a~lthittm caricosunz are given in' 
table I (also see platc. I). 

Plate I .  Plants of Dicnnthitrm cnrico~itm A. Camus with one, 
two and threc spikes varies directly with the 

soil moisture. 

From the figures and the table the effects of graz- 
ing and drought upon the plants can be sum- 
.marized as : 

Morpholagjcnl features : The two specie8 show 
reduced site of erect stem ; reduction in the number 
of spikes per nceme; reduction in the number of 
spikelets per spike ; and reduction in the length and 
breadth of lower glume of spikelets. 

Physiolopcal : Development of red pigment% 
and initiation of early flowering. 

In the above two examples of environlhcntdly 
induced variations the fate of adaptation is ratheP 
paradoxical. The measurements of the morphols 
gical characters are less under drier situatia~s ae we11 

.as in moist. places, exhibiting the same type of 
variations under diverse habitats. 

The adaptations cited above are temporary features. 
.and are reversible. 

A number of culture experiment& were undertaken 
to confirm the variabilities of Dichmrrhium. cmi- 
cosum (See Pande a, 1953). PIants with stunted 

'grawth haoipg 'litt r' c foliage .and mostly with one 
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TABLE I 

MORPHOLOGICAL CHARACTERS O F  THE PLANTS OF DIGHA-INTHIUM CARICOSUM 
A. CAhlUS FROM DIFFERENT LOCALITIES OF SAGAR (M.P.) 

Locality 

Soil 
moisture Aver. Aver. No. Aver. Length Breadth 
in % of height of of spikes No. of of GI. i. of GI. i. 
dry wt. plants per spikelets of Sessile Sessile Colour of Remark 

on March, in cm, raceme per spike spikelets spikelets spikes 
1952 in mm. in mm. 

1 2 3 4 5 6 7 8 ------- 9 
--- 

1 Along water drains supplying water 2 34 3.5 1.7 
to crop fields in University Gardens 3 46 4.0 1 .8 
and farms 27.42 52.0 4 46 4.0 1.8 Greenish No grazing 

2 32 3.7 1.8 brown 
3 38 3.7 1.8 

- - -- -- 
2. Crop fields, University Gardens and 2 32 3.7 1.8 

farm 3 40 3.9 1.8 Purplish No 
9.64 75.0 3 30 3.6 1.7 green grazing 

2 34 3.6 1.7 
4 40 3.8 1.8 - 

3. Crop fields Makronia village 4 64 4.2 2.0 
3 48 4.0 2.0 Purplish Very mild 

8.30 75.0 2 36 3.8 1.8 green grazing 
1 28 3.7 1.7 

4. University Botanical Gardcns 
3 36 3.7 1.7 No grax- 

8.05 75.0 3 44 3.9 1.9 Purplish ing and no 

5. Lime-rich soil on open slope 1 18 3.4 1.6 
2 20 3.4 1.6 Severe 

2.55 20.0 2 22 3.4 1,6 Purple grazing 
1 18 3.5 1.7 

- - -- - 

6. Enclosure area in University Botanical 4 48 4.0 1 .8 
Gardens 4 50 4.0 1.8 NO graz- 

11.83 105.0 3 54 4.2 2.0 Greenish ing and no 
3 48 4.0 1.8 brown cutting 
3 48 3.9 1 .8 

7. Along high hedges in the University 4 60 4.2 2.0 
Botanical Gardens 4 60 4.2 2.0 Greenish Severe 

10.23 200.0 3 54 4.0 1.9 brown grazing 
3 54 4.0 2 .O 
3 52 4.0 2.0 

7 

8. University grounds (open plateau) 1 30 3.5 1.7 
2 36 1.8 Severe 

3.79 24.0 1 4+ 3.7 3'7 1.8 Purple grazing 
1 34 3.7 1.8 
1 28 3.5 1.7 - -- 

9. Plateau of Gambheria Village 2 36 3.7 1 .8 
2 96 3.7 1.8 Greenish Severe 

10. University grounds-open slopes 4 42 3.8 1.8 
1 36 3.7 1.7 Greenish Occyional 

6.45 32.0 2 38 3.7 1.8 purple grazlng 
3 40 3.8 1.8 
2 38 3.7 1 .G 

--.. -- -- 
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spiked racemes were brought from grazed areas and 
having. heavy interspecific competition. Thesq 
plants were put in plots of sandy loam, and watered 
alternate days with no fertilizer or manure suppliect 
to it. 

.Initial readings of the plants from various loca- 
lities are given in table 2. The lants were allowed 
to grow thus for one year. ~ R e r  this period all 
the transplanted plants looked almost alike (data 
in table 2). This concludes that the variations were 
only somatic (or temporary), 

In addition to the morphological characters the 
phvsiological characters are also adapted. Thus it 
has been observed by Pandeya and Goswami (1962) 
that the osmotic pressure of Aca~zthospermum 
hispidurn DC. varies inversely with the soil mois- 
ture. The results were confirmed by growing the 
plants in a large variet of soils and with different 
intensities of watering. f h  e data confirm each other. 
(See-text fig. 3) Levitt (1956) is of the opinion that 
this characteristic does not enable xerophytes to 
extract more water from the soil, nor is it believed 

0-0.R ot Natural p ( o r n ~  
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to play a significant role in reducing trans iration. morphological and physiological characters are calle& 
Possibly the high osmotic pressure (Dau i! enmire, as 'ecads' or 'ecophenes'. 
1959) of plants in dry regions is no more than a 
development necessitated by the high solute content ECOTYPES 
of the unleached mils. In many other cases the adaptations become irre 

Such plants with somatic variations in their versible or genetically fixed variations. Daubenmire 
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SOIL MOISTURE IN 010 OF DRY WT. 
Fig. 3. Variations in the Osmotic Pressure of Acanthosjwmum hisjidum DC. 

(both natural and culture plants) with soil moisture. 
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(1959) conclude4 that such variations arise only change the number of chromosomes per cell. Such 
by changes in the structure of genes within chromo- adaptations are now believed to have arisen by. the 
soma, recombinations of genes through hybridiza- selective action of environment operating as a ,sieve 
tion, 01' irregularities during mitosis or meiosis that or genetic variations, the origin of which are 

TABLE I1 

(1) MORPHOLOGICAL CHARACTERS OF DZCHAJVTHZUM CARZCOSUM A. CAMUS PLANTS 
BEFORE TRANSPLANTING 

Height Lyfh Aver. No. Length No. of Length uf Breadth d Aver. 
of spikes of sessile GL.i. of GL.i. of lm th 

Condition of of inter- No. of per spikes s p i b  Sessile Sessile if f e d  
Locality growth plants ?odes racemes raceme in cm. lets spikelets spikelets in. an. 

~n cm. m cm. mmm. mmm. 

1. Crop fields, Under heavy inter- 80 15.8 21 1 4.1 26 3.7 1.6 
University 

11.5 
specific competition. 

groun& . 
2. Botanical Occasional cutting 35 10.5 8 2 6.4 34 3.8 1.8 17.5 

G d e m  

3. Open limerich Under -re grazing 15 4.6 1 1 3.1 18 3.4 1.6 5,4 
nope 

4. Univcraity Under aevere grazing 20 4.4 1 2 3.8 26 3.7 1.7 6.5 
plateau 

(2) MEASUREMENTS OF AN AVERAGE PLANT AFTER ONE YEAR OF CONTRQLLED GROWTH 

Culture plants. No cutting, no grazing 
and no manuring. Watered on 
alternate days 95 11.5 16 3 7.6 56 4.0 1.8 19.0 

strictly matters of chance. Thus many species 
have mosaic of populations, each of which is 
distinguishable in genetically based physiologic (and 
sometimes morphologic) features having survival 
value. This has been designated as an "ecotype. It 
was l'uresson (1922) who found that the differences 
recognisable ih the field between populations of the 
same species occupying diverse habitats were main- 
tained in the experimental garden, even when they 
were grown starting from seeds, 
hi Ipdia, Misra and Siva Rao (1948) first established 

Wotypic differences in Lindenbergia polyantha 
Royle. Ramakrishnan (1958, '60 & '61) has estab- 
lished ecotypic differences in some plants of 
Varanasi. 

Qf the two ecotypes recognised in EuphorbG 
hirta Linn. by Ramakrishnan (1960) one is thd 
'erect type' occurring in moist localities and the 
other 'prostrate type' in dry hard soils. According 
tb him the prostrate corn act type is a product of 
the prostrate type under t R e influence of trampling 
and other. biotic influences on footpaths. The dis- 
tribution of thest two forms appears to be conttolled 
according to their ability to withstand drought and 
survive in dry hard situations. In another commu- 
nication, Rmakrishnan (1961) describes two inter- 
hreedii ecotypes of Euphorbia thymifolia Lim. : 
(i) red f om, having a .red colour throughout the 

plant body and (ii) the green form. Upon hybridi2a.c 
tion, the F2 plants segregate in the ratio 15: I in 
which. 15 represent different grades of red colour of 
the plant bod and the one being pure green form. 
Thus, altoget K er five forms have been recognised. 
These are found in nature alsp. It is found that first 
two forms mentioned above can grow in calcium- 
rich soils and calcium-poor soils while the latter 3 
forms can thrive only in non-calcareous soils. The 
first two hybrids have been called as facultative 
calcicole and the other 3 as obligate calcifuge. The 
obligate calcifuges are very sensitive to calcium with 
regard to their germination and seedling growth. 
It has been discussed that the calcifuge habit of 
plants in the tropics is nQt necessarily accompanied 
by acidity of the substratum. Thus, two ecotypes 
have been established in E. thymifolia: (a) The r d  
form and (b) the green form, the former being 
tolerant of calcareous as well as non-calcareous sob 
and the latter thrivin only in non-calcareous soils. ei Ecotype is not on y differentiated by edaphic, 
microclimatic or biotic factors but also where a 
species extends across several climatic mnes it may 
evolve a distinct climatic ecotype in each. Further, 
a single ecotype may, under suitable stimulus, bo 
represented in several habitats by many ecads, and. 
for this reason the critical delimitation of eco tYp  
within a species requires experimentation; 
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DISCUSSION LITERATURE CITED 

A epecies gets adapted to variations in the biolo- 
gical environment in which it grows. These adap 
.tations mxy be just environmentally induced 
variations in which case they are cqlled as 'ecads' 
or they may become genetically fixed giving rise to 
'ecotypes'. Ic was o~lly in the times of Turesson 
(1922) that genetically distinct races of a species (or 
ecotypes) became established. 

Persistent differences among ecotypes growing in 
the same environment verified earlier conclusions 
that a taxonomic species is not a single ecologic 
w i t  but is composed of numerous genetic races 
which exhibit inherent differences in physiological 
as well as often in morphological characters. The 
ecotypes were observed to differ in earliness of 
flowering, height, erectness, thickness and colour of 
leaves, etc. But the differences were not sufficient to 
warrant taxonomic recognition and often showed .. 
intergradation. 

It is these observations which have given new liner 
of work in taxonomic studies. Slight differences in 
.morphologica~ or even ph siological characters of h otherwise similar species s ould not be taken to 
separate the species taxonomically. Only ecological 
ex 'mentation: will provide the h a 1  answer. 

E r e  is also a necessity of revision of any such 
taxonomic nomencIature which is based on morpho- 
3ogy done. 
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