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CHAP TR 2

T DBSCRIPTION AND CLIMATE OF PILANI

s1
LOCATION
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difier from each other in their vegetation, soil composition,

availability of water and biotic disturbances.

I. Botanicsl Garden ares:

The area is protected by a high boundary wall and in

pert is shsded by the building wall and the trees like Albizzia

lebbeck, Azadirachta indica, Butea frondosa, Cassis siamea,

Millingztonia hortens, Moringa oleifera, Prosopis juliflora, P.

a oleoides, Tamarindus indica, etc, The

Cinerarja, Salvador

area is free of grazing animals (Photo 2.1).

11, Malviya Bhawen areé:

This is partially protected open area. The ground 1is

plain and the top soil surface 1s found mixed with mortar and

coke pieces in the sub-soil. Ground vegetation is composed of

Buerhaavia, Zaleya, Cyperus and Cynodon

perennials like Aerva,

besides the annual speclies. The area is without any perennial

tree complex. 1Ihe€ vegetation is lesst disturbed but for rare

manual seraping (Photo. 2.2).

IIT. Vidyapeeth Roadside area:

This is an unprotected open hard ground with herbaceous

ses of Aerwa, Boerhaavia and Zizxghus etc,

Cover which compri

with Prosopis jgllilQEE planted along the road. The vegetation

ls heavily tram

(Photo., 2.3).

pled by local people and domestic animals

IV, Fun-Fete Ground area:

It is also an unprotected area of flat Plein and hard

ground with a power station and an overhead water tank, It






has a single tree of Prosopis cinerasria, The grea is very much

di sturbed by the locsl and dairy animals (Photo. R2.4).

V. Stabilized Dune area:;

The site is located outside the csmpus surrounding a
temporary pond. The stabilized dunes are of varying height and
size (Kumar et al., 1970) and often leave a microrelief in
between, The soil is loose in the inter-dune areas. The aresa

ub of Balanites roxburghii, Maytenus senegalensis,

supports a scr
P, juliflora and species of Acscisg, Capparis,

Pro sopis gneraria ’

Lycium and Zizyphus (Ratnsm and Joshi, 1952) besides the

perennial and annual herbaceous vegetation in different seasons

of the year. The ares is heavily disturbed by the repeated

sweeping of dunes for dried vegetation by local people. Besides,

the ground vegetation {s eaten by wild (rodents) and domestic

animals (sheep, goat, COWS, buffaloes and donkeys) (Photo 2.5).

VI. Bhatta Side area:

It is located to the north-east side of boundary wsll of

Campus, The ground ijs hard and the soil conteins mortar and

brick pieces. 1t supports a few herbaceous species like

Capparis, 2izyphus and Boerhaavia (Photo. 2.6).

The corresponding number of sites has been referred

thr‘oughout, the text.

CLIMATE

The climate of Pilani can be roughly divided into four
seasons, i.e., sumier, rainy, pre-winter and winter, depending

upon the change in temperature, rainfall and humidity (Fig, 2.2).






The dats recorded (1967-69) has been obtained from Pilani

observatory.

1. Temperature!

Summer starts from mid March and extends up to May and
June, In March the monthly mean minimum and maximum tempera-
tures range from 11°C to 14°C and 28°C to 34°C,respectively
showing a difference of 20°C. In April,the tempersture shows a
rough increase of 10°C and the monthly mean minimum and maximum

temperstures range from 16°C to 19°C and 35°C to 37°C respectively,

The temperature further shoots up in May and June when the day

temperatures gO uﬁto a8°C. The monthly mezn maximum temperature

during July, August and September varies within a narrow range

of 32°C to 37°C while the monthly minimum temperature ranges
Petween 23°C to 27°C, with a difference of 10°C between minimum

and maximum, This is followed by pre-winter season which

prevails for 30 to 4,0 days during October and November, During

this short period the temperature is sufficiently lowered with

a difference of 18°C to 20°C between minimum and maximum

temperatures.

-

winter starts from mid November and extends UPFO February.

The monthly mean minimun and maximum temperatures range between
1,8°C 1o 10°C. In January, the temperature falls even to 0°C in
Night hours. Frost is rare while cold waves are common,
1i. Rainfall:

The monsoon usually starts in the end of June and extends

p to September, The minimum end maximum rainfall in the months

of June to September during 1967-69 ranges from 12.2 tp 280 3 mm.



Maximum rain is recorded during July and August (Figs. 2.2,

2.3). During monsoon period approximately 200 to 260 mm. rain

is received.which constitutes 70-8Q% of the total annual rainfall
in a year. The month of the maximum rain is found to fluctuate

from year to year. After September, no or little rain is

received in the succeeding months.

1ii, Humidity:
The mean humidity percentage is found to fluctuats {rom

65 to 80 in rainy months (July and august) and 21 to 23 in

summer (April or May)} depending upon the changes in rain and
temperature.

According to Walter

between the mean temperature in OC and total monthly rainfall

in mm, in a ratio of 1:2 can explain and establish the climate

type of a region. This author states that the arid period

Prevails when the rainfall curve goes below the temperature

curve and a humid period when the rainfall curve passes above

the temperature curve, 'The horizontal extension of the

different areas on the diagrams shows the duration of the periods,

the vertical extension, the intensity of humidity or aridity

Pespectively' (Walter, 1963). This method,when applied to

Climate of pilani to make ombrothermic diagrams (Fig. 2¢3),

Yeveals that the humid period Lasts from July to September and
a dry period from october to March. This, therefore, gives an

idea of diphasic climatic conditions prevailing round the year
?

i.e., a humid period of short duration extending from July to

September and a long ary period exlisting in the rest of the

months.
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Comparing the ombrothermic diagrams for the three
consecutive years, it is observed that durinc 1367-69 the
duratioen of humid period prevails for 120, 39 and 90 days
Tegpectively, depending upon the horizontal extension of hunid
areas, and that of dry period continues for 240, 321 and 270
days respectively, depending upon the horizontal extension of
dry period. Thus,the dry conditions exist for more than two
times as compared to the humid conditions. Further, the high
intensity of humid climate (vertical extension ) prevails for
a very short period (horizontal extension) as Compared to the

dry climate which suppresses the humid climate due to the

vertical extension coupled with the horizontal extension in

the dry period. Therefore, the course of humid and ariqd
climate round the year and year after year fluctuates duye to
the intensity and duration of rains and dry periods. It may
further be concluded that the year 1367 and 1369 form optimum

Years while 1968 constitutes a deficit year.

e B



CHAPTER 3

SYSTEMATIC POSITION, NOMENCLATURE AND BCONOMIC IiPORTANCE

In recent years the International Code of Botanical
Nomenclature has been widely recognised. In this context,
change in name of the plant, under present investigation, has
been taken in detail. Besides, the information with regard to
systematic position and economic importance of the plant has
also been collected from different sources and incorporated in

this chapter.

SYSTEMATIC POSITION AND NOMENCLATURE

Trianthema has about 15 species distributed in the

tropics and gub-tropics of both tne nemispheres, especially in

Australia {Backer, 1951). According to our present knowledge,

T, pentandra Linn. does mot occur in India. The Indian plant

and typical T. pentandra are different, Hooker (1879) has

y Ficoideae into two tribes, viz., Aizoideae

divided the femil

and Mpllugineee, on the pasis of calyx tube and position of

pizoideae 4ncludes Aizoon, Sesuvium and

Stamens on 1t.
1e Mollugineae consists of Corbichoniz, Mollugo,

Irianthema whi
The genus Trianthema consists of 5 species

Gisekja and Limeum.
which are distinguished on the basis of the number of style,

Stamen and seedg. These ares

T. monogyna Linn. style 1; capsule in lower part has 3-5 seeds.

T, crystallina Vahl. s¥T: T. trigquetra Rottl. Style 14 capsule

superimposed.



T. pentandra Linn. Styles 2; stamens 5; lower part of fruit

js 2-seecded.

T. decandra Linn. Styles 2; stamens 10; lower part of fruit is
2-seeded.

T. hydascice Edgw,. Styles 2; stamens 5-7; lower part of frult

10-15 seed,

Duthie (1903) has included genus Trianthema in femily

Ficoideae and hes distinguished 3 species on the basis of style

and stamen number.

T. monogyna Linn. Style 1, stamens 15.

Style 1; stamens 54

»3

. crystallina Vahl.

Io_gentandra Linn. Styles 23 stamens 5.

Gamble (1357) has slso included Trianthema in family
Aizoacege and has distinguished 3 species on the dasis of the

Number of style, stamen and seed:

T, portulzcastrum Linn. (T. monogyna Linn.
has 1 seed, lower part has 3-5 seeds.

). Style 1; stamens

10-15; capsule top
(Z.crystallina Vvshl). Style 1; stamens 5;

T, triquetrsa Rottle.

-~

capsule UTOP nas 1 seed, jower part has 3-5 seeds.

Styles2; stamens 10-15; cspsule top has

Cooke (1958) has distinguished five species of genus

Trianthems {stamens inserted on calyx tube; capsule circum-

scissilely dehiscent; ovary 1-2 celled) based on stamen, style

and seed characters:



I. monogyna Linn. Stamens 10 or more; style 1,

)+

. decandra Linn, Stamens 10 or morej styles 2.

T. hydaspica BEdgew. Stamens less than 10; lower half or
capsule 8-10 seedad.
T. trigquetra Rottl.and willd. Stamens less than 10; lower hglf

or capsule 1-2 seeded.

pentandra Linn. Sgamens less than 103 lower half or capsule

1=}
L2

1.2 seeded.

The foregoing account reflects the dual characters of

1. pentandra and T. decandra due to the similsrities in their

Both these species have been included by Hooker

Characters.

(1879) and Cooke (1958) in the genus Trianthema but the former

has not been recorded by Gamble (1957) and the latter by Duthie

(1903) from the list except 7, hydaspica, which has not been

recorded by either of these {Gamble, 19575 Duthie, 1903). It

4 that T. pentandra Linn. with 2 styles and

is glso observe

5 stamens has been di stinguished by Hooker (1879), Duthie (1903)

and Cooke (1958), At the same time, plant with 2 styles, 10-15

i, seeds has been di
) and also bY Gomble {1957) and Cooke (1958).

stamens and stinguished as T. decandra Linn,

by Hooker {1879

Though I. pentandra and T. decandra having similar

features (styles <» lower part of fruit 2-seeded) but they can

be distinguished on the basls of number of stamens as done by

Hooker (1879). HO
definite or clear numb
pentandra Linn. 8s T. govindia Wall. and T

wever, Cooke (1958) has not described any

er of stamens. Hooker (1879) further

suggested I.
decandra as Zaleya decandra Brum. and again distinguished them

on the basis of their fruit as below:



T, pentandra Linn. Beak of fruit mitriform and two seeded
separating into two one seeded part; lower part of
fruit 2- seeded.

T. decandra Linn, Besk truncate consolidated wita two included

seeds indehiscent or only finally splituing.

qelville 1952) regards T. pentandra L. Mant. to be an

African species (Distribution: Nigeris, France, Sudan, Egypt
! ’

Uganda and Rnodesia etc.) while T. govindis Buch. - Ham
India, Persis and Arabia).

KQHYa,
as an Indian species (Distribution:

He has disninguished them on the basis of structure and form of

Operculum 83 follows:

Operculum: Smooth, uniformly pepillose with blunt rounded

crest and the base generally expanded {into a rounded

solid rim.- T. pentandra L. Mant.

Operculum has nearly parallel sides rising laterally into one

or two sharp pointed crest, appearing as a bishop's

mitre. = Lo govindia Buch.-Ham.

varies from 10 to 15 and no

Since the number of stamens

Such constant correlation with other characters could be

established in the plants having different number of sStamens,

Melville (1952) has established that pentandrous Indian species

is guite distinct fro
To him pentandrous Indian species appeared to b
e

m T. pentandra Linn. which is African in

distribution-

T. govindia Buch,--Hall.

Santapau (1959), while designating the lectotypes of th
o e

species and varieti€s in T. pentandra Linn. as described
ibed by

Blatter and Hallberg (1918-21) in the 'Fl
or
a of Indian Desert',



hes recommended the genus T. decandra Linn, as the lectotype

of T. pentandra auct. non. Linn.

According to Jeffrey (1960) Trianthema is a digynous

Plant and all the species of Trianthema are not congeneric, He,

therefore, has separated Zaleya and Trianthema &s follows:

Zaleya: Operculum 2-valved; ovules & attached at one side to

the interlocular septum; ovary 2-locular] stigma 2.

Trianthema: Operculum 2-valved; cap pyxidiate; ovary l1-locular;

style 1.

Mahe shwari (1363) has also included the geanus Trianthema

in Aizoaceae [Ficoideaceae) and distinguished it on the basis

of stamen and flower colour as follows:

I. govindia Buch.-Ham. ex G, Don. Stamens 5; flowers rosy-pink:

styles <.

T. crystallina Vahl. Stamens 5; flowers greenish; style 1,

—~—

T. portulscastrum Linn, Stamens 10; flowers pinkish or white;

style 1.
Nair (1966) while reviewing the findings of Melville (1952)
ang Jeffery (1960) on the nomenclatural changes of the genug

s concluded that T. pentandra is not an Indian

Trianthema, ha
plant but is African. He has, therefore, emphasiseg to transfer

Trianthema govindia (Buch.-Ham. ex G. Don.), which was treated

conspecific with T. pentandra Linn. by earlier workers (Hooker.

1879; Duthie, 1903; Cooke, 1958), o Zaleyg and has made the

following three new combinations.



Zeleys govindig Buch.-Hsm. ex G. Don. N.C, Nair, Irisnthema

govindia Buch.-Ham. ex G, bon, Gen. Syst, 3: 72, 1834:

elville in Kew Bull, 1952: 164, 195z, T. pentandra

auct, plur. nom. Linn,

4. govindia ver, FLavs (Blatt. et Hallb.) N.C. Nair, Trisntoema

pentandra var. f£1ave Blatt. et Hallb. in J. Bombay nat.
Hist. Soc. 206 531. T. decandra Linn. var. flava (Blatt.

et Hallb.) Santapau in J. Bombay nat, Hist. Soc. 56:

280, 1359.

 pubra (Blatt. et Hallb.) N.C. Nair. Trianthema

Eentandra var. rubra Blatt. et Hallb. in J. Bombay nat,

o6: 530, 1919. T. decandrg Linn. var. rubra

Hist. S0C.
(Blatt. €t Hallb.) Santapau in J. Bombay nat., Hist., Soc.

s 279, 1959.

jkar and Basu (1935), Irianthema pentondra

According to Kirt

has peen named differently in different languages, viz.,Gadabani

(Bengali), Gaij2soppu (Canarese], Charanai (Ceylon), Bhiskapra

(Decean), Gadabani (Hindi), Vellaisaruvelai (Madras), Punarnavi

(Sanskrit), Mshsarana (Sinhalese), Vellatishurunnai (Tamil) and

Galijeru or Tellagalijeru (Telugu). These names are based on

the yse of the plant, especially for medicinal purposes, in a

Dartijcular state or site., However, in North India and Rajasthan

the plant is called as Santhi or Sata.

ECONOMIC IMPORTANCE

The plant {s used as an astringent in abdominal diseases
and is believed to cause abortion. In Las Belar, the plant is

also used as acure both for pain in bladder and for snake bite
i



(Kirtikar sad Basu, 193B). Locally, the stem and leaves are
used gs cattle food and also as vegetables by inhabitants of

the srea. It is widely used in Pilani and round about areas

as domestic medicine in diarrhoea, indigestion, liver swelling,

jaundice and also in improving the eyesight., The plant, like

other members of the family, is also rich in the alkaloidal

contents. The roots are powdered and used in gum swelling and

gum bleeding.

CONCLUSION

In the light of recent studies by various taxonomists

and systematﬁis, the genus occurring in India has been named

as Zaleya govindia N.C, Nair, which has taxonomic features very

Close to that of African genus,

~ differences for leaves,

Further, the genus Zaleya,

based on colou stem and fruit, has
trubra' end 'flava' as described

got two varietal forms known as

by Blatter and Hallberg (1918~21) in the 'Flora of Indian Desert!'

for Trianthema pentandra. Hereaf ter, in the succeeding chapters,

on is referred to as Zaleya govindia

the plant under {nvestigati

N.C, Nair variety rrubra' and rflava’.

The economicC importance of Trianthema pentandra, as

described by earlier workers (Kirtikar and Basu, 1935]’ can now

be attributed to Zaleya govindia (Buch.-Ham., ex G. Don.) N,C.Nair

as well afver its name change.

* e 0 A
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CHAPTER &
GEOGRAPHICAL AND ALTITUDINAL DISTRIBUTION
INTRODUCTION

Plant distribution is caused by the interaction of
environmental factors (Schimper, 1903). Environment is a
complex of climatic, edaphic and physiographic factors., 1In
¢limatic factor, the range and fluctustion in temperature,

hunidity and water, affect the plants directly while soil end

Physiographic factors affect indirectly. The plant distribu-

tion {s controlled primerily by climatic factor and secondarily

by edaphic factor (Good, 1953), According to Hanson and

Churchill (1961),.the ecological success of a species depends
Upon its capacity to cope with the physical environment ,.,.!'.
They have also opined that the ecological amplitude indicates
the range of condition in which an organism can live and thrive
while tolerance refers to that range within which 1t can survive.
Thus , the ecological amplitude and tolerance range of a plant

Shows its potentiality for growth within a limited range of

environmental conditions. It also determines whether or not 2

Species will be present i{n a certain habitat.

The present chapter summarizes the distributjon of

Zaleya govindia (Trianthema pentandra) in the world, India and

Rajasthen., 1Its distribution in Indie and Rajasthan has been
discussed in detail in view ol its wide occurrence ip dif ferent

parts. However, the distribution of T, Pentandra hag been

described outside India but not discussed que to dispute in th
e



fomenclature, Therefore, the distribution of the plant shown

in figures bel; 4.4;5 4.8; 4L.10 outside India are for Irianthemg

pentandra while within Indian territory 1t 1is for Zaleya govindig

(Trianthema pentandra).

METHODS OF STUDY

The distribution of Zaleys govindia (Trisnthema Pentandra)

has been recorded from various sources like old records, booksg

8nd journals besides personal ocommunications and visits tg

different places. The distribution of the plant in Indis has

been obtained from Botanical Survey of India, Poona, Dehra Dun,
Coimbatore and Calcutta; Forest Research Institute, Dehrg Bun;
National Botanic Gardens, Lucknow and Centrsl National Herbarium,

Calcuttg Information with regard to its distribution cutside

Ingi 4 has been obtained from Royal Botanic Gardens, Kew (England)

8nd Sydney (Australia). The places of occurrence have been

Shown on various maps made for specific factor,

GEOGRAPHICAL DISTRIBUTION

According to Bentham (1866) Genus Trianthema ig
dispersed over the tropical and subtropical regions of new as
well as old world., He has recorded them from Nortp AUStralia,
Queensland and North-South Wales. It is alsg distributeg in
Tropical Africa, Westergmizfa and India (Hooker, 1879 Blatter
and Hsllberg, 1918-21). He has reported thig Plant ag , weed
also from Sind (now in Pakistan), Konkan and Poong (India). In

Pakistan, the plant has been recordeg from Karachi (Woodrow
H

1897) and also from Rawalpindi, Multgp, and Lahore (Sabnis, 1934)
’ [ 2



Accordine to information available fro.. Kew Gardens, the plant
is also fou in Soutn Araoia, Jidda and Zzypt. In Arica,it

has been recorded from Sudan (Kassas, 1956).

Tn India, this plant has been recorded {rom many states,

viz,, (1) var Pradesh, (Z) Delhi, (3) Punjab, (&) Haryana,
(S) ;iajgsthan, (6) GUjarat. (7) Nahar‘astr‘a, (8) luysore (Table Lh.‘|),
In Rajgsthan, 31atter and Hallberg (1918-21) have reported it

from Jodhpur, Jaisalmer, Phalodi, Bap, Pokaran, Bikaner and

Loharki. In recent years, the plant has been again reported from

maﬁ places of estern Rajasthan 1ike Jaisalmer, Jodhpur, Barmer,

Fhalodi, Pokaran and Bikaner (Sarup, 1957, 19583 Seshagiri and

Xanodia. 136%2). From North-West Rajasthan, it has been reported
’

Ratnam and Joshi, 1952,
1956), Harshnath (Nair and

from pilani Joshi, 1958 a ana u; Joshi

and Bansal, 1968), Cnirawaé (Nair,

Nathawat, 1957), Kbetri (Nair and Kanodis, 1959), and Ajit Sagar
b ?

Bungh (Nair et al., 1961).

—— _——

e 7 geographical regions 1in Rajasthan (Misra,

Zaleya govindia (T. pentandra) has been reported from
3 4

2 (Flgo 1..

put of th

]
I »

ALTITUDINAL DISTRIBUTION

. india {Trianthema pentandra) occurs in s wide
7aleya gOViNcs ‘i-=—— wi

range of altitude and latitude. Based on the physiographic
divisions of India @
L.2) in West Coastal Plains from 200 to 500

< delineated by Raychaudhuri (1966) the

plant occurs (¥Fig.

0 .0 . ‘
metres (moS.1-) petween 117~ N latitude and 69°.77%R

longi tude (Cambay, Godhra, Poona, Dwarka and Coimbatore): in

South Deccan from 1000 metres (m.s.l.) between 11:,0—1501\1 latitude



< 21

Table 4.1: Chowing the distribution of Zaleys

di fferent parts of the world,

Country/State

e

Place of collection Latitude Longl
INDIA
desh Agras 27.10 N 78. 5
1, Uttar Prade AYigarh Sy o N 086
Etawah 26,47 N 79,4
Hamirpur 25.58 N 80.1
Lucknow 26 .55 N 80,5
Meerut 29.10 N 7.4
Saharanpur 9,58 N 77,
¢ Blhar Aurangabad 2 L5 8L.
7+ Delhy Delhi 28,38 N 77
l‘o Har‘
fang Hansi 29.60 N 76
Higsar 23.10 N Tk,
Jind 29.19 N 76.
Kurukshetra 29.00 N 77.
Narnaul 28,20 N 76.
Panipat 9.23 N 17,
5 Hohtak 28,54 N 76.
' Pungay,
Bhatinda 30,11 N 75,
Fatehabsad 23.31 N 754
Firozepur 30.55 N Vo
6, HBJQSU]
an Ajmer 26,27 N The
Bap 27.22 N 72,
Bharatpur 27.15 N 77
Bikaner 28.10 N 73.
Harshnath Hi11g 27.37 N 75-
d aipur 75,
Jaisalmer 32022 g 73.
Jodhpur 8.18 N 734
P Shlhb N 73.
alod .
'okaﬁai 27.90 N ;f:
Ramgarn 26.55 N 4
Sirghi ”8.10 N .
am y
R 2y
€. Mah ochra R2.45 N 73.)
* M8larashtrg D
ngégabad 19,57 N 75,
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Table L.2 Showing occurrence of Zaleys govindia
(T. pentandra) in different geographical
regions of Rajasthan.

Geographicel regions

Plsces of occurrence

. Easter

. Western arid region

Semi-arid region

Cenal region

Aravalli region

n Agro-lndustrial
region

South-eastern Agricultural

region

Chambal Ravine region

*Churu, *Bikaner, *Nagaur,
*Bap, *Phalodl, *Jalsgluer,

‘fokaran, ¥Barmer, *Sheo,

*Jhun jhunu, *Sikar, Didwana,
¥*Jodhpur, *ali, *Jalore.

Ganganagar.

%Sirohi, Udaipur, Nathdwara.
Alwar, *Bharatpur, *Jaipur,
*Ajmer, Tonk, Sawai Madhopur,

Bundi, Bhilwars, Kota.

Jhalawar, Chitorgarh,
Dungarpur, Banswara,

X

————

«places from where 2. govindia

reported.

(T. pentandra) has been
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Fiz, B.1  Distridution of Z. ~ovindis (dloct cold

Tl
circles- @) in d@ifferent ohvsiorre-hic

divisions of Tndia.

Fle. 4.2  Distribution of Z. covindin (®lact solid
circles- @) in different oeonrenhicel

reglons of Tsjssthan.
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and 75%-78° £ longitude (Kolsr, Badami); in North Deccan from
500 to 1000 m,s.l. between 18°.19° N latitudes and 73°-75° E

longitudes (Poona, Aurangabad) and in North plain from 200 to

500 metres {m.s.l.) and between 25% and 23° N latitude and
77° and 80°5. longitude (Delhi, Uttar Pradesh, Haryana and

Punjsb). However, in Western plains, constituting the Western

sandy plains (Sandy arid plsins and Semi-arid Trensitional

plain), and Nortn Central Highlands, constituting the Eastern

plains (Aravalli Rangse, hilly and humlid region of eastern

Rajastnan) of Rajasthan, the plants occur from 500 to 1000

and between 250 and 280 N latitude and between

metres {(m.S.Ll.)

70° and 75° B longitude (Fig. k.2).

ZCOLOGICAL DISTRIBUTION

1. Physiography:
Considering tne physiographic division of India, as
., govindia (I. pentandra) is

described by Raychaudnuri (1966}, &
4.2).

found in the following six zones (Fig.

western plain, 3. North Central highland,

1. North plain, 2.
5, North Deccan plain, ad

L. West Coastal plain

6. South Deccan plain,

In Rajasthan, the plent occurs in all the physiographic

divisions, except the South Eastern Rajasthan Pathar {(Fig. 4.3).

TheSB diViSionS' where the plant occurs, are COmposed of vast

expanses of sand, sand dunes and gritty substratum of exposed

rocks and hilly areas.
result of denudation and erosion for years (Misra, 1967), The

Such topography in these regions is a

Plant is mostly distributed in sandy arid and semi-arid
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transjitional plains., Sandy Arid plein is covered with sand

and rocks. According to Misra (1367), the rocks end elevated

aress in Jeisalmer, Barmer, Bilkaner, Churu and Gsngansgar are

Jurassic and Gocene rocks and as they protrude through the

sandy surfaces, they confirm as the part of western extension

of the Peninsular block. This psart is covered with no or

differenc extent and degres of sand dunes. Semi-arid transij-

tional plaing is covered with superficial sand deposit and the

rocks sre more frequent than sandy erid plain.

‘1. Climate:

Climate has been considered as one of the important

ecological factors jnfluencing the distribution of plants. Based

(T. pentandra) shows a wide range of

m, rainfall (Fig. L.4; Table 4.3).

on rainfsll, . govindia

distribution between 20 TO 200 ¢

Other than Rajasthal, this species is rare in the range of 20
to 40 cm. (Ferozepul, Fatehebad and Dwarka} and 100 to 200 cm.

ot uncommnon within 40 t
plant 1is found between 60 to 100 cm.

(Coimbatore) but B o 60 cm. However,

Maximum occurrence of the
(Uttsr pradesh, Delhi, Gujarat Maharashtra and Mysore).

The climatic conditions of Rajesthan for 4. govindia
e as found in the other countries

(T. pentandra) 2are not so sever

art of Egypt and Liberia, Northern Ssghara

like North Arabia, P

and part of Mexico, which are situated between the corresponding

ongitudes of Rajas
g017'E longitudes). The climatic pattern

Ont
latitudes end 1 than (23°3'N to 30°12'N lati-

tudes and 69930 E to 7

n is affected by seasonal variation in temperature,

of Rajastha

rsinfall and humidity throughout the year. In general, the

of Western Rajesthan js characterised by extremes of

climate
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Showing tolerance range of %. govindia (T. pentandra)
with regerd to rainfall, temperature and 301l types
in different states of India other than Rajasthan.

Table 4.3:

AVveragse
Annusl January )
State Place r?inf?ll Tempegature Soil types
CiD . (-C)
UTTAR 50— 100 15,6=-21,1 Alluvial
PRADE i ﬁ%gaarh 60-100 15.,6-21.1 Alluviel and Alksline
- £t g h 60-100 15.6-21,1 Alluvial and Alkaline
o rour 60-100  15.6-21.1 Red and Black
%amk;gw 60- 100 15,6-21.1 Red and Black
“ucr 0 £0- 100 15.6-21,1 Pedocal Sierozem
lsaeﬁa;fanpur 60= 100 15.6=-21.1 Alluvial
DRy Delhi 60-100 15.6-21,1 Pedocal Sierozem
H ) _ 15-21 Pedocal Sierozem
RYana Hissal tg_gg 15-21 Pedocal Sierozem
gaizaﬁl L0-60 15-21 Pedocal Sieroczem
ohta
Py ” 15- 21 Pedocal Sierozem
NJag Bhatindad %8:28 12_21 Pedocal Sierozem
Fatehabir S0-40 1521 Pedocal Sierozem
Ferozep -
Udap Cambay 60-100 15-21 A Taveam 5t
Dwarka 20-40 15-21 Alluviil gn deltaic
ar atluvium
Godh 60- 100 15=-21 Medium black
O a
g 21-27 Medium black
MARagtTRA ;lurar;gabad ig: ggo 51- 27 Medium black
oon
i 2127 Ferruginous
:JSORE Badami 28::88 21=27 Ferruginous
Kolar
- F i
KERALA Cojmbs tore 100~ 200 21-27 erruginous




temperatures, severe drought, high wind velocity and low

relstive humidity.

In the western part of Rajasthan, mainly at Bilkener

Phalodi, Jaiselmer, Barmer and west of Jodhpur, where the species

ocecurs freqguently, the maximum daily temperature in summer goes

U ts 40 to LSOC. The mean isotherms of 32, 34 and 36°C for May

{(#1:. 4.5) show a gradual jncrease in temperature towards the

west. [uring May, the {1 sotherms between 32 and 36°C cover Barmer,

Sheo, pali, east of Jodhpur, AJmer, Jeipur and Bharatpur, and

between 34 and 36°C cover Barmer, Sheo, west of Jodhpur,

Jaisalmer, Pokaran, Bap, Phalodi and Bikaner.

atures throughout Rajasthan are [airly

The winter temper

o
uniform, the maximum ranging between 33.3 to 36.1°C and minimum

oc (Misra, 1967). Further, in January (Fig.

from 17.7 to 21.1
een 12 to 14°C in north

k.6) the temperature ranges betw

sgar, Jhun jhunu and 1o
asthan (Barmer, east of Jodhpur,

Rajasthan (Gangan rth of Churu and Alwar)

and abhove 16°C in south Raj

Dungarpur, Banswara, Chittorgarh,

Pali, Jalor, Sirobi, Udaipur,
and Jhalawar).
in Jaisalmer, Bikaner, Phalodi,

in
Bhi lwara, Bundi, Kota, The winter temperature

Oc preveils

between 14 and 16
Sawai Madhopur, Jaipur, Tonk, Ajmer

Nagaur, Sikar, Bparatpuls

and west of Jodhpur.

oon (June to September), the rainfall at

During mons
Churu, Biksner, Bap,
at Jhunjhunu, Sikar, Didwana, Nagaur,

d .
Ganganagal‘, Phalo i, Pokaran, Jaisalmer and
than 25 cmj

Sheg is le3s

Ajmer, Jodhpufs pall, Jalore and Barmer is 25 to 50 cmj Alwar,
)

Bharatpur, Jaipils Tonk, Sewai Madhopur, Bundi, Bhilwara, Kots,

receive 50 to 70 cm.

Chi ttorgarh, Udaipul, Dungarpur and Sirohi
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rairfall, while Nathdwara gets 100 to 125 cm. and Jhalawar ang

‘answara receive below 75 cm. reinfell (Fig, 4.7).

1ii. Soils:

The soils all over Indie vary in its character,

4. govindia (T. pentendra) has been recorded from different soii
types like Pedocal Sierozem, Alluvial, Alluvisl and Alkaline.

Red and Bleck, Medium black, Ferruginous, Alluvial on deltaic

alluvium and Alluvial;coastal alluvium (Table 4.3 Fis, 4, 8).

According to Misra (1967), Rajasthan has seven types
of soils (Table 4.4, Fig. 4.9}, more or less all of them show

the occurrence of Z. govindia (T. pentandra). The whole of

western part (Bikaner, Jaisalmer, Phalodi, Bap, Sheo, Barmer,

Jodhpur and Nagaur) is occupied by desert soil. It conteing

90-95% sand, 6-7% clay; high percentage of soluble saly, hign
Calcium oxide veries from

PH and is poor in organic matier.

1-1.5,. Next to desert soil is the grey brown soil which

Covers the area of
nd Nagaur in the west of Arav

Saline and alkaline with high pH values.
and Yellow soil (Ajmer, Pali, Sawai

pur, Dungarpur), mixed Red and

Jhunjhunu, Sikar, Didwana, Sirohi, Jalor,

alli. These areas are mostly

Rest of Rajasthan

is occupied by Red
Maghopur), Ferruginous red (Udal
Black (Tonk, Bhilwars, Chi ttorgarh, Banswara) and medium
Jhalewar) soils.
es not occur on Ferruginous red

Thus it is observed that

black (Bundi, Kota,

2. govindia (T. pentendra) do
d black ad medium black s0il of Rajasthan but

mixed red an

h been reported from similar soils of other parts of Indig
as bee

(Tables h.3, beb):
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Table 4.4. Showing tolerance range of 7. govindis
(T, pentandra) witn regard to rainfall,
temperature and soil types in Rajasthan,
Average  Average Avegage
ual summer winter 1
Place ?ﬁnfall (May) (January) Soil types
(cm. ) temperature temperature
(oc) (°C)
16 Desert
Jaisalmer Under %8 ;t 16 Desert
Poksaran Ugdero 34 16 Desert
Bap ‘O*bo 34 16 Desert
Phalodi <O~ 4 g 16 Desert
Sheo Eo-ho 32-34 16 Lesert
Barmer <0-40 34 16 Desert
Aest of Jodhpur 28-38 34 16 Desert
ikaner 20"60 37 14 Desert
Lsst of Jodhpur 20:60 32 162 ggszig
ghuru 40-60 b 12 De:ert Grey
Jgﬁﬁu; u 40-60 3z and Brown
e 60 J< 16 Dﬁgegt G;ey
O- a row
“ikar “ 1o Desert Grey
DY 4L0=60 3z and Brown
sna 14 Desert Grey
“iron+ 40~-60 28 or less and Brown
o 14 Desert Grey
s L0-60 30 and Brown
g 5 16 ﬁ%%uvial
-60 Je 2 uvial
g:ipur 28‘20 32 }6 Red and Yellow
4 ;. Eanagar 4,0-60 32 14 Red and Yellow
paser 60- 100 30-32 16 Red and Yellow
L2l £0- 100 < 16 Alluvial
§GWai Madhopur 60-100 3z 12 Alluvial
Aharatpur £0-100 V- 16 Mixed Red and
TlWar 60-100 32 Black
Onk 14 Mixeg Red ang
3k Blzac
Bhilwara 60-100 32 14 g{xeg Red and
ac
Chittorsarh 50-100 14 Mixed Red and
60~ 100 32 Black
Banswara 14 Medium Black
60- 100 32-34 14 Medium Black
Bunqdy £0-100 32-36 14 Medium Black
Kotg 60- 100 32- 34 14 Ferruginous Red
Jhalawar 60-100 30532 14 Ferruginous Red
Vdaipur 60~ 100 3
DUngarpur

e —
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CONCLUSION

The distribution of 2. govindia (T. pentandra) in

different parts of Tndis indicates its wide range of tolerance

with regard to different environmental factors like temperature
’

rainfall and soil. The altitudinal and latitudinal distribution

of the plant indicates its occurrence from latitude 11°

(Coimbatore, 500 m.) to 332,37 N (Rawalpindi, 1000 m.) and from

longitude 67°.4 (Karachi, 200 m.) to 84°%.25 E (Aurangabad,

1000 m.) as shown in Table 4.1 (Fig. 4.2). Though the plant

has been recorded from six sub-physiographic zones of Indig

y fall between 11° to 30° N latitude and 69° to

found in abundance from several

which roughl

81° £ longitude, yet 1t 1s

Northern plain a1d west part of north-

places in Western plain,
ghly falling between
ich cover more than 3/Lth part of

0 0
central Highland, rou 25° to 307 N latitude

and 70° to 78° E longitude, wh

and semi-arid transitional plain of Rajasthan,

Western sandy arid
range of distribution but the

Thus, the species has 2 wide
O
maximum distribution of the plant ranges roughly from 24° to

o 75° E 1ongitude.

This clearly reflects

0
30 N latitude end 739 t
iling in the

ite preference towards the ari

ariq and semi-arid regions of Rajasth

an and part of Haryana and

Punjab (Fig. 4.10).

plain where the plant has been

The western sandy
temperatures and low

o extremes of

fr
equently recorded, faces th
9 to 36° C and rainfall

r
ainfall (mean summer temperature from 3

jes for high tem
mon in many places in the

The records support

fro
m 12 to 50 cm, in the railb
perature and

the
tolerance range of this spec

le
r

The plant is al
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semi-arid region where the mean sumner temperature ranges

from 320 to 3&0 C receiving 25 to 50 cm., rains during rainy

season., The plant is also found cspable to grow in places

getting mean rainfall ranging {rom 60 to 100 cm. in most of

the regions other than Rajasthen (Table 4.3). This reinfgll

is much nigher than tnat received 1n the western arid region
of Rajasthan (2 to 40 cm. ).

Al incresse in winter temperature from north to south

is noted in Rajasthern. In arid region,the winter mean tempera-

turs has been found te be (i) minimum 1200 in the extreme north
(Ganganagar), (ii) maximum 16°C in the middle part (Jaisalmer,

Bap, Bikaner, Phalodi 2nd west of Jodhpur) and (1ii) inter-

mediate 1LOC in the south part (Barmer, Sheo and east of Jodhpur).

e semi-arid region the winter temperature is

Similarly, in th
Jhunjhunu), (b) maximum

(a) minimum &1200) in the north part (

(16°C) in the middle part (Jaipur &nd Ajm
rt {Sirohi, pali and Udaipur),

er etc.) and (c¢) inter-

mediste (14°C) in the south pa
ndicates that the plant is

This range of winter temperature i

y low gemperature ranging from 12°

tolerant even to sufficientl

to 16°C.,
pentandra) in a wide

govi_ndia (?_0

The occurrence of Z-
eranceé capacity towards

Yange of soil types indicates 1%% tol
L"".; FigS-

y towards desert soil (Western

. L.8, 4.9). In
ifferent soil types {(Tables bee3s

Rajasthan’ the plant shows affinit
L in the grey and brown soils
0

"ld region) but is quite com®
Bharatput) and red

‘Ihunjhuny, siront), alluviel s0HLS (Jaiptts
’ In other parts, lL_ke

an .
A yelloy (Ajmer and Pali) soils TOO-
for soil has been found

Fun
Jab ang Haryana, the plant golerance

tow
ar
ds Peda o e PO
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The foregoing account indicates that the plant 1is
capable of withstanding a wide fluctuation in the geographical

and ecological factors but mostly prefers arid environment of

Rajastnan, Haryans and Punjab (Fig. £.10)., Since all the

- tors are not uniform throughout the places of 1ts

occurrence, € plant 138 subjected to 2 variety of climatic

conditions from season to season in these places. Though all

thegse factors affect the di stribution as 2 whole, but no single

factor acts as 2 cricvical factor. However, the plant has been

- {rovaently ~.corded from the Western sandy plain (which

constitutes the arid and semi=-arid part]) of Rajasthan. 1t may,

therefore, UbE concluded that the general temperature tolerance

. 20
ja falls betwee!l 320 ang jo C and winter temperaturses

——

of 120 and 16°C. Due to
f Rajasthan, 4. govindia may be considered

of &. Bovind
jts frequent occurrence in the arid andg

semi-arid regions O

35 a sueceasful inhabitant of dry condl t1oM =,

. L

! 1 1 l'l"!"- .t

. '
o“} e

-
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CHAPTER 5
AENERAL MORPHOLOGY, PHENOLOGY AND PLANT PARASITES

INTRODUCTION

Since morphologicsl cnarascters cf 2 plant ere the

measures of 1S functional habit, a detailed morghologicel

study of 2aleys sovirdia cannot be ignored. A change in mor-

phological character {4 the result of tne changs in the

environmental factors. Taus, tne habit of s plent is developed

according to the nabitat 1in which it grows. Further, such

frerences may be plastic oF rigid based on the

cular species.
pecies and thus cén te differen-

Observed di
This indicates the

genetic set up of 2 parti

rigid and flexible nature of a 8

tiated into ecotypes gnd ecads.

various environmental faCtOPS’

2., govindia 18 subjectec O

showing variations in normal £
rure of leav

pevelopmen®t of perennating

os and more or less complete

Or .

habit, microphyllous 1@
eresting and essential

e 01‘ e int’
s devoloped

£ ics 1ife., The present

loss of shoot system are SOM
pecies ha

jnuity ©
jcal differences between the

to tide over the

adaptations, which this S

3dverse situations for the cont

hapter jncludes the mail morphol108
and als

‘ o {ncludes certain
t{f1avd

two .
varieties 'rubra’ and Tts phenology

ad .
@ptations and modificatio

0 ed.
o | Parasites have also heen st:.udi

The
extern mol pno
2l P Jd on convent

ary .
2 tio
s of 7, govindi2 wer
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features with the help of field studies and from flora
available, A few morphological characters were measured on
metric scale., Erect and prostrate plants from nsture as well
as from culture were also studied. Phenology was recorded from
July 1368 to 1969 in nature and in August 1968 in culture,

Prnenologicel characters were recorded from culture pots up %
* o

fruit dispersal stage end the days taken by each phase were

noted. Plant parasites like nematode galls in roots and

Coleopteran larva from the fruit were also recorded during the

laborstory and field studies. For soil nematodes, the root galls

were smeared and sectioned following the traditional methods of

staining for anatomical features. atudy of ectoparasite was

done from the root washings after centrifuging Lt

OBSERVATIONS

i. General morphology:

ranched and jiffused herb with prostratae

Z, govindia is a
sreas (

5 . Z‘A ¥
bnle depth ad

growing in open, was

photo. 5. 1-A,B) and erect

branches in open and h
3: 3-h,3). The primary

or semi-erect in shade (Phote:
then develops

tap root goes deep for @ consgidersa

laterals in all the directions- A plant’

ts (19’48

) formul?a. The total root

Me
asured, following Dittmer - o i
ose stem becomes

'ia.
lEngth was found to be 1836.68 cm. Young pap

s of 10

ng, internodes with broadened

r‘ard
at maturity and consist
aves, inflorescence

and
sheathed nodes from where® o
exstipu-

4
branch arise (Photo. 5.h‘A,B).
i v
* PPposi] : ni sometimes ©
°Pposite; lamina ellipth-OblO &9 d
rounded at the apeX, narrowe

lata

-

Op
Papj
plllose; 1.5 to 505 Cili. long,
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-

at the bgse-® .
t the base; petiole long, ensneathing the base by its dilated

Margins at the proximal end. Inflorescence sessile or sub-

sessile (short pedicel)., Flowers in clusters of dichasial cyme

Flowers consists of 5 lobed calyx, scarious membranous
bracts, calyx 2.5 to 3.0 mm, long, deeply lobed; lobes ovate-
Oblong with a short apiculation at the back below the apex.

Stamens 5, inserted near the top of the tepal tube, introse and

basifixed. Gynoecium bicarpellary, ovary F{locular with axile
Placentation; each carpel contains 2 ovules, one above the other
one side tc the interlocular septum (Jeffrey,

371 attacihed at
Fruit is 4 mn. long

1360) (votal & ovules); styles 2, stigma 2.

of 2-valved operculum with broad deflexed

Capayle consisting
dividing into two 1-seeded portions, the lower

horns' mitriform,
ha)fp of the capsule contains 2 seeds. Seeds small. (1,5 to 2.0

My, d4iameter), black, remiform and slightly compressed,

Blatter and Hallberg (1918-21) have distinguished this
Speecies into variety trubra' having red stem, red petiole, red
and variety 'flava' having

and red fruit with four seeds,

)
yellowish gresi flower and yellow

~Owuer

Rrecn stem, grean petiole,

fruit with 4 seeds.

1i, Comparison of 'rubra’ and 1flava':
trubra' and tflava' differ significantly in

Varieties
1 features like length of the largest branch

their morphologica

and number of jnternodes o
th of largest branch an

In each variety, the performance of

n the largest brancn (Table 5.1;
d number of internodes

Fig, 5,1), Leng

are found more in ‘rubra’.
in open and shade conditions also differs

plants , growj_ng






“ . . 2 ‘
n . g
N . ® N - .
|
B4
&= ;
T . L)
= . - ™
S .
]

7-4}39("36’;1’-'&;\73.; 3'&

J r B I 12 14 16 w20

L ENGTH OF BRANCH CN

Fl



FLAVA
10 INTEANDODE

\ YallB e UZn,v=032:F:34)
e
\ -—1—..~—L— o ’_—‘-__-—— .
|
i

=R aPe () 2aRy T 0BG F N9

-

M0 2 e I 4 27 2 24 2 1
LENGTH OF BRANCH C'



< 35
significantly both in nature and in culture (Table 5.2).

Table 5.1;: Showing distinguishing characters in the two
varieties, 'rubrs' and 'flava' of Zseleya
govindia (T. pentandra) growing in open field

ervation of 30 plants in each variety)
S.No, Characters 'rubra’ 'flaval
1. Length of the largest 11.77+2.82 9.62+1.68

branch (cm.)

2 Length of 3rd.internode on
theglargest branch (cm,) T4 20.46 1.58+0.45

3. Number of internodes on the
largest branch 8.6 1.4 7.13%1, 20

1ii, Phenology:

In natural sites, where both the varieties of Z., govindig

grow in open situation, the seedlings emerge in the second week

of july after the first few showers of rain and continue up tq

fourth week of July. The mean maximum and minimum temperatures

during this time ranged from 36,0°C to 36.7°C and from 24,79

to 25.000,respectively.(Table 5,3)., During August, the plants

of two-leaf stage to vegetative stage were mostly observed., At

this time a few perennial plants were also seen beering flowers

and fruits., New plants achieved maximum growth by September,

During second and third week of October further growth was

Stopped and the plants of both the varieties started drying,

The mean minimum and maximum temperature during this period were

found to be 16.9°C and Bh.BOC,PBSPBCtivelyo Perennating plants

were seen loosing 0ld leaves but bearing & few leaves at the

distal end of the branch (Photo. 5.5=A,B). The plants continued

drying til1l fourth week of October to first week of November in

all the places but for a few situations where they showed stunted
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Table 5.2: Showing morphological differences in erect’ and crostrate”” |lants
of 'rubra' and 'flava' studied in nature and culture (14oR),

(Observation of 15 plants in each variety)

'Rubrs’ 'Flava'
S.%o. Character ‘—Prostrate Erect e rrostrate Lrace A
ean+3.D, Mean+S.D. test ‘lean-S, . ‘ean+S, ., test
MATURE
1. Length of largest branch (cm)  37.8113.7 10.73% 2.1 20.0 32.20810.0 7.10%:.5 9.5
2. Number of Internodes on the . + : . a4~
largest branch 10.10z1.1 4.5081.6 3.0 1h.39% Z.8 5.98¢2.0 4.3
3. Lengtn of third internocde on 3 1+ L et o) 1 16%0 € 1
t.;"le lal"gest 'Dl“ancn (Cm) 3.2&» 0-5 2-3 -OIIQ 1-3 Lo /.;7- Oo + . O-C.. S
Lo No, of fruit 137.40%89.8 4,80t2.1 3.2 117.00*L5.7 W, 00t 2.3 £.5
CULTURE
1. Length of largest branch {(cm) 112.9 9.3 7.3 2.5 12,7 75,1 21,7 11,0 6.4 8.9
2. Number of Internodes on the 15.5 0.3 Wl 21k 211 12.3 £ 1.5 L. £1.3 .o
largest branch
5.  Length of third Internode on ¢ 5 44 5 2.5 11,5 18,4 6.8 2 1,3 1.7 £G.&8 10,2
the largest branch(cn)

4L, No. of fruit 103.6 2L43.2 3.2 1.3 ha? 100, 2 250,06 ol 21,1 3.8
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appeerance (Photo. 5.6) due to slow growth. They remained
stunted till winter rains in February (8.1 mm. rainfall) when
they rejuvensted and showed an increase in growth. During this
period, flowering and fruiting also took place. In summer months
{Mgy-June), the aerial parts of the plants were mostly lost,

However, these plants usually perennate and survive by means of

under-ground part. At certain favourable spots agerial shoots

were given out whenever moisture was available. Socon after the
rains in July (85.2 mm.), these perennating plants resumed their

fresh gzrowth (Photo. 5.7) besides the fresh seedlings which also

appear as a new crop (Photo. 5.8). However, perennating ones

start growing fester and fruit very early (Photo. 5.8), After
attaining sufficient growth, new as well as perennating indivi.

dusls show almost similar aerial look. Thus the plants exhibit

flowering and fruiting almost round the year (Table 5.3).

Sometimes in brief drought condition, the plants in young

Stage were observed to drop their branches from the main sten

and resumed the growth again in favoursble conditions by develop-

ing new branches (Photo. 5.9). Besides, in situations like foot-

path and also in extreme summer, the plants showed stunteg growth

With short branches and very minute leaves (Photo, 5,10-a,B).

The seedlings in culture take hardly 37 to 40 days from

cotyledonary stage to fruit dispersal stage (Table 5,4), It is

found that both the varieties take nearly €qual time for each

phase of the life cycle, The life processes seem to be accele-
rated due to the favourable conditions of available moisture

supply in culture to insufficient supply of moisture in natural

habitats where they show retarded ang delayed growth.



Climate data of the corlesponding months

———3

—

Period l — I_______ﬂ -
Av. Max, | Av, Min.,| Av. rels-
| Temp. OC| Temp, OCE tive
i i humidity
August 1968 36.7 247 70
September 1968 38.5 22,9 5t
October 1968 34.8 16.9 L7
November 1968 30.3 10.2 38
Becember 1568 24 6 5.6 37
January 1969 22.9 3.7 34
Febl‘uary 1969 2.0 11.1 36
March 1969 32 14.6 28
April 1969 36,9 19,6 23
May 1969 38,6 23.8 28
June 1969 L1,8 28,9 33
July 1969 37.5 27.5 57

Total
rainf sl
oun. ,

-~ -~
7. ¢

10.8

207
11,8
9.0
16.8

8542
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appesrance (Photo. 5.6) due to slow growth. They remained
stunted till winter rains in February (8.1 mm. rainfall) when
they rejuvensted and showed an increase in growth. During this
period, flowering and fruiting also took plece. In summer months
(May-June), the aerial parts of the plants were mostly lost,

However, these plants usually perennate and survive by means of

under-ground part. At certain favoursable spots gerial shoots

were given out whenever moisture was available, Soon after the
rains in July (85.2 mm.), these peremnating plants resumed their

fresh growth (Photo. 5.7) besides the fresh seedlings which also

8ppear as a new Crop (Photo. 5.8). However, perennating ones

start growing faster and fruit very early (Photo. 5.8). After

attaining sufficient growth, new as well as perennating indivi-

duals show almost similar aerial look. Thus the plants exhibit

flowering and fruiting almost round the year (Table 5.3).

Sometimes 1n brief drought condition, the plants in young

Stage were observed to drop their branches from the main steqn

and resumed the growth again in favourable conditions by develop-

ing new branches (Photo. 5.9). Besides, in situations like foot-

path and also in extreme sumnmer, the plants showed stunted erowth

with short branches and very minute leaves (Photo, 5-10—A,B),

The seedlings in culture take hardly 37 to 40 days from

cotyledonary stage to fruit dispersal stage (Table Seb). Tt is

found that both the varieties take nearly equal time for each

phase of the life cycle, The life processes seem g pe accele

rated due to the favourable conditions of availapie mois tupe

supply in cul ture to jnsufficient supply of Molsture ip natural

habitats where they show retarded and delayed growth.



Table 5.4. Showing number orf days takenm by ezch phase (Fhenology) in the

two varieties of Z, gevindia in tne culture ;ots starting from
August 4, 1968,

Variety Repli- Cotyledons Initia- First 4-leaf Vege- Flower Flower- fruit-  “ature fruit
cates attain ticn of pair stage tative oud ing ing frulz il 8-
full size first of rhase initia- startel started persal
vair of leaves tion.
leaves
1 2 3 7 11 10 19 2! 24, 9 37
2 3 L 7 12 17 2 23 ad 30 39
'rubra’ 3 3 L 7 1 15 18 <0 23 4 LC
N 2 3 6 10 14 18 20 g 31 39
5 3 L 7 11 17 21 23 25 P 3€
Mean 2.6 3.6 6.8 11 15.8 13.4 2i.h deais 2.0 e 6
1 2 3 6 10 15 15 21 25 30 38
2 2 3 7 11 16 18 20 2% o€ I
"flava!l 3 2 3 8 13 16 19 22 25 30 40
L 3 L 7 12 15 18 21 by 3i 40
5 3 IA o) 11 16 19 2 2 31 39

Mean 2els 3.4 6.8 11,4 15,0 18.6 21,0 Zhaoly 30.0 39. 8
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iv, Plant Parasites:

During the fleld studies, it was observed that a number

of plant parasites affect the life cycle of the plant as given

below.

a. Plant v. Cuscuta; JYoung to mature plants of ..

govindia are severely attacked by Cuscuta (Photo. 5.11). The

paragsite twines around the stem and leaves of the host, pene-

irating its haustoria for extracting nourisnment. The host

(églilé ggyindia) {s thus, subjected to loss of leaves and fruits

regylting in the reduction of its photosynthetic capacity and

Seed formation.

b, Plant V. Tnsects: The fruit and seed of 4. govindia

are epten by & Coleopteran larvae. Out of the 4L seeds in a fruit,

a2 seeds were norna L1y eaten and thus the chances of regeneratiogn

e phalved. 1T 18 possible that the insect lays eggs when the
flowers bloom and during the course of seed formation the egg a]g¢

1arval stage bo feed on the seeds.

develops into the

soil nematodes: Certain plants, when

ed with numerous bulging outgrowths (galls)

c. Plant v.

®Xcavated, were notic
On the rpots (PROTO. 5,12)., The galls, when smeared and studied

showed numerous cysts with Meloidogyne

under microscoPes

anstomical stud
he cortical and vascular regilons, where the

that this endoparasi
incoeni ta. jes show parasite is

found to attack ©

rtion is distorted (Microphotograph 5,13). A detailed

Xylem po

Study revealed that the infection brings stunted growth even in

Young plant (Pnoto. 5.14), Under microscope, a drop of root

Washing showed numerous ACrobEles (Photo, 5.15-A,B), which is an

€Ctoparasite.
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CONCLUSION

In spite of many similarities in general morphological
features, the two varieties 'rubra’ and 'flava' of baleya
govindia show differences in certain characters which may be
controlled by their individual genetic make Up or by one or more
environmental factors. The phenology of both, in nature ang
Culture, is almost similar. The plant passes through many
adverse conditions during its life cycle. Perennatine habjt
helps the plant to endure the drought period, The attack of
Quscuta retards its photosynthetic efficiency and go also the
deVelopment of seeds. Regeneration capacity is severely
affected by the Coleopteran larva. The presence of Meloidogxpe
1ncognlta an endoperasite, obliterates the conducting vessels
8hd thus hinders the food translocation. The gape Nemstode jg

Peported to infect the roots of sugar cane (RanoaSWamy et a1,

1960), Jute (Chattopadhyay and Sengupta, 1955) ang many woeds

like Ageratum conyzoides, Cleome viscosa, Achlzphg indjca.

Synandropsis pentsphylla (Rangaswamy et al., 1960; Samad, 1960,

3 i ‘ lem portion 1s alsc found in Corchorys oll
Bistortion of Xy p Sorchorus olf tory ue

(Chattopadh}fa}" and Sengupta, 1955) and Mazus jﬁEQD_iQES {(Pal and

Pal, 1967). However, the ectoparasite is not observeg to hary

the under-csround plant parts.

ooooo



CHAPTER 6
PHYTOSOCIOLOGY AND PLANT POPULATION
INTRODUCTION

Ashby (1948), Greig-Smith (1952} and Phillips (1954)

heve found that the community structure and function are

influenced by the distribution of a species in a community and

8lsp by one oOT more factors of the habitat. Greig-Smith (1957)

in his review, has emphesised the quantitative aspects of

phytosociology. The 1limiting factors of individual populations

have been gtudied based ¢cn quantitative aspects by Kershaw

(1958) and Snezydon (1562) and the later has also observed the

Trifoliwn repeis L. by pHH 3nd excnangeabl s

POpulation control 1in

Carbonates. However, the seasonal fluctuations in a species

and itgs ecological 1imitations are understood in relation to the

habitat tnrough the quantitative estimations of the populati on,

Thus phytosociological studies are found useful in the study of
3

tne pehaviour of gndividual species and its associates. Such

Studjes are essential TO understand the species diversity in

ralation to the prevailing dynamic environment. In natural

Vegetation e relationship of plants to soils is very close gpne

as it forms the base for plant indicators (Puri, 1960).

The present chapter desals with the guantitative structure
of the vegetatiol during growing season in study sites which

1lesS anpport the occurrence of Z. govindia. The

nore or

population dynamics and the species diversity were obtained by

the quadre$t method using three parameters, viz., abundance,

density and frequency.
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METHODS OF STUDY

Sampling of the vegetation in four sites (II, ITI, IV
ang V) was started as soon as the plant growth became apparent
in the second week of August 1969. The quadrats of 0.5 square
metre each were laid down in third week of every month. The
sampling was done in the vicinity of the area where 2., govindia
was growing. This preferential sampling was done in order to

find out tne inter and intra relations in the two varieties of

2. govindia with otner species of the study site, From each

quadrat, pl
were first multiplied by & to bring them on square metre basis

ants were counted and listed, The initial values

and then computed by methods outlined by Qosting (1956} and

Pandeya et al. (1968) for the structural parameters as given

below:
Total number of individuals of g2
species_in all quadrats .
Density = ~Tgtal number of quadrats studied

Total number of individuals of a
apecies_in all quadrats
Abundance = —jumber of quadrats of occurrence

Number of quadrats of occurrence Ty
% Frequency Number of quadrats studied * W

Relative density = Total No. of individuals of all the specisg * 1C

]

The species occurring throughout the observation periogq
in two or more than two sites has been taken as a dominant

species in the present investigation.

For soil moisture and pH, the soil samples were collected
on the observation dates at the depths of 0-5, 5.1Q, 10-20, and

20-30 em. The percentage molstwre was calculated on fresh
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weight baais after drying the spil at 100°¢ for 24 hours while
PH was messured in 1:5 soil water suspension by Blackman pH
meter, For mechanicsl ang chemical analyses three compogite
$oil samples were collected from the same depths, They were
analysed end the mean was calculated. Standarg Endecottrg
sieves were used for mechanical analysis of soil while tota)
percentage nitrogen and calcium carbonsgts were,respectlvely.

determined by Kieldahl and rapid titration methodsg (Plper' 1944,

OBSERVATIONS

1. Floristic composition:

Based on phytosociologicsl studies of 4 Months, Starting

from August 1969 (growing season) to Novembe 1949 (Pre-Wintep

Season), both the varieties of Zaleya govindig {'rubrat and
’flava‘) are found growing throughout the study perigqg (Table
0.1). The ground floras of the study sites Colisists of 1 shryb,
2? herbs (including 'rubra' and 'flava'), 11 grasses anqg 3
Sedges, the total being 42 (Table 6.2), Maximum Number of
Species (30) have been recorded on site IT while mind mym (18) ol
8ite V., Site IIT and IV are found having 25 species egep

{(Table 6.3)., It is only site II whieh Supports one shryb,
Maximum number (20} of herbs are recordeq On site II ang minimum
(10) on site V while maximum grasses (10) occur on site Iy ang
minimum (6) on site V. Only 2 sedges are found but zre not
recorded on site IT. Thus,a site showing the Taximum number qf
herbs also shows maximum number of Species, Similarly the site,

Where the minimum number of herbs Occur, shows s decline in the

total species.
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Table 6.2: Showing the number of times the species is

recorded from August 1969 t

in four sites

¢ November 1669

. Total No. No. of
Name of species recorded of species times a
species
recorded
SHRUB
2izyphus numauleria 1 ;
1
HERBS
Jorantenthera senezalens%s, gonvolvulus
microphylilus, ~ nandraopsis gynandra, "
Indigcfers hochstetteri, P enneechylls, 1
rianthems portulacastrum
Aerva nseudotomentoss, Launea nudicaulis,
=0 ;uﬁg’EErviana, 3ida corditolis L 2
Amar gnthus oracilis, Boerhsavia diffusa, )
ipera muricata, Oisekia pharnaceoides, b 3
dslYugo nu caulis, Portulaca QLlEraces
Amaranthus yricolor, Trianthema ) .
Crystallina
Sgarhasvia repens 1 5
Euphorbia hirta 1 6
Phyllanthus niruri 1 ”
Euphorbia toymifolia, Tephrosia hamiltonii > 8
: < aleya govindia 'flava’
Iribulus terres
balava aovindia 'r'ubra' 1 "
27

(Contd,)

--—'—'—-—-——...—-__-———-'—‘-‘_'__
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Total No. No. of

Neme i spaci2s recorded of species times a
species
recorded
GRASSES
Dactvloctenium 3indicul 1 ]
Cunadnr dac”t tols 1 2
Caschr at1iaris, Erasrostis Lremul s o 4
Trpous pitlorus 1 L
Cenchrus biflorus 1 ‘
: o 1
Uigitaria BASCEACEDS "
1
Brachioria ramese 0
“rysrostls poaeoides, sragrostis cilizaris > 12
——— e L e ——— em——
> . N 1 )
Uactylogtenium aeryptium "
1
SEDGES
i 1
g!gerus arenarmus 3
s ) .
Cyperus compresys
1
Cyperus rotundus 5
3
TOTAL L2
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Table 6.3: Showing number of species on dif.erent

sites
Species group site II  Site III Site IV Site V
Shrubs 1 - - -
#* Herbs 20 15 13 10
Grasses g 8 10 6
Sedges — 2 2 >

—— e — _
«Values include trubra' and *flava’

Table 6.4 Showing species occurrence in one or more
than one study sites

e ———

Total

Neme of species
species

Site

=
11 Convolvulus microphyllus, Q;EQE%EQBELE
ovnandra, %3izyphus nummularia, Dactyloc- L
tenium sindicum

ntenthers senegalensis, Indiegofera
111 Dorafi = s—==rrianthema portulacastrum, L

enneapnyila, %

Q!Eerus ggennrlus
digofersa ggsggtetteri, Trisnthema

H = talline »

erysSbe-==—

X

udotomentosa, Amaranthus gracilis,

cerva psSée
I1-I11 %%Ezﬁggzzg’affTusa, Sida cordifolia b
chorbis hirta, Launea nudicaulis,
II-1IV %%%tﬁizzg ~Jeracea, Cenchrus ciliaris, 5
Tynoadon dactylon

..—-‘—'-'

: i wora muricata, Gisekia pharnaceoides
II-v ﬁ%%jﬁﬁa”cervIana, Mollugo nudicaulls ' b

gggstis tremula 1

II7-1V Era
I11.v amaranthus tricolor
(Contd,)
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Table 6.4 (Contd,)

Site Name of species Total
species
V=V ggerhaavia repens, Cyperus compressus >
IT,I11,IV Corchorus aestuans, Phyllanthus niruri,
Cenchrus bitflorus, Zaleys govindis 'flava' by
IIT,IV,V Tragus biflorus, Cyperus rotundus >

I1,I111,1IV, Euphorbia thgmifolig, Tephrosia hamiltonii,
7aloys eovinadia 'ruora', lriobulus
Terrestris, Srochiarias ramosa, Usctvloc- 9
enium asLyptium, Dicitaria adscendenc,

TraprOstis cilioris, ~racrostis poaecldes

1+ has been observed (Table 6.4) that only 9 species

{nclude 4 herbs (Buphorbia thymifolia, Tephrosia hamiltonii

whicno
rrubre', and Tribulus terrestris) and 5 grassses

Zeleya ggxlﬁéiﬁ

(Brachisria ramoss:
mragrostis ciliaris and E., poaecides) occur in all

Dactyloctenium aegyptium, Digitaria

adscendens,
gite II shows the oCCUrrence of Convolvulus

the four sivtes-
Gvnandropsis gynandra, Zzizyphus nummularia,

microphvllus,

Oactyloctenium sindi cum and species like Doratenthera senegalensj
————— ‘. -_"—-—’_'- et

Tnds gofera enneaphylla, Trianthema portulacastrum aid Cyperus
\__E':.._————'——""—

nly on site III, Indigofera hochstetteri,

arenarius oecur ©

Triznthema crystallina are confined only to site IV, Site V
Trianthema CTF

has got NO exclusive species. Hest of the species are common

in more than one site (Table 6.4).

1t may 8l1so be observed that except Zaleya govindia,

frequent occurring species, based on their record from

the most
ber in two or more than two sites, are Corchorus

August, 0o Novemn
rribulus terrestris, Dactyloctenium aegyptium,

sestuans.
Eragrostis pogeoides and B, ciliaris,which compete witn the two

tn



varieties of %. govindia (Taoles 6.1; 6.2).

ii, Quantitative analysis:

The quantitative analysis indicates that all the 9
dominant species in dif ferent sites show higher density figures
{Taple 6.1} The density of both the varieties of 2. govindia

first decreases from August toO September in all the sites

except for site V. The density of frubra' and 'flava' on site

II and IV falls from August onward while on site V the density

of 'rubra! increases from Auzust to September and then declines

from September TtO Ooctober. On site IIT, it falls for both the

varieties from August to September but increases from September

to OQctoter and pgain declines in November, The frequency of
'pubra’ is bhigher than 'flava' on site IV in the growing season
(Septemberl and October) while that of 'flava' on site II and II]

(Table 6+1)- Relative density of both 'rubra' and !flava!

(Table 6.5) continuousiy jnereases from August to November on

site IIT while jt desclines oR site IV, On site II,they increase

from August t© septemoer. On site V, the relative density of

jncreases from A

ogctober. variety 'flava' possesses higher relativye

yrubra’ ugust to September and then falls from

September to

density than variety tpubra! on site II and IIT,

iii. Soil analysis:

The average soil moisture during the study period

(Table 6.6) 18
The moistur® p;rcentage range on sites II1 and IV are more or

found maximun on site IT while minimum on site ¥

less the same:



< 52>

The mean pH on site II, ITT and IV ranges from 7.6
to €.5. ‘aximum pH is measured on site II while minimum on
site V. The pH of site IIT and IV are very close. The range
indicates that sites IIT, IV and V have neutral soil while

site IT is sligntly alkaline in nature(Table ¢.6),

The mechanical composition of soil (Table 6,6) shows
very little amount of gravel on site V, while it is below o
on site II and IV and above 2% on site III. Coarse sand

percentage is maximum on site ITI (11.48%) and minimum on
3.47 4

site ITI (P4296). Maximum fine sand is found on site vy

(88, 5%) snd minimum on site III (71.29%). Maximum silt ang

clay is found on site IT (21.25%) and minimum on site V (7.66%) .

All the sites, except site II, possess poor nitrogen

status. These sites, based on the amount of percentage nitrogen

and eglcium content of the site, can be arranged as site IT >

site IJI > site IV > site V. Though the percentage nitrogen on

site ITI and IV are very similar but they differ in thejpr

calecium carbonate o d exchangeable calcium contents (Table 6.6),

; ¢+ Showing mechanical and chemical analysis of soil

Table 6.6 from different sites (The mean values given are
hased on the astudy of three composite soil
samples from five sites).

T SrTracters Site 1T Site III_Site IV_Site V Site Vi
Moisture -_*(%) 7,85 6.56 6.34 0.26 5°17-_—
pH 8.5 7.8 7.6 7.2 8.1
Fime gravel (%) 1. 47 2.65 1,11 0.35 1.93
Coarse sand (%) bo20 11.48 8.81 3.47 14,33

(%) 73.41 71.29 75.08  88.51 85.73

Fine sand

Silt and Clay(%) 2125 16,78 10,95 7.66 9.47

Nitrogen (%)  0.127  0.079 0.071 0,059  0.162

Saleium (%)  5.20 3,72 1.52  0.74 5,83
E—-—-—_

Xchangeable .80 0.72 0.59 0.13

Calcium (m.e. %)
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DISCUSSION

It is observed that the habitat conditions considerably

affect and deteriorate the species composition, Maximum number

of species on site II seems to be due to the partial protectior
and lack of biotic disturbsnce on this site. The frequent
sweeping on site V seems to be responsible for the snall number
of species rather than grazing. During sweeping, the seeds of
the vegetation sre taken away and hence do not get a chance to

germinate, The poor moisture status and lack of nutrients on

site V also result in the poor vegetation on this site,

Higher density of dominant species like T. terrestris and

D

~

8reater number of seedlings as compared to Z. govindia in August,

After September, though both the varieties get maturity bug

. segyptium than variety 'rubra'! may be accounted for their

COntinue due to perennating habit while other dominant Species,

which also have higher density in August, decline in September

due o their approaching the senescent stage. Tephrosia

hamiltonii and Corchorus aestuans being comparatively less in

Number do not compete with Zaleya while Tribulus does so only

U to September.
the two varieties having higher relative

on site IT,
o Corchorus and Tribulus, can withstand

dengjty as compared t

and overcome these competitors,
‘rubra', it predominates the later on this

Since 'flava' possesses higher

Telative density than

site, o ijte IIT, the increase in relative density of the two
. n s

a and other dominant species (D. aegyptium and

Vorieties of Zaley

80d 7, ierrestris) infers that both the varieties are
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simultaneously suppressed by these competitors. On site IV,

variety 'rubra', though initially high in relative density, is

suppregsed by D. aegyptium, ss the later also shows increase in

relstive density. Variety trubra' is further suppressed by

'flava' in November wnen the later overtakes the former. Other

1ike Brachiaria ramosa and Corchorus sestuans

dominant species

do not compete due to less occurrence, However, on site V,

variety 'rubra', due to poor relstive density, is also suppresseg

by dominant species (Table 6.5).

It is also obgerved for variety ‘rubra’ that the number
of {ndjividuals per sq. M. decreases from August to September on
all the sites (Taole 6.7). From August to September, the

ive density) of rrubra' is increased on sites

percentage (relati
sed on site IV. This shows that the

II, IIT and v but is decrea

is favoured more on site II than site IIX

occurrence of trubra’
variety 'flava’ also declines per sq. m,

and minimum on site Ve

t to September on all ©
js increased on aite JI and III bux falls on

he sites but their percenta
from Augus p &e
(relative density)

This indicates that 'flava’ variety flourishes best

site TV,
r variety. Based on

on gite IT and dominates over the othe
. lpyes, i1t may be concluded that L. aegyptium
positive percentﬁéidga ’ e 17 and 111 end both
. T/ . terrestris on S1LES o
competes on sites I~"v T

on site V against Z. govindia.
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Taole 6,7 sno@dpg percentaze increase in the number of
indlylduals per sg. m. ol certain dominant
species on different sites from August to

Septembar, 1909

Relgtive Density Percentage
Species Site increasegfrom
August September August to
B September
II 8. 14 17.64 + 9,50
:31;%’ iovi.‘.«li? ITT L.58 7490 + 3,32
rubra’ IV 2L .64 8.51 -16.13
Vv 0.56 1.4 + 0.68
1T 9.70 23.52 +13.82
a8leyvs pgovindia 11T e 25 9.30 5.0
';‘1..'—'!\'8' ) °
IV 5,2 3,02 - Re2h
v - - -
o 11 2,37 7,56 + 5.19
Tribulus I1I Gt 11,16 + 475
terrcstris IV 22.79 7o k1 -15.38
v 1eh5 3.42 + 1,97
) IT 20037 32,77 +12.40
D_'F\CtVlOC tenium IiI 66, hi 26.97 =39.47
aegyptium v 6.79 30. 1 +23.42
v 12.84 30,79 +17,95

on the basis of studies on site II, III andg

Further,
ce of tne two varieties of 2. govindia seems

IV, the occurren
to be independent of moisture,
e being either negatively corre
Hence, these factors may not be

pH and nitrogen content of the

lated or insignificant,

Site, thes
able 6.8).

Statistically (7
ocal distribution., Variety 'flava'

for their 1

Tespongible
Shows highly Significant correlation for silt and clay
¥ = 58.7), and exchangeable calcium (r = +0.9%;

(r o +0,96;
Fa 102,9) and %0 occupie

s maximum density on site II which has
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Tshle 6.8: Showing cerrelation of mean density of 'ruir~ ~nd "flavs’
-~ 2]

with different soil characters

Variables § Corr.Coeff.(r) E_ Variance (F) Rerression enuatiog
Y 2 X 1 Rubra% Flava ‘ Rubra \ ¥lavs Rubra l TY e (==
Mean c NS PR .
density : Yoisture (%) +0.75 0,06 5.2C T « 95,84~k 10k Y = ~127.9.27.0%
{ NS . )
" . pH +0.30 0.15.18 7.10 [ 2 159.60-11.02% 1 = =336.8443,0%
' p [P o8 }?c i
" H Fi!".e Saﬁd (7‘9) ‘0-70 “91060 lba01 e ‘X = -983_1‘+1h.3‘\ Y = 8‘7.5+-10.;).
" t 51l and (g, +0.96 1,785 58,7 7 1 e 115,04-2.9% Y a -30.745.4%
Clay
; NS As _ , '
" ¢+ Hitrogen (%) +C.75 0.06 5.15 { 77 . 34<-10%, 5% Y o =8.14725,5X%
" : Calcium : ‘ N T T | 2 S
Carbonate ) +0.86 O.bz : I s 81.24-45.04 e 0 be T3L,7X
0 . Exch. ) .0.98 5308 102,977 Y 4 196.64-155.8% 1 = -131.94271, 1%
calcium ' . 500 = JAe 271,14
DF Treatment 1 NS Non significant F value a2t 5% = 7,71
DF Error N #% P < 0.01
Y

p < 0,001
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maximum values for these soil features, High vslues of fine

Sand on site V may support the occurrence of variety 'rubrat

as 1t shows highly significant positive correlation (r = +0.99"

F = 1191,6) with fine sand (Table 6.8). Thus, 'rubra' is

more favoured by high content of fine sand while 'flava! by

high content of silt and clay, and also by exchangeable

calcium. Further, these two contents are moderately high on

site II, due to which both the varieties seem to grow together
with least numeric differences (Tables 6.6; 6.9).

6.9: Showing mean density of 'rubra' and
table 7 on different sites and

'flava'
exchangeable calcium on these sites
- Density
Variety 11 — ™ v
’rubra' 67.“‘ 3906 91'}02 1.6
fflava' 81.0 69'8 2506 X
Exchangeable ., 0,72 0. 59 0.13

Ccalcium
(mo e, )
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CHAPTER 7

MORPHOLOGICAL VARIATIONS

INTRODUCTION

Lregor (1938, 1744, 1946) studied the interpOpulation

‘8riations governed by certain ecological factors, The success

8 Species population not only depends upon its Capacity tg

-

Cope with its physicel environment but also upon the genetie

Variability (Hanson and Churchil, 1961). The ecological impor.

tance orf phenotypic plasticity lies in the fact that ji¢ has g
bearing on the range of habitats 3 species can oCcCupy, since

it tends to make the individual adaptable to more than one
habitat, Due to this fact the plants though differ in appearance
by distinct morphological features in vegetative parts ang
Teéproductive vigour,yet they belong to the same homogeneoys
g&enetic stock and are referred as ecads (Daubenmire, 1959},
Studies of Bredshaw et al. (1958) and Ramekrishngn (1961§)
indicate that various species have wide range of calcium require.

Wents and that these are highly correlated with the edaphi ¢

habjtat of the species,

In early studies (Chapter 6) the population density of
Variety 'flava' was found significantly correlated to Calcium
Content’ and silt and clay, which differed from site to site
“ith 5 wide range while 'rubra’ to fine sand, Fine sand
“ontent varietion in the sites was in a narrow range of
Uiff9rence’ The present investigation has, therefore, been

“Ndertaren to work out the adaptability and tolerance of the two



< 59 >

varieties with regard to their variation in morphological

cheracters from site to site and to the edaphic limits with an

emphasis to calcium level.

METHODS OF STUDY

15 plants of both the varieties at fruiting stage are

randomly collected from sites II, IIT, IV and V in tne end of

August 1969. The morphological features (length of the largest

branch, numoer of internodes and length of third internode on

the largest branch) in each plant were measured. The soil
samples were collected from the region of profuse growth of
roots in all the sites,separately,and the soil collected was
analysed separately to correlate the soil nutrient studies,
specially range of calcium, with the growth =+ characters and

the occurrence of the two varieties. .

In order to study tne phenotypic plasticity,observed in
the 4ifferent habitats 1in cach variety, the seeds of both the
pach site, were collected and stored separately

Varieties in
under laboratory condition.

These were sown

in September 170F
4 in culture plots of oneé Sg.

in September 179
adrat in the Botanical garden. Plants were

m. SO as vto get

10 plants in each QY
rrigated on altern
ons 1in morphological measurements.

. te days and were dug ouvt after
uniformly i 8 y
LO days for VaI‘i Bt’l

re experiment was set up to elucidate the effect

n of the two varieties.

adding Ca(OH)2 to the

A cultu
Four different

Pegimes of calcium were obtained by
garden sojl, which has 3, 2% calcium, was mixed with weighed
9

IMount, of powdered lime to get different percentages of
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calcium carbonate.

Pots were watered for 30 days before the seedlings were

transferred, After the completion of the experiment tae soil

was anglysed for carbonate sereentages and exchangeable calcium

Three replicates were get for each variety and the

sesdlings germinated from a single stock of seeds of each
variety, were cransferred at 4 leal stage to these culture pots

Three plents in each pot were maintained under uniform irrigation
condi tions and then studied for measurement of growth features,

Soil factors like pH, calcium carbonate and exchangeable calcium
were determined at the end of the experiment following Piper
(1944) and Pandeya et al. (1968). The results are recorded

below:
Calcium carbonate added
ContrO].. 14»% 6% 8‘% 10‘%
pH 7.0 7.3 7.6 8,0 8,2
Calcium 3.2¢1,1  h.6%2.0 6.2t2.6 8a322,5 9.4%3.0

carbonate (%)

Exceh ble

calcig%ea 10. 228 2.0 10,861 2.2 17.73%3,1 25.3126.1 38,17%7,0
Mm.e. %)

OBSERVATIONS

SignifiCant morphological differences have been observed
e sites 1n each variety and also from site to

in nature withid th

spubra’

and 'flava’ (Table 7.1), For all the

Site b
etweel
shows minimunm values

trubra!l

Morphological
On the other hand, 'flava’

on gjte Vv gnd maximum on sive Il,



g

site vV
, for it supports only ‘rubra’, the values ®r morphological
c

ch
aracters as well as for dry weight sre minimum on site IV f
: or

b
oth the varieties while maximum on site II and VI for ‘rubrat

and "flava', respectively (Tables 7.1, 2). It may also be noted

that the morphological differences between the two varieties

are statistically significant in most of the sites (Table 7.1}

The dry weight of parts (stem and leaves) in
'rubra! is more on site II (7,1912.67 g.) than site VI (2.62%1.61

the values are more or less same in the se sites

but 1n 'fleva’
on site II and 4-3811-88 o ON site VI I‘espectiv-ely)

(h~37?3,06 g.

the mean len
vflava' in all the sites except site VI,

In nature, gth of the largest branch of ‘'rubra‘® is

found greater than
higher value (-37.20) in this character

where 'flava' has
e difference between 'rubra' and

(Table 7.3). This negativV
r this character indicates the greater length of the

'flava® fo
than 'rubra' on site VI.

maximum branch of tflgva’

the soil collected from the

hemic2l composition of

The C
site differa from those

growth of roots on one
ther sites (Table 7.4). pH ranges

m 7.4 to 7.8 for 'flava',

region of profuse

collected similarly from 0O
2 for yrubra’' and fro

from 7,0 to 8.
0,07 to L.06 for tpubra! and from 3,77 to

Carbonate ranges £rom
o dexchangea

and from 11.14 to 27.3
ite V seems to be neutral. The other

ble calcium ranges from 3,02 to

9.35 for 'flava'
5 for 'flava', Site VI

20.36 for trubra'

1S highly alkaline while @
pH towards alkaline

e and exchangeable caleium valu

side. Site VI points to

Siteg also show
es while

haye very high carbonat
er amount but site V¥ possesses 1

It is also clear

owes?t

Site 1V possessed lov
aMount of carbonate &nd exchangeable calcium.



Table 7, 1! Showing mean &ri standard deviat:

o' the me [ ~vowth neters
(morpholcgical crharacters! of 'ribrat and tti=va’ onl ecred o
dif.erent sites in Aupust tov. (latire
({Ctservations based on tne study - 14 s 0 ea X s ‘e
Criar=cters
Site Length of largest nranch Murtar of internade on lengti. ~7 thir) |
-~ em) largest orans n largest oranc
Yubra Flava T Test Rubra Tleva L Tes®  Huere Fiav: LT
=3 32, 25£10,0 25.227.3 10,8 h.4 22,8 13,822,870 1.70%0. % 1,820, 0.5
IiT 20,01 7.5 15.012.8 &b 3,0 22,0 11, m=? 30 1.57%0.5 1,6%0.5 0.5
:"J- 1‘!.7: 208 906:1o6 ‘J’.S 8 ! t10L 701*10T 30‘ T.hl@.to.f 1'51.0’? O.8
.‘[r 7,1;’: 1.5 - e el ;:7.!; i1cc,

L240,3 -

7T 18,74 3.0 37.LE10.4 13.2  11.53%2,2 $0.0t2.3 5.2 1.7280.2  "..10.4  10.7

Cale:lzted ) ) )
T oa L, 13 5L6,3 131.6 37,0 &5, 2

e J 1L2. 7 147
(escluding

site V)

t .

t' test at z: dJdegrees of freedom

* Significant at 1» level, tac_e value Tor t = 2.70
wk Significant at 0,2, level,table volue for v = 1.4
Significant at 0.1, level, to:le value for t = 7!




Table 7.2: Showing mean and standard deviation of mean in growth parameters

(dry weight of plant parts) of frubratand 'flava' on different
gtudy sites in August, 1969 (Nature).

(Observations taszd on tne stuay o 15

oxar’}' U?I'o
Sire bDry welignt lcaves Drv weight roots Dr,\aeight Lal siic >t
(gm.) (=n.) {(Stem 3ni l-aves o
‘rubra’ 'flava’ ‘rubrs? *flava’ ‘rabpra’ 'flevs! 'rubras'  'Cis
11 3,7881,75 2,00£1,55 2.7521,05  2,53%1,97 7.1922.07 by 3743, 38 O, &7
11T 0,6820.42 0.8520,32 0.5720.239 0.20%0.50 1.32:0.¢0¢ t.5.480,.6% 1,58 D, 01
IV 0.2920.12 C.3620.1 0.5Lx0.48  0,3520,10 0.661C, L4 0.63¢0,17 21 TA
Vi 1,27£0,77 2.07:0.67 1, 25%0.89 1,730, 51 2621, 01 L,3321.58 G.Lé 3
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logical charucters

Taole 7.3: Showing comparison of morpho
between ‘rubra' and tflava' from th. plant:
. « 1y, cuiture ( 532. tenber 1203) ani Nature
:‘f.b'l‘u':‘;;" T )
; Characters o
— — .
! Difference in the mean " Ratio in the mean length
Sit ! 1ength of maximum branch | of maximum branch in
© ' in tRurma' and tflava' t trohrat end 'flava’
| {Rubra value minus flava E {Flava . Rubra)
! v ' \
culture | Nature b Culture | Nature
- __-_,___._._-————'-""— - - - —— cmee—
.37 .50 +5.93 1t1.4 1:1.2
.v,.']' +c 15 10103 1:1.2
VI +28.84 -19.20 1:1.3 2:1.0
Mean for N
o
positive 33.85 280
values
"> -

. -

showing me

an values O

£ the anslysis of soil

P9
m Ci¥

Table 7.4 samples collected in different sites from
region of thickly populated lateral roots of
trubra’ and 1flava’

RES T site
Soil variety v 7
Companents ) 11 I1T1 VI
lrdbra' 7.5 7.6 7.4 7«0 8.2
A
p” 'flava' 7.7 705 "'l‘ - 7-8
= =" 0,13 0,07  L.06
Carhnnate e —
Conéanb(w) rf1ava’ €, 81 4.9 3.77 x 2.35
— -
™ o 10.'73 ‘)012 3.02 20.30
Bxchangeable 1rubra’ 115 e
¢alefum —=— "1 19.0 R R 1 - .32
(m.e '1'1:,va' ")-05 17.0 o 150 v

o)

—_—
T —
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from Table 7.4 that the two varieties have a distinct range

of tolersnce towards soil calcium, Further, the effect of

soil calcium on growth performance, yield and dry welzht of

plant is highly significant in the two varieties,

The variation in morphological features, when plants
are grown in culture in uniform soil, are seen statistically

insignificant within the sites in each variety (Table 7,.5)

However, the differences are significant between the two varie

ties for the length of largest branch but insignificant for

the number of internodes and length of third internode on the
largest branch. The differences and the ratio in the branch

ween the verieties (
mall and close to the mean values

length in bet ,rUbra' minus 'flale) for
all the sites are very S

) which raflect uniform b
The increase in the mean length

(Table 7.3 ehaviour of both the
Varieties in uniform culture.

rrubra' is found 1.4 times more than

of largest prench of
in nature,the differences in this ratio

"flava! in culture.
und more or less Very close (1:1.2 to

(’flava':'rubra') is fo

1 the locslities except site VI where the ratio is

1:1,3) in al

reversed (2:1)-

geable calcium of the soil,

when the values of exchan
¢t region of the species from respective

collected from the ToO
rel B‘bed with char

tive site (Table 7.6 Fi
itive correlation in sites IT,

acters of the corresponding

g. 7.1), variety

Species of the respec
significant pos

1
rubrat shows
orrelation was insign

11T apng IV but the © ificant when sites
and VI are con
gnificant positive correl
rprubra' is effected in higher

sidered and correlated. Variety

T, 111, T

ation in all the

' )
flava' shows @ 571

Sites, This clearly infers that



Table 7.5: Showing mean and standard deviation of mean in growth charscters of

'rubra' and 'flava' grown in September 1969 from thne seeds of different
sites collected in September, 1968 (culture)

(Ohservations bazed on the study of 10 plants erewn

. Yo U S48
of each site)
Character
34 te Lengtn ol largest branch Jumber of internodesa Lernctpn o tnird i.tern
(cm.) largest orarnch larsest orsncn
trobra! 'flava!’ T Test ‘rubra’ 'fl= va!' T Test ‘rLore! lav o
IT 112,6%16.,2  75,0t7,1 6,67 12.622.5 11,7219 1.7 1,780,027 e,
Til 114, 4510,.5 74,125,710 ,637%F 12.782.6 11,0%1 ¢ 1.7 1,655, 21 1.81¢C, y
17 105.786,2  ?7,488.4  B.7777 1L3ER.30 11.9%L00 4.7 1,250,533 1,73C,
i 108,0%10.5 —-- 11,741.9 ovm 1,7+0, 21
VI 105,6232.4 76.7%6.4 3,777 T1,531,7  11,701,7 Q.25 1,720, 70 1.8e0, R
't' test at 18 degree of freedom:
* Significant at 1% level: table value for t = 2.878
%% Significant at 0,2% level: table value for t = 3.610

A =t

+ Significant at 0.1% level: table value for t

1]

3.922



Tavle 7,6

Correlatgon of e.chengeatle crlefuwr with Sranclh leng:h,
weignt of voo® and shoot ¢ 'rirt s’ an. ' lava' in nt o ove
variew .
Raora lava
SITE " —-— N
“xeh. Lergth ey weignt 2 Y walgnt
calciun Lranch CEs D —
(m.e, =) | em, ) 8ot Shoot . em 00 00
\ : I (go} .;—'. \
I: 1“0;8:3012 ‘:)4021.10-0 2075:10%' '?.1':}‘_"2.@'.‘ 1).("5""«.('; - 170 2-5311D°}’? 27 '\.
177 12.73£3.27 20.1%27,5  C.68710.3¢ 1,0710.45 17,m0F s t5,0r2.8 0.80%0.50 . NI2E L
T7 9.12t2,91 11,7:2.8  0,5L20,L8 0,00%C. LI P1,3022,37 0 3,6%1.6

VI 20,720%8.35

Correlarions
{r) with

18.2¢3,0 1,22Z:0.89

X *

37,4310, 4

0.35%0.10 LOSE

1.7320, 51 5.0

ol # £ 3 X ) y -~ x - . AC L
S<ite IT,III,IV (£)0.96 (310.77 (CIN.79 (D}0.85 (=15, 77 (7 )}0.78
3 N T e . . ' ofe e .- .
Size I7,I1I,1IV,VI 0,013 IRTG 0. 107" (D'}0.95 A in.al B2
“or site TT II1,IV DF Treatment 1 Significant (A),(BY,,...,(~') Regression
DF Brror 4 o Very sigrificant eguantion
. Highliy sigrnificanr See rig., 7.1
vor site TII,I1T,IV,VT DF Treatment | Highly sigri g
I )

v Lrror
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concentrations of exchangeable calcium (site VI), while 'flava!

remsins unaffected (Taole 7.6). This limit of tolerance for

exchan~eable calcium is further supported from culture studies
(Table 7.7).

The culture study shows that with the increase in soil

exchangeable calcium and calcium carbonate, veriety 'rubra' ang
'flava' show an incresse in branch length and dry weights of

root and shoot. However, this increase seems to be limited.
Variety 'rubra’ exhibits this increase up to 17,7323.11 m.e, %
exchangeable czlclum while 'flava’ up to 25.31%6.12 m.e. %

Thus, the growth seems to be inhibited

exchangeable calcium.

tions (Table 7.7). Both ’'rubra' and

beyond these concentra
ibit negative correlation beyond 17.73%3.11 m.e,

'flava' exh
% 09003) but ‘rubra’ shows a decline in

exchangeable calcium (6
oncentration while 'flava’

values immediately after this ¢

er 25,31:6.12 m.B. %
varieties,thus, possess distinct range

declines aft exchangeable calcium (8% CaCOQ)
l o

(Table 7.7). The two

ce for exchangeable calcium and calcium carbonaste
nce

of tolera
(Fig. 7.1).



Table 7,7: Correlation of exchangeable calcium with branch length, dry weight of root
and shoot of 'rubrs' and 'flava' in cuvlture

"~; PR |

C Exchansaable . .
ca 03 ﬂalciu; % Lencih dry weight
added to {: . 1)
rots e Largest ‘oot SO0 Larce=t r
nranch (z,) W) Lrane
(em. )
Sentrol 1C, 202,01 23.6%13,2 0.38%0.16 3.93%1,0z N bt O3.1020,00 1.953%7,
Lo 10,86% 2,23 31,8211,°7 0.43%0.20 L,tud1,17 23.6311,2 RIS hAe IR B 1 ardT,
&% 17.73£3.11 36.3%13.9 1.3620.71 3.6%%21,2% 27.3t11,8 1, 820, 7 F.15%1,00
8% 22.31%6.12 21.88G.5 00,6430, 27 1.3320.37 3h,1813,1 0. 8020, LG we 250N,
1% 38,17+7,07 G,2+2.6 0.13:0.03 0.4320.1°¢ 12.6%5,7 0,35¢0,Q7 Q.h740,
Correlation (r) with: ,EEE oy O a : . I o b
centrol, Lk, 6% (G) 0.94 (H) 0.9 (I} 0.86 (J) C.< (2)0,9 (L) 0.8
Correlation (r) with:

. 184 RS L XX NS Lo NG ia
Control, 4, Ow, 8k, -C.87 -0.297" -C.96 -0, 3777 ). 0% .0.5°¢
10%
For - Control, kp, &j D,F. Treatment 1 (54 ,(B), ..., {]) He.ression Zaqusti
D.F. Error Lb Se‘: F‘i .0 '701

D.F., Trezatment 1
D.F. Error 8
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DISCUSSION

The present investigation indi cates that the two
varieties of 4. govindia show environmentally induced varigtions,
Such variations within the two varieties further get support when
the individual variety is grown in different level of calecium

Supply. This study clearly indicates the variable behaviour,

induced by the calcium content, in the same genome of the two

varieties of %, govindis. According to Jafferies and Willis

(1964 a,b), Sieglingis decumbens grows in a site with fairly

higher calcium concentration, However, the seedling establigh.

ment in higher concentration sometimes fails in culture which

have high calcium level, but the transplants survive (Rorison,

1960 a,b* Jefferies and Willis, 1904 a,b). Studles of Bradshay

et al, (1958 1960) and Rorison (1960 a,b) indicate that the

—

drv weight and seed output increase with exchangeable calcium
up to a certain limit after which the overlimiting brings the

toxic effect., On the other hand, Jefferies and Willis (1964§)
found that at low concentration of calcium, Origanum vulegare

Clymo (1962}, however, has

dies off due to calcium deficiency.
found that higher levels of calcium brings better growth of

some plants because of certain chemic
The present study shows that the growth

al factors which influence

the plant growth.
t values, up to a certvain limit, are

performance and dry weigh
idual variety with the increase in carbonates

incregsed in inal
leium but then suddenly decline at higher

and exchangeable ¢2

con tration This sudden faii &t higher concentration of
cen a e

exchangeable calcium associated with a high pH value (9) may be
ang

due to its toxic effect as observed in Boerhaavia diffusa

(Srivastava and Misr'a, 1968)«
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2. govindia, which occurs in a very wide range of
climaetic and edaphic limits (Chapter L4), shows diversity in

relation to the edaphic factors within the two varieties

growins in this region. Such distinct behaviowr of the two

varieties, within a limited altitude and geographic zone of
this region, is due to possible variations in soil nutrient
status found in an area of more or less similar vegetational
h the varieties occur side by side with wide

cover where bot

deviations in the mean velues of characters. Such extreme

variations in the soil nutrients found over an area, having

superficially similar vegetation, have also been observed by

Lodge (1952 a,b) in case of Cynosurus cristatus.

The habitat studies for both the varieties in relation

to exchangeable soil calecium clearly sugsests that the variety

'rubra! grows over a lower but wider range from 3.C2 to 20,36
m.e. % wnile variety tflsva' grows profusely where the soil
has high but a slightly narrow range of calcium content,

o»changeable calcium,
Due to overlapping range of calcium

especially ranging from 11,14 to 27.32

m.e, % (Table 7ek).
ur in all the localities but for

content, the two varieties occ

abilised dunes) where only variety 'rubra! occurs,

the site V (St
It may be attribute

The common 0CC
th the varieties on site IT, III and IV may be

d to its lower requirement for calcium than

variety tflava’ e urrence and thick vegetation
population of bO
ange of exchangeable calcium from

attributed to the narrow I
% for trubra' and 11.14 to 19,03 moe. % for

.12 to 11,58 MeCe

"flava® (Table 7.4)
e. % 1D the latter.

at variety rpubra’ seems to be more capable to

a difference of 2,46 m.e, % in the former

and 7,89 m. It may be attributed,based on

above facts,th
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grow ir most of the sites (even on site V) possibly due to its

wider ran e of edaphic¢ requirements,

Studies on Buphorbia hirta Linn. and Eclipta alba Hassk,

(Remakrishnan, 1960 a,c) alsc indicate similar results. I, albs

has a wide ranze of tolerance with regard to moisture and

calcium in the soil while the tred?! and tgreen' forms of

E., thymifolia have different requirements of calcium in soil.

Red form can tolerate a wide range of soil calcium whereas the
green can thrive in calcium poor soils, Studies on ‘'rubra!

(red) and 1£1zva' (green) varieties of 2., govindia alsc indicate

parallel results. Variety trubra' can tolerate a wide range of
5011 calcium whereas "flava', in contrast to ireen form of
ives better o soil with fairly high calcium,

E. thymifolia, thr

PRERRE S S



CHAPTER 8

SEED AND IT3 GERMINATION

INTRODUCTION

Desert seeds are found to possess a complicated germi-
“aticos e Yatines mechsanism (Koller, 1957)., Seed germination

52 bheon studied to understand their

of arid zone pl=:its haz
ture by investigators like Went

rd (1949), Koller (1956, 1957)

Tl ntion haviol! )

-4 I

(79h8, 1349}, ~enat and sester
Koller and Cohen (1259), Datta (1965), Chatterji and Baxi

(1966), Chatterji and Sen (1900}, Capon and Asdall {1967} and
Sen (1968). They have an2lysed the influence of environmentsl
factors on seed germination and thus the occurrence of the

plant in the area.

wa in a variety of habitats in both

Zaleya govindia gro
ound Pilsni. This weed also

open and shade situations iR and ar
perennates through the root stock, in spite of high seed
The two varieties,
r in the areas under study except site V

s occur in nature from time to time

trubra' and 'flava' normally

Production.

inhabit togethe

(Chapter 6). Their seedling

and more so after the rainy season.
x nature of seed and its germination,

Such behaviour reflects

the specific and comple
The present shapter mainly concerns with the mechanism
e M Ehe

inVOlVed jn the complicatECi
The study has been aimed to investigate

~ermination behaviour of the seed

°f Zaleys govindia.
rennation and the occurrence of intermittent

the nezd for pe
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ermination of this plant, Besides, the two varieties have

also been thoroughly investigated to find out the differences

in their seed chasracter and seed germination,

MATZRTIALS AND METHODS

For fruit and seed ch=aracter, ten plants of each variety

were randomly collected in October 1967 from five sites (I, II

ITT, IV and vI). Fruits of each plent were counted separately,

For seed weight, 250 seeds in 5 replicates were separstely
weighed and the two varieties were compared in each site for

the mean seed weight.

hile carrying the germination experiments, seeds were
found esten by some insect (Chapter 5). The eaten seeds were,

therefore, separated by the external observation of the seed

collected from three sites (11, III a
) seeds were not completely eliminated.

nd IV). Still, the biotic

sterile (insect eaten
e biotic sterile {insect eaten) seeds,s simple

To eliminat
procedure was followed. In this method, seeds were allowed to
onical funnel filled with

s which continued to float on water

float in a ¢ water (Fig. £.1). It

was found that bthe seed

time were biotic sterile while those submerged

surface for a 1long
at the bottom of UBE funnel were visble seeds.
seeds were also collected from mature plants in

¢ in shade and open S
sotic sterile seeds were catesgorized and

Further,
ituations, Mature (ripe),

October, growin

immatyre (unripel and b

e were calculated for both the varieties in the

their percentag

two situations-
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For perminstion experiments, the seeds were carefully
collected from the plants of uniform age., These plants were
left for air drying for 2-3 dazys and the seeds were removed by
hand to avoid th mirin:ﬁf unripe seeds. The seeds were stored

in glass stoprered bottles under different conditions

serminztion was studied by placing 50-100 seeds (with

ususlly three replicates or 2as described) in Petri-aishes with

filter pagers restinc on a moist cotton pad. Emergence of
radicle was toaken as the index of germinstion. Tap‘ﬂf‘fwas

used to moisten the seeds and the cerpinated seeds were counted

333 .
tting the seeds in distilled

Imbibition was studied by pu

s and the percentage imbibition was

water gt room condition
on dry weight basis. Seeds were treated with

calculated
phuric acid for different durations

concentrated and dilute sul

thorough washing with running tap water. 1In

followed by a

the germination was C
Continuous light was provided by 200-

general, arried in natural light under

laboratory conditions.

descent hulb at a dis
petridishes were kept in light proof

tance of 1 metre from the seeds.

watt incan

For dark treatment, the

es and were exposed
erature treatments were given by pre-

early morning for observation

cardboard box

on alternate dayse Temp

eds in reirigerator and hot air ovens set at

treating the S€

peratures. snuous washing was done in runmng

desired tem Cont

tap water.

seedling mortality was calculated in growing

Percentag®
on the field observations from

ymAugust 1969 )y based

Season (Jul
on three sites for A4 weeks by the

fiXed permanent quadl"ats
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ne formula:

ercentaze mortality - Total_ggedlings died x 100
~ Total initiayl seediings —

OBSERVATIONS

1. Fruit output:

The number of fruits per plant varies between the two

Varieties 4n each site and within the sites in Bach variety

(Table

8.1). 1In both the varieties the minimum mean capsule

(fruit) number has been feund on site IV ('rubps? 82.3%39.1.
o ) |

'flavg? 70.,8%22.4). Both the varieties have maximum frugt

Production on site IT.

Table 8.1:

dhewing compsrison of the number of fruit
per plant {(a) between 'rubra'! ang 'flava!
in each site and (b) within 5 sites fep
each variety. (Observation of 10 plants of

each variety),

\‘“- = ——
'ruora' T£lava! Calculated  Significant
Site Mean + S.D. Mean + S,D, F at 5% level
(F = 4,20)
\——‘
11 501.5£179.4  641.52404.2 2.17 NS
TiT  399,8+278,1  468.7%335.8 1,27 NS
IV 182, 318998 170081-220[}' 2.05 NS
VI  126.5249.3 390,0%120.4 6.60 *
Coleg.
lateg p 295 .88
Signifj.
C‘Ent at F- 33
% leve)
(Fs
~Z2-54) =,

DF treatment within the sites 3
DF error within the 3sites 36
NF treatment between varieties 1
DF error between varieties e
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11, Seed weicht:

In both the varieties the weicht of 50 seeds (Table g 2)
COmes to be minimum on site IV and maximum on site IT Both
the varieties are statistically different for seeg weight gn

1ndividual sites and slso within all the sites (p < g 001)

Table 8. 2: Showing comparison of 'rubrg! and '£lavar
in the mesn seed weight (mg.) of 50 seeds

in different sites.

(5 replicates of 50 gecds, 1i,e,, 250 seeds)

- 'rubra 'flava!' Difference Calcul
Jite Mean § S,D, Mean * S.D, in means F ated
s 3 ] R e
I1 68,842 2,75 72,85¢1.31 -4.01 8, 58 %%
I11 52,83+1,76 55.93+2,10 -3.10 6.33%
Iv 50.32¢t0.22  47.65t1,22 +2.67 22,59 %%
VI 58,82t 1,45 55,58%1, 26 +3. 24 T4, 13 %%
Coleu~  177.52%%* 348, 9% o
lated F
— _e S— —
DF treatment within sites ) ¥ < 0.05
DF error within sites oties 1? P < 0,01
D tween varie
F treatment betw g 4P < 0,001

DF error between varieties

iii. Seed nature:
A, Biotic infection of seed: Thz intensity of biotic sterile

(insect eaten) seeds in the two varieties differs statisti.

cally (P < 0,001) from site to site, The maximum insect

eaten seeds are found on site IV end minimum on site I

(Table 8.3). Thus,a considersble number of seeds are des-
troyed due to the insect infection,
floating seeds contained the maximum percentsge of biotic

During separation, the
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Sterile seeds (80,) while the submerged ones included 900 (Teble 8,4)
g .1{-

Per cent of visble seeds (Tacle 8.4).

Table n . :
@ile 8.3; Showing percentege biotic sterile seeds ot 'rubpraf and
'flava’ in three sites based on their €xternal appearance

10 renlicates of 10 fruits, i.e., 100 fruits)

T s Site I Site IIT Site IV T
(\'eant5,D.) (MeantS.D,) (Meants, D, ) F value Zigﬁiilcant
= (F=5,
:I‘L‘bz‘a' 1?:}..'.'33!.. 4((} 12»631’6. OO 30.71;,':8.90 Pl o . ) 4*‘“_“&
flavat 11.39+4,00 T1.32+3.07 23.72+3 .44 40,95 "
“5 -
D.F, treatment within sites 2 S
D.F., error within sites 27

Table 8.4 snowing percertaze niotic, viable and non-viable
(floztin~- and submerged) seeds in ’rubra' and *flava?

\‘ -
—_ Floating seeds S—

Biotic Y P
farievy  cgerile Viable Non-viable F valuye ft ,;C°“t
- (Meants.p.) (iMeantS.D.) (Meants.D.) (F=10.92)
'rubrat  72,96+£10.01 9.06%3.36  14.0324.84 84,18 T R
'Clavar 83.8616, 46 8.06%3, 23 8.06%£3.26 275,08 ok

D,F, creatm;nt within seeds 2, D.F, error within seeds 6-_““‘

- T Submerged seeds ——
\ *- - - N

Biotic _ , Significang
Variety sterils Viable Non-viable F value at 1%
— (ttean:S.D.) (¥ean:S.D.) (Mean=+3.D, ) (F=13.75)
'rubpa? - 89.06+7.40 7.60£1.85 342,14 o
'Tlava? - 91.53%1.55 B.hb%1,55  L2B.TH suk
\.-hh == 3

D.F. treatment with seeds 1; D.F. error within seeds FAR

In both the varieties the

D, Available light and seed nature:
f mature seeds and insect eaten seeds are statistj.

percentage o
Cally higher in plants growing in open. Conversely, the numbep

of immature funripe) seed is more in shededplants in both the

in both the varlieties the ripening of seed and

Cases, Thus,
insect infection are promoted in the plants getting more light,

But are gelayed in the plants growing in deficit light (Table 8.5).
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Table 5,5 Showing percentaze,ripe, unripe and biotic
sterile seeds in 'rubra' and 'flava' growing
in 'shade' and 'open' condition

Shade Open
Seed nature -
‘frubra’ tflava! 'rubrs! 'tflava?
({eantS.D.) (+eant3,D.) (MeantS.D,) (Meants,D.)

Unripe seed 19,66211.5  21,2628,43 L,622.01 L.o2t2, 18
3iotic 5,12£5.18 8. LN, 85 12.3448.15  11,52%6,84
sterile

F value 69,32 92.70 210,16 263,51
Significant « ke

at 1%

(F = 6.93)

N.F, treatment within seeds 2
D.F. error within seeds 12

5. Available light and fruit production: Plants growing in open
and shade situations highly differ for fruit production.

Plants growing in shade (erect) bear a small numper of fruits
2} o

compared to those growing in open (prostrate) areas
as {

(Chapter 55 Taple 5.2)-

1v. Seed dispersal:
The seed 1S devoid of dispersal mechanism. Seeds of
e 3

both the vaerieties are heavy by weight. The seeds are dispersed
o 2 ¢

indj g1y b domestic animals, that eat the plant, and also by
irectly ©:

Inan S undigested and unmasticulated secds pass along with
- ome

1so observed carrying the seeds towards
the fegces, ANLS are a

their dwelling holes, Being medicinally important, the plant
W

is alse collected by local people and thus its dispersal is

affected.
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a, offect of fr .
ect of fruit wall: 10-month old seeds with (i) fruit
/a1l irntact and (ii) fruit wall removed,were germinated in
{ffused natural light for 20 days (Table 8,6)., The uncermi

nated seeds were decoated for dormancy test.

Showine the effect of fruit wall on percentage

Tohl s K
germination of seeds of ‘'rubra’ and 'flava’,
Percentaze zermination - o
Variety Fruit wall Fruit wall Significant
intact removed F. value 2% 5% level
(MeanzS.D.)  (MeantS.D.) (F=7,71)
"rubra’ 10.0%4.0 22,6%5,0 11,64
"flava' 10.6%2.3 26.6*3.0 52.36
n. 7, treatment within treatment 1
D.F. error within treatment L

The percentasé germination of the seeds with fruit wall

signifiCantly higher tha

n both the varieties.
o more than half. All the

n those with fruit wall

I'emoved was
It shows that {fruit

intact (P < 0.001) 1
icts the germination t
g were found free from d

s to inhibit the germination.

wall restr
ormancy,whicn indicates

ungerminated seed

that seed coat also seem

b, Effect of imbibition: j-month old seeds of 3 localities

asre imbibed in natural

light in November (30.3° to 10.2°C)

for varying periods from 5 hours bto 3 days (72 hours) and
germinated in ghe same conditions. The percentage imbibition
and germinatlon are rceorded 1n Taoles B.7-4, 7-8.
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Table 8,7-A: Showing percentage imbibition and germination
(cumulative) in 4-month old seeds of 'rubra’

from different sites.

gfeatment site IT Site III Site IV
ur i —_—
uration Trnpibi- Germina- Imbibi- Germina- Imbibi- Germin
tion % tion tion » tion tion /% tion %a-
6 12,32 = 10. 20 . 11,71 -
12 15,46 - 13.72 - 14,91 -
2l 18,11 5.0 15.83 4 15.63 3,0
L8 22.03 8,0 18.67 7 17,97 5.0
70 53,61 11.0 19.13 10 19.32 8.0

Table 8.7-B: Showins percentage imbibition and germination
(cumilative) in L-montan old seeds of 'flava!

from different sites.

Treatment._‘- site IT Sitf_III Site IV
d?agZ;g? -;mbihi- Germina- -ﬂImbibi: Germina- I@bibi¢ GQTMina,—
tion » tion % tion % tion % tion % tion %
4 11.92 - 10. 11 - 12.02 - )
12 15,72 - 12.62 - 13.32 -
o), 18,36 4.0 15.02 4.0 14.82 3.0
L8 21,74 8,0 18. 16 8.0 16,92 5.0
72 22,62 100 18,97 9.0 18.37 8.0

e =l

the varieties, the seeds germinated after 24 hours

In both
nes vary from 15,63 to 18,11% in ‘rubra’

e imbibition val
$6v in 'flava' .

when th
Maximum germination was

and 14.82 to 17-
imbibition.

observed after 3 days with the corresponding high

The low OT high jmbibition in different localities is in direct
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2 . with the seed weight of these localities., It al
. also

1ndicat '
n es that the increase 1 i
: 1€ n imbibition sh
: ows a correspondi
ing

increase i mi ; i
ease in ~mination which seems to be regulated by th
€

impermeable seed coat.

c. B .
ffect of sulphuric acid: Treatment with concentrated

jd for one minute was found to char the seeds

sulphuric ac

and only 2-3/% germinstion was observed. Seeds, scarified

with 1% acid for 5, 10 and 15 minutes, were germinated for
30 days in nstural light condition in the laboratory

{Table 8.8).

of 15 sulphuric acid treatment

wing effect
ermination of the seeds of

Table &.8: Sho
ercentage £

on p
rrubrat! and tflaval.

Percentage germination e
duration F value <ant at
(minutes) (Mean*S.D.) (MeantS.D.) (Means.D.) ?% level
= B =5, 12)

'rUbl"a' 25.0‘!.14'00 1&'001203 10'0i501 1)+.8'7 ;k:a
'leVa' 18,0:3.2 9.01.2.0 6.01.2.} 5.1}0 sk
- e —
within treatment 2

D.F. treatment
D.F. error within treatment 9

evealed a decline in percentage germination

The results ¥
The effect of scari-

2 increased.

nt duration wa
the two varieties. A

cant (P < 0.01) in
5 minutes) ShOWS higher percentage

as the treatme

fication was signifi

treatment of short duration (

(Figg 8.2¢A)-

1ight: 10-month old seeds were germinated in

1. Effect of
The percentage

three different 1ight conditions for 30 days.



erminstion was higher in natural photoperiod as compared
to total dark and light conditions (Table 8.9). The
effact of 1i,,;ht was Statisbically Sigﬂificant in ooth the

vari : - 0
arieties \r 1,08). However, the percentaze was decreased

e

in naturel lignt as I to dilute acid treatej sec-od.

for smmll duration {(Taole 8.8). This indicstes that seed

csat inhibits the germinating embryo (Fig. 8,2-B).

Table 8.9: Showing effect of light trestment on percentage
germinztion in 'rvbra' and 'flava',

. Percentacge germination Si eni £
Light Continuovs Continuous (Cortrol) F value cant fi-
treatment L, - Matursl » av

]i,;u . Jdar: Saurs. 570 level
(MeantS, D) (I«'IeaniS.D.) ligat (F=1+926]
(I”ieanﬁtSo Do)
'r‘ubra' 5. ‘;:1,9 10.01‘106 114‘0 5:’:109 21&-30 DR
'flava' 6_'03?.8 G.511.9 1".0‘-’-2-‘-‘ d.01

——

D,F. treatment 2
D,F., error S

Fresh (undispersed) and 1-week

e. Effect of age and washing:

old seeds of variety tpubra! were washed for & different

3_6.12,2&,&8,72,96 and 120 hours) in sepzrate

durations {
water snd germinated in natursl light

ts in running tap

y renditions.

lo
Unwashed seeds ol voin the ages

1 aborator
co kept for germinatl
fer 15 days from the duration of

on as control, Germination in

were al

each lot was recorded

treatment for 120 hours (Table 8.10).
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"ah) .10 Showins effect of washing Z inati ;
fresh undispersed anc one 22¢§95Té“;;tgn of
e eds of 'rubrat,
. | Percentage germination o
ash? dgrgtlon Fresh undlspereed One wZek old
. (veantS.D.) (lieants,D,)
12.0t4,0 8.0%4.0
13.322.3 9.3+2.3
12 !3.1:?,.3 12.0"’1”0
) 14 .62 2.3 16,0+8.,0
Ky 19.3% 2,3 17.3t6.1

77 22.612.3 22.6£6,1
96 :W.?iko3 2&.0*&.0
150 16,024, 0 25.3%4.,6
+ Unwashed contrel 5. 221, 3 2. k21,1

s 1615.33 k8.0
v Se'Si 230,76 135,52
F Value 28-8!6 Svoa

Significant at 1 level
(F = 3.93)

S —

treatment 7

D.Fo
error 16

L.F.

Analysis ot Vv

analy51s

ariance for Table 8,10

Source of w .— e At Sosorved Tai
Age 1 108.0 108.0 6. 22{,*‘“’. 4'17 -
‘l."\JaShing 7 21(-0503 31«&306 19.86*%? 2.33
hgexwashing 7 158.7 22.6 1.31N8 .33
grror 32 55447 17,3
Total L7 3226.7
Summary table of Rge X Washing interaction
B Washing duration in hours Mean (3) Mean
Age 3 & 12 I L8 72 96 120 (24)
Fresh undis- 42,0 13.72 13.3 4.6 17,3 22,6 22.3 30.0 19
persed
1 Week Old .‘:,,() ’.? 12.0 1600 ‘703 22:6 L .'.\ ".1 16
__-._,_.’-"’- 7 i
Mean (6) 0.0 11.3 12.9 15.3<_17.3 22.6 30,6
o ~.p., for 3 volues thoO
+2.8

for 6 velues

C.D.
for 24 values +1.4

COD.
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In both the treatments,the percentage was gradually

in : H , ;
creased, However, the mean percentage was more in fresh 4
= seeds

(19.8,., su ~ary table 8.10, Fig, 8.3) than those of one week old
seeds (16.8%), Unwashed seeds of both the ages showed 2 poor

percentare as compared to wash i v
D sheu seeds. However, unwasneaq

fresh seedshoweemore value than those of 1-week old., It was al
50

observed that sce and washingz had individual influence on germi

nation, but the interaction between age and washing was found

insignificeant statistically. Statistical anzlysis also indicate
J S

that washines has more influence than age onh germination.

£. Bffect of washing and temperature: Fresh seeds were washed
for 2. 48 and 72 hours in running tap water and germinated
st 10°. 35° and ,0°C for 20 days (Tables 8.11-4,B).

ect of washing and tempersature

Table 8.11-A: Showineg eff :
on percentage germlnation of seeds in 'rubrsa!?

of
Analysis,Variance
Source of D.F. Seie M, 345 Calculated Observed F
F at 5%
Temperatu;;°' o £30.6 255.3 11797 3,35
Washing > 130,6  ©65.3 2.90N3 3,35
Temperature x4 74 .8 18,7 0, 83NS 2.73
Washing
Error 27 608.0 22.5
- Symmary table
————e T Temperatur—eﬂac Mean (4)
ion
Washigsuggiatlo 11,0 35° 10° Mean {12)
---—--—-"‘“'_'-_.7 10 l 7.0
2% 9 14 5 9.3
g% 14 17 L 18,3
o “T1o) 10 13.6 L)

— Meen (12)
C.D, for L valuesi3.9 G.D, for 12 values ¥1,5
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Table 8,11-3: Showing effect of washing and temperature
o7l percentage germination of Seeds in 'flgyvgt

Analysis of Variance

Source of
Varistion D.F, 5.5, M.Ss.s. Calc;lated Obszzvgg F
- - B A s o
Temperature 2 230.6 145.3 8, 96 ¥ €~5;__
Washing p 66,6 33.3 2,05N8 1,36
Temperature x ’
Jashing b 18.8 beo7 0. 29NS 2.73
EI‘I“OF ?'? 1&1&0. 0 16 o2
Total 35 816.0 ==
Summary table
Washing duration Temperature ©C Mean (4) =
(Hours) 10° 35° 40° Mean (12)
2% 12 8 8.3
Lo 8 14 8 10.0
72 10 16 9 11.6
Mean (12) 7.6 14,0 8,3
o Cc.D, for A4 values %3, -

C,D, for 12 values *1.3

Tn both the varieties, the germination was higher in the

seeds germinated at 35°C for all the durations but was maximum
when washed for 72 hours. The results show that the effect of
temperature is of considerable importance (P < 0,07). It may
that the interaction between temperature and

also be noticed
This infers that washing, as observed

Washing is insignificent.
in Table 8.,9. becomes uneffective if the temperature is
unguitable for germination and seems to play a controlling role

in the mechanism of gérmingtlon.
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diurnal alternetion of temperature: 2-month old

g. bifect o

seeds of 'rubra' and 'flava' were germinated in November 1968
The seeds were exposed daily to low temperature (15°C) for

Pes
0, &4, 8, 16, 20 and 24 hours;in a 24 hour cycle, The

counts were made daily for 4O days (Table 8,12},

12,

Table 8.12: “howing effect of thermoperiodicity on percen-
tage germin-tion of seeds of 'rubra' and 'flava'.

e .

Percentage germination

é§2§§;§§u68 i i "3 R ‘rubra’ 'flavar

150¢ 350g T ET tEt T otet rEront Lt (leantS.o.) (Meanss,
0 2L g 12 12 20 20 16 16 20 14,0%2.16 17.013.84'
A 20 52 8 LO 32 56 24 44 2 L8,017, 30 22051ml2d:
8 15 L 20 36 28 36 X 4k 2k 41.0t6,00  23,0+3,84
12 12 7o 20 80 28 64 24 56 32 68.0t5.16  20,0%5, 15|
16 & 65 36 68 28 72 28 80 32 72.0*5.65  31,0+t3.8-
20 L go 60 80 4k 76 56 80 64  79.0t2.00 56’0+8°6A“
24 0 0 O 0 0o 0 0 o 0 y

Sum of squares 11797.33 3855.50 |

Mean sum of squares 2359«&6 771‘10

Calculated F 54.73 18,48

3

Significant at 1%
level (F = 4.22)

e ————

5 {(for each var@ety)
19 (for each variety)

R = Replicates

= - ———

D.F, treatment

D.F.

- Oy
35 L)

treatment in bo
The percentage

for 24 hours.

tively at high temperature |
perature duration was increased. The

Wit augmented 05 N low tem
resulty show tnat a 1onger low temperature tr
are exposure result in the highest values in

eatnent with a

Shorter high gemperat
both, The overall effect of low and hig
in both the varieties.

h temperature treatment

ig highly Significant (P < 00001)

/




n, :‘:{‘f‘ . - o - ey wess qieonl» - N ——
h ffect , roture dis storaze: Fresh seeds were
Stored for one month st different temperatures (10°, 359
& )

-~

LOY 457 and SOOC) and zerminated in natural light 4n
labo“atory conditions. A control, stored in labnratgr;
fonditions was also run parallel to the expeériment., The
€Xperiment was continued for § months, Percentage germnina-

tion of each month is recorded in Table 8,13,

Tasle 8.13: Showing effect of temperature during storage

of seeds .
"’———_ = —__"—-——_
Percentage germinagion in seeds

SRR Stored at C
<y 7-'~u'~_‘t: —_— o — o o ——
—P:__ Control 10°C 3590 L0°C 45°¢ 50°¢
SOW}"_ng T v A tet tft tpe? rfe tpt ree It 1t tpt L
date ’ ‘
—_—— " D e

503 4.0 2.0 5.0 4.0 6.6 5,4

?'8v68 3.3 ln.O 2.0 3.2 6'0
0.5 4.0 6.6 7.1 5.210.0 8.2 8,0 5.

1.9.68 3,0 5.0 3.°
5.3 8.6 7.3 6.3 11,3 9,3 19,0 11,3

1.10,68 3.6 4.0 6.7 4.1 ¢
T 20 O ]7.3 18.6 18,0 16.6 2000 1'703 1603 1402 13.3 12‘0

T.11.6¢
[ oo Iy » .
1.12,68 18.0 14.3 10,0 12,0 12,0 10,2 16.0 14,0 8.2 6.6 6.0 k.0
= - T ————
\—-——_-
10.1 8.4 8.v g.0

7.8 8.8 9,0 9.4 10.8 8,9

5.D. 10,3 8.1 6.1 ©.h 5.8 Lok 6.7 6.h L1 3.7 2,9 3.4

Ly Value 0. 066 0,014 0, 211 0. 456 0. 128

Setween 004
rangs Ce

Mean  10.6 10.2

Signieq_
Cang a% NS NS NS NS NS

. . . -
e —

jeties gave more or less uniform results through-
e var

Both th dition as is evident from
in each storage conditio
PUt the experiment in €

level., However, higher

t
nO““Significant results even a
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Percenta~se was observed in November and also as the storage
t S . :
fperature was incressed or decreased above or below 35°.40%

tne percentaze of germination declined except in control

Similar results were observed in December though the percentaze

fermination was less than tnhat of November in each treatment
*

1. Effect of temperature during germination: b-month old seads

were germinated in November at different temperatures (10°

159, 35°, 40°, 5° and 50°C) for 15 days. They were subjecteq

to cold treatment for 4 and 8 hours separately and again

germinated at the same temperature (Tables 8,14, 15, Fig,8.2-C)

Table 8.14: Showing effect of temperature during germination
at different temperatures before and after colg

treatment.
Te o iy Percentage germination o
mperature  f__ .
during germi- Before low temp. q After low temperature
Nation (©cC) treatment (15 days) | treatment (4 days)
} trubra’ tflava' , Hours ‘rubrat 'flavg!
I ) 4 0 0
10-15 0 v 8 0 0
T ” 4 38 22
35 1h ! 8 72 67
o= e A 30 19
LO 0 0 8 48 L5
e = 4 8 é
A 0 0 8 18 12
TT—— L 0 0
0 2 0 0
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Table 8.,15: Showinz comparison of 'rubra' and 'flava’
in rercentage germination at different
temperatures after 4 hour and 8 hour cold
treatment (based on Table 8,1L4)

Percentage germination

Treatment Germi-

duration nation y ' ' . —
(hours) “TBE] (Me;ggg?D.) (Megiig?D.) 52%23‘ itg2%f1§$2§
' B F (F=5.99)
L 35 38,0t13.6  22.0%7.6 4,17 NS
L 40 30,0t15.6  19.0%10.0 1.95 NS
L L5 8,0t5.6 6,0t2.3 0.42 NS
8 35 72,0%21.1 67,0£13,6 3,94 NS
8 40 48.0%14.6  45.,0t8.8 0.12 NS
g L5 18,0%4.0 12,043, 2 5040 NS

n,F, treatment (between 4 and 8) 1
D.F. error (between 4 and 8) ©

Anzlysis of variasnce (Table 8,15) for 'rubra’

Source nf variance .. 3.8, M,S.S, Ratio F at 5%
Cold temperature 1 5,00.0 5400C.0 33,877 Lokl
High temperature , 10901.4 S450.7 34,197 3,55

Cold » high temp. 2 1984.0 992,0  6.227 3,55
EI"I"OI" 18 287000 15901¥

s e o e

Total 23 21155.4
S table of cold treatment X high germination tempera-
vmmary ‘re interaction (*rubra’)

~mination on cold treatment

percentageé
T ""‘d—__’vf‘_&ermination temperature in °c
Cold temperatufe tfean (L} Mean (12)
(hovrs) 35 - 40 45
B ——"" 38,0 22,0 9.0 22,6
: 92.0 1E.Q 1.0 52,6
-~ 88— a | 35.0 13,0
—__Mean (8) e ee———— — —
C.p. for 4 veives 3100 C.D, for 12 values k.3

C.D. for & values -
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1alysis of vsriance (Table 8.15) for 'fleva’

dhld

Sourc * : . - T
Source of veriance C.F. 3.S. .S.5. Ratio F at

Pold treatment 2992,7 2992,7 28.69FFF 1 .41
Hish temperature 5 6601.4  3300,7  31.64%FF 3 55
878.8  439.4  L.217 3,55

—a

Cold » nien Lemp. treatment Z
AYTOY 18 1878.5 104.3
Total 23 12351,.4
SUmTATY takle of cold treatment x high germination

temperature interaction (*flava')

percente~e germination on cold treatment

Germination tempersture in C

Cold temperature y
(Hours) 35 Jef? () % Mean (12)
IJ 32 19 '.i‘ ] '-(J
J 67 L5 12 1.3
Mean (8) 49.5 32.0 2.0 B

c.D. for 4 values 8.8
o, for 8 values 15.72
c. 0. for 12 values 3.5

Tn both the varieties, the germinaztion was observed only
at 350¢ within 15 days before the low temperature treatment. The
10°-15°C and 50°C, did not germinate at these

seeds, kept at
erature treatment. Those incubatec

r low tempe

temperatures even afte
after low temperature treatment,

: ¢ wielded
at 350 400 and &5 ¢ ¥IEREES
teubra' and £, 19, and ow in 'flava' at

38%, 30% and 8% 17
L T e, IJ»B% and 18}‘0 in 'rubrat and 6 fia,

h-hour cold treat
at 8-hour cold treatment respectively.

45% and 12% 1 1§1ava’

.I’|,
y results

<how that both the low temperature (L- and 8-hours)
treatment and high temperature affect the percentage germination
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3ignificantly in both the varieties., The influence is uniforn
in both,wben compsred,as shown by insiznificant ratio (Table 8 15)
The percentaze germinstion during 8-hour treatment at 35° gng o
LO C is more then 2 times than at L-hour, The overall effect

Silows t he e germi i
ows t at the percentage germination decreases with increase j
: € in

temprerzture,but a lonser low temperature treatment is more
fevourable for the process.

J. Lffect of° cold and warm tempereture, and weshing treatment:
Ore month old seeds were subjected to 11 sets of treatment

to break the dormancy and also to investigate the effect of

cold and warm temperature treatment. Washing was
]

washing,
done in running water, cold treatment in refrigerator

(10°-15°C) and warm temperzture treatmentin hot air oven

Bach treatment was for a constant duration of 24

(35°C).
The seeds were germinated in natural light condition

hours,
ory after treating 11 sets as given below:

in the lasborat
TREATMENTS

SET OF TREATMENT
COLD WARM GERMINATTON

A WASH
3 wisH  WARM  COLD  GERMINATION
e WASH  WARM  GERMINATTON

b WASH  COLD  GERMINATION

m WASH  GERMINATION

A, fols  WASH  WARM  GERMINATION
B cOLD  WASH  GERMINATION

ct COLD  WARM  GERMINATION

A WARM  WASH  COLD  GERMINATTON
B WARM  WASH  GERMINATION

an WARM  COLD  GERMINATION

The results of treatment of cold, warm and washing

(Table g.16) are S follows:



< 93

Table 8.16: Showing effect of different combination

of treatments (wash, ccld and warm)} on

??igsg?age germination in ‘rubra' and
S.Mo. Treatments Percentage germingtion
'rubra’ 'flava'
+ A Wash, cold and warm 12.9¢1,71 10,8+4.56
3 Wash, warm and cold 2,00, 22 3,0%0,53
£ C wagh and warm LO.8+h .55 37.8+4,56
D wash and cold 3,0¢1.23 4,0+1,71
: B wash 39,.0t+9.00 34.8x6.24
1 A Cold, wash,warm and wash 63.9%4 .50 60,746,127
+ B'  Cold and wash L3.8t6.24 40.8+1,.71
+ C! Cold and warm 9,9%1.71 7.8+2.04
+ AM  iarm, wash and ccld 7,8+1.71 7.8%4.59
+ B arm and wash 27.9%1.71 30,0£3,00
cw arm and cold 6.122.91 5.3t1,52

53.69 Lhe50°

Germination
COLD (B’ D’ A"V

Germination 18 one

Calculated F

Significant at 1% level
(F = L&oOj)

e

S —

P 5 P treatment
D.F, error 1

cH).

WARM trestment (c").

Germinati

prior to coLD

on is twWo steps 1

and

is blocked if the seed

WARM treatment (A).

s are finzlly treated with

step increased if the COLD is followed by

nereased if the seeds are washed
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4. It is further increased if the seeds are only WASHED (E)

Howev he o : . . )
ver, the germination agaln increases if WASHINZ {s

followed by WARI treatment (C)} but declines if the treatment
is reversed, i.e., vice versa (3").

Tt mav further increase if the seeds are COLD treated before

WASHTNS (31).

ZF e

Germination is maximum (A') if the seeds get a combination

of treatments (B') and (B").

vii. Percentagze mortality.

Percentage mortality of 'rubra' and 'flave' is maximum

on site IV (59.0%13.6 and 40.6%3.6,respectively) and minimum on

site ITT (32.3%4.0 and 36.0%3.6,respectively}. On site 17, the

mortality is intermediate. Thus, the mortaplity values differ
from locality to locality. The differences are statistically

significant (P < 0.01) - (Table 8.17).

age mortality in the seedlings

ing percent
Showins P 'flava’' on 3 different sites

T 170
able 8 SOV etbra! and

— 5; te 1T Site III Site IV F Lavel aF

Variety (M;lniS.D-) (MeantS.D.) (MeantS.D.) value signifi.
cance gt
. 5%

= e

'rubra! 39,8t8.25 32.3t4.,05  59.0£13.62  8.43 o

623,67 .2 *
'flavaf 38.25023 3690:3067 61\‘- 6 3 5 5
S—— e et
p,F., treatment 2

D,F, error 9
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DISCUSSION

The -1 ent ! riot reveals tnat the fruit

7=2leya govindia statisticeily d.l.ers from site

to site (Tanle .1). These differences may attributed to
to the fasmces I Licnt, soall moistiure, nutients and biota
the site. t voriatiaes do not dif:er for fruir

production from eazch other significantly in 21l the sites,

except site VI. A higher production vy sofn the varieties on

slte IT may be due to tneir prefererce for optimum cslcium

content on these sites {Chapter 7). Significent differences

for fruit production on site VI may be attributed to a suffi.
cient higher calcium content which favours 'flava' than 'ruybra!.

Poor availsbility of the piant material due to c¢ontinuous

removal by scraping and, to some extent, the edaphic features
nsible for lower fruit production on site IV,

may also be respo
moisture and nutrients, possesses

Site IT, having better soil
while such conditions are poor on site VI and so

heavier seeds
Fruit output and seed

the lightest seed weight (Table g.2).
n observed to vary with the amount of soil

weight have also Dee
(Ramakrisnnan, 1900 ¢,

calcium of the site in Eclipta 2lba
makrishnan and Jain, 1965), Euphorbisz

Iridax procumbens (Ra
1966) and Cynodon dactylon

Ehlmifotlia (Ramakrishnan, _____
(Ramakri shnan and singh, 1966 .

dose of eglcium favours the high producti
ce the output. 1In the present investi-

jgher when the substratum has

They have found that a moderate

on of seed and a higher

Concentration mey redu
production is h

82tion, the fruit
iwn content but is found discernible in

Moderate supply ©f calc
Site VI, though shows best

€8se of high cal.cium concentratiol.



r '"flava’ (Chapter 7) but the fruit production is

growth fo
lowere also been noticed in Setaria glaucs (Ramakrishnan
— -8nan,
19€3). Fluctuation in the behaviour of same species with regard
“0 dif eren pulaticn have also been noticed in Tridax procumben
———— —— . —_—_u

(Ramakrishnan and Jain, 1965) and also in the present investi-

gation,
Although the seed production in 4. govindia is high,
but the embryo of the seed is eaten up by some Coleopteran

larva and so the reduction of viable seeds and ultimately in

plant population. Least infection by Coleopteran larvae on
site T may be due to better protection of the site where the

transference of the parasite (lervae) from one host (plant) to

unknown) for further development may not be

the next host |
The biotically infected seeds have been

possible (Table 8.3).
Separated based on their density differences (the insect eaten

in weight float on the water surface while

seeds, being reduced
s viable seeds, having density higher than

the normas hestth
The sunken seeds are used, for

water, sink to the bo ttom).
or they possess more than 90% viable seeds

g8rmination, f

(Table 8.4).
ntage of mature {(ripe) seed (Tables 8.%) is

The perce
on than in shade which may be due

ObSQI“ved more 1I open conditi
celerate the plant growth (Chapter 5)

",

ta light which seefis to ac

and the photosynthetic processes
ntensity of light is more than in shade.

condi tion (Chapter 5) probably

in the plants growing 1in open

Sithation where the i
growth in open

Commararively more
nd seed production and their maturation as

felps in high fruit 8

seed 1is greater and ths optimum conditi n tor

e Supnly to
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seed se2ms to be satisfied in open situations,but

ri 1
10t ! S0 more number of unripe seeds in the latter,
ight situa ions,the seeds are maximum care by
(biotic sterile). It may be possible that - L=t
] snows better growth in full sunlisht ¢ ber 4: Tagble
€e-) an larvae (perasite) are better developed andg

I.r i. :f‘_’. .] .

Nourisned due to more available
In shade, where the plants get lower intensity of light as

Compared to those in open situation,the plant growth is reduceq
and so the number of fruit production (Chapter 5, Table 5.2).

Since a amall number of fruits is produced in shade, the

parasiti ¢ influence is also reduced. Singh (1969 a) and Singh

and i sra (1969 b) have also noticed a decline in plant growth

and inflorescence in Eleusine indica, a true heliophyte,

oimilarly Zaleya ggvindia also shows declined growth, a feasture
Better growth in plants grown in full

of heliophytic plant.
sunlight as compared to those grown in shade has also been
Shirley (1936) and Benedict (194

reported by Burkholder (1936),
re of the seed (mature, immature and sterile)

ThUS, the natu

depends upon the habitat where the parent plant grows.

Seed germination regulation (Dormancy)

the embryo is covered by a hard

In 2. Bﬂ;‘l@i.a’
d coat with rough surface outside making the

mpermeable see
germinat complicated- The coat restricts the smooth entry
ination
of wat ti]l the se2ds are allowed to imbibe for sometime
er unti
s with the increase in imbibition, Table

{Germinatjon increase
Further, the heavier seeds are capable to imbibe

©e16-4, B).
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mOfe water and so the higher percentage germination in the
seeds of site IT (Taocles 8.2, 16-4, B). Higher imbibition

and eermination is also found in Mimosa hamata {Chatterji and

Also, the

“ukherji, 1968), a common weed of seml-arid zone.

germination was found positively correlated to imbibition in

Trianthema govinrdia (Nigam and Joshi, 1970).

The inhibitory function of seed coat has also been

noticed in decoated and acid treated seeds (lower concentration)

when the former treatment gives total germination while the
latter treatment, as compared to control, Table 8.9, still gives

Table 6.7. Seed coat may, therefore, be accepted

higher values,
as s barrier of dormancy. Tn nature such scarifications are
he se.d has to find certain natural factors

not possible and t
to rerulaste the germination. Such factors may be like washing

In the present jnvestigation, washing

and temperature.
treatment increases the germination of fresh seeds as compared
to 1-week old seeds and untreated ones (Table 8.9). Correlation
in washing duration 2and ~ormination is in high positive value
in both seeds (Fig. +.3). This shows that washing also helps

ceed coat dormancy and the latter increases

o

in the removal of
ashing and ovetwe:zn

jons between age anc w

Interact
jnsignificant {Tables 8.10-A, B;

with age.
e and washing are
he temperature superim
s combination af 20-hour

tempera tur
posés the effect of

11-A, B) anad that ®
washing (Table g_1i-4, B)s Further,
cold (15°C) and h-hour high temperature (35°C) is found more
oth the varieties (trubra' 80k, tflava' 56%)

favourable for P
y as the seeds

come free from dormanc

and the dormant seeds D€

mhinations of temperature during summer.

Undergo such ©°©
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Alternati :
nation of temperature, therefore, clearly accounts

for th :
; success of Zaleya as has also been reported for

Convalvul: . .
Convolvulus arevenis, Buphorbia esuls, Lepidium draba and

Solanum carolinense (Crocker and Barton, 1957). Diurnal alter

Nati o P
ation of temnperature promotes the seed germination in meny

seeds (Zvenari, 1965) in which light promotes seed germination

(Toole et al., 1955; Evenari, 1965) .

of 7. covindia are light inhibited but their percentage 1is

increased by alternation of temperature.

On the contrary, seeds

Favourable

successfully
jon of temperature on germination has

effect of daily alternat
warington {1936), Mall

been observed by Harrington (1923),
arton (1957), Cohen (71358), Mayer and

(1955), Crocker and B
Poljakoff-Mayber (1963) and Mall and Dubey (1966). The reason,
die to which alternating temperatures are effective in seed

is not yet understood. Various workers have

germination,
attrihuted different reasons such as favourable effect upon
water intake of seeds (Haberlendt, 1875), solubility of

erial at higher temper

Von Liebenberg, 1884 ), Oxyzen

sture and its subsequent

surplus food mat
availability at low t emperature (
1911), accumula

ature used for incepti
1923) and to thermo-

relation (Gassner, tion and actual metabolism

« low tremper

on of growth

of oxygen a
Processes at high pemperature (Harrington,
akawsa, 1964) .

Perjodic responses (A3
ons of 1low and high temperatures are although

(February-March),but the seeds do

Combinati

mng!

observed during early su
rare rains

quently even aft
s few which germinate

er the prief and

' germinate fre
intermittently.

except

<h‘lr‘ing these months:
the seedlings

treme sumner months (April-June),

3
imilam v, in ex
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1 even arter receiving brief andgd

of 4. govindis are not see:
i :‘vw“.-( ‘ . .

fre r=ins, probably due to higher temperatures. This
show 5 . o ‘
= the seeds, besides moisture, definitely need a

Su , ~ )
itable tem, crature for successful germination, Effect of

Storz~e te rature confirms the suitability of temperature for
germinati « (3500). Since the stored seeds are not subjected

to diurnasl alternestion of temperature, they do not exhibit a
zood germination except at 35°C in November when the mean
mininu. and maximum temperatures ranged from 10° to 30°C

(Table 8.12), This indicates that a suitable temperature during
seed germination 19 also equally important as they could be
t this temperature even

e concluded that under unfavourable

zerminated 2 after a storage at 50°'C

1t may also D

for 3 months.
the seeds develop 'Secondsry dormancy'

germination conditions,
(¢f, Crocker and »arTom, 1G57) as 1= clasrdy
£° to oL.0d.

indicated vy poor

valves during December {5

Thouch the seed germination is possible around 35009
but the germinztiol can be augmented if they are treated at

50¢) and germ

inested atb BSOC. This percentage

low temperature (1

i : :nated at higher temperat
18 again lowered i€ they are germina g p ures
e 1) Thus, 2@ low temperature treatment

(SUmmary table
goviggig,but the percentage may

sted at 35°C after a

Similar obser-

enhances the germination in 4.
further be increased 1f they are germil

ent 110 both theé varieties.

reatn

ported i
Datta and giswas, 1968) .

low temperature
n Trapells (Kawahara and Takads,

cen re
A decrease

1961) and g;tarnﬁnthﬁgé (
. jncrease in tempersature is

Vations have D

'™ perczsntace
. olomerata and Ln mucronata (Datta,1965),

nzea
of germination by

3lsy obgerved in Lau
Tnhibition

"o tyo arid zon® species.
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erature, as has aslso been observed in this

relatively hioh te

sp2cies (Nigam shi j

pecies (N3 and Joshi, 1970), is not a particulsrly rave
rhenomenon (T 955

rhenomenon (Toole et al., 195%) and tne mechanism appears to be

relatively common smon~ desert plants (Barton, 1936) Tre

Optimum germination conditions (Temperature and light) in the

seeds of certain plants of arid and semi-arid recions may be

compared with Zaleys govindia as tollows:

Species Temperature Light Re
(00 ported by
1+ Launaea glomerata 25 Uark Datta, 1965

30 Diffuse  Datta, 1965

2. Launaea mucronata
Room temp. Diffuse Datta and

3. Alternantnera sessilis
Biswas, 1968
L. Celotropis precera 30 Dark Sen, 1968
5. Cryvptoste iz srandiflora 30 Dark Sen, 1968
6. Leptadenis pyrotecnnica 30-35 Dark Sen, 1968&
7. Perpgularia daemis 30,35 Dark Sen, 1968
35 Diffuse Present study

8. 2aleya govindia
Tt may not be improper to conclude that factors like

cold, washing and temperature
(Table 8.15).
s are quite possible in nature,

are responsible for seed germi-
Since, such combinations

Ration in this specles

Of naturally occurring treatment
-~ovindia are seen germinating intermittently,

the gseedlings of 2-
It

Befopre winter (OCtOber);
he seeds are naturally washed by the

germinate when the atmospheric

fresh seeds germinate in nature.

is possible pecause T
October and

in
between 16.9° to 34.8°C, During winter,

OCcagipnal rains

temperature £l uct usnt

the 3eeds which get coLe
e to the occasional rains

treatnert, ShOwW intermittent germinatico
when the

in March and April OV
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temperature ranges from 11.7° to 31.4'C (March) and 16.7° to

37.0°C (April), respectivel i
\pril), P ively. They do not germinate normally

from November to January and February mainly because of

insuf:icient soil moisture during this period. Thus, all the

seeds do not germinate at one time but get natural restriction

in germination and is dependent upon the favourable environ-

mental factors, Vviz., temperature and moisture,

The foregoing account reveals that if the seeds are

only washed they exhibit low germination value which can be
incressed by alternation of temperature treatment. Besides,
the germination temperature is also a necessary evil and acts

as a enntrolling factor.
hindered at one or the other s

Thus, the seed germination in
tep in nature by

5. govindia is
Such blocks in germination are possible

any of these reasons.
A partial germination is

in nature (Toole et al., 1956 ).
ng by which the seed coat inhibitors are

favoured due to washi
seed is free from seed €O
sl dormancy when the cold

at dormancy but as they

washed and the
quire embryon

mature and age, theY ac
ormant embryo.

treatment seems tO jnvigorate the d

Mortality (Table g.17) is highest on site IV because of
nterference and compar

2 seedlings.

atively less soil moisture

meximum biotic 1
available to the qerminatin A partiel shade on

be responsible rtality then on site III

for more mo
site IT mign®
the seedlings get gufficient light

which is perfectly °P°" and

(Chapters 2,6) -
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CHAPTER 9
SOIL-PLANT-WATER RELATIONS
INTRODUCTION

'The maintenance of favourable balance between the loss

and absorption of water in the pPlant is essentia] for the

€Conomy of a plant, since the growth and development of the

latter depends upon the adequate water supply? (Crafts,

Currier ang Stocking, 1949). The survival of herbacezous

Perennials in the arid regions is considered as 4 Special adap-

tability as they chiefly grow on Stabilised, closely packeq

harg soils, which harbour comperetively more moisture than the

loose Sandy soils. Zaleya govindia is one such herbaceous
Perennial, which is distributed mostly in a wide range of
€vironmental conditions of arid and semi-arid regionsof Rajasthan
(Chapter L)}. Many desert chamaephytes,in nature,exhibit S€asong]
dimorphi sm with a seasonal reduction in the transpiring surfacg
(OPshan, 1964). Similar feature is also observed in z, £oVingjq
(Photo . 5, 5.A,B) which mostly inhabits in arid and semi-arid

®vironment (Chapter 4).

The present chapter deals with the investigations on the
Plant ater requirements and the supply potentials in s selectaqd
W
rea which contribute towards the adaptive features under adverge
ic

®NVironment in the life history of Z. govindia.

MATERTALS AND METHODS

The experiment was ccnductsd in the month of February, June

4 October of 1968 on site IT. The experimental procedures are
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43 follows:

1- Leaf areaq:?

During the experimental months, the leaves of 10 plants

of uniformg age and of different sizes, were outlined on g

Standarg baper to estimate their area by planimeter, The leaves

€ach plant were separately dried for 2 hours ang weighed for

Constant weight, The leaf dry weight of individual Plant ang

their corresponding lezf area was correlated. The area of the
leaveg growing at third node, was taken as standard and yag
Studjed separately in corresponding seasons to study the per

Cent reduction in the transpiring surface.

1i. Plant water content:

During October, 20 plants at the site of experiment were
Uprooted and their leaves, stem (leafless) and roots were sepa-
Fately weighed for fresh weight. These were then drieg for
2 hours st 80°C and reweighed till constant dry weight, The

tal moisture content in these organs was calculated as follows:

Total moisture = Fresh weight - Dry weight

1if, Soil moisture:

Soil samples were collected from freshly excavated holes
s three gifferent zones of root, based on their extension in
S0i] . (Zone 1 - O (Surface) to 50 em.; Zone 2 . 51 to 100 cm.;
4one 3 + 401 to 150 cm.). The soil samples were brought to
laboratory in sealed polythene bags. After fresh weight, the

Samp] es were dried at 100°C and reweighed for constant weight,
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The soil moisture percentage is expressed on dry welght basis

23 follows.

Moisture percentige = (Fresh weight) - (Dry weight)
{Dry weight) x 100

iv., Soil moi sture tension:

The soil water tension at different levels of soil

moisture was measured by 2 calibration curve drawn between the

soil water tension (atm.) and soil moisture percentage (using

experimental site) to findout the availability

the soil of the
of sojil moisture and soil water tension from different soil

zones at the experimeutal site.

v. Leaf surface.

For the uniformity of experimental results and less errcors
1

yed nodes (third and fif
experiments related to plant-water-relation

th from the distal end)

the leaves at fi

were utilised for the

The number of stomata per unit areas has been determined

findings.
from fresh peeling
t same nodes from

s of upper and lower surfaces of the leaves,

the distal end of the largest branch,

growing a
i dermal hairs were also studied and their number

Besi des, the €p
was calculated under the lower power

in unit area of 1 3Q¢ mitt»

of microscope-
at the experimental

During the snalysis of various factors
ent of stomatal ©
g fifth nodes with th

thin layers of quickfix

pening was also recorded from the

site, the ext
e help of impression

leaves at third 2P
were spread

technique.
The dried layers, having the impression of

on the leaf surfacee
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the leaf surface, were then brought to the laboratory and studied

under the microscope. The stomatal openings were measured with

occulome ter and calculatsed for percentage aperture values

vi, Plant water deficit:

0 discs of uniform sige from fresh leaves were welghed

and saturated with distilled water on a moist plate of poly-

They w ere rewelghed after three and six hours and

thene foam.

¢ 80°C for constant weight, The leaf discs, during

in laboratery in diffused light, as the

then dried a

saturation, were kept
compensation point of light intensity was. not possible. The
s tper cent of water content below

water deficits are expressed a
f Catsky (1963}):

the saturation point’ by the formula ©

(2 x wt. after J
 W.S.De = (2 x wt, after 3 h

vii. Osmotic potential and water potential in plant:

1n the field by applying Schardakow-

ese were estimated
(= W,P., water potential) whole

Th
dye-method (1956},

leaves were jmmers

For D.P.D.

ed in corked test-tube
(= Osmotic potential) the

s with sucrose solution

ons and for 0.P.

of various concentrati
ing the leaf sap in contact with the

leaves wepe crushed b0 or
g sucrose test solution, in

sucrpge solution. The correspondin

which the drop of 4y
O.P. oI’ D.P.Dl (=

g was diffused, was taken as isotonic

Ww.P.) of the gissue., The

solution with
from standard table

corresponding osmotic values were obtained
given by Ursprung and Blum (1916).
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viii, Evaporation:

Rate of water loss per minute was measured by using

1 .
torsion balsnce'. The Whatman filter paper discs (64 sq.cm.)

were first soaked in distilled water and then exposed immediatel
y

to the air (Stocker, 1929, 195, Hellmuth, 1968). The evapo-

ration rates were messured just before and after the transpi

ration measurements and are expressed in mg./dm2./minute The

total evaporation for 24 hours is also computed from the means

of diurnal evaporation values of that experimental day.

ix, Transpiration:

s was measured in the field from the twigs

Water los
£ the largest branch for three minutes

detached up to third node o
1956)., The leaves were

by '‘rapid weighing' method (Stocker,
r corresponding area was computed through the

then dried and thei
9.1), The transpiration and

Standard regression 1ine (Fig.

res are expressed in mg./dm*, /minute.

evaporation ra
A hygro_uqermograph was also run for 24 hours on the site

the temperature and humidity on the experi-

of study to record

kental day.

OBSERVATIONS

sent snvestigation reveals that the total dry leaf

The pre
their leaf ares varied from

season to

weight per plant and
Season (Table 9,1). The total dry weight of leaves per plant

eason (0ctober ) ranges fr

U‘ odh T,O 7’}.)’:‘ sq. GD.

during growing * okl 233 %6 482 @u end
In winter (February),

the lear area from
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leaf dry weight renges from 0,84 to 2.8 g. and area between

68,5, to 184.06 sq. cu. The velues for summer (June) are very

low and the dry welght varies from 0,08 to 0.47 g, and leaf

area ranges between 2,27 to 13.34 sq. cm. The leaf area for

unit dry weight varied from season to season,

seascnal lot of leaves, the leaf area increased with an increase

Within each

in dry weight (Fig. 9.1}, The regression curves between leaf

dry weight and leaf area indicate that a unit gram dry weight

of leaf approximately occupies an area of 148 sq. ¢m, during

rainy season, 78 8q. ¢m., in winter and 27 sq. cm., during summer

The mean area of leaves at third node is reduced from

month s,
(54.2%) in winter and to 64,0

279.2 sq. mm. O 127 .8 sq. mm.

8$q. mm. (77%) in summer (Table 9.2; Fig. 9.2).

dry weight (g.) and leaf area (sq. cm,)
growing in three different seasons,

en computed from the regression
and leaf dry weight plotteq

T : Showin leaf
2ble 9.1 in thegplants
(Leafl area has be

line between leaf area

for respective season)

— Leaf dry welght (gm) Leaf area (Sq. o, )

Se h =
ason Mont Min. Max- MeantSoDo

Min. Max. Meant 3. D,

— .

84 713,36 477,292 134 .41
R 2,33 4.§2 3.22¢0,90 3hie
Summzz Jzné 0.03 0.47 0.26%0.10 2,27 13.34 6.96%3,10

—

centage reduction in the ares of
Show 78 pering at the third node

T :
able 9.2 S aves grow
o — Per cent reduc-
area of leaves st
Season Miﬁ?rd node in sq. mm. tion in leafl area
o2
Srowing (0ct.) 273 N
Mt 61}00 7700?0

— e S e e

Efmmer (June)
i i
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The number of stomata per unit area do not differ much
in the leaves growing at third and fifth nodes but the number
of epidermal hairs per unit ares are observed to be reduced from
leaves at third node to the leaves at fifth node (Table 9.3).
A study of epidermal pealings indicates that the stomata are of
Alfalfa type (Loftfield, 1921) due to their opening and closing

behaviour in normal conditions.

Table 9,3; Showing mean and st. deviation in the means
of stomatal cells and epidermal hairs per

sa. mm. counted from the pair of leaves at
third and fifth node of largest branch from

{ts distal end

(Observations pased on 10 leaves of each node)

Nuaber of epidermal hairs

. Number o stomata
Position Lp.er Lower Upper Lower

of leaf surface swrface surface surface
Third node 9. 5¢z.h  10.422.0 iy 87637 42.43%5.10

———————

ntent in plant organs:
dry weight in the plant parts

i. Water co

th an increase in

3 (Fig. 9-3)0
oisture in leaves (5.0 g. ) whereas

wi
te moistwe content present

(leaves, stem an
A unit gram dry weight of

in them also increas®
ashows maximut 1@

these parts
g, ) as showd

_ in Table 9.4.

minimum in roots {



< 110 >

Table 9.4: Showing mean and st. deviation in the means
of dry weight and moisture in the plant
perts and the moisture present in unit gram
of dry weight in respective parts (dry

weight basis)

Dry weight  lMoisture Moisture F value
P
lant part (e ) (g.) present in (dry weight)
unit gram and moisture
dry weight
Leaves 0.03%0,01 0.15%0.06 5,0 246 4 F¥F
Stem (Leaf (,02¢0,01  0.07¢0.01 3.5 124 ,8%%F
less)
Roo ts 0.05£0.01 0.07+0,02 tob L5, 5¥F¥

——

Kk ygonly significant at 1% level (Table valuef= 7,31)

11, Soil moisture parcentage and soil moisture tension:

e values (Table 9,.,5) range between

The soil moi s tux
3.8 to 4.6% (Mean 4.1%) in

Le5 to 5.9% ({Mean 50 2) in October,
3.7% (Mean 3,6%) in June. The soil moisture

February and 3.4 %
. calibrated from the standard curve

tension (Table 7+%)» wher

s been found to vary from -2. 5 to -7.0 atm, (Mean

(Fig. 9.4) ha
-4.5 atm.) in Qctob €,
0 to -9.0 atm.
ge of spil molsture corresponds to the

_6.5 to =15.0 aum. (Mean -10.3 atm,)

in Feb ad 18 (Mean -22,6 atm,) in June,
ebruary & = W8

Thus, the minimu?® ran

ion in the range of soil water tension, i.e.,
s

maximum depres
s the soll water or soil

yre percentage fall

as the soil moist
months from October to

moisture tension {ncreases in the

Februa-ry and February to June.
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Table 9.5; Showin
« 5 g s0il moisture (%) and soil
m
tension (atm.) at 3 different soil zgizgug?

experimental site in 3 seasons

Month Date 3y = 52 ¢ 83 = Mean
(‘)ntn 50 cm. 51 to 100 cm. 101 to
(%) (atm.) (%) (atm.) (%) (13311“1“ (%) (htmy
Oct. 7.10.68 h.5 - 7.0 503 - boo 5 9 - 25 5¢2 = 445

_15.0 401 - 905 boé - 605 ‘LSI' "'10 3

FEb‘ 1402068 3.8
3.6 =21.0 3.7 -18.0 3.6 -22,6

June 10,6,68 3.4 =29.0

I

2one 1, surface to 50 cm. depth
Zone 2, 51 au. to 100 cm., depth
101 cm. Lo 150 cm., depth

% Mean of 3 samples: D,
5, =
V/ Zone 3,

"

LRCIE )

iii, Stomatal ben gviour.
like the Alfalfa type since they

otos. F.1.,2). 1In Zaleys
.00 hours (0.8 to 1.7 p;
.00 to 21.00

The stomate behave pasically

close in night and oped in day time (Ph

the stomata normally start opening af ter 6
18.18 to 38.65%) and are virtaally closed betweéd 18
o)-(Table 9.6}. Thus, they are

nowrs (0.3 to 0.5 wi 6:81 @ 113

ted by light but

sed around

under water deficits in summer

more or less regula
12.00 o 15,00 hours (0.4 to

days they are almost clo
0.2 313 9.09 to ke55%) - (T8PLE 9.0
%) in October.

ded bL.4 P (1007
dening till

Fig. 9.5-B). Their maxdimum
In February, the

Opening is recor
?5,0%) and

12,00 hours (3.3 ¥

Opening continues wi
1 opening in winter

then is reduced. x4 mum stomata
the extent of

Thus, in winter the

is lower than
n by reducing their eperture values

e transpiratio
son after 12,00 hours. This

Stomata reduce th
growing sea

of the

288 compared bt that
ailable water durin

g winter as compared to

May be due to reduced 8V
when the s0il moisture

In hot summer days (June),

Arowing seasolt,
le of substratum, the stomata

18 drastically reduced at all leve
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are sufficiently open after 6. 00 hours in the morning and the
Maximum aperture is attained at 9,00 hours (0,2 to 0.4 u; 4,55
to 9.,09%) when minimun transpiration is recorded. However

they are found closed at 12,00 hours but reopen after 15,00

hours till 18,00-21.00 hours (1.6 n; 36.36%)., This stomatal

Closure results in an efficient check on the water loss through

them during severe summer months., Thus, due to high water

deficits in the plant and low available soil water in summer
days, the plants reach a critical water deficit stage and the

loss of turgor in guard cells induces a premature closure during

eXtreme summer months.

Table 9,6: Showing stomatal aperture in microns (u) ang
percentage of aperture based on maximum {4olyna)

wide opening recorded

‘E;;é Aperture in Oct, Aperture in Feb, Apreture in June
(Hours) (p) (%) (u) (%) (n) (%)
3, 00 0.0 - 0.0 - 0.0 -

6. 00 1.1 25.00 0.8 18,18 1.7 38,65
9.00 2. 2 50,00 1.8 40.50 2.4 5455
12.00 Lol 100,00 3.3 75,00 0.4 9.09
15,00 3.8 86,36 2.2 »0.00 0.2 b, 55
18,00 2, 2 50.00 1.1 25.00 1.6 36. 36
21.00 0.3 6. 81 0.3 6.81 0.5 11,36
24,00 0.0 - 0.0 - 0.0 -

L —

iv. Evaporation:
Evaporation values are found maximum in sumer (June)

and minimum in winter (Fetruary), The evaporation curves of the
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three seasons roughly follow tne corresponding curves of the

temperature and humidity (Fig. 9,5-4, 6). In growing (October)

and winter (February) months, th- maximum evaporation was
observed around 12.CC hours (8c.5 mg./dm ./minute and 57,7
mg./dmz./minute, respectively) an#ninimum at 24.00 hours (8.1
mg./dmz./minute and 7.4 mg./dmz./minute, respectively). 1In
sumner {June), the maximwi evaporation is found to oe 150,3

mz. /dm<. fuinute at 12,00 hours and minimum at 31.0 mg./dm<, /

minute at 3.00 hours. The mesan evaporation for October,

February and June sre observed as 25.7, 24,1 and 95.9 mg./dm2./

minute, respectively.
jnter, when the mean evaporation is lowest, the

Inw
1 aperture are 15.68 mg./dm2./

mean transpiration and stomata

minute and 1.18 respectively,
re than winter with a simultaneous increase in

In growing season, the mean

evaporation is mo
./dm=./minute) and mean stomatgl

the mean transpiration {(19.47 me
In sumner month (June), when the mean

aperture (1.75 v).
very high, the corresponding value for mean

evaporation value is
tranapiration (:‘[.'7; mg./dm*—./minute] is higher than that, of the
wut the mean stomatal aperture is much

growing month {October’,

reduced (0.85 #).

may also be noted th
re or less close to the temperature curves

It at evaporation curves, in all
the seasons, are mo

ective seasons (Figs. 9.5-4, 6).

of the resp

v. Transpiration:
on ranges from 6.8 to 46.5 mg./dszhinute

2 s
n (cctober), 5.0 to 30,0 mg./dn‘/miaute in

o 45.3 ma./dmz./minute in summner

The transpirati

in growing se250

winter (February) and b.1 L
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(June). TIn October, when the corresponding stomatal opening

is 4.l u1, the transpiration value is found to be 4.5 mg,/dm ./

minute around 12.00 hours. At the same time, tae transpiration

is £5,3 mg./dmz./minute around 9.00 hours in summer (June) when
Though the stomatal aperture in

the aperture is 2.4 ¥ only.
18 .00 hours (1.6 and

summer are almost closed around 6,00 and

1.7 q,respectively) but the transpiration rate is sufficiently

high (23.6 and 37.5 mg./dmz./minute), Transpiration values are

lower in winter than in October.

vi. Water deficift.

The diurnal water deficit (Fig. 9.5-B) ranges from
october); from 16.80 to

14.10 to 27.626 in growing season (

34.61% in winter (February) and from 25.
ater deficit, &s calculated, shows a minimum

50 to h1050% in sunmer

{June). The mean W
water deficit in growing season (19,97%) and maximum in sumer
months (33.46%) whereas the

winter month (21.35%) .

intermedi ate mean deficit is in

alues for water deficit in Z. govindia seem

The high V
sn those of the normal mesophytic

to be unusually higher th

1964 ). This may be attributed to the

plants {cf. Kozlowskil,
pidermal hairs in ¥
erved in the leaves at t
e higher water deficit in young leaves

water into these hairs at the time

ballon-shaped € ounger leaves (Mean 47,3
hairs/mm.z) as obs
This indicates that th

is due to the absorption of
he saturation deficit.

hird node (Fig. 9,7).

since young leaves out-

of measuring t
the overall values for

jeaves of a shoot,

number the mabture®
e taken as absolute values for comparing

water deficit may not b

the water deficit with other native plants (Hellmuth, 1968).
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Vi{. Osmotie and water potentials:

 The osmotic potential in plant Tanges from -12. 9 to

=13.6 atm, 4in growing (Ocuober), -14.3 to -

21. 5 atm, in winter
(FebruaryJ and -25.5 to -256,5 atm,

in summer (June), The

&¥erage osmoti e potential values are foung to be -8.6, 19 8

80d -22,0 atm. in Uctober, February and June with the corres.

Ponding water potentials (AW) as ~15.2, ~17.4 and -25.8 atm.,.

r83pectively. The water potential vaires between -5,3 gapng

~14,3 atm, in QOctooer, -8,1 and ~16,0 atm, in February ang
“2145 and -23.1 atm., in June. Thus, water potential runs
Bore or less parallel to the osmotic potential in this plant
(Fig, $.5-B). Applying the standard equation for water poten.
ti&l, i.e., D.P.D. = O.P. - T.P,, the turgor pressure has been
found to pe 6.6, 5.6 and 3.6 atm. in srowing, winter ang sumn er
Tonths respectively for the corresponding hours, The highest
T.P, in growing season (6.6 atm,) indicates the plants wity
Sufficient moisture while the lowest T.P, in summer days (3.6
atn, ) reflects the water deficiency in the photosynthetic parts
SO0 much go that the plants loose the transpiring organs top
Teduce the water loss and are subjected to a check in growth
°f the aerial parts (Chapter 5). A considerable 1loss in T.p,

duping inter (5.6 atm.) does not seem to be crucial, for the
w:L .

Plant ¢p nspiring orgsns &re not subjected to fall off at all,
a

The water tension in soil has been found at a higher
e
deficit 4n gone 1 (7.0, =15.0 and -29,0 atm, in October,

Pebruary and June, respectively) - (Table 9,7). From zone 1,
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the plants do not seem to avail soil moisture between 21.00

hours to 6.00 hours in any season. This is because the water

potential in the plant rose to & lesser deficit by absorbing
water (with less transpiration) from zone 3, where soil moisture

tension is quite low (~2.5, -6.5 and ~18,0 atm, in October

February and June, respectively)}. This is further supported by

the spproximately equal water potential in the plant to that
found in the soil at zone 1 between 21.00 and 6.00 hours (i.e

*
between -5,3 and -6.7 atm. in leaves against -7.0 atm. in soil

in QOctober)., In October when peak water deficits of a day
Corresponds to maximum transpiration, the water potemtial in the

leaves rose to a maximum of ~14.3 atm. at which moisture is
available from all the 3 zones of the soil, However, maximum

water replenishment seems to be from zone 3 because of the

minimum water tension in this zone.

soil moisture from zone 1 with soil water

In February,
O atm,, was available to the plant only at noon

tension of -15.
potential fell to ~-16.0 atm. between

hours when the leaf water
Moisture from zone 2 with -9.5 atm, wag

12,00 and 15.00 hours.
ants from 9.00 %o 21,00 hours only (-12,7

available to the pl

to -16,0 atm.) as the water
s higher than the soil water tension (~=9.5 atm,)

00 to 6.00 hours (-8.1 atm.),

as minimum (-6.5 atm.) in zone

potential depresses in plant during

these hours wa

as compered to that du

the soil water tension w
e was availzable to the plant throughout the

ring 2.

However,

3 and the moistur

1eaf water deficit was not observed below the soil
the lea

daY, as
water tension at this level.
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Table 9,7; Showling the available soil water tension from different
soil zones (%44, 4y, Z23) at different hours of the diurnal

cycle in 3 seasouns.

{(W.P. = Water potential in leaf;
= S0il water potential; Z2 = Zone)

Sy
v ' ' -
"(,\‘.*”'. 1‘0 ) ,OJ(.C ¥ ‘

L'lre.'lu n 03

.

S.Pl
Month Seil Range of leaf water potential in atm. in 24 hours
and water at
date, different From To From To From To From To
Zoneg 2L, .00 6.00 .00 12.00 12«00 15,00 16,QC 21,
hrs. hrse, hrs, hrs, hrs. hrs, hrs, hrs.
\5‘
CCY b
710 e 5 26,3 wbhed =@l =259 -12.7 -14.3 -11,1 6,9
v . . -/
~AN W f A 7 -
‘ A - I
- { \“ —';’/
. - ‘.l' N ’
"3
\\ -
F"br‘u .
”‘-r..égi -8
r
S.P. 4,
“2
4
3
‘0.("()& -2,.5 -2'05 ¥ 4
"
\\
——
Q'P' z,
% .
<~
a3

sorl



< 118 >

In summer, the moisture tension in soil rose to a

great degree of -29.0 atm. in zone 1, reflecting little or no

availavle moisture at any time. The moisture tension of -21.0

atm. in zone 2 was almost as high as the water potential

recorded in a few surviving leaves of the plant (-21,5 to -23.1

8tm,). The only moisture supplying zone was between 101-150 cm

depth (zone 3) with-18.0 atm., tension and the plant had to draw

the water supply only from the deeper roots.

Spil moisture tension and water potential of the plant
b |
as gseen from Table 9.7 and as described above, indicate that

the plant is chiefly surviving on the moisture drawn from the

zone at g depth of 101-120 am. (zone 3), The least water
rced from this zone uniformly in all the three

tensicns gre reco
-18.0 atm. in October,

seasons (-2.5 atm., -6.5 atm and
respectively), which are less to those of

February and June,
potential found in all the three

the corresponding leaf-water-
-8,1 and -21,5 atm, in the leaves of Zalsya,

S€asons as "'50 3!

DISCUSSION

(1960}, while reviewing the physiological and

Sto cker
plants due to water deficiency, states

mor phologi cal changés in
that water deficit has & direct influenc
the impairment of the water status,

t the loss in total leaf. dry

e on the plant life
The

Processes through

Preasent investigation shows tha
] leaf area (Table $.1) in Zaleys during winter

weight and tot2
= due to the reduction of plant surface

and symmer seasons ar
by sheqding the leaves when they do not get enough water to

balanee their unsveoidable water losses (cf, Oppenheimer, 1960},
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"ill]e ’
summer leaves, being reduced in their size,provide a means

of adaptation for reduced transpiration (Fig. 9.2} Such
* L . D 3

also been noticed in plants like ononis leiossperma

phenomenon has

and 0, natrix (cf. Oppenheimer, 1960).
<, . from growing vo winter season and 77%

In 4. zovindia tna

surface is reduced

from ~rowins toO sumner season A hi i
: 2 . igher surface reduction has

a cuneifolia (80%) by Morello (1951)

also been observed in Larrsa
in Zyepphyllum dumosum (85%) and %, dumosi (80%) by Zohary and

and in Poterium spinosum {84. 5%),
4 Helianthemun ellipticuin (62.8%) by Orshan

0
rshan {1354}, Artemisia

monosgarma (760.07) an

(1954). Reduction of leaf is the most important factor in water

urvival of a variety of desert
In the same context, Opvenhedmer (1960)

economy and S plants of the Near

Gast (Orshan, 1954)-

that a number of desert and semi-desert shrubs

has emphasised

ater holding area (leaves) in Z. govindia
mostly in dry months,

reduced the sho

fourths. Since the ¥

is being reduced from sea
ter content is redu

r content (continued
wing to summer season) th
DoPoDc) alSO g0 high,

son to seasorn,

ced. Simultaneously, due to

their total wa
increase in water

the reduction i wate
e values

Saturation deficit from gro
of osmotic and waver potentials (=
vestigation reveals quite low values for

govindia during the growing season, This
eficit up ¥ #1%, as found in October,

g effect on transpirat
evaporation curves roughl

The presedvl in

water deficit in &

shows that a WBUEY d
o pesbraiﬂin jon rates since
piration and
a high transpirati
pening of stomata accomp

and sufficient soil

exercises n
y follow

the stomatalk Uran?®
H owev er ’

on in October may be

each other.
anied by

o the ma ximum O

attributed t
temperature, humidity

high atmosphe& i€
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moisture in
October, In winter the water deficit is invarisbl
Y

transpiration and so the transpiration curve closely foll
oW

ev
sporation curve (Fig. 9.5-A,B). A higher water deficit in

w3 . o3
inter, however, does not indicate the stomgtal control of

transpiration as is evident from the evaporation and transpi
pira-

t . :

ion curves (Fig. 9.5-A,B). This leads to the conclusion that

the transpiration 1is partially controlled by the partial

reduction in the stomatal aperture, lower values of temperature

0 , as
{327C), relative numidity (300) and insufficient soil moisture

In summer, the water deficit still goes up (471.5%) and
the stomata close tO reduce the transpiration (mean 21,75 mg, /

an early closure in Alfalfa type of stomata, as
4

@<, /minute).
r conditions of high evaporation and

found in 4. govindia, unde
is in conformity with th
in Seneico jacobaea and Cynoglossum

ure, as observed in 2. govindia, has
oftfield, 1921. and

e observations of Willis

water stress,

and Jefferies (1963)
A midday clos

~ted in Caffea arabica (L
dis baccata (Hellmuth, 1968). Midday

officinale.

also been repe
192>) and Rna2g0
tomates and reduct

er and Kozlowski,
In some species midday

.'Sa*/r:..
iop in trans iration commonl
y

closure of s
1960 ) and the mechanism

occur (Rees, 1958, Kram
is complicated (KozlowskKi, 1964 ).
re has been linked to high temperature operatving

in intercellul
ported by observations that raising

stomatal closu
ar spaces {(Heath and

through an jpcrease 1in “Wo

This is 8up
used stomata to close, but

In

Meidner, 1957)-
s from 25 bO 35°C ca

leaf temperatull'®
r was flooded with COz-free air.

not if the leaf jnterio
in summe:

the midday closure of stomata

case of Zaleye govindia,
leaf temperature

may partially pe encountered by the rise in
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Wwhich is natuirslly warmer during hot summer days (43.6°C at
. a

12,00 howrs in June),

LoftZfield (1921) has reported that stomata do not

effect the transpiration until they are 50% closed. Similap

Situstion is found in 2., govindia during summer sround 9 0 h
. our

When the maximum trenspiration (43.3 mg'/dmza/Minute) remaine
uneffected at 54.88% stometal opening (i.e., 45-52% closure
’

which ig approximately equal to that reported by Loftfield,

1921). But beyond this, a drastic reduction around 12.00 hour
in transpiration rate (19.4 mg./dn®, /minute) occurs due to

Teduced aperture (9.0% opening, 1.e., 91% closure), which is
in conformity with the statement of Loftfield (1921), However,

Stalfelt (1955) states that the water content has even greater
Since heavy transpiration

effect on stomatal opening than light.
invariably high internal water

Specially in summer, develops an
somata may close by mid-day or even before (Kramer,

deficit, the s

1559), as is also seen in 3. govindia. Thus, at higher water
the sensitivity to light and work

deficit, the guard cells loose
ce to prevent the stomatal response (Stalfelt,

parallelism of transpiration rate

vindia, suggesting thsat
inly by the extent of

&s safety devi
1955), This shows 2

and sige of stomatal aperwre
on rates are influenced ma
is has also been indicated by the experi-

the water loss

zeneral
in 4.

the transpirati
Th

Stomatal aperture:
Ments of Milthorpe and spencer (1957). Further,
govindis during swmer, 13 prévented by

from the 1eaves of Z:
(before 12,00 hour) during esch day of

®arly stomatal closing
ure. lhis is in

drougnt and by temporary mid-day stomatal clos
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c . .
onformity with the observation of Kramer and Kozlowski (1960)

According to Kozl i
g ozlowski (1364), water deficit, 002,

light and temperature are the centrally important environmental
a

factors in stomatal opening and closing. Stalfelt (1955)

considers stomatal opening under slight water deficit as

v . -
hydropassive' movement, while 'hydroactive' stomatal closure

occur under more severe water stress (cf. Kozlowski, 1964)., 1
’ * n

Zalevya, during summer, under slight water deficit in morning

hours, the stomatal opening may be caused by fhydropassive?

as their closure during mid-day hours may be

movement where
thydroactive’ movement, Working with Vicia

attrib.ted to the
sensitive, Stalfelt has

faba, where the stomata are co.,
er deficit is the most important factor

emphasized that wat
d not the light or CO,. However,

influencing stomatal movement an
and closing are conditioned by a rather

stomatal opening

Complicated interactln
o be noted that the plant under investigation

en the water deficit is as high as

g group of factors (cf. Kozlowski, 1964)

It is t

survives in dry situation, wh
ater potential is inc
ted a considerable increase in water deficit

41.5% and the W reased to -23.1 atm. Pisek

and Winkler (1953) no
tree species wnen U

of Hellmuth (1968) in ¢
i{d closure of stomata before the

he stomata were closed, Similar

in European
ase of Rhagodia baccata
b |

are the findings
1 shrub., A T2P

Ficit (L1.5%) is attained in 2. govindia.

a perennia
critical water de
Wi ng S‘IlCh Ch

ught resistent unde
, water

aracter, like é-.ﬁgilﬂglﬁ. may be consi-

Plants sho
r arid climatic . conditions. The

dered as dro
deficit and osmotic quanti-

jndia during Jetober and February are separate

ties in 2. A¥
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but follow the same course. This indicetes that the seasonal
variation in the plant water status is not significantly

different in the two seasons (growing and winter),

In 4. govindia, the values for osmotic and water

potentials increase from October to February and become maximum

in dry month of June. Weaver and Clements (1929) have inter-

preted a high O.P. (= Osmotic potentisl) as an adaptation to

drought and the former is influenced by the environmental
conditions affecting the transpiration, i.e., availahle water,
A high osmotic potential in the plants growing in dry places

has also been observed by Harris and Lawrence (1917), The

increase in osmotic quantities of 2, govindia may be due to the
pheric temperature (43.6°C) in summer accompani ed

increased atmos
gh water tension in soil (Table 9, 5)

by low water content and hi
The ranee of available soil water to plants, according to Meyer

s narrow in sandy soil, wider in loam soil and

et al. (1960), 1
This view is in close confomity with the

widest in clay soil.
ervation for sandy soil where Z. govindia inhabitg,

present obs

af water potentisl is found to be closely

The rise in le
ture tension from season to

related to the rise in soil mois

the leaf water
n in all the months (Table 9.7),

ge Of '205 to -7-0 at'mo

potential values remain higher

season., However,
A

than soil moisture tensio
re tension between the ran

S$0il moistu
ober, is favourable for this plant while the

which exists in 0¢®
-6.5 and
he curves of osmotic potentials closely follow

-15,0 atm, also has no visible adverse
range between

effect, since b
each other in the two seasons, As the plants reach the dry

er, the soil potential (or moisture tension)

Period of sumu
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i [ ] » s ve

by, the plants suffer from a lack of water gradient

The availability of soil moisture to plants from 3

zones (Taole 9.7), at different hours of the day varies from
0

season to season. In October, the leaves avall the soil

moisture from all the three zones. During February, the plant
’ s

draw water mostly from zone 2 and 3. In extreme summer month

(June) no soil moisture ijs available from zone 1 {(S,P. ¥
1 =

-29.0 atm.), but the plants are found to get water through deep
oots only from deeper 2zoies, i.e., zones 2 and

penetrating I
= -18.,0 atm.) (Photo. 9.4).

3 (8.P. B, --21.0 atm.; S.P. 24
sts at all the soil zones

Thus, a narrow range of water exi
9.,7), which being insuffi.

studied during dry sumner months (Table
irement, develops & high water potential

cient for plant regu
in the leaves (soil moisture between 3.4 to 3.7% with the
ng soil water tension of

a decline in leaf potential and an increase

correspondi -29,0 to -18,0 atm.
(Table 9.5).
in soil pogtential reflec
ndures either by lea
ter deficit in plant body.

Thus,
t the adverse sumer conditions which

the plant € f drop or reduced leaves to

compensate the wa
servations indicate that 2., govindia

The present ob
seasonal diamorphism similar

gributes towards the

marksaly con
ons and regulates

amaephytes of arid regi

to those of maty ch
rface reduction during the dry summer

loss through su
semi-arid climate o
ibits a phenomenon of seasonal

the water
f Rajasthan. It may also

in the arid and

d that Z. govindia exh

be conclude
partial drought evasion,

since 1ts extensive

body reduction as



growth during favourable months is shed off in summer

(ef, Orshan, 1964). It may also be pointed out that the

following characters help this plant to inhabit in arigd

ervironment and resist the water deficiency in the Course of

water economy:

1. Rooting characteristics: Zaleya possesses an inherent

capacity to produce deeply penetrating and branching root systems

which avail water from deeper zones most efficiently (Photo,.

9'3! l“)'

Reduction in leaf surface (small

2. Leaf characteristics:
rface in adverse situations) is achieved by

transpiring su
eaves (Chapter 5) and (ii) developing

(i) shedding the old 1
smaller leaves 10 dry si tuati ons{Photo.5)

A rapid stomatal closure under developing

3. Stomatsl dynanicse
o be another factor in drought

s also satisfied 1in Zaleya,

plant, is a

water stress i$ supposed t
tolerance (Kozlowskl, 1964) which 1
er retension, as seen in this

The capacity of wab
1 closure with decreasing water

function of rapid stomata

content (cf. Kozlowski, 1964) .

PSR S o
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CHAPTER 10

PLANT BICMASS AND FRODUCTIVITY

INTRODUCTION

Boysen Jensen (1932) and Monsi and Saeki (1953} have

Opined that dry matter production is the key function in

€Cologi cal and sociologicsl life of plants, According to

Jiegert asnd Evans {1964) all organisms of a community above the

level oo primary producers depend upon the photosynthetic

plants (autotrophic). The production of organic substance jg
the fundamental energy fixing process which supports life on
earth and the rate of its production sets the finite limits

supported in the biosphere

or the amounts and types of life
The measurement of the rate of energy fixation

(Lieth, 1965).
by the vegetation thus provides a starting point for describing

the functional aspects of an ecosystem (Wiegert and Evans,
' 1
determination of dry matter is of utmost

1964). Hence the
s the basis for further studies in

y . de
lmportance since iv provid

Production ecologys
duction has been defined as the photo-

Net primary Pro
ecosystem in excess of the

i n
Synthesis of all the plants in a o '
r 1osses of gll the plants and animals of the systenm
€spiratory los |
P 4 hotosynthesis less primary consumption (Pearsen,
apparent P
g to Odum (1960),

hesis, i-e.,

i,e . -
net primary productivity is

1965). accordin total photosynthesis minus

the apparent photosyﬂt
Plant respiration.
roduction has been evaluated by two
p

r
Net primary o lyeis thod. Pearson

Prevalent methods: Harvest and Gas
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5 ’

method which may underestimate the valves (Verduin et al
1959). Generally net primary production is underes;;m;;e;
because of failure to take into account the removal of phot
synthate by animals and because of infrequent sampling so tg;t

th
e production of plant psrts such as inflorescences is

missed (Qvington, 1965).
Since the dominant species are treated as the main

contributors in the functional and structural composition of

the vegetation, the present work was carried out taking

4. govindia as one of

Since the two varieties of this species, 'rubra' and 'flava'
4

the dominant species of this region.

t of the localities (Chapter 6), it was

are associated in mos
g the productive efficiency of both the

worth investigatin
ctivity of a few selectec sites

vari eti es towards the net produ
ch other at the level of herbage removal,

which differ from &4
The

501l mojisture content and ve
some other dominant

riety, have also been investigated

getational composition.
species, which were

productive capacily of
d with this va

r to study th
iy the varieties of 2. govindia.

found associate
eir individual role on the

and emphasised in oFd€

gction of BOF

dry matter prod
oint the study has peen grouped in

this view p
ctional features of the vegetation as followed
present chapte

ground biomass while

With

structyral and fuP
r the structure includes

In the
the funetion

by Golley (1965)
ove-and under

roduction hy the harvest method.

the density and ab
includes the ™ ° primary P



MATERTALS awnp METHODS

1+ Study sites and herbage removzl:

Four sites (IT, IIT, IV and V) were selected for the
Siructural (density and biomass) and functional (net primepy

PPoductivity) aspects of the vegetation with special

on 3

» Bovindias The selection of sites was primarily baseg on

Wpographic features and secondarily on the herbgge I'emov g)
(Chapter 6}.

Site II, though partially protected, experiencesg
tnfrequent selective scraping by local people and moderate
sfazing by astray animals. The vegetation on site IIT is
selectively removed by scraping practice and is grazed by live-
Stock animals like cows anad goats, Site IV also contributes
towards herbage removal. The vegetation is cut nearly g the

ground leve]l and is frequently grazed by livestock animals

and ajse by dairy cows amd buffaloes at least twice g3 month ,
The Vegetastion on site V is browsed by the domesfzc animals
(cows, buffaloes, goat, sheet, etc.) and wild ?nlmals ;:?dents;‘
The f visit by these animals is maximum on this site,

In a:::j;z:fyt:e site experiences scraping as well é: :ft~ |

Tepeated sweeping of dunes for fallen mixed ?ry vegetation whijcp

i 1t the herbage removal is in the order of s

e os fust. lhu:’ IIT > Site II (Photo., 101,2,3),

Site v > gipe IV > Site

i, Experimental procedure:

. rd week of every month) of the vegetation
"°nthly sampling (third w
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g at'

finished (m
ost of the annuals
complete their life
cycle by thi
s

tim
e) before the advent of severe winter, As th
. e study was

pertaining to the two Vv i
arieties of 2 indi
Z. govindia, the sampli
’ pling

was g :
done in a way to include the two varietles besid
es the

dominant species of the site (Chapter 6).

November onward, the stuxly was continued only on sj
Slte

IIT and IV to study the contribution of only 2. govindia to
= d wards

the site production during the off season.

For the evaluation of the above-ground biomass, th
H e

scraped the ground level and for under-gr
-ground

vegetation was
arefully dug out from any of
Y the Sample

biomass monolitns were c
plots used for abov e-ground vegetation.
Ten quadrats of 0.5 sgs D each were sampled on each
out of these 10 quadrats, to tal above-groung

Site every month.
d and collected from 5 quadr
e q a ats (incluﬂing

vegetation was scrap
eaves ang 1itcter

on was scraped off

) separately and from the rest of

dead fallen 1
leaving an area of 25 gq
ocm.

the 5, the vegetall
d roots. 1In this areg

in each quadrat for col

. sodl block (25x 25> cm.) was dug out

d the corresponding shoot

of 25 sq., ane th
ith the roots an

Here the soil, being
.1 cores to labora
e soil oratory. The

carefully together ¥
| site 7. loose, it was

System except ©
and bring

difficult to 11T
t.herefore, collected from the

a were,

t ana the diffused soil was brought

the 8SpPO
of the roots. Theé standing

loose goj1 blocks @
ped at ground leyel

ther recovery

o laboratory f°9° fur
s of gach specles were €1ip

g
“reen jndividual
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(each grass clump and each herb stem was taken as an individual)

Standing dead vegetation was also clipped and collected separately

for each guadrat. The litter was removed from the surface and

shaken in a sieve to remove the sand.

Both above-and under-ground vegetation including litter

and standing dead were brought to labora
The roots were carefully washed so as

tory and thoroughly

washed in water tanks.
irt, The mgterial was then

to expose them from the adhering d
left on blotting paper for air drying and easy handling. The

cach gquadrat was then listed and each species was

vegetation
8 hours and

separately put for drying in oven at 80°C for 4
g,accuracy
er were also similarl
each species per quadrat added and

in Torsion Balance., The standing

weighed to 0,07
y washed, dried and

dead and mixed 11itt

weighed, [ne dry weight of
calculated and represented

the mean dry weigh
4 root valies. spart from the peak

in ~./55.m. fOT shoot an

values for standilé biomass (g./sq.m.) of individual species,

the dry weight per sqsfis were then grouped into 2. govindia

'rubra’ ovindia if1ava’, Lripulus gerrgstris, Daclyviosteng
u ra.’ - g—‘;;stis Eggfgiggé' mixed herbs, mixed grasses,

aegyptiun, Eragls a roots for comparative studies,

1jcter and exur
ata processing were uniformly

standing dead,
urse of study,

T .
he sampli pughout the €0

followed in all ©
ard, for above-ground biomass ll the species
er onw 4 . .
Novemb Jreen xcept the two varieties of 7,
nding ’
sta gtanding dead and litter were

were mixed as
joned.

nt
4 as we .
© ground material, only

govindia, and o f below-
o ~yed. 170 cas€ ©
also separately 4

Toots of 2. Z2¥F=
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D, rarameters :
used! The botanical compositin was f
s found

1-

average densit i
y, maximum density and
per cent frequenc
Yy have

also b
een recorded together with the peak standing cr
| Crop as
followed by Golley and Gentry (1966).

Thus, the average densit
y per sq.m. has been
used as tp
e

plants during the months when the specie
1S was

average numper of
ghest density of any month

presents maximum density is the hi
species; and average per cent [

requency i

s taken

occupied by the
ent frequency in a sg.m. plot durin
g

as the mean of the per ¢

the study period (Golley and Gentry, 1960].

jing crop of biomass, as evaluated in th
e

The peak stand
he minimal productive capacit
Y

present investigation indicates t
hich comprise the vegetation (Golley and Gent
ry’

of the species W
1966). wWith a peak S®
ecn used a8 a crit

(1060) and used oy Golley

proposed by odum *
) and Singd (1968) .

nding crop of more than 1 g. per sq
oltl,

erion of a dominant species
as

per year has b
(1965), Golley ang

Gentry (156G
khefer {1963), in th
e harv
est

o Hadley and KieC
otal dry weight of

According t
nis measured bY the ¢

method’ net prOdUCtio
On the other hang
’

the end of growing
a4 Lawrence ( 1963)
wn weight and lowest
s to estimate the annua)l

seaso.

the herb
age at
nave used the diftferen
Ce

Ovington, HeitkamP an
orded mexim
ant biomas

The s@
ris of Varanasi,

over wintering

between the rec
ground pl
me method was followeq

weight of aboVveé-
India ’ HOWeVQr

Production i

by Singh (1968) 1
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it has also
been determined by adding together the
peak

standing cr
0
ps of above-ground biomass of each speci
les during

the growin
g season {Odum, 19603 Golley, 1365; Golley and G
n entry,

I%E)) A I
* c
CcoO ding to GOlley (1966), this methOd does not
inClUde vV 'OII bh t dles b ore in
g CI‘Op

of a s i
pecies 1s reached, nor th
, e vegetation that i
is consumed b
Y

h .

erbivores during the growing period.

k values of the spe cies, found during the gr
owing

In the present investi-

gation the pea
et production as used by Golley

S

eason, are summed to get the 0
and Gentry (1966) .

4 functional features have been studied

Jerpctwral 2n
1e in off season the study has

es of 2. govindia towards

The observations have

growing season whi

in detail in
on the two varieti

been emphasised more
being perennial-

the growing (August to November

months of the year

the site productioﬂ,
therefore, bee€
1969) as well a5 fo

(December 1969 0 June 1970) -

OBSERVATIONS
(4) Structural aspects’

November 1969) showed that
chieve the highest

i, Density:
y {August to

e to site to a
oides had the highest

E. poa€
gggzgtium, T. terrestris

tes 11I, IV and V

ed from sit
10.7)~

The pPY
the species giffer
y (Table

average densil

and E, poag2df=
s being 58163, 169.2 and 68, 2/5qe M.
¢han thos= ;bed above, were

Higher densiti®®s
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achi )
chieved on site II by D.aegyptium (158.6/sq.m.), 2. govindia
(61.0/sq.m.}, E. hirta (74.3/sq.m.), D, adscendens

(70.4/sq.m.), 3. ramosa (68.8/sq.m.) and Z. govindia 'rubra’

(67.4/sq.m,); on site IIT by C. rotundus (67.2/sq.m.),
and T. terrestris (47.4/8q.m. )3 on

'flava!

site IV by D. aegyptium (119,0/sq.m.), C.
and T, crystallina (58.2/s8q.m,}, and on site V by E. poagoides

(68.2/sq.m.) and D. aegyptium {50.2/8q.m. ) -

E. ciliaris (52.2/sq.m.)
compressus (68.4/sq.m.)

Lw density (Table 10.1) is recorded 704.o

noaeoides on site II, 1624 .4 individuals/

342.4 individusls/3q.m. of

on site III;

8.y, O o gayysbim
txvubr‘a' Ol site I'ul., and ‘-!46.0 indiVidualS/Sq,m. of

goviriia
T, terrestris has achieved

Iy

oite v. 3Jesides,

poaecoldes o <
ey ITI and IV (150,

8 and 310.8

L3

higher densities ol si

individuals/sq-m- respectxvely)
' occur‘red with 100%, trubra' with

tflava
' » on site IIT D. aegyptium

On site 11,

£6.6., and D. 2eZfptivl wi
f the pLOtS 3

n 600 wiid
nd the next most freguent

sccurred in 1007 ©
e were Lo govindis trubra’ (95%) and
th. s S1 - -
like T. terrostris

Species of
on site I7 species
aestuans (90.)

T. terrestris (85y). -
and [ -y th Ul occurred with 1007, then &

- (gta) The two varieties rpubra’ and 'flava!
and C. compressus £l 7

. . site with 8 ciose per cent frequency of 75
are found on th®

! Ccurl‘ed 'eith
jvely THe variety rf1ava' has @ "
e eo e poct | 1 ~ybra! on all the
) frequency as compared o 'r'u
nig or cent .
e e V whare the former is abs
si

sites except on
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Table 10.1: Showing average density, TOXMNUR deusiiy, Percentage frequency and pesk standing @
a * * ¥ Ao =

(g/sq.m, and percentage) on four study sites
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y | Site III Site WN
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ii, Biomass

a. Above-ground biomass of standing crop: A study

from August to November 1969 indicates that D. aegyptium had

a maximum above-ground standing crop on all the sites (Table

Excluding the two varieties of 2. govindia, D. aegyptium

10.1).
terrestris, with a standing crop above

was followed by T.
10,0 g./sq.m. on Sites T1II and IV but was below on site V (8,03

other than these, with the values

g /sq.m, ). The species,

above 10,0 g./Sq.m. are L. vhvinifolis (10.v¥0 and 12.18 g./sq.m
da IV reSpectively); T. hamiltonii and E. poaeoides

respectively on site /).

on sites III an

(18.08 and 11.62 7= /5 it
the criterion of a dominant species to the

Applying
present investigatiofl with the limitations based on the obser-
wing season,
he r-st of the seasons, very few species

when the plants attain maximum

Vations of the gro

growth as compared b0 %

d as dominant. ed on the peak values for

Bas

can be considere
of each species (Table 10.1), the

green biomasS ( standinz crop)
dominant species 37° 17 on site I1I, 1% on site IV, and 12 on
site V A few domineant species, common to all the sites, are
‘ 3 y/ i tpubraf, B. ramo

B . . oprestris, 4- govindia 'ru , B sa and
4. thymifoll2s T, BEEr8S====' = T ramos

T have not been consi -

k values of site I idered
Q. aeg:@tig_,m- The ped '
{or october was nhot available.

n reached the peak in October

standing dead vegetatio
maxinun (73.12 & /sqem.) and

1 bexng
Qn ites site 11
all the S : Y ) (Table 10 2’ L‘ib 10.1—A)- The

Site V minimwm \’““‘ &' e above- ground
tutée
it : 2150 consti .
ter, which . _— , Fig.10+1-4)
atteilis '

s a Pert of th

‘ C n I Si R oge

e v, 8,10 g. /3000 )
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b, Cn .
Cnanges in the above- and under-ground biomass within

each site; :
h site; On site II, between August and September the above
ground biomass wes increased (Teble 10.3-4) with a gain of

114 i
. the increase was 297.4% with a rate of 3,79

-

& /sq.m,/day (30). The under-ground blomass (Table 10.3-B)
was incressed from 17.83 to 35.21 2. /squm. with a gain of

17,38 g¢./sq.m.  The production was increased by 97.4%7% with a

Fate of 0.57 g./Sq.m./day.

the above-ground biomass (Table 10,3-4)

on site IIIL,
reased with a gain of

between August and September was inc
vas increased by 3SC.ce with

123,31 ,./80.m. and the production
rFate | e B . jaq.im. /day (30). Between September and October
reased with 8 gain of only 53.8 g./sq.m. and

it wag again inc
th the rate of 1.73 g./sq.m./

crease Was 3hj0 Wi

the percentage 17
en October and November with

s decrease- betwe

day (33). It wa
s was found -28.5% with a

@ 1035 Qf 2115 ../’ybji.ﬂi. This ios
“ Thus the biomass continuousl

. Jsq.ms /98y (300 y
decressed,

Pate of -0.7~
and thereafter

t to october

increaged from Augus
T between August

ound biomasSs on site II
was increased from 14.20 to 55,18

-B)
and September (Table 10.3

,'_. /Sq.[n.
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with a2 gain
ga of 40-98 &
g./sq.n. The production was incr
eased

by 288.59
.59, with a ra 5
te of 1,36 g./sq.m,/day (30) bet
ween this

. - e&
er‘

to October
(55,18 to 39.02 g./sq.m.) and from October t
0

j ’O
f

16 16 | - T . I % d
I » . us the rate f j m
o ecline was

sharper betweszn S
:n September and October (-0
-0.52) than bet
ween

Octooer and Novembper (-0.04)}.

between August and September the above

on site IV,
itn » gain of 35.86 g./sq.m. and

¥round biomassS waS increased w
betw 5
een September and October it was inc
rea i
Sed Wlth a gain
procuction was respectively increased b
b 4

134.A1 = /sn.m, Ine
95.1. witn a rate of 1.23 8-/Sq'm°/day (30), and by 176% with
b rore of L.ib 5./3q.m./day (30), it was decreased between

l’l a lOSS Of '131467 s./.f;q.[n' This lOSS

October and Novemnber wit
th the rate of 4.39 &-

between August and September
23,08 to 70.20 g./sq.m, with
ss was increased by 204.15%

/sq.m. /day (30]).

was "6 2- 3% Wi

zround bicmass

on site IV (Tabl® 10.3-B) was from
/53.T. The bioma
q.m. /day (30), The production was
0 to 122.03 g.
poration was slightly

The wnder-

a gain of 47.1+ &

|. i", go Ils
/sq.m. with a gain of

with a rate of
fUrther augmented from 70.2
This incor

73.83 g./sq-m- biomass:

accelepated 25 ©

ga/Sq.m./day (31
Peduceq (73-93%)

previous month with a rate of 1.67

enta e galin was comp
T r
nd November, the under-ground

aratively

} but tae perc

gel October 2
03 to 7k.63 g./sq.m. with a loss

biomass was decreas {rom | 2<-
OF ~47.6 / . The percencage production was also reduced
~is /. 2. sq .. i
rate o -1.58 g./Sq.m./day (30) - (Table 10.3-3}.

(~38,g;) with 2
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On site V, th
v, e above-gr
ground (Table 10,3-A) was i
increased

between
en August a L
nd September with an increase
of 34.85
. g'/sq.m

:ze gain in productioll « . with a rat
S _ e of 1.10 =./sa.m.7/d
throu'hoztvhe subsequent month the production was d;c;;;.m./aay
g  3etween Septemb:r and October 1t was decre -
.nc the loss was -28.5% with :Sj:t:ith
of

8 loss
055 of -22.4k g./sq.m.
3.y (»1). Between Octob
er and Novemb
er, it was

© 45,7 g./8q.8
.. /sq.m./day (30}.

reduced with a los: ¥
his reduction was 80, 15
. jo

i
ith a rate of -1.17

. nder-eround production between August
3 and

On site V, to
Septe
ptember (Table 10, 3-B) was increased from 5.63 to 19.22 g./
with a ; : ) =< B./3q.n
gain oi 15,67 £o/59-% Tnis galn was increa ;
A sed by 1 3 -
2e1.38%
In the subsequent month

Wi
ith g rate of U.h% . /5q.m. /32Y { 30).

s reduced to -15.
¥ (3%)- (Table 10. 3~

the production wa
B).

I'a .

te of -0.5! -./so.m./dé

r-ground bicmass among
&

bove- and unde

the maximul above-ground

In Augu-ls

ive ¥ (L4t .63 5. /8qs e
higherl’, as compared bo

) gnd minimum on

bi
l0omass was ob...n.r'-'-l on o

c/SQ‘m'

ed oh

lc slightly

1 and IV (38,25 ard 39.59
In sepbember higher
T (152,06 and 157.93
r on sites IV and
the

IV

) wni

site IIT (3L.61 2
sjtes I

jvely low®

cthelY) a '
respecﬁlv 2Ly)
sives 11 and

sive V(57 0 g./ 8a.I0

8. /Sq.m. respe

V (76.145 and 79- L8 &
d hloMBQJ

above-groun
00 E47
coﬂﬁid“

(211,74 and 217
In November, Ut piomas® was

K 79,39 ant

) being 5b-'*

sites, the valu®®



< 140 >

sites II., IIT
, 11T, IV and V respectively. It may also b
€ observed

41 4

that 3 .
o DeEr1o bet .
etween August and September constitute
S the peri
od

of maximun o

AL m r .
et pro
ween these two months was highest, Hetion

serveg that in between the sites the

It mey also be ous
above- . . |
Qr‘o'\lnd bl Omass dl: : :;-I‘e | ‘. fr- c“:? V in ﬁugust but

’ = greatly i

in

For September, the values on sites II and ITT (157
«9

September,
are abo.t two times more than

a
nd 15200 ./SQ.m. respecfsi‘-’ul}'}
t N R

2ctively),

but in October the biomass of sites IIT and IV (211.7 and 211.0
cvimately more than three times

-

spectively) were appt
t of site V (57.0 g./5Qeme ) s

curred on all the sites in

.‘.}; ) )

Zreater than tha
Maximum under-ground biomass ocC
£5.18 and 19.22 g./si.m. corresponding to

September (35.<1,
v wﬁre 1t was mazimum (122.0

sites Ty, III and V)
) during October. The biomass was in
y two times on site Il, {our

exceplt site I
creased, from

_.-/:)'{.m‘

August to September,
nd 3.4 times on

three
urther increa

ximately l.
imes O site V

time s on site IV a

times on site 111,
sed from September to October

site v, It was f
7 times and decreased about
only on site IV bY appro
Table .3.8).
777 and 6ok T (Ta 104 3-3)

Ts4 times on site
S substantially incor-

the under-ground biomass W2
AN August and Sep tember, the

) and lowest

Thus,
teg betwe

on gite V

Porateg on ali toe sl
highest being on siLe IV
In the subsequen

(13.59 3./Sq-m.3.
October, the galn was neg

(4,7.12 &-/92-™
between

t duratio™ ie€es
ative

September and
3,83 5./33.m.).

except site IV (7



Table 19.3-A) Sanowing increase or decrease

(¢t nget n v
per cent atove-ground hiomass (stand ng
successive morths

1 , rae an
I L. €n t.e twoe
~.G. 3iomass Chance in ALG, A, 2, Blomass  Change in ...G, ~.G. iomass .iange . 3
Lg./22.m.) olomass between {z./s5q.0.) diomass tetwenn. VZ.0 8 .M, _omass etl.een
huz. and Sept. Sept., an< Uct, an
3ite
ISVES Sept . Hleight date o Sept. Qct, selgat  Rate Cct KO elgr ate
TI O O3B.Z5 152,06 113,80 3.79 297.4 1506 - - L7
TIT O O34.01 1570933 123,31 L.V 35002 157.93 2., 53.81 1,73 34L.0 1.7 55,70 -iin.y mul72 -
19 313.5%3 7645 36.86 1,23 230 70.465 214,05 13,0V L34 176,00 00,0 T35 “131.5 2L, 3) pp
Vo LLBI T9.48 0 34,85 1,16 78.0  79.48 S57.04 -22.44 -0,72 -28.5 57.0 11.32

-45.7 -1,19 -80,1




Table 10.3-3; Showing increase or decrease (change) in the weight, rat
per cent under-ground biomass between two successive months

and
.3, 3iomass Chanze in u. 'z, .3, 2iomass Lnanhgs ia U, i, 1, Siomass  slah L 2
{g./3a.m.) ninsmas:z netwesn (ze/83.m} 2iomasl DRUWEER Vol /8 0amy )
Aug. and degu, sagt. andg Cck, ven,
Site
hug. Sept. deiecnt Rate s Sept. Qct. eipght Ratne 9 Get.  Liov. exiparn date
-‘—.-.: 1'? .83 35.21 1? .38 0‘5’7 g'?o!-l-? 35.:1 - - d - - ‘(~"l;:.1 - - -
IIT 14,20 55.18 LO.98 1.3 288,52 9%.18 35.02 <18, «0,5% 09,28 39,02 37.5C “t bWl -0 0L <3002
N 23.08 70T L7 .1% 1,57 2045 UL 1ee.03 T3.07 0 Vet 73,83 12003 Th SN A N 3§ 8
i) 5.63 19,22 13,59 Q.45 2u1.38 19,22 3.26 -15.G6 <0,31 B
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. 3 Ig! I 2N blomas 1N 1 elation tO Zl E%’ v j
A;\ | | | » 3 0 ind

stand
S n most of the si
* e 10. 20
’

.1-38). In August, taey hardly suo
e y stantiated
the dr
b4

as compared to other dominant species like T
e . ter‘re «
stris

and D
« 8EeiYy
vptiwn, From August to September the combined
ined biomas

of tnr .
e two varieties is jnereased from 13.3 to 81.0 /
M g¢/5q.m o
ilg n

3
ite IT, from 6.98 & /sq.m. to k2.
site IV, and from 1.0 to 2
b g./sq.m
. on

with the corresponding jncrease in total
< . standing
Z green
220, /SQ+Me s from 3L.6 to 1317
. 'O e
g /SQ‘ M, ’

59 g./sq.m. on site III, fro
’ m

508 t0 Sl L.seoee OF

to 1

>, [/87.Me

b-
lomass from 38.2
—" » "y
. o /8., ON

and from Li.o to

From September to Octover, the two

the c¢corresponding
Varieties on different sites pbehaved differ
£ biomass of tne site. The values of
owly declined on site IIT Irom 42.58

responding decr
ut there was a sharp decline

from 39,6 to 52.7

g1 bee.
entl t i r

decriosse the standid
4. govindisa together 1arr
W 37,8 .53 with the ¢oF
biomaSS from 131,60 o g5.9 8 =, /5qee b
g to U.OC z, /50

m? .G £O 3ha ©

ecase in standing

wi th corresponding decrease
., /8qaime and a slight increase

e/

on site v from 2ol
s ¢n the corresp

ss from
,1 to

on sjte IV from -
52,7 to 11808, /397"

the comb

onding

1 .

N green biond
12.8 £/39°

ing biomasse From

in stand

nes 0% the two varieties

i
Nereage from
ed val
1 the sites.

g piomads reil on al

and IV (Fige 10.2) from

October to November s

of 3. govindia an¢ tota .
sees IH
It was declined for ?,5.’-1-—8-1‘5a - [sq.™ with the corresponding
2. /5GsMe
37 ; o to Bem
.8 to »o.1 and from 12 ) Jpe 2.7 ., /5qems respectively
c6, o and rom

£211 from 85-9 0

(Table 10,25 Fi&: 10. 21
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site to site. Thougn both tne vari2ties att .
s attaln highest
atter in most of the gites during September, yet it
] , W43
max';_ .~ >
inur on site IT. On all the sites their biomass increased
se
f:‘o(*p N
1 august to September and decreased from September onward
Thye ¢t .
'us the time between August to September constitutes the period
ﬂlo

-

0! maximum prowth for botn tne variteiss (Table 10.2; Fig. 10.2)
L} . & .

on site 1I, from hugust to September the above--Tound

tne percentage c
see III, the biomass of trubra' and

ontribution of ‘rubra'’ and

biomass as well as

increased. Oon S

0‘1
‘lava' was
and then decreased. The

p to Qctober
ased 1in Octobe
roughout uUp to November.

1 4
flava' was increased 4
r for 'rubra'’ but

bution incre
was considerably high cor 'flava’
added 2 smal

1flrava’
percentage contribution

percentage contri
1 amount to the

and
was reduced

On site Iv 'rubra’
s and thelr
the stand

s and the percentage

Standing biomas
ing biowas=

throughout. On sité V,
n ] gember (Fig.
contribution bY rpubra’ was increased only 1f Sep er (Fig
io

10.1-5).
antributed rowards the

. vindi
he BO 2< 11 the gites
g iointly s nereased

increase of 100
yariet
he T z. /590 O

August to September t 2
A~ 15 YO 1C.
' . 16 to 1542

the ynder-ground biomass

32.35 g. /sa-™ o

from p,46 to
wnict Lk
m 7 16,30 W0 -

8+/sq.,m. on site IV,

biomass of the resge"
. ' ‘/5q.m.
(site 1T), 10.82 U 5.89 B octobsr'

& /sq.m, (site Iv) -
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FAN

on 81t I
on T |
Lte I a n
Site | o
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witi >3 . ]
th regard to their contributory role in the increase
or

decrease of total biomass of the comnunity and of Zaleya

1. Tribulus terrestris: On site II, the percentage above

-round stending biomass of this species (Taonle 10,2) is les
¢ 3

than Zaleya throughout but on site V it has higher contri

On site IIl
than Tribulus in tne beginning but later on they
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biomass of 7Zalev

t suppresses Tribulus.
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=
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than Zaleya (trubra').
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the percentage contribution towards the standing
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2l 30
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« Contributilo iety tpubra’ only.

n of var

 ———

ss on sites 11 and Ty; From November

£. Off season bioma
n and staending crop

- - :
spaiialis. o d Q514

the values for 3T =
li. t-t..-‘.‘['] on

to January,
standing dea® and

ndirg 8reci,
It is

ain increase up O aprils.

(which includes sSt2
crease but 2g
ther sites up
r tnhan those
r standing dea
the values ifor

The values oI

these sites de
to June.

on site 17T through-

further declined o7 el
1 owe
d and litter

Site IV are comparatively 1c
yalues fo

out from Decemb ;
; r

also fluctuate fro® month O month. However,
., TTT then site IV put for 1itter,

standing dead are mor®

site III show$ sufficiently higher

IV (Fig. 10.4)-
The above-ground biomass

qualy ¢n the sites: The

increase in biomad: fro
1 values of blo

The overal

ward on Si

declines up tO Ja
m March ob

on site IV,

than site IITI-



INAer ey

5
i

"

oo ¥

da
|

-9



SOy

\0

SERYL:

LY}
QO

Q0

!‘2

,
S
A
o

1o

4200
SITE W beo i
AG uG
-
RUBRA e 1 '-t"
A (T
FLAVA & 20 z
Ol‘ “~ g
|& . ,--A" TN ;o >
' ’ 4" "-q-'-’o“:\ . i’
L. . \ s ) T3 ;
e PRk N el === 140 C
Vo A \:\; -_/,J:-'[' E :l’_:_____: . 4 2
. =4 _ y or—"9"
| ‘ﬂ/ r n 0
y : /D o F - A - o
r.'f_“ (: e
< 1200

MM

RUBRA b ®
FLAVA a a

]
o
MONTHLY BAINFALL

-‘!.i\_ T 1 ’_—. -. i
Rt 1Y e L 0
X = e M
D J

RY MATTER PRODUCTION (G/M?2)
ON SITE Il & SITE v



< 148 >

The decli 1
line in under-ground biomass is shown by both

t ~ E a . > - - D .
.I, ; [ 4
a S

ur to Ap : .
pril on site ITI but decreases on site IV from March

In June .
une the values on site IV are slightly higher (Fig., 10.4)

i
ii. Average biomass:

T
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green : -
, standing dead and 1itter) and under-ground plant bi
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hav .
e be v i P
en averaged on the basls ol monthly observations., Av
° erage

bio . .
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. «/Sq.m.

ground (72.49 g./8q.m. )

and under-ground biomass (48.12 and

an .
d on site IV for under- It is mini
inimam

on site Vv for both above-
(Table 10.6).

5.79 Ze/8qemm. reSpectiV61y) -

(3) Functional a: ¢cise
est1m3°e& as the sum of peak

o site (Table 10.,6). It is
g./sq.m.) and for

rimary production,
sfered from site T
on site I1I
/sqems ) e
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is maximum

Net p
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(160, 2
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tributed vy herbs,
n sive 11 (121.7 8
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ground on
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Taole 109/: ‘-)nof ll r 3 ' - L . )
. horb- o :blv xl\.ti_) UL:E,)U;';- and ynder-
le'LAbt 1yo to N s SeURed 4 sites fr
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Site e (2. /8500 0 _{g./59.2: year)  (g./sg.m./day)
a~ AG UG AG UG AG UG W UG
—— '—_ " _-_'_,..,____4-——""-_--"""""-_ :
9 ) ¢ 6 os 260 a1.68 23.09 1bh 79 23.50 - -
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A S (ke . . 1.0"
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U 192,486 oee 4812 % 79 S 0.13
) g, . /da ) ha$s been calculated by
Rate of producblon (g./39:0 /a&y
divigs P raduccivity by the number of days during
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v 1,0 L f8qeme /05T
for under-ground g (0,69 L 0213 8 /sq,m./day
; l,nder—gf'f'-“md ‘

fi
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Be both above-
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= 10, 7. Showan he me
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sy divinding the sum of respective value of a spacies
(Table I..i, in all the sites by the nunber of site: of
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(Teble 10.2) of 2 species in all the sites by the number
of times ol occurrence.
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Thus, ». -€gyptiul is tne
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ground biomass (Fig 10.3). Tae percentage contribution towards
10 . .
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~ { ‘-- 7 Bnd 11-39/0
order of Ty > 111 2 V> H (45,09, 2873, 22:3
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o
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¥ T (<Fs A0
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OMass o Sites III and IV in
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Wi

2egyptium
8w 34 720) mey also be attributed to this fact (Tap] -

~ - M N . . i ma - . . ‘
IO.c-AJ. However, on site V the blomsss is meximum during

“Cptember due to the maximum standing green biomass in that
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Mixed herbs (34.6%). Except site IV, the standing green biomasg
as been observed maximum in September on all the sites, the
Teason being the maxdmum rain in September which might have

i g 1n those
floras dominating :z
2Cceleratsd the growth of ephemeral

. site IV is tounc in
Sites, Maximum stending green biomass on

reen biomass
October However, the unexpected low standing & t
L J , . . l
. . PR 1 hlgh in Augusc,
On site IV in September, though it 1S initially

. ing ¢! rull
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ional removal by
May be due to the occasi

y
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L te IV} wni . ]
¢ confirms th> contip.
N ) 1Hlous growth in
. ‘. de¢ cehelrstir
Fstin, root s 3tum {in these vaps
Y ! leties
1 Ld responsible
S[OIS € 40r tie contin
Uous rogt i)
i arowth,

00 I Ve LJ tf}a t tj}@ t' 1 V [ 3
WO af‘lutles C J'i,:'
; ear‘ly
4 tw t— t 7 12 ‘—fpr > - 3 .
O g J1C =l e I"O'und bl O'naSu cjll{j 1,{‘[@{'(
L] . 3
» fOI"e tb
3 - e}"

alo
= Consi =rable root mass in these sites

tandin dead and litter:

Standing dead vegetation is found only from September

Onward when the plants nave reached the maturity and started
J'”}’J-ng; and shettering. The maximum stsanding dead in October on
Site IIT is found due to compareatively less biotic disturbances
dowever, minimum values for standing dead

“Hd lack of sweeping.
‘getation on site V is ~~rtially due te lack of vegetation to

Torm tie source of standing dead i portiolly due to cleaning
Litter

°U the area for dry shattered vezetati o usc. as fuel,
Production has been found from October onward and it acquired

Pesgk values on all the sites in this monti.

Average biomass and net community production:

] r
The highest value for above-ground peak standing crop
‘J -
pensible for the maximu contribution

On site IIT seemsto be res
51 and average AvoVE-Iroufid biomass,
also

s Ira e, ‘ f ; 1
1

Maximun on this site.
.. nearly equal t o
e more towards under-zground du

~

have al1so contrauvut
contribut )
8 arn

., C. compressus

biomass but could no’
t sedges, C.

to poor density of dominan
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— 11 ¢ ; e
e centrit - 5
crtributed 4ok3 and 40.91% respecti
lvel

>tn for aoduve-~
wve~ and under-ground production d
ue

ren:.ials and dominant s i
pecies (12) with onl
Y 2 sedges

Nevin  Jower values
e s,

hi n HNCP and its rate on 8i IIT and as
site Y S ¢
’ ompared

£ > -
for abova- and under-ground production, can be
?

€xplained as follows:

1. -
. ) 1 - . X
Sites IIT anc IV have more number o. perennials species than

(4]
.

Mchaughton (1367

3ince the

site V which help in the increased production.
ne under-ground parts durin:
2

SR .
Fhotosynthate is transferred to U
perennial root systems increase the below-

0iI’ season the

ground production on sites ITT a3~ Lv-
I1] and minimum

Tne number of species are maximum orn S1L¢
e findings of Singh

This is in support of th

Misra (1969) for the grasslan
r.¢ herbaceous

on site V.
d vegetation

(1968), singh and
Kumar anc Josal (1970) for
on the contrary,

of Varanasi and
rerent habitats in Pilant.
roduction for

vegetation of dif
1968) has found decrease in p

1and due to diversity.

Californian grass
to medium grazing and the jr.eensz by 44
jge 117 < site IV < site V-

Sitejil is subjecte
rectiuh 5
Uroduction in this regioch

sub-humid climate

increased in the di
i he
Thus, grazing deteriorat€® t

the product

Jad increases
deteri0F

im

ion
ation of the

whereas Brazinl
at Varanasi (S5ingh, 1405 ). LEh N a el e
veretation is po;’ibwT in arid ano smi-8 ‘-\ r-W1unqu l
r £ P (mainly due to ppi of surdLed=r =
| e :lqubjected 1,0 heavy hiotl¢ exploitations.

moisturs) 19
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J

since it lea LU i
, ds to puor nutrient status

capacity of dune soil is alse

* ter holdin
.8 L s -
its loose | . These all adverse factors
e4 accuaulative negative L on the producti
on,

ilsr loss of production has alsc bDeen observed by Kunar
J A
».la (19?0) an Kumnar and Jgshj_ (‘];(f;?o). PI‘Oduotivity on

2lso psrtly be limited by the shade afforded by

rJ.

te ¥
(&

- tat o on tne dunes (Kumar and Joshi, 1970).

+ &S regards tae prouu;ZﬂViLJ of main = ci ETES B
). cecyptium plays 3 dominant role and suppresses

the varieties of Z:al:

7
gsleya,
p Y P
=15-es. 4Jaleys cempousates

to a great extent in initis
ompetition, by achieving at

whion 1is due to C
Tz

this loss,
k standing Crop veluss,

later stage, 8 nigh pea
~tris 1S found lower Luai

s roduetivid) of T. L2Lre
Je 2 iwn and both the€ varieties of Zaleys. It may,
shat lack of sufricient soil

he concli e’
capacity are some of the

waterahcldinb
bly red

therefore,

moisture and poor
i ueed the productivity

jidera

features wi:ica have Lo |
p-t from theseé, pietic di
| productive efficiency

tion ol the

sturbances leads

in the area.
toriora

tc the maximuu

) 2 )'
2" most of the siteés studied

s i £
_pepductivity ©F

It m also be stated tha the

N hign b :;b ed t competition
o)
govind is5 uite ig ut 18 Ject d
« Lovindiza - | e
[t i ecles in th

‘ i one of t.0 mosv domlnant sp

l'_ ’ 1 D‘ ‘?egc.]r,j lum’
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| | e
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1932) .

conditions ae
ractors like species diversity, occurrence

tion,
putrient status of a site

0. other perennial species and so !
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CHAPTZR 19
GROWTH ANA_LYSIS

INTRODUCTION

According o Boysen Jensen (1919), studies of photo.

S¥nthesis and dry matter production is the physiological ang

®€0logicay basis of analysis of plant life

in nature,
€t a3,

Brlggs
(1920 a,b) developed the quantitative analysis of plang
grOwth.

3lack (1257) studied the effect of 1gnt on growth of
herauf

s€ plant. The complex effect of light ana temperature on

Erowth of leaf has been studied by Black (1955), Blackman

the

1968), and Friend (1965). Effect of shade has been
"9ted by Blackman and Wilson (1951), Blackman and Black (1959),

i and Monsj
Vans ang Hughes (1961), Nomoto et al. (1961}, Hiroi and Monsj

' inerals, e.g,,
(1963 and Sinha (1968). Nutrition of several m ,6 g |
A lis, 1964 a,b
CalCium (Bradshaw et al,, 1958; Jefferies and wil 1} o ,
ium and Phosphorus
Niblogen (Bradshaw et azl,, 1964} and Almunivu R
; the p .
(ClaPRSOn 1966, 1907} also found to influence
? b

d low growth
Sradshaw et al. (1964) and Clarkson (1966) foun

viv Aiggs
€ j i 3 nutrient.

at fgetor to sur ive on soils with :10W

S as g facto

tan Thorne
milar resuivo.
alsc concluded sim N
ang Jamesg (1969} have 2 tter
1 ‘owth.
(1960) buted the variation with age on gzt
attributead T

i 1
nvironmenta
betweell plant growth and e
i e d
lationship

; ate
ractors have been investlig

rs
P aramete
everal growth p

rough S

(williams, 1946; Watson,

d th

1y workers
like RGR, Az and LAR by many

31 ackmsi,

1302 Jacksor, 19653) .

1950; Hlackwmgn
19485
Jatsonl,

d
1947, 195g; Morton an o 4 tyerscough
a

1 he
and wilson, 1751; White
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It was first poi
nted

Wa2 a continuous prOC:ut that the growth of an int
. SS Oowl ac
V.H. 1919). The daily r owing to the gain in weightt(Plant
Para.eters; the net di ate of gain (RGR) is determi Slaclnan,

diurnal efficiency of assimil mined by two

ation per

L 8] 858-' ey - -

e to total
N plant weight (LAR). Hence, th
uch as 11 | o
oo ight, temperature, water or nutr .
o | utrient .
R, also influence either or both th -
g compone
nts
concluded by

of
Zr
owth (NAR and LAR). It was
]
(1920-21) that 1
at if the grow
th 1is
precedin
£

= Net

rherefore,

Orip.-
z-s, Kidd anc wWest
on
exponenti
t .
. jal basis, then the relative growth rat
simi i )
ilation rate x lesf area ratio
t invest i
investigatlull 15 ~arried in natural c
ondi-
difference in u 48]
3 1e Ko ot tl
- 18 two

a1 effect of shade and

The presen
jlons in order to £ind out the
Sarleties of 4. EQ!iQQié» the different

unlight on dry matter production ana |13, and also to group
t shade! plants

ar:d

based on the above

the
vari : s
rieties into tqun'

o
bservations.

MATERIALS AND METHODS

periment:
were sowh in July 1969

d b leaf‘

stages they

1 i

. Design of the ex
d from garden,

each with

collecte

in
earthen pots. When Th© secdlings reach®
gust 1969 in beds of 1 8q.

W

e traﬂsplanted in Au

and density (10 plants
in shade (257

Seeds,
m.

/3q.m.} in full exposed
1ight).

5 wabered

Thus 4

a .
uniform spacing
ion { 100% 1ight) 3"°
Bach yvariety wa

O .
pen situat
i inede.
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Ty

+4Y on alternste days., At the same
Stem an

time the leaves,

roots of 10 seedlings of each vari

ety of Same age
wWere

iasured, dried ang recorded as the initial dry Weight of

tae Plant vefore the Lreatment,

i1 Satpling procedure:
On 6 occasions, at fortnightly intervals, from
Au usﬁ 30, 1969 to November 8, 1969,

the plants frop Ofle random]y

Setlecteq bed were dug out. They were washed in water tanks

O sieve and messured for morphological characters, Each plant

"3S then partitioned into leaves, stem and root ?“d dried
Separately at 100°C for 46 hours. The fzllen drlfd plant
Material was also picked ur ecarefully and categorlsed,‘fefore
dr'yin,~' into standing desd and litter. Thus, a :?t:: :arve X

6 harvests were measured on the fixed date, thim::’eh rlm:;ts

being rop the initial data of seedlings. For othe Pe | '

th ai Ot ere grown in sun and shade and were uprooted after
€ plants w

Each plant was measured similarly for
$ N a
8 growth of 30 days.

drying.
followed by
Morphological characters

area.
135, Measurement of lesaf

tlined b}’!
thod as out

sured following the me

It was mea

hanges as described here,
cha

ith a few .
Blackman and Wilson (1951) wi the stem, the

ts illumi-
~ -1ass shee

ts were placed between «
leaves of 2-3 plants

f uniform

pper ©
tandard p
1 and outlined on a s hen cut out witd 2
n below e the
sted from vea 50 outlined, wer

‘ a
thickness., The le

. er fr’Om
(X g.). A square ol p&p
. (' . .
weighed

2 -~ and
23117 of secissors
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the > 1 S5
was o cut out and

weighed 'y \
) & .'. 4 standard factor was found from the
ei;hts X se three
his factor was multiplied witn tae dry weight of
of the

1

leev
e
S to get the ares of leaves

of dry leaves weighs = —Y—f——-

weight ol cut paper leaves {g.)

where X =
Y -~ weight 10 Sq.Cl. paper (g.)
7 = weight of the leaves (g.)

of growth paprameters:
deviation of the growth

For the

i.. s
. Calculatlon
an and standard

The range, me
or each harvesting date.

Parameters were calculated f
other eXperiment, only one observation has been taken at the
Each parameter was then ahalysed

ween the means of two harvests and

end of the experiment.

or 4. cest het

statisticslly §
har‘vestSJ

r ali the ©
used for the growth

F~test fo
The followlihC growth pprhmctors were
mass): It has been

a@nalysis:
ing green bio

/Sq.m.

1% nas been €

4. Dry matter production (stand
weight in &

as the dry
alculated

calculated

produc tion
production ol any

b, Rate of dry matterl
e two conse-

in g‘ /‘SQom. /
harvesting daté b
rvests (18 15 daysl-

{ormu

cutive ha

¢, Relative growt

g./z./dayY followl 4 the



ogg Wy - log, i)

C. -

< 1

fne = ,11 andag are | s &ines
Where ‘5, 8re dry weights at i
(51 ana Cl.
Accordiq lsher 9 e RGR
. Ng to Fishe (1 40) this quation of GR is
&l I. - » . | -
“vective of the p i W
‘ C ela i
. vionship betwesn weight (i) ang

and th- - ; -

(3R, n :
y Namely net assimilstion rate (NAR) sng
meen ln:,f‘.
TR welght

rati Ad ..
o (MLWR) are limited. Williams (1946) has

~ emphasy
the conventional derivations are valig only wh zed thag
ere g linear

Telationship exists between weight (W) and 1eaf area (L)
:éere the Intervals between successive Samples are short.
‘oL closely approximates to linearity. For the puarpose 0;
this experiment, with samples intervals of 15 days, these

par
aneters have been calculated by the usual formulae:

W, - 1 -
NAR = (Wy - Wy) i (log, L, - log, ¢ L;)
(t, - &) L, - L/
(L2 - L,) ) (log, W, -.loge W, )
([’fz - "’;]

MLWR = _
(log, L, - logg L]

w1 = total dry weight at time t,,

total dry weight at time L,

W,
Ly
Lo

leaf area at time t,,

= leaf aresa at time tz.
und that small sampling errors may give

It has been fo
GR and

in the derived data for R

Tise to considerable variation
therefore, suggested

e
NAR, which may lead 60 confusion. -t 1% .
willisms (1240) and lackman (1968 that minor

ght (W) cime (t) ashould be

by workers 1like

deviation in the cwve for wel
1 dafaﬂo

Smoothed out based oD the primary
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OBSERVATICNS

1. Growth analysis:

The r v 1
e range, meal angd standard deviation in the mean of
growth Cci r e giv 1n Che
naracter are given 1n Tanle 17.14,8 h

i ' 2 root achieves

maximum leng 3 1 1 maxa 1
th and spreaa in 45 days while tinic maximum di er

‘T 3 -~ 2 ’ ‘ lanlet
und after 90 dsys 1n both the varieties
er in early period which slows

is fo

ro t length and spread are 1ast
e dismeter continuously increases with a

down later on but ti
able 171,1-4 and 11,18

also observed from ¢t

It 12
an shoot length, spread and diameter

slow rate.
that the increa ¢ in the me
ter L5 days cf growtn.

are siowed down &%

The increase i- resumed in thz suosequent period to reach

the pzak at the end. Lean lengtn ©i _he iargest branch varies
tpubra’ and f

a roa 11,15%4,50

7. 141,02 LO L7701z
to 58.63:19.95 cme sp 'flava’.
n largest branch increases in

in

11,7 it
aean length of the fifth

from
Tne

the beginning but later

internode ©

deradly Fluctietese.

on consi
p of rifth ingernode is rearly

at the lengt
sth the varieties.

It is noted th
4 of the X
s on larscst

periment in o

brancn continucusly

minimun at the en

f sngernode
rrgest pranch of 'rubra!

The 18

Mesn number ©
increases iD poth the yarieties.
variety peal's the m.g;,n number’ of f[’llit f'ron 2.2‘11.13 to
201.8+161.37 21 cnot of rflava' frod J.ht3.00 O 213. 42171, 3.
m. is highelr in

ots PEr S

wei ghtr of ro
posuass more dry

The mea? !
tpLubra' theh vflava’. The leaves in rrubra’
that O vpyavals 1T may also pe noted that the
25 up to &5 days 1n both

weight thab
ght considerably increas

leaf dry wel
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“1e varigties i '
= but ‘ i
taen declines and again attain
5 nighest dr
y

hei th at th .

- P da S

Tﬂ,!-;"i.

L growth (Table 11.i-4,
The morphologi
gicel perameters sho:
ox marked statistj
tically

Si - - 4 -
gnificant differences in the growth of the plant
S grown i
ade and open situations (Table 11.1-C, Fig., 11,1) I
’ R I open
H

better - 1 1
growth an ‘rubra' and 'flava' cen be observed in most
S

O .
f the characters like root length, shoot lengtn, numb
’ er of
ern . oes g mooim nrznch, flowering nodes, length of
11,1-C). However'

third internode and number of frvits (Tanl.
e not marked when they are grown in shagqg
e

these differences ar
but for a few characters, e.g., Shoot length, number of int
er.

lowering node, length of third inte
r-

Lodes on maximum branch, f
er of fruits where variety 'flava' achieves high
er

Nocde and numb
The plants grown in shade become erect 5
$

Values than trubra'.
found in nature (Chapter 5).

ii. Dry matuer productiont
are overall urii
Tl.."‘—A, Fi'. 1102)0

crence in the total dry matter

form ditierences ir. the DMP of the

Tnere
By the 6th harvest

two varieti®s (Tabl
(final), there js large git’f
The two components (root ang

ariotl: S.
o after 2nd harvest (H2 - 30 days),

matter increases in both the

=s the Cry

stem)
L eaVv
N, days) and then declines,

in case ©f
ol harvest (HB
. after ¢th. harvest

the varietie
4 harveat (Table 11,2.4

However,
Varieties up t0 7
ases in oot

continues up 0 of

It again incre
(H, - 60 days) and

Fig. 11.2).
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Tanle 11,1-C: Showing the differences in 'rnpa’ and 'flave’ warisri=s bet tihe
plants zrown in 'open' and 'shnde' coniitions in zEra=n
Varieties "'*ubrs' "tisva’
“naracLers e
Qpen Jhada Y T e ye
eant3,J. eantS, U, =" etle e v et t
~00% length (om) L5, 200,87 74081 .6 LR vo DAL, 73053010
:Qot diametar (Cﬂ‘) O.Q\tc‘.z‘z 0.1[;!:0.01 7.7 Y SCIRR o 12,4 "
Snoot lengtn (cm) 12.9089,8 7.3Cr2.5 3.7 ?78,17x21.7 0 1.0 (LS B
Snoct dlameter {com) 0.65x£0,17 0.20%0,05 7.87 ¢, 5C20. 065 N R DK roy
No. of 4nterncde on N
m‘:"‘:iml‘.l'“ b?&:"lc\'l ‘5'5020-85 L. L0t1ol'-3 31.16 1‘.03.-Jt1l£'-‘ i."ot‘.}’? 1].2!@
“lowering noda on . . | ,
maximun oranen 1L.2021.23 Z.370%1, 59 8.4 11,081,775 3. 0% 2. 38 Y
Length of taird inter- . ) .
node oan maxinmum ranchemd £.5C21.29 1.5540.0% 11.55 A.R1z. 31 1.78: 0,82 10, .4
Uiameter of third inter- ) . _ . :
nnde on meximum branchEw) 0.27+0.0o 0.13:C. 01 7.07 0,250,035 310,00 10.03
fruits on maximun oranch 884 .L0OE251.9 3 60*' 7,31 33,30817.72 0 14, 10419 68 =,
Totasl fruivs B56,L0x207, L RLIE S VIR 12,08 331,20¢374.8 21,8C2 11,57 3.1
Jry eelient root (o) h,7%%1,91 06,120,110 ?7.52 ?.MeﬁT.'?b 12 C, O ho1C
Sty welght leaflzass svem (g) L3.45210, 0.13x0,17 2.7 22 Sh2 < Q.C20G,. M LE3
ury welgnrt lesves (a) 17,9-26,70  C.08 0,03 ELL 11.7h12.76 V052G, 03 15.7
ury weight total snonn (¢) 61, L4L127.0Q G,2120, 77 S A 03127, 3 N, 20,12 L. 10




Table 11,2-4; 3owil chanea i dre Tatrer

~roduetian in ol |
“~lant ¢i 'r 'f“*‘a' g tSt At i o PORARANS T 2t c 1 !
rlant ¢! CT ~{ AN W i E 3
darvests 1= I 117 X
Variety TFararewas . - - 3T -
LS . Sh AR '310_ ..‘]"',._"C PEN o O { > O- )
mas9 RASS Mg "oS

noot Qe ¢.008 C,80 G008 7

g5 0,08 17T

x U.o38 17.,¢  » e .o L o %
leaves G35 0,020 3,2n GUIE W0 U2 1: 0 Ddn e AN :
Rubra Totzl 0.5 ©.035 5,95 ©.197 27,32 OAL8 35,00 0,53 7] 74 : i
Standing
de-d - el - ~d 0031‘ (!0'7‘{..";' .'?¢ AN -1' u»I&] . . 5 r ; «
Titeer - - - - - - S.C 7 G005 W G SO . W
Aot 0,77 0,004 O,Lz 0.0t4 2,07 ©

-t

= ! - 3 e a7, . 0,12C
PRk 0.12 0,008 C.5, 0,031 5.50 L Th T LT

o J 0.11&[,. 1':/ 07() -ol:"' .;t 1 e j "‘& 9 o] '..,l..v= !
Leaves Q.32 002 1 Bf 0,0LE 9,20 L2080 Rt 009 1 L0 2, 15 19§ AR
Flavs Total G.51 C.033 2,82 0.093 17,70 0,335 LW CL400 367 SIS I Y OO, TR
Srtending
deaq - - - - 0, 2% O 0,584, 0009 . .3 3.7 G
Litter = = - - - - r-] . C :’l l’}. )rtc::‘r iI.‘o Iy T
Biomass =

= dry weight in g/sq.m.; RDMVP

9

= Rate of dry matter productiof in g/sq.m,/day
Initial weight of seedlings.
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) e dry welght Values pof "rubpgs
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oL, sten and ieaveg are hichep Lian tp t
| ] 0l 'flavay
Howevepr a
o n ‘
» 10 shade algg ‘rubra aChieves higher Product
N Clian th
Flayat (Tzble 1 : )
able 11, 2.5) In both th
Y € varieties t
Sy tne 1ncrea°e
3 - o I 312 SI&nily cons in the
| —
Ty grown on & : ‘ g
. in op han those grown in Shade (Tables11.1-C
<~3),
111,

Rate of dry matter production (g, /sq, m. /day) :

The two varieties uniformly differ throughout as

°L DMP (Fig. 11, 2).

They exhibit an abrupt increase in the rate
Ul e 4

h

liys (ord nervzst). Though both the varieties show an
ticrease in D.P, yet variety 'rubra’ achieves higher products,,
Pate than that of 'flava' ti.l the last harvest (Table 11,3,

Fig. 11.3).

1v. Relative growth rate (g./s./day):

Table 11.3 shows that both the varieties have differeny
able .

. - i
Yelative orowth rates (RGRs) but they vary uniformly with tipge

int 1. RGHs of both the varieties (Fig. 11.4) are considerab),
erva . S -

harvest interval
hieh during early period of growth up to o

interyaj {H*q) RGR of frubra’ sharply
a - -L hd

GR curve of
nd then again 1SS RG
harvest jinterval (HIBJ a

\va dec-
axk of Il i1arvest interva 2
t ' first shows » pe -
. ; j arn 14
' interval (HI3) g again 8 owf an
s at I[TT mrvest 1 = 3 h e L

to be difll
i i appear

two varieties

Thus, the

i , e, tney
lhcrease. ter on as thej mature,
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e ea y ve ment
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Teble 11,3. 3howine camparison of 'Tinopat «vi !
at different harvest interval

oA L %37 3 ‘
! ’ ' . Ao f Am e T
carometers (g/g/day’ g, cn o de v Com 2 'm? ]
Zarvest 'ruoral  tilava’ ‘ruceat TEaval ‘et YUiava! SN ava' ‘s bra a
inrervals
1 G2z Sons C.Q0%3 L.00AE TG ST sk ! . ‘ :
[ U KA B o220 0,005 .00 L 0, &, N T oo 3 17,72 . i
&8 o0 Th Q.02 0, 0001 G, Qoo 5% .2 L7 01 ol RN . .
r‘.’ ‘-".‘ 0‘2‘321; ‘-J.(:..‘L'; C—soc'r)‘? -{].Q‘Tf"j-—‘ Lg . L5 3:: l“"-i \ ; s * 'F u (I e .
B ANAY V3 SNSEIAR G OO0 Q.0ncg 3E.7¢ Li.mM v 7 et ST
RGR = Relative growth rate’ NAR = Net assimilation rate; MLWR =

I¥P = Dry matter production (standing biomass): RDIMP =

Rate of dry matter production

Mean leaf:welght ratio
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5‘ O L lA' Jll p -
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overlespped by 'flava' at 1II
1l harvest inte
rval (H
( I2)

i bein

«

Ly variety achieves higher values than the

dnc thus tne

£ ~ ; :
ormer up to the I'i.18l harvest, though the former vari
lety

consistently produces more dry matter.

when tne two varicileo are grown in sun and shade fo
r
time period of 30 aays, variety 'rubra' achieves

y—

vier v lue of R5R than that of '"flava' in both the situations
4 1 1.4, 11.5-R). Variety trubra' contributes 76,1% in
sun (100 . Light intensity) and 23,9% in shade (25, light}).
tmilarl ) r]avs! contributes 75.3 and 24.74 respectively in
mople 11.4-A). When the two

they agein show marked

i

100, ana 257 1ight

Thus 1in shade, variety 1flava’

7o which is 37 more than

vari2ties
(Taole 1. 4-3).

LE. 50 while

5,40 more tha
e varietiés du

aji ft'erenc:28
spubra’ 57.5
\ trubra' has 52.7%

( 1007 1ight,

n that of
e to change in the

coitrriout
tflava’ (47.37).

In ©

onnrihutes

tflaval.

and thus ¢
Thus RGR declines in both th
. o, 11,4}
available li@f'? int :,sltles (Flg
G: | l"f‘ ("-‘/SQ'cm’/da}'!:
v, Mgt assimiisherr = : L.
:ned by the variations
i fferences in q3Rs are gevermi” erall values
- tne mead oY
ou g & s nlot .
. pre ¥
£ NAR for each harvest intervass (47) I oneral, he
O qS .” >
ra 35 RGAS-
. w4 the sSame chte . to the 3rd
varieties 17177 .o in NAR VP
C_l],IlC
r ppradusl de istentl
two yorietie® show ratast - ) but 1ater o° they const y
- HI NAR
. 1 (60 days J t the
harvest l wery® ( GR Te i5 also observed tha
4 in RGit. :

increﬁse as fouh
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1 1 ,L.- '“OY’j’ N e
W12 COﬁperison bet
tshade' plan between fsun® an
and fflavafa ts for RGR in ‘'rubra! ¢
Variety 'rubra'
Li e tflavat
C 11tion >/2/day % ¢/g/day 17
”°
Sun (1CO.
) Oc 267 769 1 0021’0 75.3
Shade (25%) 0,084 23.9 0.079 24,7
Difference 0,183 526 % 0.161 50.6

Table 11.4-B: Showing comparison between rpubra’ and
1f1ava’ for their RGZ in tgun' (100%
o ) g adat (257 light) plants

1je. ) 88
e e——— — e ——
. y3 Su 100, light) tshade! (25% light)
Light condition rspnt (1KY 3
y s fz /Ay 0 g/g/day %
Variety e i
frubra 0. 267 52.7 0.084 5145
tflava' 0. 260 °
- g
- & 4 0,005 3.0
Difference 0,027 e

e —
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Of’flavqa’ ¢

an 71 ”bI' ' 14
}’ a o] erlaps the
atter s ' l‘. d':’ S a . i ] i
Ce m
I 5 }/ g alntallls fllgh&l Values than 'PIIIA)["
(o34

adtag o] .

' in the values
HO?SVir’ eotn snow s ral ralloqn LT ratie
Lhrou;hout tne E?Xp»,-[ S TE P ¢ n;‘iOd (Table ’103)

Flze 11,4,

DISCUSSION

Ihe results of the orowth behaviour in the two Verietje,
el 4. govindia seem to be in a parallel f=.hion,. The curyeg
- P TRpgp— re or less parallel pb

“Or total dry matter :roduciicr &8ré mo P but

i ' ;8 tflavat, 4
variet} triora! siows higner proiuctlon than a
d when the two
Yetter growth in frubra’ has also been foun
red for their growth
fLifs, srowiprs in nature, are compa :
*hi s that the oveirszll
“nd Mmorphologicsl characters. This show
side may be due to some
e
ro 'fleva' the decreas |
8T0wth of 'rlzva' on Weos 10 decressed in
gt
®daphic festures, However, the leal

-A’ Fig. 11.2
Yo th t pep irt harvest (Teble 11.2 ),
the varietices :t= :

{ r ESChed full maturity
" " both the varieties have r
® the piants of

further increase after the Lth
r A fu
T ald lesyes heve fallen.

~e B

- found developing in
Such leaves al'=
deV@lOping branches.

y .t.
Plantg of perennatlng habi

overail lower in 'flavar
on i3

y I- 'OdUC i | . | ;
1 i ‘1‘: t s‘ l’ ]1’?‘
i O . -
- 35 ls o
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har‘b est S A:JJ.s \-:L '_l‘ti.ﬁA JCL uL: L'.' ﬁne [Qll o&
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t“i 3 tU re l Vv o e ] Y .3 i
" . e:'.,4 i [
) ' . lﬂ]l arl y ’
b) & 1h0cr €88 1n t«he rate from Sth haI Uest Onwar‘d iS

t i n y . ‘
on of more leaves arising from the new branche
s.

In uniform light conditions, RGR of 'rubrs' is consi.
derably higher than 'flava' at the initial stage due to both
Righ NA . end hizh NL'R at th: corresponding harvest interval
(Fi~, 11,4), Higher RGR, NAR and .L.R have alsc been recordegd
in Poplar thsn that of Birch and Sycamore (Pollard and Wareing
1968), However, more growth in 'rubra’ increases the shading |

therevy resulting a further fall in RGR (HIE - Fig. 11.4), whilas
in 'flava! at the same time a slower growth does not influence
her RGi than ‘rubra', Higher RGR in

shading ana icsults in hig

‘flava' at HI, (Fig. 11.4) is also due to the higher NAR and

MLWR for this variety. Higher RGR 1D tflava' and lower RGR in

in the later stage may again be at
tpubra'! increases shading and

"rubrat tributed to the same

reagson, i.e., more growth in

declines the RGR as compared %o tf1ava'. However, conversely

i i ' ! does not corres-
in the later stage, the higher RGR of 'flave
tflava'. 1t ma

ght in tfigva's, Such a

he due to the lowe
pond to the higher MLWR of y pe wer

arez and plant wei

en NAR and MLWR has also been
1958 ) and wood
(1969} have opined

ratio between leaf

reciprocal relaticnship betwe
y speclies

al crops (Watsol,

observed in egricultur
1968). Higgs and James

(Pollard snd Wareing, .
' ou
i han that of Loliul
that Agrostis has higher RGR t
v e simiisrdy

S considerably produced more dry matter.

though the
A

latter ha

tflagva' has ©

1
yerall nign RGR than that ol trubra
Y iry roduction.
later variety has hicher volues for ary matter P
ater ot hi
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d > 'f"t 4 b h -
t r

to any 1
ny environmen
tal condition since the climatic
condition
S are

uniform i
or both the varieties throughout the ex
periment
to Blackman (1368) RGH 1 .
GR is highest in
the earl
y vegea

-lCCOPdi 7./;,

tative phase and m

come sSenescent or are shed off
The decline in RGR at Y1

Similer is the case

legves be
s of Zaleva.

with the two varietie
he plant ageing as has also

(Fig, 11.4) may be associsted with t
(1960) and Hig~s and James {1969)

been observed by Thorne
RGR of both the varieties may

However, a further jncrease in the
th of the freshly developed leaves, wh
’ en

be attributed to the grow
NAR curve also exhibits an inecrease.

the corresponding
and made upon the leaf for assimi

v
with the derm

net diurnal efficiency of assimilation per

NAR varies

the
Both the curves

1968) »
urse in both the sSpeéecies

Tt shows
atory surface (Bl

w the jdentical

are mutually Té€
jevel of shading also

ackman,
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unit of assimil
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for RGR and NAR follo
n RGR and NAR

lated due to some

Tt shows that bot

As the plant ages the

creased NAR a

4 that ageing
our of both RGR and

tprichocarpls (Poplar)

ound
(1968} .

nd RGR ip both the

acting factor.

r, a de
decreases the

increases with the resul

varijeties.
NAR in Pinus sylvestris.

NAR curves ha

and Pinus radiata by

a

{ the opinion that NAR reaches
;t shows 2 sharp de
ghe changes

(1968) is © ;
crease in

Bl ackmarn
pegi NNing and

maximom vaiue at the
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ciency of |
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Increase in
in R the harvest i terval
o P4 4! 5

A S 4

(HT
Y Tg)
}7‘ re
I  nerease, in part, i Ls
. rt, is the effect of
| the sol
1o 311 N
adia as noted by Pollard and W j
Jereine (1965) and Hi
4 ) I .lggs ana
- | “ Iid
{1 ). o some extent the new leaves are atle to
main-
t3 raci
£ canacity to respond to the favourable enwironmental

availability © moisture, in so far as they

by maintaining a continuous successi

and Wareing (1968) in case

conditions 1i
jho?osynthesis,

affect th¢
S observed DY Poliard

new leaves &

radiata.

of Poplar and P.
e uniform fluctua-

be concluded that th

It mav, therafol',
tion in the growth hehaviourl of both the yarieties are more
the ageing rather than other factors like shade,

encountered BY
y show & marked reduc-

light intensi?t
e morphological
, light intensity.

characters,

A

The plants at 254 Of

tion in th
t has also

when comparead to t
similar decrease il dry walight ine to reduced ligh
ed by 31 ackmail (1~‘73. B in light has also
ow T gnd 4ry matier praduction in
rees (Mages, 1963);

\ y. Apple ©
Marquis wheat 1968);Iwibulu§
lentum’ et g 51ne p (Singh and MiSFa,
) o
3 also beelh

um escu
athak, 1969) 3 and BlsHs=—

Lin

been notic
gase Ui~ gr
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(Friend &F 2le, 1062

Fazopyr
terrestris (F
1269b}. HoweVvel

in two vari

ed in reduced llgh
a8 found
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e

SUOStrat-
performance of 4 plant

& they occupy. Ths

C( 3 v 1 l U .'
S uCCO s.i‘.]\‘ g
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) ’ ive tO ethel i ]

Con 3ts . )
ompetition with each other to some de ree through
1ife cycle, - Out thes .

The extent of adverse effect of competition depe
nds

Upon C e
the competitive ability of a plant. According to Welbanic

., . .
v tne competitive ability of a plant is its ability to

depr - ,
Press the growth of other plants. However, when the demand
for ¢ . .
the requirements in an ecosystem exceeds the availability,
c . ‘ .
Ompetition ensures resulting into depressed or modified growth

of the competing individuals (Misra, 1968).

According to Iwaki (1959), the principal phytosociologica)
factor in plant succession and the geographical distribution of
plant species is naturally the interspecific competition, whi ch

selects the plant species that can survive in nature after severe

and long struggle with other species. The classic work in this

line was carried earlier (Clements, Weaver and Hanson, 1929) and

Now many ecologiets are devoted 1 such studies with special

in crop fields (Lazenby, 1955 a,b;

reference to weed control
. f interspecific
Holmgren, 1956). Such studies provide the effect © D
- - ] A ~anclO 1"",’(‘ .')
arious ecologicsad and phytosocies

competition under v
ave studied the workin,

nachgnism of
condi tions but only 2 few h
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¢ D nat Pine

. l
' - C "4)“/1 tlo - - a y ['eli
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hotosyntnesis in shad
shade, Walter (1950) has r
toe progortion of pi svnt: rerted ther
photosyntnate distributed into ti
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1thetic organs {lea / ' e
{ ves,) and non-photosyntnetic ones (st
ems,

roots 4 C } i
3, & . .‘nght be the factor 3 i
of primary im
portance in de
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petition,

1113 j £ 4
ninz the fineal result of com

it has been observed (Chapter 6) tnat both tne vari
: arieties

gether in most of the natural sites

5 _ s
f Zalevs zovindis £row to

1 and mixed competitive effect cannot

Thelir jpndividua

examired.,
y men and

be .

well understood in fields as they &re removed b
amine the growth
arietal) and mixed varieties

“ehaviour of varieties

lmals. Tn order t©o© ex
ures (intra-Vv

fferent densities under uniform

in sinz :
sinzle varielty cult

rietal) &t di

cultures (inter-va
r and nutricnts, the

ditions 11 wate

ke li shb,
varietal competition,

envi
nvirenmental OB
inter and intré-

ed1ng p4ges of this chapter.

experiments, relatec TO

have been dealt within tne succe
Development of productive structure nwag also peen studied to find
the distribution pattert of photosynthate to the various organs
following the methods used DY Hirol and Monsi (196061},
WATSRTALS pliD METHCDS
i as below:
Compebi tion studies have beeil g gudied
. Trubra'
1. swari . rpubra’ VS:
Intrayarletal compet1tiomns i. TS, s, 1 r1ava’
1
etition: i. rrupra’ VS 1flava

2. Inter-varieta
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« UEST 1 O 3 X 7

J”8 ..h—' 1 i
Ell

amount £
. 0. ~2rade 1
o osoil, Seeds of both the varieties of 2
ot .
ale a

Wer‘e oy . .
Sowl in Se : S
ptemus’ 1T . Seezdlings of two-leaf st
stage we
re

t'iil' 4 4 o t 2 r
- lx‘i,d acC ' at
[ OI"(I.].I']; ‘4 LR j & 1
» 1‘1(} expel"l nlen td]_ des.lbno L‘aaCh t e
A ment

was re; 13
1 1icated thrice - de Lt
-h eob serived. The pot
s were ke i
pt in

p n agr i [’]j 1 i
opDe ea ( o u f'o l ght) and wa ter ed lmifOI nlly on a!
I telﬂnat
e

da S f, 18 d
¥s. 4After 4O days, the plants were dug out, washed and

O | measure
their growth performsnce un .~ each set of treatment

for t} ‘ Sepa-

the plant parts were separat
ed

rately, For prouvc! v STCLTIUTE,

into two systews, fJatgsynthetic (1zavas) ami ncu-paotusyntiets
(stems and rocts!e subterraneal parts were carefully washed t‘e
remove soil pasfxcleg, 7. plants were oven dried at 100°C fo:
24 hours and measred for dry weights.
114 Calewlatioh of growth parameters:

B has been calculated as the mean per pot which
has been furéher analy:ed ror variance between the number of
Plants per pot- The tovel pient dry weight per pot and per plang

as palows

3 '_,'. s l . ~-
I }’ !1 e Lo L o
-ts

Total dr: %
pat + — Number o! repliCates (pots) —

have peen calcul

‘otgl lzat ArY weirnt per
':';’L'll_g"}‘ wt‘:i%ljt in all the
Totay eight per clant = funper of toto plggfghgggg
wlant Gry *0°
° o . .
n caLC“*rtau uy working out the
. he >
Productive stm,u:"u'“2 ha?
P 3 -
atolo as giv-’-:rl below-
it dry .~e;g,',b..m.. (Hiroli and Monsi, 1966)
- > § 1
L. F/W = lvf’T’;IEnt ry weeS
" Qﬂtggpgxgbem (uiroj and Monsl, 1966)
’01'299293«5557? Sy =L em
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lues per pot,

Fercentaze reducti : .
ze reduction in dry weight of ccmpeting vari
A\Vorie Ce sy . A & varieties
ﬁetltlon} ;s calculated using the fcllowing
- g €Xpressi
ion:
ctl . ——dl=x 100 (viisra, 196&)
where .
= ry waignt r ~ot without Competition
‘ + with competition

BE | indicate that the gain in weight
t obtained without compe-

positive I'
than tha
on shows that the

.5 far less

coumpetitior 1t
- opsitive reducti

and vice versae. a
pro . . ) ~ye ) is 'ncreased w‘r] -
ductive potentlai the yarietl i len growing
le & negavive percen
of a variety 1is

lhus,
-fv‘j T - . ta e reduct. n
& no Competltlon Wil z i
ex . L piglity increasea when

presses tnst tn€ P° tislitl
+100 with anotner variety.

o

Browi . .
Owing; in competl

sl features when

e morphologic
ine towarcs higher plant
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Intrgverietal “~

. ALl tB
o. Figs. 1-8).
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got basise Decline in

ut this decline is more

= 1“'101"phologicaJ.
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3 i
. 00% Sypreat|pot Lemy LY o ess7 51 7.57%2 .3 L SRR .
100% spreanitlzas L om) LY. 258050 3 (S i et Tk e SDUE 1Ty
4. %2TT o lengin pot {ew) Lz 53%XD 0 70.3:22V...9 13 00i75%0.9% 1. 0.3l
“on% lengun/slant \em) L8, 5080, L Se3 R 5 LS R it e
ER LOCT iame :‘e“{\"a" '\C““'! Sl 2 PRI N -'_"‘.. o S ST o\ b5
loow diamever plant Lcin) LS T PRI A D5, O TR Aol v S !
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Jnoot spread/yiant Lem!  7L.37%f.87 st Smar 5 e e 5
. Shunot Lengin/got Lem, Li.0Ze% M 5..2t".-% 1150 :",?u P, Tee
Qoo -=...-?;./f.la"1'. kcm ."(‘1(},01& Z2.°:5%L.0 .t PR Py )
. 900~ Aiavener/pot (&) 0,38x0.7% Q.00E0, 0l ISP TN 5. 1. 000
S~oo% diaretzer/olont (e 0, 38x0,0% 0.30L0.,02 e e 5y LT
. leargest branch length 1 '
Vver oL (o) LY.SCS%.LL J1532 .09 1.3
Largast oranch lenzth
p,\.v- »‘\ ant

(em!

+ Szh izvernode

e 10%

Sth intarnoze lengtn
pe~ tlant
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=rancijzot
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ot qnq/;lant (em)
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“atz) 3 1

Py
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{em)
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e |

ct

{eml

51,5058

.. 4}_.87"' <
7.1750.25

7.17z20,

188.7°9847,08 1320 ,0028, 37

188.752L2.C5 £, 0023, 1
£1s, 7 257.50217.07
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gr w. ,.ants ;e -
S Mo, IrTWhn arometers 2 e
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7. Larsest nranch '°‘%§“!?”ﬁ lem) 4U,87% .41 9.35-1;.7‘ i 05, 1 11,0728, o
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b, ury matter production: Lry weights ol root, stem anc leaves
decrease per lznt out are increased per pot with tne increase in
plent density of both the varieties (Table 12.2). Totel dry weight
for ezcn density set is also increased with increase in density
Th= values for total plant ary weight per

(Toble 1Zee; Fire 12.9).

pot show a rise towards higher densities, but the total plant dry

weignt values per plant are decreased {(Table 12.2; Fig. 12.10).
w e L

sf1.ct of crowdin_ (Inter-varietal
| duction of Z. govindia

Tpslz 12.2: Showinig = noar pner .0
compatitici on = ma &2
ipybra’ and TrliVe
(4 replicates per treatment)
—— S a—————= Number of plants per pot
Growtn parameters - 2 b 5
'rubra’ p
L iin.n) 2.8050.49 3.15%0.6%
oot dry weight/pOt (gm) 1o i 5. 0.7130.12 0,52¢0,10
(gm) [ 372847 0.At0. 22 Ve T0s
ot dr, oiont/plent VERDT - 5.82£1.06 8.42%2.4
g 1. r L. ) s LU 5. 2T 1 a v h.
Dtem dry Weight/pot (gm) «ls - '_t et o 1,1;630'27 1.1&0-!0.1;0
vt 1,9V & ™ i <
Stem dr - lant (gmd == . 5.95t0,80 2.96t0,58
v welght/p ) Jozou Ll &e
y sl 1520.93 W
Leaves drv weight/pot (gm . e, 20 0,73:0. 13 0.4920,09
’ .o, p50, 0 VeTHETET
Leaves dry weigwt/rlﬁnckim’ ) e Lire 58.1
. 17,14 + i
oo , 3r.14
Total plant dry weiEt (gm 11,62 14,52
-0 all pots . na 7-90
; o t{ i) o 195 2.90 242
"CLsl plarne dry WC. /PO 8,17 O e
- £ —
10t:jl ;.J'r']nt dr‘y ~ ol‘ l :-i.__,_—-"/_”, (Contdl)

T —— — ——
 —



smal
F/il ratio tends t2 be come

licreasing density:

ant
ne the effect = g} gnd 'flava
Table 12.3% .;fﬂ i patio 4 .
ar. =i . e ‘flava
— I e T c/F
T = L C/F pry [nﬁ/ i /
Flsnt de “rry WO/ : pot 15 — —
=44 Aths»t;l" Dry 3 -f}‘ﬂ*;~".-
ot (Bl ———"" 7.7 0.287  2.52
——— '_-‘_,_’—-" 10-5 <
o 0.2 o 7,88 0.293 3.10
1 0.243 % ° X
7,90 ) o) 0.5 2,77
2 . o253 57 -
[1.C ’ ’ Q,'?z 0,199 La01
h | 00203 . “___———“———_ ——
'“0 ’J’“""—’-
- //

< 188
Taole 1.2 (COth ie J
NMumber of plants per rot
Srowth ;ﬂramet?rs —
1 2 z{y 3
tflave’
o wid 3t (gn) 1.2:40.47 1.8920.99 2,400, 89 .l
(\rjt dr‘ ,\P_Il\ - - - 0- 0.9-’-}10.1}9 0.601.0.22 O.h930.11
stem » (c'n) 3 1. . - L.17%1,68 .. % BN
Ste 5 e {om) heis ' 2.64%21.94 T sO.0L 0.8C0. 21,
vEn 1 i/ pLciss g
: ° 3181035 e 3TH 1, 94%0, 9%
Leaves drv weignt/pob (gm) =o-=ve
. - 7 '5:Oo65 Ve : .' P : "
Leaves e [gm) o oot
| iglﬂt { | o 1¢ re A 38'87
we : |
7 74 7086 8'9&' 9.72
e S (gn ‘ A 24 23 1
i J —7.7‘;? ® J o 20 . L
¢iplar UAEM
e e e
e (Teble 12.3}) thet
N o 1 =1
inres 1t B2° peen obasvEL
C. Productive spructnre: . o7 ratio -
ler wil -




159

i- - .
i. "rter-varietal competition:

ao L } ) ¢ ;. ~ . r.T
or hologicel features! When the individuals of vari
’ ariety

rn a fixed density are allowed to grow with varyj
ing

'rubrat wi
density ' ' ey Rl 3
ity o i , Bre-yeries of 'flaval, the values for snoot
spre=d and nuaber oI 3 r ¢+ are increased in both up ¢t
p vo
5 density ratio of ik @ t decreased in both the varieti
ies
. the density of veriety

el T a0 1%

DR I P

(Table 12.4-A; F15.
onstant angurst oL trubra'! varies, the values

!

flava' is kept ¢

ol '"flgva' are declined throughout out ra-t of 'rubra' is
a1 thien increased (Table

4
.4

decreased for a density ratio o1
12, 11=8) .

ir, weight of 'rubrat', when its

no to a density ratio

’

-
o b
rAILCS

_[';t,‘.»' Sl ML 5
: ) and then a:-clines. Tt continuousl
e incre- S€ in 1

in fflava' with th
(i iavwat 18 fixed and that of

wari vy *-
.qper shows 2 continuous fall but the
INCres2s585,

density apd olien 1N
dusl component
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s density per pot.
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., dry matter productld
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. Y (=)
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. .‘_: xe -
Varlcty Truora' (12 12
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4 R v (
o ™ < U4 - - )
increase in gensity case 0F yprava' (4
g i
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r : i 1s0 i8¢ uction i
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the vercentage reduction in total
groduction of variety .

12.5"4b: ‘
1.nt dry matiér
nce oi variety ‘flava’

v
-

spread,

tryubra’ due to prese
' x“;_l : j;“ EQt;l 'i_a‘ﬂ? h
| Au cLalr LI"Z“-A..».,L~ d h
- ) :
[ ] ] j t . ’
_ L | iy
e R 5 e L :
- ol oo g
- . 3 )
2 -1901 —69.2
=. = e e
' e par il rne arcentag® reduction in total
Taole 1‘,. 2! e , “J‘f a1 . ' ’ Froduction ng.i L} -
'flava‘ av.- S Bt of varicty 'm ot
_—r‘—"- - ———— R i g Tuhid - lant
0. ‘ J ~ Lier reduction
» a_ﬂ_,-,‘»-f":" ~ t7iava { trupra’
t£3ava' | t pobrd "__-,,,_,,,,4,, o
__—-______71 —_-‘_'__,.'—-“"l--
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2 1
50,6 8h.1
< Z
75.9 32.7
2 L
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DISCUSSION
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t A 'flaVél b y + ) ) -
varieties ¢ ruat’? 4 . atcs [ Wl seed
’ !i-t-i il morpholoal
are cleariy 2 . marked declin® ner plarnt 11 shoot
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increasi! 3 3
2a 51! lant density may be due to overcrowding for 1
Py r imi ted
ST =C Jeereased er oW th of roots with incressing densit
(=g }r
the competition for water snd nutrients, which i
s is

arowth of &bove

indicates
refiect 5y reducs: gsro.nd plant charscters
regroCuctiVG pozentialitv duoring intrevarictal competiti

: - & ion.,

~yrine TO g5alisoury (19h2} an wncerease 1n densaty h
has
~rease the seed production inr a number of

oeen
civz. In poth T rieties the seed production is nearly
nelved wheb the ity 1s made double. This infers that in
tude 0% competition 1s sufficient to

ductiol gven it the density 1is two-plants

redLce the se- pro
et TATE the fruit production has been Suppresseq
L gensity 6FO%% 17 plants/quadrat (Singh, 1963b).
L 2 ghrough the interaction between
plant growt o
- ;v1ronmental faectors (Kuroi
physiologt® . eanctions &7 1 (Kuroiwa, 1960)
physioled v e s:tuatlun when plants compete for nutrientg
. . e r~a1_‘,ffl~ v* i . '
and it intesd o L1 gher simultaneouSlY or in rapia successigp
PN 2 etbCer 77 31
water anu - The ATV natter production or plant weight
(Bleasdale Jo* 1* come of com etition
) e of the out P (Bleesdale
- - ]
may Do rakalb tw;j}f .-ldi",_ltes that dry matter of root,
- _ ':\“(;’”J 5+ .
1960). 7 cré> _1ant dry weight per plant decreaseg
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stem and 1eaves . towards tne higner plant density in
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200
2 as the density increa
but is incre Tpis showS tha ses
(i85 i = decreased due to int
both the var o pla“t - ra-
qjvidd2-
, P o : ncreascd producti
. 101% r densities). Thus
varietal compe® " ir woiaht at 10 s,
o tocal at™ L nos cor morph010glcal featureg
in : ared g vall .
unit 4 asitys h | ot re geclined. Dele.
. the . qual )
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C. PP
tora (Singh, 1969b).

Twaxi (1
(1958) has found that an increased d
s ensity ca
uses

a :r = r‘k e d ™y 1
suppression of erowth in individual 1
plant weigs
. gnt i
! . n
lentum 10 intra-specific competition. G
. rowth

Fagopyrum €sc

total dry weight of in
¢ =e1f shading of le
aves and plant
densit
Y

dividual plants was markedly retard
arded

higher degree O
... ionsi, 1966).

Helianthus s (Hiroi 2@ -

eI"

higher density- This is due loss in leaf dry weight
ght (F)
which may be aF ributed partially © ®F acde at dens
: nse plant
leaves. Similar decline

1 of matur<
in Helianthus aniuus

condition an

at higher density ¥
(Hiroi and Monsi, 1966) -
+ density cayses 2

hotosjnthetlc organs {(C) at the
Twaki, 1958) .
5, 2) where the value

'] 1
1n Fagopyrut esculentum an increase

jncrease in proportion of dry

in the plal

C 0 non‘—
The same fact

matLer 4i stributé
expense of that used for ] eaves (
t0 J-= (Table 1

t and stem) is higher than

may be attribubed
epe system (790
giroi and Monsi (1966) hav
e

of non»photosynﬁ“

d o gystem (F)O
7 r5ti0 i l ~nthus annuus at ni
lartﬂn' condition.

‘her denai
=2 dtnalt}.

that of

noted a JosS
and dense ¥
n relation to inter-

due to deep sh3
denSItY i
gcters and Y

growt~
ng {features and behaviour

r.varletal comp

jeld of the two

The iufluence
.tjtiun

varietal comp™
ta._‘i]‘.

etition, when

i Ng inte
Lant 3 and variety
1d are increased

which effec
' kep?
ooy tter yie

tflava’ is 1
icrea
S
ed’
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12.3-4) in both the varieties but are decreased

—
m
(@)
H
Q

e 12.3-8) wzen the condition 1s reversed ('ilava' i
- S

(T
rrubra’ 1S changed}.

L

This shows that variety
*

constant and

frubra' 1S 2fTected on increasing d i T

rupra 15 una e Ng en51ty of flaval

P — , 1O t ~ =

(Fi . 12,11-A), 1€ the variety rubra' is cepable to
w:..zi%. 0: other variety is

A ] R .- ’ L o

-

ontrary, +he increase in tie density of

og. On the ©
s eifect on '£lgva’ (Fig. 12.11-8)

deleteriou

trubrat nos ?
This fact M&y 150 be supported -~ - the observaticns taken for
Lercenta @ raductivie 18 rogal dry matber (Table 12.4-A, B),

7 trubra! also indicates its

reduction in

-cent2g®
varietal competition but this

4 neggcive peI
inrer-

better potentialit.
4 ratio of 2k {-55.6/6). On

39 increase
., tflava! implies that
inter-varietal

.tions, it may also be

ob serv
to-varietal competition

competitior: h ‘
. rpubra’ FT°
varlety ru

sntra-va

t 13 faVOured oy *
‘flava e 1/‘)
_t 48 Capet”
riety

rietal competitior. Tt is

arguad tnat
deteriorate the vielq

L

while
- its density but

bacause the va

of 'fisva’ 7
11 cas
it is not pOo
D ngld (1963), none of tuc Species
y Lo
.. tghare' of the factors

N .
sle ©° theT is Suppressed pecause 1t
water and

P ol 2L St
only ‘ R e g
e (1968) BET found that Srodium
_..ssed Dy the mixture.

(o

MCCown . :
- rnl'.s 1’ i - .

.o that Erodium is the
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Z’EM,;I"GSSOI‘f arid that tae growth of 3romus is lessened by i ts
gss ciatior with Erodium., It msy, therefore, be tentatively

collcruded vased on present findings that varizty 'rubra' jis

3

essor, thougn tae causative environmental factor for its
supsriority, as olscrved by Jorald (1963) and McCown angd

il ians (1395¢), coula not be studied and are not knowmn.

........
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CHAPTER 13

FHYTOCHEMISTARY AND ENERGY RELATIONS

INTRUDUCTION

The production of organic substance is the fundamentay
a

eéner i x5
gY lelhg process which supports life on earth

{Lieth
cccording o , 1965

Golley (1955) plant pigments and energy contentg

' ]
attributed ynder structural features of the community, In

ne ) s
t primary PPOductlvity, the rate of storage of organic matter

in i . ,
plant tissues in excess of respiration utilization by the

plant is considered, It can, therefore, be measured by other

indirect methods other than harvesting the plant materialye.g
gaseous exchange, leaf ares gng chlorophyll content. The deter.
mination of calorific values ang combustion heat is of great
interest for various technica]l purposes (Lieth, 1965}, The
radiant energy and COQ; Hzo, N02 and Po; , together with miners]
elements of the protoplasm, are COnverte:d to potential energy,

O;-J and heat energy., Thus, the mineral elements of the plant

are equally important though calorific valye is the gessential
part in productivity studies but academic and practical signi-
ficance can be obtained if other chemical analyges are performed

(Milner and Hughes, 1968}. Thus, the estimation of chlorophyll

and energy values of a plant reveal the richness of the producer

organisms (chiefly green plants). The present chapter contri-

butes to the measurement of chlorophyll content, 1ts corresponding

1 th
increase by the increase 1in leaf area and dry weights 1 © e

ener
varieties of %Z. govindia. Besides, the estimation of 54

ysis of chemical composition of the plant

san

values and anal
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MATERIALS AND METHODS

i. Chlorophyll:

Sufficient leaves of varieties 'rubra’ and 'f1
ava'

were seperately plucked from the naturally growing pl
piants in
garden. In each variety the leaves of different size
5 were

grouped and outline traced on st
andard paper 10
: groups were

made in each variety based on size differences, The pa
" Per was

cut out and weighed in torsion balance to determine the r
area

indirectly. This is an attempt to measure the relationshj
ip

between leaf area and production {Watson, 1958; Takeda 1961)
’

In order to find out the effect of increase of lear

ares by increasing the number, i.e., amount of leaves on chlg

rophyll content snd also to distinguish the two varieties in
their chlorophyll components, the leaves of uniform size ang

age were nlucked early morning from the botanical garden, The

leaves were kept in plastic bags iR dark card board boxes and

stored in refrigerator to minimize the water loss and pigment

. P -
breakdown. Leaves in two sub-samples weré weighed for 1,2,3,

4, and 5 g . as fresh weight. One of the samples was used for

A
aation of percentage dry weighu by drying to a

the determi
ooc and the ather for

constant weight in an hot air oven at 8



| ) OL L4 - nas

in mil i i } )4 ul LS

Chl., 4

Carotenocid mg,/1/ = 7 6( o 00630
. = 7, 00:380 - 1.49 00510)
Ouxbury ang Yentsch (1956)
Total chlorophyll (A and B) mg./1/=) O—DQSO - 10({1?

1A
(Arnon, 1943

The mean dry weight was converted into leaf areg
applying the regression equation and the correlations have b
een
estimated for chlorophyll components with dry weight and legs

areas in both the varieties.

ii. Calorific values:

The calorific values of the two varieties have been

measured by "Mahler-Cook" Bomb calorimeter (capacity of bomb

425 ml.), The leaves were first dried to a constent weight in

a hot air cven at 80°C and then powdered. The msterial was
sieved through a fine mesh and tablets of 1 £ pure material

were prepared . The ready-weighed tablet was placed in the

Oxygen bomb and burnt wi thin a solid bomb under 30 atm. oxygen

pressure. The rige in temperaturs pér minute was read on

Beckmann thermometer and the calorific value was calculsted in

Calorie/g. by the formula:
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12500 4 670)(¢0 _ .o
00 ¥ 670)(£°

—_—= ]

Ly = '
7y = 1nitial Cemperature °c

ty, = final temperature °c

weight of materig] in g

wei 1
ght of water in Calorimeter Vessel ( )
&.

water equivalent of Bomb, Thermome ter t
» €Cc,

iii, Plant composition:

Mature plants of each variety in fruiting stage ar
a
e . )
ollected in morning hours from sites II, III and IV and

wWashed in water tanks to remove the adhering dirt, The health
Y

leaves were plucked from a number of plants of each site and
mixed to get composite samples. They were dried in hot ajr oven
at 80° and powdered in a mortar. Two sub-samples of 5-6 2.
oven dried leaf powder were analysed for carbon, silica, Calciyuny
and magnesium by following methods as outlined by Piper (1944)

and Puri et al. (1968}.

RESULTS AND DISCUSSION

. leaf dr
The positive correlation coetticient betweel y

th the varietie;

weight and area is found highly significant in bo
ression
{r +0.98) for trubra' and (r = +0,97) for sfiava’. HRes

2 welght
'rubra' possesses greater dry weigh

i i cates that variety
line indi It may

values than 'flava’ for an uniform area (Fig. 13.1).
leaf area of 'rubra' weighs

Thus,

at 100 Bq. cm.

so be observed th
- rflava’ which 1is 0.80 g.

to that of

0.68 g. dry weight o
ducti ve value of tpubra’ is more t!
gduct

the pr
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) Y’-‘si‘- C - =
a9 l..

i h ! t ] b t »:> I E":.-—. -ir-a 1 >
al

W toae varteties (i . 13.2-4,8). Tae chlor
4 G-
o $nosionmilicsint correlation with the lesaf

Y

ssion equations of

v
.o - 2 37.07

2n calculated from regre

.07x for trubra’ atis,

A
eacnl vVAraiety - . v 143
Fad ; -
' | $e0is | .. 1). A unit gram of dr leaves of 'ruora!
™5 Tave
hlorophyll;« 4

retayo! con

Leal grea paslis

cnlorovnyll an

the V
has higher Vv

locally &

Tapl2 13.1-

alues of total ci

alues than lypke

rowing gras

and 1.04 Mg total C
5.82 mg./9q.m. total

Comparing

tains 1,75 mg.
1 35 found having
(Table 13-2)-

is, 4. govindi

trubdra
i tflava’ L.70 mg./sq.m.
1orophyll ©7 fresh weight Das
aﬂd-EEEEEIiﬁ put iower thean the

ses (Table 13'2)'
jon and correlation

n equat' and rflava’

Showing the regressiof ==

coefficient values in ’rhbfiﬂﬂﬁﬂ_ﬂﬂﬂﬁﬁ_______-_-

== Leaf ared (sg. cm.)
’/’—_——“-—--

T
Corre-

Dry weight (&) S
_'__._’___-——-"'" H
——— RegressiOT  lat
Corre- ation
equatiol cooffi-

Chlorophyll ‘—Regression
equation lation :
coeffi~- cient
cient _"#ﬂ‘_#—,,.,,_______
rrubra’ .~ 03 (1.993
) 3 Y=6.0b;+bo ’
. aroohydd 15-0.006+5.81+’?X C.992 o9
J:o.'// ‘4 P .
¢ a t (lr.t . ,l" Ao 99 (/ 070£ O. 994 Y=O. 261""0. OS?X
- 0., 199+"* | = e
rotal chlof? Y= oogx 0992
ph',’ll (m'_'-/ .) o0 254 ¢. 698 y.o.oﬂ),u.co =
.0, 000"
carotenoid =0 —

; 918
'(r'n:"'/}"l C 3 xw.a;zw.czn 0.9
ch1oroPRYT) £=0:05%%7 993 420, 508+0-957% 0.99
';\' (Tﬂg.- 12 . X * 00 79
Totd chlor9o~ (=0.3907"° . 0.009*0_0051{ 0,977 |
ng (=& /3] ;32X 0.979 < e

_.0. 03+0+ 277 . nyll
Caroten? d Y“’ ,fdﬂ”“’ﬂ ¥ CthrOP
(mg-/2""pry weigh®
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Table 13.2 Showing the chlorophyll in two varieties of 4. govindia
and its comparison with the values of other species

Chl. & Chl, A+B Chl. A+B Chl. A+B Place Investigator
Unit  meg. gn. | me. gm.-i mg.sq.m:’1 M. N, -~
Species Dry wu, ury wt, Area Fresh wt.
basis basis basis basis
‘rubra! 1,201 1,748 5.82 1.25 Rajasthan, Present work
India
‘flava? 0.595 1.038 L 76 1.00 Ra jasthan, Present work
Indisa.
Borreria articularis 1.079 Rajasthan, Ramesh Babu (1970)
India
Typha latifolia 0.601-1.05 North America McNaughton (1966 )
T. angzustifolia 0.811-0.895 North America McNaughton ( % )
T. domingensis 0.360-0.641 North America McNaughton { )
Dactyloctenium 1.44-2.745 Rajasthan, Arun Kumar {1970)
aegyptium India
Cenchrus biflorus 1.44-2,89 Rajasthen, India Arun Kumar {1970)
C. cilisaris Te54=1,96 Rajasthan, Indie Arun Kumsr (1970)

et
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analysis indicstes that the Percentage

)

ice n
‘y 4 1

L]
m varieskindividual.uanet

in tne two varieties,

» caleium ang megnesiu

S1itTe

The plants
re rich i se elements on site IJ, However, the amount of
Calcium in 'flava' is more tuan 'rubra’ in all the sites

Table 13.4. Showing the percentage of carbon, 8ilica,
calciwn, magnesium and nitrogen in the leaveog
of 'rubrs' and 'flava’' of different sites

—— s

Sites TI 113 IV———‘_-
Foliar 'rubra' 'flava' 'rubra' 'flava' ‘'rubra! 1oy g
constituents .
Carbon () 20.37 25.43 22.66 24,05 19.73 20. 29
Silics (,0) 2. 04 5.33 1.55 1.64 2.02 bo1o
Calcium (w) 0.14 1.35 0.10 0.81 0.08 0. 10

o1
Magnesium(w)  0.56 1. 44 0. 58 0,53 0. 14 0.63
L 3-98 »
Nitrogen (%) 3.56 bo 1k 3.87  3.99 . ::2
C/N Ratio 7.4 6.1 5.8 6.0 . .
\

i i e species and
The composition of plant ash varies with the sp
e

1, 1960}. #ccordin
ith the environmental conditions (Meyer et a-, g
w re

b sy )
b

ing relation-
i cal composition of leaves reveal interesting
the chemica

also
Similar facts are

i nt of the plant,

ship to the environme

e e le =

& govindia.
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y of the constituting elements of the dominant

e LA B
) e and semi-arid regions of Rajasthan are .
j-. Frosopis soiclEexa Lino. (Sharma, 1366) and Aerva
—veone. (Sharma, 1967). The plant nutrien-
a2 ' 2 bon and
“ o wovindis g rich in caroo
P et o\
and nagnesium values., ‘08¢
{ 1 .
A REERT 0 Lt In case of C/N
ol . in nitrogen, poSsSess
. nhe varietie
1 HoweVel both © s
B - rﬁrrelation between
: - bi v.‘::: | « S - = 2P i -
pedd o -
ciult gnd genica (Sharma, 907)
1: - . '..‘-__ ”'/‘.’
== ith the
a | "”T o ncreases Wlth
- care”
o .ts“ . oeil}'°“"" e
. 55 -->13‘1%ch:oil gfchange_ :
ot 4 patW? g cium (1)
i ' ] v oA . |"‘- > \
-Jz;f’ B s S Lo o
‘ §0-27 - = -0.132+0.022X
v“‘ = == » I———
'r e ,0.96 50.01##* ¢ 1 _
nl t'q = ,"—,’-’-——
" - < p 9‘\‘ ‘ b Significant
' ”“‘l' % Very signifs
d h oY, g‘}lfl(:ant
/ ' ,q', / ot I.\.%h\‘.i significant
. 270 L
I tv’-‘?"t!“' (f ‘ - ;.:" :‘-”o:.“I
et iorpdt '
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lorm ot opercu ;s »
perculum. Nair (1966) has finally estapy

= 20ilisneg t
he

Indi an i f C ]nat
- w omb. Y
i e lon
S.

dale rovi ‘ ]
181EY¥g vovindia shows a wide geographic rane
¢ Oe. It h
a8

becn rec ricd from latitude 11° (Coimbatore) to 33° 377
(Rawalpindi) and longitude 57°,4" (Karachi} to 84 ° ;Si“N
Liursangzioaa). The plant shows its preference tOWa;ds )
environment, as it has been recorded from most of the ::; T

physiographic zones of India snd is in abundance in
. 2 WEStern
sandy arid and semi-arid transitional plain of Rajasth
an,
roughly falling between 25° and 30°N 1stitude and 70° ang °
78 E

longl&&6%3 With regard to different environmental factors 3
ike

Cie sJant has g wide range gy

.~

rainf.l., temperature and soll,

tolerance and withstands extremes of temperature and low rajg.
£311. It shows maximum affinity towards desert soil though

it has been recorded on different Types ot soils.

and 'flava' are more or less

The two varieties trubral

similar in general morphological feature
Though the

characters from site to site.

throughout the year by means o!" perennating root S
cycle faces the attack or Cuscuts,

s but differ in certaip
plant is available

talks, yet

at various times 1in its life
atodes which reduce the

Coleopteran larva and certain root nem
2d output ad food translocation

photosynthetic efficiency, se



i 1 1rt C
' Lrient st ¢ 1
2 1 -9 . . h |
, ~ Fwwl i = - ¥ ct llum ’
330ciated with 1 IV i ~ =
48leys £o¥india tec ¢ te $n
two varieties, under B

present i?VestijarJon
are suppressed at the initial stage but ir leter gt ’
- eges, th
S ’ ey
i1, deminate However th
i - E ' e 1 ter vari
- etal co
mpe-

tition b ruled out as botn of them Cecur snd
ErCw

simulta: lv 1i:. most of the sites In the
: . present iny .
€sti.

icn, factors like Lo oosture, pHoand Nitrogen Content
of

the site could not be related tu the occurrence of the ¢t
WO
varicties o: 4. govindia but a positive correlation was f
ound
with calcium content ~no silt ano cley for 'flaval gng with

fine sand for ‘rubra'. Site II, having moderately high e

valves for these features, could support btcth the Varietieg

with least differences.
Further, 2 study of both the varieties for theip growty,

behsviour (fLength of branch, dry weights of root and shoey) in
relation to calcium carbonate and exchangeable CalCium, as

estimated from the regiop of profuse erowth of root, was signj.
ficant and positively correlated up to a certain limit fop

individual variety. This was again confirmed by culture Studjeg

where the individual veriety declined in growth beyond theip

specific tolerance range for calcium carbonate and exchangeable

calcium.,



Lon t in si ;
de, is i
t Towtn in shade (bei
3 T - t]
. L urati d. e dl1Spersal is
ctiv genci 1i] at, sheep, cow and bufrfale and
1 : who uses it for dicinal pury
purposes. Seeds shoy

imary dormancy due to seed coat. It could be overcome b
€ oy

allowir water imbibition for long duration, treatment or
o

sulphuric acid with lower conce
temperature superimposes the germination facilitat
ed

ntration and washing in runni
ng

water,

by washing. A combination of 20-hour cold (15°C) ang L-h
~four

high temperature (35°C) is found most favourable for germi
' Nation

which is quite possiole in nature. Seeds do not germinate =«
in

nature when the atmospheric temperature is not suitable tgo th

germinagting embryo. Germination of seed is also not favouregq
during extreme winter as indicated in stored seeds where they

seem to acquire a secondary dormancy due to unfavoursble gerpmg
nation condition, Maximum germination is favoured within 300°

o)
to 35°C., It declines with the increase in temperature as js

reported in several other arid zone species, €.8., Launges
1965). Besides, the inter.

glomerata and L., mucronata (Datta,

mittent germination is also favoured in desert situation whep

the temperature fluctuates quite often diurnally.

In adverse situations, Z. govindia reduces the evaporatj oy,

of water from the leaf surface by reducing the surface of total
leaves in plant. This condition is met either by reducing the



i I i 01 Vv d e
t
. vers L 4 |
leaf ar
th { -
X ' content n 30
i osmotic I - potential v 4l .
= o 2! l;;lUl’” s > r )
2 Oct r (growi.. S€ascil) does not afy ct
4 o
- transpiration rate becazuse the curves for stomatal trar
mé o _.1 =
ra eévaporation roughly follow each other In Janu
. arm,

(winter season), the water deficit is increaseg (up to 34,.) ang
so tne decrease in transpiration. The latter is partially
controlled by the partial reduction in the stomatal aperture
differences in atmospheric temperature and humidity ang
insufficient soil moisture as compared to growing season,

dater deficit is further increased (41.5.) in June (summer
season) and the transpiration 1s reduced by early closure of
stomata under high evaporation and water stress condition,
L5.52% stomatal closure does not appear to effect the transpj .

ration during summer in morning hours but their complete

closure by midday heurs, when the plant is at still higher

water deficit, help the plant to check the water loss. ThuS’

except for favourable situations (growing as well as winter)
the stomata not only help but certainly act as a safety device

pegulagte and reduce the transpiration in unfavourable

COnditionS during sumaer, A goil "H{JIJ&U! >

-2.5 to =-7.,0 atm. (during October) is found favourable for
-6.5 to ~15,0 atm. (during January)

%Z. govindia and a range of
the plant's water balance.

(during June) being quite close

However, in a
also does not harm ’



v.ronuent., Thus, the pl
ons due to increase i;. sy er temperatyre

(L7 .07V} i is conditioned by low water content in plg t
n

water tension in soil. The plant meets such
a

1 1d

deficiency and compensates it by develOping small leave
! S.

lants exhibit seasonal diamorphism in leaves and 4
QVeloo

| § - .y >
2848
———

drought resistance mechanism,

-, 5. thymifolia, T, terrestris

Z. govindia 'rubra’, ramosa and D. aegyptium are mo5¢ g
' Minan e

species (1 g./sq.m./year) and contribute maximum in herbage

Five species, 1i.e
B.

production. The species, which contribute maximum towards ¢y

peak standing crop, are in the order of D, aegyptium > Varie
— )v

'*flava’' > variety 'rubra’ > T, terrestris, the values being

14,7 and 9.6% respectively. The same species

6.9, 16.8,
contribute maximum towards the peak standing above-groung

biomass, Maximum above-ground biomass is found in October ip

most of the sites (211.73 and 211.00 g./sq.m. on III and 1y
respectively). This contribution is maximum by 'flava' on

site III (9.6%) and D, aegyptium on site IV (34.7%). However’
n September after

maximum standing green biomass is observed 1

rains, Fluctuation in biomass on different sites is mainly
1lity of

subjected to biotic disturbances coupled with availabi

soil moisture, Maximum under-ground biomass is found on site
perennial )
Both 'rubra' and 'flava'

IV due to moregherbs and sedges.



cons 2rably hi valies t -

- o1 C O s1tes III an I!
aud o1V, but t} D3 :
X Dloti
v‘ C
t! valu _s Ore on site Iy
eriorat ti oroduction

2ads oor nutrient ¢

found to suppress tne productiv1ty Potent;
ial

varieties of 2. govindia in the initiag] st
N Iy ;S.
wever, the plant compensgtes this less at a later .t

Factors like soil calcium content, soil Nutrient sta-
‘u

species diversity and preponderance of perennial specije
S alsg
the productivity of the site. In ofr S€ason, tgh
’ e

centinue
two Varietleg/grow1ng, though slow, due to deep seated paas .

influence

Both the varieties show parallel growth byt "rubrg:
possesses higher values than 'flava'. OSoth exhibit 4 decl ;,
in leaf weight after 3rd harvest followed by an increazge.
Variety 'flava' shows lower rate of dry matter production.

ARG is founa initially hizh which decreases in both the Varg ..
ties by self-shading of leaves of individual plant, Net ‘
assimilation rate and MLWR, which are initially high, congj_

nuously decline. Plants grown at 25, light intensity sho,
marked decrease in their morphological characters and totaj

dry weight values as compared to those grown at 100 light,

In both the varicties during intra-varietal copetition,

the values for morphological character and &Y weight, declin,

on per plant basis but an incresse is noted on per pot basis
towards higher plant density. The F/W ratio decreasés whereas

C/F ratio increases towards higher density. During inter-

varietal competition, with a fixed density of 'rubra', the
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rubra! >Creg ' L .
. ~e® Ahd thar

@laviour is noted in A -
23 in d; Y WEIZNt valyme

reduction in 4drv ma .
o '} ary matter producti n is f
N Lound
[ 4 -
r 'rubra' but positive for '£lavs’' when t
: i€ g 1151

was changed for 'floyg!
2 or 'flova' and 'robrg:t respectively

cosnaylloand calorific valuyes are higher 4
in

-

; i ' t S )
then ir 'flava'. Similar are the findings ir case of
Q

‘rubra!
for chemical elements, Variety 'rubrat

nisher percentage values than

- o=

p(}\; CoSoC s
the consti tutir elenents analysed in the present investlgat-
ion,

Besides, the foliar calcium has been found in positive corr
(SN

soil exchangeable calcium,

-

1avion wit:

In view o!f the present findings it is clear that
through many hardships round the year in 1 &

4. 2ovindia passes
life eycle. In spite of heving lerge seed production, it hag
oeed infection by coleopteran

developed perennating habit.
larvae and the attack oi Cuscutta are the susceptible factorg

in keeping the continuity of the life of this plant. However,

the perennating root system keeps the plant existing in all the

adverse situations of the h:bitat., The physiology of the plang
gles ana SurViVeS under

is found well regulated where it strug
s from evaporating surface 1s checkeqy

desert conditicons. ater los

and regulated by the stomatal opening, while a high osmotic

potential in tne leaves 1. capable to draw the water from deeper
Survival of Juarcus,

regions through the deep seated roots.



slancs, 5leditsia and .laclura under extreme drougnt 1s

e
i

o their deeply penetrating root systems

sttributed U
Thus tne preponderance ol 7. govindia

{ cLie Lozlowski, 1964) .
g; {ferent habitatls is regulated Dy the natural fluctuations
in tne environv?ntal condi tions, which check the seed germi-
nation 1 unsuitable conditions.
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