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SRS ' INTRODUCTION : © .. . - . . - . N

‘THE improved communications 'through.the. last 200 years have
| R  facilitated the migration:of weeds from America to;India and vice versa.
e . “The: Terminology. Committee-of the Weed Society of America have pre- , :

| “pared in 1962 a-list of annual and perennial hérbaceous weeds of:the T
‘U.S.A. of which at least 95 species-are common iii the Upper. Gangetic : : .

- Plain. Out of these, the following ten which rangefrom .xeric to hydric

character, -have :been ' selected - for detailed  investigation of their

ecological life-history:: .. ... . Gl :

‘ Anagallis .arvensis. L.; Aimaranthus spinosus L., Chenopodium albur L.,
- . Cyperus rotundus L.; Eleocharis pgly;tif'g R.Br., Echhornia crassipes
o C - Solms. a'nd‘S_’pir'odela polyrhiza (L;)' _S‘_Chl,exd:'?':: ‘ L ’

' The work on this project entitled “EcOlofgical Studies of Noxious

e Weeds, Common to India and America, which are becoming an increa- ,
T ' sing problem in the Upper Gangetic Plains” has been undertaken since
“1st September 1964 with Prof.: R. MiSra as the Principal - Investigator 2
¢ and'Dr. K. C. Misra as the-Research Officer). The: scheme is finaneed
" by the U:S.A. Government through their PIr 480 ‘Funds. = 50
_:: . These studies will:help in explaining thejmechanisms. of -acclimati- g
_ zation -and.. speciation. in ;the concerned weeds:atid- may ultimately - ; 5

“be -helpful in selecting suitable measures for their control. -:In the pre-
sent communication, results obtained-during the period September.1964
‘to -June 1967  have been ‘briefty reviewed. During this period, studies
were-mostly directed towards understanding the:germination behaviour. .
of seeds, sprouting -behaviour of vege’tativ_ef propagules, influence -of-

é - various environmental factors on the growth performance, and popula- -
tion differentiation. L e E ' _

IL SEED GERMINATION

T S

e S (i) Dueto seed coat.~~Mature séed éﬂ;Ga;:&'sid:tofa-haVeimpen-meable R
I © seed coats, ‘which become increasingly perimeatle during storage, and Co e

upon mechanical or chemical scarification (Singh, J. S., 1965a). The E
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1966 a)., Its seeds contain a- water-soluble inhib ,
.. mancy ; higher amount of /inhibitor being associated - with" deeper-

' dormancy. Higher storage temperature and/or washing of seeds artifi~
.~ cially or by natural rainfall, decreases the amount of inhibitor, thereby
~* making-the seeds non-dormant (Singh, K..P.; .1965 a, 1966:a). :

2 jTemperatul;e," .

L 3 Liglat |
" (Singh, K. P., 1966b), Eleusine indica (Singh; J::S

‘nate light and dark) conditions for maximu

- considetably in darkness. Light: distinct]

4.yéar old seeds show very, little” germinatio
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" séed coat impermeability develops towards the end. of seed maturation,.
. green; immature:seeds being permeable (Singh, J: S.,. 1966 a‘)—T

L (ii) Due to inhibit&r.‘-+—Seedé of Anagallis _a;jve_fu;vis’shbw post. harvest,-.

 a-year (Singh, K. P.,.

dormancy varying from four months to mere th (
which conirols dor-

B .
i

Wihter annuals, namely, Anagallis arvensis (Singh, K. P., 1966 a)

" and'Chenopodium album (Mukherjie, 19654) germinate at low tempe-.
* tature (10-20°°C). Prechilling increases - percentage gérmination -in "
' Eleusine indica (Singh, J. S.,1965b), and: ‘Chen ypodium album,: -brown
* seeds of which germinate even at sub-freezing: temperature (Mukherjie,

1965a, 1967a). Fresh seeds of :Amaranthus “. spinpsus. (Mukhetjie,

196€a) do so.at

. '1965b) and aged seeds of Portulaca oleracea|(Singh; K. P., 1965'b)
show maximum germination at- 40° C, |While . ‘thoseof  Cassia- tora
- (Singh, 1. S., 1965a) and Cyperus rotundus (Tripathi
"30°C. On the dther hand, freshly collected - seeds. -of: Eleusine. indica

" (Singh, J. S., 1965b) and Portulaca. oleracea |(Singh; K:P., 1966 b)..

exhibit distinct thermoperiodicity, germinating better .at ‘;"'élter'iié.ti'rig;.;

low:and-hgh temperatures '(20-40°C and 20-30°

to germinaté at consiant temperatures.

~Seeds of Anagdili.; arVeﬁsi;s‘(Singﬁ,i“I('-_'.‘P:.f,t 19

dium album (Mukherjie, 1965a) -are light -s
Portulaca oleracea freshly collected seeds reqt

storage their specific light requirementd

freshly collected-seeds of Eleusine in

= ectedraeecs Presence
esséntial fér.germindtion of seeds of Fven

s, because-even-

(Singh, K. P., 1967a).  ~

4. Storage Conditions_ o

of light.is |

_ F ) ’ °'C .xespectively)..,
However, with the passageof tife;-the seeds of these species are-able -~ .

%) 'in-"darkness

© (1) Duy storage at different temperatures.—-Germinability of seiebd,“s, '

. of Cassia tora (Singh, 1.S.;.1966a) and Anagallis.arvensis (Singh, K. P.,

1966a) increases with increase in storagétemperature, the maximum be<

- ing obtained at:storage temperatures of 30.:and 40°.C, respectively:  In.

Cyperus rotundus seed germinability increasesduring storageat 30-35°




L e e N L

M2 ). SINGH AND K. P. SINGH

(Tripathi, 1966a). Storage.of seeds.of Chenopodium albym at different
temperaturés: decreases.the germinability-and the capacity of plumule
emergence (Mukherjie, 19664, 19675). ~Freshly collected seeds of this
species can télerate more seed coat damage than the stored :ones
(Mukherjie, 19665). Sceds of Portulaca oleracea show no differential
"respbnse::’to-_storag.e:tem‘ eraturesranging between: 10-40°-C for 50 days
(Singh, K. P.; 1965d). F T N e G

I:. e P UL P

i) Storage.in soil.—Seeds of Anagallis arvensis were-enclosed .in
perforated nylon bags and sealed glass tubes, which were buried at. diffe-
tent depths in the spil‘im‘ﬁmthe;[month of June. -After few heavy showers
in July, the seeds contajned in-the nylon:bags, gave 100%, germination,
while those:in the sealed, tubes showed significantly lower. germination.
However, after the rainy season, percentage germination. of seeds from
nylon bags slightly .décreased (Singh, K. P.,:1966.a). -

5. ’Gf_OWih'é;'r;egélqtingi'Sub.ﬁtézﬁces--;~ ca P s

‘. Glbberelhcacxd reﬁlaées;‘thé.ii»é_ht':r'c:qﬁi-'rcmvgizn't of seeds of Anagallis
arvensis:at \18-20°.C:" N’hen limited light is* provided increasing con-
centrations. of gibberellic.acid promote -germination.” However, when

light requiremient is satisfied higher concentrations of gibterellic “acid-

tend to.depress-the-'germindtion (Singh, K. P.] 1967 a). 1In the case

of Chenopadiumlalbum g'ijbbél%ellida,c'id"has'be'c_n'f.oﬁnd' to be better germi-'

nation promoter than indole acetic acid (Mukherjie; 1967:b).  Various
concentrations | of: gibberellic .acid, ifidole-acetic acid ‘arid’ coumarin
Amdranthus spinosus at:40° C (Mukherjie; 1966 c). -

failed ‘to show any marked: effect on the germinability of aged seeds of
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Cyperus rotundus
majority; of-then

.| Clipping

©Tuber.p
87 '87.90

ur_in. the top - 10.cm

ases tuber production ( . Upe
quickly lose moisture ax

pletely “stops: if -their |
1966. b).-:Sprouting (
up to 40° C (Tripathi, 1!

ontent. falls below 139, (Tripathi,

2)

polyrhiza are capable of gprouting only when stored under water (Das,
1965 a).- In this species" he transversely cut fronds produce new fronds
tact ¢ but longitudinally cut ones lose this capacity

N <F M p

exactly-as ‘the
(Das,1967'a). - “Api
demonstrated it EJi
crassipes' (Das, 11966.1

n _soil is ‘considerable

hoots considerably de-.
964 ¢). naair drying, the tubers .
uting percentage decreases and com- -

ases with theincrease in temperature -
)65 a).. . In Eichhornia crassipes, when the rhizo- .
- mes are air-dried upto a moisture ,content.of 8 -23% or dried in mud upto
79294, theylose sproutingcapacity (Das, 1955 ). Turions of Spirodela

ical dominance in sprouting|of rhizomes has been.
/ s.palustris (Tripathi,” 19655) and, Eichhornia’
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U7 IV. CEFFECT oF ENVIRONMENTAL FACTORS

- polyrhiza (Das,.1966 c) and Eichhornia crassipes (D
" tora.shows an increase in total leaf dry

. vigorous when grown at. higher te

" PERFORMANCE

Temperature -~ o , AT Lo
) Eﬁ’é'ci 'é)f exposure ‘to -sub-freezing -te:ﬁﬁerature;i—*lnﬂuencé -of

i ;epeated daily exposures to sub-freezing temperature (<10 fo ~ 15° C)

on seedlings of Eleusine indica (Singh, J.”S., 1965 ¢) and Anagallis

" “arvensis (Singh, K. P., 1966 ¢), and fresh sprouts'from tubers of Cyperus

rotundus-(Tripathi; 1965 ¢) have been studied.- In Eleusine: indica ‘heavy

- mortality occurs (upto 80%), if the seedlirigs are “exposed ‘for’ 2° *hours/
dayfor.6 days, - This treatment results‘inidgere?sgfih height '(ﬁptd_QZ‘?'(,) :

“and eatly flowering." Single 4 hours exposure resultsin 449 mortality
of Anagallis-arvensis seedlings, while repeated exposiires(1* 5=2*Ohours/
day) for'6:days can’ cause 1009 mortalit; his™ respect: -Cyperus

rotundus is more resistant, where even 3 hours" of ‘daily’ exposure for 8
- days results only in 40%, mortality, ,short:er,expoﬁutes, being ineffective. -

(ii) Growth at different temperqture.—:i‘-Gro“!/th;of;-plants maintained
at 15°C in the phytotron and in an’ adjoining glasshouse (30-40° C)
‘has been studied: in: the - following -species | .. Gassia; :tora:(Singh,
J..S.; 1967 g), Eleusine.indica. (Singh;. I..S;, 1966 b), Portulaca oleracea
(Singh,K. P,, 19664, 1967b), Cyperusrotundus(Tripat

67:b). .. Cassia

?

density .of leafi- chlorophyll extract, height: ' of plants;: stem. diameter
and.dry matter-yield at.30-40° C-than-:15°C |Eleusine . indica-.grows

. better and flowers earlier.at - - higher - temperature,  Similarly,;- high
. temperature favours the growth: and production, of tubers in -Cyperus .

rotundus. However, . Pandey (1967¢) “recorded.:that in this--species

the growth of aerial parts increases and 'that of ‘the underground
© part is suppressed on treatment “to low | temperature for three

months after five  months . growth | ‘under;:.
tions. Growth of both the varieties'of Portulacao

fgmb_sphcric condi-
eracea is favoured by

* . higher temperature, and at 15° C the vegetative -growth of broad leaf

is significantly décreased. On the other hand 1o
‘affects the'se€d production; which is reduced,
(of-that at higher temperature) in the bro:
varieties, respectively: 'Maximum ‘grow
place at-25°C, although there is no dire
rate and-the temperature. In thé casé«o l
completely stops at 15°C, while the pla

variety'is only slightly-depressed, whereas that|of narrow leaf variety
) ( yerature adversely:
50% and 259,
he nartow leaf
polyrhiza takes:
ween growth:

ssipes, growth
def'ably‘* mofe

 (0Day length -~ Eleusirie indici ctivee
length and it vegétative: growth increas h jin¢

966d),Spiradela -

weight, total;leaf area; optical -

6. hours day
- length 2 : nérease in day length
- up-to 14 hours, beyond which the values:decline sharply (Singh; J. S:,"
1966 c). Both the varieties of Portulaca ble'racédi’air'e*‘"day-'h'eljitré]; :
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although they. ‘show a ‘quantrtanve response ind ﬂOWermg, which increases:-

with increasing - day length attaining the maximum at 10 and'12 hours

in-narrow leaf and broadj leaf varieties; respectrvely ‘The vegetative:

growth 'of broad leaf variety: is not affected by day length varying' bet-
ween 6516 houts, While” the * same increases up to 16 hours-in the case

of narrow léaf varrety (Smgh K. P., 1966 ¢, 1967 ¢). - Andgallis arvensis-
is a long day plant havmg ‘a cntrcal day length of about 10" hours.
Altlrough thjs: spec1es is sensitivé to photoperiodic™ stimulus at’ cotyle-

il{onary leaf stage; ma;xrmum sens1t1v1ty occurs at 6-181eaf stagé (Singh,
P., 1967 d). -

species can be induced to flower by foliar -/ ispray- of  gibberellic acid
(Smgh KyP 1967 €. \Cyperus. rotundus is -a ‘quantitative " inters
mecllate ‘day. plant giying floral response between ‘8-14 hours day.length

g1
(Pandey, 1967 a). Maxrmum dry matter. procluctron occurs in Spirodela

4 polyrhlza under continuous: lrght whrle the. mrmmum is found at 8 hour

day length (Das, 1967 c) g :‘:' | Do

(n) nght rntens:ty ——Growth of some of the specxes was studred.'

urder’ artrﬁcral shades,’ constructed with' thehelp-of I, 2 or'3 layers of

muglin cloth, {whrch transmrt approxrmately 70 S50 and 40% of sunlight,
respectrvely Controls were kept under full sunlight. Growth of
Eleysine.: mdzca, as: reﬂected by number of trllers ‘lateral- spread; “dry
matter-yield. and number of inflorescence rays is mﬂuenced favourably
by’ increase; in the. i

shade (Sr
with. reductr

1967 b).. ‘In' Cassia tora s'eedlmg mortahty increases

. n-at 70% sunhght (Smgh J. S, 1967 ¢). The narrow. leaf
varrety of. Portulaca. joleracea is an obhgate heliophyte and . its seed
forrnatron StOPS
is a facultative’
(Singh, K: Py,
better growth u;

N

S I

3 'M oisturé .

Spirodela - polyrhzza is a-sciophyte showmg
low. llght mtensmes (Das, 1967 d)

Eleusui tidic
1mgatron frequenc;e ce,the gtowth performance and increase the
mortallty percentage ,(Smgh J. 8.,.1965.d).. I Vegetative multrphcatlon

haris pal ustrzs 15 more rapld in; saturated soil than under inun-

) éomparatively.. drier - conditions.{(Pandey, 1967 b)... Plants
grown. n. tanks w.;thlvarymg .depths.of . standmg water: exhrblt imaxi-
mum. dry matter productmn by .shoots in. 25.cm. water depth, swhile

“the maximum heigh is recorded in 55 cm. deep water ; further 1ncrease :

in depth retards its growth (Pandey, 1967 c)

4 Competztwn -

e

lauons #n-field ‘is . demonstrated through the effect of mcreasmg popu~

|
|
|
i

o ) ' L !
___r—-—-_-m“

When' growing’ under - nonsinduttive day length.’ this-

Aiftensity ‘of sunlight. - The plants: are taller under.
‘of light intensity and growth erformance is best at. full,
ugh: dry matter . production W1th certain limitations is -

40% sunlight ;on the other hand broad leaf variety -
yte|showmg maxrmum growth at’ 70%,: sunlight.

est growth whes watered‘:darly; 'andles‘ser

. The: ex1stence of| mtraspecxﬁc competmc n wrthm Cass:a tora popu- \

-




1965 b, 1966 d, 1967 ). szrodela polyrhiz
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flatron densrty on’ morphological features,. flower.and fr,urt productron .
‘and dry matter yield. . Generally beyonda density.of 10 plants/900 5q ¢in
- area growth performance. decreases,-although plants’. become consider-,
.. ably: taller (Singh, J.S,, 1967.d). Observatlons on plants,of different-..
: localities* indicate linedr - positive .correlation -between: stem diameter”
" ‘and- dry- matter yield (Singh, J.S.; 1967 e).. Marked. reduction in’
‘number of leaves, tuber productron and sprouts, and. above-ground»
- dry matter yield is registered in:Cyperus rotundus:beyond a -density of
- 6 plants per pot of 30 cm. diameter .(Pandey, .1967 d). Mutual inter-
action between Chenopodzum album and Brassica- campestrzs is exhibited .
. by their:growth in- mixed specles oultures* The degree of interference

increases with an mcrease in the population densrty (Mukher_ue, 1967 c)

"'-5  Direction of . Slope U S 1 w0 ,
" Being a’ helrophyte, Eleusine: mdzca ‘shows maxirhum growth on ;

south facing slope and minimum on north; further the plants.of north
facing' slope are erect while those of sotith facmg slope and level

' ground are prostrate and spreadrng (Smgh 1.8, 1967 f)

V POPULATION DIFFERENTIATION

from seeds of seven localities distributed between 23—28° N latitudes in

‘the case’ of Cassia tora (8ingh, J.'S:, 1966 d), and from eight locahtres;
“between: 24227° N. latitudes in the case "of ‘Anagallis arvensis (Singh,’

K. P., 1967 g), under usiform -culture condrtron's Analysi$ of data

_‘on growth performance of ‘the above ¢ulturés indicates thepresence

of latrtudmally drﬁ‘erentrated populatrons m-*both the taxa

' -'VI. ENDOGENOUS RHY'

A study of the curvature ‘behaviour of the 1nﬂorescence axis in

‘- Ezchhorma crassipes suggests the presence-of a free]runmng endogenous_

rhythnr (with -a perrod of 25-40 hours), becaus > the-curvature is not
associated with auxin action or'the openrng ‘the " last. flower as
pointed: o1t by ‘other ‘workers “or’ any*envi :

fdiled to grow' inder the normal ligh
the tycle wasreversed it startéd growi
lations from differént: longrtudes ‘have: t
cycles which are endogenously controll
gradual changes 1n the phase (Das 1967 f)

lthat the popu-
“light ‘and - dark

D . _"\_’II. DISTRIBUTION E _
o Because of the confusion about’ the taxonomrc status of Cassta
-tora, which has often been. treated as synonymou's to:Cassia obtusifolia

L.? it. is: drﬂicult to" trace:the: exact: glrstrrbutron_ ,

Provenance trial technique his ‘béen applred wrth aview’ to deter-,
mine whether the wrde distribution of Cassia tord and Ariagallis- arvensis.
althrough India is due to thé wide- ecological ‘amplitude ' of 'th€ species:
~or to the occiirrence of* distinct Iocal populations, - Plants wer¢ rajsed ..

2 an’be’ modrﬁed by‘_

£-the-former species,




“peratutes.. .11 Ger

h

- exist'in rainy

~ growth is greatly w

‘Similarly inth

|
-
|
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However; due to ‘diﬁ‘érencﬁs inthe germination behaviour andthe growth

_performarice - under +uniform :culture conditions; the above-mentioned
_species have ' beén:proved tg be distinct (Singh, J.'S:, 1966 a),’and the

distribution of Cassia tora in-India hasbeen'traced (Sin gh, 7. S:;1966.d),

_ Distribution maps of Anagallisiarvensis (Singh, K. 'P., 1967g), Eichhornia
* ¢rassipes:(Das; 1967'g), Spirodela polyrhiza-(Das, 1967 f), Amaranthus

spinosus (Mukherjie, 1967 d), Chenopodium-album (Mukherjie, 1967-¢)

“and Eleusine indica (Singh, J. S., 1966 f) have also been prepared.

I
YA faee
i SF R

VILL GENERAL DISCUSSioN

TN S . ‘ S
. (,'The aforementioned - studies reveal: inte

<
RS

resting c_ovrrelat'ib'ns'. bet-

ween the range-of optimal: temperature: fot].gérmination and the. time:
‘at which various ‘speci€s joccur in nature,

Thus winter annuals, viz.,

‘ germinate “best-at’ low

“Anagallis:-arvensis and ‘Chenopodium albiit
‘temperature; and are favoured by exposures|to.
On the othef hand,-being a‘rainy season annual, Cassia tora germinates
‘best -at<30°%C: ' Species -like - Eleusine -indi a-and Portulaca - oleracea,
seedlings’ of: which ;éimerge, -from‘the "gr'oumﬁ

exhibit favourable response towards -alternating

nation -of-freshly. collecté

i ! v

‘low and -high tem-
eeds - of - Amaranthus

rcm@ips.zhighet and "’staﬁblp.all the year round-on:account of the. micro-
bial activity, and t_h?vspeqi_es thusappears to be acclimatized to such con-

ditions: . Portulaca ,lolerQQéa,

pi . ,
perature =.1-(40?~$G),.,- ‘Temperature | O]

»‘hea.t-.r'e’,sistahtf‘s'é'edsl ‘the germination of which is considerable at 40° C.

i

tudies iave fevealed interesting,dspects of dormancy, which
jlistes ‘the -environmental conditions to which the
dispersal. " "As reélatively! moderate and stable

he germination-has to. be deferred till such conditions
in'rdinyseason. Even if few seedlings are able to emerge at
the time of i‘»seéd. pErsaﬂ ‘on account of favourable conditions, further
ampered because of l_o‘,bv‘ temperature .obtaining in

suppo is’ contention. -Moreover, there is no special mechanism
for séed dispersal in this|species. ~ As the seeds are  heavy, wind is also

not-much effective,
for its'seeds. The oat dor
tivé’ measarein’ this régard: - These coats undergo mechanical and
mictobial - scarification in the " field and a good proportion of seeds

the species: has to ensure  sufficient longevity

becomes capable of germination at the advent of monsoon. Reten~

tion of seed coat impermeability in, the rest of seeds ensures another
crop . if ‘adversé conditions like flooding and drought are .obtained.

case of dnagallis arvensis the seeds contain an inhibiter

i61]7»~1»ower temperatures.. -
almost all the year:round,’

h~occurs abundantly :on mar;.urfe' :H'eaps,' iis favoured by:
-such. manure heaps:

rtulaca ol vhich produces abundant seedlings during.
-summer months, ‘provided ‘moisture is adequate, possesses ‘strongly.

1 moisture ate required for Cassia tora,
t the:time of seed dispersal (October=

study of the growth at low temperature (15°C)’

coat dormancy present in this case is an effec-

e daaad




repeated. fresh crops of .seedlings .appear. SRR RSN

Yo l . BN it e ke “ g T e ° o L8
In Cyperus rotundus, Eleocharis palustris and Eichhornia crassipes
-cut tubers/rhizomes are found to be capable! of ~sprouting. This

.of control through frequent plou

. A careful consideration of these facts with tespect|to crop man

- indica "and Anagallis arvensis .are ‘susceptibl

- Provenanice "trials" in the case of Cassia’

ECOLOGY OF TEN-NOXIOUS WEEDS 4ary.

* which. restricts ifs germination during summer. . If the seedlings-wete -

to emerge in this season, further growth would: be impossible as .the

plant cannot tolerate high temperatures.. ‘-Th'e;‘i;_lilhib_itor,-_-,hchV’er;"
~is.leached out by torrential downpours, during rainy Season and;the

seeds: become germinable when temperature.falls ‘to .optimal range in
winter.. -By virtue .of this fact, after irrigations. during winter .season.

i :
T

mechanism helps the dispersal and sustentation of the species even

* under heavy biotic disturbance. However, the fact:that the propagules -
‘are susceptible to air-drying and the tubers are/mostly concentrated -,

in the upper 10-cm. soil-horizon, 1is suggestive- ofa possible method
hings: without/irrigation. e

- Experiments-on: the.effect.of environmental factors-on growth per-
formance of these weeds help in explaining their distribution in nature.
Being a heliophytic herb, demandingexposed 'and']li’gh’té.r_énvironments,

* Eleusine indica-does not .occur amongst tall crop-plants and is restricted -

towards comparatively:open- margins -of -crop-fields.’
shade—tolerant as well as capable-of growing:in-full sunlight; Cassia:
tora.occursin open as well as in-sparselylpdpulate‘éifc{rl‘op';rﬁelds,--i's'pe,‘ciall_yﬂ-k
of .Cajanus indicus, and open canopied. forests. ;. The  narrow leaf-

‘Being a‘partial-

-variety-of Portulaca oleracea which is a heliophyté, avoids dense crops-.

while, being a facultative sciophyte, ‘the broad 1eaf. vatiety-is’ capable
of growing in comparatively denser crops.as.well. as:open: situations;:
_ nagement-
may provide. suitable means for suppression of ;these: weeds;” .~ i

season annuals, grow

: matter at' temperatures
ranging from 30-40° C, This shows the acclimatization of these Species-
two Species; viz., Eleusineé’
>, 10 exposures to stib-
Spulations of *these:
s may be - altogethér -

. Almost all the species; except the winte
better ‘and produce greater amounts of diy

to tropical conditidns available here. At ledst

freezing ‘temperatures: This indicatés - -tha
species occurring in’ temperate American con
different ‘ecological races. - o

- “The " experiments’ on photoperiodic’res
studied, indicate that they are well" adjuste
specially With regard to. day Jength.” - i

At'least two species, Cassia tora and Cyperus Fotundus.appear {o-
be susceptible to intraspecific competition. In Cassia tora this effect
appears to be similar to that of artificial, sh

causative factor,

e highly ‘plast

" The Species under. investigation app (o 1 plas
A1 d"iiA;nd;g‘?_:dlli.‘v‘ aryensis. -

indicaling light aca
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indicate the' occurrence of drstmct loca] populatrons whrch are drﬁferen-
tiated-latitudinall ‘-’ﬂhe

is-fact. - In Spu ‘odela’polyrhiza theré are

two: distmct seasonal populatrons, viz., summer and the winter forms.

These: forms e ‘

;

is avallable throughout :
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