CHAPTER 8

SEED AND SEED GERMINATION

8.1. Size, weight and moisture content of seeds.

“r.e general morphology of the seeds of E. geniculata has
_ Neare V7.
been dealt with under 7.4 in Chapter 7.AThe size, weight and
mois:ure content values of the seeds of E. geniculata are

give: below @

Size : (Values based on 100 observations)
sength (mm) 2.752+0.139
Sreadth (mm) 2.414+40,118
thape Index 1.144+40,082

(Length/Breadth ratio)
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Weigt: : (Values based on 3 to 10 observations of averages
drawn. from weight of seeds in lots of 100 each}.

Locality Date of seed Weight of
Collection one seed (
Unive -eity Library 3-11-1977 7.7740.15
Area
Arts ‘aculty Area 6-3-1978 7.11+0.86
Wire %use Compound 26-9-1979 7.7940.28
Cottc 1 Farm, Surat 25-12-1978 7.37+0.,18

Surat Crchard 12-9-1979 7.02+0,93
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Moist :re content : (Values based on 3 observations in lots
of 100 seeds each).

S %) 8.03+0.05

Note  Values represent mean + standard deviation.

8.2. Lmbibition rate

b2 imbibition rate of the s2eds of E. geniculata
(coll <ted from Cotton Farm, Surat on dt. 25-12-78 and after
11 mo: this of dry storage) was studied under laboratory conditiens
follo ding the same procedure as given under 2.7 in Chapter 2.
The m ximum and minimum temperatures ranged from 27.4 to
32.4° ! and 20.4 to 20.8°C respectively during the course of

the e pariment, The data are given below @

soari 3 () Tonitiiion  seaking (n)  Impipstion
100.54 8 160,00
128.59 10 165.58
149.50 14 169.17
154,54 16 179.15
155.66 20 179.41
; 156.02 24 178.95

—-.-»u.mmn.-uu-——————.————‘m———-—-—--——m—u——

Ti= seed coat in E. geniculata seeds contains

mucil ginous substances which form a sticky, swollen layer



arour'l the seed immediately on coming in contact with water.
The nlcilag;nous layer probably increases the imbibition
capacity and also the imbibition rate of the seeds. The seeds
of E. geniculata are thus able to imbibe considerably large
amour. : of water at a considerably high rate. As much as
100.5 +% water was imbibed within the first hour, and 179.15%
withi: 16 h, beyond which the per cent imbibition remained

almos : steady upto 24 h.

8.3. £S2ed output

or the purpose of seed output study 20 mature plants
of E. ganiculata randomly selected from each of the three
study sites were observed during their fruiting period, the
numbe « of fruits per plant and the number of seeds per fruit
were c-ecorded, and the average seed output was calculated.

The d ta are given below =

S e e e e S Em WS RES  en SR RS G WS IR JENR WA VENE G G MM WM R oWE  Mee Gl Emm e e maw

Stuy site
Range Mean + SD
Wire ! ouse Compound 14 to 82 40,90 + 17.29
Univer sity Library Area 18 to “04 51.80 + 24.54
Arts laculty Area 24 to 49 71.70 + 36.95
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* Aserage number of fruits per plant = 54,80 i. e. 55

Ni. nmber of seeds per fruit = 3
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8.4. Lispsrsal of geeds

‘he ma2thod of dispersal of seeds of E. geniculata is by
an ex)losive dekiscence of the capsular fruits. Ridley (1930)
descr .bes the mechanism of dispersal in capsularbfruits of

Euplo “biaceae as follows

The outer layer of the periczarp is thin and soft and
soon :ecomes dry, the inner endocarp is hard and woody,
compd. ed of transverse fibres which are straight when wet
but - carve on themselves when drv, so suddenly as to cause

an e< losion and eject the seeds".

"he effectiveness of this type of dispersal was studied

insid: -he laboratory as follows :

(i) <ircles of radii 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0,
4,5 ard 5.C m were drawn on the floor of the laboratory.
Fresk y collected ripe capsules were put at the floor level
in te: centre and were allowed to dry and dehisce. The number

of s=:¢dsz dispersed at various distances were noted after two

days

(ii) 71e same method as described above was employed, but
instezi of putting the capsules at the floor leve}, they were

put =* z raised level at 40 cm height from the floor.

M1¢ results are presented in Table 8.1 and graph 7. It

was clserved that when the capsules were put at the floor



Table &.1 ¢ Dispersal of seeds of E. geniculata

Di ;tance of
di ipersal (m)

1

NGRS AR AR NS G —

% of seeds dispersed
from the capsules put at the

“Floor level

Raised level
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0 - 0.5 52.8
0.5 - 1.0 15.2
1.0 - 1.5 1.4
1.5 - 2.0 9.8
2,0 - 2.5 5.1
2.5 - 3.0 4.3
3.0 = 3.5 1.0
3.5 - 4.0 0.5
4,0 - 4,5 -
4,5 - 5.0 -

5.0 = 505 -

11.3
9.5
11.6
4.9
19.2
15.6
9.2
5.9
1.5
1.2
0.2

Y]
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leve’ , maximum (52.8%) dispersal occurred upto the distance
of 0.5 m. There was a steep fall in the percentage of seeds
dispc ~sed at the distance of 0.5 to 1.0 m, with a gradual
decrcase upto the distance of 3.C m. Very few seeds were
dispersed beyond the distance of 3,0 m. However, when the
capsu.es were put at the raised level (at 40 cm height from
the f _oor), the dispersal of seeds was spread almost evenly
upto -he distance of 3.0 m. Further, the maximum dispersal
was I»und at the distance of 2.0 to 2.5 m, with a gradual
decrease in percentage of seeds dispersed on either side,
Quite a good number of seeds were dispersed at the distance
of 3.0 to 3.5 m and 3.5 to 4,0 m, while a few seeds were also
found¢ disparsed at the distance of 4.0 to 4.5 m and 4.5 to
5.0 m,

n comparing the dispersal of seeds from the floor level
with that from the raised level it is seen that in the former
case 1early 80% of the total seeds dispersed covered a
disteace upto 1.5 m, while in the latter case they covered
a dis-ance upto 3.0 m. It can be safely assumed that in
natur 2, the seeds of E. geniculata are dispersed almost
evenl r upto the distance of O to 4 m, and that a few seeds
might reach a little longer distance also depending upon the

plant height.

Jamkrishnan (1960) studied the dispersal of seeds in

Euphc~bia hirta inside the laboratory. According to his
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find:igs in that species, the dispersal was maximum at
45-5C cm radii, with a gradual decrease in the number of
seeds dispersed on either side sc¢ that at 5 cm distance
there were no seeds and at 80 cm distance there were only

very flew,

8.5. Germination studies

‘reshly collected seeds of E, geniculata, when kept for
germi-ation, readily germinate thus showing that they do not
have :ny dormancy period. In order to understand the ecology
of se:d germination in E. geniculazta, experiments to study
germi ~ation under different conditions of soil, temperature and
light, and also to study the effect of some chemicals and
growt . regulators on germination were carried out extensively

durin: the course of the present investigation.

8.5.1 Effect of type of soil

ixperimental Procedure ~ Seeds of E, geniculata collected

from Totton Farm, Surat on dt. 25-12-78 and after 3 months of
dry s:zorage were used in this experiment. The same procedure
as th:t described under 5.5.8 in Chapter 5 was followed in
this =xperiment, except that the acid pretreatment was not
given. As already pointed out, seeds of E. geniculata do not
have :ny dormancy period, so acid pretreatment as given to

Abutilon ramosum seeds in the germination experiments is not
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necessa 'y in case of these seeds (i.e, E. geniculata seeds).
This al .c applies to all the germination experiments that follow
in the r2sent Chapter. The maximum and minimum temperatures
ranged .Tom 34.5 to 44.1°C and 18.4 to 24,9°C respectively during
the cou: se of the experiment. The experimental data were analysed

statist: cally and are presented in Table 8.2 and graph 9 (i).

Re:u_ts and Discussion - The percentage germination was

maximum (39.00%) in garden soil and minimum (86.00%) in clay.
The overall effect of different types of soil is significant
at 1% le¢vel, However, LSD values reveal that there is no

significart difference between the effects of = (i) clay and
wastelari soil, (ii) sand and garder. soil, and (iii) sand and

wastelari soil.

The rercentage germination obtained in different types
of soil w#ass fairly high, ranging from 86.00 to 99,00%. Thus,
though t1€ garden soil gave the best results, the other types
of soil ised in the experiment also gave fairly good results.
Thus as far as germination is concerned, E. geniculata seems

to be well adapted to different types of soil.

8.5.2. iffect of depth of sowing

Exp:arimental Procedure - Seeds of E. geniculata collected
from Cot:on Farm, Surat on dt. 25-12-78 and after 3 months of
dry storige were used in this experiment. The same procedure

as that ilescribed under 5.5.9 in Chapter 5 was followed in
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Table 8,2 ¢ Effect of type of soil on germination of
seeds cf E. geniculata.

Sr. . No. of seeds % Germi-

No, -ype of soil germinated/20 nation

1. lay 17.20 86.00
(0.84)

2. and 18,80 94,00
(0.84)

3, .asteland soil 18.00 90.00
(1.22)

4, larden soil 19.80 99,00
(0.45)

W swas M Gt BUME A M s e W SR GWER A R WM WS MW I W MR G SR W SR G GeR

LS ! =1,18 at 5% level

L
wn
B

1.63 at 1%level.

Note : (1) Values are based on five observations.

(2) Figures in parentheses are standard
deviations.

dnaly iis of Variance

Sour:e of variation S S af MSS F
Betw :en treatments 18,55 3 6.18 7.92 % *
With n treatments 12. 40 15 0,78

Total 30,95 19

3.24 at 5% level

o S
f

= 5,29 at 1% level
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this =:periment. The maximum and minimum temperatures

range¢d from 34.5 to 44.1°C and 18.4 to 24.9°C respectively
durirz the course of the experiment. The experimental data
were inalysed statistically and are presented in Table 8.3

and g -~aph 8.

tesults and Discussion -~ A glance at the table clearly
shows taat the percentage germination gradually decreases
with ‘h2 increase in depth of sowing beyond 2 cm. Maximum
perce tage germination (98.67%) was obtained at 1 and 2 cm
depth , however, percentage germination obtained at 4 and 6 cm
deptk was also comparably high. Minimum percentage germination
(52.01%) obtained at 10 cm depth is also quite noteworthy. It
was m t_ced that germination was slightly delayed at the
depta: Heyond 2 cm. The germination speed at 1 and 2 cm depths

was © while that beyond 2 cm depth was 9.

"he statistical analysis reveals that the overall effect
of valy.ng depths of sowing is significant at 1% level,
Howewv:r, on making independent comparisons it is revealed that
there is no significant difference among the effects of 1, 2,
4 and 6 cm depths, while the percentage germination obtained
at 8 :nc 10 cm depths is significently lower than that at the
lesse: cepths., Thus E. geniculata seeds seem to be well
adaptcd to germinate at the depth of 1 to 6 cm. Fairly good
number of seeds can germinate ever. on sowing at the depth of

8 or “J cm. The capacity of the hypocotyl to elongate to a
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Table 8,3 ¢ Effect of depth of scwing on germination
of seeds of E. geniculata.

No, of seeds % Germina-

Sr. 5

No, Depth of sowing (cm) gerrinated/15 tion

1. 1 14,80 98,67
(0.45)

2. 2 14,80 98,67
(0.45)

3, 4 14,40 96.00
(0.89)

4, 6 14,00 93,33
(0.71)

5, 8 12,40 82,67
(0.89)

6. 10 7.80 52.00
(0.84)

LSL =20,95 at 5% level
LSL =1.29 at 1% level

Note : (1) Values are based on five observations,

(2) Figures in parentheses are standard deviations.

Analysis of Variance

Sour:e of variation S S af MSS F

Betwz2en treatments 184,17 5 36.83 69,49 * *

Within treatments 12.18 24 0.53 '
Total 196.97 29

Tablz value of F : F = 2,62 at 5% level
F = 3,90 at 1% level



165
great extent in E. geniculata prcbably makes the germination
of sich deeply sown seeds possible.

1all (1956) obtained 60% germination in seeds of

Chrozoohora rottleri sown at the depth of 6 in (i.e. 15 cm)

and 72% germination at the depth of 4 in (i.e. 10 cm).
Howevr, Gupta (1972) observed that germination of seeds of
Rumex sp. was completely suppressed at 10 cm depth. Kaul (1974)

obserred that seeds of Hemigraphis dura failed to germinate

when scwn at the depth of 6 cm or more,

8.5.%, Effect of soil moisture content

xperimental Procedure - Seeds of E. geniculata collected

from ’‘otton Farm, Surat on dt. 25-12-78 and after five and a
half onths of dry # storage were used in this experiment.
The ¢ me procedure as the one described under 5.5.10 in
Chapt r 5 was followed. The maximum and minimum temperatures
range: from 27.7 to 44.9°C and 20.5 to 30.6°C respectively
durin, *the course of the experiment., The experimental data
were :nalysed statistically and are presented in Table 8.4

and g aph 9 (ii).

fesults and Discussion - Maximum percentage germination

(56.00%) was obtained in soil with 50% moisture content, and
there was a gradual decline in percentage germination in
eithe: direction from that level of soil moisture., The soil

with 0% moisture content gave on_y 13.00% germination,
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Tabl: 3.4 ¢ Effect of soil moisture content on
germ:1ation of seeds of E., geniculata.

Sr. £3il1 moisture content No. of seeds % Germi-

No. (%) germinated/25 nation

1. 20 3.25 13.00
(0.96)

2. 30 4,75 19.00
(0.50)

3. 40 8.00 32,00
(0.82)

4, 50 14,00 56.00
(0.82)

5. 60 11.50 46,00
(1.29)
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LSD= 1,39 at 5% level
LSID= 1,90 at 1% level

Note : (1) Values are based on four observations.

(2) Figures in parentheses are standard
deviations,

Analy:is of Variance

Sourc: of variation S S if MSS F

Betwe m treatments 323.70 & 80,93 97.51% *

Withi: treatments 12.50 15 0.83 o
Total 336,20 19

T..ble value of F = 3,06 at 5% level
F = 4.89 at 1% level
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whict was the minimum percentage germination obtained in

the e periment.

‘'fe statistical analysis reveals that the overall effect
of sc'l moisture content on germination is significant at 1%
level . The LSD values further reveal that the differences
among t-e effects of the different levels of soil moisture

conte t are significant.

a1l (1974) reported similar results in Hemigraphic dura.

Gupte (1972) reported maximum germination percentage at 30%
s0il oisture, and decrease in per cent germination in
eithe Jdirection from that level of so0il moisture in case

of Ry ex sp.

8.5.4 Effect of temperature

.Xxzerimental Procedure -~ Seeds of E., geniculata collected

from = ire House Compound on dt. 14-10-77, and after 2-4 months
of dr :torage were used in this experiment. The seeds were
kept .o germination as usual at constant temperatures (}py
temp. 25°C, 30°C, 35°C and 40°C) which were maintained iﬁ

the i:c:bators and refrigerator. The results are presented

~in Ta 1= 8.5.

=

.esults and Discussion - The seeds failed to germinate

at 40°'C, that temperature may be >robably harmful to the

embry . At 30°C maximum per cent germination (68.00%) was
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Table €.5 ¢ Effect of temperature on germination
of se2ds of E. geniculata.

L e T I e I T R

Sr. No. of seeds % Germi- Germination
No. Treatment germinated/50 nation speed
1. Constant low temp. 19.67 39.33 4
ia fr(dge (2‘52)
2. Cowmstant 25°C 26,33 52,67 4
(3.06)
3. " 30°C 34,00 68.00 5
(2.55)
4, " 35°C 22.07 45,33 6
. (3.06)

50 " L"O°C 0.00 OQOO haad

Note +1) Values are based on three observations.

(2) Figures in parentheses are standard deviations.
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obtair zd, which declined with the change in temperature in
either direction. Low temperature in fridge also gave 39,33%
germinition. Further, it was observed that germination was
slight .y delayed with the increase in temperature, as can be
seen fr~om the germination speed presented in the table, Thus
E. ger.culata seeds seem to be adapted to germinate under a
wide rirge of temperature, but the per cent germination
declir :s at temperatures higher or lower than 30°C which
seems ¢ be the optimug/ temperature, and at 40°C germination

is com>l=tely suppressed.

8.5.5., Zffect of light

xoerimental Procedure - Seeds of E. geniculata collected

from Ctton Farm, Surat on dt., 17-4-78 and after 3 months of
dry st rage were used in this experiment. The same procedure
as thz . described under 5.5,12 in Thapter 5 was followed in
this e pariment. The maximum and minimum temperatures ranged
from 3 .3 to 33.9°C and 24,6 to 27.2°C respectively during
the co rse of the experiment. The =xperimental data were
analys ‘d statistically and are presented in Table 8.6 and

graph 0O (i).

esults and Discussion - The germination percentage was
maximu {72.00%) in alternate diffuse light and darkness, and
minimu (40.00%) in continuous light. The statistical analysis

reveal . that the overall effect of light on germination is



Tabl: 3,6 % Effect of light on germination of seeds
of E. geniculata.
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Sr. . No, of seeds % Germi-

No, L~ight condition germinated/50  nation

1. ‘lternate diffuse 36.00 72.00

light and darkness (1.00)

2. Cortinuous light 20,00 40,00
(2.00)

3. Cortinuous darkness 26,33 52.67
(2.08)

LSIL = 3,52 at 5% level
= 5,34 at 1% level

Note : (1) Values are based on three observations.

(2) Figures in parentheses are standard
deviations.

Analysis of Variance

Sour:e of variation S8 df M S S F

Betwe:r treatments  389.55 2 194.78  62.63 * %

Withi: treatments 18.67 6 3.11

Tabl > value of F = 5,14 at 5% level
=10.,92 at 1% level
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signiticant at 1% level. Independent comparisons also reveal
that tnre differences among the effects of different light

condi=icns are highly significant.

L3

“re results obtained in the present experiment indicate
that s2eds of E. geniculata do not require presence of light
for germination, however, per cent germination is significantly
lower n continuous darkness than in alternate diffuse light
and d&-“kness. Further, continuous light seems to have adverse
effect on germination as can be clearly seen from the minimum

per ce1t germination obtained under that condition.

upte (1972) reported similar results in Rumex sp.,
maximu: zermination being obtained in diffuse day light and
minimu: in continuous light. Ramkrishnan (1960) working with
Euphor :ia kirta seeds reported maximum per cent germination

(76%) n total darkness, and minimum (52%) in continuous light.

8.5.6. Zffect of colour (wavelength) of light

.xoerimental Procedure - Seeds of E. geniculata

collec ed from Cotton Farm, Surat on dt. 17.4.78 and after
three .nd a half months of dry storage were used in this
experit ent. The same procedure as that described under
5.5.13 in Chapter 5 was followed in this experiment. The
maximut and minimum temperatures ranged from 25.4 to 33.5°C
and 23 2 and 26,0°C respectively during the course of the

experi: ent. The experimental data were analysed statistically
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and are presented in Table 8.7 anc graph 10 (ii).

lesults and Discussion - The data reveal that yellow

light zave maximum (37.33%) and green light gave minimum
(6.0C%) germination. Strangely, however, germination percentage
was coaparatively less (24,00%) in control set without
cellopiane paper than that with white cellophane paper

(35.32 %),

'hz statistical analysis reveals that the overall effect
of dif 'erent colours of light is significant at 1% level.
Howev= *, LSD values reveal that thare is no significant
differ nce between the effects of - (i) white and yellow
light, (ii) blue and far-red light, (iii) blue and green light,
and (i) red and far-red light.

“hus germination of E. geniculata seeds seems to be
inhibi-ed by blue, green and far-red light. Different species
respons differently with respect to seed germination under
differ:n~ wavelengths, as can be seen from the results
repor=.d by Singhal (1967), KaulL,A(1972), Chawan and Sen
(1973) and Kaul, R. (1974).

8.5,7. Effect of inorganic salts

:xperimental Procedure - Experiment - I : Seeds of

E. geniculata collected from Cotton Farm, Surat on dt.25-12-78
and after one month of dry storage were used in this experi-

ment. "ne same procedure as that described for Experiment - I
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Tabl 8.7 ¢ Effect of colour of light on germination of
seed. of E. geniculata.

B I I I Y S = -

Sr. . _- . No. of seeds
No. ' 2-our of light germinated/50 % Germination
1 . ‘: *)n'tl‘ol 1 2 Y 00 2&. 00
twithout cellophane (2.00)
paper)
2. VYhite 17.67. 35.33
(.53}
3. Fec 11.00 22.00
(2.00)
4L, ‘vallow 1€.67 37.33
(1.53)
5., Elve €.00 12.00
(z.00)
6. Green 2.00 6.00
(2.00)
7. F:r=Red <.00 18.00
(2.00)
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LSLIL = 3,29 at 5% level
= 4,56 at 1% level

Note : (1) Values are based on three observations.
(2) Figures in parentheses are standard deviations.

Analy:is of Variance

B T I e R o T I O e

Sou ce of variation S S daf MSS F
Betwe m treatments 591,62 6 98.60 28,01 * ¥
Withi: treatments 49,33 14 3.52 o

Total 640,95 20

Table value of F = 2,85 at 5% lev=l
= 4,46 at 1% levzl
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>.5.14 in Chapter 5 was followed in this experiment.
timum and minimum temperatures ranged from 22.6 to 35.2°C
) to 19.9°C respectively during the course of the

nent. The experimental data were analysed statistically

> presented in Table 8.8 and graph 11,

ixperiment - IT : Seeds of E. geniculata collected from

Farm, Surat on dt. 25-12-78 and after 11 months of dry

> were used in this experiment. The same procedure as
»scribed for Experiment -~ II under 5,.5,14 in Chapter 5
dowed in this experiment. Tae maximum and minimum

tares ranged from 29.2 to 34%.1°C and 14.2 to 20.2°C
:ively during the course of the experiment, The

iental data were analysed statistically and are presented

e 8,9 and graph 12.

.es3ults and Discussion - Experiment - I ¢ A perusal of

Table
germir.
concen
of soxr
2.0% ©:
comple
and Ca
effect
germin

1.5 an

©»'3 makes it very clear that in all the salt solutions,

tion percentage decreased with the increase in the

ration of the salt solution. The higher concentrations
salts, viz. KC1 - 2,0%, NaCl - 1,5 and 2.0%, NaNO3 -

o7ed to be highly toxic and inhibited germination

ely or almost completely. CaCl, and KCl at 0.5% conc.,

N03)2 and KNO, at 0.5 and 1.0% conc. showed favourable

3
on germination as compared =o control. The percentage
tion was merkedly lower as compared to control in

2.0% conc. of CaCl,, 2.0% conc, of Ca(NOB)Z, 1.5%
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Table 8,8: Effect of inorganic szlts on germination of
seeds of E. geniculata - I.

S e S s S SR SEm e AR SR SW Wee  Sha  MmR G DA San  jme MEe MEx s WY EWD W MW SwR SEm e e

No. cf seeds

No Treatment germinated/50 % Germination

1. L_st. water (Control) 4% .67 87.33
(1.53)

2. C«Cl, 0.5% 47.00 < 94,00
(1.00)

3, 1.0% 43,67 87.33
, (1.53)

4, n 1.5% 28,67 57.33
(2.52)

5, M 2.0% 10,67 21.33
(0.58)

6. C (NOL) 0.5% 47,33 94,67
3’2 (2.08)

7. " 1.0% 46.33 92,67
(0.58)

8. " 1.5% 41,67 83.33
(0.58)

9, " 2.0% 33,67 67.33
: (1.53)

10. IC1 0.5% 47,67 95.33
(0.58)

11, 1.0% 39.67 79.33
(2.52)

12, " 1.5% 13.67 27.33
(0.58)

13, " 2.0% 1.00 2,00
(1.00)

14, K133 0,5% 48.33 96.67
(1.53)

15. n 1.0% 46,67 93.33
(1.53)

16, 1.5% 28.33 56467

(2.08)



Table 8.8 ¢ contd,

Sr
* Treatment No, of seeds .
No. germinated/50 % Germination
17. Kﬂ03 2,0% 1C.33 20,67
(C'o 58)
18, NaCl 0.5% 37.33 74.67
(1.15)
19. " 1.0% 7.33 14,67
(1.15)
20. " 1.5% C.00 0.00
21. " 2.0% (0.00 0.00
22. NaNo3 0.5% 44,33 88.67
(1.15)
23, " 1.0% 28,67 57 .33
(0.58)
24, 1. 5% 7.33 14,67
' (0.58)
25. " 2.0% 1.33 2.67

(1.53)

- e M G e GSue  mme MY WA RS W G S G M S SN G VAR G SN Guu  GMMe W NN G N e e

L SD=2,17 at 5% level; L S D = 2,89 at 1% level,
Note : (1) Values are based on three observations.
(2) Figures in parentheses are standard deviations.

Analy..is of Variance

Sourc:: of variation S S af MSS F

Betwe'n treatments  24299.39 24 1012.47 575.27 **

Withi: treatments 88,00 50 1.76 N
Total 24387,39 74

- e T e e Gn S G GBS SRR G SRR BT G G e S G MW AR R SRen TR AT R G G

Table value of F = 1.74 at 5% level
F=2,18 at 1% level
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Table 8.9 : Effect of inorganic salts on germination of
seecs of E. geniculata - II.

G deR G e M GNeE G W GO e S Ao WeR G e G WM W e B W AR GME M M SIS Gaee  Ge e e

No. Treatment germineted/50 % Germination

1. L.st. water (Control) 47,33 94,67
(2.08)
(2.31)

3. " 0.2% 47.33 94,67
(1.15)

4, " 0.3% L4, 33 88,67
(2.08)

5. " 0.5% L4, 67 89.33
(0.58)

6. Ca1(NO,) 0.1% 47,33 94,67
572 (2.08)

7. " 0.2% 46,67 93,33
(1.15)

8, * 0.3% 46,33 92.67
(0.58)

9. " 0.5% 46,33 92.67
(1.53)

10, .ZC1 0.1% 45,67 91.33
(1.53)

11, " 0.2% 45,00 90,00
(2.00)

12, " 0.3% 43,67 87.33
(1.53)

13, ® 0.5% 29.67 59.33
(0.58)

14, K§33 0.1% 47.67 95.33
(0.58)

15, " 0.2% 47,67 95.33
\ (0.58)

16, " 0.3% Ly, 67 89.33
] (0.58)
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M emm e GWe s GEE e GWS GEm Gmm  SEm GMe N MmNy S MEE D WM MR NEN WMME GRS WP NS TR IR W

19.

20,

21.

22.

23.

24,

W MWL S MM MER MR TR MW I G W S R SWER  SaEe W TR BRI W SROT e M AW B e SRR e

JaCl

{aNO

0. 3%

0.5%

0. 1%

0.2%

0.3%

0.5%

No.
germ

of seeds
inated/50

40,67
(1.53)

4z,33
(¢.58)

42,33
(2.08)

37,67
(1.53)

25.00
(1.73)

47,67
(0.58)

47,00
(1.00)

42,33
(1.53)

37.33
(2.08)

75.33

58.00

95.33

94,00

84.67

74.67

LSLC=2.42 at 5% level; L S D = 3,22 at 1% level.

Note

(1) Values are based on three observations.

1

"3

(2) Figures in parentheses are standard deviations.

Analy - is of Variance

M emm Gm Gmm emem e Gwie e mmma WG WWME  GMER  MURR TR WA MMM e GG ST MR KR Tame  Seee A0 TR S SR S

WS MBER W W RS SRR amte LA IR AR TN GNEL  GWe  ONE W W AT Gt S SWAR  AUEm TR e e W e e e

Betwe m treatments

Withi

W WS Gwme e T GEMe i WS AW R WRe NS AEER MW e MR W SR e me TR e T GEme e S teee M

Table value of F

1. treatments

1922.08
108.67

2030.75

= 1.74 at 5% level
= 2.18 at 1% level

80.09 36.91*%

2.17

3
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conc, >f KCl, 1.5 and 2.0% conc. cf KNOB’ 0.5 and 1,0% conc,

of NeCl, and 1.0 and 1.5% conc. of NaNO3.

The statistical analysis reveals that the overall effect
of the various concentrations of the inorganic salts used is
signif _cant at 1% level. CaCl, and KCl at 0.5% conc., and
Ca(NOE;'2 and KNO3 at 0.5% and 1.0% conc. gave significantly
higher pesrcentage germination as compared to control. The
germir :tion percentage obtained in 1.0% CaCl,, 1.5% Ca(NOB)z,
and O. % NaN03 does not differ significantly from that in
contro , while 1.5 and 2.0% CaCl,, 2.0% Ca(NOB)z, 1.0 and

1.5% K71, 1.5 and 2.0% KNO_,, 0.5 and 1.0% NaCl, and 1.0 and

39
1.5% N.NO3 gave significantly lower germination percentage as

compar «d to control.

.xperiment - II ¢ A perusal of Table 8.9 makes it very

clear ‘hat any of the salts at any of the concentrations tried
did no give higher percentage germination than control. They
either gave germination percentage nearly equal to control or

less t an control.

"he statistical analysis rev=als that the overall effect
of thz various concentrations of the inorganic salts used is
signif cant at 1% level. However, <he per cent germination
obtain d in 0.1 and 0.2% concentrazions of CaCl,, KC1, KNO3
and NaiOB; and in all the four concentrations of Ca(N03)2
does 0t differ significantly from that in control. The per

cent g rmination obtained in 0.3 and 0.5% concentrations of
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CaCl2 . KC1, 'KNQ3 and NaNO3; and in all the four concentrations

of NaCl is significantly lower then that in control.

The inkibitory effect of inorganic salts at some higher
concernirations and the promoting effect of some salts at some
lower :oncentrations on germination as observed in E. geni-
culate have also been reported in different weed species by
Datta .1965), Jaychandra (1967), Pandya (1971), Kaul (1972),
and Derar et al. (1977).

8.5,8. Effect of nitrates on germination in darkness

xperimental Procedure - Sezds of E. geniculata collected

from C:tton Farm, Surat on dt. 25-12-78 and after eleven and a
half m nths of dry storage were us2d in this experiment. The
same p -;ocedure as that described uader 5.5.15 in Chapter 5

was fo lowed in this experiment. The maximum and minimum
temper tures ranged from 27.1 to 34.3°C and 11.6 to 18.9°C
respec :ively during the course of the experiment. The
experiental data were analysed statistically and are presented

in Tat e 8.10 and graph 13.

:esults and Discussion - Th2 data reveal that all the

four n trates at all concentrations tried in the experiment,
except 0.3 and 0.5% NHANOB’ gave slightly higher percentage
germin tion as compared to control. The percentage germina-

tion o :tained in 0.3 and 0.5% NH4N03 was lower than that in

contro ..
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Table 8,10 & Effect of nitrates on germination of seeds
of E. geniculata in darkness.

Sr. No. of seeds .
No. Treatment germineted/50 % Germination
1. Dist. water (Contfol) 4t 33 90.67
(1.15)
2. Ca(nNO,), 0.1% La,67 97.33
372 (C.58)
3. f 0.2% 48,33 96.67
(0.58)
4, " 0.3% 48,67 97.33
(1.53)
5. " 0.5% 48,33 96.67
(0.58)
6. KNO3 0.1% 47,33 94,67
(0.58)
7. " 0.2% 48,33 96.67
(1.15)
8. " 0.3% 47,67 95,33
(0.58)
9. " 0.5% 47.00 94,00
(2.00)
10, NaN03 0.1% 49,33 98.67
(0.58)
11. " 002% 48-33 96.67
, (1.15)
12, " 0.3% 49,00 98.00
(1.00)
13. " 0.5% L6 _67 93,33
(1.53)
14, NH4N03 0.1% 46, 33 92.67
(0.58)
15. " 0.2% 47,33 94,67

(0.58)
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Table 8.10 : contd.

WSS e GmR SRR Gmew WK Gee TR AR TN AW ASED  GURR WNNE SRR GUWR SN NS SRR MeNE e B MR e SN M e

gg: Treatment zgémgiaizg?go % Germination

16. NHANOB 0.3% 42,33 84,67
2.08

17. " 0.5% 33.33 66.67
(2.08)

WS mERR Sme MR SR R REUE S WS GRS SGWE SR swah  TUNE SIS GWIE SV WS AR WM MW S G amm R R

LSD=2,01 at 5% level,
»

#

2,70 at 1% level.

Note (1) Values are based on three observations.

(2) Figures in parentheses are standard deviations.

Analy: is of Variance

Sourc: of variation S S af MSsS F
Betw: en treatments  696.16 16 43,51  29.60 **
With:n treatments 50.00 34 1.47

Total 746,16 50

Table value of F = 1.95 at 5% level
= 2.58 at 1% level.
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T.e statistical analysis reveals that the overall effect
of the treatments given is significant at 1% level. On making
indepe :dent comparisons, it is revealed that Ca(N03)2 at all
concen ‘rations tried gave significantly higher per cent
germin :tion than control, Similarly KNO3 at 0.2 and 0,3% conc.,
and Na 103 at 0.1, 0.2 and 0.3% conc, gave significantly higher
per ce.t germination than control, while NH4N03 at 0.3 and
0.5% c nc. gave significantly lower per cent germination
than ¢ mtrol. The per cent germination obtained in 0.1 and
0.5% KWOB, 0.5% NaNOB, and 0.1 and 0.2% NHQNO3 does not

differ significantly from that in zontrol.

T wus nitrates of calcium, potassium and sodium at certain
concer. :rations have promoting effect on germination of E.
genicu ata seeds in darkness. Potassium nitrate promotes the
germin tion of a number of seeds in the dark, e.g. Lepidium

virgin cum, Eragrostis curvula, Polvpogon monspelliensis,

variou . species of Agrostis, Sorghum halepense, Veronica

longif :lia, Hypericum perforatum, Z. hirsutum, Epilobium

hirsutm and E. montanum (Mayer ani Poljakoff-Mayber, 1975).

- 8.5.9. Zffect of thiourea

g:perimental Procedure - Seeds of E. geniculata collected

from & private orchard at Surat on dt, 12-9-79 and after five
and a 12alf months of dry storage were used in this experiment.
The sz e procedure as that described under 5.5.16 in Chapter 5

was fc.lowed in this experiment. The maximum and minimum
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temper itures ranged from 29.6 and 39.0°C and 11,6 and 19.9°C
respeec:ively during the course of the experiment. The experi-
menta_ data were analysed statistically and are presented in

Table .11 and graph 14,

P :sults and Discussion - A glance at the table brings out

cleari - that thiourea at all conceatrations (ranging from 50
to 10C : »pm) tried in the experiment showed inhibitory effect
on ger:ination. Further, the effect increased progressively

with 1 e increase in concentration.

T e statistical analysis reveals that the overall effect
of the various concentrations of thiourea is significant at
1% lev 1. On making independent comparisons, it is revealed
that t e percentage germination in each of the concentrations

tried . s significantly lower than tThat in control.

I" iourea has been shown to stimulate the germination of
seeds + f Cichorium and Gladioclus (Shieri, 1941). The dark
germir. tion of many seeds is stimulated by thiourea (Mayer
and Pl jakoff-Mayber, 1975). Strangely, however, in the present
experii ent thiourea showed inhibitory effect on germination
of E. ,eniculata seeds. It may be probably due to some
complz: Interaction between the eflect of thiourea and that
of oty r factors affecting germinazion, such as light and
temper: ture, Or, it may be probablv due to the continued
treatr nt of the seed with thiourea as in the present

experii ent. An interaction between the effects of light and

-



Table 8,11 : Effect of thiourea on germination of seeds

of E. geniculata.

L I Y et o BT B T T

1. I.st. water (Control)

2. Tiiourea 50 ppm

3. " 100 "
4, " 200 *
5. " 500 "
6. " 1000 "

germinzted/50

i AL T T T T R

37.33 74,67

26.00 58.00

25.00 50,00

19.33 38.67

15.67 31.33

10.33 20,67

W A TGN W R W SN WS A SR RN

No. of seeds % Germi- Germination
nation speed

3

LSLC = 3,36 at 5% level
= 4,71 at 1% level

Note (1) Values are based on three observations.

(2) Figures in parentheses are standard deviations.

Analy. is of variance

Bety een treatments

Witi in treatments

Tab e value of F

L]

i

283,69 79.69 * *

S S ar
1418, 44 5

42,67 12 3.56
1461.11 17

3.11 at 5% level
"5,06 at 1% level
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thiow: 2z has been shown by Evenari et al. (1954) and that
betwe: 1 the effects of temperature and thiourea by

Poljer off-Mayber et al. (1958).

8.5.°(C Effect of GA

3

L xperimental Procedure - Seeds of E. geniculata collected

from & private orchard at Surat on dt. 12-9-79 and after 5
montrs of dry storage were used in this experiment. The same
procedire as that described under 5.5.17 in Chapter 5 was
follcw:d in this experiment. The maximum and minimum

temper itures ranged from 30.9 to 39.0°C and 11.9 to 19.2°C
respec cively during the course of the experiment. The
experiental data were analysed statistically and are

presea: ;ed in Table 8,12 and graph 15.

F :sults and Discussion -~ It is evident from the table

that & 5 at all concentrations (ranging from 50 to 3000 ppm)
showed stimulating effect on germination. Maximum germination
(99.%% %) was obtained at 200 ppm concentration, GA3 at 2000,
2500 z:d 3000 ppm concentrations also gave equally good per
cent ¢ :rmination (ranging from 96.57 to 98.67%). There was,

howewe *, no effect of GA3 on germination speed.

Tie statistical analysis reveals that the overall effect
of var .ous concentrations of GA3 is significant at 1% level,
On mak ng independent comparisons, it is brought out clearly

that t e per cent germination obtained in each of the
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TabZe 8.12 ¢ Effect of GA3 on germination of seeds of
E. geaiculata.

Sr. No. of seeds % Germi- Germination
No, [reatment germinzted/50 nation speed
1. Iist. water (Control) 41,67 83,33 2
(1.53)
2. GAB 50 ppm Ly, 67 89.33 2
(1.53)
3. ! 100 ® 46,00 92.00 2
(2.00)
4, ' 200 49,67 99.33 2
(0.58)
5. ' 500 *® 47,67 95.33 2
(1.53)
6. ' 1000 "¢ 45,67 91.33 2
(1.53)
7. ' 1500 " 45,67 91.33 2
(0.58)
8, ' 2000 " 49.00 98,00 2
(1.00)
9, =~ 2500 " 49,33 98.67 2
(1.15)
10. 3000 " 48,33 96.67 2
(2.08)

LSD .- 2.45 at 5% level;
. 3,34 at 1% level,

Note (1) Values are based on three observations.
(2) Figures in parentheses are standard deviations.

Analys: is of Variance

Soi:ce of variation S S af MS S F
Betv: en treatments 170,04 9 18.89 9.13 *¥°*
Wita:n treatments 41.33 20 2.07 Co

Total 211.37 29

Tab_: value of F = 2,40 at 5% level
= 3,45 at 1% level
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concer trations of GA3 is significently higher than that in
contr:l, However, there are no significant differences among
the ei “ects of - (i) 56; 100, 100C and 1500 ppm concentrations,
(1i) 150, 500 and 3000 ppm concentrations and (iii) 200, 500,

2000, 2500 and 3000 ppm concentrations of GA3’

11e stimulating effect of GA3 on germination has also
been 1 2ported in different species by Lona (1956), Kallio and
Piirg%zn (1959), Biswas (1967), Kaul (1974) and Dagar et al.,

(1977},

8.5.11. Effect of kinetin

L perimental Procedure - Seeds of E. geniculata collected

from ¢ private orchard at Surat on dt. 12-9-79 and after four
and a 1wl1lf months of dry storage were used in this experiment,
The prcedure as that described under 5.5.18 in Chapter 5 was
follow:d in this experiment. The maximum and minimum temperatures
rangec from 25.9 to 38.3°C and 9.0 to 17.8°C respectively during
the cc irse of the experiment. The experimental data were
analys :d statistically and are presented in Table 8.13 and

graph 16,

E:sults and Discussion - It is evident from the table

that c:rtain concentrations (10 and 20 ppm) of kinetin showed
stimul :ting effect on germination, while concentrations below
10 ppm (1 and 5 ppm) and those above 20 ppm had inhibitory

effect on germination. Further, the inhibitory effect
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Table 8.13 ¢ Effect of kinetin on germination of seeds of
E. geaiculata.

Sr. No. of seeds % Germi~ Germination
No, _[reatment germinated/50 nation speed
1. D.st. water (Control) 37.67 75.33 3
(2.52)
2., K netin 1 ppm 35.67 71.33 3
(2.52)
3. " 5 35.33 70.67 3
_ - (1.13)
4, " 10 42,33 84,67 3
| n (2.08)
5. " 20 " 42,67 85.33 3
(0.58)
6. n 50 * 35.67 71.33 3
(0.58)
7. " 100 * 36.67 - 73.33 4
(0.58)
8. " 200 " 32.33 64,67 4
(3.06)
9. " 300 " 26.67 53.33 4
(2.52)
10. " 500 " 25.33 50.67 L
(2.08

LSD= 3,3 at 5% level
= 4,61 at 1% level

Note : (1) Values are based on three observations.
(2) Figures in parentheses are standard deviations.

Analy:is of Variance

S Gm A e G N M e S SWEN G SN G AN NN s MS W NS WNSD BN NN NS GWEK MR W NS WM SEM SR R W

Source of variation S S ar MSS F

Between treatments . 880,30 9 97.81 24,89 * ¥

Withia treatments 78.67 20 3.93 o
Total 958.97 29

Table value of F = 2.40 at 5% level
= 3.45 at 1% level
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incre: sed in magnitude with the increase in concentration
of kir=tin. The higher concentrations (100 to 500 ppm) of

kinetia slightly decreased the germination speed.

Tae statistical analysis reveals that the overall effect
of verious concentrations of kinetin is significant at 1%
level. On making independent comperisons, it is revealed that
(1) 1C and 20 ppm concentrations cf kinetin gave significantly
higher per cent germination than control, (ii) 200, 300 and
500 12 concentrations gave significantly lower per cent
germir ation than control, and (iii) 1, 5, 50 and 100 ppm
concer; srations had no significant effect either stimulatory

or inl _bitory.

¥ 1ler (1958) showed that kinetin promotes the germination
of seeis. Sankhla and Sankhla (1972) also reported stimulating

effect of kinetin on germination of Lactuca sativa seeds.

8.5.12 Effect of 2,4-D.

I perimental Procedure - Seeds of E. geniculata collected

from a private orchard at Surat on dt., 12-9-79 were used in
this ezperiment. The same procedure as that described under
5.5.1¢ in Chapter 5 was followed in this experiment. The
maximrui1 and minimum temperatures ranged from 29.6 to 39.0°C
and 11.6 to 19.9°C respectively during the course of the
experient. The experimental data were analysed statistically

and ar: presented in Table 8,14 and graph. 17.
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Tab_: 8.14 : Effect of 2,4-D on germination of seeds of
E. geniculata.

W WS wr MR G MR MR e G N SRR NG MWR W WRW e W

No. of seeds

germinated/50

1, I-st, water (Control) 37 .33

10.

¢ 4D

L]

= 3,01 at 5% level
= 4,08 at 1% level

(1) Values are based on thr-ee observations.

0.5 ppm

1

5

10

20

50

100

200

500

"

"

"

(0.58)

33,67
(1.52)

(2.0C)

28,0C
(1.72)
29.0C
(1.00)

29.67
(2.52)

30,33
(1.15)

29,67
(1.53)

31.00
(1.00)

29.00
(1.00)

19.33
(3.06)

13.67
(2.52)

% Germi~- Germination

nation

58.00
59.33
60.67
59.33
62,00
58.00
38.67

27.33

(2) Figures in parentheses are standard deviations.

:is of Variance

Soure:

Betwern treatments

Withir

e G Gmae e G e G G REe W W e WS GGw e WO Wdee e

of variation

treatments

Table salue of F = 2,22 at 5% level

= 3,09 at 1% level

120.51
3.19

37.78 **



192

tesults and Discussion - It is evident from the table

that :,L-D at all concentrations (ranging from 0.5 to 2000 ppm)
shower innibitory effect on germiration. The inhibitory

effect was more pronounced at 100C and 2000 ppm concentrations.
Furthe¢r, it was also noticed that 2,4-D decreased the

germir ition speed.

“1e statistical analysis reveals that the overall effect
of the various concentrations of 2,4-D is significant at 1%
level. LSD values reveal that the per cent germination
obtair :d in each of the concentrations of 2,4-D is signifi-
cantly lower than that in control. However, there are no
signif cant differences among the effects of - (i) 5, 10, 20,
50, 1C3, 200 and 500 ppm concentrations, and (ii) 0.5, 1 and

200 pr: concentrations of 2,4-D.

T:e inhibitory effect of 2,4-D on germination in
differ nt species has also been reported by Jaychandra (1967},
Chawan aac Sen (1970), Dubey and Mall (1975), Dagar et al.
(1977)

8.6. .ejroductive Capacity

i -ercge saed output of E. geniculata as worked out under
8.3 ir. the present Chapter is 165. The average of the different
values of maximum percentage germination obtained in the
differ nt experiments in E. geniculata seeds works out to be

81.21% i.e. 81%. This value is taken as representing average
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percer Czge germination for the present purpose. The

reprccactive capacity of E. genicilata as calculated by the

follcy irg formula works out to be -

Rerr>ductive Av. seed output X av. % germination
cer:city 1CO
165 X 81
100

13365
100

133.65 i, e. 134.

it

it

8.7. eedling Morphology

TI':e germination of seeds of E. geniculata is epigeal. The
radicl : appears as a protruberance from the pointed end of
the se:d, by a split of the testa. When the radicle is a
few mr 1ldng, the hypocotyl forms a hook and comes above the
soil s wrface along with the cotyledions in the folded condition,
The hy ozotyl hook straightens and the cotyledons are raised.
The hy :0cotyl elongates to a great extend, the cotyledons
now un ‘old, turn green and become the first pair of leaves.
The nz 't pair of leaves is also very much like the embryonic
leaves and those developing after the 4-leaf stage are true
leaves The first four leaves persist until several of the

true 1:aves are well developed. P\oYe \7 .

H ¥R



