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CHAPTER 8

SEED AMD SEED GERMINATION

8.1. Size, weight and moisture content of seeds-

The general morphology of the seeds of E. geniculata has 
been dealt with under 7.4 in Chapter 7.^The size, weight and 
mois:ire content values of the seeds of E. geniculata are 
giver: below :

: (Values based on 100 observations)

L.ength (mm) 2.752+0.139
Breadth (mm) 2.414+0.118
:hape Index 1.144+0.082
(Length/Breadth ratio)

Weight : (Values based on 3 to 10 observations of averages
drawn from weight of seeds in lots of 100 each).

Loc alitv Date of seed Weight ofCollection one seed (mg)

Unive'sity Library 3-11-1977 7.77+0.15 
Area
Arts 'acuity Area 6-3-1978 7.11+0.86 
Wire louse Compound 26-9-1979 7.79+0.28 
Cottc i Farm, Surat 25-12-1978 7.37+0.18 
Sural Orchard 12-9-1979 7.02+0.93

t
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Moist:re content : (Values based on 3 observations in lots
of 100 seeds each).

. * ) 8.03+0.05

Note Values represent mean + standard deviation.

8.2. Imbibition rate

1)2 imbibition rate of the seeds of E. geniculata 
(coll -cted from Cotton Farm, Surat on dt. 25-12-78 and after 
11 mo: .t'is of dry storage) was studied under laboratory conditions 
folio-dag 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:p2riment. The data are given below ;

Durat. on of Per cent Duration of Per cent
soakirg; (h) Imbibition soaking (h) Imbibition

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

hs seed coat in E. geniculata seeds contains 
mucil«ginous substances which form a sticky, swollen layer
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arour: i the seed immediately on coming in contact with water. 
The rr acilagfnous 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 i-% 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. Seed output

or the purpose of seed output study 20 mature plants 
of E, geniculata 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 -ecorded, and the average seed output was calculated.
The d ta are given below

Stu- y site Number of fruits per plant
Range Mean + SD

Wire ! ouse Compound 14 to 82 40.90 + 17.29
Unive:r sity Library Area 18 to '04 51.80 + 24.54
Arts 2 acuity Area 24 to '49 71.70 + 36.95

* A'erage number of fruits per plant
• •

Ni mber of seeds per fruit = 3

* Average seed output = 165.

= 54.80 i. e. 55

• •
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8.4. Lispersal of seeds

-‘‘foe method of dispersal of seeds of E. geniculata is by 
an ex xLosive dehiscence of the capsular fruits. Ridley (1930) 
describes the mechanism of dispersal in capsular fruits of 
Eupbo 'biaceae as follows :

Tne outer layer of the pericarp is thin and soft and 
soon :e somes dry, the inner endocarp is hard and woody, 
compo, ed of transverse fibres which are straight when wet 
but r curve on themselves when dry, so suddenly as to cause 
an e< lesion and eject the seeds”.

' he effectiveness of this type of dispersal was studied 
insidf che laboratory as follows :

(i) Circles 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. 
FresM. y collected ripe capsules were put at the floor level 
in tfci: centre and were allowed to dry and dehisce. The number 
of seeds dispersed at various distances were noted after two 
days

(ii) Cine same method as described above was employed, but 
insteed of putting the capsules at the floor level, they were 
put aC a raised level at 40 cm height from the floor.

Cl ne results are presented in Table 8.1 and graph 7. It 
was c*l: served that when the capsules were put at *the floor
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Table 6.1 ; Dispersal of seeds of E. geniculate

Di ;tance of di jpersal (m)
% of seeds dispersed 

from the capsules put at the
Floor level Raised level

0 mm 0.5 52.8 11.3
0.5 - 1.0 15.2 9.5
1.0 - 1.5 11.4 11.6
1.5 - 2.0 9.8 14.9
2.0 - 2.5 5.1 19.2
2.5 - 3.0 4.3 15.6
3.0 - 3.5 1.0 9.2
3.5 - 4.0 0.5 5.9
4.0 - 4.5 - 1.5
4.5 - 5.0 - 1.2
5.0 — 5.5 mm 0.2
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lever., maximum (52.8%) dispersal occurred upto the distance 
of 0.5 m. There was a steep fall in the percentage of seeds 
dispensed at the distance of 0.5 to 1.0 m, with a gradual 
decrease 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 che distance of 3.0 m. Further, the maximum dispersal 
was ijund 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 3.1 to 3.5 m and 3.5 to 4.0 m, while a few seeds were also 
found dispersed 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 aearly 80% of the total seeds dispersed covered a 
dists ice upto 1.5 m, while in the latter case they covered 
a distance upto 3.0 m. It can be safely assumed that in 
nature, the seeds of E. geniculata are dispersed almost 
evenlr upto the distance of 0 to 4 m, and that a few seeds 
might reach a little longer distance also depending upon the 
plant height.

tamkrishnan (i960) studied the dispersal of seeds in 
Euphcrbia hirta inside the laboratory. According to his
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fincL lgs 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 so that at 5 cm distance 
there were no seeds and at 80 cm distance there were only 
very few.

8.5. Germination studies

?reshly collected seeds of E. geniculata. when kept for 
germination, readily germinate thus showing that they do not 
have my dormancy period. In order to understand the ecology 
of send germination in E. geniculata. experiments to study 
germination under different conditions of soil, temperature and 
light, and also to study the effect of some chemicals and 
growt n regulators on germination were carried out extensively 
durinr the course of the present investigation.

8.5.1 Effect of type of soil

Experimental Procedure - Seeds of E^ geniculata collected 
from Cotton Farm, Surat on dt. 25-12-78 and after 3 months of 
dry storage were used in this experiment. The same procedure 
as thnt described under 5.5.8 in Chapter 5 was followed in 
this experiment, except that the acid pretreatment was not 
given. As already pointed out, seeds of E. geniculata do not 
have my dormancy period, so acid pretreatment as given to 
Abut!Lon ramosum seeds in the germination experiments is not
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necessa 'y in case of these seeds (i.e. E. genlculata seeds).

This al c applies to all the germination experiments that follow 

in the -resent Chapter. The maximum and minimum temperatures 

ranged rom 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).

Results and Discussion - The percentage germination was 

maximum (99.00#) in garden soil and minimum (86.00#) in clay.

The overall effect of different types of soil is significant 

at 1# level. However, LSD values reveal that there is no 

significart difference between the effects of - (i) clay and 

wastelari soil, (ii) sand and garden soil, and (iii) sand and 

wastelari soil.

The percentage germination obtained in different types 

of soil iras fairly high, ranging from 86,00 to 99*00#. Thus, 

though tie 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 we LI adapted to different types of soil.

8.5.2. Effect of depth of sowing

Experimental Procedure - Seeds of E. geniculata collected 

from Cot:on Farm, Surat on dt. 25-12-78 and after 3 months of 

dry storage were used in this experiment. The same procedure 

as that iescribed under 5.5.9 in Chapter 5 was followed in
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Table; 8.2 i Effect of type of soil on germination of 
seeds of E. geniculata.

Sr. lype of soil No. of seeds % Germi'
No. gerininated/20 nation

1. -lay 17.20
(0.84)

86.00

2. :and 18.80
(0.84)

94.00

3. wasteland soil 18.00
(1.22)

90.00

4. larden soil 19.80
(0.45)

99.00

L S : « 1.18 at 5% level 

L S I » 1.63 at 19$level.

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

(2) Figures in parentheses are standard 

deviations.

Analy lis of Variance

Sour :e of variation S S df MSS F

Betw ren treatments 18.55 3 6.18 7.92***

With jri treatments 12.40 16 0.78

Total 30.95 19

Table value of F i F = 3.24 at 5% level

F « 5.29 at 1% level
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this experiment. The maximum and minimum temperatures 

rang*:! from 34.5 to 44.1°C and 18.4 to 24.9*C respectively 

durir 5 the course of the experiment. The experimental data 

were analysed statistically and are presented in Table 8.3 

and g^aph 8.

lesults and Discussion - A glance at the table clearly 

shows taat the percentage germination gradually decreases 

with :he increase in depth of sowing beyond 2 cm. Maximum 

percentage germination (98.67%) was obtained at 1 and 2 cm 

depth , however, percentage germination obtained at 4 and 6 cm 

depth was also comparably high. Minimum percentage germination 

(52.Qi %) obtained at 10 cm depth is also quite noteworthy. It 

was n«t_ced that germination was slightly delayed at the 

depth; beyond 2 cm. The germination speed at 1 and 2 cm depths 

was 6 while that beyond 2 cm depth was 9.

' he statistical analysis reveals that the overall effect 

of vaiymg depths of sowing is significant at 1% level.

However, 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 significantly lower than that at the 

lesser cepths. Thus E. geniculata seeds seem to be well 

adapt;d to germinate at the depth of 1 to 6 cm. Fairly good 

number of seeds can germinate even on sowing at the depth of 

8 or '0 cm. The capacity of the hypocotyl to elongate to a
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Table 8,3 • Effect of depth of sewing on germination 
of seeds of E. geniculata.

Sr.
No.

Depth of sowing (cm) No. of seeds % Germina- 
geritinated/15 tion

1. 1

2. 2

3. 4

4. 6

5. 8

6. 10

14.80 98.67
(0.45)
14.80 98.67
(0.45)
14.40 96.00 
(0.89)
14.00 93.33
(0.71)
12.40 82.67 
(0.89)
7.80 52.00

(0.84)

L S L m 0.95 at 5% level 
LSI « 1.29 at 1?6 level

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

(2) Figures in parentheses are standard deviations.

Analysis of Variance

Source of variation S S df MSS F

Between treatments 184.17 5 36.83 69.49 *'*

Within treatments 12.18 24 0.53

Total 196.97 29

Table value of F : F a 2,62 at 5^ level
F - 3.90 at 1% level
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great extent in E. geniculata probably makes the germination 

of si oh deeply sown seeds possible.

'fell (1956) obtained 60% germination in seeds of 

Chroi-’ ophora rottleri sown at the depth of 6 in (i.e. 15 cm) 

and ?3% germination at the depth of 4 in (i.e. 10 cm).

However, Gupta (1972) observed that germination of seeds of 

Rumex sp. was completely suppressed at 10 cm depth. Kaul (1974) 

observed that seeds of Hemigraphis dura failed to germinate 

when ;cwn at the depth of 6 cm or more.

8.5.3 Effect of soil moisture content

- Experimental 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 s .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 graph 9 (ii).

Results and Discussion - Maximum percentage germination 

(56.0.'90 was obtained in soil with 50% moisture content, and 

there was a gradual decline in percentage germination in 

either direction from that level of soil moisture. The soil 

with :0% moisture content gave only 13.00% germination,
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Table
germ::

8.4 s Effect of soil
nation of seeds of E.

moisture content
seniculata.

on

Sr. £ ail moisture content No. of seeds % Germi-
No. ( % ) germinated/25 nation

1. 20 3.25(0.96) 13.00

2. 30 4.75(0.50) 19.00

3. 40 8.00(0.82) 32.00

4. 50 14.00(0.82) 56.00

5. 60 11.50(1.29) 46.00

LSD* 1.39 at 5% level 
LSD* 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 ni treatments 323.70 4 80.93 97.51* *
Within treatments 12.50 15 0.83

Total 336.20 19

T.-ble value of F « 3.06 at 5% level 
F » 4.89 at 196 level
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which was the minimum percentage germination obtained in 
the e rperiment.

'he statistical analysis reveals that the overall effect 
of sc 1 moisture content on germination is significant at 1% 
level, The LSD values further reveal that the differences 
among tee effects of the different levels of soil moisture 
conte t are significant.

a_l (1974) reported similar results in Hemigraphic dura. 
Gupta (1972) reported maximum germination percentage at 30% 
soil oisture, and decrease in per cent germination in 
eithe direction from that level of soil moisture in case 
of Rui^ex sp.

8.5.4 Effect of temperature

xrerimental Procedure - Seeds of E. geniculata collected 
from ire House Compound on dt. 14-10-77, and after 2-4 months 
of dr storage were used in this experiment. The seeds were 
kept or germination as usual at constant temperatures (low 
temp. 25°C, 309Cf 35°C and 40°C) which were maintained in 
the ircubators and refrigerator. The results are presented 
in Ta Is 8.5.

le suits and Discussion - The seeds failed to germinate 
at 40 C, that temperature may be probably harmful to the 
embry . At 30°C maximum per cent germination (68.00%) was



Table; £.5 : Effect of temperature on germination 
of scads of E. geniculata.

Sr. Treatment No. of seeds % Germi- Germination
No. germinated/50 nation speed

1. C mstant low temp, i 1 frieze 19.67
(2.52)

39.33 4

2. C ms tant 25°C 26.33
(3.06)

52.67 4

3. « 3o®e 34. *00 
(2.55)

68.00 5

4. « 35*C 22.67
(3.06)

45.33 6

5. it 4o°C 0.00 0.00 -

Note (1) Values are based on three observations.
(2) Figures in parentheses are standard deviations
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obtained, which declined, with the change in temperature in 

either direction. Low temperature in fridge also gave 39.33% 
germiri ition. Further, it was observed that germination was 

slight .y delayed with the increase in temperature, as can be 

seen fcom the germination speed presented in the table. Thus 

E. gen .culata seeds seem to be adapted to geminate under a 

wide r ir.ge of temperature, but the per cent gemination 

d eel in ?s at temperatures higher or lower than 30 °C which 

seems x be the optimum/ temperature, and at 40°C gemination 

is com iletely suppressed.

8.5.5. Effect of light

bcoerimental Procedure - Seeds of E. geniculata collected 

from C >tton Fam, Surat on dt. 17-4-78 and after 3 months of 

dry st >rage were used in this experiment. The same procedure 

as tha ; described under 5.5.12 in Chapter 5 was followed in 

this experiment. The maximum and minimum temperatures ranged 

from 3 .3 to 33.9°^ and 24.6 to 27.2°C respectively during 

the co .rse of the experiment. The experimental data were 

analys d statistically and are presented in Table 8.6 and 

graph 0 (i).

.e suits and Discussion - The gemination percentage was 

maximum (72.0090 in alternate diffuse light and darkness, and 

minium: i (40.00%) in continuous light. The statistical analysis 

reveal . that the overall effect of light on gemination is



Tablt 3.6 : Effect of light on germination of seeds 
of E. genlculata.

Sr.
No. Light condition No. of seeds 

germinated/50 % Germi
nation

1. lIternate diffuse night and darkness
36.00
(1.00)

72.00

2. Continuous light 20.00
(2.00)

40.00

3. Continuous darkness 26.33
(2.08)

52.67

LSI: = 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

Source of variation S S df MSS

Between treatments 389.55 2 194.78
With! 1 treatments 18.67 6 3.11

Total 408.22 8

Tabl ■ value of F * 5.14 at 5% level
=10.92 at 196 level
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signi.i leant at 1% level. Independent comparisons also reveal 

that ine differences among the effects of different light 

conditions are highly significant.

The results obtained in the present experiment indicate 

that seeds of E. geniculata do not require presence of light 

for germination, however, per cent germination is significantly 

lower in continuous darkness than in alternate diffuse light 

and darkness. Further, continuous light seems to have adverse 

effect on germination as can be clearly seen from the minimum 

per ce it germination obtained under that condition.

rupta (1972) reported similar results in Rumex sp., 

maximu : germination being obtained in diffuse day light and 

minimu 1 In continuous light. Ramkrishnan (1960) working with 

Buphor -ia hirta seeds reported maximum per cent germination 

(7690 n total darkness, and minimum (52%) in continuous light.

8.5.6. Effect of colour (wavelength) of light

. boerimental 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 

experiment. The same procedure as that described under 

5.5.13 in Chapter 5 was followed in this experiment. The 

maximui 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).

lesuits and Discussion - The data reveal that yellow 

light save maximum (37.33%) and green light gave minimum 

(6.0C5-:) germination. Strangely, however, germination percentage 

was conperatively less (24.0090 in control set without 

cellop lane paper than that with white cellophane paper 

(35.33 0.

'he statistical analysis reveals that the overall effect 

of dif 'erent colours of light is significant at 1% level. 

Howeve *, LSD values reveal that there is no significant 

differ nee 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 

responc differently with respect to seed germination under 

differ: n~ wavelengths, as can be seen from the results 

reporr ; d by Singhal (1967), Kaul^A(l972), 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 af t er one month of dry storage were used in this experi

ment. -he 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.

'• ^lour of light No. of seeds 
germinated/50 % Germination

1. Control
i without cellophane 
paper)

12.00
(2.00)

24.00

2. Vhite 17.67. 35.33

3. F ec 11.00
(2.00)

22.00

4. 1 allow 18.67
(1.53)

37.33

5. ELue 6.00
(2.00)

12.00

6. Green 3.00
(2.00)

6.00

7. F -ir-Red s.oo(2.00)
18.00

L S I: = 3.29 at 5% level
= 4.56 at 196 level

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

Analysis of Variance

Sou xe of variation S S df MSS F

Betwe an treatments 591.62 6 98.60 28.01 * *
With!t treatments 49.33 14 3.52

Total 640.95 20

Table value of F - 2.85 at 5% level
* 4.46 at level
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under 5.5.14 in Chapter 5 was followed in this experiment.

The m; -cimum and minimum temperatures ranged from 22.6 to 35.2°C 

and 9.) to 19.9°C respectively during the course of the 

experiment. The experimental data were analysed statistically 

and arm presented in Table 8.8 and graph 11.

Experiment - II : Seeds of E. geniculata collected from

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

storag ? were used in this experiment. The same procedure as 

that d. ascribed for Experiment - II under 5.5.14 in Chapter 5 

was fo .lowed in this experiment. Tne maximum and minimum 

temperatures ranged from 29.2 to 34.1°C and 14.2 to 20.2°C 

respec ;ively during the course of the experiment. The 

experi lental data were analysed statistically and are presented 

in Tab e 8.9 and graph 12.

: .esuits and Discussion - Experiment - I i A perusal of 

Table .9 makes it very clear that in all the salt solutions, 

germin. tion percentage decreased with the increase in the 

concen ration of the salt solution. The higher concentrations 

of som salts, viz. KCl - 2.0%, Nad - 1.5 and 2.0%, NaNO^ - 

2.0% proved to be highly toxic and inhibited germination 

comple ely or almost completely. CaClg and KCl at 0,5% cone., 

and Ca NO^)^ and KNO at 0.5 and 1.0% cone, showed favourable 

effect on germination as compared mo control. The percentage 

germin. tion was markedly lower as compared to control in 

1.5 ant 2.0% cone, of CaC^, 2.0% cone, of CaCNO^^, 1.5%
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Table 8.8: Effect of Inorganic salts on germination of 
seeds of E. geniculata - I.

Sr.
No. Treatment No. cf seeds 

germinated/50 % Germination

1. E_st. water (Control) 43.67
(1.53)

87.33

2. c*ci2 0.596 47.00
(1.00)

* 94*00

3. tt 1.096 43.67
(1.53)

87.33

4. n 1.5% 28.67
(2.52)

57.33

5. it 2.096 10.67
(0.58)

21.33

6. C (no3)2 0.596 47.33
(2.08)

94.67

7. It 1.096 46.33
(0.58)

92.67
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Tabl<; 8.8 ; contd.

or£j0* Treatment No. of seeds 
germinated/50 % Germination

17. K.TO_5 2.0% 10.33(0.58) 20.67

18. NaCl 0.5% 37.33(1.15) 74.67

19. H 1.0% 7.33(1.15) 14.67

20. “ 1.5% C.00 (- ) 0.00

21. M 2.0% 0.00 (- ) 0.00

22. NaNOj 0.5% 44.33
(1.15) 88.67

23. H 1.0% 28.67
(0.58) 57.33

24. " 1.5% 7.33(0.58)
14.67

25. " 2.0% 1.33(1.53)
2.67

L S D . 2.17 at 5% level; LSD* 2.89 at 1% level.
Note (1) Values are based on three observations.

(2) Figures in parentheses are standard deviations.

Analysis of Variance

Sourc> of variation S S df MSS F

Between. treatments 24299.39 24 1012.47 575.27 **

Withir treatments 88.00 50 1.76

Total 24387.39 74

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 
seeds of E. geniculata - II.

Nol Treatment gerataatId/50 * Germination

r. .st. water (Control) 47.33
(2.08)

94.67

C iCl- 0.196 46.67 93.33z (2.31)

H 0.296 47.33
(1.15)

94.67
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Tabl: 8.9 t Contd.

Sr.
No. Treatment No. of seeds 

germinated/50 % Germination

17. XNO, 0.5% 40.67 81.333 (1.53)

18. UaCl 0.1% 42.33 84.67
(0.58)

19. it 0.2% 42.33 84.67
(2.08)

20. it 0.3% 37.67 75.33
(1.53)

21. n 0.5% 29.00 58.00
(1.73)

22. (aNO, 0.1% 47.67 95.333 (0.58)

23. n 0.2% 47.00 94.00
(1.00)

24. it 0.3% 42.33 84.67
(1.53)

25. it 0.5% 37.33 74.67
(2.08)

L S D * 2.42 at 5% level; L S D = 3.22 at 1% level.
Note : (1) Values are based on three observations.

(2) Figures in parentheses are standard deviations.

Analy is of Variance

Sour ;e of variation SS df MSS F

Betwe n treatments 1922.08 24 80.09 36.91
Withii treatments 108.67 50 2.17

Total 2030.75 74

Table value of F = 1.74 at 5% level 
F = 2.18 at 1% level
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cone. :>f KCl, 1.5 and 2.0% cone, cf KNO f 0.5 and 1.0% cone,

of N&CL, and 1.0 and 1.5% cone, of NaNO-..
5

rhe statistical analysis reveals that the overall effect 

of the various concentrations of the inorganic salts used is 

signif.cant at 1% level. CaCl2 and KCl at 0.5% cone., and 

CaCNO^ig and KNO^ at 0.5% and 1.0% cone, gave significantly 

higher percentage germination as compared to control. The 

germir ition percentage obtained in 1.0% CaCl2, 1.5% Ca(N03)2, 

and 0. :% NaNO^ does not differ significantly from that in 

contro ., while 1.5 and 2.0% CaCl2, 2.0% Ca(N0^)2, 1.0 and 

1.5% Kri, 1.5 and 2.0% KNO^, 0.5 and 1.0% NaCI, and 1.0 and 

1.5% N .NO^ gave significantly lower germination percentage as 

compar*d to control.

Experiment - 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 reveals that the overall effect 

of the various concentrations of the inorganic salts used is 

signif. cant at 1% level. However, the per cent germination 

obtain d in 0.1 and 0.2% concentrations of CaCl2, KCl, KNO^ 

and Nal 0^; and in all the four concentrations of CaCNO-^ 

does n- t differ significantly from that in control. The per 

cent g rmination obtained in 0,5 and 0.5% concentrations of
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CaC]^,, KCl, KNO^ and NaNQ^; and in all the four concentrations 

of NaCL is significantly lower than that in control.

-he inhibitory effect of inorganic salts at some higher 

concentrations and the promoting effect of some salts at some 

lower concentrations 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 Ds rar et al, (1977).

8.5.8. Effect of nitrates on germination in darkness

Experimental Procedure - Seeds 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 used in this experiment. The 

same p*ocedure as that described under 5.5.15 in Chapter 5 

was fo lowed in this experiment. The maximum and minimum 

temper .tures ranged from 27.1 to 39.3eC and 11.6 to 18.9°C 

respec cively during the course of the experiment. The 

experimental data were analysed statistically and are presented 

in Tat ,e 8.10 and graph 13.

. :esults and Discussion - The data reveal that all the 

four n trates at all concentrations tried in the experiment, 

except 0.3 and 0.5% NH^NO^, gave slightly higher percentage 

germin tion as compared to control. The percentage germina

tion o stained in 0.3 and 0.5% NH^NO^ was lower than that in

contro ..
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1. Dist. water (Control)

2. Ca(N03)2 0.196

3. " 0.296

4. « 0.396

5. M 0.596

6. KNO, 0.196
3

7. " 0.296

8. * 0.396

9. tt 0.596

10. NaN03 0.196

11. " 0.296

12. « 0.396

13. " 0.596

14. MH4N03 0.196

0.296

Tablfi 8.10 ! Effect of nitrates on germination of seeds 
of E. geniculata in darkness.
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Tabic 8.10 : contd.

Sr.
No. Treatment No, of seeds germinated/50 % Germination

16. NH.NO, 0,3% 42.33 84.674 3 (2.08)

17. * 0,5% 33.33(2.08) 66.67

L S D . 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

Sourcf of variation S S df MSS

Betw;en treatments 696.16 16 43.51
With.: n treatments 50.00 34 1.47

Total 746.16 50

Tabic value of F = 1.95 at 5% level
» 2.58 at 1# level.



j. _e statistical analysis reveals that the overall effect 

of the treatments given is significant at 1% level. On making 

indepe ident comparisons, it is revealed that Ca(N0-»)o at all 

concern :.rations tried gave significantly higher per cent 

germin ition than control. Similarly KNO^ at 0.2 and 0.396 cone., 

and Na 10^ at 0.1, 0.2 and 0.3% cone, gave significantly higher 

per ce it germination than control, while NH^NO^ at 0.3 and 

0.5% c me. gave significantly lower per cent germination 

than c >ntrol. The per cent germination obtained in 0.1 and 

0.5% KfO^, 0.5% NaN03, and 0.1 and 0.2% NH^NO^ does not 

differ significantly from that in control.

T <us nitrates of calcium, potassium and sodium at certain 

concen :rations have promoting effect on gemination 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. Polypogon monspelliensis. 

variou ; species of Agrostis. Sorghum halepense. Veronica 

longif ilia. Hypericum perforatum. H. hirsutum. Epilobium 

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

8.5.9. Effect of thiourea

Experimental Procedure - Seeds of E. geniculata collected 

from £. private orchard at Surat on dt. 12-9-79 and after five 

and a lalf months of dry storage were used in this experiment. 

The sa ie procedure as that described under 5.5.16 in Chapter 5

183

was fc .lowed in this experiment. The maximum and minimum
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temperatures ranged from 29.6 and 39.0°C and 11.6 and 19.9°C 
resper lively during the course of the experiment. The experi
mental. data were analysed statistically and are presented in 
Table .11 and graph 14.

F: --suits and Discussion - A glance at the table brings out 
clear] •- that thiourea at all concentrations (ranging from 50 
to 10C i ppm) tried in the experiment showed inhibitory effect 
on gemination. Further, the effect increased progressively 
with 1 e increase in concentration.

T e statistical analysis reveals that the overall effect 
of th€ various concentrations of thiourea is significant at 
1% le\ -1. On making independent comparisons, it is revealed 
that t: e percentage germination in each of the concentrations 
tried s significantly lower than that in control.

I: iourea has been shown to stimulate the germination of 
seeds • f Cichorium and Gladiolus (Shieri, 1941). The dark 
germir. tion of many seeds is stimulated by thiourea (Mayer 
and Pc: 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 
compls: interaction between the effect of thiourea and that 
of oti r factors affecting germination, such as light and 
temper, ture. Or, it may be probably due to the continued 
treatm n~ of the seed with thiourea as in the present 
experii ent. An interaction between the effects of light and
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Table 8.11 : Effect of thiourea on germination of seeds 
of E. geniculata.

Sr.
No. Treatment No. of seeds 

germinated/50
% Germi
nation

Germination
speed

1. 1 _st. water (Control) 37.33
(C.58)

74.67 3

2 • T liourea 50 PPm 2S.00
(3.00)

58.00 3

3. n 100 11 25.00
(1.00)

50.00 3

4. it 200 11 19.33
(0.58)

38.67 3

5. n 500 it 15.67
(2.52)

31.33 3

6. H 1000 it 10.33
(2.08)

20.67 2

L S £ = 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

Si uree of variation S S df MSS F

Betveen treatments 1418.4* 5 283.69 79.69 *

Wit! in treatments 42. S'7 12 3.56

Total 1461.11 17

Tab: e value of F - 3.11 at 5% level
=5.06 at 1% level
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thio»:: sa has been shown by Evenari et al. (1954) and that 
betwe;: a the effects of temperature and thiourea by 
Poljah off-Mayber et al. (1958).

8.5.'C Effect of GA„
...... D

I -cperimental Procedure - Seeds of E. geniculata collected 
from a private orchard at Surat on dt. 12-9-79 and after 5 
months of dry storage were used in this experiment. The same 
proceci ire as that described under 5.5.17 in Chapter 5 was 
folio-.’ 3d in this experiment. The maximum and minimum 
temper1 ltures ranged from 30.9 to 39.0°C and 11.9 to 19.2°C 
respectively during the course of the experiment. The 
expert lental data were analysed statistically and are 
pres a. ;ed in Table 8.12 and graph 15.

ft. ‘suits and Discussion - It is evident from the table 
that C- at all concentrations (ranging from 50 to 3000 ppm) 
showed stimulating effect on germination. Maximum germination 
(99.33 >) was obtained at 200 ppm concentration, GA^ at 2000, 
2500 a id 3000 ppm concentrations also gave equally good per 
cent g irmination (ranging from 96.67 to 98.6790. There was, 
howevK no effect of GA^ on germination speed.

T le statistical analysis reveals that the overall effect 
of vsr .ous concentrations of GA^ is significant at 1% level.
On mafc ng independent comparisons, it is brought out clearly 
that t le per cent germination obtained in each of the
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Tabic 8.12 : Effect of GA^ on germination of seeds of 
E. gealculata.

Sr.
No. Treatment No. of seeds 

germinated/50
% Germi
nation

Germination
speed

1. list, water (Control) 41.67
(1.53)

83.33 2

2. G\^ 50 ppm 44.67
(1.53)

89.33 2

3. 1 100 w 46.00
(2.00)

92.00 2

4. ’ 200 " 49.67
(0.58)

99.33 2

5. » 5oo *t 47.67
(1.53)

95.33 2

6. 1 1000 n 45.67
(1.53)

91.33 2

7. * 1500 " 45.67
(0.58)

91.33 2

8. ’ 2000 " 49.00
(1.00)

98.00 2

9. ' 2500 " 49.33
(1.15)

98.67 2

10. 3000 M 48.33
(2.08)

96.67 2

LSD : 2.45 at 5% level;
■■ 3.34 at level.

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

Anal/; is of Variance

Sou: ce of variation S S df MSS F

Betvi en treatments 170.04 9 18.89 9.13 *'*
With: n treatments 41.33 20 2.07

Total 211.37 29

Tab_: value of F » 2.40 at 5% level
- 3.45 at 196 level
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concertrations of GA^ is significantly higher than that in 

contr::L. However, there are no significant differences among 

the effects of - (i5 50, 100, 100C and 1500 ppm concentrations, 

(ii) 130, 500 and 5000 ppm concentrations and (iii) 200, 500, 

2000, Z500 and 5000 ppm concentrations of GA^.

1 le stimulating effect of GA^ on germination has also 

been reported in different species by Lona (1956), Kallio and 

Piirc^sen (1959), Biswas (1967), Kaul (1974) and Dagar et al.. 

(1977).

8.5.11. Effect of kinetin

E cperimental Procedure - Seeds of E. geniculata collected 

from a private orchard at Surat on dt. 12-9-79 and after four 

and a lalf months of dry storage were used in this experiment.

The procedure as that described under 5.5.18 in Chapter 5 was 

followed in this experiment. The maximum and minimum temperatures 

ranged, from 25.9 to 58.5°C and 9.0 to 17.8°C respectively during 

the cc :rse of the experiment. The experimental data were 

analysed statistically and are presented in Table 8.15 and 

graph l6.

E esults and Discussion - It is evident from the table 

that certain concentrations (10 and 20 ppm) of kinetin showed 

stimulating effect on germination, while concentrations below 

10 ppan (1 and 5 ppm) and those above 20 ppm had inhibitory 

effect on germination. Further, the inhibitory effect



183
Table 8.13 : Effect of kinetin on germination of seeds of 
E. geiiculata.

Sr. Treatment No. of seeds % Germi- Germination
No. germinated/50 nation speed

1. B.st. water (Control) 37.67 ' 
(2.52)

75.33 3

2. K .netin 1 ppm 35.6?
(2.52)

71.33 3

3. « 5 35.33
(1.15)

70.67 3

4. " 10 M 42.33
(2.08)

84.67 3

5. « 20 « 42.67
(0.58)

85.33 3

6. * 50 M 35.67
(0.58)

71.33 3

7. " 100 " 36.67
(0.58)

73.33 4

8. * 200 « 32.33
(3.06)

64.67 4

9. * 300 w 26.6?
(2.52)

53.33 4

10. N 50O " 25.33
(2.08)

50.67 4

L S D * 3.38 at 5% level
» 4.61 at 1% level

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

Analya is of Variance

Source of variation S S df MSS F

Between treatments . 880.30 9 97.81 24.89 * *

With:! a treatments 78.67 20 3.93

Total 958.97 29

Table value of F = 2.40 at 5% level
= 3.45 at 196 level



incre,. sed in magnitude with, the increase in concentration 

of kiretin. The higher concentrations (100 to 500 ppm) of 

kinet:; n slightly decreased the germination speed.

r!ie statistical analysis reveals that the overall effect 
of var Lous concentrations of kinetin is significant at 1% 
level,, On making independent comparisons, it is revealed that 
(i) 1C and 20 ppm concentrations cf kinetin gave significantly 

higher per cent germination than control, (ii) 200, 500 and 

500 ppa concentrations gave significantly lower per cent 
germination than control, and (iii) 1, 5, 50 and 100 ppm 

conean ^rations had no significant effect either stimulatory 
or ini: -bitory.

K-Her (1958) showed that kinetin promotes the germination 
of see is. Sankhla and Sankhla (1972) also reported stimulating 

effect of kinetin on germination of Lactuca sativa seeds.

8.5.12 Effect of 2.4-D.

Experimental Procedure - Seeds of E. geniculata collected 
from a private orchard at Surat on dt. 12-9-79 were used in 
this experiment. The same procedure as that described under 
5.5.19 in Chapter 5 was followed in this experiment. The 
maxirtn and minimum temperatures ranged from 29.6 to 39.0°C 

and 11.6 to 19.9°C respectively during the course of the 
experiment. The experimental data were analysed statistically 
and are presented in Table 8.14 and graph. 17.



Tabic 8.14 : Effect of 2,4-D on germination of seeds of 
E. gcniculata.
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'treatment No. of seeds 
germinated/50

96 Germi- Germination 
nation speed

1. I_st. water (Control) 57.33
(0.56)

74.67 3

2. 2.4-D 0*5 ppm 33.67
(1.53)

67.33 4

3. w 1 ti 33. OC 
(2.00)

66.00 4

4. " 5 n 28. OC 
(1.73)

56.00 7

5. " 10 it 29. OC 
(1.00)

58.00 6

6. " 20 H 29.67
(2.52)

59.33 5

7. w 50 it 30.33
(1.15)

60.67 5

8. » 100 it 29.67
(1.53)

59.33 7

9. M 200 it 31.00
(1.00)

62.00 7

10. tt 500 it 29.00
(1.00)

58.00 6

11. w 1000 tt 19.33
(3.06)

38.67 5

12. * 2000 ii 13.67
(2.52)

27.33 5

LSD* 3.01 at 596 level

= 4.08 at 1% level

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

Anal/; is of Variance

Sour c« of variation S S df MSS F

Betwei n treatments 1325 .64 11 120.51 37.78 **
Withii: treatments 76.67 24 3.19

Total 1402 .31 35

Table value of F « 2.22 at 596 level
** 3.09 at 196 level
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i esults and Discussion - It is evident from the table 
that ;;,h_D at all concentrations (ranging from 0.5 to 2000 ppm) 
shower inhibitory effect on germination. The inhibitory 
effect was more pronounced at 1000 and 2000 ppm concentrations. 
Fur the: r, it was also noticed that 2,4-D decreased the 
germir ation speed.

1 ie 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 
obtain ?d in each of the concentrations of 2,4-D is signifi
cantly lover than that in control. However, there are no 
significant differences among the effects of - (i) 5, 10, 20, 
50, 10), 200 and 500 ppm concentrations, and (ii) 0.5, 1 and 
200 pp : 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 anc Sen (1970), Dubey and Mall (1975), Dagar et al. 
(1977)

8.6. eoroductive Capacity

A -erage seed output of E. geniculata as worked out under 
8.3 in 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



percercage germination for the present purpose. The 

reprccactive capacity of E. geniculata as calculated by the 

foiled Lrg formula works out to be -

Reproductive Av. seed output X av. % germination
car: icity 1C0

165 X 81
100

13365
100

— 133.65 i. e. 1^4.

8.7. Seedling Morphology

I’:e germination of seeds of E. geniculata is epigeal. The 

radicl > appears as a protruberance from the pointed end of 

the se id, by a split of the testa. When the radicle is a 

few mr long, the hypocotyl forms a hook and comes above the 

soil s irface along with the cotyledons in the folded condition. 

The hy :oootyl hook straightens and the cotyledons are raised. 

The hy roootyl elongates to a great extend, the cotyledons 

now un old, turn green and become the first pair of leaves.

The ne it 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. \~]

*****


