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SEED AND SEED GERMINATION

11.1. Size. Weight and Moisture ccntent of seeds

-• ie general morphology of the seeds of R. humilis has
TlOyle u,.been dealt with under 10.4 in Chapter 10. The size, weight 

and mc.sture content values of the seeds of R. humilis are 
given selow :

Size (Values based on 100 observations)

D ameter (mm) 2.092 + 0.151

1 -iekness (mm) 1.453 + 0.084

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

Lo ality Date of seed Weight of one
collection seed (mg)

L. V. : alace Compound 29.9.77 2.77 + 0.03
13.12.77 2.99 £ 0.04

Botani•-al Garden 20.8.79 2.84 + 0.03
( M. S University)
— U — 27-1-79 2.78 + o ♦ o U4

Private Orchard, Surat 26-12-78 3.13 0.02
_ » „ 1-2-79 3.16 + 0.04





sszsslss;(Values based on 3 observations in

tCfi (

« % )

lots of 100 seeds each).

8.38 + 0.22

Note Values represent mean + standard deviation. 

11.2. Imbibition rate

'he imbibition rate of seeds of R. humilis was studied 

under laboratory conditions, the procedure of which is given 

under 2.7 in Chapter 2, The data are' given below i

I. locality and date of seed collection - Surat Orchard 

:t. 1-2-79.

duration of dry storage of seeds - 10 months.

i: ange of temperature during the imbibition experiment -

Maximum - 27.4 to 32,4°C 

Minimum - 20.4 to 20.8®C

Durat:on of 
soaki:: g (h)

Per cent 
Imbibition

Duration of 
soaking (h)

Per cent 
Imbibition

0.44 8 7.03

j 1.61 10 9.64

') 4.17 14 10.09

i. 6.38 16 13.64

) 6.53 20 13.97

3 6.67 24 17.57
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II. locality and date of seed collection - Surat Orchard 

:t. 1-2-79.

iuration of dry storage of seeds - Ten and a half months.

:ange of temperature during the entire period of the 

:mbibition experiment -

Maximum - 29.2 to 34.3*C 

Minimum - 14.2 to 18.9°C

Dur tion of Per cent Duration of Per cent
soaring (h) Imbibition soaking (h) Imbibition

15 12.42 4 X 24 25.65

1 :« 24 13.51 5 X 24 24.38

2 I 24 20.59 6 X 24 30.77

3 * 24 24.38 7 X 24 27.96

lb is evident from the data that seeds of R. humilis 

imbib-r: water at a very slow rate. After (6 X 24) h of 

imbibition the seeds imbibed only 30.7796 water. A gradual 

increase in per cent imbibition was observed with the increase 

in dur ation of soaking.

11.3. Seed output

Far the purpose of seed output study 40 mature plants of 

R. hum Ills randomly selected from the study sites were 

obsert. ad during their fruiting period. The number of



inflc ^escences per plant, the numoer of fruits per
inflc ’escence and the number of seeds per fruit were noted,

and tie average seed^gf output was calculated.

In R. humilis flowering and fruiting goes on simultaneously 
almos throughout the year in nearly monthly flushes, which 
are often overlapping. This situation makes the study of seed 
outpc of the plant very difficult. However, in the present 
study all the inflorescences in various stages of development - 
buddif g, blooming and fruiting - were considered as potential 
fruit: ng inflorescences and were included in the counts. The 

data • re given below

faegg Mean + S D

Numb: r of inflorescences 
per |lant
Number of fruits 
per :nflorescence
Numb; r of seeds 
per :ruit
Aver:ge seed output

33 to 99 72.85+18.65

10 to 42 21.77+6.89

- 1 (one)

1585.94 i.e. 
1586

11.4. Dispersal of seeds

he fruits or seeds of R. hunilis do not show any 
specialised mechanism for wide dispersal. The ripe fruits 
fall -n the ground near the plant. The fruits being devoid
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of a..; special device are not carried to any long distances 

even rnder the influence of strong winds.

he probable dispersing agencies appear to be - (i) the 

water current in the irrigation channel by the side of which 

the plants are growing, or the strong water current during 

the r:iny season, and (ii) ants.

bruits of R. humilis seem to attract ants, and have been 

obser-. ed in the field being carried by them, thus helping 

their dispersal. observation has also been confirmed in

the laboratory. Thus to use the terminology of Fiji (1972),

R. hui: ilis fruits are myrmeco chore us.

11.5. Germination studies

freshly collected seeds of R. humilis. when kept for 

germination, readily germinate thus showing that they do not 

have ary dormancy period. In order to understand the ecology 

of seel germination in R. humilis. an extensive experimental 

work n as carried out during the course of the present 

investigation so as to study germination under different 

conditions of soil, temperature and light, and also to study 

the effect of some chemicals and growth regulators on 

germination.

11.5.1. Effect of type of soil

I :<perimental Procedure - Seeds of R. humilis collected
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from I . V. Palace compound on dt. 29-9-77 and after three 

and a half months of dry storage were used in this experiment. 
The cine procedure as that described under 5.5.8 in Chapter 5 

was f; llowed in this experiment, except that the acid pre- 
trean ent was not given. As already pointed out, seeds of 

R. hu-ilis do not have any dormancy period, so acid pre- 

treanrent as given to Abutilon ranosum seeds in the germination 
experiments is not necessary in case of these seeds (i.e.
R. hurilis seeds). This also applies to all the germination 

experiments that follow in the present chapter. The maximum 
and n:nimum temperatures ranged from 26.5 to 35.2*C and 6.8 
to 20,0°C respectively during the course of the experiment.

The eif perimental data were analysed statistically and are 
presented in Table 11.1 and graph 9 (i5.

i: esults and Discussion - Garden soil, clay and sand gave 
almosr equal percentage germination (95.00 to 97.00%), while 

waste;and soil gave little less percentage germination 
(87.0C%). The overall effect of different types of soil is 
signal leant at 5% level. However, LSD values reveal that 
there is no significant difference among the effects of clay, 

sand : r_d garden soil.

■; he percentage germination obtained in different types 
of soil was fairly high, ranging from 87.00 to 95.00%. Thus, 

thoug: the wasteland soil gave minimum percentage germination 
differing significantly from the remaining three types, the
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Tabli 11.1 ; Effect of type of soil on germination of seeds 
of R humilis.

Sr.
No. Type of soil No. of seeds 

germinated/20 % Germination

1. ^lay 19.00
(0.71)

95.00

2. land 19.40(0.89) 97.00

3. Wasteland soil 17.40(0.89) 87.00

4. Jarden soil 19.00(1.00) 95.00

LSI . 1.18 at 5% level
Note (1) Values are based on five observations.

(2) Figures in parentheses are standard deviations.

Analy is of Variance

Sourc of variation SS df MSS F

Betwe m treatments 11.8 3 3.93 5.04 4

With! treatments 12.4 16 0.78

Total 24.2 19

Table value of F : F = 3.24 at 5% level 
F - 5.29 at 1# level
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resul obtained was fairly good. Thus as far as germination 
is cc; cerned, R. humilis seems to be well adapted to different 
types of soil.

11.5.: . Effect of depth of sowing

i xperiroental Procedure - Seeds of R. humilis collected 
from ; . V. Palace compound on dt. 29-9-77, and after four and 
a hal: months of dry storage were used in this experiment. The 
same :rocedure as that described under 5.5.9 in Chapter 5 was 
folia, ed in this experiment. The maximum and minimum temperatures 
range: from 26.9 to 39.0°C and 11.0 to 22.2®C respectively 
durin: the course of the experiment. The experimental data 
were analysed statistically and are presented in Table 11.2 
and g:taph 8.

esults and Discussion - A glance at the table clearly 
shows that maximum percentage germination (94.67%) was obtained 
at 1 :t depth, and a progressive decline in the percentage 
germiration was observed, as the depth of sowing was increased. 
Howev;r, fairly good results were obtained upto the depth of 
6 cmj;ermination percentage ranging from 76.00 to 94.67%jbut 
beyon': that depth there was a sudden and sharp decline in 
percertage germination, so much so that at 10 cm depth the 
percertage germination was almost negligible.

■; he statistical analysis reveals that the effect of 
varyir depth of sowing is significant at 1% level. However,
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Table 11.2 : Effect of depth of sowing on germination 
of se eds of R. humllis.

Sr. I 
No.

epth of sowing 
(cm) germinated/15 * Germination

1. 0.5 12.00
(1.41)

80.00

2. 1 14.20
(1.30)

94.67

3. 2 13.80
(1.10)

92.00

4. 3 13.00
(1.87)

86.67

5. 4 12.20
(1.30)

81.33

6. 5 12.20
(1.92)

81.33

7. 6 11.40
(0.89)

76.00

8. 8 1.20
(0.84)

8.00

9. 10 0.40
(0.55)

2.67

lsi: * 1.69 at 5% level; L S D * 2,26 at 1% level.
Note : (1) Values are based on five observations.

(2) Figures in t; ? parentheses are standard deviations

Analysis of Variance

Source of variation S S df MSS

Between treatments 1131.51 8 141,44
Within treatments 62.40 36 1.73

Total 1193.91 44

Table value of F : F * 2.21 at 5% level
F » 3.04 at 1?6 level.
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on meting independent comparisons, it was revealed that 

there is no significant difference among the effects of 
(i) 1 2 and 3 cm depths, and (ii) 0.5, 3, 4, 5 and 6 cm

depth: of sowing. It is clearly brought out that the 

perce- tage germination obtained at 1, 2 and 3 cm depths was 
signij ieantly higher than that at any of the remaining depths. 
Thus ;. humilis seeds seem to be well adapted to germinate at 

the cLpth of 0.5 to 6 cm, but still greater depths seem to be 

very .-.favourable, so much so that germination is almost 
negligible at 10 cm depth.

:imilar trend in germination of seeds in different 
speci:e has been reported by several workers. Euphorbia 
caduc.folia (Sen and Chatterji, 1966) seeds sown at depths of 

2-5 cr germinated well but at lower depths, germination was veiy 
much *elayed or did not take place at all. Rumex dentatus and 
R. ne~ alensis (Gupta, 1972) showed maximum per cent germina

tion az the surface level, and a significant reduction in 
germination was observed in both the species with increasing 
depth and germination was completely suppressed at 10 cm depth.

11.5.1- Effect of soil moisture content

Irperimental Procedure - Seeds of R. humilis collected 
from iotanical Garden, Baroda on dt. 18-1-79 and after six and 
a half months of dry storage were used in this experiment. The 
same procedure as that described under 5.5.10 in Chapter 5 was
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foil:-;ed in this experiment. The maximum and minimum 
temp-e: acures ranged from 26.5 to 33.4°C and 22.4 to 25.4°C 
respei cively during the course of the experiment. The 
exper: nental data were analysed statistically and are 
prese: ted in Table 11.3 and graph 9 (ii).

!: esults and Discussion - It is evident from the data that 
30, 4( and 50% levels of soil moisture gave the best results 
(germ:nation percentage ranging from 98.00 to 100.00%). A 
sharp iecline in germination percentage was observed at 60% 
level :f soil moisture which gave the minimum percentage 
germi: :tion (21.00%).

':e statistical analysis reveals that the overall effect 
of varying soil moisture content is significant at 1% level. 
However, LSD values reveal that there is no significant 
difference among the effects of 3C, 40 and 50% levels of soil 
moist1 "e, and that the percentage germination obtained in 
each c: them is significantly higher than that obtained in 
20 ard 60% soil moisture content.

2 Lmilar trend in germination results has also been 
reported by Gupta (1972) and Kaul (1974).

11.5.m. Effect of temperature

I. cperimental Procedure - Seeds of R. humilis collected 
from L. V. Palace compound on dt. 13-10-77 and after 2 months 
of drp storage were used in this experiment. The seeds were
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Table 11.3 : Effect of soil moisture content on germination
of seeis of R. humilis •

Sr.
No.

S:il moisture extent ( % ) No. of seeds 
germinsted/25 % Germination

1. 20 16.00
(1.63) 64.00

2. 30 25.00(0.00) 100.00

3. 40 24.50(0.58) 98.00

4. 50 24.50(0.58) 98.00

5. 60 5.25(0.50) 21.00

L S D = 1.28 at 596 level
LSD* 1.77 at 196 level

Note : ^1) Values are based on four observations.
'2) Figures in parentheses are standard deviations.

Analyst 5 of Variance

Source of variation SS df MSS F

Betweei treatments 1178.20 4 294.55 409.10
Within, treatments 10.75 15 0.72

Total 1188.95 19

Table /alue of F : F = 3.06 at 596 level
F * 4.89 at 196 level.
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kept .'or germination as usual at constant temperatures (low 
temp, 30°C, 35°C and 40°C) which were maintained in the 
incut, cors and refrigerator. The results are presented in 
Table 11.4.

Results and Discussion - The germination percentage at 
the c: nstant temperatures tried was either zero or almost 
negli; able. It appears that seeds of R. humilis do not 
germi: ate or show only negligible germination at constant 
temperatures. Alternating temperatures as are obtained in h 
natur; seem to be necessary for germination of R. humilis 
seeds.

nstances are known where a periodic alternation (most 
usual.y diurnal) of temperature is required for germination 
to oc:ur, as in Oenothera biennis» Rumex crlspus. Cyhodon 
dacty.on. Nicotiana tabacum. Holcus lanatus. Agrostis alba. 
Poa t.i ivialls and many others (Mayer and Pol jakoff-Mayber, 
1975).

11.5.:. Effect of light

experimental Procedure - Seeds of R. humilis collected 
from I ■ V. Palace compound on dt. 13-12-78 and after one 
month of dry storage were used in this experiment. The same 
proce: ure as that described under 5.5.12 in Chapter 5 was 
foliored in this experiment. The naximum and minimum tempera
tures ranged from 22.6 to 35.8°C and 9.0 to 19.9°C
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Table *.4 : Effect of temperature on germination of 
seeds :f R. humilis.

Sr.
No. T:t eatment No. of seeds germinated/50

% Germi
nation

Germination
speed

1. Constant low temp, ir Fr|^e 0.00 0.00 -

2. Cccstant 30*C 2.00
(1.00)

4.00 9

3. * 35#C 0.33
(0.58)

0.67 18

» 40*C 0.00 0.00

Note : (1) Values are based on three observations.
(2) Figures in parentheses are standard deviations
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respi oively during the course of the experiment. The 
exper nental data were analysed statistically and are 
prese: ted in Table 11.5 and graph 10 (i^O.

: esuits and Discussion - The per cent gemination was 
maxirr a (99.53%) in alternate diffuse light and darkness, and 
that :n continuous light was also equally high (98.00%), 
while that in continuous darkness declined to a great extent 
(beint only 32.00%).

ihe statistical analysis reveals that the overall effect 
of li.tt on germination is significant at 1% level. However, 
there is no significant difference between the effects of 
alter ate diffuse light and darkness and continuous light, 
but b:th these light conditions gave significantly higher 
percentage germination than continuous darkness.

different species may differ in responding to different 
light conditions. Bakshi (1952) found that Anisochilus 
erioc;chains seeds preferred to germinate in light. Bakshi 
and K;cil (1954) found that Mo Hugo cerviana seeds showed 
maxim: r (46%) gemination in diffuse light, whereas in 
contir: ;ous darkness and continuous light per cent gemination 
declircd to 23 and 17% respectively. Light seemed to have no 
marke; effect on germination of seeds of Chrozophora rottleri 
(Mall, 1956). Achyranth.es aspera seeds are indifferent to 
light (Mall and Arzare, 1956). Echinochloa colonum (Ramkrishnan, 
i960) seeds showed 78% gemination in continuous light, 28%
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Table 11.5 s Effect of light on germination of seeds of 
R. humilis.

jj0* bfg yfc condition No. of seeds 
germinated/50 % Germination

1. Alternate diffuse 
ligit and darkness

49.67
(0.58)

99.33

2. Con tinuous light 49.00
(1.00)

98.00

3. Con tinuous darkness 16.00
(2.00)

32.00

L S D = 2.67 at 5% level 
LSD* 4,04 at level

Note s 1) Values are based on three observations.

2) Figures in parentheses are standard deviations.

Analysi ; of Variance

Source >f variation SS df MSS F

Between treatments 2222.89 2 1111.45 624.41

Within treatments 10.67 6 1.78

Total 2233.56 8

Table value of F - 5.14 at 5% level 

F *10.92 at 1% level
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in di:fuse light and 6% in continuous darkness. In Aristida 
funic.lata higher percentage germination was obtained in 
diffu;e light while in complete darkness, the percentage was 
reduced to more than half (Varshney, 1966). Kaul, M.L.H.
(1967! reported that Mecardonia dianthera seeds are light 
sensitive and do not germinate in darkness. Tribulus 
terrec tris (Joshi, et al., 1967) seeds showed maximum 
percertage germination in diffuse light. Hemigranhis dura 
seeds (Kaul, R., 1974) are light sensitive and showed 
maxim’, u percentage germination in diffuse light (83%), while 
in da:: k the seeds completely failed to germinate, and in 
conti _ous light the germination was 42%.

indings in the present investigation indicate that 
thougr light favours germination of seeds of R. humilis. 
presei :e of light is not absolutely necessary for germination 
to on: j.r. However, there is a highly significant reduction in 
per c:'t germination under continuous darkness.

11.5.:. Effect of colour (wavelength) of light

xperimental Procedure - Seeds of R. humilis collected 
from . V. Palace compound on dt. 2-12-77 and after eight and 
a hali months of dry storage were used in this experiment. The 
same procedure as that described under 5.5.13 in Chapter 5 was 
folio-ed in this experiment. The maximum and minimum tempera
tures ranged from 24.9 to 34.9°C and 23.4 to 26.0°C 
respectively during the course of the experiment. The



exper mental data were analysed statistically and are 
press: ,-ed in Table 11,6 and graph 10 (ii).

Results and Discussion - It is evident from the table 
that '-hite, red and yellow light showed favourable effect, 
where. ,s blue, green and far-red light showed more or less 
inhic cory effect. The inhibitory effect was maximum in far- 
red 1. ght, the per cent germination obtained under that light 
being minimum (22.0096). The percentage germination was 
maxim-,.n (72.0096) under white light, and red light also was 
almor equally effective and gave 69.3396 germination.

he statistical analysis reveals that the overall effect 
of different colours (wavelengths) of light on germination is 
significant at 196 level. On making independent comparisons, 
howev r, it is revealed that there is no significant difference 
betwe n the effects of - (i) white and red light, and (ii) Red 
and S' -flow light. The percentage germination obtained in 
whit* red and yellow light is significantly higher than that 
obtained in blue, green and far-red light. It was surprising 
to oterve that the per cent germination obtained in control 
(set dthout cellophane paper) was significantly lower than 
that .n white light (set with white cellophane paper). The 
highe ' per cent germination under red light and considerable 
reduc ;ion in per cent germination under far-red light 
suggests the operation of phytochrome system in R. humilis 
seeds..
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Table '.6 : Effect of colour of light on germination of 
seeds :f R. humilis.

Sr.
No. C:lour of light No. of seeds 

germinated/50 96 Germination

1. trol
(vithout 

~er)
cellophane

32.53
(2.08)

64.67

2. WL_;e 36.00
(1.00)

72.00

3. Re« 34.67
(1.53)

69.33

4. Yel_ow 32. CO 
(2.CO)

64.00

5. BJa a 17.67
(1.53)

35.33

6. Gre an 21.00
(1.00)

42.00

7. Far-Red 11.00
(2.00)

22.00

L S D = 2.88 at 5% level; L S D * 4.00 at 196 level.

Note s ;1) Values are based on three observations.

\2) Figures in parentheses are standard deviations. 

Analysi of Variance

Source f variation SS df MSS F

Betweer treatments 1708.95 6 284.83 #*105.10

Within treatments 38.00 14 2.71

Total 1746.95 20

Table ralue of F = 2.85 at 596 level 
F « 4.46 at 196 level
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i romotive effect of red ligh~ and inhibitory effect of 

far-r; d light have been reported with respect to germination 
of se: ds of many species. Flint ('934) found that longer 
wavelengths of visible spectrum, i.e. red, orange and yellow 
wavelengths promote the germination of Lactuca seeds. Flint 
and M.: /.lister (1935, 1937) determined the spectral ranges 
more ;ccurately for lettuce seeds and showed that the most 
effective light in promoting germination is that having a 
wavelength of 670 nm and that a germination inhibiting zone 
of the spectrum has its maximum activity at 760 nm. Pandey 
(1965! reported that the seeds of Anagallis arvensis were 
light sensitive and phytochrome system participated in 
germi'ation. Bhandari and Sen (1973) reported existence of 
phyto: "_rome system in Citrullus cclocynthis, and showed that 
the i’nibition of germination induced by far-red light can be 
reversd by red light.

11.5.:. Effect of inorganic salts

experimental Procedure - Experiment - I : Seeds of 
R. hu■ilis collected from Surat Orchard on dt. 26-12-78 and 
after :ne month of dry storage were used in this experiment. 
The s;re procedure as that described for Experiment - I under 
5.5.1- in Chapter 5 was followed in this experiment. The 
maxim.u and minimum temperatures ranged from 25.9 to 36.4°C 
and 9.0 to 20.0°C respectively during the course of the 
experiment. The experimental data were analysed statistically
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and are presented in Table 11.7 anc graph 11.

E>ceriment - II : Seeds of R. humllis collected from Surat 

Orcharo on dt. 1-2-79 and after 10 months of dry storage were 

used ir: this experiment. The same procedure as that described 

for Experiment II under 5.5.14 in Chapter 5 was followed in this 

experiment. The maximum and minimum temperatures ranged from 

27.1 to 34.3*C and 11.6 to 18.9*C respectively during the course 

of the experiment. The experimental data were analysed statisti

cally aid are presented in Table 11.8 and graph 12.

Results and Discussion - Experiment - I i It is clearly 

brought; out from the data that the chlorides and nitrates of 

calcium, potassium and sodium at the concentrations used in the 

experiinint inhibited germination either considerably or 

completely. Thus the percentage germination was considerably 

lower a.; compared to control in CaCl^ - (0.5*)» Ca(N0^)2 - 

(0.5 aril 1.0*), KCl - (0.5*), KN03 - (0.5*) and NaNO^- (0.5*), 

while i; was completely suppressed in 1.5 and 2.0* concentrations 

of Ca(N and 2.0* concentrations of CaCl,,, KCl,

XNO^ an ; NaNO^, and all concentrations of NaCl.

Th * statistical analysis reveals that the overall effect of 

the var ous concentrations used is significant at 1* level. The 

per cen ; germination obtained in control was significantly higher 

than tn it in any of the concentrations of any of the salts.

Experiment - II : A perusal of Table 11.8 makes it clear 

that tn » percentage germination was lower as compared to control 

in all concentrations of all salts tried in the experiment,
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Table ''.7 : Effect of inorganic salts on germination of 
seeds of E. humllis - I.

Sr.
No. Treatment No. of seeds 

germinated/50 % Germination

1. D;i=t. water (Control) 25.67
(2.52)

51.33

2. C-:C12 0.596 13.67
(2.52)

27.33

3. * 1.0% 0.00 
( - )

0.00

4. " 1.5% o.co 
( -)

0.00

5. « 2.0% 0.00 
( -)

0.00

6. Ca(N03)2 0.5% 15.67
(2.52)

31.33

7. 1 1.0% 8.33,
(2.08)

16.67

8. ! 1.5% 0.00 
( - )

0.00

9. ’ 2.0% 0.00 
( -)

0.00

10. KC. 0.5% 5.67
(2.52)

11.33

11. " 1.0% 0.00 
( - )

0.00

12. 1.5% 0.00 
( -)

0.00

13. ,r 2.0% 0.00 
( -)

0.00

14. KNb3 0.5% 5.67
(0.58)

11.33

15. 1 1.0% 0.00 
( - )

0.00

16. " 1.5% 0.00 
( -)

0.00

Contd
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Sr.
No. Tr eatment No, of seeds 

germina~ed/50 # Germination

17. E‘0_
5

2.0# 0.00 
( - )

0.00

18. Cl 0.5# 0.00 
( -)

0.00

19. 1 1.0# 0.00 
( -)

0.00

20. It 1.5# 0.00 
( -)

0.00

21. it 2.0# 0.00 
( -)

0.00

22. KaOj 0.5# 2.67
(1.53)

5.33

23. if 1.0# 0.00 
( - )

0.00

24. t» 1.5# 0.00 
( -)

0.00

25. »» 2.0# 0.00 
( -)

0.00

LSD. 1.86 at 5* level; LSD* 2.49 at 1# level.

Mote i 1) Values are based on three observations.
2) Figures in parentheses are standard deviations.

Analysi ; of Variance

Source if variation SS df MSS F

Betw-e* n treatments 2977.68 24 124.07 96.18

With-: treatments 64.67 50 1.29

Total 3042.35 74

Table vc- lue of F = 1.74 at 5# level 
F « 2.18 at 1# level
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Table 11.8 : Effect of inorganic salts on germination of 
seeds cf R. humilis - II.

or.
No. Irreatment A'lU# U1

germinated/50 96 Germinat:

1. list, water (Control) 45.33
(2.08)

90.67

2. CiC12 0.196 40.66(
(0.58)

81.33

3. n 0.296 35.33
(1.15)

70.67

4. # 0.396 22. DO
(1.00)

44.00

5. •t 0.596 11.67
(2.52)

23.33

6. G ;N03)2 0.196 46.00
(1.00)

92.00

7. • 0.296 32.00
(1.00)

64.00

8. • 0.396 28.33
(2.08)

56.67

9. * 0.596 19.67
(2.52)

39.33

10. KZ1 0.196 37.33
(2.08)

74.67

11. 0.296 15.67
(0.58)

31.33

12. 0.396 3.67
(1.53)

7.33

13. 1 0.596 1.00
(0.00)

2.00
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Table 11.8 : contd.

Sr.
No. 7 *eatment No. of seeds 

germinated/50 % Germination

17. E 0,5 0.5% 1.03(1.03) 2.00

18. ^ Cl 0.196 32.00(2.00) 64.00

19. 0.296 18.00(2.00) 36.00

20. n 0.396 9.67(2.08) 19.33

21. ■ 0.596 0.67
<6*58.) > 1.33

22. It NO, 0.1% 53.33,(1.15) 66.67

23. r 0.2% 20.67(0.58) 41.33

24. * 0.3% 13.67(1.53) 27.33

25. 1 0.5% 0.67(0.58) 1.33

LSD, 2.45 at 5# level; LSD* ’.27 at 1# level.
Note : (1) Values are based on three observations.

‘2) Figures in parentheses are standard deviations.

Analys_ s of Variance

Source of variation SS df MSS F

Betwee t treatments 15804.46 24 658.52 295.30
Within treatments 111.33 53 2.23

Total 15915.79 74

Table alue of F * 1.74 at 5% level 
F =* 2.18 at 1# level
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except 0.1# CaCNO^)^ wherein the percentage germination was 

slight 7 higher than that in control. Further, there was a 

progre sive decline in percentage germination with the increase 

in com entration of the salts.

T; e statistical analysis reveals that the overall effect of 

the vaj ious concentrations of the inorganic salts used is 

signifl -ant at 1# level. On making independent comparisons it is 

reveal:i that the percentage germination obtained in 0.1#

Ca(N0^!. does not differ significantly from that in control, and 

that all concentrations of all salts tried in the experiment, 

except :.1# Ca(N0j)2, gave significantly lower per cent 

germin::ion as compared to control.

T:- = inhibitory effect of chlorides and nitrates of calcium, 

potass-jm and sodium (at 0.5 to 2.C# concentrations) on 

germing ;ion of seeds of Acanthosnermum australe has been 

observe 1 by Jaychandra (1967).

11-5.8 Effect of nitrates on germination in darkness

Ec >erimental Procedure - Seeds of R. humilis collected from 

Surat Q-chard on dt. 1-2-79 and after ten and a half months of 

dry st« 'age were used in this experiment, following the same 

proced* -e as that described under 5.5.15 in Chapter 5. The 

maximuE and minimum temperatures ranged from 27.1 to 3A.3aC and 

10.8 te 18.9*C respectively during the course of the experiment. 

The exp *rimental data were subjected to statistical analysis and 

are presented in Table 11.9 and graph 13.

Reaults and Discussion - A perusal of the table makes it



Table 11.9 : Effect of nitrates on germination of seeds of 
R. hutulis in darkness.

Sr
No Treatment No. of seeds 

germinated/50 % Germination

1. C _st. water (Control) 20.33
(1.15)

40.67

2. :uN03)2 0.1% 19.00
(2.00)

38.00

5. k 0.2% 24.33
(2.08)

48.67

4. « 0.3% 19.67
(2.52)

39.33

5. N 0.5% 11.67
(0.58)

23.33

6. CO, 0.1% 22.6?
(2.52)

45.33

7. i 0.2% 23.00
(1.00)

46.00

8. * 0.3% 22.33t
(2.08)

44.67

9. B 0.5% 4.00
(2.00)

8.00

10. Ns NO,3
0.1% 24.67

(0.56)
49.33

11. n 0.2% 24.00
(1.00)

48.00

12. n 0.3% 19.33
(1.15)

38.67

13. n 0.5% 3.67
(0.5&)

7.33

14. FH,NG_ 0.1% 18.67
(1.53)

37.33

15. « 0.2% 19. OC 
(1.0C)

38.00

Contd.



25,1

Table 11.9 : Contd.

Qw

^0* Treatment No. of seeds 
germinated/50 % Germination

16. n:i.no, 0.396 21.67 43.33
(2.52)

17. " 0.596 7.67
(2.52)

15.33

LSD=: 2.88 at 5% level 
LSD:: 3.86 at 196 level

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

12) Figures in parentheses are standard deviations.

Analysis of Variance

Source of variation SS df MSS

Betweer treatments 2280.98 16 142.56

Within treatments 102.00 3L 3.00

Total 2382.98 50

Table value of F * 1.95 at 596 level 

F « 2,58 at 196 level



clear hat certain concentrations of all the four nitrates were 
effect: ^e in stimulating germination in darkness, while the 
remaining concentrations of them either inhibited germination 
or had no effect. Thus more or less increase in percentage 
germination as compared to control was observed in 0.2# Ca(N0^)2; 
0.1, 0.2 and 0.3# KNO^ 0.1 and 0.2# NaNO^ and 0.3# NH^NO^ All 
the for nitrates at 0.5# concentration considerably Inhibited 
germination.

Tie statistical analysis reveals that the overall effect of 
the various concentrations of the nitrates on germination in 
darkness is significant at 1# level. On making independent compa
risons it is revealed that 0.2# Ca(N0^)2 and 0.1 and 0.2# NaNO^ 
gave srpiificantly higher percentage germination, while 0.5# 
concentration of all the four nitrates gave significantly lower 
percentage germination as compared to control. However, the per 
cent germination obtained in - (i) 0.1, 0.2 and 0.3# concentra
tions o' KN03 and NH4N03, (ii) 0.1 and 0.3# Ca(N03>2 and (iii) 
0.3# NaD3 does not differ significantly from that in control.

Tt. is nitrates of calcium, potassium and sodium at certain 
concentrations have promoting effect on germination of R.humilis 
seeds, -ne stimulating effect of KN03 on germination in darkness 
is knova in case of many different species (Mayer and Poljakoff- 
Mayber. 1975).

11.5.9. Effect of thiourea

Experimental Procedure - Seeds of R. humilis collected
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from urat Orchard on dt. 1-2-79 and after twelve and a half 

month of dry storage were used in this experiment, following 

the s. ne procedure as the one described under 5.5.16 in 

Chapt r 5. The maximum and minimum temperatures ranged from 

29.6 o 41.3°C and 11.6 to 22.0CC respectively during the 

coursi of the experiment. The experimental data were analysed 

statistically and are presented in Table 11.10 and graph 14.

:esults and Discussion - It is evident from the data 

that "hiourea at concentrations ranging from 50 to 1000 ppm 

had simulating effect on germination. Further, the stimulating 

effect decreased gradually with the increase in concentration. 

Stran;ely, however, 500 ppm thiourea gave somewhat higher 

perce:- tage germination as compared to that obtained in the 

lower concentrations of thiourea.

Tee statistical analysis reveals that the overall effect 

of th: various concentrations of thiourea is significant at 

1% level, On making independent comparisons, it is brought 

out tv at thiourea at all concentrations (ranging from 50 to 

1000 von) gave significantly higher per cent germination as 

compared to control. However, there is no significant 

difference among the effects of - (i) 100, 200 and 1000 ppm, 

(ii) 100 and 200 ppm, and (iii) 50, 100 and 500 ppm of 

thiou:: =a.

rce stimulating effect of thiourea on germination of 

seeds zf many species has been reported (Shieri, 1941;
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Table 11.10 : Effect of thiourea on germination of seeds of 
R. hum Ills.

Sr.
No. T "eatment No. of seeds 

germinated/50
% Germi
nation

Germination
speed

1. Dist. water (Control) 33.00
(3.00)

66.00 11

2. I ilourea 50 ppm
oooo• 

*
K

"\ r* 86.00 12

3. H 100 n 41.33^ 
(1.15)

82.67 11

4. it 200 it 40.67
(2.52)

81.33 11

5. tt 500 H 44.33
(0.58)

88.67 12

6. N 1000 it 38.33
(2.08)

76.67 11

LSD:: 3.43 at 5% level 

LSD:: 4,81 at 1# level

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

*2) Figures in parentheses are standard deviations.

Analys- s of Variance

Sour: ■ of variation SS df MSS F

Between treatments 245.11 5 49.02 **13.18

Withir treatments 44.67 12 3.72

Total 289.78 17

ble value of F * 3.11 at 5% level

F * 5.06 at 1# level
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Kaye.: and Poljakoff-Mayber, 1975; A^fawal, 1971; Kaul,

1974 ~nd Pachpor, 1977).

11.5.10. Effect of GA,------------------------ ^

Experimental Procedure - Seeds of R. humilis collected 

from -Surat Orchard on dt. 1-2-79 and after twelve and a 

half nonths of dry storage were used in this experiment, 

folio ring the same procedure as the one described under 

5.5.1 in Chapter 5. The maximum and minimum temperatures 

range, from 29.6 to 41.3°C and 11.6 to 21.36C respectively 

durir: - the course of the experiment. The experimental data 

were ubjected to statistical analysis and are presented in 

Table 11.11 and graph 15.

esults and Discussion - It is evident from the data 

that he per cent germination increased gradually with the 

incre se in concentration of GA^ from 50 to 1000 ppm, but 

beyon that a decline in per cent germination was observed 

which was more pronounced at 2000 ppm and onwards. Further, 

there was a noteworthy decrease in germination speed at 

500 p; n and onwards. The percentage germination was slightly 

highe: at 100 to 1000 ppm of GA^ as compared to control.

’ he statistical analysis reveals that the everall effect 

of th various concentrations of GA^ on germination is 

significant at 1?6 level. However on making independent 

compa: -sons, it is revealed that zhe increase in per cent
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Table 11.11 : Effect of GA^ on germination of seeds of 
R. hunilis.

Sr. r 
No. reatment No. of seeds 

gerrainated/50
96 Germi
nation

Germination
speed

1. ELst.water (Control) 33.67
(1.53)

67.33 14

2. c; ^ 50 ppm 33.33
(1.53)

66.67 14

3. 1 100 * 34.33
(1.53)

68.67 14

4. ' 200 " 35.33
(1.15)

70.67 14

5. 1 500 " 34.67
(1.53)

69.33 19

6. ' 1000 * 36.00
(1.00)

72.00 21

7. 1500 * 31.67
(0.58)

63.33 19

8. 2000 * 16.67
(1.53)

33.33 17

9. 2500 H 14.33
(2.08)

28.67 21

10. *' 3000 ” 14.00
(2.65)

28.00 19

LSD:■■ 2.73 at 596 level; L S D = 3.72 at 196 level •
Note : {*) Values are based on three observations.

(2) Figures in parentheses are standard deviations.

Analys is of variance

Source cf variation SS df MSS F

Betweer treatments 2357.87 9 261.99 101.94

Within t reatments 51.33 20 2.57

Total 2409.20 29

Table \3lue of F 
F

2.40 at 596 level 
3.45 at 1# level

v
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germ;- nation at 100 to 1000 ppm of GA^ is only apparent and 
not t\ -gnificant. Actually there is no significant difference 
among the results obtained in control and 50 to 1500 ppm of 

GAy -Tie germination percentage obtained in 2000 to 3000 ppm 
of GA.., was, however, significantly lower than that in control.

lius GA^ at concentrations ranging from 50 to 1500 ppm 
has r. ■ effect either stimulatory or inhibitory on germination 
in R. rmroilis. however, at concentrations beyond that there 
is a onsiderable inhibition of germination. Similar trend in 
resui s has been reported by Pandya (1971) in Celosia 
arger ea seeds. Biswas (1967) reported inhibitory effect of 
GA^ e concentrations higher than 250 ppm in Rauvolfia 
tetra hylla seeds, but lower concentrations had stimulating 
effec .

11.5. 1. Effect of kinetin

. xperimental Procedure - Seeds of R. humilis collected 
from urat Orchard on dt. 1-2-79 and after 12 months of dry 
store e were used in this experiment following the same 
proce ure as that described under 5.5.18 in Chapter 5. The 
maxinr; » and minimum temperatures ranged from 25.9 to 39.0°C 
and 9 0 to 19.6°C respectively during the course of the 
exper nent. The experimental data were analysed statistically 
and a e presented in Table 11.12 and graph 16.

' esults and Discussion - Kinetin at 1 and 5 ppm concen- 
trati ns gave higher per cent germination than control, but
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Table 11.12 : Effect of kinetin on germination of seeds of 
R. hum-lis.

Sr. it o+-mont No. of seeds % Germi- Germination
No. ' germinated/50 nation speed

1. Di t. water (Control) 40.67
(2.52)

81.33 14

2. K netin 1 ppm 46.33
(0.58)

92.67 13

3. M 5 it 42.67
(2.52)

85.33 14

4. M 10 it 34.67
(1.53)

69.33 15

5. It 20 n 30.33
(3.06)

60.67 13

6. It 50 it 28.67
(0.58)

57.33 21

7. II 100 « 17.00
(3.00)

34.00 19

8. II 200 it 15.67
(0.58)

31.33 19

9. it 300 it 13.67
(2.52)

27.33 23

10. tt 500 it 12.67
(1.53)

25.33 23

LSD. 3.53 at 5% level; L S D a 4,82 at 1# level.

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

Analysis of Variance

Source if variation SS df MSS F

Betweer: treatments 4425.37 9 491.71 114.35* *

Within treatments 86.00 20 4.30

Total 4511.37 29

Table value of F = 2.40 at 5% level
F « 3.45 at 1% level



at cc icentrations beyond 5 ppm, a progressive decline in per 
cent :ermination was observed with the increase in concentra
tion. There was also a decrease in germination speed at 
conce .trations from 50 ppm onwards.

he statistical analysis reveals that the overall effect 
of th various concentrations of kinetin on germination is 
significant at 1% level. However, LSD values reveal that - 
(i) 1 ppm kinetin gave significantly higher per cent 
germiranion than control, (ii) 5 ppm kinetin had no significant 
effec . and (iii) concentrations from 10 ppm onwards gave 
signi: -cantly lower per cent germination.

'he stimulating effect of kinetin (1 and 10 ppm) on seed 
germiiation in Lactuca sativa has been reported by Sankhla and 
Sankh'a (1972).

11.5.*2. Effect of 2.4-D

261

: xperimental Procedure - Seeds of R. humilis collected 
from : urat Orchard, and after twelve and a half months of dry 
stora-e were used in this experiment. The same procedure as 
the o:* e described under 5.5.19 was followed. The maximum and 
minim-. i temperatures ranged from 29.6 to 41.30C and 11.6 to,. 
22.0°- respectively during the course of the experiment. The 
data :btained were subjected to statistical analysis and 
are presented in Table 11.13 and graph 17.

:esults and Discussion - It is evident from the table
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Table 11.13 i Effect of 2,4-D on germination of seeds of 
R. hum JLis.

Sr.
No.

1.

Treatment No* of
germmated/50

Di t.water (Control) 33.00
(3.00)

96 Germi
nation

66.00

Germination
speed

11

2. 2 4-D 0.5 ppm 36.67
(2.52)

73.33 14

3. ■» 1 tt 32.67
(0.58)

65.33 12

4. ■ 5 tt 31.67
(2.08)

63.33 16

5. ■ 10 It 31.33
(2.52)

62.67 16

6. • 20 ft 31.67
(1.53)

63.33 14

7. it 50 II 31.33
(3.06)

62.67 16

8. t 100 tt 32.00
(1.00)

64.00 18

9. !! 200 If 31.67
(1.53)

63.33 19

10. If 500 tt 33.00
(1.00)

66,00 14

11. t 1000 tt 25.67
(0.58)

51.33 16

12. 1 2000 tt 13.67
(0.58)

27.33 18

L S D = 3.19 at 596 level; L S D = 4.32 at 196 level.
Note : '1) Values are based on three observations.

(2) Figures in parentheses are standard deviations.

Analysis of Variance

Source yf variation

I l w
 

cn
i I I

df MSS F

Between treatments 1108.31 11 100.76 **28.15
Within treatments 86.00 24 3.58

Total 1194.31 35

Tati value of F * 2.22 at 596 level 

F . 3.09 at 1% level
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that 3.5 ppm of 2,4-D had stimulating effect, but concentrations 
rang:, ig from 1 to 500 ppm gave per cent germination which did 
not <: Lffer much from control. A decrease in per cent germination 
was, lowever, observed at 1000 and 2000 ppm of 2,4-D. Further, 
there was a more or less decrease in the germination speed 
at al.. concentrations of 2,4-D.

"he statistical analysis reveals that the overall effect 
of t!* > various concentrations of 2,4-D on germination is 
signi "leant at 1% level. On making independent comparisons, 
however, it is revealed that only at 0.5 ppm of 2,4-D 
signi 'icantly higher percentage germination as compared to 
contr 1 was observed, while there is no significant difference 
among the effects of control and 1 to 500 ppm of 2,4-D. The 
per c nt germination decreased significantly only at 1000 and 
2000 pm of 2,4-D,

. similar trend in results has also been reported by 
Dagar et al. (1977).

11.6. Reproductive capacity

: verage seed output of R. hunilis as worked out under 
11.3 :n the present chapter is 1586. The average of the 
diffe: ent values of maximum percentage germination obtained 
in th: different experiments in R. humilis seeds works out to 
be 75 37% i.e. 76%. This value is taken as representing 
avera; e percentage germination for the present purpose. The
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reproductive capacity of R. humilis as calculated by the 
foil:wing formula works out to be -

Reproductive _ Av. seed output X Av. % germination 
ca;: acity ~ IJJJj

1586 X 76 
= 100
» 1205.36

i.e.1205,

11.7. Seedling Morphology

?he germination of seeds of R. humilis is epigeal. The 

radio.e emerges from the seed by a split of the testa near 
the 1 .lum. When the radicle is a few mm long, the hypocotyl 

forms a hook and comes above the soil surface along with the 
cotyl?dons in the folded condition. The hypocotyl hook 

straightens and the cotyledons are raised. The cotyledons 
now infold and become the first pair of foliage leaves.
The ooe leaves now gradually appear in succession and 
the e ibryonic leaves persist until few of the true leaves 
are v?ll developed.

*****
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