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CHAPTER 11

SEED AND SEED GERHMINATION

11.1. 3ize, Weight and Moisture ccntent of seeds

-1e general morphology of the seeds of R. humilis has
atre 26 .

been c¢2alt with under 10.4 in Chagpter 1031The size, weight

and mc_sture content values of the seeds of R._humilis are

given oelow &

Size (Values based on 100 observations)

[ ameter (mm) 2.092 + 2.151

T ickness (mm) 1.453 + 2,084

Weight (Values based on 3 to 10 observations of averages
drawn from weight of sz2eds in lots of 100 each).

Lo ality Date of seed Welight of one

collection seed (mg)

L. V. _alace Compound 29.9.77 ' 2.77 + 0.03
Botani-al Garden 20.8.79 2.84 + 0,03
( M. S University)

N " - 27-1=79 2.78 + 0.03
Privat Orchard, Surat 26-12-78 3,13 + 0,02

_ 1" - 1=-2=79 3.16 + 0.04
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Moist re Content (Values based on 3 observations in
lots of 100 seeds each).
t%) 8.38 + 0,22
Note Values revresent mean + standard deviation.

11.2.

under

under

Imbibition rate

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

laboratory conditions, the procedure of which is given

2.7 in Chapter 2. The data are given below ¢

4
»

Tocality and date of seed collection - Surat Orchard

t. 1=-2=79.

-uration of dry storage of seeds - 10 months.

*ange of temperature during the imbibition experiment -

Maximum - 27.4 to 32,4°C
Minimum - 20.4 to 20.8°C

o+ W RS e M Gwie BRI WIS e M GARe  TWME NGNS TSR SMAD D MR NI MWEN MM W W R TR e S S S e

‘on of Per cent Duration of Per cent
i-g (h) Imbibition soaking (h) _ 593;3;3;39_

O, 44 8 7.03

! 1.61 10 9.64

3 4,17 14 10.09

; 6.38 16 13.64

5 6.53 20 13.97

- . e

3 6.67 24 17.57
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IZ. locality and date of seed collection - Surat Orchard
+t, 1-2«79,
furation 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

W RN e R B NN RGN ede e GNNG MW MW WEE RS B au  MeGR  Glwe WM e SN WA WEER  GuAv WA M WS e e e

Dur: tion of Per cent Duration of Per cent
soa-ing (h) Imbibition soaking (h) Imbibition

15 12.42 4 X 24 25.65

1 24 13.51 5X 24 24.38

2 » 24 20.59 6 X 24 30.77

3 % 24 24,38 7 X 24 27.96

2t is evident from the data that seeds of R. humilis
imbibs: water at a very slow rate. After (6 X 24) h of
imbibicion the seeds imbibed only 30.77% water. A gradual
increzse in per cent imbibition was observed with the increase

in duration of soaking.

11.3. Seed output

Isr the purpose of seed output study 40 mature plants of
R. hurilis randomly selected from the study sites were

obserw :d during their fruiting period. The number of
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inflc escences per plant, the numoer of fruits per
inflc "escence and the number of s2eds per fruit were noted,

and t e average seed/p‘output was calculated,

'n R, humilis flowering and Zruiting goes on simultaneously
almos throughout the year in nea>ly monthly flushes, which
are c:'ten overlapping. This situa<ion makes the study of seed
outpu - of the plant very difficul—=., However, in the present
study all the inflorescences in various stages of development -
buddi: g, blooming and fruiting - were considered as potential
fruit:ng inflorescences and were _ncluded in the counts, The

data :re given below -

avas s e e M WARE W SR SR R SN MW e SR WA SRR WA SRR S G R M G G SR G e ma ews e e

Range Mean + S
Numt:r of inflorescences
per |lant 33 to 99 72.85+18.65
Numt:r of fruits
per ‘nflorescence 10 to 42 21.77+ 6.89
Numt: r of seeds
per :ruit : - 1 (one)
Aver: ge seed output - 1585.94 i.e,

1586
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11.4. Dispersal of seeds

"he fruits or seeds of R. hunilis do not show any
speci: lised mechanism for wide dispersal. The ripe fruits

fall :n the ground near the plant. The fruits being devoid
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of am; 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.

‘ruits of R. bumilis seem to attract ants, and have been
obser.#¢ in the field being carried by them, thus helping
their Zispersal. This observation has also been confirmed in
the 1:beratory. Thus to use the terminology of Pijl (1972),

R. hurilis fruits are myrmecochorcus.

11.5. Germination studies

Ireshly collected seeds of R. humilis, when kept for
germiration, readily germinate thus showing that they do not
have &1y dormancy period. In order to understand the ecology
of sesz1 germination in R._humilis, an extensive experimental
work as carried out during the course of the present
inves=igation so as to study germination under different
conditions of soil, temperature and light, and also to study
the e fect of some chemicals and growth regulators on

germiration.

11.5.1., Effect of type of soil

Zxperimental Procedure - Seeds of R. humilis collected
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from ! . V. Palace compound on dt., 29-9-77 and after three
and 2 half months of dry storage were used in this experiment.
The z:ne procedure as that described under 5.5.8 in Chapter 5
was I: _lowed in this experiment, except that the acid pre-
trea= ent was not given. As already pointed out, seeds of

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

treaT ent as given to Abutilon ranosum seeds in the germination

expe= nents is not necessary in case of these seeds (i.e.
R. hu;ilis seeds). This also applies to all the germination
exper:ments 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 e:verimental data were analysed statistically and are

prese ted in Table 11.1 and graph 9 (i).

s

“esults and Discussion - Garden soil, clay and sand gave

almos® equal percentage germination (95.00 to 97.00%), while
waste znd soil gave little less percentage germination '
(87.0:%). The overall effect of different types of soil is
sign_licant at 5% level. However, LSD values reveal that
there is no significant difference among the effects of clay,

sand :rd garden soil.

“he percentage germination obtained in different types
of so:. 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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Tabl: 11,1 : Effect of type of soil on germination of seeds

of R humilis.

Sr, No. of seeds

No. [Type of soil germinated/20 % Germination

(0.71)

2. Z2and 19.40 97.00
(0.89)

3. wasteland soil 17 .40 87.00
(0.89)

4, 3arden soil 19.00 95.60
(1.00)
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LSI =1.18 at 5% level

Note (1) Values are based on five observationms.
(2) Figures in parentheses are standard deviations.

Analy is of Variance

Sourc . of variation Ss af MSS F
Betwe m treatments 11.8 3 3.93 5,04 *
Withi:. treatments 12.4 16 0.78

Total 24,2 19

it

3.24 at 5% level
5.29 at 1% level
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obtained was fairly good, Thus as far as germination
cerned, R. humilis seems to be well adapted to different
of soil.

. Effect of depth of sowing

xperimental Procedure - Seeds of R. humilis collected

. V. Palace compound on dt. 29-9-77, and after four and

months of dry storage were used in this experiment. The

:rocedure as that described under 5.5.9 in Chapter 5 was

ed in this experiment. The maximum and minimum temperatures
from 26.9 to 39.0°C and 11.0 to 22,2°C respectively

the course of the experimer.t. The experimental data

:ralysed statistically and are presented in Table 11.2

¢ph 8,

“esults and Discussion - A glance at the table clearly

shows
at 1

germir
Howev:
6 cm, :
beyon-
percer

percer

that maximum percentage germination (94.67%) was obtained

t1 depth, and a progressive cecline in the percentage

:tion was observed, as the cepth of sowing was increased.
r, fairly good results were obtained upto the depth of
srmination percentage rangir.g from 76.00 to 94.67%,but
thaf depth there was a sudcen and sharp decline in

tage germination, so much sc¢ that at 10 cm depth the

tage germination was almost negligible,

“re 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 s:eds of R, humilis.

ED e @3 . GDUR G G WUER Gae M MUK R N G S WA A G e RN G S R MY e AN S S

Sr. iepth of sowing No, of seeds

1. 0.5 12,00 80.00
(1.41) ‘

2. 1 14,20 94, 67
(1.30)

3 2 13.80 92,00
1.10

h. 3 13.00 86.67
(1.87)

5. A 12,20 81.33
(1.30)

6. 5 12.20 81.33
(1.92)

7. 6 11.40 76.00
(0.89)

8, 8 1.20 8,00
(0.84)

9. 10 0.40 2.67
(0.55)

WA AW WET WSS MR AR WA s GBS Mme MW BEsE O WME MBU SIS W TR SN W M B W SRR AW e e

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 > parentheses are standard deviationms.

Analysis of Variance

Sourze of variation S S ar MSS F

Betw=en treatments 1131.51 8 141.44 81,76 * %

Within treatments 62.40 36 1.73 :
Total 1193.91 1.1

SR WS SR SEE MMM R mEn GRe W SR S WIS GEIG SN G R MM e G SWR A s R e W R R e

Table value of F ¢ F = 2.21 at 5% level
F = 3,04 at 1% level.
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on mz .ing independent comparisons, it was revealed that

there _s no significant difference among the effects of

(1) 1 2 and 3 cm depths, and (ii) 0.5, 3, 4, 5 and 6 cm
deptlz of sowing. It is clearly brought out that the

perce tage germination obtained at 1, 2 and 3 cm depths was
signiiicantly higher than that at any of the remaining depths.
Thus ;. humilis seeds seem to be well adapted to germinate at
trhe d:7th of 0.5 to 6 cm, but still greater depths seem to be
very .~favourable, so much so that germination is almost

negli:ible at 10 cm depth.

Jirilar trend in germination of seeds in different
speci:: has been reported by several workers. Euphorbia

caduc.Zolia (Sen and Chatterji, 1566) seeds sown at depths of

2~5 cr germinated well but at lower depths, germination was very
much «:layed or did not take place at all. Rumex dentatus and
R. ne-alensis (Gupta, 1972) showed maximum per cent germina-
tion s the surface level, and a significant reduction in
germiration was observed in both the species with increasing

depth and germination was completely suppressed at 10 cm depth,

11.5.7. Effect of soil moisture content

zperimental Procedure - Seeds of R, humilis collected

from >tanical Garden, Baroda on dt. 18-«1-79 and after six and

a halZ months of dry storage were used in this experiment. The

same —rocedure as that described under 5.5.10 in Chapter 5 was
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foll:sed in this experiment. The maximum and minimum
temp: atures ranged from 26.5 to 33.4°C and 22.4 to 25.4°C
respe: Zively during the course of the experiment. The
exper:nental data were analysed s=atistically and are

prese “ed in Table 11.3 and graph 9 (ii).

sesults and Discussion - It is evident from the data that

30, & and 50% levels of soil moisture gave the best results
(gerni-ation percentage ranging from 98.00 to 100,00%). A
sharp Zecline in germination percentage was observed at 60%
level tf soil moisture which gave the minimum percentage

germir =tion (21.00%).

I-e statistical analysis reveals that the overall effect
of verying soil moisture content is significant at 1% level,
Howev: 7, LSD values reveal that tkere is no significant
differ mce among the effects of 3C, 40 and 50% levels of soil
moist re, and that the percentage germination obtained in
each ¢? them is significantly higher than that obtained in

20 ard 60% soil moisture content.

“imilar trend in germination results has also been

repor—ad by Gupta (1972) and Kaul (1974).

11.5.4. Effect of temperature

L«perimental Procedure - Seeds of R. humilis collected

from L. V. Palace compound on dt. 13-10-77 and after 2 months

of dr— storage were used in this experiment. The seeds were
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Table 1.3 : Effect of soil moisture content on germination
of see:s of R. humilis.

W M G G GRS Gee G e WS Sea S S MW SRS SR SEn S SRS R MRS M RWSR RN e W e A SIS e e e

Sr. S:il moisture No., of seeds

No. cuatent ( % ) ger‘minated/ZS % Germination

1. 20 16.00 64.00
(1.63)

2. 30 25,00 100,00
(0.00)

3. 40 24,50 98,00
(0.58)

4, 50 24,50 98,00
(0.58)

5. 60 5.25 21,00
(0.50)

LSD-= 1,28 at 5% level
LSD=1,77 at 1% level

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

.2) Figures in parentheses are standard deviations.

Analys: ;s of Variance

Source 2f variation S8 af MssS F
——————————————————— —*~~~~~-~~;*~
Betwee: treatments 1178.20 4 294,55 409,10
Withir treatments 10.75 15 0,72
Total 1188.95 19

Table ralue of F ¢ F = 3,06 at 5% level
F= 4,80 at 1% 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
incuk. Zors and refrigerator. The results are presented in

Table 11.4,

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

seeds.

‘nstances are known where a periodic alternation (most
usual v diurnal) of temperature is required for germination

to oc:ur, as in Oenothera biennis. Rumex crispus, Cyhodon

dacty:.on, Nicotiana tabacum, Holcus lanatus, Agrostis alba,

Poa tiivialis and many others (Mayer and Poljakoff-Mayber,

1975).

11.5.:0. =fect of light
. xperimental Procedure - Seeds of R. humilis collected
from {. 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
folloied in this experiment. The naximum and minimum tempera-

tures ranged from 22.6 to 35.8°C and 9.0 to 19.9°C

T
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Table " ~.4 : Effect of temperature on germination of
seeds :f R. humilis.
Sr. No. of seeds % Germi~- Germination
No, 1Ireatment germinated/50 nation speed
1. Ccrstant low temp. 0.00 0.00 -
ir Fridge
2. Ccrstant 30°C 2,00 4,00 9
(1.00)
3. " 35°C 0.33 0.67 18
(0.58)
4& " 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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resp: =ively during the course of the experiment. The
exper. nental data were analysed s-atistically and are

pres= ~ed in Table 11.5 and graph 10 (%f).

:esults and Discussion - The per cent germination was

maxirt a (99.33%) 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

(bein: only 32.00%).

ce statistical analysis reveals that the overall effect

of 1i:-t on germination is significant at 1% level. However,
there is no significant difference between the effects of
alter :zte diffuse light and darkness and continuous light,
but b:th these light conditions geve significantly higher

perce tage germination than contiruous darkness.

.ifferent species may differ in responding to different
light conditions. Bakshi (1952) fcund that Anisochilus

erioc::halus seeds preferred to germinate in light. Bakshi

and K::il (1954) found that Mollugo cerviana seeds showed

maxin- v (46%) germination in diffuse light, whereas in
contir sous darkness and continuous light per cent germination
declir:d to 23 and 17% respectively. Light seemed to have no

marke ! effect on germination of seceds of Chrozophora rottleri

(Mall, 1956). Achyranthes aspera seeds are indifferent to

light (Mall and Arzare, 1956). Echinochloa colonum (Ramkrishnan,

1660 :=eeds showed 78% germination in continuous light, 28%
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Table 11.5 : Effect of light on germination of seeds of

R. humilis.

WS S e s G AR e SN et RO amm wem W s

Sr. 1i.. ‘s No. of seeds
No. Ligt condition gerninated/50 % Germination
1. Altarnate diffuse 49.€7 99,33
ligat and darkness (0.58)
2. Continuous light 49,00 98.00
(1.00)
3. Con:inuous darkness 16.00 32.00
(2.00)

LSD= 2,67 at 5% level
4%.04 at 1% level

L R R R .

1) Values are based on three observations.

2) Figures in parentheses are standard deviations.

Analysi;: of Variance

WA MM MM M I RSN WM SRS GNER M WM S e e MR e

-

Source = variation S8

S s mam  mmm.  mmm e SEC UGN S SR G S weme e e e

Betweer treatments 2222 .89
Within —reatments 10.67
Total 2233.56

arf MSS F
~~~~~~~~~~ c-.n‘;*c—
2 111,45  624.41
6 1.78

8

Table value of F = 5,14 at 5% level

F =10,92 at 1% leval
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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
reduc:d to more than half (Varshney, 1966). Kaul, M.L.H.

(1967, reported that Mecardonia dianthera seeds are light

sensiiive and do not germinate in darkness, Tribulus

terre:tris (Joshi, et al., 1967) seeds showed maximum

perce: tage germination in diffuse light. Hemigraphis dura
seeds (Kaul, R., 1974) are light sensitive and showed
maxim. n percentage germination in diffuse light (83%), while
in da: < the seeds completely failed to germinate, and in

conti- _ous light the germination was 42%.

sirdings in the present investigation indicate that
thoug:r light favours germination ¢f seeds of R. humilis,
preserce of light is not absolutely necessary for germination
to oc:.r. However, there is a higrly significant reduction in

per c:~t germination under continuous darkness,

11.5.7. Effect of colour (wavelergth) of light

Z¥perimental Procedure - Seecs 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 - rocedure as that described under 5.5.13 in Chapter 5 was
follo =2d in this experiment. The meximum and minimum tempera=-
tures ranged from 24.9 to 34.9°C and 23.4 to 26,0°C

respe: tively during the course of the experiment. The
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exper mental data were analysed statistically and are

pres=z “ed in Table 11.6 and graph 10 (ii).

;2sults and Discussion - It is evident from the table

that "‘hite, red and yellow light showed favourable effect,
whersz.3 blue, green and far-red light showed more or less
inhic Zory effect. The inhibitory effect was maximum in far-
red 1 ght, the per cent germinétion obtained under that light
béing ninimum (22.00%). The percentage germination was
maxir m (72.00%) under white ligh%, and red light also was

almo: equally effective and gave 69.33% germination,

‘he statistical analysis reveals that the overall effect
of di.Terent colours (wavelengths) of light on germination is
signi _cant at 1% level. On making independent comparisons,
howev .=, it is revealed that theres is no significant difference
betws 'n the effects of - (i) white and red light, and (ii) Red
and y 1low light. The percentage germination obtained in
whit: red and yellow light is significantly higher than that
obtal .2d in blue, green and far-ra2d light. It was surprising
to ok 2rve that the per cent germination obtained in control
(set rithout cellophane paper) was significantly lower than
that .0 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

sugge sts the operation of phytochrome system in R. humilis

seeds.,
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R M W SRS Sha s SR G e G mm Gewi G W GRS SN W WNES R G GRS B G e e

Sr, . No. of seeds
No. C:lour of light germinated/5 % Germination
1. Cozirol 32.33 64,67
(without cellophane (2.08)
piter)
2. Wb_.-=e 36,00 72.00
(1 QC'O)
3. Red 34,€7 69.33
(1.53)
L, Ye_ _ow 32.C0 64.00
(2.c0)
5. Blu= 17 .€7 35.33
(1.53)
6. Gre=n 21.00 42,00
(1.00)
7. Fer-Red 11.00 22.00
(2.00)

L SD=2.88at 5% level; L S D = 4,00 at 1% level.
Note ¢ .1) Values are based on three observations.

.2) Figures in parentheses are standard deviations.

Analysi: of Variance

S AR W wem e SR WM BN SEA AR R NS WS N R WNE G SRR S MR e G SIS WL W N W e e

Source £ variation SS df MsSS F
*%
Betweer treatments 1708.95 6 284,83 105.10
Within .reatments 38,00 14 2.71
Total 1746.95 20

Table ralue of F = 2.85 at 5% level
F = 4,46 at 1% level
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iromotive effect of red ligh= and inhibitory effect of

:d light have been reported with respect to germination

‘ds of many species. Flint (°934) found that longer

‘ngths of visible spectrum, i.e, red, orange and yellow

:v.gths promote the germination of Lactuca seeds. Flint
tlister (1935, 1937) determined the spectral ranges
:ccurately for lettuce seeds and showed that the most
tive light in promoting germination is that having a
:~gth of 670 nm and that a germination inhibiting zone
spectrum has its maximum activity at 760 nm. Pandey

reported that the seeds of Anagallis arvensis were

censitive and phytochrome system participated in
ztion. Bhandari and Sen (1973) reported existence of

--rome system in Citrullus cclocynthis, and showed that

‘~ibition of germination induced by far-red light can be

zd by red light.

*» Effect of inorganic salts

-xrerimental Procedure - Experiment - I : Seeds of

R. hu ilis collected from Surat Orchard on dt. 26-12-78 and

after
The s
5.5.1
maxim
and 9

exper

-ne month of dry storage were used in this experiment.
:re procedure as that described for Experiment - I under
- in Chapter 5 was followed in this experiment. The

1 and minimum temperatures ranged from 25,9 to 36.4°C
.0 to 20.0°C respectively during the course of the

inent, The experimental data were analysed statistically



and ar: presented in Table 11.7 anc graph 11,

Exceriment - II ! Seeds of R. humilis collected from Surat
Orchar: on dt, 1-2-79 and after 10 months of dry stdrage were
used ir this experiment. The same procedure as that described
for Exxzriment II under 5.5.14 in Chapter 5 was followed in this
experimant. The maximum and minimur temperatures ranged from
27.1 tc 34,3°C and 11.6 to 18.9°C respectively during the course
of the =xperiment. The experimental data were analysed statisti-

cally aid are presented in Table 11.8 and graph 12,

Results and Discussion -~ Experiment - 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
experim:t inhibited germination either considerably or
complet.:ly. Thus the percentage gernination was considerably
lower =; compared to control in CaCl, - (0.5%), Ca(N03)2 -

(0.5 ant 1.0%), KC1 - (0.5%), KNO; - (0.5%) and NaNO;r (0.5%),
while i: was completely suppressed in 1.5 and 2.0% concentrations

of Ca(N and 1.0, 1.5 and 2.0% zoncentrations of CaCl,, KCl,

'3759
KNO3 ani NaNOB,

Tn: statistical analysis reveals that the overall effect of

and all concentrations of NaCl.

the var .ous concentrations used is significant at 1% level. The
per cen: germination obtained in coatrol was significantly higher

than t2:t in any of the concentrations of any of the salts.

Ex)2riment - II : A perusal of Table 11.8 makes it clear
that tn: percentage germination was lower as compared to control

in all oncentrations of all salts tried in the experiment,
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Table " °,7 : Effect of inorganic salts on germination of
seeds of R. humilis -~ I.

e G e G elW  fREm WA e SGee  WINR  GWRe W WD SN N W NS SN Gl M e Y W G WS e MR W e

No. of seeds

N WS BER we R WME ST SR e MR AW MmR Wee W e Aee WG SR B MW GINR G Mes NN WMe e W MR W A

9.

10.

11.

12.

13.

14,

150

16.

Dist. water (Control)

C:Cl, 0.5%
" 1.0%
"1.5%

! 2.0%

Ca(xo3)2 0.5%

' 1.0%

' 1.5%

’ 2.0%
KZ. 0.5%
" 1.0%
" 1.5%
" 2.0%
Kit's  0.5%
1 1.0%
" 1.5%

25,67
(2.52)

13.67

(2.52)

0,00

0.€0
( =)

0.00
-)

15.67
(2.52)

8.33
(2.08)

0.00
-)

0.00
-)

5.67
(2.52)

0,09
¢ =)

0.09
0,00

-)
5.67
(0.58)
0,00
( =)

0.00
-)

0.00

0.00

31.33

16.67

0.00

0,00

11’33

0.00

0.00

0.00

11.33

0.00

0.00

Contd...



Table 1.7 : contd.

W s MR G G e S v e — . NGNS G W GWR wm e SN s e s e e e e

g:: T eatment gg;m2£a§:§§§0 % Germination
17, K0y 2.0% (o.go 0.00
18, N:C1 0.5% | (o.oo 0.00
19. ' 1.0% (o.oe) 0.00
20, " 1.5% (o.oo) 0.00
21, " 2,0% 0.0C 0.00
22, Naldy 0. 5% 2.67 5.33
(1.53)
23, " 1.0% (0.80 0.00
24, ¥ 1.5% 0.00 0.00
25, " 2.0% (o.oo) 0.00

W W G R Gmew AN W WEER W AN s TGS WS M GBI NS W G MRe SRR WY WeW e W G e e e

LSD-=1,86at 5% level; L S D = 2,49 at 1% level.

Note 3 1) Values are based on three observations.
2) Figures in parentheses are standard deviations,

Analysi : of Variance

Source v variation SS d4af MSs F
""""""""""" ™™
Betw='n treatments 2977.68 24 124,07 96.18
With:i: treatments 64,67 50 1.29
Total 3042.35 Th

Table viue of F = 1.74 at 5% level
F = 2,18 at 1% level



243

Table 11.8 : Effect of inorganic salts on germination of
seeds ¢f R. humilis - II.

G S e e e e R GRS G GE S GWNT W WA WM ORGSR SRR R U NG G G GORR AN RN S G e e

ﬁg’ " reatment gg;mgia§Z§3§O % Germination

1. Zist. water (Control) 45,33 90,67
(2.08)

2. c€aCl, 0.1% 40, 66¢ 81.33
(0.58)

3. " 0.2% 35.33 70.67
(1.15)

4, " 0. 3% 22,200 44,00
(1.00)

5. " 0.5% 11.67 23,33
(2.32)

6. C.NO.), O.1% 46,00 92.00
372 (1.00)

7. . 0.2% 32,00 64,00
(1.00)

8. . 0.3% 28.33 56.67
(2.08)

9. " 0.5% 19.67 39.33
(2.52)

10, K1 0.1% 37.33 Th,67
(2.08)

11. ‘ 0.2% 15,67 31.33
(0.58)

12, ‘ 0.3% 3,67 7.33
(1.53)

13, ' 0.5% 1.00 2.00
(0.c0)

14, K.3 0. 1% 41,67 83,33
3 (1.53)

. 0.2% 28,00 56.00
12 (1.00)

16, 0.3% 13.33 26,67
| (1.15)

Contd.



Table 11,8 : contd,

Sg' T ~eatment
17. E 03

18. » 21

19. "t

20, "

21. .

22, BESOB

23. ¥

24, *

25. 1

0.5%
0.1%
0.2%
0.3%
0.5%
0. 1%
0.2%
0.3%

0.5%

W G G WU @iee B AN GERE MR WM WA G WM BB g WA e

No. of seeds
germinated/50

1.02
(1.02)
32,09
(2.09)
18.00
(2.00)

9,67
(2.08)
0,67
{0.58)
33,33
(1.15)

20,67
(0.58)
13.67
1.53)
0. 6?
(0.58)

% Germination

— o~ — ORER NER NED e SEs M R SN R S MR M AR GES SRAS S M MM N R G s WS S N e

2,00
64,00
36,00
19.33
11433
66.67
41,33

27.33

. A wen e —

LSD: 2,45 at 5% level; L S D = 2,27 at 1% level,

Note : 1) Values are based on three observations.

.2) Figures in parentheses are standard deviations.

Analys.: of Variance

R . T O e iR T . R S R S e =

Betwees: treatments

Withir treatments

SS af
15804.46 24
111.33 50

15915.79 7%

Table -alue of F = 1.74 at 5% level
F = 2.18 at 1% level

2.23
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except 0,1% Ca(N03)2 wherein the percentage germination was
slight ¥ higher than that in control. Further, there was a
progre: sive decline in percentage germination with the increase

in corw entration of the salts.

T-e statistical analysis reveals that the overall effect of
the vasious concentrations of the inorganic salts used is
signifizant at 1% level, On making independent comparisons it is
reveal:: that the percentage germination obtained in 0.1%
Ca(NOB:2 does not differ significantly from that in control, and
that all concentrations of all salts tried in the experiment,
except 1.1% Ca(NOB)Z’ gave significantly lower per cent

germin:zion as compared to control.

T-: inhibitory effect of chlorides and nitrates of calcium,
potass. m and sodium (at 0.5 to 2.(% concentrations) on
germin: tion of seeds of Acanthospermum gustrale has been
observ:1 by Jaychandra (1967).

11.5.8 Effect of nitrates on germigation ip darkness

Ez »erimental Procedure - Seeds of R. humilis collected from

Surat C~chard on dt. 1-2-79 and after ten and a half months of
dry ste age were used in this experiment, following the same
procedw ~e as that described under 5.5.15 in Chapter 5. The
maximue and minimum temperatures ranged from 27.1 to 34.3°C and
10.8 te 18.9°C respectively during the course of the experiment.
The ext wrimental data were subjected to statistical analysis and
are presented in Table 11.9 and graph 13.

Results and Discussion - A perusal of the table makes it
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Table 11,9 : Effect of nitrates on germination of seeds of
R. humilis in darkness.

e — e SN SN MR e R ey TR WaSRe  ew W MMM GG RME  WER  NAMR W WS NGRS SN SN SIS s e e e

Sr. .., No, of seeds
No. [I’zatment germinated/50 % Germination
1. [ .st. water (Control) 20,33 40,67
(1.13)
2, Z.NO)). 0.1% 19.09 38,00
372 (2.00)
3. " 0.2% 24,33 48,67
(2.08)
b4, " 0.3% 19,67 39.33
(2.52)
5. " 0.5% 11.67 23,33
(0.58)
6. KO0 0.1% 22,67 45,33
3 (2.52)
7. ' 0.2% 23,00 46,00
(1.00)
8. d 0.3% 22.33 44,67
(2.08)
9. " 0.5% 4,00 8.00
(2.00)
10. NzXO 0. 1% 24,67 49,33
3 (0.58)
1. " 0.2% 24,00 48,00
(1.00)
12, b 0.3% 19.33 38.67
(1.1%)
13, " 0.5% 3.67 7.33
(0.5¢)
14, ME,NO, 0.1% 2?:§§) 37.33
15, " 0.2% 19.0C 38.00
2 (1.0C)

Contd.



Table 11.9 : Contd.

No. of seeds

No. T -2atment germinated/50 % Germination
16. NIi.NO 0.3% 21.67 43,33
+3 2.52)
17. " 0.5% 7.67 15.33
2.52)

Lo R B I I i e T R T R O S R S ————

LSD: 2,88 at 5% level
L SD: 3,86 at 1% level

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

{2) Figures in parentheses are standard deviations.

Analysics of Variance

Source of variation SS df Mss F
— e e s - o v - - . - —— - - - - o— - - _.;;_
Betweer treatments  2280,98 16 142.56 47,52
Within treatments 102.00 3L 3.00

Total 2382,98 50

S W B S G WK TR weNs AR Guw MW M s NS MR WIS R RIS e AN AN G NG W Sl W WA e

Table value of F = 1.95 at 5% level
F = 2,58 at 1% level
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clear -hat certain concentrations of all the four nitrates were
effect: ve in stimulating germination in darkness; while the
remain:ng concentrations of them either inhibited germination
or had no effect. Thus more or less increase in percentage
germin:tion as compared to control was observed in 0.2% Ca(N03)2;
0.1, 0.2 and 0.3% KNO;; 0.1 and 0.2% NaNO; and 0.3% NH,NO;. 411
the fo.r nitrates at 0.5% concentrztion considerably inhibited

germin:tion.

Tz statistical analysis revezls that the overall effect of
the various concentrations of the nitrates on germination in
darkne:s is significant at 1% level. On making independent compa=-
risons it is revealed that 0.2% Ca(N03)2 and 0.1 and 0.2% NaNO3
gave s_mificantly higher percentage germination, while 0.5%
concen~ration of all the four nitrates gave significantly lower
percen—ige germination as compared to control, However, the per
cent ge~nination obtained in - (i) 0.1, 0.2 and 0.3% concentra-

tions o KNO. and NHhNoa, (ii) 0.1 and 0.3% Ca(N03)2 and (iii)

3

0.3% Nz {D, does not differ significantly from that in control.

3

Tt.1s nitrates of calcium, potassium and sodium at certain
concen=~ations have promoting effect on germination of R.humilis
seeds. "ae stimulating effect of KN33 on germination in darkness

is know1 in case of many different species (Mayer and Poljakoff-

Mayber, 1975).

11.5.9. Effect of thiourea

Ex)srimental Procedure -~ Seeds of R. humilis collected



NS
ﬁ”

13
o

from wurat Orchard on dt. 1-2-79 and after twelve and a half
montk = 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 minimun temperatures ranged from
29.6 "0 41.3°C and 11.6 to 22,0°C respectively during the
courst of the experiment. The experimental data were anélysed

stati:=ically and are presented in Table 11.10 and graph 14.

_esults and Discussion -~ It is evident from the data

that -riourea at concentrations ranging from 50 to 1000 ppm
had s imulating effect on germination. Further, the stimulating
effect decreased gradually with tle increase in concentration.
Stran =ly, however, 500 ppm thiourea gave somewhat higher
perce tzge germination as comparec to that obtained in the

lewer concentrations of thiourea.

1-e statistical analysis reveals that the overall effect
of th: various concentrations of thiourea is significant at
1% le-:z1, On maeking independent ccmparisons, it is brought
out ti st thiourea at all concentrstions (ranging from 50 to
1C00 -~ ) gave significantly higher per cent germination as
compa: :d to control, However, there is no significant
differ :nce among the effects of - (i) 100, 200 and 1000 ppm,
(ii) “I, 100 and 200 ppm, and (iii) 50, 100 and 500 ppm of

thiou:

i

a'

“-e stimulating effect of thiourea on germination of

seeds -f many species has been rerorted (Shieri, 1941;
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Table 11.10 : Effect of thiourea on germination of seeds of
R. humilis.

-——-—O—-.—~--—"~———-~nnmnm—umﬁum——w“

Sr. ... No. of seeds % Germi- Germination

No. T-satment germinated/50 nation speed

1. Dist. water (Control) 33,00 66,00 11
(3.00)

2. Iiiourea 50 ppm 43,00 86.00 12
(1.00)

3. " 100 *® 41,33 82,67 11
(1.15)

4, " 200 40,67 81.33 11
(2.52)

5, " 500 " 44,33 88.67 12

, (0.58)

6. " 1000 * 38.33 76,67 11

(2.08)

L SD.:. 3.&3 at 5% level
L SD: 4,81 at 1% level
Note : .1) Values are based on three observations.

~2) Figures in parentheses are standard deviations.

Analys. s of Variance

MR e s M SRS EEE A s SEER NS G SN SN SR TR MR A I RS W GD GRS M GRS R B W WU SR AR e

Sour: of variation S8 daf MSS F
— - W EER S MW MEmk TER O SEEE SR NN SR A em AAWR e A VNS AR SN MR e R SO e e —*; 2
Betw='n treatments 245,11 5 49,02 13. 18‘ ‘
Withii. =“reatments 44,67 12 3.72
Total 289,78 17

@AE WS Gams 4 EER WENS WS Ein R NEE S MR NN SR T MR D W I N TR DR R e RS AR R N G e e

“:b_e value of F= 3,11 at 5% level
F = 5,06 at 1% level
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11.5.

end Poljakoff-Mayber, 1975; Aé@;wal, 1971; Kaul,
:nd Pachpor, 1977).

10. Effect of GA3

‘xperimental Procedure - Seeds of R. humilis collected

from
half

follo

5.5.%7

range
durir
were

Table

surat Orchard on dt. 1-2-79 and after twelve and a
wnths of dry storage were used in this experiment,
ring the same procedure as the one described under

in Chapter 5. The maximum and minimum temperatures

. from 29.6 to 41,3°C and 11.6 to 21.3°C respectively
- the course of the experiment. The exXperimental data
1ojected to statistical analysis and are presented in

11.11 and graph 15.

~23ults and Discussion - It is evident from the data

that

incre
beyon
which
there
500 ¢

highe:

he per cent germination increased gradually with the
3e in concentration of GA3 Zrom 50 to 1000 ppm, but
that a decline in per cent germination was observed

was more pronounced at 2000 ppm and onwards. Further,

was a noteworthy decrease in germination speed at

o and onwards. The percentage germination was slightly

at 100 to 1000 ppm of GA3 as compared to control.

he statistical analysis reveals that the everall effect

various concentrations of GA3 on germination is

—cant at 1% level. However on making independent

—sons, it is revealed that —he increase in per cent



Table 11.11 : Effect of GA3 on germination of seeds of
R. hunrilis.

- oo o WL MR GRS ML W G B e e G WA W G s W GG W SR W G RO AR e e e e e

Sr. - No. of seeds % Germi- Germinati
No, -featment germinated/50 nation spezdlon
1. List.water (Control) 33,67 67.33 14
(1.53)
2. G 50 ppm 33.33 66.67 14
E (1.53)
3. ' 100 34,33 68.67 14
(1.53)
4, ' 200 " 35.33 70.67 14
(1.15)
5. ' 500 34,67 69.33 19
(1.53)
6. 1000 ¥ 36,00 72.00 21
(1.00)
7. 1500 *® 31.67 63.33 19
(0.58)
8. 2000 " 16.67 33.33 17
(1.53)
9. © 2500 * 14.33 28,67 21
(2.08)
10. ' 3000 ¢ 14,00 28,00 19
(2.65)

WA SR IR e ) D WM WS MES  NEm SR AR TR W WM SR GWE  JENL I WA G VR WS R AR SN IR S S T NN e

L SD: 2,73 at 5% level; L S D = 3,72 at 1% level.

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

Analysis of variance

Source ¢f variation SS df MSS F

ge;w;e; ;r;a;m;n;s'. - .-2;5;.;7” - .-9‘ ~2‘6‘1T9; T -18179;. ' -
Within treatments 51.33 20 2.57

T T T rotal | 2s09.20 29 T

M WIS 3 GEN WAN GRS TR G W AN M G e BN WS GG NI e AR R ARG W MR WS TR WU S N SR

Table walue of F = 2,40 at 5% level
F = 3,45 at 1% level
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germ: ijation at 100 to 1000 ppm of GA3 is only apparent and

not & _gnificant. Actually there is no significant difference
amony the results obtained in control and 50 to 1500 ppm of
GA3' ‘he germination percentage obtained in 2000 to 3000 ppm

of GL;, was, however, significantly lower than that in control.

*hus GA3 at concentrations ranging from 50 to 1500 ppm
has r.+ effect either stimulatory or inhibitory on germination
in R. aumilis, however, at concentrations beyond that there
is a :onsiderable inhibition of germination. Similar trend in
resul .5 has been reported by Pandya (1971) in Celosia
arger =a seeds. Biswas (1967) reported inhibitory effect of

GA concentrations higher than 250 ppm in Rauvolfia

3 ¢
tetre avlla seeds, but lower concantrations had stimulating

effec .

11.5. 1. Effect of kinetin

. Xperimental Procedure - Seeds of R._humilis collected

from wurat Orchard on dt. 1-2-79 and after 12 months of dry
store 2 were used in this experim2nt following the same

proce ure as that described under 5.5.18 in Chapter 5. The
maxinr m and minimum temperatures ranged from 25,9 to 39,0°C
and ¢ O to 19.6°C respectively during the course of the

exper ment. The experimental data were analysed statistically

and & = presented in Table 11.12 and graph 16.

" 2sults and Discussion - Kinetin at 1 and 5 ppm concen-

trati ns gave higher per cent germination than control, but
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Table !1.12 : Effect of kinetin on germination of seeds of
_B-_o hum. -lis .

—— v — il T T B R I I T u—

Sr, - No., of seeds % Germi- Germinatiom
No, 1 atment germinated/50 nation speed
1. Di :t, water (Control) 40.67 81.33 14
(2.52)

2. K netin 1 ppm 46,33 92,67 13
(0.58)

3. " 5 " 42,67 85,33 14
(2.52)

4, . 10 34,67 69.33 15
(1.53)

5. " 20 " 30.33 60,67 13
(3.06)

6. " 5 * 28.67 57.33 21
(0.58)

e " 100 " 17 .00 34,00 19
(3.00)

8. " 200 15.67 31.33 19
(0.58)

9. " 300 * 13,67 27.33 23
(2.52)

10, o 500 " 12.67 25.33 23
(1.53)

L SD= 3,535 at 5% level; L S D = 4,82 at 1% level.

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

Analys:s of Variance

Source xf variation SS éf MSS F
Betweer treatments 4425,37 9 491,71 11&.35*‘*
Within treatments 86.00 z0 4,30

Total 4511, 37 29

Table value of F = 2.40 at 5% level
F = 3,45 at 1% level
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at ccicentrations beyond 5 ppm, a progressive decline in per
cent -2rmination was observed wita the increase in concentra-
tion. There was also a decrease in germination speed &zt

conce .trations from 50 ppm onwards.

ne statistical analysis reveals that the overall effect
oZ th - various concentrations of kinetin on germination is
signi. cant at 1% level, However, LSD values reveal that -
(1) 1 ppm kinetin gave significan=ly higher per cent
germir a=ion than control, (ii) 5 ppm kinetin had no significant
‘effeC". and (iii) concentrations Zrom 10 ppm onwards gave

signi: _cantly lower per cent germ.nation.

"he stimulating effect of kinetin (1 and 10 ppm) on seed

germi:ation in Lactuca sativa has been reported by Sankhla and

Sankh a (1972).

11.5."2. Effect of 2,4~D

: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.a temperatures ranged from 29.6 to 41.3°C 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 : Effect of 2,4~D on germination of seeds of
R. hun_lis.

—---u“‘—n—~~~*~~—~-~~n~~~“*““~“

No, of seeds % Germi- Germination

No. T-eatment germ1nated/50 natlon speed
1. Di t.water (Control) 33,00 66.00 11
3,00)
2. 23D 0.5 ppm 36.67 73.33 14
(2.52)
3. " 1 " 32.67 65.33 12
(0.58)
4, . 5 " 31.67 63.33 16
(2.08)
5. . 10 " 31,33 62.67 16
(2.52)
6. . 20 " 31.67 63.33 14
(1.53)
7. " 50 " 31.33 62,67 16
(3.06)
8. d 100 " 32.00 64.00 18
(1.00)
9. " 200 " 31,67 63.33 19
(1.53)
10. * 500 " 33.00 66.00 14
(1.00)
11. M 1000 " 25,67 51.33 16
(0.58)
12. t 2000 " 13.67 27.33 18
(0.58)
LSD= 3,1 at 5% level; L S D = L, 32 at 1% level.
Note : .1) Values are based on three observations.
t2) Figures in parentheses gre standard deviations.
Analysis of Variance
Source >f variation SS af MSS F
- e M e SR G AN W Gae G G s Ser S A s Seaa  SMEe SN RRNE R e NS SR W MR e e ;*—l —
Between treatments 1108.31 1 100,76 28.15
Within wreatments 86.00 24 3.58
Total 1194,31 35
Takl - value of F « 2,22 at 5% level

= 3009 at 1% 1evel
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J.5 ppm of 2,4~D had stimulzting effect, but concentrations
1g from 1 to 500 ppm gave per cent germination which did
ffer much from control. A decrease in per cent germination
wwever, observed at 1000 and 2000 ppm of 2,4=-D, Further,
was a more or less decrease in the germination speed

. concentrations of 2,4-D,

‘ne statistical analysis reveals that the overall effect
» various concentrations of 2,4~D on germination is
‘icant at 1% level. On making independent comparisons,

'r, it is revealed that only at 0.5 ppm of 2,4-D

'icantly higher percentage ga2rmination as compared to

1 was observed, while there is no significant difference
the effects of control and 1 to 500 ppm of 2,4~D, The
nt germination decreased significantly only at 1000 and

pm of 2,4-D,

. similar trend in results has also been reported by

et al. (1977).

Reproductive capacity

. verage seed output of R. hunilis as worked out under
‘n the present chapter is 1586, The average of the

ent values of maximum percentage germination obtained
different experiments in R. humilis seeds works out to
87% i.e. 76%. This value is taken as representing

. e percentage germination for the present purpose. The
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repr-ductive capacity of R. humilis as calculated by the

foll:wing formula works out to be -

Repr:ductive _ Av. seed output X Av. % germination
caacity 100
_ 1586 X 76
- 100
= 1205.36
i.e.1205,

11.7. Seedling Morphology

‘he germination of seeds of R, humilis is epigeal. The
radic.e emerges from the seed by a split of the testa near
the ! .lum. When the radicle is a few mm long, the hypocotyl
forms. a hook and comes above the s0il surface along with the
coty’l :dons in the folded condition, The hypocotyl hook
stra- shtens and the cotyledons are raised. The cotyledons
now 1 :fold and become the first pair of foliage leaves.

Tahe - ~ue leaves now gradually appear in succession and
tae ¢ 1bryonic leaves persist until few of the true leaves

are v:11 developed., ¥lare 9L6.

W do Y e
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