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ABSTRACT

The mature seeds of caragona ax,borescens Larn'., 
. 
conmon cpragana and

Cytisusausfu¿a.eusL.,Austrianbroomaredormant.Toovercomethe

dorrnant condition , caÏr|gana seeds rnay be stratified for 14 days and the

Austrian broom seeds for 42 days in a moist rnedir¡n prior to germination'

A lnoisture tension which is dependent on hlateÏ content exists for

each medium in which seeds nay be af,te:r-ripened or germinated' Optínun

gernination in caTagana seeds occurrBd when the hlateÏ contents of the

nedias were adjusted to within the pF range of 1.0 to 4'0 whereas opti-

mum seed germination for Austrian broom occur,red in pF range of 1'5 to

5.5. As observed particularLy in turface, the seed-water regine for 
,

seed after-ripening nay differ fron that required for seed gernination'

The water content of the turface of pF 4.0 was sufficient enough to

pronote after-ripening but was not sufficient to initiate gernination

in caragana seeds-
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INTRODUCTION

The plant propagator may experience some difficulty in the production

of woody ornamental plants frorn seed. Many woody orîamental seeds, ãL-

though viable, are dormant and this condition must be oveïcone prior to

gernination. The dornancy may be caused by rnechanical means such as an

irnpermeable seed coat, or physiological such as chenical inhibition of

netabolic activities. Seed dormancy nay be advantageous to plants groht-

ing in tenperate zones, allowing the seed to germinate at a favorable

tine and place. In the natural habitat, several years nay elapse before

favorable conditions are attained to overcome the dormant conditions.

The plant propagator nay induce the seeds to maximum gernination by

creating the essential conbination of natural conditions needed to over-

come the dormant condition.

For dormant seeds to germinate, physiological changes of after-

ripening, must occur within the seed. Generally, after-ripening is pro-

rnoted by stratification or the practice of placing seeds in noist layers

of a nediurn. The determination of environmental conditions of water,

oxygen and ternperature are irnportant for effective after-ripening.

Wn-ile considerable enperimentation has occurred on the effect of

water, air, temperature and chenicals for after-ripening and gerrnination,

little is known about the physical effect of the nediun. The primary

nedir¡n components used are mineral soils¡ including sand, peat and pro-

cessed nedirrn arnendments such as perlite, turface and verniculite.

These are used individually or as mixtures. The medir¡n may vary in

particle size, conposition, nutritive content and Teaction. Because the

composition of the nedium may affect after-ripening and germination, it



r¡¡ould be desirable,to tailor the mediun to obtain uniforrn results

sirnilar to those developed for rooting and container culture.

The objective of the study r4¡as to establish an optimrm water poten-

tial range for some media and to compare the nedia for after-ripening

and germination of two woody ornamental plant species, Catogana

atboreseens Lant. and Cyti'sus aust:æiaeus L.

[.'-].::r.'il;



LITERATURE REVIEW

The stratification and germination mediun is a disperse, three-

phase systern consisting of nineral particles, water and air (29).

According to Heydecker (27,28), and Pollock and Manalo (40), the three

phases nust potentially interact to contribute to seed germination. The

nedir¡n used nust provide adequate pore space for air-water balance,

optirnrmr tenperature for inbibition of water a¡rd to initiate physiologi-

cal activity r{ithin the u*Oo, and to enable the seedling to emerge

without nechanical obstruction. The inportance of precision seeding

to germination rate and percentage has made it necessary to develop and

evaluate the capabilities of the nediurn to fulfiLl the necessary criteria

(4s).

Moisture

The gernination of dornant or nondornant seeds is affected prirnarily

by the noisture condition of the medium (7, 11, L2, 35, 43). Lyon,

Buckman and Brady (35) describe two forces, adhesion and cohesion, as

accotmting for tenporary fixation of water in the nedir¡¡n. Adhesion is

an electrostatic forpe acting on both internal. and external surfaces of

the mediun solid phase, holding water in a thin filn. The adhesive force

is prevalent in cLay. Cohesion is the attractive force of water nolecules

for one another within the pore spaces.

A suction is exerted by the hydrophilic colloids within the seed

to renove the water held within the nediu¡n by adhesion and cohesion (7,

10, 11, 12,29,35, 40). Availability of water to the seeds dependsupon

the noisturè characteristics of the soil and the imbibition characteris-

tics of the seed (11, l2). According to Collis-George and Sands (11, LZ),

l " i: .':;.'';
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the gerrnination behavior of seeds is controlled by riüater suction and

perrneability. The water requirenents for each species is specific in

terms of energy required for suction and rate of h¡ater supply, thus it

is possible to deternine the water regime for each species.

Ihe suction required to remove vrater frorn a nediurn is dependant

upon the size of the initial pore spaces and the texture of the nediun

and the amount of water present in the pore spaces (43). A saturated

or wet nedir¡n wiJl give up water more readily than a dry or non-

saturated nediurn. In a coarse textured nediun such as sand, there are

large initial pore space sizes and very little change in porè space

size as hrateï is withdrawn and air readily replaced the water. In a

fine textured rnediurn such as cLay, the initial pore space sizes are

smaller and the withdrawal of water results in shrinkage and reduces

the pore size. The net result is that greater suction is ¡equired to

ïemove water fron the finely textured soils.

Many methods have been devised for neasuring water potential gra-

dient between the nediun and the plants or seeds. Hi1le1 (2g), stated

that there is no universa.lly accepted method for measuring, conputing

or expressing the moisture regimes of various rnedia. The relationship

of soil hrater to seed germination can be expressed as a function of

percentage moisture (4, 34, 46), water holding capacity (35), and

available water (11, L2,33). In the literature it is generally agreed

that the availability of water is dependent on the soil moisture poten-

tial rather than the total soil rnoisture content. Soil noisture poten-

tial nay be expressed as pF (19), or potential availabtre htater. The

availability of hrater differs with each rnedium.



Mediun

The natural soil anendments are sand and peat. Bucknan and Brady

(7), Hart¡nann and Kester (26), and Lindquist (34) define sand as par-

ticles of rock between 0.05 to 2.0 nn in diameter. Kuenan (32) states

that the basic origin of sand is calcir¡n carbonate, aluninum silicate ,'"''t''"'

or silicon dioxide. Sand is desirable as an individual rnedium in a

nixture due to a wide range of pore sizes for aeration and drainage. 
, ,.

The large particle size and rigid structure of sand make water readily |:,,ii;,t,
j., ,':,,,::,

available while naintaining large pore spaces. , ,,,,,
i:i, .::-:.;,-

Hartmann and Kester (26) define peat as the organic renains of ; :':1":ì'

conposition has been iplants which have accumulated in places where deconposition has been 
ì

retarded by wet conditions. Peat may be classified as woody peat, 
i

:

fibrous peat or sedimentary peat (35). Fibrous peat, composed of I ,

i

sedges, sphagnr.un mosses and cattails is the most conmon type used by 
l

:

horticulturists (33, 35, 55). Although fibrous peats are heterogeneous ,

in character, the gravilnetríc vJater content is very high, possibly ten 
l

tines greater than that of nineral soils. A good quality peat is open, i

,

porous and supplies adequate aeration. A disadvantage of peat is the 
, i,t.,

loss of fibrous qualities with repeated use (7 , 55). t-'1"""'"'

't 
it, 

" 

-,trt,

A 1:l mixture of sand and peat could provide a good germination :::,:r'::.

nedium.Thesandprovides1arge,poIespaceswithreadi1yavai1ab1e

rÁrater whereas peat supplies fibrous bulk for water retention

The processed media include ver¡niculite, perlite and turface. 
,,,., 

,.,;',

Raw verniculite ore is a nicaceous mineral , consisting of nany thin 
;:'::;-';:

layers which entrap air. Barshad (5), characterizes vermiculite
., '

chenically as hydrated nagnesir¡n-aluninun-iron-silicate. The oré is l

ri: :
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passed through furnaces at 1093oC converting water into stean thus

expanding the layers. The end product is a gnall, porous, sponge-like,

sterile f'kernelrr (particle). Vermiculite has a water holding capacity

up to five tines its weight due to the larger interface area. The

recornrnended verrniculite for seed gernination is grade No. 4 wíth a

particle si-ze range of 0.75 to 1.0 rrn. Verniculite provides for air

and bulk when incoïporated into a rnediun nixture.
:

A second processed nedirm is perlite. The grey white naterial of

volcanic origin, is a chenical conbination of silicon, aluminum, potas-

siun and sodiun oxide (26,33). Perlite ore is heated in furnaces to

approxinately g82a1. As in the case of vermiculite, small amounts of

water are changed to steam and thus expand the particles. The large

particle síze and rigid structure of the perlite provide for a wide

ïange of pore sizes fot ae'ration and ease of vrater removal. Theporosity

of the individual particles result in an entrapment of water and thus

perlite has a greater hrater holding capacity than sand. Perlite is

essentially neutral with a pH of 7.O to 7 -5.

Turface, a montmorillonite clay, is also a processed nedium amend-

ment. The raw clay is cut, crushed and ground to particles of uniforn

size. The particles are then fed to a calcinator at tenperatures of

ggzo} where the careful control of the tine and tumbling action produces

a particle which allows for air movement and water absorption when used

separately or as part of a mediun nixture. Turface does not alter in

particLe size and shape when wetted and it can absorb vrater equal to

its own weight. According to Technical Service Bul-letin (2), turface

provides a uniforn supply of water to the growing plants.
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Têmperature ì:: :,

Collis-George and Sands (11, 12), stated that a üIater regime

exists between seeds of different species of plants and the nediurn in

which gernination occurs. Ihe regime reacts with other factors such as

tirne, temperature and air-suppLy for after-ripening. Many woody orna- ,,: ,"

nental plants such as Caragana (34), Era.æinus (51), ELaeagnus (15),

Acer (I7, 52), Rosa (48), and Jtmiperus (37) require temperatures for
:

after-ripening of approxirnately soC. Giersbach (25), reported that 
,i,:,',.,

cotoneaster seeds require treatment at thlo separate tenperature ranges 
"i: 

::

,tt, tt'.,',

for germination to occur. Treatment at 15 to 25oC for three to four ,.'"".

months overcomes the seed coat dornancy, fotrlowed by ternperatures of
'

1 to 5oC for four rnonths for after-ripening. Vibøwnwn requires alter- 
,,

nating temperatures between 10 and 30oC to overcome dormancies (22, 30). 
,.l
l

Tirne l

The length of after-ripening time varies with species. Linquist

(34), stratifie d Caragana arborescens seeds for fifteen days. Acer

.

.saechøyum a¡d.Aeer ginnaLa (I7, 52) require 30 days for after=ripening

':,.:.:,.:
whereas Tibumwn (22, 30) and cotoneaster (25) require two winters in Ii'

... :. _: .

natural habitat or over 110 days r¡rder laboratory conditions for germ- 
,,,.,.,',

'.
ination to occur.

Physiological changes 
,,,,,,

r::,:;-rr:,

In a dornant or nongrowing condition, the netabolic rate of seeds

is low (I4, 3I, 4I, 42). As the after-ripening process b-egins, physio-

logical changes requiring oxygen occur within the enbryo. Eckerson (18),



studying ¿f¿e1.-ripening of Crataegus moLLí,s seeds, reported an increase

in oxidase activity, reduction of fat content with an increase in soluble

sugars and increased energy activity as measured in increased netabolic

tenperature. The increase in respiration in Jzmí'peru.s seeds resulted in

a doubling of catalase activíty (37). Durnbroff and Webb (17, 52), stated

that the respiratory rates of seeds of Aeez, sacehøvwn and Acer ginrnLa

are correlated to their r^Iater uptake. Dorrnant cereal seeds show a

greatelf initial uptake of oxygen than nondornant seeds (36). Due to

specifÍc requirements of individual species, these scattered pieces of

work still leave the propagator wondering if an optimtnn lange of avail-

able water exists for the after-ripening and germination of seeds.



METHODS AND MATERÏALS

The objective of the study ü¡as to establish a pF range for sorne

nedia and to conpare the rnedia for after-ripening and gernination of

the two woody ornamental plant species, Catagana az.boreseens and Cgtisus

austrí,aeus.

The experinental procedure was subdivided as follows:

I. Determination of water potential pF - water content relation-

ship for each nediun.

II. After-ripening and gernination of cornmon caragana, Caragann

arboreseens.

III. After-ripening and germination of Austrian broom, Cytisus

austníaeus.

The six natural and processed nedir¡n anendments used were:

1. Sand - 1oca1 origin, 0.5 to 1.0 nm particle síze.

2. Peat - Manitoba native fibrous peat noss, partly deconposed.

3, Sand-peat mixture - 1:1 mixture by voLune.

4. Verniculite - Terra-lite, cornmercíal grade No. 3.

5. Perlite = Concrete aggregate.

6. Turface - Wyandotte Mulch.

Moisture Characteristics

The objective of thls experiment was to deternine the natrix poten- 
1,.,,: ,:,:.,.:..:.

tial of available ulater (pF) for each nedium treatment. pF is the log r::1::::'r:::r'::

noi.sture potential when moisture potêntial is given in equivalent cm of

vrater, o.g., 1 atmosphere = 1033 cn of vlater = pF 3.0. A treatment con-

stitutes a definite volume of water (n1), added to a specific weight of
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nediun (gn). Sínce the specific gravity of water is 1.0, the lÀ'ater to

mediurn ratio is actualLy a weíght of ürater to weight of nediun ratio.

The procedure enployed was sinilar to that outlined by Fawcett and

Co11is-George (19). The hydrophilic properties of filter paper were

used to estimate the noisture potentials of soil nedia. Different grades

of filter paper have different hydrophilic properties. This results in

a definite pF-water content graph for each grade of filter paper. In

this study, llhatman No. 42 filter paper was used. The filter paper h'as

allowed sufficient time to equilibrate to the moisture in the nediun and

pF values were estinated fron the standard graph for Whatnan No. 42

filter paper (19).

A definite weight of nedir¡n was thoroughly nixed with a specific

volume of water. One half of the nediun was put into a plastic container

and three pieces of Whatrnan No. 42 fl1-ter paper were placed on the nediun.

The air-dry weight of the innerrnost piece of filter paper was recorded

innediately prior to being placed in the container. The renaining nedir¡n

u¡as pressed firmly on top of the filter papers and the containers closed

and sealed with nasking tape and placed in a cold roorn for fourteen days

at a tenperatuïe of 1.6 t 0.5oC. After fourteen days, the containers

were opened, the outeî two filter papers were discarded and the innermost

paper was weighed innediateiry, The increase in moisture percentage of

air-dry weight was calculated and converted to a pF value by the Fawcett

and Collis-George rnethod (19).

The Soil Science Department, University of Manitoba, deternined

the pF-wateï content relationship of the Whatnan No. 42 filrtet paper

using a pressure mernbrane apparatus. The pF hlater content relationship

was identical to that of Fawcett and Collis-George (19).
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Several types of cardboard and plastic containers were tested for

ü¡ater retention. The eventual choice of container was a 1O oz plastic

pack No. 6810, with a capacity of 300 rnl.

Prior to experimentation, the sand was screened for particle size

0.5 to 1.0 nn, washed and leached with vlarm l,Iater to remove foreign

debris. The pH of the sand was 7.1 as determined by a Fisher Acctrnet

pH rneter. Sand was oven dried at 200oC for 24 hours p"iot to use. The

peat vras screened by using a 3.0 nm screen and was washed and leached.

A, filter paper lined Buckner Frmnel was used to suction dry the peït.

Prior to using the peat, the peat was further dried by spreading out

to air dry for 24 hours. The pH of the peat was 6.9 as deternined by

a Fisher Accumet pH neter.

The sand-peat, 1:1 nixture was,prepared by nixing equal vohlnes of

cleaned sand and peat. îhe turface, vermiculite and perlite were used

directly fron the manufacturers bags

lhe individual pF water content relationship for each medium was

determined by adding a definite volune (nl) or weíght (gn) of water to

either 300 gm of sand, 25 g:n of peat, 50 gm of sand-peat mixture, 15 gm

of perlite, 75 grn of turface or 15 gn of venniculite. The specific

weight of each treatment nediun is approxinately equivalent to 250 cc

of volume. For each nedium, a range fron 0.0 water content to satura-

tioh was covered.

After-rjrpening and Germination of CaYagwm arboreseens

The objective hras to deternine the effect on the after-ripening and

gernination of Cæagmta arboresce¿s seed when stratified in sand, peat'

1:1 sand-peat mixture and turface and to deter¡nine the optinun pF range



for seed after-rípening. and germination in each nedirm.

The Catagana ayboreseens seeds were collected on the Universíty of

Manitoba canpus during the summers of 1969 and 1970. Irunature and

danaged seeds were cul1ed out by visual inspection and r^tater flotation

and discarded. The seeds were sto?ed in a cold storage room at an approxi- t:::.:
;:: :: :.::,'

mate tenperature of 5oc

After the pF values were determined and a pF graph was constructed

for each rnedilun, eight levels of water (n1) were used for seed treatments 1.,,,,,,.,

for after-ripening. Each ttira1 had two controls, one hlet where the seeds l''':,'"i'

were immersed in ü¡ateï and one dry where the seeds were placed in an air- l,:,r:.rl.,
L::-.:....

dry nedir.un for the duration of the stratification period. Each treatnent

was replicated 12 tines

The specific arnounts of r^Iater added to each nedium appear in Table I. 
,

i

,

i

Table I. The amount of water (rnl) added to each mediun for after-ripening 
i

càTagana seeds.

L2

Treatments

Mediat2345678910

II. Turface I 15 20 30 35 40 45 55 60 0 irun.

III. Turface II 15 20 30 35 40 45 55 50 0 irrun.

IV. Peat 25 30 37.5 50 62.5 75 87.5 100 0 turn.

V. Sand-peat 5 10 15 20 25 50 35 40 0 irun.

Turface I - no additional water added prior to germination.
Turface II - additional water was added prior to gernination.
irnm. - imnersed - the seeds are completely innersed in water.
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Prelininary studies have indicated that the amount of water re- '" "

quired for stratification was not sufficient for geflnination at lov¡

molsture levels. Prior to gerrnination, water was added to treatments

with less than a mean level of water for sand, peat and sand-peat mix-

, tures to attain the nean water level. Mean level was in the pF range ,'.".,,',.
--:t:- 

_

of approxirnately 1.5 to 2'.0 for the nedia. In the case of turface, a

large proportion of the water was held at high suction (high pF).

,, fris meant that at the mean u¡ater level, the pilrtt,r" was approxirnately :.:,.: i.:,
:_: :. .: ì.: :' ': : .-: _'.:

4. í.e., the dry end of the available l^Iater range. Therefore, for the '::
i ,,',

,: turface II t1eatment, 45 nl of water hlas added. This gave a pF value ',1.,,,,,'::. ì'
l

of approxirnately 1.3.

The criteria for germination was the energence of the radicle, and :

i

ì 
gernination counts were based on the emeïgence over a two week period. 

i
I

I The seeds were geflninated' in closed containers at a temperature of 20oC 
i

After-ripening and gerrnination of CAtisus austriaeus

Ihe objective was to determine the optirnum pF range needed to bring

about after-ripening and germination of Cytdsus ausfu¿aczs seed when '

stratified in peat, sand-peat mixture, perlite and verrniculite. 
:

The Austrian broprn seeds were collected at the University of Manitoba ,,.

Arboretrmr during the fall of 1969. Ttre seed lot was variable and many '

seeds were discarded after visual inspection and water flotation, only

ripe, plurnp seeds were used for experi-mentation. The seeds were stored

in a cold lcoom at an approximate temperature of soc rmtil required. for ,"

experiments.

As in the case of caragana after-'ripening, pF graphs of peat, sand-

peat nixture, perlite and verniculite were used to choose eight treatment

1eve1s per mediun. Wet and dry controls were used for each nediun. The 
i',:,



t::^-.":1:¿?1:

seeds were prepared for after-ripening and stored in a cold room for 42

days at a ternperature of 1.6 t 0.05oC. Treátnent r^Jater levels used for

each rnedium aïe shown in Table II.

Table II. The anounts of rtrater (n1) added to each nedir¡n for after-ripening
of Austrian broom.

Treatment (water in nl)

MediaL2345678910
.'.:,,', I. Verniculite I 3 10 20 30 40 50 60 0 inmersed 

¡¡,,-',',",;,

:: r: ;,a.::-.a:.,.:i

," III . Sand-peat 5 10 15 20 25 50 35 40 0 innersed i:-:': ::

^!: IV. Perlite 1 2 3 4 10 20 50 40 0 inmersed

As in the experinent with caragaîa seeds, watel was added to sone of 
i

i

' the treatments prior to geïmination. The treatnents with a water content 
i

i bel-ow the mean arnotnt for each medium, had sufficient vrater added to attain i

i

i.-l
,

the average 1evel.

The criteria for gernination was the sane fot Caragarn, arboreseens. 
1

L4
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RESULTS AND DISCUSSION

Moisture Characteristics

Water availability of a nedir:m is related to rnoistuïe potential 
,:.

pF is a convenient method of expressing moisture potential. The pF ::

r¿mge is 0 to 7.0 where 0 represents a totally saturated nediun andT

expresses a dry nediun.

The pF values of each nedir.m were estirnated from a table of values 
i..'.r.

aträ r graph (19, 43). Ttre values are based on the moisture characteris-
' - - 

:,-..,.':

tics of Whatnan No. 42 filtei paper. The pF values were conversions i :

frorn the moisture content of filter paper which was expressed as a per-

cent of oven-dry weight as indicated in Figure 1. According to Fawcêtt 
,

and Collis-George (19), error due to calibration of the filter paper is 
i

approximatelf Ieo. Because of the linited deviation fron the normal

crrrveforthefi1terpaper'thisnethodisafaírLy.sirnp1e'accurate,

method of determining l{ater potential

Data in Table III are examples of the relationship between noisture

content and pF values in sand. The percentage of the weight increase of 
,:,,,,,,,

the centre filter paper as compared to the initial weight, constitutes 
.

the moisture content. :' j

- Moisture content - pF relationships of peat, sand-peat rnixture,

verniculite, perlite and turface appear in the Appendix Tables 1 to 6.

These values were used to constïuct a graph, Figure 2. The graph repïe- 
.,-. ,

sents the pF values as a firnction of the treatrnent level of water, g

water/g media (Dry weight ) x 10.

The relative change in pF per unit water addition to the rnedium
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Table III. The relationship of the percentage rnoisture content to pF
values in sand.

g'fiater/g,media
(D.W.) x 10'

Moisture content (%)
of oven dry filter paper pF value

F. C.

.03

.07

.10

:T3

.17

.20

.27

.33

.40

.47

.53

.60

.67

1. 00

r.33

r.67

2.U0

2.33

3. 00

14. 95

20.31

26.52

34.03

40.94

69.87

118.91

156.59

146.s3

149.06

r58.26

764.2L

169.2r

774.48

176.58

'776.97

180.64

L82.54

187.91

5. 15

4.75

4.25

3.70

3.30

2.52

1. 85

1.60

L.43

1. 59

r.25

1 .16

1.13

1.05

1.00,

1 .00

r98

.98

.97
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1. 1-'--.'¡i-:-i-4.' :'

is indicative of vtater availability of the nedium, Figure 2. A

large change in pF related to a small change in unit water addition to

the nediun indicated that the nediun released water readily. There was

nininal r^¡ater retention and little force would be required to remove

the water from the nediu¡n. A small change in pF related to a large

change in rmit vrater addition indicated a greater rtrater retention and

less water availability in the nediun.

T\vo forces account for the tenporary fixation of water in the

mediun. Adhesion is the attraction of solid surfaces for water nole-

cules and is only operative at solid-liquid interfaces. The greater

the interface area., the greater the water retention. A second force

is an electrostatic attraction of water molecules for charged nedia

particles. As a result of electrostatic charge on media particles and

the dipole nature of water molecules, water becomes moîe organized even,

at a distance from the nedia particle. Water molecules are electro-

statically bor:nd to other water molecules within pore spaces. Water

held by these forces not only can keep the srnaller capillary pores with-

in the rnediun entirely full but also maintains thick films of water in

the pores. When tfie rnedirmr is near saturation, it would be easy to

remove uJater but as the noisture content decreases, greater force would

be necessaty to remove water.

There r{as a large change in pF in sand, pF 4.1 to 1.0, as related

to a snall change in unit rrtater addition, 0.03 to 5.00 g water/IO g

(D.W.) sand. Water was readily avaíLable from the sand and there was

little v¡ater retention. The large initial pore space size and rninim¡n

change in pore space size as Ìrrater is withdrawn could account for the

readily ayailable water in sand. Sand particles have little electrostatic
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attraction for hrater nolecules. The low water retention in sand was

evidenced by the relatively small amount of water which was required

to reach field capacíty in sand as compared to the other nedia. An

advantage of using sand is that water is readiLy avallable to seeds,

seedlings and plants, whereas a disadvantage is the low retentíon of

$¡ater in sand which would require repeated additions of water to mai-n-

tain a near constant pF.

There hras a relatively snall change in pF as related to a large

change in r.¡nit h¡ater addition for peat, vemricul-ite and perlite' The

wateï retention curves appnoach linearity and it would be relatively

sinple to achieve desired pF values based on the curves. Each of the

three nedia. has great water retention as l¡¡as evidenced by the total

amor¡rt of water required to reach field capacity, 28.0 g water/L}'g

(D.W.) perlite, 34.0 g water/tO t (D.W.) verrniculite and 36.0 g water/

10 g (0.W.) peat. Water !üas rnoïe readily available frorn perlite than

frorn peat or vermiculite. Water retention I,Ias greatest in the vernicu-

lite as was evidenced by higher pF values at given moisture content.

Peat, verrniculite and perlite have great hlater retention due to

large interface surface aïeas which contribute to adhesive binding of

r{rater and charged media particles which result in electrostatic vJater

binding. Verniculite and perlite have been heat processed to produce

eriçanded, porous particles. Water is absorbed and trapped withi-n the

particles which results in greater water retention. The Large particle

size, rigid particle structure and Large pore space size of perlite

would make water moïe available from perlite than from peat or vermi-

cuLite as evidenced by lower pF values at given moisture content. Peat

has large interface surface area, perhaps two to four times that of a



1 " i ':"'r

2L

montmorillonite clay and a high cation exchange capací1'y indicative of

potential\y Large electrostatic l^Iater binding forces (7).

The water retention cuÍve for the 1:1 sand-peat nixture is a

composite of the sand and peat curves. At lower rurits of water addi-

tion, the mixture resembled sand as a relatively small change in water

resulted ín'a Large change in pF. As the total moisture content in-

creased, the pF changed very litt1e and the curve resembled that of

peat. The high water holding capacity of peat was evidenced in the

rnixture as approximately five tines more vJater was required to reach

field capacity in the mixture as ulas required for sand.

Turface has a unique water retention curve. A possible explana-

tion of the unique reaction of water in the turface could be the

particle conposition of the heat processed montmorillonite clay. Un-

like perlite and vermiculite, the heat processing does nÓt appre ciably

expand the particles of turface and there is rninimurn swelling of the

turface when wetted. At low rnoisture content, a f.aitly large range of

unit water additions, 2.0 to 4.7 g/I0 g (D.W.) turface, resulted in a

small change in pF, 4.0 to 3.5. Water would be tightly bound in the

turface as the interlattice spaces or capillaries would be filled.

Once the internal spaces of the turface particle were filled, any sub-

sequent addit-ions of water would become available to t-tre seed. This

was evidenced in turface as a very snal1 amount of added water, fron

4.7.to 5.0 g/10 g (D.W.) turface, resu.lted in a large change in pF,

3.5 to 1.3. At this point, hrater becomes readily available. The third

region of the graph has a relatively srnall change in pF, 1.5 to 1.0 as

related to a large change in unit Ì\rater additions, 5.0 to 8.0 g/LO g

(D.W.) turface. A weak adhesive force could account for the ltlater



:Tetention in turface at the low pF values.

Each species of plants appears to have a critical water or pF

range for seed germination (11 , I2). Optimun seed gernination would

occur if constant pF could be maintained within this range. The water

,,,, retention curves of peat, perlite and vermiculite approach linearity 
:,,,,,,,,,,

and it would be relatively sinple to achieve and maintain the desired

pF in these nedia. Peat, perlite and vermiculite have great l^Iater

'' ' 
1";"t'

ij a fairly constant pF. Water is readily avaíLable from sand but a dis- :''':Í,''¡,

i advantage of using sand is low water retention. I4later would have to ,,;,..;,,,

:._ .' :

be added repeatedly to naintain a constant pF. It would be relatively

i easy to maintain a constant pF in fait1-y dry or saturatgd turface. How-
:

ieyeT,itwou1dbedifficu1ttoachieveandrnaintainaconStantpFin
f the range of pF 1.5 to 3.5 as a small amount of wateï would result in i

'| ¿ large pF change '

, 
a-Þ- f- ----:-Þ-

i

.l

I 
^ftèT:tipènin* 

ànd Gèiríinàtion of Caragdr¿a arborescens

The caragana seeds r^rere stratified for 14 days at t.6oc after which :

time the seeds were geïminated for 14 days at 21oC in a growth chamber. : 
,,,,,,;..,

.,
The total number of seeds germinated was recorded for each nediun tïeat- 

,:,,.',:,,.1,. ... 
:ment. The mean gernination values for each mediun treatnent are shown

in Tabl-e IV.

A factorial analysis of variance on fixed variables was used. to
a.-, ,.,..,

deternine if differences occurred between the media and between the :: r::

treatments within the nedium. There are significant differences between

the treatrnent levels, the uredia and the interaction bethteen mediun and

treatments as shown in Table V.

22
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Table V. Analysis of the variance of the after-ripening and germina-
tion results of caragana seeds in media.

Source Df S.S. M.S. F

Media

Treatment

4 228.49 57.12 67L.89 *

9 584. 01 64.89 763.24 *

:'.:a:'::..-.Media-Treatment 36 353.88 9.27 109.09 x

Within cells 560 47.6L 0.085

TOTAL 609 1288.41

Coefficient of variance = 7.97%.

tÉ

5% leveL of significance.
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The nedia means are shown in Table VI. The t-test l,ilas used to

deternine the difference between the media means and the results of the

conparisons of means are indicated in Table VII.

There üias no significant differences between the gernination

values of peat, sand and sand-peat mixture and turface II.. However, a

difference did occur in the actual length of tine required for gernina-

tion. This was a slower gernination rate in turface II. Seeds in peat

and sand-peat nixture attain naximum germination after 7 ð.ays whereas

turface II took 14 days. The greater length of tine for gernination

in turface II could be due to a slower rate of inbibition, particularly

at the lowet levels of water.

The sirnil aríty of germination values of peat and sand-peat mixture

may be attributed to the sirnilarities of water availability as indicated

in the pF graph. The additional water which was added to the lower

levels in turface II, resulted in water availability for germination

occurring within 1.0 to 1.5, as indicated in Figure 2. This is approxi-

mately the sane pF range in which the seeds germinate in peat and sand-

peat mixture.

Ac-cording'to the data,in Table IV, the highest mean gernination

value occurred in sand. A cornparison of the mean germination value of

sand to the other media, indicates no significant difference between

sand and sand-peat nixture. A significant difference occuïred between

sand and the two turface treatments. lhe superiority of the mean gerni-

nation values for sand rnay be attributed to the low level of water

retention and water availability as indicated. in sand and pF graph.

The Duncan Multiple Range Test (47) was used to deter¡nine if sig-

nificant differences did occuï betü¡een the treatments for each mediur.
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Table VI. The effect of the rnedia on the nean geînination counts
of catagana.

Media Mean germination count

Sand

Turface I

Turface II

Peat

Sand-Peat Mixture

17.48

9. 61

L6.92

17.38

17.30

Reference - Turface I and Turface II see Table I.

Table VII. The conparison of mean ín each rnediun by using t-tests.

Media Means Paired t-values

Sand - turface I 47.39 **

Sand - turface II 3.2I x*

Sand - peat 2.02 n.s.

Sand - sand-peat nixture 1.75 **

Turface I - turface II 39.27 **

Turface I - peat 45.38 **

Turface I - sand-peat nixture 38.11 **

Turface II - peat 1.29 n.s.

Turface II - sand-peat mixture 1.15 n.s.

Peat - sand-peat nixture 0.00 n.s.

**1% level of significant.
n.s. = lrlot significant.

* 5% level of significance.
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rn sand, peat, sand-peat mixture and turface rr, a significant differ-

ence occurred between the tr{o controls, wet and dry, and the other

treatnents. There lüas no signifi'cant difference between the mean ger-

mination values for treatments 1 to 8. Since the mean germination was

the lowest in the controls, this would support research cited in the

literature, that air and water are essential for after-ripening process

in seeds. rt urorrù appear, that caragana seeds after-ripen if strati-

fied within the range of available water for each nedit¡n of pF 1.0 to

4.0.

The results obtained from turface I, indicate that when no vrater

was added to turface between after-ripening and germination, turface

reacted in a predictable manner to the moisture content - pF graph con-

structed for this nediun. îhe mean gernination was very low at the

lower moisture-content levels, 5.0 - 4.s g water/g turface (D.w.) x 10

or-pF 5.5 to 5.2. A slight increase in germination counts was evi-

denced in this moisture content range as the amount of water increased.

There was no significant difference between the nediun treaünent in the

I^rater content range of 5.0 to 8.0 g water/g turface (D.W.) x 10, pF 1.0

to 1.5. Approximately 95e" of the total-seeds had gerrninated in this

range

The pF graph for turface and the Drmcan lvlrrltiple Range Test reveal

two distinct ranges of water availability within the turface as indi-

cated by Figure 2. At low levels of total water, there is a retention

of hrater. within this range very little r^rater is available to the

seeds and gertnination.is reduced. In the second range, water is readily

available. However, a small amourt of water added can change the
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character of turface fron one of l¡¡ater retention to one of üJater avaiL-

ability. In this e;perinent, at appïoxirnately 4.7 to 5.0 g water/g

turface (D.W.) x 10, the addition of .33 of water in 10 gn of turface

changed the character of the turface. As indicated in Table V, both

turface I and turface II were giyen the same amount of water during

after-ripening., therefore germination is dependent upon the additional

water at the lower levels. Thus, the amount of water needed for after-

ripening differs fron the amount of water needed for gennination.

Collis-George and Sands (11, 12) have stated that each plant

species possesses a water regime with the rnediun. According to Fawcett

and Collis-George (19), Whatman No. 42 filtet paper has the same suction

as plant seeds or approxirnately pF 6.0. As indicated in Figure 5, the

water regime of caragana seeds is expressed as a function of the ger-

mination conpared to the mediun pF value. Ttre satisfactory after-

ripening and germination o¡ s¿r'egana will occur within the range of pF

l-.0 to 4.0 in sand, peat, sand-peat mixture and turface II. At a,pF

value greater than 4.0 the gernination decreased sharply because of

lack of water. Sinilarly at the value of 1.0, gerrnination decreases

due to Lack of air. Ihe results with turface I indicate that the water

regirne for after-ripening is not necessarily the same for gernination.

The caragana will germinate if the amormt of water added to the

medirm fal1s within the water availability range for the nediun. The

careful manipulation of the anount of u¡ater added to the medium will

enable the propagator to use the available nedium to obtain a satis-

factory after-ripening and gennination of seed.
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Lfter:-tipèning artd Gèr'fünátion of CAt¿sué austr¿abus

The seeds of Cgtisus austriacus, Austrian broom, were

in sealed containers for 42 days at a temperature of l.6oc.

tainers were kept at temperatuîes of 2IoC for germination.

nination means data'appears in Table VIII.

As in the case of caragana seeds, analysis of variance

to analyze the mean germination values. Highly significant

were for.¡nd to exist between the media; tïeatnent levels and

interaction bptween nedia and treatments.

stratified

The con-

The ger-

was used

values .

for the

With the exception of peat and sand-peat mixture the t.tests indi-

cate significant differences between the media. Perlite had the high-

est germination while vermiculite had the lowe_st. There is greater

I^Iater retention in vermiculite conpared to either peat, sand-peat mix-

ture or perlite as evidenced by the pF determination. Because of the

greater vrater retention of verrniculite, the seeds,exert more suction

force to remove the hrater. At low leve1s of total water this would

result in lower gernination rates

The Duncan Multiple Range Test was used to conpare the treatnent

means. The rmifonnity which was present between the treaûnent means

for caragana definitely did not occur for the broom. A possible explana-

tion could be due to overall poor seed quality.
'As was the case for carag aÍta, a significant difference occurred

between the wet and dry controls and the oan"t treatments. Similarly,

no significant differences occurred between the treatments I to 8 for

peat, sand-peat mixture or perlite. Perlite inað, a nore ¿niform range

of means than either peat or sand-peat mixture. ïhe mean germination
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TabLe IX. Analysis of yariance of the after-ripening and ge:rnination
results of.Austrian broon in nedia

Source S.S. M.S. F

Media-treatment 27 44.28 L.87 L3.04 x

Media

Treatment

Within ce1ls

TOTAL

3 L6.r2 5.37 37.53 x

9 353.29 39 .25 274.20 *

310 456.83 0.14

349

* 5% 1evel of significance.
Coefficient of variance = L3.9L%.

The diffelence between the nediun means were determined by t-tests.

The results of the t-tests are in Table X.

Table X. The germination means of Austrian broon seeds
stratified in several rnedia.

Media
Germination, neans
(total = 20)

Vermiculite

Peat

Sand-peat

Perlite

7.L2

8. 94

8.68

9. 81



Table XI. The conparison of treatnent media neans as carried out
by t-tests.

Paired Media Means t - score

Verniculite - peat

Verniculite - sand-peat mixture

Vermiculite - perlite

Peat - sand-peat ¡nixture

Peat - perlite

Perlite - sand-peat mixture

5. 83

5. 15

10.61
,...iirt::.. l

0.86 n.s.

4.52

5. 57

* S% level of significance.
n.s. = Not significant.
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is the lowest in the controls, indicating that l,vater and ait are essen-

tial when stratifying Austrian broom.

The Duncan }4ultiple Range Test does show two ranges of means in

vermiculite. In the moisture content range of 13.0 to 36 g water/g

verrninculite (D.W.) x 10, PF 2.1 to 2.9, there is no significant differ-

ence between the means. The range repïesents the availabl-e water region

for verniculite. At pF 3.0 to 4.5, a significant difference occurred

between the means. Rs the pF value increased and a drier state was

being reached, the mean gernination cormt decreased

As in the case of caragana seeds, Austrian broon plossesses a vlater

regime with the nedia. Figure 4 erçresses the water regine of Austrian

broorn as a firnction of the gernination compared to the mediurn pF value.

The optirnun gernination for the Austrian broom occurred within the range

of pF 1.5 to 3.5. The water regime of Austrian broom is narrower than

that of caragarra. The careful nanipulation of the amount of hlater added

to the after-ripening and gernination mediun will lead to satisfactory

germination of the Austrian broon

General Discussion

Ttre gerrnination of dornant and non-dormant seeds is affected pri-

narily by the rnoisture condition of the nediun (7, 35, 43). According

to Collis-George and Sands (I2), each species has a given water regirne

for optimum seed germination. The water regirne is defined by a soil

moisture suction (pF) range and is dependant upon the rnoisture absorp-

tion characteristic of the seed and the moisture characteristic of the

mediun. Each species would have its own distinctive pF range for seed

germi.nation (11 , I2). For some species the r¿mge could be very snall
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h¡hereas the seed of other species could gertninate over a large range of

pF. Optirnr.nn seed germination would occur if the seed was placed ín a.

nedirm with wate r available in the rnoisture regine range. For example,

optimum catagana seed gerrnination occurred following after-ripening at

pF of 1.0 to 4.0 whereas optinun Austrian broon germination occurred at

pF 1.5 to 5.5. If the seeds are placed in nedia with pF values which

lie outside of the optimum range, germination decreases.

The choice of media for after-ripening and gennination would depend

upon the species of plants and the ease of attaining and naintaining a

desired pF. A relatively constant pF would have to be naintained for

those species which have a snall pF range for germination. The nedia

chosen would have a snal1 change in pF as related to a large change in

unit water additions, such as perlite , peat, and vermiculite. Sand,

sand-peat and turface could be used for these species, but there would

be greater difficulty in maintaining a constant pF in these media. A

large change in pF related to sma11 changes in r¡nit water occur for sand,

sand-peat and turface and repeated, snall additions of unit ürater would

be necessarY to naintain the constant pF. The choice of nedia would not

be as critical if germination occurred over a large pF range, as vras

evidenced for caragana seeds. i" enclosed containers, the percentage of

gernination üras equally high for sand, sand-peat and peat. The results

night have varied if the experiments were conducted in open containers.

Turface is not recommended for use because of the diffículty in attain-

ing and maintaining a constant pF in the range of 1.5 to S.5. The pF

of turface chanles very quickly with the slightest addition of hrater

and turface would not be recornmended for those species which genninate

in a very snall pF range, specifically if thé range is within the prox-

inity of 1.5 to 3.5.
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SIIMMARY

The freshly harvested seed of common caragana and Austrian broon

are dormant and the dormancy may be, overcone by stratifying the seed in

noist mediun for 14 and 42 days, respectively. After-ripening and sub-

sequent gernination is dependent on available water in the medir¡n.

The pF-moisture content relationships were established for sand,

peat, sand-peat mixture, turface, perlite and verniculite. At 1ow pF,

water is readily available in the nediun and little suction is required

to remove the water. As the pF increased, a greater suction is exerted

to renove the water. The arnount of available water is predictable in

sand, peat, sand-peat mixture, perlite and verrniculiter.to . the moisture

content of the rnediul. Turface has tu¡o distinct available water ranges.

Each plant species possesses a seed-water regfune in the nedium.

Optirnurn gerrnination for caragana seeds occurs within pF 1.0 to 4.0 and

pF 1.5 to 5.5 for Austrian broom. As evidenced in turface, the amount

of water required for after-ripening rnay be insufficient to gerrninate

the seed. The nediurn used appears to have little effect on after-ripen-

ing and gernination of caragana and Austrian broom, provided that

sufficient water is nade available.
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APPENDIX TABLE 1

The percentage moisture content as related to a pF value
in 1-5 gtn of yermiculite.

g water/g media
(D.W.) x 10

Moisture content (%)
of oven dry filter paper pF value

.7

r.3

2.0

2.7

J.J

7.0

10.0

13. 0

16.7

20.0

23.3

26.7

30. 0

33.3

36.7

40.0

23.09

25.79

28.60

30.26

31. 85

38.29

43.30

49.L2

51. 61

63.30

so. bo

111.81

r22.52

L29.60

166.20

17L.70

4.40

4.34

4. 05

5.90

3.73

3.4L

3.18

2.92

2.86

2.6L

2:25

1.93

L.75

L.63

1.13

1.04
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APPENDIX TABLE 2

The percentage moisture content as related to the pF value
in 15 gm of perlite.

g water/g nedia
(0.w.) x 10

Moisture content (%)
of oven dry filter paper pF value

0.7

7.3

2.O

2.7

3.3

7.0

10 .0

20.0

23.3

26.7

34.L:9

35.61

38. 54

40.82

47.49

65.25

135 .61

140.72

157.80

166. l_1

5. /5

3.62

3.42

3.30

3.03

2.55

1. 55

1.50

L.L2

1.11
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APPENDIX TABLE 3

The percentage moisture content relationship of pF vaLues
in 50 gm sand-peat míxture.

g water/g media
(D.rtl.) x 10

Moisture content (%)
of oven dry filter paper pF value

0.2

1.0

' 2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10. 0

9.0

27

42

57

95

TT7

135

144

150

158

166

5.91

4.L3

3.0s

2.7

2.25

1. 85

1.58

r.40

1. 38

7.28

1.11
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APPENDIX TABLE 4

The percentage moisture content as related to the pF values
in 25 grn of peat.

g water/g nedia
(D.W.) x 10

Moisture content (e")
of oven dry filter paper pF value

4.0

8.0

10.0

, 12.0

, 1s.0

20.0

2s.0

50. 0

35.0

40. 0

F. C.

30.26

58;06

44.59

53.57

's9.59

79.86

108.09

126.45

I39.23

150. 29

L84.67

3.9

3.4

3.L

2.75

2.6s

2.4

2.03

L.75

1.55

r.36

1.0
(
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APPENDIX TABLE 5

Ttre perce¡rtage moisture content as related to the pF
values in 75 gm of turface.

g water/g rnedia
[D.W.) x 10

Moisture content (%)
of oven dry filter paper pF value

2.7

J.J

4.0

4.7

5.3

6.0

-6.7

7.3

8.0

20.26

24.32

28.63

36.4

r40.76

L7L.6

L86.46

188.76

190.50

4.7

4.4

4.r

3.55

1.5

1. 06

1.0

0.99

0.97


