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SLIM¡4ARY

The toferance to waterlogging of eiEht Lucerne valieties was assesse¡l

in the glasshouse using three South Australian soil-s which ale prone to

water-logging during the winter. Four int¡oduced varj.eties from Russía

and Nolth America, which have a common ancestry in the fl-oodland ecotypes

of central European Russia, were more tolerant than four Austral-ian

registered varieties. Under f-looding the introduced varieties were higher

yielding anC ¡eteined a higher proportion of actively grov.ring plants. The

effect of flc¡oding varied between the three soi.l-s, but the ranking of the

response of the varieties hras generally similar j-n atl the soils"

I n a second glasshouse expe¡iment hybrid populatiorrs of c.rosses bet;ween

the four tolerani varieties and the four Australian verrieties were inter:-

mediate in perfor¡Ìlance when assessed for yi.e1d, shoot production, retentj-on

of meristemmatic activity and a score for Ieaf colour, sene$cence and l-oss.

The population x soil- interactions within the flooded treatment were agaín

generally insign.if icant 
"

A group cf f our parents, two tol-e¡ant anrl two intolerant under g.ì-ass-

house condj-tions, and hybrids between these tolerant and into-lerant

parents were studied as replicated clones of individual plants in a ffooded

field experiment conduced dur-ing the winter at Meadows, near Adelaíde"

Survir¡ors from the prev-ious experiment and unselectecJ control c.Iones were:

included" There were few significant differences be'[ween the survivors ar¡d

the controJ- populatíon when they were eompared by measuring components of

plant growth and assessing their appearance.

In the field the tol-eran'b íntroduced parents were more winter-dormant

than the intolerant Austrafian varieties and for a rrumber of weeks after

flooding was -imposed they suffered less deterioration of tl-r eir leaf tissue

arrd the hybrid pcptrlations once again were intermecliate.



After proJ-onged flooding

all the parental clones,

variety ¡ had t¡een killed 
"

The most consistent

almost all the survivi.ng

except for a smai.J- number

l_aa

utere hy[:rids and

introduced

clon es

of one

for assessing the tolerance of pop-

glasshouse or fiefd were the retentionulations alrd clones in either the

of meristemmatic activity and the

was not a rel-i-able c¡iterion for

prevailing iernperature and li.ght

differences j-n winter-dormancyo

was not a sui.table index for the

criteria

appearance of l-eaf tissue.

se.l-ectj-on in the glasshouse

conditiorrs did not permit

Re growth

s e-lect ion

after fJ.ooding in the

Plant yietd

because the

reso.Iution o P

glasshouse

Sh ootof tol-erarrt plants.

production pet' plant under both flooded and nonf.l-ooded conditions reflected

varietal dífferences irr the propensity to produce shoots and plant dornrancy

rather than fl-ooding tolerance"

Tlre rnethods which nright be used to continue se.l-ection for a lucerne

population incorporating both waterlogging tolerance and other desirable

agr.onomic characterj"stics are díscussed" The intravarj-etaf variation

expressed by the four. introduced varieties and one Australian variety,

rDemnatr, and the superíor performance after prcÌonged fJ-ooding of some

índividual clones from first generation hybrids indicate that the breeding

of a waterlogging to.l-erant variety adapted to southern Australia can be

pursued.
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I" INTRODUCTION

Lucerne (fr-di-gg gsti.l1q, L.)

Australia used extensively in

V/,4ITË IN5'iIIUTE
t.lBt,a,ti'y

fodder and pasture species in

sweeping f:--om the mid-northern

south-eastern Queensfand. It

is a major

a broad arc

agricu l'L ural

has a major

South Vlal-es and the south-east of South Austrafía.

The ovelwhelrnj-ngly

originated on the flats

the nineteenth century

domínant variety is rHunter Riverr , which

of the Hun'ber River¡ New South Wales early in

from introduced fucerne of unknown, but possibly

European, origin" The three major factors in the adaptation cf this

variety are the hydrology of tlre site, the pH of the soil- and the presence

of virulent pathogerrs.

In extensive areas of southern ancl eastern Austral-j.a (in V'lestei:n

Austra.l.ia, South Austrafj-a, Victoria, Ïasmania¡ New Sou'bh tüa.Les and

Queens.land ) duplex soil-s occLtr. These have a permeab.le surf ace horj.zon

of variabì-e depth overtying a relatively inrpermeable horizon o¡ have a

natural watertatrl-e close to the soi.l- surf aee. During winter and spring,

which are the seasons of maximum precipitation and mínimum evaporation,

horizon forthese soi.'Ls are susceptable to waterloEoinÇ o'F the surFace

periods of up

rHunte¡

to tlrree o¡ four monihs.

Riverr and othe¡ lucerne variel;ies presently cultivated in

Australia are damaged by waterlogged conditiorrs that persis'b for more

tharr two or three weeks so l-ucerne is only sown on those areas of duplex

areas of South

concentration of

Austrafia to

production in western and southern New

soi-ls which are not susceptible to prolonged w

Because existíng Australian varieties of

restricted by the conditions under which they

component of pastures and fodder crops on the

provided by o'bher perennial arrd annual legune

aterlogging.

.lucerne are severely

can persist, the legume

waterlogged soils is

specics" The principle

awberry clover ) ,spec:Les employed ar;e rifolium fraqi'Ferum (Str

Tríf of i.urn Lep€trg (wh j te clover )

vannj.ni.ctrm (Subterriiriearì cl.over ) "

and T::.if oli-r.rr_r subter:raneum st-rbsp"
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Although these species ale moI'e toferant to waterl-ogging they do not

have some of the other desirable agronomic characteristics of lucelne,

particularly the adaptation of fucerne to hot dry summer conditionsr its

perenniaì-ity and suitabílity for modern haymaking and fodder harvesting.

Therefore¡ this study is concerned with the expression of waterfogging

tolerance in introrluced l-ucerne varíeties and hybrids between these and

locaf varieties

and U. S.

drained

Me dica qo

have

acid

Fou¡ va¡ieties of lucerne cultivated in

A been reported to be tolerant

the Sovíet Union, Canada

to wateriogged, poor1Y

common ancestor a wild sPecies,and so j.Is " They all

which occurs in

have as a

fafc atgr the flood-lands of the rívers o'Ê central

European Russia"

T6e experj.ments reported compare the growtl'r of these fotlr varieties

with four Australian varieties. The fi¡st experiment cornpared the growth

of the eight varietjes under ffooded and unfl-ooded conditions in pots in

three soils in the glasshouse. The fresh and dry weíght of plant tops

and roots and the ap¡'rearance of plants were recolded at four harvests

during forty days of flooding.

In a second experiment the tolerance to flooding of the hybrids

between tþese eight varieties was compared with the eigh't pa::ents. The

yietd of plant tops, the number of shoots and the visua-l appearance of

p]-ants were used to measure the eff ect of fl-ood i-ng fr:rr five weeks on two

month old seedli-ngs. Subsequen'L r:ecovely from îf oodíng was cleterminecl by

plant ,cop yie1d, the number of slroots and propo¡tir¡n o1" surviving plants

after six weeks regrowth" The experi.ment was conclucted in a glasshouse

ín the same three soí.1-s used in tlre f.irs'b expef iment.

Fron plants surviving af ter f loodíng irr Experinen'b 2, c-lc-rnes were

selected from'bhe crosses between two to-lerant types and t'r¡o Aus'bra1:Lan

cul.ti.vars. Unselec'bed clones were also taken f¡otr the nonf I ooded tr-eatment"
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These cLones b/ere propagated and planted ín the field near Meadows in the

Adelaide Hills where they were subjected to flooding for thi¡teen weeks.

The yield, heíght, shoot number and shoot length were obtained for each

clone before and after flooding. During the period of floodíng the clonee

were also vísually rated fo¡ the effect of flooding.

These experiments provide a guíde to the value of introduced fucerne

varíeties as a source of waterlogging tolerance in b¡eeding.a well-

adapted waterlogging tolerant cultÍvar,
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2.. t-iTERATURT REVlEI,il

2.r" INTRÛDUCI-ION

Vrlaterlogg-ing of a soil can be regarded as that state which exists when

the water content of the soif exceeds rrfield capacityr'. Depending upon

the water content and the distribut-ion of particle size in a soif this

may result in either a three phase soil-wate::-air system containing more

water than a freely drained soil at field capacity or a two-pltase soil-

wa-ber system. It is in this l-atter system that the narrower and more

precise defj-rrition r:f waterlogging becomesrrthe state vlhich occurs when

6ater fj.l-l-s suffic:'-ent air spaces in a soil- fol a long etrough period to

::es-brict the dif-Fusive interchange of the soif and above ground atmospheres

to sur:h an extent that the normal oxidative processes in a soíl, chemical

ancl bio.Logical, are inhil¡ited " " (Rowe , I973)

The occurrence and longevity of waterlogging in a partioufar area

place restraints upon th e system of agricul-tu-raf production which can be

pursuecl j-n that area, the genotypes which are acì ap'ced to that a¡ea and

their man¿lgement for successfu-l culture, This leview wil.l encompass the

major effects of water.logging on soils and plants and the adaptation and

response of pJ-ants, particularJ-y agriculturaJ-ty important species, to

waterlogged co¡rditions. The review extends beyond the narrow fiel-d of the

experi.merrtaJ- portion of this thesis, name-l-y geno+"ypic differences under

waterJ-oggr'-ng in lucerne, because the specific litera'bure on that topic is

restricted to a few papers describirrg the agronomic effects. An unde¡-

standing of the effec-Ls of wate¡logging upon plants and the physiology of

their reìsponse and aclaptation must be drawn from other work to indicate

possible rnechanisrns for diffe::ences in waterloggi.ng tolerance in lucerrre"
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2"2" TI-IE EFFITT OF \¡/ATERL0GE ING 0N THE P HYSTCAL AND CIIEMICAL STATE OF SOII-S

In recent years the effect of waterlogging on the physical and

chemical- properties of soj-ls and the inte.raction b etween these properties

has been reviewed by a numbel of authols (Ponnampeluna' L964, 1972; Rowe,

1973; Russell , Ig73; van't Vr/oudt and Hagan, 1957; Patrick and

Mahapatra, 1968; Grable , 1966) 
"

2.2.I. Tlre ef f ect of waterloqq ino on the concentration of oxvqen in the

,'I
ùt
.dttrj

soil

The prímary physicaf effect of flooding is to displace air from the

soil pores, wl-rich in a well- aerated soif at f iel-d capaci.ty may b e l'0 to

30 percent of the to.bal volume (Grable, 1966) " The water has tl-re- prinrary

effect of reducing the diffusion rate of oxygen in the soil by a factor

of approximately l-0,0!0, being the compar.ative rate of oxygen diffusion

in air and water respectively (Grabl-e, 
.1966) " The wa'ber which fl-oods the

soÍI may be saturated ini'bialJ-y with oxygen from the air to a level of

app::oximately B x tO-6 g. "*-t 
(Letey and S'bo1zy, J'961), but the oxidatiorr

demand of the soil quickly depletes this oxygen and creates an anoxic

state. In closed systems, Turner and Patrick (1968) recorded depletion

of oxygen f ron four flooclecj soils within LB to 36 hours 1 atrd Evans and

Sco.Lt (1955 ) reported a decline to I% of the original oxygen cc¡ncentration

after 75 minutes. In systems which are open to the atmosphere two zones

are rapÍcl ly es'bab-Lished in the soi.1, an oxj-dated surface layer anci a

reduced layer beneath. (pa'trick and Mahapatra 1968). Greenwood and

Goodman (1g61) measured the oxygen concentratic¡n at vaiious deptlrs within

saturated soil moulded into small sphe::es and reported a decline frorn

6 x t0-3 m-1. m1-1Hr0 (the concentration in air saturated water) to zero
uz

withín a distance of 2 mm from the surface, and within a partially draj-ned

colulrn of soj-l crurnbs, the gaseous exygen concentration fe11 sharply from

Ig{" to zero ovet a rnean cì j,stance r:f 0"24 cn" In a rice field, Patrick and

Stur:gís (1955 ) .r:ecorcl ecl a cl eclilre in oxygen concentration in the soil fronl

8"2 p.p.m" at the soif sur-face to 0.3 p.p"m" at a depth of 6 cms with

I

!
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tlre sharpest declÍne between 5 and 6 cms. This soif had an oxygen demand

of r.2 p.p.^" ht -1 before flooding and 6.8 p.p"rn. hr-l after floodíng

demonstrating the potential for flooded soils to ext::act oxygen from the

soil- water.

The thin

from either the a{:mosphel.'e or saturated flooding tnrater ínto the soif.

oxygenated surface layer is maintained by diffusion of oxygen

oxygen

ata

-1
AS

by Kris'bensen and Enoch (I964) 
"

the oxidaltion-r:educti.on potentiai

Vlil-.ì.j-amson (i-964 ) and \rr/illiamson and Schilf gaarde (l-965 ) recorded

-B -? -1diffus-ion rates (0DR) of approximately 2 to 3 x l-0 " gm cm -min

watertabf e and PoeJ- (-r960a) recorded 4.8 and I "7 x f0-8gt "t-zti-n

1
tl,l
;tl

I

the ODR in a watertogged site and the bed of a stream respectively"

In a soil with the waterbable below the soil surface, capiJ-liary
!

action creates a zone aborre bhe free wate¡ levef of ¡educed porosityt

resulting in a decline in oxygen concentratiotr as the water:table is

approacl-red. The partial pressure of ox.ygen fell f rom l-3Omm l1g a'b aPprox-

imately 25cm to -less than 30 mm Hg at 10 cn above the watertabl-e in a

f ine sarrdy loam (Williamson and Sclril'Fgaar'de, 1965 ) . (156 mm Hg is

equivalent to the atmospheric oxygen concÉntration). Tlre oxygen

concentration was l-ess than 7/" ín scliL air fess than 20cm above a water-

table in the study

2 .2.2. The ef 1'ect of waterloqqino on

r

in so-i1

I'he electrochemic a1 propert.y wlr j.ch dif f erentiates a submerged soi.l-

from a wel-] aerated soi.l- is its redox po'bential . Low potenti-als (0.2 to

0.4 vol-ts) indicate the reduced state of waterlogged eoil-s and high

poterrtials (0.8 to 0.3 volts) the oxidized state of aerated media

( Ponnamperurna, 1972) .

Irr a paddy fiefd Nishigaki et al., (1962) reported a decfine from

0.31 volts at I cm deptl-r'br:0"25 volts at 3 to 5 crn depth and 0.1- volts

be.Icrw B cm, and De Gee (.f950) r'eported a decline fro¡n 0"6 vofts at the

surface to 0"1 volts at 2 cm clepth ancl .Ü4 volts at I cn wheru:as an

aerated profiÌe maj-ntained 0'6 to 0"7 volts throughout the profiJ-e"
I
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Mortimer (Ig4I) recorded a declining redox potentiaf with depth in mud

under aerated water with the limj.t of ferric ion stability being at I to

2 cm depth. The aerated water had a potential of approximately 0.5 volts"

An anaerobic container reduced the redox potential at the mud surface

from 0"48 volts to 0.06 vol-ts in l4D days thereby demonstrating the effect

of aerated water to maintain oxidated conditions in the surface of water-

logged soil,s.

Pearsall- (.f938) and Pierce (1953) cc¡rrel.ated the distribution of

natural vegctation in swamps

noted'bhat the distribution

and woodfands with redox potential. Pierce

of vegetation was al-so related to oxygen

deficjency and specific conductance in the soil.

The decl.ine.i¡r reclox potential in soifs can be refated to a stepwise

reduction i.n the numl¡er of inorganj-c ions in the soil, tlrereby changing

the iorric conditions wi-bhin the soi.I sol-uiion. (Ponnarnperuma , 1964, I91 2;

Patrick and Mahapatra, 1968; RusselL , 1913). Vrlhen a soif ís flooded the

oxygen is depletecJ by aerobic respiration and the potentiaL at the point

of oxygen depletion is between.0.3 and 0.35 volts. Before this potential

was reached, r¡itiate-N reduction to nitrite-N was commenced but the

nítr'íte-N did no'b disappear before rnolecular oxygen' (Turner and Patrick'

1968). In soil suspensions of a silty loam with pH 5.1, Pat¡ick (1960)

concluded NO--N becarne unstable at 330 mV (equivalent to 22¿I mV at pH 7.U)
J

and disappeared below and accumufatecl above 'Lhat voltage"

Manganr:sse reduction to solubfu Mr'** ions was increasecl markedly bel-ow

20OlrV j-n the study of Turner and Patricl< (f 968 ) , but reduction commenced

soon after ur aterl-ogging commenced arrd did not appea¡ to l¡e retarded by

the p:cesence o'F N03-N. The transítion of Mn from reducible to exchangeable

forms was greatest over the rarìge +400 to +300rnV and was essentially

complete at +20UmV (Patrick and Turner, 1968). At lowe¡ redox vafues

(+200mV 'bo -ltl0mV ) t ****r'-*on is reducerl to l'-"++ iron ancl the avaif ab:'-1 ity

of native and applied phosphorLrs is increased (Patrick, 1964; Savant ancl
*



Ellis, 1964). At extrernely low potentials (-200mv) s04-s is reduced

to sulphi.cie -S and precipitation of FeS occurs if free Fe+* ions are

available. (Armstrong, I967d; Connell and Patrick, 1969).

2,2.3. The effect of wate¡loqoino on the pH of soil

vrlhen an aerobic soil is submerged its pH may decrease during the

first few days (Ponnarnperuma, 1965; Belì-, 1969) reach a minimum and then

approach neutral- within a few weeks. Bell (1969) concluded that the

initial decline in pH is caused by the removal of oxygen and N0a-N

through microbial action releasing carbon dioxide, hydrogen and acidic

organi.c products

Mahapatra (1968) reported a decfine in the range of pH of twenty

soils from initial extreme va.Iues of pH 4.7 - 8.2 to pH 6"4 - 7.7 with

most soils being near neutral after 60 days of flooding" Ponnamperuma

(Ig72) summarízes possible chemical mechanisms for the kinetic t¡end of

pH i.n submerged soils to approach values near neutral.

The pH in a waterlogged soil and the redox potentiaÌ interact to

influence the concentration of soLubfe ions irl the soil softltio¡l'

Turner and pat¡ick (1968) ¡ecorded high concent::ations of exchangeable

Mn in waterlogged soífs wi'Llr pH vdfues less then 7 (approx 350 p.P.m"

Mn) and a declining concentration as the pll rose to I (1e0 p.p.m. Mn)

and virtual efirr¡ination at pH 11 (ZO O.p.m. Mn). The leveJ-s in aerated

soil- were negligi.ble" Gotah and Patrick (I974) described the interaotion

of pll , redox potentiat ancl concentration of Fe++ j-ons in a sandy -loam

and recolded a decrease in concentration at a fixed potential as the pH

i.n cre ase d .

2.2.4. The eff ect of wat er-loqqin q on the sp ecific conductance in the

I soil. solution.

0n flooding, mos{ soíls show a rise in specific conductance pa¡-

ticularly after anoxic conclitions are established (Mortimer, I94I;

!
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Ponnamperuma, L964) and after some weeks a peak

and then a slow decline may occur (PonnamPeruma,

conductance is reached

1972).

ions and other elements2.2.5. Chancr es:l.n the concent¡ation of nutrien't

in the soi.,1. as a resu.l-t of rrraterloqqíng

2.2"5.I. Nitroqen

The major Frocesses involving nitrogen in submerged soils are mineral-

ization, denitri-fication and ammonia vofatilization. Patrick and

Mahapatra (1968 ), Ponnampar:uma (1972 ) and Patrick and Vr/yatt (I964)

recorcled þigher rates of mineralization under waterlogged than under aerob.ic

conditj.ons" 0rganic rnatter was mineral-ízed and formed ammonium ions up

to concentrations of I90 p.P.m.

Greenfand (I962), Bremrrer and Shaw (1958) and Nonmik (1956) reported

stuclies on deni'Lrification i.n soils. Den"ì-tr:ificatíon is very sl-ow at

low ¡:ll va.lues and reaches a peak at approximately pH 8"0. Increasing

tempe::ature and the content of readíly oxidizabfe organic matter increased

the rate of clenitrifieation. Below moisture contents of 60 t'o 7Ol" of

field capacity no denitrification occurled, and continuous aeration of

soil susperrsions markedly reduced N03-N J-oss. In saturated soils having

Iow oxygen concentrations the rate of denitrificatíon is genelally

independent of the nitrate concentration. Patrick and Sturgis (1955)

noted a decrease ín N03-N during 30 days subrnerqence of a rice soil, but

the concentration of NH.-N remained constant" Mortimer (tgAZ) reported

the recluction of nitra'be to ammonium ions in lakes under anoxic cond-itions

and B¡and'b, Wolcot arrd Ericl<son (L964 ) found N03-N hardly detectable in

a saturated soil-, w-ith NH4-N bei.ng th e main f orm of nitrogen present.

The ammonia formed by denitrification togettrerwith eLemental

nitrogen and ní'hrous oxide (N20) may be lost in gaseous form or alternatively

leachecl down in the profile. (Ponnamperuma, 1972)"
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Be11 (I969) concl-uded tl-rat the process of denitrification was

cor::eLated with a stable phase in redox potential at +200mV until- all-

N0^*N was elimirìated, after which the potential continued to fal-l-"
J

Yoshida, Takai and rlel- Rosario (f975) measured the elemental

nitrogen content belor,v the soil- surface in a ¡ice field and conel-uded

that rice plants werè suppl-yi.ng gaseous nitrogen by interna.L dif'Fusion

to the rhizosphere and N- fixing bac'beria.

2.2 .5.2 . Phosphorus

The review of

of waterl-ogging on

(1954) and Patrick

may be related to

Patrick and Mahapa'bra (f.968 ) also discussed the effect

the availahrility of soluble phosphate. Islam and Elahi

(1964) suggest'blra'b the increase in phosplrate sol-ubi.lity

the reductíon of ferríc oxide in phosphatic co-precipítates

to ferrous ions'bhus rel-easing pl-rosphate. 0ther mechanisms are discussed

in the above revÍew. Savant arrd El-fis (DeA) reco::ded a greate¡ inc¡ease

of ava-r'-l-ab-le phosphate undel decl-ining redox potentials at lower pH values,

and Mahapatra (fge8) noted a general increase in a wide range of soils"

2.2.5.3. Manqanese

The reduction of Mnt-4in inso-lubl-e compounds to soluble Mr,+2 ions

occurs quickly upot-ì satu¡ation and deple'bion of oxygen in soil- atrd high

concent¡ations are attairred" (Graven, Atioe and Snrith, 1965; Turner and

Patrick 1968; Mandal, 196I). In acidic soif conditions the water solub.le

component of the reduced manganese is greater arrcl is formed readíly upon

flooding (Gotch and Patrick, I91?). They suggest that manganese reduction

i-n floc¡ded soil may not be soJ-eJ-y deterrnined b¡r thermodynamic considerations,

but are afso regulated by microbiologícaI oxidation-reduction processes

end chel-at-i-on by organic compot:nds"

2.2 's'4' I:qn

The reduction of Fe
r-3 +2

Gr.¡t olr arr d Patric k,

to Fe

r97 4;

1968 )

r96i;

may be

occurs in wabe::Iogged soiIs" (Mandal,

Turner and Patrick, J-96I), but the effect

and generally the::eduction does not ocjcut'slight (Mahapatra,
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until N03

red uc ti o ll

2.2 "5.5.

against falling redox Potential"

Under extreme conditions of l-ow ¡edox potential reduction of sulphate

to sulphide may oDcur (Ponnarnperuma, 1964), and Ng and Bloomfield (1962)

concl-uded.bhat flooding incleased the availability of some heavy metals.

2.2.6. The metabol-ism of carbon in wa l,e¡loqged soi-1s

Respiration in soifs trìay proceecl at varying rates and carbolr dioxide

production may fal -t quite markedly in cool seasons or in soil-s approachíng

wa.be:clogged conclitions (Curr-ie, 1975 ) . The change f::om aerobic to anaerobic

metat¡ofism of organic materiafs takr:s place in wíde1y differing soils

when oxygen concentration becomes l-ess than about 3 x ro-6luì (Greenwood'

r.961) .

Under anoxic conclitions alternate e-l-ectron acceptors sucll as manganic

oxides, ferric compounds, nit::ate and in extreme conditions sulphate and

phosphate facilitate the res¡liratiãn of anaerobes which utifize organic

cornpo¡nds as substates, resul-tr'-rìg in the production of simple organic

acids, sinrpJ-e afcohols, carbon dioxide, h¡rd::ogen and methane. (PonnamPCjruÌnat

1964, 1972; 8e11, 1969; Parr, 1969\. Ttre pleseRce o'F readily oxidizable

organic compourrds (glucose, green nlanure) accelerates the chemical and

physical changes which result -From waterloqging a soil. (n"t:-, 1969).

-N ís depl-eted from the

ís a buffering action

0ther EJ-ements

soil. Rowe (1973) suggests this

2.2.7 
"

TÌre nroduc'bir:n of v'hoto><j-c compourrds .i-n water-l-oqqed soilsh

2.2 .7 .I" Nitri te and N.i.trous 0x:i de

Nitrjte is toxj-c to ba::Iey, bean and tomato at concentrations greater

than 50 p.p.m" but effects are detectabl-e at. lower concentrations

(Bingham, clrapman and Pug[r, 1954). The tolerance depends upon the

speeiesl pH and form of nitrogen assimila'bed by the species. In a study

of soil nitrate fevels, Dowdell- arrd Smith (I974) detected nitrj-te leve1s

up to 4.5 mgn l-'-1 ui,30 cm depth in a waterloqged clay soil. The relation-

sh j-p of oxygen and nitrours oxid e was var:iabIe but high nitrous c¡xide con-

centrat-iorìs w¡rre associated with oxygen concetrtra''ujons fess than B per cent,
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arìaerobiosis and the presence of nit¡ate and nitrite íons" Nitrite -N

is denítrifiecl as readily as nitrate -N in alkaline soils but only

slowly in acid waterlogged soif (pH 5.8), (Bremner and shaw, 1958).

2.2.7 "2. Ë thvlen e

At low co¡centrations ethylene gas behaves hormonally on plants.

Ethylene (l-0 p.p.m") inhibited seminal and stimufated lateral root

development j.n barley (Crossett and CampbeÌ1, 1975), and reduced the

root growth rate of wheat by 60 per cent at l-0 p"p.m. (Smith and

Robertson, 1971). This concentration of ethylene v-irtually inhibited

root extension ín barJ-ey and corrspicuous clumps of root hairs developed

within 2 mm of the roo'b apíces whic\ become swoll-en (Smi-th and Russell ,

1969).

Ethylene cc¡nc¡:ntrations as hígh as 24 p.p.m. were detected in sealed

"oit" at fíe1d capacity and in waterlogged soils, although fielrl resufts

were variable and sensitive to water movement in the profiJ-e. No samples

frorn at¡ove watertables were gre ater than 0. J. p. p .rn. (Smith and Russell,

1969). 0ther saturated and unsaturated simple hydrocarbons and olefins

were detected by Smith and Restall- (l-971) but they concluded that ethylerre

was the only gas in anaerol¡ic woil which vlas likely to affect plant growth

and they euggested that it is unlikety that strictly anaerol¡ic bacte::ia

are responsible for ethylene production. Smith and DowdelL (I974) detected

ethylene at l-5 cm depth in an irrigated soil maintej.ned near field capacity

with a 6"4/, oxygen concentra'bion. Dowdell et al. (1972 ) detected both

ethylene and nitrc¡us oxide having concentratj.ons ranging up to 5 and 2500

p.p.m" respectively at deptl-rs of 3U to 9L-l cms. Tl-re addition of glucose and

methionine'co waterlogged soifs stínulates the procluction of ethylene

while other substra-bes and crop resiclues rnay inffuence etl'rylene produc'bion

ín soil (t-ynch, 1972).

2.2.7 .3. Carborr d.:'-oxide

The gas jr¡medi.ately above a wa-bertab.le may be extremely higl-r in
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carbon dioxide (Enoch and Dasberg, f91L) and fal-lirrg soil oxygen concen-

tration may be correlated wi'ch an incre¡rsin9 c0, concentlation (Hanan,

1964) .

2 "2 .7 .4 " -QIS-"r.q A I id=s-

Takijima (1968) detected ten organic acids in flooded paddy soi1.

Formic, acetic, butyric, lactic and succinic acids hrere the most abundant

and the aliphatic momobasic acids inhibited root elongation.

2.3" THE PHYST OLt]GTCAL AND BIOC HEMTCAL RESPONSE OF PLANTS TO WATERLOGGING

AND REDUCEI] OXY GE N S UPPI_Y TO THE ROOTS

2.3., 1" Introducti.on

-lhe physiological- and biochemi.cal::esponse of plants to waterl-ogging

and reduced oxygen supply to'Llre roots has been reviewed by vanrt Woudt

and Haqan (-f 957 ) , Lìergman (f 959 ) , Stolzy and Lete5r (t96la, 1.964b) , Grabf e

(1966), Krarner (Lg69), Crawford (1972),Stolzy (1912), Rowe (1973)' and

Russef-l (1973). A theoretical approach to the oxygen refationships of

plarrt loots has been developed and reviewed by Lemon (1962), Lemon and

!r/ iegand (1.962), Luxmoore, Stolzy and Letey (-r970 a,b,c,dr) and Luxmoore

and S'Lol-zy (1912 arb)

2.3 "2. The oxv en demand of r:oot tissue and the phvsical and chemícaI

rcstra-in tr: uLl On s up o.ivi.no that demar'd

The oxyc¡en denland of root tissue is not uníform along the longitudinal-

axis of a root. In peas the respíration rate per unit length is greatest

l¡etween l ancl 2 mm from the root ti.p which corresponds wj-th'bhe zone of

highest dr-y weight per r-rnit l.ength. The maximum cel1 volume and maximum

respiration pe:: ce1l

(Brown and Broadl--rert'b,

are obtained at approx. 5 mm from the root apex

consumption ra'be

tharr half 10

1950). In barley the híghest oxygen

the apical zone and cleclined to fessper urrit vo.l.urne was in

cms from the

roots is 60l.

fu¡tller from

lri-gher in

apex (Machlís, 1944). The oxygen consumption tate in onion

zone than ín sequential 5 mm zonesmmthe apical 5

The nÍ-trogentl-re apex" and phosphorous concentration is also
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trigl-rer in the apical zone, but the oxygen consumption pel unit of nitrogen

orphospho¡usshowednotrendalongtheroot.(Norris,1956)Jensen(1955)

found the highest protej.n and total nitrogen concerrtr.ation in a section

1. 5 mrn f rom 'bhe roo'b tiP in Vicia fat¡a. Berry and Norris (I949a) al-so

founcl that the apical 0-5 mm segment in onion consumed oxygen at approx-

imatel.y twice the rate of othel segments when oxygen was non-fimitingt

and in limi-tinca condítions the respiration rate was dependenb upon, the

parti.al pressur-e and the temperature, but the apex always had the highest

rate. Jensen (1960) also reported that a ¡ise of tetnperature increased the

respiration rate of eorn and tomato roo'bs. Lemon and Vr/ iegand (L962 ) and

Luxmoo::e, Stolzy and Letey (1970b ) also reported !-righer respira'b;on rates

ín the apical l- cm of a lange of species.

Metabotic activity of mus'tar:d roots is not inhibited unl-ess tfie oxygen

concerrtratíon at the root surFace is lo.w (-less than 1.0%) (Greenwood,

l96B ), but Vr/if-líamson (196S ) recorded reductions ín root elongation in

-Vi"Åg faba of 50"/" -¿I 2"5fi oxygen conccntration six hours after treatment

conmencecl , and celt division was redLtced 8Ofr by oxygen concen-b-ta'bions less

tlran 10/" ín a 24 hour period. Amoo¡:e (1961) reported that mitosis in

clividirrg celJs of pea roo'b tips tdäs ar:rested or retarded a'b oxygen con-

cen.bratj.ons less tl,an O"2y'". l'he diffusion coefficient of roobs is highest

at th e órpex (Berry and Norris 194 9b ) .

The requirement of roots for ox5igen, particr-rlarly at the root tip zone

hars been descr:l-bed from a theoretical model viewpoi-nt by a nurnber of authors "

Lemon (1962) and Lemorr anrJ h/iegand (L962) developed a model to relate

the respiratio¡rrdemandrrof rool,s of varying dimensíons to tl'le rate of

rrsupplyrrof oxygen by cli,ffusion through the surface water film and tissue

of root system. The.y noted that the particular characteristics of a :root

are ¡relatecl to physiological age and ga-lltype. [-uxmoor-e, Stolzy and Letey

(1.970 a,b) descr-j-bed a nore cornpiex model including alJ-owances'For long-

ítudinal di'fl1'us-ton with:in tlre roo'b, whereas Grable (1966) and Greenwood

(1971) rel.ated ihr: oxygen supp-l-y to the aer.ation status of the soil-'
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Afl authors concfuded that roots of species not adapted to waterlogged

soil conditions can be separated from a gaseous oxygen supply try only a

sma-Lf cliffusion path length, dependent upon the d-imensions of the root,

water film thickness and soil structure

2"3.3. The resnorrse of r oo svstems to reduced oxvqen supÞlvt

2.3"3"1. The measurement of soil aerêtion

Methods of neðsuring soil aeration have been reviewed by Gral¡le

(1966) and Greenwood (I915). Lemon and Erickson (1952) and Stolzy and

Letey (1964a) described the use of a bare platinum electrode to measure

oxygen fIux, however Mclntyre (1970) concluded that the use of electrodes

to measure oxygEn flux are un¡eliable, except in saturated polous media

wíth water at zero or positive pressure and the behaviour in 2-phase nledia

cannot be extrapolated to 3-phase media.

2.3.3.2. The resoonse of roots to reduced oxvcJcn concentrntion

Reducing the oxygen concentration abou'b a growing root affects'Ltre

elongated rate, developmental pattern mitotic activity and respiration

wíthin the root. Geiêlex (1962 ) concluded that the nra jor resporlses o'f re-
_l

ducing oxygen concentratj-on from B to 4 mgm 0r1.t about pea roots vlere

reduced root efongation, accelerated initiation of higher order blanchirrg

and jncreasecl nurnber of laterals per unit length. Cot'bon and soybean

roots grew r1ormally with oxygen at, I5% to 2Il" soil air, sfower at LO%t and

arcl apt at 31, and 5/". At 2/" and less they slow to zero growth. At 0% af"'ter

30 minutes death of meristemmatic tj-ssue begins. The fi¡st ev-idence of the

effect of low oxygen concentrations is in reduced cell elongation (Huck,

1970)" 5:imj1arly Eavj.s (1972 ) noted tlrat a decline in oxygerr ooncentration

f rom 2 I/" 'Eo B% fi.rstly aff ected cell elongation and 'bh eref ore r*oot elongation,

but cell division was also redueed at 31". At par:tial pressures less tharl

IOl,, aerobic respirat-ion wðs reduced and a'u O/" anaerobic respiration occu¡red.

Grable and Sienrer (.1-968) describerd a rapid decline in root elonga'bion in a

soj.l zone whe¡e the oxygen concentratíon fel-l t'rom 2Ol" La Il..
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Letey and stolzy and Blank (1962) noted that fow oxygen concent¡ations

were most detrinlental- to corn roots immediately after gerrnination'

stolzy and l-etey (I964arb) have reviewed results of correlations

between root growth and oxygen diffusiorl rates measured by platinum e-lectrodes

in three-phase media. Because of the criticisms of thj's techníque their

general conclus¡'-on that r:oot growth of a wide range of species is limited

in zones of soi1 with an oxygen diffusion rate less than 20 * 10-8gt 
",n-2

rin-l is questionable but from these stuclies a number of factors pertinent

to rc¡ot gror,ith under reduced aeration emerge '

The¡.e is a lower lim-it to tl-r e oxygen availability to affc¡t'r successful

germination and emergence of seeds. The threshold differs between varieties

and species" (Ericl<sorr ancl van Dorenr 1960)" Root grcrwth and depth of

roo.b penetration of snapdragon was limited in a profiJ'e of decreasj-ng

oxygen content with depth; the critical oxygen concentra-br''on was approx-

írnahely 2/" (StoLzy, Letey et a1., 1961). The oxygerì requirement of sun-

flower and cotton ¡oots is hígher than for barley anrl corn" (Letey¡ stolzy

et al", I96I, 1962; Letey, Stolzy and valoras, 1965). The critical

oxygen ffux to permit rcrot growth ís indepenclent of root arrd/or air temp-

erature, but above the critical level root gr:owth rates respond to changes

of ar¡t¡ien-b temperature " (Let"y, 5to1zy, Valoras and SzuszkiewJ-cz , 1962) '

Dense subsoil-s r,vhich permít only low oxygen diffusion rnay limit root pen-

etration. (Bertrand and Kohnke, 1951).

The reduction of oxygen supply to roots nay alteilbhe ratio of oxygen

to carbon dioxide in the soi1. Grabl.e (I966) considerecl f0, concentrations

in soi.l were general Iy not cleleterious to plant roots" \/\lilliamson and

SplÍnter (1968) concludecl that a low oxygen concentration was more deleter-

ious to tobacco than high C0, conce¡rtrations when they occur in flooded

so1l, however Stolwijl< and Thimann (1957) reported that the growth ¡ate of

rcrots oF !is.qt, l|þig' Phaseol-tts, and l-lel.i-anthus were inhibited by 6 " 51. tt)

in air but Avenj: and 1¡rSqe-q! were unäffected'

2
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Higher concentratiorr s of oxygen permitted _Bi=u¡. to toferate h:'-gh C0, con-

centrations (Glinka and Reinho]d, 1962). Goss (f96O) cor¡ciuded that

f0^ can be harmfut to the J-eguminous genera ç]Æ.iD€.' ¡ij-qt and Vi.ciçr
2

ín the presence of ammorrium nitrogen" Zea and -lriticu[ were not sensitive.

C0, concentrations up to 150 mgm l--l in aerated water culture increasecl

the root length and number of .l-ateral-s of pea (Geisfer 
' 1963) .

The roots of soybean tofe¡ate 2O/' C0, even at low oxygen concentrations

0.2/") but rcct morphogenes-is is responsive to changing C0, concent¡ation.

(Grabl.e and llarrj-e1son, 1965 a,b ).

2.3 "4. Tl-re resÞonse of whole plants and top qrowth to r:educed oxyeen sttppl.y

The yield of top growth

to roo-bs at rates h-ig her th an

stages are

of pJ-ants is al'fected

those which inhibit

the most sensitive.

by tire supply

root grcwth.

( Stolzy and

of oxygen

Th e seecl-

lin g

1964

2"3"

and f.lr:L.tering

a,b)"

5. The effect

Letey,

of oxvqen deficietrcv in the roots upon water absnrpt:'on

fer

.l ess

Leaf

and t¡:anspira'bj-on

A supply of'oxygen to the roots is required

of water (Grineva and Burkina, 1971). SoiI

than 8/" reduced 'bhe transpiration per unit

and wilting occurred (Letey, Lunt et al.,

for both uptake and trens-.

oxygerì concentrations

dry weight of snapdragon

196I) " In tobacco, IOl"

Bavel, 1957). Imposirrg

water uptake with-in sÍ,x min-

restored uptake wj-thin 6

is the critical- concentration (Har:ris and von

anaerobic condi.ti-ons on tobacco roots reduced

u'hes and hal.ved the rate in 30 mins. Aeration

Lo I2 nrins even af'ber' 6 hrs of anoxic condi'bir:ns (Ìn/i11ey t I97O).

Aerating ffoodecl soil prevented wilting and displacing oxygen'From soil at

field capacíty prcrmoted wilting in tobaccoo The¡efore reducing oxygen

sr-rppJ-y reduced transpiration and after some hours penmanent root damage

cãn occur (l(::an¡er and Jackson , 1954) 
"

2..3.6. he :ies onse of nutrient and mr'.neral- u toke to o e n rl e'Fi-c i err c

and water:foclqj.nq

1.on uptal<e alrcì transporb to the xylen j-s under metal¡olic co¡rtrof and



therefore related

(Browner, 1965).

The effect of

tal<e under conditions

simífar pattern for

J-ogging. In Table l-

Rowe (1973) in

of thj-s aspect of triate¡fogging

reports of nutritional- changes

2.3.7. Bj.ochemica-l chanqes and

r_B

to the oxygen supply to metabo-j-izing root tissue

reduced oxygen tension upon the nutrient and nine¡al up-

oF low oxygen concentration or waterlogging has a

wi.de range of species regarded as sensitive to water-

a nurnber of references are summarized.

his review comments tha'b -bhe quantitative significance

is large-ly urrknown, despi.te the nrJmerous

resulting f¡om truaterlogging"

prod uction c¡f autotoxi,c sltbstances -in

larlts as a result of waterl o r_n

2 .3.1 .I . I n'Lrod uctiot-r

of oxygerr

ef Fect of waterl.ogging upotr plants, which

tcr respir:'-ng root tissue, is to inhil¡i'b

The

modi-fy

(r972)

2.3.7 "2

depend upon diffusior-r

aer:obic respirati-on and

(1971 ) ' Crawfordnetabofic processes. McManmon

and Rowe (1973) have reviewed

and C¡awford

these responses.

Glvcol-vs:'-s induced bv anoxic concl i-tions in tl-re roots

Reduced oxygen s uppty to roots ¡i-nduces glycolytic respiration anrl tlre

production oi" e'bhanol. Kenefick (I962) detected ethanol in the roo'cs of

sugarbeet under anaerobic conditiolrs. Tlre concentration of ethanol- in the

xyJ.em exudate of tomato increased as the oxyqen diffusicrn r:ate in the sojl

decreased, particularly below 15 x 10'Unr .r-2rin-1. Accumulation of

ethanol ccntinued while anoxic cond:l-tions wele app1ied and was highest in

fl-owering p-lants and pJ-ants growing in bri.gllb light. The etlranol concen-

tratj.on could l¡ecome toxic (FuIton and Erickson, ]-964) " High ambient air

temperatules, high light intensities and cyclÍ.cal soil temperatures

increased the ratr: of e'bhanol production in floocled tolnato pJ"ants and afte¡

12 hours the h:'.ghest ethano-l concentrations were ín the [:ase of the stems

and top of the root system" (Eolton and Erickson, I97O). f,rar,vford (I966)

reported the accumulation of ethanol in roots of races of races o'F Se¡recio

adapted to clry s-ites inrhen growtr undcr waterlogged condi'l,ions"
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SPECIES

Hcrdeun vu1 gare

tum
Flel-ianthus )

V

d ed tt Þ

ELEMENTS HAVING

REDUCED UPTAKE RATES

KrNrPrCarCl

KrN, P

K, Ca, Mg, N, P

KeN,P,MgrCa

K, Ca, P

NrPrKrCarMgnClt
TnrCurMnrErFe

ake of nut¡ients

sensiiive ic waterlooqinq"

NC CHANGE

IN UPTAKi

Ca, MgP

C1

Mg, Fe, Mn

E LE MÉ NTS

A CCUMULATED

t!é

Na

Na Ca, Mg

Na

Na

esc side¡ed

RE FE RE NCE

Lete¡6 Stc1zy et alo ' G962)

I etey, Stolzy et al., (1961)

Letey, Stolzy and Valoras (165)

Lawton, (1946)

Ha¡¡is end Van Bavel, (1975)

Hopkins, Specht and HendrS-cks, (1950)

Labanauskas et alo, Q966)

7o¡ m=rre4uu rrrs y e

Zea gyg

Tab acc urn -æ."

Tomato, tobacco,
soybean

Cit¡us

\o
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2.3 "7 "3 " The eff¡:ct of water loooino tJDon enzvme activi'Lv in rocts

waterlogging irrl-ribits the citric acj-d cycle and reduces the rate of

respiration ancl metabol.ism of carbohycJrate in tomato (Fulton, Eríckson

and '[o]-bert. 1964). In corn seedlíngs an anaelrobic environment increased

the act-ivity of afcohol dehydrogenase and depressed the activity of

cytochrome oxidase. Pyruvic acid and acetaJ-dehyde we::e metabolized and

ethanol vras not, suggesting anaerobic corlditions inhibit the Krebs citrÌc

acid cycle, causiug the accufnuf ation of ¡:yruvic acid, which is decarboxyl--

ated to acetaldehyde, and subsequentfy cJehyclrogenated to ethanol ([lageman

ancì F-lesl.rer, 1960 ). Crar^rfc¡rd (f966) reported increased anaerobic respirat-

ion in races of .!gÆ-çio from dry sibes wherr water:logged. The actívity of

malíc dehyclrogenase r^ras inclreased in non-helophytic aug"to species

( Crawford and McMannron , I96B ) .

Afcohol_ dehydrogenase ac-bivity increased in flooded ¡oots of Trífo-liunr

sub.berraner-lm and reached maximum val-ues within one week from flooding

(l'rancj-s, Devitt and Steelc, I974)"

succinic acid accun¡ulated in non-helophytic species (c¡awfo¡d

Tyler, 1969). In peas, anaerobic conditiorrs caused an increase in

centration of lacti-c and succinic acid and ethanol and a reduction

arrd citríc acid. Acetic ancl pyruvic acirls were unaffected (ln/ ager,

and

the con-

in mafic

1961 ) .

2"3.8" The eff ect of wa'ber]-oqeinq uoon ofant hormone svnthesi-s

The reJatíonship between waterlogging of root systems and plant

hormone synthesis, translocatj-on and activity is discussed in the reviews

of Rswe (tglz) and Grab.Le (1966).

In sunFlower, the transfc¡cation of auxin from shoot to root is affected

by wa-berlogging" PhilI:'-ps (J964a) presented evidetrce for the trans-l-oeation

of auxin from tlre shoot into'bhe root of sunflower growing in an aerated

root env:Lronment, but f J-ooding increased the auxin leve.I wi-i;h j.n tl'le shoot.
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The concen.tratíon of an auxin, behaving chr:onatographi.eally similar to

indole-3-acetíc acid, j-n 'bhe shoots of waterlogged pJ-ants increased three

folcl in 14 days (Phi.llips I964hl.

The cytokinin content of ascending sap in flooded sunflower was re-

duced, together with 'bhe rate of exudat j-on from the roots, amino acid trarr s-

port fronl the roots and me'babolic actívity in the root apex (Burr-ows and

Carr, 1969). They suggest the decrease Írr kinetin suppJ-y may be partly

responsible for acceleratecl senescence of lower.leaves after 72 hou¡s of

flooding. Seth and \llareing (1965 ) iso-lateci a kinín-like f actor f rom

Ph ase olus v u-lq aris . Cytokiníns siinrtilate tralrspíration by maintaining

stomatal opening anrJ thercfore redueed transpiration may be associated

partly wíth kinetin metabcr.lism (Luke and Freeman, 1968 ) . Rowe (1973 )

revieweC the possilrle physiological effects oF reduced kinetin ac'Livity.

Reid, Crozj.er ancl Harvey (I969) sl-rowed that wateelogging the roots of

tonrato inhibited stem growth ancl recl uced the export of giLrberel'lic acíds

from the root .bo the shoot i¡ the xylern sap. After one day the reduct-ion

was 40 fo-ld and afte¡ three days there was no detectable activitV. They

suggestecl tha b bhe clecl j-ne in growth rate of shoots af ter flooding nray 
'

in par-b, be due to reduced supply of gibberel-Lins to the shoot and -r'-n a

f urther study (Re¡-a ancl crozier, I91L) applica+,ion of GA, to shoots

al.leviated the symptoms of flooclirrg f or f oLtr days, a'Fter which they suggest

other f actors beconre j-mportant.

The concentr-at:Lcn of the biolog:i-caJ.J-y ac bive hydr'ocarbon, ethylene 
'

ilrcreasecl ín th e submergecl portions of sunf lower and tomato witlrin 24 hours

(Kawase, I9T2). Vr/aterrogging broacì bean p-ì-ants (Víc:Ul faba) catrsed a

rapid for..ir Folcl j.norease in errdogenous concentration o'F ethylene in the

stens and leaves ' (L:--Be'ttagy arrd Ha'rl, 7974) ' They suggest that the

source of etlrylene may be protein breal<rJown v¡ith methionine as a possi[:1e

precutsol., rather than a resul-t of auxin action rnlhieh accumulates at a

sl ower rate af ter f locdirrg "
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The presence of ethylene anci asymetric distribution of auxin in

roots rnay cäuse tropisms of root orientation and growth (Pratt and

Goeschl, 1969).

2.3,9 
"

The effect of w ate-rloocrinq ur-ron nitrooen fixation in -l-equminous

9Pæ
In a review of the bíoclremistry of symbiotic nitrogen fixation in

legumes. Bergersen (1971 ) empl-r asised 'bhe need f or oxygen supply to

nodules. At low oxygen partial pressules nitrogen fixation in detatched

soybean nodules became l-ess efficient and the respiratíon quotíent

(CU^!N11- ratio) increased, signifying a decrease in N-fixation rate. He
¿J

suggests the main role of oxygen is tnost likely to be in the supply of

ATp to the nitrogen fixing systerr througl-r oxidative phosphory.lation and

even at atmospheric partial pressures the concenttation of cxygen is

Iimi'bing for detatched nodu-1.es.

The immersion of detatched soybean norlufes in water inhibited acetylene

leduction by reducing the oxygen suppJ-y to the nodu.l-es. In a shaken

oxygenated aqr-reous medium acetylene reductic,tr úccurs. (Sprent, l-969)"

Tl-re prorìucts o'F rri-trogen fixation in legume nodu-les Llndergo trans-

amination reac'bions wj.thin the nodules, are cotlcentrated in the endodernlic

and pericyclic celis of the noclule vasËufar tissue and are then translocated

to the growing parts of the plant mainly ar; glutamine, asparagi.ne and

aspartic acid. ( Pate , Ig62 i Page, Gunning, and Briarty , I969) .

1llater-logging and reduced oxygen concent¡ation affects the formation,

development, size and activity of nodules in legunrinous species. In garden

pea (pi=_g. Ee!]y{I_r L. cv¡ Meteor) , waterJ-ogging decreased nodule tissue

procluction ancl the speci-f ic activity of nitrogenase 'bo approxinrately one

thi¡d of the activity in aerated controls. The effect was most marked three

or more centimetres below the water surface" Pfants reliant on symbiotic

nitrogen supply ri/ere more af fected by flooding than N03 -N suppliecl plants t

sugges bing a high sensitivity of symbi.otic fixation to excess water j-n the

root envj.ronment. Nocl ules bel.ow 3 cms irrto tl¡e waterJ-ogged zone showed
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marked necllìsis and degerreratíon of bacterial tissue and the reduced for-

mation of vascular transfer cell-s befieved to be active in the excretion

of products from the noduie (Minchin and Pate f975 ). virtanen and von

Hausen (1g63) ¡ecorded small nodul-es and poor plant growth on pea plants

in non-aerated cultule sol.ution, although nodulation was abundant' Also

Eond (1950) grew soybean in a series of low oxygen environments in culture

solution and noted that the number of nodufes initiated was not reduced,

but the weight of nodules, plant weíght and nitrogen concentration ín the

plant were reducerl , ind j-cating fixation j-s mnre sensitive than noduf e

initiation to fow oxygen concentrations:. [1owever, in regíons of soi-l

having J-ow oxygen diffusion rates n¡clul-ation of Trifol.iunl subterraneum

var" rllacchus Marshr was i.nhibited, wíth nodule formation Iestricted to

the better aerated surface J-ayer:s of soil (Loverlay, 1963) " In partially

water.logged ancl oxygen def j.cient soil, the acetylene reduction activity

of nodules on Vicia faL¡e was lower than the nlaximum activÍty which occurÎed

at f iel-cl capacr'-ty ( sprent, ]972). Nod ul-es above a f ree water surf ace we:-'e

necessary for improved pJ.ant growth of peas (Virtanen and von llausen, 1935)'

LJnder poorly aerated soil conditions five native leguminous sPecies had

recluced nodu.Iation (Díat1off, 1961 ). A-11 ihe above species ar:e regarded

as sensitive to water1ogging.

The nodul-es of rr:d clover, a species moderately tolerant of flooding'

are forrnecj at highest density at 5"/" oxygerl concentration and can develop

normal,ly tcl the same weight over a 5% to 2I/" oxygen concentration ranget

but any recluctiorr of oxygen supply [:e]-ow t!-rat arrailable at' Zly'" caused a

significant ¡ecluction in yíeld of nodulated plants (Ferguson and Bond,

t9s4) "
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2.4. TI.IE ADAPTIVE MEUHANISMS 0F Pl"-ANTS TOLERANT T0 \,VATERLOGGED S0IL

CONDTTI ONS

2.4.I. 0xvqen díffusiorr within the plant to the roots and from the roots

into oxvqen deficient media

The rc¡ot tissue of plants has within it air spaces which differ between

species, varie'by, the type of root and the environment in which the roots

develop" The proportion of air space or porosity o'F plant tissue particu-

1arly of root tissue is refated to the relative tolerance of species and

varíeties to wa'berloggir,g (Stolzy, 1972).

Jensen, Luxmoore, van Gundy and Stolzy (1969) showed that the porosity

of the stenrs of species not tolerant to floodi.ng (Phaseo-Lus vulqarj-s and

I

Pfsum satir.rum) and a tolerant species (Or.yZg -:_gl¿y-g-) were all high

(18.5% to 38.3%) ttut only the roots of the latter species, rice, had a

hígh root porosity (2('.5"Á), whereas root porosities of the intol-erant

species were approximately 4/".

The root porosity of both tolerant and j-ntolerant species were higher

when plan'bs were grown under f .1 ooded conditiorrs tlran under non-f looded

conditions, but po::osities were símilar in aerated and non-aerated soLution

cul-bure, indicat5-ng that root contact wj.th free water h/as a critical

factor in inducing higher porosity. (Varade, Letey and Stolzy, I97O? I97I;

Luxmoore and Sto.l-zy 1969) 
"

Thís conclusion contrasts with Bryant's (I934) observation that the

cortex o'l' bar1ey gro\^ln in aerated cu-lture solutíon contained uniformly

packed parenchyma cells v,/hereas under non-ðerated conditions large air

spaces separated by narrow bands of parenchyma developed in the xylem"

Also thickening closer to the root tip and thinner root walls occut¡ed.

Pradham, Varade and Kar (1973) showed that the root porosity of rice in-

creased marl<ed1y as the soil approached saturation and became flooded and

subinergecl to a depth of 6 cms.
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Rice roots in flooded scli-l- were larger, less branched and had fewer roo t'

hairs (va.Ioras and Letey , l-966). Tomar and Gh:'--ldyal (1975) described

the morphologica-l differences between the sotid-ly packed cefl-ular structure

of rice under non-floodecl condítion and large porous areas suggesting

degradation o'F loot cortex cell-s j-n f looded plants '

Root porosity ín wheat is aLso infl.uenced by light intensity' oxygen

in the cul-.bure sof ution and variety (Varade, Stoì.zy and Letey, I91O) and

in rice by light intensity (varade, Letey and stolzy, 1971).

The poroLrs structure o'F roots permits the presence w-ithin the root

of gases, particularly oxygen, which can be used Í.n respiration and

metabolic functions" Van Raafte (1940) analysecl the gases in air spaces

in rice roots alrd concl-uded that they depended upon the movement of oxygen

from the leaves a-long a concentration gradient from the basal portion of

the roots to the root tips. Greenwood (1.967 ) studied the oxygen concen-

tration at the root surface of vegeiable speci.es gI'own as seedlings in an

anoxj-c mediurn and concfuded tha'b the rapid transport of oxygen from tops

to rool;s was corìsisten'b with a structure of non-tortuous gas fi11ed

channeJ,s in the tops and roots throurglr which oxygen moved downwards by

cliffusi-on. Greenwoocl ancl Goodman (I97 I) concluded that the oxygen lreqLlj-re-

men'bs of shoyl, roots growing ínto anoxic meciia could be met by di-ffusi-on'

but if the partiãl plessure at the root surfac;e was raised to "05 atmos-

pheres the requi.rements could be met from tlre sulrounding medium.

The diffusion of oxygen through the roots of plants not adapted to

waterlogged conditions partial-ly conpensates for anoxic corrditions in the

¡oot medium. In pea seedlings radicles maíntained at zero oxygen concen-

tration coulcl maintain a gror^/th rate of approximately one fifth of the rate

ín an aerated medium, but the growth late was retarded at all root medium

oxygen conceRtrations less than atmospheric equilíbríum suggesting that in

tlris species intrapl-ant diffusj-on is inadequate atrd of minor importance

compared wi-th oxYgen

Hucrk, I91I)

ri

i

supply through the soil pathway. (Eavis; Taylor arnd
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Evans and Ebert (1960 ) studied the dif f usion of oxygen dov'rn the

root of Vj-cia febe and concluded that the movement was consistent with

that through a continuous narrow gas sPace with side wal-l-s híghly

impermeable to sj.deways diffusion because no structure was found large

enough to aflow for both longi'budínaI and sidernrays diff usion " Ebert ancl

Howard (1961) concluded that in some species the gas spaces reach the

meristem but do not penet¡ate it sufficíently to oxygena'ce all- mer istem-

nra'bic tissue, thus inhibiting root growth. The porosity and oxygen

diffusion coeffi.cient in rice roots are rnuclr hÍ'gher than in barley and

corn ¡oots and the root walJ- permeabili-ty is much -l-ower (.Jensen, Stolz-y

and Letey, 1961). They calculated the partial pressure which worlld be

preserrt at the tips of roots of varying lerrgth and conclude¡ that the

structure of rice ¡oots woulcl pe::mit adequate oxJ/gen to be supplied'bo the

meristems of.l-ong rice roots, t'Jhereas in corn and barley tl-re partial

pressLtre wouJ-cl fall quj-ckly and diffusion would only satisfy the requ:'-re-

ments of roots only a 'Few cent¡lmetres long, tlrus rende::ing the root tips

of longer roots in these species dependent upon external oxygen. Barber,

Ebelt and Evan s (I962) also concluded that the porosj-ty in rice (5'-30%)

and barJ.ey (l-ess than I%) perrnitted oxygen rliffusion corìsj-stent with con-

t_inuous gas spaces, but the ratBs were dependen'b upon porcrsity.

Luxmoore, Stolzy and Letey (1970b ) reported that 'bhe wall- permeabi-l -

i.hy of rice is lowel than for maize and the porosity lises línearJ-y i¡r the

apical 6 ems of r'l'-ce to a stal¡-le value of 3û/' wlrereas it rises to only 9J6

in the same root segment in maize and from related studíes Luxmoore et aJ-.,

(1970d , I972a, 7912b) concluded that modification of porosity is a key

factor in.bl-B clesign of roo'b systern.E witl-r high adaptability to a wide range

of soil aeration co¡rcl j.tio¡rs because roots wi'blr a f¡-ì-gher po.rosity had a

higl-rer oxygen coRcentration wi'bl-rin the roc¡t and at tl-re root ti.p and wer:e

-1.ess dependen'b upon soil aerat j.ol-l .

,'l
il
'r;

!
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In studying the relative tolerance of Strawberry and Ladino cfovers

to waterfogging and flooding, Ilendixen ancl Peterson (L962) found that

sto.l-ons of strawberry clove¡ g¡.ov,rn under natural conditions ar.e ab-l-e to

transpor.b sufficient oxygerr either basipetally or acropetally to ai-low

gr.owth six inches from the oxygen sou]îce" courser roots developed on

s.brawberry clover under flooding. Air spaces which aflow the marsh grasst

Spart ina a1'terníflora to survive in anoxic mud were reported by Teal and

Kanwisher (1966) ancj Coult (l-g64) suggested-blrat the aerenclryna in the

rlrizomes of the bog sPecies Menvatrthes trífoliata are a rnorPhological

adaptatj-on to affow sufficierrt volune of oxygen for the maintenance of the

surroundirrg tissLle.

Armst::on q Q964)

Brj"tish bog species,

oxygenate the rnediutn sulroLJnding the roots by diFfusion of oxygEn from the

tops into.bhe roots ancl then into the meclium. The root tip was assoc:'-ated

rrrith the highesi diffr-rsion rate, and the rates from ttre species were

correlated with their adaptation to water.logging. In a further stuciy of

oxygen dif .Fr-rsion from the roots of ten spec j,es of bog plants, 'the difftl sion

rate measured suggested there j-s a negligib-le barrier to diffusion betv'reen

the irrtercellul.ar spaces and exterior of tlre root, and that the rate is

governed by tlre oxygen concen'bration in the root" As the diffr-lsion rate

is hi.ghest irr the apical zone o'F tl're roots i-t j s possib-ly an adapti've

mechan j.srn to ¡rrouíde ex'Lernal oxygen to the rner:istem of the root '

suberization c¡f the epidermal layers in the non-apical zone may cause

lower pe::rreabiÌity to oxygen release. The l-rigl-r r:ate of oxíclation oLltside

the roots of some speci.es suggests tftat enzyrnatj-c oxidatiorr may be occurr-

ing in the oxygenated zone ¿lround roots (Ar:rnstrong, I967b). The síze of

the oxygenate¡ì layer corresponcls to the tolerance of species to reducing

conrl:i-'bic¡ns capsed by waterloggirrg (Armstrong 1970 ) and i-t prevents reduced

rep orted that Menvanthes trif oliat a ancl two c,th er

frioplrorum ¿ìnqustifolium and M o-linea coer(l1ea

'r
jtJ
.,1,'i

I

r
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toxins f:com ieaching the root (Armstrong 1967Ì:; Eng1er and Patrickt

I9-15; Jones, :-g75) ancl corr'esponds with differences in susceptibility

of rice to a phys-i-o1ogi'cal disease (Armstrong, 1969) '

0xygenalsodj.ffusesfromtherootsofwoodyspecies.Inspeciesof

5a1j-x and Myrica qale_ oxygen enters the roots through the bark immediately

above the watertabl-e (Armstrong, 1968). 0xygen diffuses from the roots of

the non-he.loplrytes Zqe Iays into the sullounding medium (Jensen, Letey and

Stolzy, 1964).

The occurrence of high levels of carbon dioxicle -i n soil can reduce 'Lhe

downward diffusion ::ate of oxygen and 'bhereby adversely affect growth

(Vr/ebster, 1962).

The for:mation of adventitious ¡oo-b svstems and cl-rancìes r'n root2.4 "2.

distrib Lltio

The formation of adventj-tious roots, originating from near the stem

base of a plant which i s waterlogged, unU ther'-r growth precJonrinantJ-y in

the surface layer: of the waterlogged medium is a morphologica-l phenotremon

commonly associated with plants tolerant to waterl-ogging'

weaver and llimmel (1930) studied the response of four species to

poor aeration in saturated soif conditions" A slral-low¡ fine ancl much

branched root system which had a h:'-gh surface to volume ratiu devcluped

under waterlogged conditions' The root depth decreased with increasing

soil wa.ber content ancl root l-rairs were absent irl free water" Cannon

(Ight) clescribed two forlrs of adventitíous roots. Firstl-y a slender mtlch*

branched form growing near the surface which facked prominent intercel-luiar

spaces and which probably derived their oxygen supply froin the thin

oxygena'bed surface layer in which they grew and, secondly, thick roots

bearing few laterals wlrj.ch penetrate deeply into the soil. Ïn carex

l-i[qsa these roots contain ]-0 to 15 rows of radially arratrged íntercellular

air spaces al-lowitìg oxygen diffusíon. Caughey (1945) reported a surface

i

r
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ilmatrr of roots developing from bog shrub during periods of high water-

tabte anC K::atner (f9St) observed acìventitious roots lorming on sunflower

above the soit surface in the second or thircl day after ftooding' The

development was moïe pronounced ín ¡rlants ffooded in water than ffooded

in soif. He suggesteci that plants which survive flood:i-ng long enough to

establish a surface adventitious root system persj-st lortger although

checked severely" Jackson (1955) found that sunflower a¡rd tolnato plants

which devel.oped adventitious roots recovered qui-cker from f'looding than

tlrose which did not deveì-op such roots, or from which such roots were

removed.

R.ice plants which are estabfjshed under non-fl-oodecì condi'Lions

became chl-orotíc and tencled to wilt when ffoodeci until- new advantitious

roots developed at the base of the plant and grew inte the f f ooded nlecli tlm"

(varade, Letey and Stolzy, )-91O; Valoras arrd Letey, 1966). These roots

are thicker, less branched ancl have fewer haj-rs (Vaforas and Letcy, l-966)

and eventuall-y contribute most to ¡oot wei.ght (Lr-rxmoore and Stolzy, 1969) '

Later in the tif e of rice plants af ter stem elongation, dif fusi-on frc¡m

the leaves j-s res'bricteci and the oxygen suppiy to the deeper roots is

from a mat of fine::oots formed at the wa1;er surface after tillering

(Alberda, 1953 ) .

The initia-L:'-on o.P adventitious roots.in floocled sunflower plants

approximately 14 days a'Fter flooding is possibly the cLrnsequence of the

basipetaJ- tra¡rslocation of j.nitiating 'Facto::s (íncluding auxin ) from the

upper parts of the shoots concentrati.ng 'bo active levels at the base of

the stem wj,thin a few rlays of flooding (Phillj"psr I964arb)' Varga and

llumphrj-es (I91 4) attributed er'hanced root fo¡matÍorr on peti'oles of dwarf

bean to locaI high concentratj.ons of indofe-acetic acid stimulatecì by

gi-bbereJ-lic acid in the -leaf f aminae. Adventj tíous root for¡nation was en-

hancecl by tryptophan, which j s consicler:ecl to be a precul'sor' of IAA and is

inh-i-bÍtecl by cytokin:ins which slow the refease of tryptophan from protein "

I
I

I
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Ethylerre, acetylene and propyl-ene at high concentrations stimulated

adventitious r:oots in a nunrber of specíes (Zimmerman and Hítchcockr l933)

and auxín induced procluction of ethyl-ene in pea roots caused an inÊrease

in the weight to length ratio of the roots (Cha¿wick and Burg, 1967)'

2 "4.3. Biochernical ad ar¡t¡:ti,on of o fa n ts to waterlo aoed conditions i.n tlre

root zone

2.4.3.I. Non-accumufat-ion of toxi.c ethanol. c once rrtr ation s

Crawford (1969) propcrsed that morphologica-l explanatiolrs of flooding

tol-erance are jnadequate and proposed a scheme wl-rereby species intolerant

o-F fl-ooding undergo accelerated g-lycolysis and the production of toxic

ethanol concentr.ations whereas toferant species avoid this accumufation

and switch metaboticalty from ethanol- to malate production" Crawfo¡d arrd

Tyler (1969) reported that mal-ate accurnufated in helophytes and was

depJ-eted ín non-helophytes under r^raterlogging. fthanol did not accumulate

in tolerant races of SeLe-c.j.o ( Clawf ord 1966). The activi'Ly of al-coho-l-

dehydrogenase was no'b inc¡:eased arrd etlranoÌ accumu-latíon was lromeostatic

j.n seven helophytes stuclicd by Crarwf ord (f967 ) . Tlrree heloplrytes

accumu-lated mafic acj-d j.n quantities comparabl-e to ethanr:-l in non-

lrelophytes. The ethanol productiolr was caused b5r induction of afcohol

dehydrogenase j.n non-helophytes.

McManmon ancl f,rawFord (1971) ancì Crawford (1972 ) lrave proposed that

the al-rsence of fulrctional mal-ic enzyme f'rom helophytes prevents the con-

versiorr of mal,ic acid to pyruvic acid and the¡eafter'uo acetafdehyde and

ethanol.

2 "4 "3 .2 . Tlre acl aptive sianificance of the activi-tv of alcoltof dehvdroclenase

A l-coho1

acetaldehyde

McManmon and Crawford (l-91I) found a strong

dehydrogenase is the enzyne

io ethanol as the last steP

r'-nvo.lved in converstion of

the glycolytic sequence.

correlation between ADH

r- t't

act:i-vity and flr:odíng toleranee in J.9 species.
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In the legumes Pj,gu]ll Þeli}LUfL and Vj--cia faba activities increased 15"6

and 5.0 times respectiveJ-y wtrereas in PhgLq:Ls arun d i-n ace a actívity

clecreased 70 per cent. A fall ir¡ the value of the Michaefis constant fc¡r

ADH upon flooding in toferant species indicated ej-ther a cha:rge in the

afccrhof dehydrogenðse enzyme oI activity cJependent upon acetaldehyde corr-

centration "

Marshalr, s"ouå and Pryor (rg73) correLatecl the sensitivity of

maize to flooding wi-'Lh allelic forms of afcohol dehydrogenase (Adh)'

pfants of the Adhf (fast fornr having a higher specific activity than an

Adlrrì slow forrn) hrere more sensitive to flooding for l0 days. Tntermediate

activity between the adhf adhf and qdhs Adhs levels suggests the formatj'on

of a heterodimer-i-c ADI-l mol-ecuf e in th e heterozygo-be R¿r'f nahn" In

germinating seeds of narrow leafed lupin three afcohol- dehycìrogenase

isozymes ale plesent resulting from two homodimers c¡f two independent loci'

Adh, and Adh, alrtl a heterodirner. In flooded roots only the Adh, isozymes

are present indicating flooding induces Adh, br-rt stlPplesses Adhr '

Schwartz (Ig69) proposed that short periods of anoxia during germination

activety sel-ect and maintaín Aclh e,ll-eles for highly active afcohol

dehydrogenase in rnaize populations by al-lowing the release of energy

througl'r anaerobic respir:ation. In rice a.l-cohol- dehydrogenase activity is

induced by anaerobic corrciitions, is proportional to ethano'l concentratiotr

anr:l un¡:esponsi-ve to or i.s decreasecl by acetaldehyde " Thereîore al-cohol-

clehycJrogenase irl tlris species actively eatab ojizes ethanol unde:r anaerobic

conditions (App and Meiss, l-958). Etharrol can be catabolized in sorne

plarrt tissues (Cossj.ns ancl Bewers, 1963; CasteJ-frarnco, Bianchetti and

lvlarne, 1963).

The activity of al-coho.L dehydrogetrase varies l¡etween t he leguminous

genera &auI, vj{-Lg and l€Irs afthough 'bhe molectllar weights are si¡nif ar

(Lebl-ova and Manca-l , 1975 ), and genotypes and subspec-ies of Trifofium

s ub t e::r ane um expres-q different actir.¡ities of afcotrol dehydrogelrase under

floocli-ng. The flooclj-ng bole::ant genotypes of the subspec-ies )L3.[.I]jnic--Ll[
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actívities (Francisr Devitt, and Steel-e, I974)'

daotive si a ficance of nitrate reductase antl amino acidThe a rì

svn thesis

Flooding marl<ed1y increased the rritrate reductase activity in roots

ancl leaves of ffooding - tolerant species whereas in intoferant species

the activíty generally declined. In six tree species the ability to

increase .bhe pr:oduction of amino acids (aspartic acid, glutamic acid,

alanine and cit::ul.jne) is matched exactly by the floodíng tolerance of

the species. (Garcia-Novo and crawford, 1973)" They plopose that nitrate

recluction provides an alternative to oxygen as an electron acceptor,

facíl-itating the survivaf of'ffood-toferant species during periods of

anoxia. The am j-nation of pyruvate and other products of gtycolysis ar-rd

tronsfocatioll of amino acids to the shoot transfers therroxygen debtil of

the roo.bs to 'bhe aerated shoots. Nitrate reductase activity is present

in uninocula'bed pea roots (VrJallace and Pale, 1965 ) and in a high proportion

of a large nunl¡er of woody species'the ascending ni-trogen is entirely in

o::ganic form, mainly 'as aspart,ic acid, glutamine and asparagine (Bol'f ard,

1961).

2.4.3.4. Absence of precursors of toxic substancEs

In the f::u-ì-ts peach arrd plum a cyanogenic glycoside is present

which under watertogging of'bhe roots releases hydrogen cyanide which in-

hibj-ts metabol-ic oxidatic¡n and catabolj-snr of ethano-1 . In pear, which is

tolerant to waterlogging, tl.re glycoside is absent (Rowe, 1968).

2,4.4. M:r'-neral acc umulation in sp eci.es tolerant to waterloqqj.nçJ

In contr:ast to the changes in mineral and nutrient abscrption by

waterlogging in floodinq sensitive species, flooding of non-sensitive

species either does not affect acÇumufation of nutrients e.g. NarClr NrPrK

ca and Mg in rice (valoras ancl Lebey , 1966) t Mn in low'l and rice (clark,

Nearpass ancl spech.b I Ig57) or else the species toleräte high ionic concen-

trations.



33

some calex species'l,olerate I - 14r000 popom. Mn++ and Fu** ion= *t=u

either tolerated or not accumu-Lated (Jones, 1912 arb)'

2.s. l'HE A]]APTABTLTTY OF SPECIES USE]] ]N AGRI TUI-TURAL SYSTEMS TO

l/üATE RLO GG Ï N G I.IT GH h/ATERTAELES AND FLOODTNG

2.5.r The adaptation of fucerne to waterloqoinq. floodinq and hiqh

Lucern e,

whieh is mcle sensi.tíve than most

watert ab l-e s

2 "5.r,r. The effect of the d ur: ation of f-lood j-n q on lucern e qrowth

Meclicaqo "uti* "nd
its rel.a-bions, is regarded as a species

pasture species to poor-ly aerated soil

flooding or high watertables"conditions c aused by waterlogg-r'-ng t

In a study of -bhe flooding tolerance of nine leguminous pasture

species, including Me d ic ago IEdia cul-tv. rRamb.lert in pote as eight week

old seecìl-ings, yellowing of leaves and ¡oot clecay we¡:e evideni j-n the

lucerne after ten days and the yield of herbage dry matter was reduced

approximately 50/" at the first harvest (5 days). The dry matter yield of

roots was reduced 6D/" within 5 days and 90% after 20 days. It was con-

siclered this fucerne cul.tivar could tolerate waterlogging for J-5 days

(Heinrichs, 1970). ftogers (I974) rneasured the response of five 'lucerne

cu-l.tivars to waterloggin g and two levels of evaporation def icit and

reported in'bervarietal cl iff ererrces to waterlogging f o¡ 10 days. Yield

clepressiot-ìs were rHun'ber Riverr , 69 "2"/"; rDu Puits' , -lO.B/"; rPerutvian PlO I t

68.2.%; tSíro Peruv-ianr, 48.81" and Lal-rc¡ntan 39"7/,. Vrl aterlogging redueed

the nitrogen conte¡t of the herbage bu't did not reduce the phosphorus

conten.b o¡ increase the manganese content. Plant density was reduced itr

al-l varieties b5r waterlogging after only ten days and frequent irrigation

caused rotting of the taProot.

Fi.nn, Bourget, Nielsen and Dow (1961) included l-ucerne in a study of

thr: effec'b of varying rnoisture suctions (0,25r40 cms) applied for 10t 20

and 30 days on the regrowth of herbege and roots. [-uce.rne grcJwrì at zero

moj.s.bure tr:rrsion (waterlogged ) for 10 days did not recover after sixty cìays

of regrowth.
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The regrowth of roots after all- flooding periods was low, but top growth

recovery was better after shorter periods than long periods of flooding"

2"5 sensitívitv of fucerne roots to waterfoqqinq

Lucerne is particularly sensitive to increased temperature in the

root zone during flooding. Increasing the temperature of flooding water

fi:om SoC to 26oC reduced the growth and yield of fucerne flooded for only

one week (Finn, Bourget, Nielsen and llow, 196I). The fucerne cultivar

rRaml-¡Ie¡t t¡hen glown under varying root zone temperatures at constant air

temperature does not grow For mo¡e than 14 days, and herbage reglowth,

the weight of crowns and rcrot dry matter are reduced after 7 days flooding

irres,rective of the root tempera'bure regime. However at lower roo'b

temperatures, the percentage survival of plants is higher and the decay

of ::oots is less after fl-ooding up to 2B days (Heinrichs' 1912)' l-he pJ-ant

density of rHuntc¡ Riverr f ucerne ' 
glown a'b 33oC and ff ooded immedi'ateJ'y

after cutting was reclucecl by 85/"; flooding 5 days after cutting killed

3Sf" of plants, but at 2loc no plants were kil-f ed and cJe-laryecl flooding

allevia.ted the severe.check to growth caused by flooding immediate'ly

after cuttj.ng (Cameron, fg|3). In the same Paper he reported íntervarietal

differences in floodi.ng tolerance. rHunter Rivert lucerne was more

seriousJ-y a-Ffected by fJ-oocling than the cultívæsrRhizomar and rLahonta¡rr'

High roob zone ternpelatures duri.ng 'Flooding severely affected all cultivars'

but high air temperatur:es did not affect the reaction to flooding'

Fligh soil temperatures and reduced aeratjon cause necrotic condition

ancl root ro'b ¡o clevelop quickly. Roots'f'fooded at 25oC for 18 hrs' aIe

undamaged, but as the temperature is increased the necrotic and rotting

syn¡rtoms develop ver.y quickly (Erwin, Kennedy and Lehman, 1959).

Lucerne varieties are sensitive to excessi,ve soil moisture and reduced

aeratj-otr caused by excessive irrigation or high fluctuating r"ratertables'

Walrab ancl f,halr¡blee (1912) repo::-Led a decline in lt-tcerne plant population

cagsed by tlre excess j.ve soil rnoisturle conditions resulting fronl preci p-

itation after irrigation. Intervarietal- diflel-ences were strii"i i'iq"

.I.2 " The



35

The varietiesrDu PuitsranclrCherokeer wer.e almost completely killed in

one year whe¡eas the variety rBonanzat was less affected.

Uncler static wa-bertable condition maximum yields of lucerne were

obtained at a watertal¡le depth of 60 cms (Tovey , 1964). Under these con-

ditíons he reporteci thai some roots extended into the saturated zone

above the watertal¡1e and that some enlarged whíte rootlets extended into

the watertable, and he observed that in the glasshouse alfalfa root

systems will adapt 'bo shall-ow constant l-evel watertal¡les. Fox and Lipps

(19S5) described the distribution of lucerne roots associated with water-

tabl es in various prof i-Ies ancl in one soil an abundatrce of white fibrous

roots was obtained from immediate15'above and in direct contact with tl-re

watertable art d j-n another sc¡il- numerous white turgid fibrous roots were

f ourrd more tl-ìan 30 cms below the free water surf ãce. Theref ore if lucerne

plants of the varj-eties in these studj.es have portion of their root system

aeratecl above a static watertabte some root adaptation to poorly ae¡ated

and waberlogged conditiorìs car'ì occur. However fluctuating watertables

aff ect yielrJ. Tovey (1964 ) studied the eff ect o F raisr'-ng a 60 cm water-

t¿¡bte .bo th e surf ace f crr up to 11 days on lucerne yieJ-d. Three days of

fJ-ooding increasecl .yield s irr the follov¡ing three cu'bs above the control,

bu.b four or more days flooding reduced yieJ-ds and subsequent regrowth.

Flcrodirrg for over one week virtually destroyed the lucerne stand by caus-

ing serious de.terioration of roots and crowns especially durj-ng l-r of weather'.

Vrl a.bertable depths l-ess than 40 cms reduced lucerne y-ield in the study of

Jensen ancì Lesperance (1971) . At 10 and 20 cms depth tl-e yields were

app:r:ox.ima.bely 11/" and 4 5/" o1 those f o¡ watertable depths greater than

4¡cnrs. Rai¡ Miller ancl llittle (L9'7L) found the highest yields of two

lucerne var:'-eti.es rNarragansettr and rKentucl<y Syn 2r at a watertable

depth of 45 cms and that rai-sing the level of water'to 15 and 30 cms

r:edt.lcecl yie-1ds and caused roo't r:otting below those depths" Soil water

suctions consis'te¡t1.y less than al¡oLtt 2û cent¡lh¡ars reduced the yíe1d of

l-ucerrre under irr:'-gation in the Inperial valJ-ey, falífornia (Lr;l:irlan,
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Richards,

2.5.1.3"

lrwin and

he e'Ffect

Marsh, l-968 ).

of s ubmersion on -lucern

Bol-ton and ljlcKenzie (1946 ) considered that rGrimmr lucerne could only

flooding for l-0-bo 14 days without causing excessívebe subnlerged hy sprirrg

permanent injury"

The sensitivity to

tenrperature conditions"

l-ucern e at

(N1c Ken zie ,

2 "5.r.4 "

o
4 C but at go

'FLooding is higher under high average daily

2J- days of submersion were tolerated by rLadakr

C 4D% of plants were permanently injured

-r_9s1) .

The ef fect of wat¡:rloqqinq on iron, mangonese and al-urninium

uf-¡tal<e bv l-ucerne

l-he concentratior-l of manganese in the leaves, petioles and growing

points of waterloggecl lucerrre occurs within a few days. The symptoms

of mangarrese toxicity are lighter colour of growing points and cl'll-orosis

on tips of younger leaves associated wíth manganese accumufation in the

growÍng points. The roots, crown and stem do not accumu.Late nranganese to

tl-re sarne fevel as the, Leaves and apices (Graven¡ Attoe arrd Smith, l-965).

They suggest that the long terrrr effec'b of manganese toxicity may be more

serÍous than sholb te.rm anoxic conditions resr.¡l-ting from fì-oodíng for only

a f'cv'i d ays "

The rate of translocation of manganese and aluminium from roots to

tops differs bea;ween lucerne cl-ones, although the total- absorption is

sÍmifar" The mo¡e tol-erant clones, which have l-ower transÌocation rates,

contain Írore tota-l and water-soluble calcium and the ability to keep

cal-cium in an ective form may be an importarrt factor dete::min-ing tolerance

to manganese arrd presumably alurninium (0ure1lette and Dessureaux, 1958b ) .

A toxic concentrat-ion (25 p.p "m, ) of marrganese in sand cuf tu¡e does not

equally depress tl-re yield of aÌl l-ucerne varieties and crosses to tFr e sanìe

extent (DessurrliìLlX and 0r-rellet'ber 1958a) and a response to selection for
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to-lerancetr:rmartganeseresuftinginmoreyieldandlessgrowthretardation

was found by Dessureaux (rgSg) '

Graven Attoe and Smith (fçeS) found that waterlogging did not greatly

affect the iron (F"**) content of lucer'ne except for a slight rise in the

concentration in the roots" Bartlett (:'96I) reportecl that the roots of

the lucerne cuftjvarsrDu Puits'andtNarragansettr clid not affect the

Fu++ionir corrcentration in a nonaerated sol-ution cufture whereas species

more toLerant of poor drainage oxiclized.flerrous ions in their root

rhizosphere zene.

2.5.2. l'he ad tation to hi ertabl-es ancl w ater:1o l_n ofs c.t- esh wa'b

other than -l-ucern e, which are used ín ¿lcJricu 1t u re

hi qh watert able on clo pandp asture sÞecies
2.5 "2 "r. The ef'Fects of a

The responses to hj-gh watertabfes for cereals, qrasslands' pasturest

tt.¡berous crops fruit trees and vegetab-les were reviewed and sunlm¿¡rized by

vanrt \¡il oudt ancl llagan (.l957 ) . They concluded -bhat the damage caused by

flooding of agr:ícuJ.turally uti]'ized species is depenclent upon the specíes,

duration of f.Looding r. the arnbient temperature, the stage in plant growth

and relation to clormant periods. An optimum level of waterbabfe seems to

exist for each particular clop under given conditions' t|fr/il-liamson and

Kriz (I9lo) rcvicwod the response nf agricuftural crops to fixed water-

tabfes, fluc-'cuating watertahIes, deep watertabf es and tempcrary surf ace

f,l,ooding ancl r..rate::-logging at or above the sc¡il surface and also cotrcluded

tlrat the:ìlespor.ìsÊj is dependent upon species, locality, soif charac'berj-s'bics

and the dyrrarnics of the water regitne cJur j.ng the growth of the species '

Both reviews corìcludecl that mos'b species used ín agriculture require a

zone of aerateci soi-]- f or optimum production " The depth of this zone is

related to.bhe species and only some species adapted to waterlogged

environments can tolerate non-aelated soil conditions in the -long term'

Deepr:ootedspecies,e"g.coln'requiredeepwa.bertab.leswhereas

slrallow rootecl specíes t e.g. soybeatr ard grain sorghum, require shall-ow
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watertabf es f'or optimum production (wíl-1íarnson ' 
1964; Williamson and van

SchíIfgaarde, r965)" Nichc.rlson and Fjrth (1953) found that thele was an

interaction betweerr opti-mum watertabl-e 1eve1 ant3 yie-Ld whích depencled

upon seasonal- rainfall patterns but for a range of eight crop specíes the

optimum l-evef nas betv,leen 50 and 90 cms. This adaptation is strongly

relatecl to soi.r aeration (Grabte , rg66) and vrl ilriamson, h/ illey and Gray

(J96g) sl-rowed that wate¡tables less than 30 ctrs beLow the surface in a

sandy foam reduced oxygerl concentrations in the soiL a-l-most l'ì-nearly from

2I/" at the surface to Ol" at the waterbable"

Baumann and Klauss (l-955) studied the root distrjbution cf forty two

grass species in soil with a watertable at 36 cns deep. Most species had

orrer lrarf of their root system in the top J-2 cms of soif and twenty six

species: had fronr 4"3 to o.4y" of their root system bel-ow the watertable"

Prominent agricu-l-tula.l species in th:'-s category were ]:::Ð mul-tif f orum

(Vrl es'berwold s ) r F-e.st t{cs arundi nacea and Phal-aris arundinacea. Ten sPecies

grew clown to the watertable ancl six were shaflow rooted. In a study of

the effect of grouncl water level upon bhe produc'bivity of fenland glass

Eclen et af" (1951) reportecl lower yields, protei.n yields and protein con-

tents anrl depressecl l(, Mg and Cl content at high watertables'

L.aclino clover, orchard g:rass and tall- fescue are adap-becl'to a sha-llow

waterterbl-e (15cms ) but in combirtatrlon w j.th surf ace watet-ing only Ladino

cfover increased ín yield although the grasses had nloÌe toots be'low the

watertable .1evel. (çi1L¡eI.t and CÌramblee, 1.959 ). Vr/j-lliamson and Vrjilley

(1.964) found most roots of tall fescue in the top 10 cms of soil over water-

tables a'b variot.ls dePths.

Grain leqr¡mes generally require aerated, freel'y drained

The roots of peas extend almost to a watertable ard then stop

unrler low oxygen supply they are'bhicker with reduced laterals

nodul-es, and poolr äeration reduces lrl , P artd K accurnulation but

conterll, increase (Cline and E¡-'iclcsan, 1959)'

soíl- conditions.

grow]-n g ;

and less

Ca and Mg
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0ptimum watertable depths difÊer for soybean varieties and the shallow

rooted kidney bean gave a maxj.mum yield ovel a 15cm watertable" The

optimum v¡atertabfe cìepths differ for soybean varieties and the shalfow

rootecl kidney bearr gave a maximum yield ovel a 15 cm watertable" The

optinrum dep.btrs are al-so temperature depenc,l ent (van sch-ilfgaarde and

ldilliamson, I965 ) . Snapbean yielcls were optimLlm oveT deeper watertables

infinesoils(GoirrsrLuninandVr/or1ey,1966)randthemeanaircontent

of the soil was the parameter most highJ-y correlated with yield from

Ph aseofus vtltqarj-s (Dasber g and Dakkar, I97O)

Natural vegetation al-so differs in soil aeration requi'rement" Poel-

(1960b ) correlatecl the soj-f aeration status with the distributi.on of

species in or away from marshy areas and correfated the distribution of

t¡racken fern witlr well aerated sites (Poe-L, 196I)"

T he effec'b of waterl-o ñ n l-n nastttte s n ecies other than lucerneñ on2.5.2 "2.

2 .5.2 "2. 1" LectuminoLls sDacl-es4

A number of leguminous pasture species arre regalded as tolerant of

waterlogged soíf conditions" Marshall and Millington (1967 ) found that

cultivars of -lfifolig sLlbterraneum sub sp. annanacum rifofium r: eDens

and T ¡i1'olium fraqiferum tolerated 2I days of waterl0gging

recluction in herbage or ¡oot yields whereas varieties of T.

r^rithc¡ut serioLls

s ub terranel uttl

srrbspps. bv.'ach vc af vc in um and subtetraneurn and Brnithorlus sativus lvere

susceptibJ-e"

waterJ-ogging

grea'ber than

Francis and Devitt (1969) a.Iso concluded that the order of

tolerance of subterranean clover subsp ecies was;: .Vannlnacum

s ub t er:: an eum gre ater than brachvcalyci-num. Many surface roots

were observed on varieties o'F sr:bsp ' vannini-cum but not tl-re other sub-

species and that the isoffavone concentratiorr was inversely related tc

tolerance to waterlogging. The ¡educ'bic¡n in accumulation of nutrients is

l-east in the tolerant subsPecies yanninicum and is correlated with general

subspecific perf ormartDE under waterlogging (Devitt and Frattc j's, 1972) "
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Heinrichs (1970) considered that birdsfoot trefoif (Lo_Lqs cornic.uf qr_t!!e),

white clover (Trifofium repene) and strawberry c-l-over (f . fraq j-f erum )

could to-Lerate f.Iooding for 20 days; red clover (T. pratense), as like

clover (f" Frvbridum) ancl l-ucerne fo¡ 15 days and swee tc.l-over ( mefil-otus

afÞa), cicer milk vetch (Astrarlalus cicer) and sainfoin (0nobr.ychis

viciaefolía) for 10 days or less " I n a f urther study l-ìeínrichs (1972)

demonstrated tlrat the relative toJ-erance of trefoil-, lucerne arrd sai-nfoin

ís correlated with the resistance of crowns and roots to degeneration and

caused by f J-ooditr g 
"

aer a'bed

Jensen and Lesperance (L97I) found trefoil

of p oorl-y soils and Finn et a1. (I961) suggest ladino

whíte:lover is mo¡e

(1912-) reportecl that

f or two yeals b ut a

in a few montlìs.

tole¡ant th an bi.rdsf oot trefoil and Vr/ ahab and Chamblee

l-adino clover was not affected by excessive irrigatj-on

crohln vetch (Coroni lJ-a varia ) populatio¡r declined wi'bh-

Reduction of oxygen concentration to l-ow l-evels i¡r the root zone rcduces

shoot growth of whj-te clover (Gradwel-1 , 1969) but waterlogging does no'b

affect waterlogging to'J-erant clovers similarly" Hoveland and Mikkelson

(1967) found loot yield unaffected in white and fadino clover, but reduced

in strawberry and Persian clovers whereas manganese accurnulated in all but

strawberry clover and nitrogen concentration feJ-l only in intermediate

white clover. A tropism of strawberry cloverbo curve stems upward cJuring

flooding con'Fers additional tolerance to flooding (Bendixen and Peterson,

1962) .

l-ntermedj-a'be white dover is rnore toleran'b to flooding than several

annua-l cl-over species (l-loveland and Webster, f965). Specific differences

in toferance bo waterJ.ogging occur in the genus Vicia (Hoveland and Donne.lly,

tolerant1966) and simil-ar-ì-.y between annual It/ledicaqo species. The rnost

specJ. es wer-'e M. pol.yirrorpha, l\4. a¡abica and M. i.ntertexta and the most

All annuaL medicsensitj-ve v;ere M. scutellata, M. tornata, and M" mj.nj-ma"

species were more sensitive than subterranean clover to wa-herlogging

(Francis arid Pool-e ' 
1973 ) .
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2.5 "2.2"2 "

G rass

Graminaceous sPecj-es

species generall,Y are more tol-e¡ant to waterl-ogging than 1eg-

tolerance under inundatior'ì areuminous species" Examples of extreme

reported [:y Porte.r:field (1945) for Buffaf o grass ( B uc h lc¡ts dactvloides )

which surv j.ved submergence f or nineteen nonths. Timothy ( Pbleqq prate,¡se-)

and reed canary grass ( Phafaris canariensis) were not severely injured by

7 weeks inunclat-ion (Bolton and McKenzie, 1946). High tolerances for grasses

have also been reported by Rhoades (f964) and Davis and Martin (1949).

Low oxyeen ffux into soil caused by excessive moisttlre ai-td u¡ater-

logging dj.fferentially affect glass species. The more toLerant glasses

ploduced thicl<er roots with l-ess faterafs and some less tol-erant grasses

produce a surface mat of r'oots in poorly aerated soi.l- (Vr/ addington and Baker,

1965 ). 0ther studies cletnonstrating tÌre adaptation of spec j'es to a low but

consistent soil oxygen flux have been dpne by Letey¡ Stoizy et al. (1964),

Gradwel.l- (1965 , L961) and h/est and BIack (1969) 
"

The tolerance of gr.asses to waterloggi.ng and submersion is inversel¡7

related to the temperature in the root zone, however ther:e are differerìces

i¡ tolerance Lretlleen species particularly at loller temperatures (Beard anci

Martin, L97O).

Although grasses may tolerate flooding for long peri-ods, ftogers atrd

Davies (f973) found that under fiel-d conditions the yield and concen-

tra'l,io¡t of K, N, and Mg in the herbage of four glasses was positirrely

correlated with soil cxygen level-s and in a pot experíment a species X

nutrient concen'bration interaction occurred demonstrating specif:'-c

responses to flooding " l-l umphries (1962 ) described the d:if ferences in

fl-oocling tol.erance between'boleran'b Phalaris tuberosa and intolerant

Ehrharta cal-vcina , however the former species exhibited an adverse reaction

to ffooding unless the njt::ogen and phosphorus status of the soil was

sufficiently high.
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2"6"

2.6 .r .

TIIE TCt]LOGY OF LUCERNE

he taxorr of Medica o sativa and its cl-ose rel atives

Lucerne is.bhe common name given in Australia to the species Me d ica qo

S"-ti:g. Cytogenetically this species is a member of a complex of taxa

encolrÌpassing Mediça-gq satiJe¡ M. f alcala and þ!gtinclÉa and M . coerulea

which are diploid fo¡t¡s of M. f al-cata and [4 " sativa le spectively t

(Gil-tíes , LgTz). In their review, Busbr'.ce, Hi.l-l and Carnahan (1972 ) con-

c-luded that segregation of al.leles in l-ucerne is simiÌar to that expected

of an autotet:raplo j.cl .

2.6.2 " The dist ril¡ution of l-utcerne in the worfd

Luce¡lre ís a wídely distributed pasture and fodder plant. (Kfintowsl<í,

1933; Sinsl<aya' f950; BoItonr Ig62; Wilsier 1962; Rogers, t967;

Bolton, Goplen arrd Baenziger, 1972). I ts wi-J-d progen j'tor:s rvere distributed

in Asia lvlinor, tlre Caucasian::egion and Centraf Asia, and from these centres

it has been domesticated and cultivated in every major climatic zone except

tropical and hum j.d subtropical regions. A range o'f' ecotypes has devel-opecì

within this wide and diverse distribution. These ecotypes ale usually

categorized using an index crf winterhardiness and earlj.ness of resump'bion

of growth irr Spring (Botton , 1962) or the alfocation of varietj-es to regions

of adaptation (Lov;e, Marb.ì-e and Rumbaugh, I912) "

2,6.3. The o:ri- in of lucern e varieties tlhích are 'bc¡leran'b to poorl.V

rlrained soif co nd it ion s

In the Mr:rshansk region, neal Tarrbov, U.S"5"R" natural hybrids between

Ioca-l wilci yellow lulcerne Med ic a o fal-c and Eulopean lucerrre (M" sat:Lva)

which was irnporied to the region, oectll widely ín the flood plains of the

rivers Tsna and Kashna (Lubenets and Plotnikov, 1950). These author's

descrj.b¡ed two varieties, tMarusinskaya BJ.r and rMarusirtskaya 425r'

Marusinskaya Blr Ís cf ass:i.f j.ed as a Central Russian violet-hybrid resistant

to wate¡logging" Marusínskaya 425 ís desc¡ibe.d as a North RuscrÍan yellow

flowered hybrirJ ecotype tolerant to waterlogging" Both varietjes were

derived by mass se-lectj.on from the na'bural ínterspecj.fic lrybrid popul-ation
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at the Morshansk State Plant Breeding 5ta'bion and both are winter-hardy,

winter dormant and semi-procumbent ín growth habit'

In North America two varieties rRhj-zomar and tNarragansettr have been

reported to express tol-erance to we'b soj.l- conditir¡ns'

rRhizomar lucerne was released in 1948 from a mass selecticln programme

of síx generations based on six hybríds resulting from natttral crossing

betwr:en two speci es; diPloid Medicaclo falcata variet y tDonr imporbed from

'Lhe Uo S.5. R. and tetraP l-oid Meclicaqo sativa variety tGrimm t and,/or

tOntario Va::íegatedI. Don was the femal-e parent andrRhizomaris a tetra-

ploicl variety wíth 32 somatic chromosomes (Nitanr 1951).

lle¡-nríchs (i968 ) reported that rRhizomar is quite widely adapted in

Canada and seems to be better able to withstand acid and imperfect-ly

clrained soils tharr most other varieties. He described rRhizomar as a

winter hardy variety, tending to devel-o¡: very broad cl'owns f lom rhizomes.

Its root system is mainly of the branched type, withnut a promirrent taproot.

f Narragarrsettr .Iucerne released i,n 1946, was devetoped at the Rhode

I slarrcl Agr-iculturat Experiment Station from a wide range of geneti.c ma-be::iaI

includ-ing rGrimmr , rCanad j-an Variegatedr , rHardigant , tDossackr , rl-larrsen' ,

I Lad ak I , and several strains of Meclicaqo f alcata. A ma j or eon'bribu'bion iri

the synthesj.s of the variety was seed from the same na'bural inte¡specific:

cross usecl for the t¡asis of rRhizoma' (0cl land and SkogIey, 1953).

rNar:ragansettr appears to be be'bter suited to imperfectly drained aci-d

soil-s than most otþer varieties" It is a winter-hardy, winter dormant

variety with eí1-her a tap or branchecl root system (l-leinrichs, l-968) "

The four varieties for whÍch tolerance to poorly drained soil- con-

ditj-ons have been reported contain one common source within their diverse

parentage, name-ly yeJ-low-flowered wild-c¡rowing lucerne from a region in

North and Cen'Lral- Russia.
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A number o'F ecotYPes of Medicaqo falcata have t¡een descríl¡ed frorn this

r:egion and they ale repolted to occur often irl river floodplains and

adjacent floodlands (Sechkarev' 1950).

2.6.4. The productivitv of l-ucerne ecotvÞes in Austra.lia

The lucerne varieties which have been accepted commercially in

Austrafia have been introduced from ej.ther mediterranean or warm temperate

environmelrts. In fucerr¡e breeding in Austratia sefection has been against

extreme winter dormancy (Register of Australial-. Herbage Plant Cul'bivars'

1972) "

The harcly winte¡-dormant varj.eties of central Europer Canada and

northern U.S.A" ale low yielciing irr early Spring and late Autumn and are

generally much lower yielding than ecotypes from medi.terranean and watm

temperate regions (Rogers arrd Bailey, 1968; Leachr 1971)'

If to.lerance to waterloggj,ng was to be found in the ha::cìy winter-

clormant varieties, then seLection from a hybr:íd population resulting froni

crosses between these and the l-ocaI varieties ma.y provide an agronomically

acceptable variety for some areas irr Aus'bralia"

2.7 
"

SOIL.S ]N SOUI'II A USTRALTA W I-II TH ARE I_iABI-E TO I^JATERLOGGII!G

Ln South AustraLia the nrajor soil types subject to wate¡l-ogging as a

result of perched wa'bertables are the sofodized solonetz and gloundwater

rendzina soils in the lower southeasì'b of the Sta¡te (Blackburn, 1964) and

poclsoJ-Íc and laterític soils in the Adel-aide Hil-ls:, FIeuríeu Feninsu-la

and on Kangaroo Island (Rix and Hutton, 1953; Northcote a¡rcl Tucker, 1948)"

Srnall- areas of -Later.itic podsols, grey heavy textttred soils and 
_ 
scl.l-ociized

sol-onetz soils which become waierlogged occltr in fower Ey::e Peninsul-a

(French, 1958). Areas of soifs refated to the South Austrafian duplex

types (podsols and fateri.tic podsols) are present in the eastern states

of Australia and t¡jestern Australia and on tl-rese r,vinter wa'berlogging occurs

in areas of rela-bi.ve-ly high rainfall-.
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3. EXPERIMTNT I: THE EFFECT OF I,ilATE RLO GG I NG ON THE GROWTH OF EÏGHT

LUCIRNE VA EîIf5 ESTA BLTSHED IN THRE E DIFFERENT SOTL.SR I

il
3 " 1. MATERIAT-5

3.1. I. Varieties

Eight fucerne varieties were chosen to encompass the range of water-

Iogging tolerance reported in the literature and to also include an

extreme winter-active Mediterranean genotype'

The varieties and their origin t^Jere:

VARIETY ORTGÏN

I. Marusinskaya 81 Mo¡shansk, U.S"S"R'

2" Marusínskaya 425 Morshansk, U.S 'S "R '

3 ' Rhizoma canada

4. Narragansett U. S "A "

5. Du Puits Australia, ex France

6, llunter River Aus tralia

7. Afrícan Australía' ex EgYPt

B. Demnat Australia, ex Morocco

Seed of the varieties tMarusinskaya Blr and rMarus j,nsl<aya 425r was

obtained from the All-Union Institute of Plant Industry, Leningrad,

U.S.S.R.; rRhizomarseed was obtairred 1'rom the Ianada Departrnent of

Agriculture, 0ttawa, Canada and tNarraganse-btr from the Plant Introcluction

Section, U.S.D.A", Beltsvi-lle, Maryland, U.5.4.

Seed of the remaining var:i.eties was p::oduced in Austral'ia from

populations or:íginating from the countries listed"

3 .I "2. Soi.l-s

Tlrree soifs from areas susceptj.ble to waterlogging during the wj-nter

perioc.l of intensive rainfall were used in this experiment.
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3 .1.2.1. Solodized Solonetz

Theloamysandhorizonstoadepthof2ocmf¡omasolodizedsofonetz

soil profil-e on tlre Kybybotite Research centre, south Australia were

homogenized. The profi]-e from which the soil was taken is described by

stace et al-. (1968). Their description is attached (see Appendix 1)'

3.r.2.2. Gro un dwete¡ Rendzina

Thesecondsoj.IwastheUPPeT20cmsfromagroundt'uaterrendzina

situated approximate]-y on the boundary of the Hynam and Plaaoope associations

descrj,bed by Blackbu::n .:Jg64). The profi-l-e was described by clarke (1965)

and his description is attached (Appendix 2 ) '

3 "I"2.3. Later itic Podsol:

Thethirdsoilwastheupper20cmfromalateriticpodsolsoi}

obtained from the Seconci Valley Forest, South Ausiralia' The soil profile

is very similar to those described as lateritic podsols by Raupach (1966)

and a detailed analysis of a profile from the locality usetl to obtain the

soj-l stock for thi.s experiment was supplied by A.R.P. Ctarke c's'I 'R'0o'

Div. of Soils, Adelaide (Personal communicatic¡n). This descripticn is

also attached (APPendix 3 ).

Appenclix4presentsdescriptivedatafortheprofilesfromwhichthe

soils were taken for this experiment. The percentage total sol-ub-le salbst

the pH, and the mechanica-l analysis are Pleselrted for each morphologically

or visional-Ly distinct leve] within the profiles "

3 "2. M[TH0_DE

The flrree soil types were placed in plastic pots 15 cm high and l-5 em

in diameter. Fertilizer was tnixecl into the top 3 cm withj'n each pot at

tlre rates given in Table 2.

seed of the eight varieties r^,ere germinated at 20oc on wet fil-ter

paper in petri dishes beginning on April 2I, 1912" One week later five

seedlings were plarrted per pot. The seedlings were allowed to establish

for eight weeks with daily watering'

ri
t\ü

j

r
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TABLE 2

Rat es and forms of n utrients added to all soils used in

Expe riment l.

NUTR I ENT

K

Ca(Ms)

Cu

7n

Co

P

Mo

Superphosphate
(Commercial )

KCL

Ca co, (Ms Co,)

( d olomitic

CuS04

ZnS0O

NarMoruO

DoS0O

100

2ttr

2DO

2

53

2

2

RATE (K.h"
FORM

-I
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Rhizobial inoculum was applied as a water suspension during the first days

afte¡ planting.

The plants were grown in a glasshouse equipped with reverse-cycJ-e air

conditioning and were maintained at or above 11oC. Artificial lighting

was provided by nine l-00 Inl att incandescent lamps suspended 1.3 metres

at¡ove the pots and automatically switched to provide a day length of l-8

hours. This light intensity has been found sufficient to provide a day-

Iength effecì; and to keep winter dormant plants growirlg act-ì-velyr but it

has little, if any, photosynthetic effect.

The daily mininrum, mean and maximum temperature and humidity were

recorded (Appendix 5).

The experimentat design was two replicates of a complete factorial

of eíght varieties x three soils x tulo flooding treatments x forlr harvt:sts

with the I92 treatments placed r-'anclomly. witlrin each replicate.

The flooding treatment was B complete satttration ofthe pot of soil

by standíng it in a neatly fitting plastic buckei in whích the water level

was maintained just above the soil surface by daiJ-y addj-tion to the plastic

bucket, The alt,ernate flooding treatment rdas a nonffooded freely drained

eontrol pot. The flooding treatment was commenced at 'bhe first harvest.

The harvesting schedt:Ie was:

Harves'b _l-_: 0n June 23, 1912, eigl-rt weeks after seedlings were trans-

plarr ted

Harvest 2: July 3, 1912, 10 days after flooding commenced

Harvest 3: JuJ-y 13, 1972, 20 days after flooding commenced

Harvest 4: August 2, 1972, 40 days after flooding commenced

At each harvest the plants were gently washed free of soil and

divided i-nto top and root components by cutting at the point of inter-

sectíon of the former soil surf ace. P.lant tops and roots f::orn all the

plants in each pot were weighed 'Lo provide a fresh weight and then drj.ed

lox 12 hours at /¡o; and weighed.

$
r¡ü

i

I

T
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The number of plartts present in each pot at the commencement of flooding

(Harvest 1) was recorded.

At harvest t the plants in pots which remained for subsequent harvests

were cut bar-'k to five centimetres above'bhe soif surface. The planis

destructively sampJ-ed at llarvest I were divided into tt"ro top sections:

lower tops being the.Iower 5 cms and upper tops beilrg the growth above 5

cms in each pot. The lowe¡ tops were equival-ent to the top r:emaining in

all- other pots after harvest l.

At harvests 3 and 4 the number of plants which d::d not have

col-oration in the apex of the'ballest

chloro'bic or had died, were cfassified

stem, but which had becolne

asrdeadr bu'b

any green

yeIJ-ow,

was in-their growth

yieJ-d data.cluded with tlre remaining tlivingt plants to obtain

3.3. RESIJL-IS

3 .3 .1" l'he nveraf -l ef f ect of floodinq and soil tvpe on pl.ent qrowth

Flooding caused a severe reduction in the yield of both tops and

roots of the l-ucerne plants (Tables 3a, 3b, 3c and 3d)' The yields

presentecì for the first harvest are of the l-owe:: tops portion which was

equivalent to ttle plant reiaíned at the conlmencement of floodi-ng.

Flooding signì.f icantly reduced a-l-.1- yields af ter 10, 20 and 40 days

except for the rlry weight of tops at l0 days. AJ-thouqlr the yr'-elds of the

unfl oocjed controls continued to increase, the yield of plant tops did no't:

increase after 1.0 or 20 days of f.looding l:nd the yield of plant Ioots

decl-i-ned under r,laterlogged conditions.

Si-gnificanl; soil x flooding interactions only occurred for plant -bops.

The interactions were cäused by the large and significant differences

between soils in the non-flooded cont::ol-s whereas in the floc¡ded soils the

overafl response c¡f varieties was simil.ar" An analysis of differences in

yietds be-bween soils within each of the f -looding treatments demon stra'bed

tlrat yielris in the non-flooded treatment werÉ gBnerally hi-ghest in the

grourrclwatr¿r renclzina soil-, intermediate in'bhe solodized soLonetz and fot^;est

in th e l¿:ter.itic podsol.

t
I

!
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TABLE 3a

The averaqe fresh weioht oer p lant too of afl varieties at

each harvest witl-rin sc¡ il. and floodino'breatments. (gt. per plant)

FIood in g

Comparíson
5oi1 Days of Flooding

0 10 2D 40

f'

Non flooded
Solodized Solonetz

Groundwater Rendzina

Lateritic PodsoI

r"42

I.2B

D "99

2.O9

2.92

1" B7

3 .13

4 .00

2 "48

4.65

6.4r
3 .80

Mean of Soil-s r "23 2 "29 3.20 4.95

F.Iooded

r"25

r "46

o.99

1. 85

2.og

I.B2

1" 60

2.r8

f"78

1" B5

2 ..15

2 "O8

Sol-odízed Solonetz

Groundwater Rendzina

Lateritic Podsol-

Mean of SoiLs r"23 r"92 r"B5 2.03

L.S.D"ts Flooding v. NonfJ.ooding

.05

" 
0l-

.001

Soil x flooding

M.5.

N"S"

.26L

.355

.476

"233
. 316

"424

.2rg

.294

.384

"329
.447
.600

"249
.333
.436

. 318

.47_6

.558

.552

.738

.966

.05

"01
.001

.380

.509

.666

" 
431

"512
.753

.523

.711

.9s3

.680

"923
r .239

Soi-ls within Non'f'looded

"05
.0r
.001

Soíls within Fl-ooded

¡/

I
I
i

{r

"05
.01
.00f

No50
,362
.492
.66t

N.S
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TABLE 3b

The avera qe drv wei o ht oer p-la of olant toos of a11 varieties

at eac harvest wi,th n soil- ard ffoodin q trea-L,m en.bs. (om. ps¡ plant)

Flood ing
Comparison

SoiI Days of Flooding

0 10 20 40

Non flooded
Sol-odized Solonetz
Groundwater Rendzina
Lateritic Podsol

o "26
o "29
0.f7

0.39
o"52
0"32

0.61
0.78
o.46

1" 1.9

1. 68

0"98

Mean of Soil-s o.24 0.41 o.62 r"28

Solodized Sofonetz
Groundwater Rendzina
Lateritic Podsof

0
0
0

23 0"37
0 "43
0"32

o "42
0"55
0"40

o "47
0"55
o "49

Flooded .30

" 
l_8

Mean of Soils o"24 0"37 o "46 0 .51

L. S "D " 
I s Flooding v. Nonflood ing

"05
.01
" 
001

Sol-l x floutJirrg

.05

.01

. u01

Soils within Nonflooded

.05

.01.

.001

Soil-s r.rithin fl-ooded

No5. N"S

N.S. N,

"o49
"o66
.0gg

.046

.063

.084

.054

.073

.098

.o97

.130

" 
170

.103

.139

.L9T

"099
. 134
. r80

.098

.131

..r-7i

.1.70

.227
"297

"2TL
.286
.384

.0s6

.07s

.t99

5

.r2g
" 17s

"235

"05
.01
.001

N"S"
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-IABLE 3c.

l-q ht oer: plant ofp lant roots of all- varietiesThe avera oe freêh we

soil and f Ioccli no treatm erll,s. ( om" pe¡ plant )at each harvest r^lithin

5oil Days of Flooding
Flood ing
Comp arison

0 IO 20 40

Solodi.zed Sofonetz
Non flooded Groundwater Rendzina

Lateritic Podsol

2 "36
3.23
2 "77

2.9s
2.97
3.26

s .07
5.s6
s.70

2.23
2 "6D
2.59

Mean o'F Soil-s 2 "48 2.79 3.86 5.38

Ffooded
Solodized Solonetz
Groundwater Rendzina
Lateritic Poclsol-

l"B5
2.BO
2 "73

2,r3
2.40
2 "35

l.8l
r"67
2.16

"40
.t5

1
I
I .94

Mean of Soil-s 2.46 1)O l.BB 1.50

L.S.D's. Flooding v. NonfJ-ooding

.05

.01

.001

Soif x i''Iooding

.05

.01

.001

Soils within Nonflooded

.05

.01

.001

SoíIs wi-'bhin flooded

N.5.

N "S.

N.S.

"512
.695
.933

.384

.5r3
"67r

.603
,818

r,og7

.368

.493

"645

. s09

.68r-

"89r

N.S. N.S" N.S.

N"S. N.S.

"347
"47r
.63r_

"05
.û1

" 
00r

N.5. N"S



The averaqe drv weioht per plant o'F

E2JJ

olant roots of alf varieties

TABLE 3d

at each harvest tlithin soil- and f-toocli nq trea bments. (qrn. per plarr-b )

Flood in g

Comparison
Soil Days of F.looding

0 10 20 4D

. Solodized Sofonetz
Non f-looded Groundwater Rendzina

Lateritic Podsol

0"48
0.6 3

o "44

0 .45
0"7r_
0"48

0"55
0*7s
0. s5

r"47
1" 81.

1. 63

Mean of Soils o "52 0,55 D.62 r.64

Floodecl
Solodized Sofonetz
Groundwater Rendzina
Lateritic Podsol-

0.36
0.68
0. s7

0"35
0. s9
0.37

0.31_
0.45
0"33

0"25
0. :J0

o "zts

Mean of Soils 0"53 D "44 0"37 O"2B

L.S"Drs. Flooding v. Nonflooding

.05

" 
0l-

.001

Soil x floodirrg

"05
.01
.001

Soil.s within nonflooded

"05
.01-
.00r_

Soils within flooded

.05
,01.
.00r_

N.S.

N"S

" 
157

"213
.285

.189

.257

" 345

"o6g
.09 3
"r22

.05 B

.078

. r_02

.098

.L32

. I7B

"II2
"I52
.204

.j"67

.224

.293

N"S"

N.S N"S" N"S

" 
103

.139

.1.97

"r32
.179

"24r)

N.S"
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3.3 "?.. The eff ect of 'bhe f-locd:'-no treatmen'ts and the soifs upon the clrowth

of the eioht lucerne vari.eties

A.Li:hough the overall effect of fboding !{as a leduction of the yield

of tops and roots o'F lucerrre, signif icantly di1'f erent responses of the

varieties occurred in botl-l the non-flooded and fl-oodecl treatlnents

(Tables 4a, 4b, 4c. and 4d ).

the non-f.1 ooded treatment3.3.2.1. Growth in

At harvest 1, when the differential f l-oodi.rrg treatments were commetrced,

there vras no significant difference between the twc' f.Looding treatmer-lts

and the yields from each treatment were combíned and analysed for diffelences

betw¿:en varieties " To allow comparisctns between the f'our harvests only

the yietds of the .l.ower tops at harvest I are included irl Tables 4a and 4t¡.

In harvest f there rlere few difFerences between the yields of the fower

tops and roots of the var-ieties. The signif icant-fy higher average plant

yielcls of rRhizomat and tDu Puitsr are a rellection of the l-ow rr umber of

plants wfiich estat¡tished per pot (2.67 and 3 "92 respectively compared w:L''r,lr

an overal-l average of 4.05 ) .

ln clata f or the total yi.et,d per pot (not presented ) plant density

caused signifícantly lower yields for these ttvo varieties burt the pat'tern

of performance of all other varieties was similarbo that of the ave::aqe

yield per plant as presented.

The total- lrerbage yíelds per plant at harvest 1 (tabfe S¡ show that

the yíelds o'Ê th e var.ie'bies were similar (the eff eet of pl-arrt numbers j s

again evident f or rRhizomar and 'Du Pui'bst) and -i-n the three subsequerrt

l'larvests there was not a consistent intervarj-eta1 pattern of yield and

after Êolty days there bJele rro significant difFerences betweetr varieties

fo:: any yield componerrt (Tables 4a, 4b, 4c and 4d ) .

A consisterlb population x soil inte¡action for the average yield of

plant tops per.plant was caused by the significarrtly lower yields of some

varieties in the grourtdwater rendzina soi'l (Tables 5' and 6 ) '
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TABL E 4a

Tl'le averaqe fresh weight of p lant tops of each variety averaged over

all soil-s wi th in the f .Loocl e d 1;re atme nt s " 
( qm. Der plant )

Days from Harvest J

10 20 4D
Population N.F]" Fl-" N.Fr. F1. N.F]. t'r.

Ma.rusinskaya B1

Marusinskaya 425

Rhizoma

Narragansett

Du Puits

Hunte¡ River
African

Demnat

1. 34

1"35

r.52.

1.30

L"42

1.19

o "96

o"99

2 "26
2 "48
2 "DO

2 "28
2 "65

r,92
2 "44

2.3r

2 "5r
1.40

2 "r5
r"92

?-.II

l-.88

r "92

r.44

3 .73

2.63

2 "97
3 .04

4 "2r
2.86

2.86

3 "32

2 "23
l_. 95

1.5 6

2 "62
l_.85

L.7s

l. 39

r.47

4.97

4.2r
5 .03

4.99

5 "46

4.92

4 .64

5.38

2 "99
2 .83

r"7g

I, B7

2 "16

1" 35

r.52
r.1.2

Mean oF Populations 7,23 2.29 r"92 3.2D 1.85 4.95 2"O3

L"S.D.'s Population
.05
.01
.00I

Population x fJ-ooding

.05

.01

.001_

.66L
N. S. . B9B

r.204

.275

" 
368

"4Bl-

.855
1..160
r.5s6

. s91

.803
L"D77

N"5
.664
,9L1?-

I.2IÚ

N. S.
.62r
.831

1.08 7

.788

.947
r.239

" 900
1.205
r.577
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ns of each v
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arietv averaqed overThe avera oe drv weioh t of ol-ant to

a.ll soils within the flooded trea errt=-(om. ps¡ pl_ant)

Days frorn Harvest I

10 2CJ 40

Pop ulation 0
N"F-l" FI" N"F]-. Fl. N'FI. Fl.

Marusinskaya 81

Marusinskaya 425

R hizoma

Narragansett

llu Pui.ts

Hunter River

A fric an

Demnat

o "23
o.23

0.30

o "24
o "28
0"23

o "2r
o"22

0"38

0.4r
o "4?
0"41

0 .45

0"36

o "41.

o.a4

o "52
o "27
o.44

0.39

0 .43

0.38

0,3 3

D "24

o"74

0"45

0.55

u.53

0. B3

0.58

0.55

o "72

0"s7

o "46
u.3 B

0"61

o.46

0.39

0,3 3

0"1+4

1.13

1" 00

r"22

r"34

1, 31

1" 35

-l_"38

r"55

0.s7

0.55

0.53

Û. 60

0"55

D.4r

ú "47
0"37

Mean of Populations o"24 0"41 0.37 0.62 1J"46 1"28 0"51

[-.S.D.ts"

Population

.05

.01
" 0uÌ

PopuJ-ation x flooding

"05
.01
.001-

.053

.o7L

.D92

N.S"

N.S"
"r29
.175
.235

,167
"227
.304

" 161
.2L9
"294

.119

.159

.208

.rs9

.2L2

.279

N, S. N .5.

"277
.371
.485
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TABLE 4c

The avera ct fresh weiqh-b of nlant roots of each vari.etv averaqed overe

alf soil- s tnr itl'rin the floodin o treatments. (om. oer olan'h)

Days from Harvest l

10 20 40

Pop uJ-ation

N.Fl" Fl. N"Fl" F-1. N.Fl-" Fl.

Marusinskaya Bl

Marr-isins kaya 425

Rh i.z oma

Narragansett
Du Puits

Hunter River
A frican
Ilemn at

2.r5
2.IB
2 "4L
2.29

3.36

2.33

2.38

2 "65

2.16

2 "15
2.57

3 .00

4.L3

2 "30
3 .61

1.7s

1. 95

r.27
2.L4

2,41

3 "41

2 "83
2 "96

r.66

3.62

2.96

2.BB

3.33

3 "37
2 "63
3. 19

2.49

r.32
r"62

t_ "?_r

3 "00
2.30

1" 70

I "87

2 "O2

6 "2ó
4 "9s
4.81

5 "32.

6 "34

4 "98
4 "4L
5 "94

0"88

r-.78

tJ. 9B

L.32

2.50

r"o2
1.37

2.IL

Mean of Populations 2..47 2.79 2.29 3.86 1.80 5"38 1"50

L"5"D,rs.
Populati on

.05
"Dl
" u01

Population x flooding

.705

"944
1.235

N. S.

]- 1,15

1"513
2.O30

o

1.3
t_.7

.983
N . S. 1.335

r"190

B4

35
9I

"566
NoSo .769

1.031

NoSo
.05
.01-
.001

N.5 . N.S
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TABLE 4d

qe drv weioht of pfant roots o-F eactr v ar j-etv averaqed overThe avera

atl soifs wit h in the flood r'-no treat r¡e nts . ( nm. ner ol.ant

Days from Harvest I

10 2t 40

Population 0

N.Fl. Fl. N. Fl. F1. N. Fl " Fl"

Marusinskaya 81

MarusinskaYa 425

Rhizoma

Narragan sett
llu Puits

Hunter River

A f ric arr

Deinn at

0.41

0 "40
0.s9

0"50

0.67

o.49

0.50

o.62

0 .40

0"51

o,47

0.s9

0"78

0.s6

o"64

o.44

0"34

û "26
o "46

o.49

0. s7

D "49
0"53

0.37

o "14
o.52

0,57

o "64
0.7s

0.48

0.61_

o "62

o "28
o "23
o "25

0 
" 

4-1.

o "49
0.35

0 .4r_

t.47

2 "3r
r.28
1.36

r"48

1" 70

L"69

r"42

1"BB

o.25

o.23

o "23

o "27
0.40

o.23

tr.27

0 .35

Mean of Popul.ations o.52 0.55 o"44 0"62 0.36 I"64 O.2B

L.S.D, rs

Popul ation
.05
.01
.00t

Population x flooding

.05

"01
" 
001

N"5"

N. S.

"]-67
.221
. J05

N"S.
.159

"¿la
"?90

"183
"248
.333

N"S"
.100
.13s
.181

N.S. N.S "
N.S "
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TABLE 5.

Tlre average drv we:'-r,ih t oer nfant of the total plant tops

at Harvest .l . (qm. per plant).

SoiI

Pop ulation 5o1c¡di-ze d

SoIonetz

Groundw ater
Rendzi-na

Laterític
Pod sol

Population
Mean

Marusinskaya 8I

Marusinskaya 425

Rhizoma

Narragansett

Du Puits

Hunter River

African

Demnat

0.35

0 .31

0.48

0 .28

0.4s

E.?.9

0"33

0 .48

0"53

0.61

1.10

o "72

o"66

o.64

o.67

0.83

0"36

o.21

o "23

o.1g

0.38

o "21

0.39

o.25

o "42

0"38

0.60

0.40

o "49

0"38

o "46

o "52

Means 0. 37 o.72 o "28 t "46

L.S "0. rs. Pop ul ation Soil Population x Soil

.05

"01
.001

0"118

0. 158

o.207

o.t72
0.097

D .126

o.2D4

o "274
0.358
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TABLE 6.

The averaee drv weioht per olant of olant tops at l-l arvest 4

he nonfloocl reatmenl; "

5oi.l

Pop ulat io n

Solodize d

SoJ-onetz
G¡o undwater

Rendzin a

l-ateritic
Pod sol-

Population
Mean

MarLrsinskaya B1

Marusinskaya 425

Rhi¡oma

Narraganset'b

Il u Puits

Hunter River

African

Demnat

r"23

0"83

1.03

I.14

1"39

r.24

1.13

1" 50

f.l-3

0.88

1" B1

1"86

r.66

r"67

2 "25

2 "2r

1.03

r"29

0.83

r"o2

û"87

1" 15

0.75

0"93

1.13

1.00

r"2.2

r_.34

1.31-

1.35

1.38

1" 55

Means r.19 _r.68 0.98 1" 2B

L.S"D. ts" Population Soil Population x Soil

.05

.01
" 
001

N. S.
O "7LI
o.286
0.384

o "596
0. 810
1.086
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After forty days regrowth al-l varieties o'bher thantMarusinskaya 8lrand

rMarusinskaya 425' expressed higher yields in the groundwerter rendzina

soil, but there were no overall differences (Tabre 6)'

Tlre root yields of varieties were similar before flooding commenced

and few significant differences occutred at subsequent harvests and afte¡

forty days there were no intervarietal differences in the yield of roots

per plant (Tabtes 4c and 4d). AlthougÌr some si.gnificant overall

dífferenees in root yields hacl occurred between soils (Tables 3c and 3d )

there were no signifieant population x soil interactions (data rtot present-

ed ) cor:respond:'-ng to those for herbage yiel.cls.

3 "3.2 "2. Growth ín the fl-ooded treatment

In harvests at ten, twenty and forty days after the commencement of

ftooding the most consistent varietal pattern of top growth was for

rHunter Riverr, rAfricarrrancirDemnatrto be lower yielding and the remain-

ing varieties, particularly rMarusinskaya Blr to be higher yielcJing

(Tables 4a ancl 4b). The pattern of root yields (Tablcs 4c and 4d) was

variable from harvest to harvest and did nc¡t cons:r'-sterrtly r-e1ate to the

yiel.c1s of'the tops. Unlike the yields of tops, root yields did not

increase after the imposition of floodíng and the variation in yield

reflec.bs the variation in expression of rer¡¡'-stance to root rotting organisms

and the produc'bion of some weak adventitj-ous surface root sys-bems by

individual plants"

population x flor-.¡ding interactions wele only si-gnificant in the yr'.eld

of tcrps and generally resulted from tl-r e sensitivity of the var:'-eties

rHunter Riverr, rAfricanr and rDemnatr, rela'bive to the less affected

variett'-es, rMarusirtskaya 81r , rMarusirr ska¡,a 425 t , rRhiz-omat arrd

rNamagansettr . The results fo¡ the varie ty tDu Puitst wete more varial¡le

and its performance ¡l-s intermediate between the four more tolerant and the

remäinÍng three most sensitive varieties (Tabtes 4a and 4b)'
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The relative yie-tds r¡f tlre varieties under flooding and the significant

populatí.on x flooding interactions provide evidence of varia'Lion in tolerance

to waterlogging between the eight varieties in which the group of-Four

introduced varieties is nore tolerant than the four Australian varieties'

In the ffoocled treatmen-b there were no significant population x soil

interac.bions for either top or root yield (data not presented).

floodinq uno the drv weiqht: fr esh weicht ratio3.3.3" The effect of

j¡ plan t toos ancl roots

3,3"3._1. Plant tops

Flooding increased the ratio

tops after ten and twentY daYs of

treatment (Table 7). After for"by

fl-ooded control plants because of

of dry weight to fresh weight :'"rr plant

flooding relative tc the non-flooded

days the ratj.o had risen in the rron-

the higher proporti.on of stem tissue i.n

difference between tlre floocJingthe tops and there rjias no significant

treatments.

The eFfect of flooding within and between varieties was most nlarked

after twenty days when a1f varieties butrl-j unte:: Rivert had a higher ratio

of dry to fresh weights ín the floocled tr:eatment than in the non-flooded

(Tabfe e¡. In the lron-flooded treatment the leafjer varieties

rMarusinskaya 425', rRhizomar and rNarragatrsettt tended to have lower

ratios and within the flooded treatmen'b afl varieties were similar except

rDemnatr which had a significantly higher ra'Lio than mos-b varietiest

thereby expressing an extreme sensitj-vity to flooding"

A significant soi.l, x fl-ooding interaction occurred after twenty days

of floocling caused by a lower ratio in the laieritic podsol soil, but

general.ly therc were ncl significant differerìces between soils in response

of the dry weight

3,3"3"2" Roo.ts

The ratio oF

to fresh weight ratio of plant tops"

dry to fresh weigh'b oi" plant roots was not si.gnrlficantly
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ILBLE f"
eef f l-ood and s o.i the r io of dr hrel- hto

fresh wei qht a four harvests.

SoiI Days from Harvest 1Fl ood in g

Comparison

0 10 20 40

Non f loodeci

Sotodized Sol-onetz

Groundwater Rendzirla

Lateritic Podsol

0"183

o "223
o .169

0. 190

B "179
o.17 6

D .196,

0.195

0"188

o "257
0.258

o "262

I4ean of soils 0"189 O.182 0.193 c"259

Flooded

Solodized SoJonetz

Groundwater Rendzina

Lateritic PodsoI

o,119

o.207

D.17 6

0.200

D.206

0.17s

o "268

o "254
o "222

0"303

o "264
o.26r

Mean of Soils 0.189 o"194 o.248 O"2i()

L"5"lJ.rs. Flocding v. Non f'J-uuding

.05

.01
. 001

Soil x Flooding

.05

.01

.001

NI.S"

N.S N"S.

0"010
0.01 3

0.01 7

0.010
0.01 4
0"018

0.013
t"D24
0.036

N"S.

N"S"
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TAELE 8

Th e r:a tio of drv weiqht to fre sl-r weiqht of rr.lant tops of each

rrarr'-e'br¡ avera arc d over al-1 soils within fl oodino trea{:ments"

Days from Harvest l-

L0 2g 40

Population 0

N.FT. FI. N"FT" FI. N"Fl" FT.

Marusinskaya 8-l

Marusinskaya 425

Rhizoma

Narrag an sett
Du Puits

Hunter River

A fric an

Demn at

. r.73

"l-69

"193
. IBl
.rg7
.185

"2D6

.2L2

.168

"r74
.2Û8

.119

.r72

.191

.l-67

.]-96

.2r_0

" 
187

"202
.20t

"2t9
.zlto

.178

.]-62

.201

.17I

"186
. 173

"196
.205

" 794

.2r7

"249
.232

"237
.239

"253
,221.

"24r
.3l-2

.226

"236

"24r
"27?-

"24r
.278

.29t

.286

.r92

"189
.306

" 320

.242

.298

.3r-3

.383

Mean of PopuJ.ations . 18 9 . l-8 2 .r94 . l-93 .248 .259 .27 6

L"S"D.ts.
Popul ation

.05

.01

.001

Floodin g

.05

.01

.001-

Population x flcoding

.05

.01

.001

.019

.o24

N.S

N.S"

.0r0

.0t_3

" 017

.010

" 
014

" 018

"029
.039
.051

N.S"

N"S.
"o28
.037
.048
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affected by f'looding untiJ- forty days after submergencer when the ratio

was lower in tlre flooded treatment (Table 9)r but 'bhere lrere no

signj-ficant population x flooding or soil x flooding interactions. In

the gr-oundwate¡ rendzina soil the roots were less affected by flooding

(taUfe :¿ ) and contaj-ned fess spongy soft necrotic tissue wj.th a high

water content thereby causing a signíficantly higher ratio in that soi.l-

(Tal¡Ie 9 ) .

3.3.4. The ef-îe ct of floodj-nq upon the oroÞortiot¡ of pfants rebaining

active apical meristems

lnlhen lucerne plants are flooded, most become pale in appearanse and

depending upon their to.l-erance to w aterloggi-ng, the duration of water-

logging and soil type, tlre apical- meristenrmatic activity may cease. The

cessation is evident from the lacl< o F new -leaves.

The loss of meristemmatic activity was least in the varieties

tMarusinskaya Bl', rMarusilrskaya 425r, rRhizornar and tNarragansettr,

intermediate ín tDu Puits I , and greatest j.n I Hunte¡ Ríverr , tAfr:ic an t ,

and rDemnatt , whi-ch was severely af'Í'ected (TabIe I0 ) " Using this itrdex,

the propctrtion of tol-erant plants was significarrtly l-ower in the solodized

solonetz soii. The differences in appearance between varieties under

ftooded and norr-fl-ooded condítions i-n the th¡ee soil-s are illttstrated in

Figures I to 6. Although

si-gnificant (taUte f0 ¡ two

the populatir¡n x soil ir¡ter¡¡ction was n ot

anomofous varietai effects may have occurred:

arrd ma ny

green col-

rRhizomar was severely af fected j.n the sof c¡dized solonetz soil-

rAfrj.canr plants did not

ora bion in the lateritic

cease meristemmatic activity or lose

podsol soil (fig. 6).

3.4. DISCUSS]ON AND CONCLUSIONS

The overall effect of flooding on lucerne was severe, but there were

signj-ficant differencBs between the eight varietj.ds incfuded in this

exp eriment wlrich cc¡ul-cl be classif ied into a more tolerant group containi.ng

the in'br:oducr:J varíeties rMalusinskaya Bl r , rMarusinskaya 425 t r tRhizoma l
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TABLE 9.

The ratio c¡f drv weiqht to fre sh weioht of roo'bs at Harvest 4.

Soil

P op ul atío n

Sol- odi.zed

S olon e tz Re nd zin a

Lateritic
Pods ol-

Population

Mean

N. FI. F]. N. FT. FI " N . F]. Fl. N . F.I. Fl .

Marr,tsinskaya 81

Marusinskay'a 425

Rhizoma

Narragan sett

Du Puits

Hunter River

A frican

Demnat

"32r

.309

aa 
^¡JJ¿4

.250

.240

.324

"?_87

.301

.303

"r44

.21,6

.189

"240

.2II

.r99

. ILl

" 308

"21r

"323

.32r

.323

.31-5

.439

.3 9B

"367

.16s

.247

.314

"262

.269

.224

.322

"424

.2L4

.2?_9

.27s

"238

.402

.rB9

.263

"22L

.o97

.2L2

" 180

" 111_

.206

"TB2

" 
138

" 351-

.265

.295

.2?,2

.267

.347

.305

.320

"297

.135

.225

aaa. LaU

"2.O4

.229

.20?-

.r92

Flooding Mean .296 .2o2 .337 .27r .279 .l-68 .304 .?-r4

Soil Mean "249 " 304 .224 "2s9

L.S"D.rs 5oi1 Flooding Popn x Flooding SoiI x Flooding

.05

.01

.001

.t22

" 
030

.039

" 
018

"o24
.o32

N.S N"S.
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TABLE 10.

The oroDor tion of ol-anis w ithin the fl ¡oded treatments which

¡etain ed anical merisiemmatic ac tivitv after 40 davs oí' flooci inq.

Soil

P opulation Sol-odized

Sol-on etz
Grourrdwater

Rendzina

Lateritic
Pod s o-l

Pop ulation
Mean

Marusinskaya 8l

Marusinskaya 425

Rhizoma

N arrag ansett

Du Puits

Hun'ber R.iver

Af ric a rr

Demnat

0.70

1" 00

0"35

1.00

0"50

0.13

0"1_0

0.10

1" 00

1" 00

1.00

0"80

1."00

0"40

0"10

0"10

0"7s

1.00

I .00

1" 00

0"7s

0.60

0,7s

0.10

D "82

r. 00

0"78

tJ.93

0.7s

c.3B

o "32

0"10

Means 0.48 0"68 o "74 0.63

L"5"D.rs. PopuIation Soil- PopuJ.ation x Snil-

.05

.01

.001

o.323
0.43S
O"5BB

0"198
o,268
0.360

N.S
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FIGURE T.

A representative plant from each lucerne

variety taken from the nonflooded treatment

in the solodized solonetz soil after 40

days of growth,

FTGURE 2.

A representative plant from eaeh lucerne

variety tafen from the flooded treatrneni

in the sr:-lodi-zed solonetz soiL after 40

days of flooding.

Abbreviatíons for the Names of Varietíes in

Figs. I to 6.

M81 Marusínskaya 81

14425 Marusinskaya 425

R Rhizoma

N Narragansett

DP Du Puits
HR Hunter River

A Af¡ican
D Demnat
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FÏGURE 3.

A representative plant lrom each fucer:ne

variety taken from the nonflooded treatment

in the groundr,vater rendzina soil- after 40

days o'Ê grourth.

FiGURE 4.

A representat:lve plant from each lucer:ne

variety taken frorn the flooded treatment

in the groundwater renrlzina soil- after 40

days of floodíng.
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FIGURT 5 "

A representative plant from each.Iucer:ne

variety taken from the nonflooded treatment

in the feteritic podsolic soil after 4D

days of growth.

FIGURT 6.

Â rcpresente-bive plent from eech lucelne

variety taken frorn tl-re ffooded treatrnent

irr th e lateritic podsol:Lc soil af ter 4u

days of fJ.oodírrg"

I
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and rNarragatrset'br, and a fess tolerant group containing the varíeties

rllunter River,. rAfricanr and rDemnatr. The performance of rDu Puitsl

was internlediate betuieen the two groups'

Theseei.ghtvarietiesencompasstherangeo-Fwintergrowthactivii;ies

expressed by J-ucerne, from extrenìe winter dormancy of the Fìussian

varieties to the active winter growth ofrDernnatt (Rogers and Baileyt

1968) but under the conditions of tenrperature ancl daylength Lrsed in this

exper]iment a-ll- varieties had similar yields during establishment and itr

the nonflooded treatment, but in contrast in the f-Looding treatmentt

yield differences were expressed al-though growth was generally suppressed

by flooding after ten to twenty deyu'

Because the plants v\,eÎe active.ly grov,ring, the tolerance of the

int¡oduced winter clormant varieties could not be a'btributed to their

dormanc5r, whi-ch coul-d be an escape mechanism, but tnust be attributed to

adaptive processes operative in activefy g"oting plants'

Most plants in the four introduced varietiee continued to develop

leaves slowty and d-icl not lose mer:istemmatic activity although growth

was restrictecl by f looding after twenty days. In the ground-water rendzrl-rrer

soiL the activity of these varietj.es was mairltained for th¡:ee or four

weeks with little yetlowing or sonescence of feaves'

l'he varieties v,¡hich did not maintain meris-bemma'bic actívity tended

to yellorr,r at the apices and subsequently leaf senescence and death of

shoots occurred. The reduction of meristemmatic activity ín the sensitive

varie'bies h,as as6ociated with significar-rtly loweb yieJ-ds unde¡ flooding

and the depression of yield by flooding in those varieties caused a

sigrrificant variety x flooding interaction for the yield of top growth'

Although differences in yield and meristenrmatic activity indicate

the relative tolerance of varieties, the Ie$ponse of the ¡oots to imnersj'on

is a critical factor.
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After flooding there was no increase in total root maes, but it was

observed that the root systems of some plants, part.i-cularly in the

va¡ieties which retained high meris-bemmatic activity, developed as a

network of short thick sparsely branched roots or' a mat of fine fibrous

roots arising from near the plant clown ten or twenty days after fÌooding'

Similar root development in wet soil has been reported by Tovey (1964)

and Fox and Lipps (1955). The delay after floociing before estabfishment

of these adventitious loot systems has been reported in other species

(Varade et a1. , I97O; Jackson r 1955 ) .

Simultaneous with the devel-cpment of eompensa-bory r:oot gror,vth,

rotting and disintegrati.on of the deeper Ioots, taproots and c¡.owns

occurr.ecl at various rates and few plants retained a nrajor ProPortion of

the root mass present before flooding. The loss of funct.ional root

tissue tnay have causecl moistll re stress and an increase j.n the clry weiglr t

to fresh weight ratio in herbage.

ln non-floodecl conditions growth was highest in the grounclwater

¡endzina soil, intermediate in the solodized sofolretz anci lowest in the

late::itic podsol. Flood-ing reduced the dj.fferences between soils but

acìaptation to ffoocling wae better in the groundwater rendzina than in the

other soj-1s (Tables 3a, b,crd). There was ho signifícan'b suil x populal,:lorr

effect and the pattern of varietal performance was similar in all soils.

This experiment containecl only two re¡:J-icates and resolution of

smal1 efFects was di'l'ficiuft, but the major effects of fl ooding, vari-ety

soil type and duration of flooding were demonstrated.

lrli'bhin thu lulgglg-ggg and Trifolir-rm inter- and intraspecific differellce6

in wa'terlogging tolerance have also been reported ( Frarlcis and Poo.le , I9-(3;

Francis and Devitt, t969; Marshal-l- and Mil-lington, 1967). In tlris

exp e rinren t

satj-va) but

variation in tolerance has been found wíthin luce¡ne ( Medicaqo

it is associated l'lith win'ber dormant varieties and not s'brongly

suitabí1.ityexpressed in the four varietíes registered for their'agronomic

to southern Austra-l-ia"
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THE EFFET]T OF FLO O]]TNG IN 1- REE SOTLS ON THE4" EXPERIMENT 2

GR0V,/ T ll OF I]YBR I D L LICE RN E PO P ULATl ONS ÐTRIVTI] FROM CROSsF-5

BETid EEN T0L-ERÊrNT A N]D NON- TOLERANT VARIETIES

4.r" OD IJCT I t]N IIYBR 1I] PL] UI_A IO

The eight varietaf populations studied in fxperiment f were used as

parents to develop hybrid populations between the four varieties most

tolerant to f.l oorling (Marusinskaya 81' Marusinskaya 425, Rhizoma and

Narragansett) ancl the four Iess to]erant varj'eties (Du Puits, Hunter River'

African and Demnat).

The crosses which u¡ere made ar:e set out in Table Il-. Ï t was con-

tlre tolerant varie'bies are

íntoferant varieties al¡e frequently kilì'ed where excess-

iv'e]y most soil- conclitj-or'ìs occur f o¡ mcre than a few daye. The remaÍni'ng

twenty four crosses to complete'Lhe dialLel of eight paren-bs were not

included as they would have duplicatec.l tlre parental types with their

respectí-ve faults and woufd have considerably increased the size of the

experim en t .

Thirty plante o'F each parental variety were established j-n a glass-

house arìd erosses r\rere m¿¡cle between ldrrdorrrly chosen plon'bc of each valiety'

The flowers on female parents were not emascuiated. Pollination was done

manually using a folded piece of cartridge paper to trip the 'Flowers of

the male parent'bo collect polJ-en and then to trip and pollinate the fernafe

flower. (Previous experience hes shown that self-pol1ínatjon was a rale

event using tlris crossing technique as plants which readily self-pollinate

cr sel-f .brip helve not been detected " ) Jwenty to thirty r.acemes were

sidered important

characteristics of

A us'bralia and th e

pollinated per cross

parental populat-ions

to study these combinations

to produce the seed required. Seed for

because the agronomj.e

not suitabfe for southern

the eigtrt

Experiment 1.was obtained from the same sources as 1n
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TABLE 11

ations studi ed in Ex e¡iment 2 'and Pare

MB1

t4425

DP x M81 DP x M425

HR x M425 HR x M425

AxM8l AxP1425

DxM8l DxM425

+
(0

c
û)
Ê

f{
0l

.rl
E
f{
0)+
C

=-

íJ+.-l
=o-

fa

+
+J
0)
(TJ

C
o
tr¡t
o
Ë1

FJ
ftl

=

o
E
o
N

.Êl
E
G

tf,
N
.d-

o
nl

J
ÚJ

c.rl
Ø

=H
r0

=

-lo
ftt

(¡

U)

ç.¡l
'UJ

J
t¡(!

M81 x DP

M425 x DP

RxDP

IJxDP

DP

M81 x HR

M425 x HR

RxHR

NxHR

HR

C
o
TJ.rl
f{

CF

M81xA

M425 x A

RxA

NxA

M81xD

M425 x D

RxD

NxD

FemaIe

Parent

MarusinskaYa B1

MarusinskaYa 425

Rhizoma

lJ aira gansett

Du Puits

Hunter Rive¡

African

Demnat

R

N

DPxR DPxN

HRxR HRxN

AxR AxN A

D

-¡Þ

Male
Parent

DxR DxN
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4.2 " EXPER]MT NTAL I]iSIGI{ AND METHODS

The eight parental and thirty two hybrid populations wer:e sown in a

pot experiment in a glass house in ihe same soÍfs and using the same

flooding treatmen'bs as iR Experiment L The forty populations were placecl

randomly r¡rithin each of the six sub-blocks of soil X flooding treatments

in each replicate" There were three replicates.

Seed was germinated on January 15 , I914 and ten seedlings were pÌanted

per pot on January 22 to 24. Fertilize¡ and j-nocuÌum were added and the

pl an ts

until-

were grown under freely draíned soii conditíons fo¡ eight weeks

the first har-vest on March when the flooding treatment was im¡rosed.20,

andThe harvest dates, measurements observations which we¡e made ate:

DATE PROCEE DURE,/0ts SE IìVAT I ON/ME A SURE I'"1E NT

March 20

April 3

April 17

April 24

May I

June 12

Harvest l: Dry weight of plant tops per pot

Number of shoots Per Pot

Number of pJ-ants Per Pot

The fl-ooding treatment was commenced

Score for plan eppealrance

(after 14 days of floorJing )

Score for pÌant aPpeararìce

(after 2B days of flooding)

Score for plant ¿ìppearance

(after 35 days of flooding)

Harvest 2: Same measurements as in
Harvest .l-

The flooding treatrrent was removed

Harvest 3: Salre measurements as in

Harvest I

The harvests¡ wrrre non-.destructive and app::oximately 4 to 5 centilnetres

of growth were left abovr: the c¡own at each harvest. The scores for plant

appearance were made using a system from I to 91 1 being a healthy plant

shor,,ring no effect of flood:ilrg (non-floocl ed controls) and 9 a pJ-ant which

appeared clead" The appeat-.ance of pots of plants used as standards are
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pl,esented in FigÊ 7tB and 9. Key indicators for rating plants at the scores

hJere:

SCORE TNDiCATOR

He althy

Healthy with sIj.ghtly Iighter apices

l,nJhole plant lighter in appearance

YeIIowíng of apÍces

Yellowing of apices and seneserlce of older
leaves

No apical Ieaf production evident

Apices dead;

Growth from

some growth from crown bucls

crLlwn buds cl-rfc¡¡otic and yellor,v

9 P1ants aPPeared deacl

. Because of variation j-n the scoles of inclividual plants:'-n each

pnt therrmean appea¡ancerr was used as the score for the analyses. At

harvest 2, plants which ¡eceived a score of 5 or l-ess were considered to

have active meristems. Af,ter flocrding was te¡minated p-lants which pro-

which l¡ad

1

2

3

4

5

6

7

I

cluced at least one new shooi were scored as

each harvest the nutnl.el cf slloots was tal<en

pl ants

as the nunber: of

lîegrown. At

stems severed

Lry cu bting of f the 'br:p gror,lth 5 cmc

The photoperír:d was maintained

experiment by ineandescent lj-ghts and

and humidity are presented in Appendix

4 .3 " RE SLILTS AND D]SCUSSION

obo',rc the c¡own "

at 18 liours or greater throughout the

mininlum, mean and maxirnum temperatures

6.

4.3.1. e overall effects o fl- oodin and soil t e on the avera ed

weiaht andthe nunber of shool;s per ç'lant

Flooding again had a severe effect upon the growth of the lucerne

populations. The¡e was a severe reduc'bion in the aver'age yield and average

number of shoots per plant when the flooding wes compared wíth the non-

flooded treatrnent (TaEles 12 and 13).
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FIGUR[ 7, B AtJl] l.r"

Pc¡'bs of platr'Ls; repres;en-bative of each of the scot¡es

given for plant appeðrance during'[loodirig in

Experirnents 2 and 3.



FIGURE 7.

FTGURE B
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TABLE 12 "

e avera ed WE of he er' ant at ch harve

Soil

Harvest
Sol.odized
Sofon etz

Gro undwater
Rend zina

Lateritic
Pod s o1

Mean of
al1 Soils

N.FI. FI. N.EL FI" N.FI. F]. N'Fl' F]-"

Harvest I

l-larves t 2

Harvest 3

Harvest 3/1

o.22D

0.371

0.359

0.357

0 .230

0"032

0.048

o"o24

D"374

o "473

0.561

0"s49

0.409

0.082

0 
" 
r-9s

0.158

o "r24

0"157

o "l.66

o.161

0. 125

0.038

0.036

o "t7.7

o "239

0.334

o.362

0.358

o.254

0.051

0.093

0.0620

L.S.D.rs" Flood ing Soil x FJ.oodi.ng

l-larvest I
.05

"01
.001

Harvest 2

.05

.t1

.00f

Harvest 3

.05

" 
[JI

.001

llarvest 3/1

"05
.ú1
,001

N.5"

0.037
û.052
0.076

t.o67
0.095
0. r37

O. IB2
o"259
0.375

N. S"

t.064
0.091
0.r32

0"116
o "l-64
0"238

0. 3r.5
o.448
o "649
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TABLE 13.

The ave raoe number of shoots per Þlant at each harvest.

Soil- Mean of

all Soils
Sotodized
Solon e tz

Groundwater
Rendzin a

Lateritic
Pods o1

H arves t

N.Fl. FI" N.Fl. FI. N.Fl. FI. N.Fl. Fl.

Harvest I

Harvest 2

Harvest 3

Harvest 3/l-

1. 84

2.4s

2 "45

2.43

1" B7

o.91

1. 17

0. 63

2 "22 2 .36 r.19

2 .68 r.29 1" 6Û

2 "90 r. BB r.73

2. "85 1" 5 8 .1" 73

_r.'/s L.7 9L.I4

0.90

0.87

û "66

2 .24 1. 05

2 "36 1. 31-

2 .34 0 "96

L. S.D. ts. Flo od ing Soi.I x Flooding

l-larvest 1
.05
.0r
.0û1

Harvest 2

.05

"01
" 
001

llarvest 3

.05

.01

" 
00].

Harvest 3/1
.05
.01
.001

N.S

o.223
0.317
0.4s 9

0.143
o.204
o.29s

0 .l_82
o.259
0. 375

N. S.

0,38 6

o "549
o.796

NOSO

0. 315
o.448
o.649
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During regrovuth the effect of flooding persisted tn afl soifs' Because

f looding kilIed some plants the average y.iel ds arrd shoot numbers cal--

culated after regrowth useci the number of plants present before floodirrg

to derive the da.ba for harves-bs designated lla¡rrest 3/L in Tab-les r2']-3, 14

and l-5. The averages calculated after regrowth usi"ng the original- numher

of plants were designated Harvest 3 in the same tal¡Ies"

ln the non-ffoocled treatment the yield wðs generally highes'b in the

grouncìwater rendzj-na soil, intermediate in the solod-ized sol-one'tz and

lowest in the l-aterjtic podsol" However tl-¡e number of shoo'ts was similar

in the rendzina and solone'Lzic soil and lor,¡est in the lateritic podsol'

The yieJ-ds ancl shoot numbers p:r plant cluring establishment (harvest J- )

were significantly corre.lated with those for subsequent harvests in the

f-toodecì treatmen'bs ( P < ,0il-1 )" The data from har:vesbs 2 and 3 were ad-

justed us-ing the regression o.f each harvest on harvest l-" The actual va-lues

arrcl adjusted vafues for yield and number o'F shoots, calculated using an

analysis of ccvar-iance r ar'e pr,esentecl f or the floocìed treatment in Tables

14 and I 5.

1'lre adjus{;ecl values j.n the lateritic podsolic soif treatlnent were

grerater but ¡rot sigrri-fÍcantly higher th¡:n in the solodized solonetz soil-'

The ave::age plant yie-lcl s hlere consÍ.s'bentJ-y higher in the groundwater

rendzina soil at each hsrvest" The average number of shoots per plant wa:s

higher durirrg estal¡l.ishment and regrowtlr -in'bhe groundwater rerrdzina soil

(harvests 1, 3 and 3/1) but flr:oding (harvest 2) eliminated diffe::ences in

shoc¡t productíon between -bhe three soils '

effect of f loodilrcl and soil- tvne uÞon 'bhe appearance4.3.2. The r¡verall-

of fucerne plants

4"3.2.1-" 5c ore s for nl-ant appearðnce

The overall effect of flooding was a decline in pJ-ant appearance

ref ative to tlre un.af fected heaittry contro-l-s. Tire heal-th of the plants

decLi¡ecl as fl oodr'^ng proceerded; the rate of dec-line differed between soÍ1s

(taure re ¡ "
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TABLE J.4.

Actual and ad ust

e1 lant wi hin the flooded trea nt.

ed values for the avera e clr wet tofhe a

el: T

Actual Average Yield Adj usted Average Yietd

Soil Soilllarvest

Solodized
Solone'bz

Rendzina Lateriti.c
Pods o-l-

Sol-odized Rendzi-na
Soforretz

Lateritic
Podsol

1

2

3

3/r

.239

. u32

.o47

.024

.409

.o82

.19s

.]5EJ

.r25

.038

.03 6

"o27

.034

.052

.026

.070

"169

. f41

.048

.058

.041_

L.S.D.rs. For actual- values For ad j us'bed values

Harvest "05 .01 .001- "05 "01 .00r

I

2

3

3/r

.D64

"023

.05I

.t49

.r-06

.038

.096

"080

. 198

" 
071

. r_80

.150

.o2r .035 " 
065

.05 6 "093 "r74

.o46 .o16 .r43
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TABI-t 15

A c tual and ad usted v alues fu the avera oe number of shoots'I

el: lant w thin the flocded treatment.

Actual number of shoots. ¡djusted No. of shoots

Harvest Soil. Soil

Solodized Rendzina
S olone tz

Lateri'bic Sol-odized
Podsol Sol-onetz

Rendzina Lateritic
Podso I

I
2

3

3/r

l. B7

o.97

I.17

0. 63

2.36

L.2g

1, 88

r. s7

I .14

0. 90

0.87

o.66

0. 95

1. l_5

0, 61

r"20

r.73

r.42

1.01

1" 04

0. B3

L"S.D.rs. For actual- values For adjusted vafues

Harvest .05 .0-l .00I .05 "01 .001

1

2

3

.25

.3r

"48

"4r .77

N.S"

.51 ol:

.79 1.4 B

.28

"45

N. S.

.47

.75

"88

1.403/r
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TABLE 1 6

he a EV ual- scol: of all cl ulations wi-th each so I a'i:

three times of scort-nq a fter the c omm en c em ent o1" f l-oodinq.

Soil

Number of
days of flooding

Solodized
S olon etz

Gro undwater
Rendzina

Lateritic
PodsoI

Average
Score

I4 4.22

6.7r

7 .69

2 .00

4 .83

s.7B

2.OD

5.23

6.89

2.74

s.59

6.19

28

35

able of L"S.D.rs for com D AI'1 sìo n between s o¡'-1s
f

Days of Flooding .05 .01 " 001

I4

2B

35

.72 1.l-9 2 "23

.53 .BB l-" 65



The effect of flooding was most severe

and least in the groundwater rendzina,

overaf I ef f ect b,as severe in aìl soi'Ls.

B4

'bhe solodized solinetz soil

aft,er 35 days of fl-ooding the

r- ll

but

*

il
ti

4 ,3 .2.2 . Propc rticn of plants active a 't tlre aoi-cal tneristem

FJ-ooding reduced the number of plants j.n each pot with active

apical merÍsterns. The ra'bio between the number of plants active after

flooding and the number present before f]ooding demonstrates the severe

overall e'Ffect upon rneristemmatic activity (Table 17). A ratio between

the number of plants r^rhieh procluced new siroots after floodíng was term*

inated and the number of plants present l¡efor:e flonding is a similar

measure of overalt tutrrirr"l- of lucerne (Table 17 ) '

In the non-f.'ì-ooded t:ieatment virttral.ly all plants survived the ex-

periment, but in the flooded treatment the loss of rneristemmatic activity

waé severe and cliffe¡ecl significantly between the three soils, being

highest in the solodized solonetz and lowest in the groundwaLer rendzina'

Durj-rrg regrorvth many plants which had ceased mer:istelnmatic activity whiJ-e

flooded produced new shoots and the ratio of those surviving inc::eased,

but the more severe effect of the solodízed so.lonebz soil persisted.

4.3.3. The effect of f l-ood in q and soil- tvp e ucr on the qrowth of narental-

and hvbri.d Þ orr u f etio ns

The overalL effect of fl-ooding was so

nounced discontinuity in the distributiorr

severe that there l^,as a Pro-

of errors and therefore to

evaluate differences at the

were calculated seParatelY

har:vests 2 and 3.

population leve-l th e analyses of va¡'iance

for the ffooded ancl non-flooded treatments in

Tlre forty populations may be consídered as eight

into two groups of four from which have been derived

orthogonal 4 x 4 groups of top cl'osses.

Iampalisons wele made:

a. t¡etureen any two of the Forty populations

b. between any parent and 'ulre nteen of any group of

parents divided

two reciprocal ancl

f or:r hybr j cls whích



85

TABLE 17.

e iatio of ber of .l-ants a-ì_n t. n me atic act

after floodin n and after re nT owth to the numb er of ofants rJresent',

before fl oodinq.

Soil

Ratio Solod iz ed
Solonetz

Growndwater
Rendzina

Later:itic
Pod s ol-

0veraf.l

Means

N.Fl" F1. N"F]. Fl. N.Fl-. Fl. N.Fl-. Fl"

After floocling /
before flooding"

Regrowth /
before flooding.

o.gg D.21 O.99 0.48 1.00 0.33 o"99 0.34

o.gg 0.s4 o.99 0.64 1.00 o.74 O"99 C"l1

d
!&

I

L.S.D " 
rs.

Comparison between 05 .0r .001

Flooding (After/llefore )

Soif x Fl-ood (After,/Before )

Flooded Soils (After,/Before )

Flood-ing (Re growth/Bef ore )

Soil x Flood (Regrowth/Before)

Flooded Soils (Regrowth,/Before)

.o42 .060

.o74 .l-05

.138 "228

.058 .O82

.r00 "r42

.176 .292

.087

" 
151

.427

.119

.206

"546

I

3
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d

have a parent common to

between the nteans of anY

between a parent and the

f¡om it

e. between the means of two

f. between the means of the

all four hybrids

two sets of four

mean of the grouP

B6

as either a femal-e ot male

hybrids

of eight hYbrids de¡ivecì
1l

groups of eight hYbrids

two reciprocal sets c¡f -eixteen hybrids

d
',[
I

4"3.3"1. Grclwth of non-ffooded control- Þopul-ations

Harvest l and the non-flooCed contro-l-s in ha¡ves'bs 2 and 3 permitted

non-floodedan evaluation of the parentaf and hybr.id popuJ-ations under

conditions.

A changing pattern of relationships was expressed by the average

yield per pJ-ant and the average numbe¡ of shoots per plant at the three

harvests.

At harvest 1 the yields of tlre parents and their hybríd progeníes were

símiIar, except for the l-ower yields of the two Russian varieties

(Marusinskaya g1 and 425) (Table 18), but in harvests 2 and 3 many hybríd

progenr'-es were higher. yielding than their parents (tab les 19 and 20 ) .

Therefore, crossi.ng a parent from one gloup of four varietíes wíth the

four varieties from the alternate group of parents caused a heterotic

effect.

The yields of parents did not differ significantly in harvest 2 and

3 except for -lourer: yields of rHunter Riverr and tDemnatr in harvest 2

(Tabfe 19). Sirnilarly, tlrere we¡e few sj-gnificant differences between

the means of eight lrybr-ids in all harvests, although the yields of progeny

ofrHunter Riverrand rMarusinskaya 81'tended to be low in harvests 2

and 3 anrl the progeny ofrMarusinskaya 425rwas low yielding in harvest 3'

conversely rNarragansettr progeny were higher yieJ-ding in harvest 2 and

rAfricanr progeny were in harvest 3. The. high yield of tRhizomat was a

consequerìce of the -low numt¡er of ¡rlants which established per pot (6.61 )

compared with the ovelall mean (8.91).

r
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TABLE 18.

he

de fr

Parent

M8l-

tat est

Parent Yield

. I7I

.134

.2 B8

. .2r4

.20r

.22r

.218

.2l3

d we1 ht ET l-ant o ts and h br TO

Average Yield of
hybrid progenies

"240

.247

.263

"278

.249

.248

.273

.258

h er

t4425

R

N

DP

HR

A

D

L.S.D. rs Parents HybrÍd Progenies Parents x Hybrids

.05

.01

.001

.o49

" 
û65

.08 3

.t25

.03 3

"t42

.052

"o69
.08I

I
I

I
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TABLE .T9.

The evera l¡l e l- htd er lant o F a¡ents and h rid ro

orouDs L the nonffooded treatm en t at llarr_¿est 2 (onr. per plant)n

Population Parent of Four Hybrids
common parent as

Mean of all
hybrid

Progeny

Mean
with

Female Mal-e

M81

t!425

N

DP

.287

"331

.430

.262

.315

.251

.265

.230

"328

.381

" 303

.392

.332

" 3U9

" 
340

"361

"296

.316

.378

" 405

.374

.324

"367

.339

.312

"349

"341

"399

" 
353

.317

.354

.350

R

HR

A

D

L.5.D.rs.

Cornparison between .05 .0I .001

Parents

Mearrs of 4 hybrids

A Mean of 4 hybrids & anY
parent "

Means of I hybrids 
"

A Mean of B hybrids
& any parent"

" 0s7

" 
048

.063

"028

,o14

.053

.083

" CI37

" 
095

.o67

.107

.048

.060 "D79 .101,

T
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TABLE 20"

e ave ed wea e1 lan aren t s d rid I

orouos in the nonflooded t reatment at H rvest 3. (qm. per pfant)

Population Parent Mean of Four HYbrids
with common Parent as

Mean of all hybrid
Progeny

Female MaIe

I

M8r

t4425

R

N

DP

HR

A

Ð

"292

.258

"546

.315

.311

.243

.276

.23F

.349

.379

"374

"439

.358

.327

.38 3

.393

. 331

. 313

.42r

.396

.392

.338

.4 8B

.399

" 
340

"346

.398

.4IB

.275

.333

"436

.396

L.S.D"rs.

Comparison between 05 .01 .001_

I

l

i
tl

Paren t s

Means of 4 hybrids

A Mean of 4 hYbrids and
any parent.

Means of I hYbrids

A Mean of I hybricls and

any parent.

.083

.059

.093

.D42

.l-09

.D77

.r22

.0s5

.14 û

"ogg

. 15'r

,070

.OBB .116 .r4g
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This effect of J-ow plant numbers onry occurred in the rRhizomarpopulation

andindataforyieldperpot,whicÌrisnotpresented¡theeffectwas

expressed as a lower Yield.

There were no cliFferences between reciprocal. groups of sixteen

cr,osses but there were between three mafe and felnal-e gloups in Ìrarvest

2 ([4425, F., DP) and two in harvest 3 (U¿Zs, A)' These differences do not

have any consistent patter.n and were possibly caused by the superior or

inferior perforrnance of some plants within one se'ú of the hybrids"

Hybríd vigour j-n the number of shoots producecl per plant was expÌessed

in harvest 1 but not in l-lar:vests 2 and 3. This was the reverse of the

yiercl pattern i'n the same harvests (l a[:les 2r'2'2'23) ' Jn harve:s1; f the

hybrids had more shoots than the parents and there wele general-ly no larqe

differences within 'btre hybrid or paret-rtal groups excep b for a lower number

of shoo-Ls inrMarusinskaya 425' (taUfe Zf¡. In harvests 2 and 3 a pattern

developed in wh-ich the lrybrids had a similar number of shoots as the

parental mearì, bu'b the parents separated into two groupsi the in'Lroduced

populations (Mel , v1425, R,N) having higher shoct numbers and the retnaininç1

varieties (DP, llp, A,D) having lower numbers (Tables 22 ¿nd 23) ' The

hybricls were inte:cmediate l¡etween the two gftoupso There rdas no overalf

reciprocal- effect for shoot number arrul only ve-ry few dif'Fere¡'lces between

male and female groups which may once again refl.ect the j-nfl-uence of

extreme individual plan Ls w ithin one hybri'd group '

There were some sigrrificant soil x population interactions for yiel-d

at ha:rvest I and in the non-f10oded treatnlent at harvest 2' In harvest I

the interaction was caused by some tow yield in the groundwater rendzina

popr-rlations not beingsoil and in harvest 2 by approximately half of

significantly di.fferent tretween the solodized

soils, bu'b there lúì/as no consistent pattern in

pa::ei-t-bs or hybrid progeny, but the data is not

the

solonetz anrj lateritic PodsoJ.

the perfcrmance of either

presented because ib does
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TABLE 21.

eav TA n er of

Population Pa¡ent

oo e.l: lant of arents

sat arves t

h d

TO e

Mean of Four HYbrids
with common Parent as

Mean of all
hYbrid

progeny

Female MaIe

M425

MB1 1.52

1.36

2"O2

1. 63

1.40

L.73

r"12

I.5B

1.87

1"81

1. 80

1.85

L.67

1.91

1. û5

r.72

1"72

1 "87

r"7g

r"71

r.89

T"B2

r. B4

1.79

1 .80

1"84

1. B0

]."8I

r.78

I. B7

1.85

1" 75

R

N

DP

HR

A

D

L.S.D. rs.

Comparison between .05 .DI .001

Paren t s

Pleans of 4 hYbrids

A Mean of 4 hYbrids
and any parent

Means of I hYbrids

A Mean of I hYbrids
and any parent

"25r

"l-77

.2BT

N"S.

"266

" 330

.233

"369

N. S.

" 350

"423

"299

.473

N"5.

.449
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TABLE ?2"

shoots Der o.lant of o arents and hvbridThe averaqe number of

OU the no ffood ed ontrol eatment l-larv 2
o e

Population Parent Mean of Four HYbriCs
with common Parent as

Mean of all
lrybrid

Progeny

FemaLe Male

t442.5

MB1 2.29

2.86

3"17

2 "t4

r"62

1.91

l. B8

2"12

2.2.3

2 "s9

2.ro

2 "22

2 "r8

2"r7

2"27

2"19

2.Or

2 "27

2.25

2.29

2.33

2.34

2"29

2"19

2 .12

2 "43

2"18

2 "26

2.26

2 "26

2 "28

2"19

R

N

DP

HR

A

D

L"S.D"rs"

Compa::ison b etween 05 .01 .001

Parents

Means of 4 hYbrids

A Mean of 4 hYbrids and

any parent

Means of B hYbrids

A Mean of B hYbrids and

any parent

" 383

.27L

"428

"r92

" 
406

" 503

"3s6

"562

"252

" 
534

.645

"4s6

"721

a)a
ô J¿J

"684
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TABLE 23 "

The aver aoe number of shoots per nlant of a rents and hvbríd

env croups in ttre non flooded cont¡ ol- treatment at Harvest 3.proq

Populatíon Perent Mean of Four HYbrids
with common parent as

Plean of'al-f
hybrid

proge ny

Female Mafe

M8l

M425

R

N

DP

HR

A

D

2.4r

3 .03

3.06

2.39

r.78

1. B5

I.BO

I.B2

2 "37

2 "87

2.26

2 "37

2 "23

2.31

2.19

2 "26

2"13

2 "45

2"r9

2.25

2,4Ê

2.53

2.57

2 "29

2.25

2.6s

2.23

2.31

2 "36

2.42

2"38

2 "28

L"S"D"rs.

Comparison between "05 .01 .0 01

Parents

Means of 4 hybrids

A Mean of 4 hybrids
and any parent

Means of B hybrids

A mean of I hybrids and
any parento

" 386

.273

"432

" 193

"4D9

.508

.3 5g

" 
568

"254

.651

"460

.728

"326

"539 "69r
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not corìtain any consistent ínforrnatiorr to assist in unders'Landirrg th e

lefative waterlogging tolerance of ',:he populations.

4"3"3.2." G::owth of fl-ooded r¡op ulat i-olrs

l-he overal-l- effect of fl-oc¡ding on plant yield was severer reducing the

mean yietcl of parents by 83.41, arrd of hybrids by 84 "9% Ía¿te 24) "

Flooding caused marked diffe¡ences in yields of the parents (Table 25 )

whereas in the non-ffooded treatnrent the parents had similar yields (Tabl"

19 ). The¡efore irr the f looded treatment plan-b yields demonstra'ue the

difference in tolerance iretween the to.l-ei:ant and in'bolerarrt paren bal

groups. \nl hen f looded, parents ranged from the high yield of rMar:usr'nskaya

B1' to the 1ow yíelds of rAfricanr and rDemnatr, but al1 hybr:id (lroups

had simil-ar yields interrnediate between their parents" 'lhe hybrid vigour

expressed in non-f looded condit:'-ons vJas lcs'1 .

At hervest 3 there were no significant differences in yield per plant

t¡etween parents, parents and their progeny or tretween progeny group means.

The overal-l mean yi-eld per plant was 0.093 gn. The extreme variability

in regrowth is reflecied in the high values of least significant differences

between populations which were 0.051gm at the 5fir 0.067gm at tl-re J./" and

0"0B7gm at the O.Il, levels respectively. Some superi,or individual plants

in the grolrrrclwater rendz.ina soil- caused significant population differences

but there was no consistent pattern (data not presented)"

The pattern of stroot production after flooding was sinrílar to the

response o'f' average plant yield" Although the mean reduction in shoot

nunrber was similar fcr parents and hybrids (TaLrle 24 ) there were sigrrj.f icarlb

differences between parents (Tat¡le 26) reflecting their ranoe of tolerance

to flooding, but there was no significant differences between the progeny

groups whi.ch again had a perf ormance interrnediate l¡etween pa::ents " The

differences between l-lR-mate and HR-fema1e, groLtps was caused by a few

superior plants irr the groundweter rendz-ine soil 
"

Du::i-ng regrowth the average number of shcrots per regrowíng plant
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TABLE 24.

taoe reduc tion in the vield and number of s hoots Der D-lantPerce

caused bv f.IoolL!¡g.

Population
Average drY weight

per plant
Average number of shoots

per plant

Parent Hybrids Parent Hybrid s

MBl

¡q425

R

N

DP

HR

A

D

72.5

80.1

87.9

8r. 3

86.7

83.3

88 .3

87.0

B4 .3

Bs "4

g4,¿

87.2

a4.4

83"9

96,2

B5 .4

38 .8

42 "3

6s.3

42.2

50.0

52 "9

56 "4

72,2

51.9

s2.7

5f"4

55.8

53"1

52.7

55 .3

51.1

Meatr s 83.4 84.9 52 "5 53.0
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TAI]LE 25 "

rv wer_q ht per pfant of Þarent and h rrb r j.d DroqenvThe averacle cl

e f-lc¡c¡ded treatment a'l: ATVES 2 m r .l.aro sinth

Popula-Lion Parent Mean of Four HYbrr:ids
with common Parent as

Mean of aIl-
hybrid

Proge ny

Female MaIe

M8I

t4425

R

N

DP

HR

A

D

.079

.D66

.o52

.o49

"o42

.o42

.03r

.030

"D5B

.0 63

"o52

.05 3

" 
054

.o46

"o47

.048

.040

"053

.0s6

.048

.055

.055

"050

.054

"o49

.05 B

.054

.051

.05 5

.051

"o49

" 
051

L"S.D.rs.

Comparison between .05 .01 .001

P aren ts

Means of 4 hYbrids

A Mean of 4 hYbrids and
any parent

Mearrs of I hYbríds

A Mean of B hYbrids and
any parent

"o24

.017

.026

N"5.

"o25

. 031

.o22

.03 5

N. S.

.03 3

.040

.t2B

"045

N. 5.

"o42
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TABI-E 26.

T e avela e numb of sh o S ET lant of arents and rid

tooded t rea tment at Harvest 2. ad i usted
Þroqen v qrouns in the f

or diff erences b twee n o ifs arve I

Populatíon Parent Mean of Four llYbrids
with common Parent

Flean of aff
hYbrid

progeny

Female Mafe

MBI

t4425

R

N

DP

HR

A

D

1.40

1.6s

t. t0

Ì.18

0. B1

0. g0

a.B2

0"59

I. 13

L.2T

l-. 06

t.96

t.0B

o.94

0"98

r.0B

L.S.D"rso

0.91

1.08

1.06

1.04

1" 04

r.20

1" 06

r. 06

r"o?-

l.l5

r.06

I "00

1.06

1.07

1.02

1.07

05 .01 .001Comparison between

Paren t s

Means of 4 hYbrids

A Mean of 4 hYl:rids and
any parent

Means of I hYbrids

A Mean of I hYbrids and
any parent

. 318

.225

.3s6

N o So

aa'7
o JJ I

"4r9
.296

"468

N"S.

" 444

.538

" 
380

" 
601

N. S.

.57r
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difleredsignificant}ybetweenparentsbutnotbetweenthemeansof

hybrids ('Iabte 27). rMa::usinskaya 425r had more shoots than its plogeny

andthere\^,asatencìencyfortheprogenyofrjJuPuitsrrrAfrican'and

rDemrratt to be ¡roor in shoot growth recovery '

Twofac{.,ors[)IeSentíntheeXp]ressionofshootprodr-rctionunderflood-

ing are demonstrated by parental performance. Firstly the differences ín

shoot growth repression eaused by f-looding (tahfe Za¡ and secondly' the

irrt::insic di-l'Ferences l¡etvleen parents in shoot procl uction demonstrated irr

the non-flooded tr.eatment at harves'b 3 (Tabl-e 23 ). Th:'-s may be the major

cause of differences in 'bhe f1 00ded treatment at l-r arvest 3 (Table 27)'

rather than the tolerance of varieties, hecause the ratio of regrow'bh of

flooded ancl non-flooded treatments at harvest 3 were similar, being the

following for each parent: MBl, 0.61; 14425, 0.60i Rr 0'45; N, 0'56; DP'

D,62; t'lR, 0.71; A 
' 

0. 63 ; and D, 0 ' 63 '

Thereb,erenosignificantsoilxpopulationinteractionsforeither

yielcl or shoot production ín the flooded treatment and the overall per-

formance of populations was best in the groundwater rendzina soil and wo¡s'r;

in the solodized solonetz"

I n Fig " ]0 the ef fect of f looding in the groundwater renc'lzina soil

on rMarusinskaya B1'(l-) and rHunter River' (1,) and tlreir reciPlocä1v' '- '2F' ¿t'

hybrids is i1-lust::ated. Note the diffeÏence in visual appealance of the

parents and the intermedj-ate perfolnance of the hybrid populations'

of floodinq an d soil tvoe on the arrpeã:rance of parerrtal-
4.3"4" The effect

and hvb ricl popul.ations

Afte¡ flooding for 14 days the only differences betweert populati'ons

occurred in the solodized solonetz soi1. Ihe cultivars rHunter Ríverrt

rAfrican,andtDemnatrwere severel.y alfected at this stage whereas the

f our toleran.b parents (M81, 14425, R I N ) we¡e on.l-y slightly aff ected '
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FT GURE ] O

The effect of f .l.ooding on the parents rMarusinskaya 81'

and rHunter Riverr aird the reciproca-l hybrids derived

from'thern in tl-re flooded groundwatel rencl zina soj.l- at

l-lar-vest 2 .

Frorn l.ef t to rig ht :

rMarusinskaya 81' (ln ) ; ftl81 x HR ( åPr' rrR x MBr- f7?l;
6

(2F).ancl t Hunte:: River r





100

TAELE 27.

e number of shoots Þer re qI owino ol"ant of parents
The aver aq

rouos at Harve st ä ad i usted for differences
an vb rid ooenv q

b etween soils at Harvest I.

Population Paren'b Mean of Four llYbrids
with common Parent as

Mean cf all
hybrid

Plogeny

Female Male

MBT

14425

R

N

DP

HR

A

D

r"46

1.8 3

1.38

1 .34

1.11

L.32

1"13

1. 14

I"2B

1.38

1.35

1 .23

1 .30

1 "29

1 .30

r.28

r.20

1.30

r"37

1 .24

1 .33

1 .36

1"24

L"32

r.24

1. 34

1" 36

1.26

1,32

1 .33

1.27

1.3 0

L. S.D " 
rs.

Comparíson between .05 .01 .00r

Parents

Means of 4 hYbrids

A Mean of 4 hYbrids and
any parent

Means of B hYbrids

A Nlean of I hybrids and

any parent

" 336

N.S.

.376

N,5

.443

N"S.

.495

N.S .

.470

"569
N.5.

.636

N.5

.356 .604
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There wet:e no differences between hybrid grouPs which had rnean scores

betv'leen their respective parents (tante ze ¡ '

After 28 and 35 days of fl.ooding the rel-ationships between the scores

of the parents and hybrids were similar. ln Table 29 the scoree after

28 days of flooding are presented" There were smal-l dj-fferences bet¡reen

the mean scoles of the hybrids whiclr were generatty more affected by

flooding than the paren'bal populations MB-l , V1425, R and N, and less affe:ted

than the parental poputations HR, A and D. There'f'ore the hybrids again

had mean scores intermediate between the two diffel'ent groups of paren'Ls.

The high level of tolerance of the two Russian parents (MBI and V425) and

some hybrid groups in the groundwater rendzina soil caused a sigr:i-ficant

soi.l- x population interaction.

4.3.5. The effect of floodinq on the merist,emmatic activitv of parent¡l

and hvbrid populations

After flooding¡ the proportion of plants re'baining meristemmatic

activi-by ranged fton 74f" to 71.. \/rJithin the parents the introduced

varieties (M81, Vt425, R¡N) were generally significantly better than the

other parents and their progeny groups, and rDemnatr was 'rvolse than its

progeny group (TaUfe :O ¡ "

During regrowth many plants which had been seriousì-y affected by

flooding produced at least one shoot and therefore were classifiecl as

survívors" There Wele generally no differences betwecn hybrid gr.oupst

however MB.I was higher and rDemnatt lower in regrowth performance than

their respective progeny grouPs (ta¡re 31)"

There was not a sígnificant soil x population interaction for the

propo:rtion of plarrts with meristenmatic activity after flooding or regrowth.

4 .4. D] SCUSSTON AND CONTLUSTT]N5

The pattern of parental performance bias the salne as in Experiment I
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TABLE 28.

Scores o'F olant aÞtrear anc e of o are trts and hvbrid Þroqenv qrortÞs

i n the solodi-zed so.l-onetz soil er l-4 d sof loodi n

(l=controi, 9=dead )

Population Parent of Four Hybríds
common parent as

Mean of all
hybrid

proge ny

Mean
with

Female Male

14425

MBl 3.00

2 "67

2.ûO

2.33

3.67

5.00

5.33

6.00

4.33

4.34

3.83

4.O9

4.50

5.00

4 .00

4 .58

4 .50

5.08

4 "59

3.92

4 .00

3 .7s

4.50

4.33

4.42.

4 "71

4.21

4.01

4 "25

4.38

4.25

4 "46

R

N

DP

HR

A

D

L.S.D.rs.

Comparison between 05 .01 .001

Parents

Means of 4 hybrids

A Mean of 4 hybrids
and any parent

Means of B hybríds

A Mean of B hybrids
and any parent

r"79

N.S "

2.OO

N.S"

1. 90

2.38

N.S"

2.66

N.5 .

2.52

3 .08

N.S.

3.44

N"S"

3.27
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T ABI-E 29.

eaI' ce sc of rental dh d TO ulala

al.l s saf r 28 d of floodin 1=contr -d d)withi and ove

Soil

Population
Sol-odized
Solonetz

G¡o undwater
Rendzin a

Lateritic
Pod soI

Average

Score

Pa¡o H"P. Paro H.P' Par' H"P' Par' H'P"

N

MB1

v425

6.00

5.00

5.61

5.33

6.33

7. 33

8.00

8.00

1.25

1.O4

6.38

6.42

7.00

6.84

6 "63

6.63

2 .00

:i"00

4.67

3.67

4.67

6.33

6.00

7 "67

4.92

4 "84

4 .50

5.13

4.7r

4"s8

5.00

5"09

5"00

4.33

4"33

4 "67

5 "61

5 "67

6.00

7.67

5 .2,4

5.13

4.79

5.50

4.75

s"09

5.38

5.54

4.33

4.LL

4.89

4,56

5.56

6.44

6.61

7 "18

5.82

5.67

5.22

s.68

5 "49

5 .50

5,61

5 .1'5

R

HR

DP

A

D

Tab l-e of' L.5.D.rs.

Comparison between .05

0veral-I parent average scores "866

0vera11 means of B hYbrids '433

A nean of B hYbrids & any Parent '918

Parents within the same soil 1'50

5oi1s at the same/dj-fferent I"64
parent.

llybrid means j.n the same so j'l ' 75

Soj.ls at the same,/different 
"eQHybrid group

.01

1.143

.572

I.2L2

1. 98

2 "23

.99

.001

l-"468

.734

r.5s7

2.s4

3.f0

r"21

L"L2 1,55
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TABLE 30 
"

e TO ort on of lants IE SE t before flocdin which were

ctive a'b the fca I meris em an aren s and brid

qI'O UÞS At Ha::vest 2.

Population Parent Mean of Four HYbrids
with common Parent as

Female Male

o

MBI

v1425

R

N

DP

HR

A

D

"14

"66

.4.1

.52

.26

,28

.28

"07

"35

.40

.38

"28

.33

,29

. 31-

.27

L.5"D"rs.

05

" 
l-89

.134

.2II

N.S.

"2r

"34

"37

.21

.33

.46

"32

"30

Mean of alf
hybrid

Progeny

"28

.37

.37

.28

.33

.37

"32

"28

" 
001

.320

.226

.358

N"S.

Comparisotr l¡etween

Parents

Means of 4 hYbrids

A Mean of 4 hYbrids and

any parent

Means of I hYbrids

A Mean of I hYbri.ds and

any parent

ü1

.249

"r1 6

.278

N"S"

"200 "?.64
.339
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TABLE 31"

on the rr arent s and hvbrid
The Þ1Op ort ion of plan ts present

.:t

ro rou s befo f loo di-n wh ic dev e 1o d new shoots

d u::i 1e rowth b etween Harves s2 d 3"

,T

H
.ù

, Population Parent Mean of four hYbrids
with common Parent as

Mean of all
hYbrid

proger¡y

"64

"7r

.12

.70

"68

.66

,69

.14

" 
001

"546
N oS o

.61-0

.273

"s79

MB1

t!425

R

N

DP

HR

A

D

.84

"85

.86

.87

.72

"75

aÂofJ

.48

trybri.ds

hybricìs and

hyl:rid s
hybrids arrd

Female

"67

.12

.12

,69

.68

.60

.10

"16

Male

"62

.69

.7r

.12

.68

.73

"67

.73

05

"r76
N.s.

.r91

" 
OBB

. rB7

.01

"292
N"S"

"326

"L46

.310

Comparison be bween

I

Parents

Means of 4

A Mean of 4

any parent

Means of B

A Mean of B

any parettt

T
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r¡ith a trend from high tolerance in the Russian varieties to very low

tolerar¡ce in rDemnatrand again the eight varieties tended to be in two

groups of four, one group 'Loferant and the other more sensitj've to flooding"

The hybrids which had been deve.loped by making aI1 combinations between

these two groups generally expressed an intermediate performance with

Iittle difference between the means of groups of hybrids deríved from a

common parent.

To assess the relative tolerance of populations, the measulement o1a

the dry weight of herbage and the proportion of plants with meristemmatj-c

activity were retained as varíates, but in additíon, in this experiment

a score for plant oppuu"ån.e and a cletermina'bion of the average number

of shoots per plant were inclucìed. Pl.ant appealance permits a Ploglessive

assessment of tolerance and shoclt number assists in unde]:standing the

growth of the morphologicall-y diverse populations'

As in Experiment l- the highest yields and greatest retention of

meristemmatic activity occurred in the groundwater rendzina soil' The

least effect of f-tooding when determirled by visual assessment also occurred

in the groundwatel rendz-ina and the greatest effect was with the solodized

solonetz. The number of shoots was also greatest in the graltndwater

rendzir¡ a soil in the non-flooded treatmen'b and tn the sátrre soil during

regrowth after floocling. During floodi.ng there wele no differences in

shoot production between soils índicatj-ng that flooding was the dominant

factor in affecting the shoot prcrduction of lucerne ín the three soils

studied.

There h,as a consj.stent relationship between the four criteria of ass-

essment yíelrJ, shoot nutnber, plant appeal,ance and meristemmatic activity '

Plauts of the most tolerant populations (the four toferant parents) and

plants growing irr the teast affected soil treatment (Groundwater rendzina)

,I
fi
r{i

4

I

r
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werehigheryielding,retainedahigherproportionofmeristemmatic

activityandwerevisual.lyassessedasbei.nglessdanaged.Thetole¡ant

populationshaveahigherpropensitytoproduceshootsundernon-flooded

conclitions but their higher shoot production after flooding may be a

reflection of this characteri-stic rather than a differential effect of

flood in g.

There wele no significant soil x population interactions ín the ffood-

ed treatment excepi: that caused by the high tolelance of the Russian

varieties in the grouncJwater rendzina in the visual- assessnent' There-

fore the pattern of performance of the parents and hybríds when flooded

and Cur-'r-ng regrowth after flooding t'res similar in each soil'

The heterotic effect expressed by yietd in the non-floodecl treatment

h,as apparently caused by the larger size of indivídual- shoots in hybrids'

but ffooding reducecl the gr-owth rate of indiviclual shoots and the heterotj'c

effect was lost.

In crossj-ng heterozygous parent plants¡ the hybrid populations expless

a wide range of combinatj.ons and the variation from plant to plant in hybrid

popula.bionsappealeclgreaterthanintheparerrtalpopulations.Therefore

at the end of the floodíng period it was noted that some hybrid plarrts

which hacl retained meristemmatic activity wer-e muctr larger individually

than those in thetolerant varieties although the mean performance of the

hybrid populations was less than tlæ mean plant performance in tolerant

varieties. Also during regrowth the high variation irr the data was caused

byanumberofindividualplantswhichlradhighershootnumbersand

regrowth vigour.

il
iil
tù

4

I

r
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NST i]F SE LE CTED PA RE NI'A L AND HYBR I]] CLONTS TO5. EXPERTMT NT 3 THi RTSPO

l/úATE I-OGGING LJNÐER FiT L]] CONDITIÛN5

5.1. INTRODUCTIT]N

The parentaf and hybrid popuJ-ations glew actively uncler the ternpel.atttre

ancl light reginres imposed in the two previous experimerrts although a range

of winter growth rates would be expectecl in the winter under fielci ccn-

ditions in southern Austral.ía. The va::iation in wirrter growth rate woul-d

be expectecl to lange from'Lhe extleme winter clolmancy of the Russian and

Norilr Americarr parents and the moderatefy higlr winter dormancy of the

Ffemishvariety'DuPuitsItotheslowwj.ntergrowthofl|-lunterRiverlarld

the e:lbreme winter activity of the varietj.es of North African origin'

rAfrj.can' and rDemnatr (Flogers and i3ai1ey, L968; Leach 1971)"

varie,i,i-es whi-ch are mole winter dormant than rHunter Riverr ttsually

area]sofoweryieldinginthelateautumnolearlyspringandareless

acceptable as pastule varieties. Therefore the selection of waterlogginç;

tolerance must be done in conjunction with setection for a winter yielding

ability equal or superior to that of tHunter R'iverr'

In this experiment sefected clones from Expe¡iment 2 wexe grown in

the fjeld. A harvest taken at the begilrning of winter rneasured the yield

potential of the cl-ones under non-wate¡logged concjitiorrs and in a sub-

sequent harvest, -baken afte¡ floodirlg the experíment, the survival and

grow.bh cJuring f f oocled conditions wele measured. An assessment of tl-e

effec.biverress of selection for waterlogging tr¡Jerance Lrased cn l'eqrowth o'F

plants whi.ch sur.vived floocl j-ng in tlre glasshouse was made from comparisons

of sefected and randcmly chosen populations'

5.2 . EXPER]MENTAL MFrLlgu.s.

5.2.r. Sefecti.on and esta[:fishment of clonal material-

Twelve poPulatJ ons of

fo¡: further inves-bigatiorr

the forty studied in Experi.ment 2 were choserl

I

k

in the experiment. 1'heY were:
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MarusinskaYa 81 (ltAf)

ltlarragansett (N )

Hunter River (HR)

Demnat (D )

MBt x HR and the reciprocal cross HR x MB-l-

MBI x D and the reciprocal cross D x 1481

N x HR and the reciprocal cross HR x t\l

N x D and the reciProcal cross D x N

These populations were chosen because they encompass the range of

toLerance found in the eight parents in Experi-men'bs l and 2 and include

a rep*-esentative variety fror¡ the U.S.S.R. and from North America, the

predominant Australian variety rHunter Riverr and the variety rDenrnatr

of Moroccan origin which has been registeled in Austrafia because of :'-ts

winte¡ growth. The hybrids represent reciprocals of an orthogonal topcross

between the tolerant (l'lat, N) and íntol-erant (Hn, D) r,arieties.

Two groups of plants were selected from within each population.

Group l: Fíve plants'which expressed the best regrowth after surviving

the flooding treatment in the solodized sol-onetz soil:'.n

Experinrent 2 were taken from each of the parental and irybr-id

populations" The plants were selected f::om all of the tlr.tee

replicates.

Group 2: Ten plants from each population chosen randomly from the non-

flooded treatment in Experíment 2 as a nonsel-ected cont¡ol.

The fíve selected clones were chosen from a total- of thirty plants

per popul-ation representing a selection of one in six" Ten control cl-ones

were taken from each population to reduce the random sampling erroll which

may result from a sampJ-e of only five c.lones and yet al1ow statistical

analysis of the means of the selected and control groups.

t

I
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The inclusion of more than terr clones would have rnade the eXperiment

considerably larger and it wes considered that more tharl ten clones

would not have greatly improvecl the estimate of the means of the contlol

p opula tion s "

The sel-ected clones wele transplanted after'harvest 3 in Experiment 2'

cuttings from each of the 180 cfones bjele struck ín a moistened mixture

of perlite and sandy loam durirrg Decembex I974 and transplanted in

February 1975 into waxed paper: cups (10 cm x 6 cm) containing a sarrdy lcam

potting soil-. The cfones were trímmed back to witiìin 5 cm of the crourn

ancl planted in the fj.eld on March 5 and 6, 1915" The paper cuPS wele

::emovecJ bef ore planting. Superphosphate was appl.ied at 200 k hu-l.

After establishment the plants were cut back to 5 cm above the crown and

prcrt area was sprayeri with'Gramoxonerat the rate of 1.5 r. h--1 to

control weeds on APril 28r i-975.

tr 2.2. Exoerimental desiqn and measurements

The twelve popul-ations of c-lones were planteci ín a randomized bfc¡ck

design having four replications" \¡Jithin eacl'l of the twelve populatj-on

blocks the fifteen clones (5 selected and 10 control ) were randomì'y

positioned j.n a 5 x 3 arrangDment in a square grid witl-r 30 cms between

plants. The ove::al.l- experiment was a 30 planL x 24 plant grid of plants

at 30 cm x 30 cm spacing with randomly chosen plants from surpl'us cuttirrgs

as a single border row..

After cutting back on April 28 the plants were allowed to regrot./ until

June 3 when Harvest 1 was taken. At this harvest the following measure-

nrents and scores h,ere taken:

(1) The height of the undisturbed plant

(2)llrelengthofthelongeststemarisingfronrthecrown

(3 ) The number of shcrots greater than 5 cm lotrq arisirrg f::om the croh/n

(4) The drY matter Yield of shoots
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An index of plant morphology \^,aS calculated by deriving the ratio o.F

measurements (I) and (2). This is a measure of shoot inclination and'bhe

erectness of plant gr:owth and is conceptually related to the trigolrometrical

ratio, sine.

0rr July 22 , harvest 2 Wes taken and the salne measurements made ' 0n

six oceasions, that is once lveekly between Ha¡vest I and Harvest 2t a

score nf plant appearance was obtained basecl on the scale used in Experiment

2.0n september 2 the number of su¡viving cfones was noted"

5.2 .3 . eri,nrental site anl ana emen of the soil moisture re t-m e

The site was on the wesjtern bounclary of Sectj-on 339, llundred of

Kuitpo, south Australia. This site is prone to winter waterlogging and is

a duplex soil of sand wittr clay at depth and is within the Meadows Fine

sand 5oil association (Rjx and !-lr-rtton' 1953 ). A description of the soil

p::ôfile is

Before

gr_ven

the

in Appendíx 7.

plants were cstabl¡'-shed on the si'te, a sprinkler irrigation

nf f5 cms was appì-ied and thereafter the site was irrígated by hand water-

ine at a rate sufficient tc compensate lor evaporation. The sj'te is part

of an irrigated farm.

Thj-s form of irrigation v,ras continued until Harvest 1(June 3, 1975)'

Thereafter the si'te u¡as ffooded with two to three centimetres of water

per day and allor,ved to drain so that after two or three hours no part was

immersed deeper than approximately one centimetre. The r'¡atertabl-e rose in

the experimental site and the water content of the soil profile rose above

that present at llarvest I (Tables 32 and 33)' After twenty eight days of

irrigation the site was watellogged except for a shallow surface horizon'

r¡rhÍch was satunated to field capaeity '

The experiment was conducted during late autumn and winter to permit

maximurn differentia-bion of the winter grow'bh patterns and sulvival in a

winter environment of the plant material. The aver.age weekly minimum,

maximum and mean air temperatures at the nearest meteorological station
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TABLE 32.

oisture tent (om. water per 100 om. drv sor'.l) in sixSoil

p¡ofile sections.

Date
(weeks of flooding )Sectíon of the

profile
(depth, cms. ) 3/ 6/75

(0)
r/7 /75

(4)
B/7 /75

(s)
15/1 /15

(6)
22/7/75

(1)

0-r_0

r0-20

20-30

30-40

40-50

50-60

17.5

1s .4

15.8

17.1

22"O

27.8

5_1 .5

24 "3

19. B

IB .3

25 "O

32 "5

45.1

24 "9

16.9

19"0

29.5

3B .4

50.0

24 "6

17. B

19.1

26 "B

36.6

45;7

24.L

r6"5

17.2

30 .8

37 "6

TABLE 33.

Depth to the Free lirjater T ab l-e durinq Floodinq.

Date Days of Flooding Depth (cms. )

3-6-75

10*6-7s

11-6-15

24-6-7s

r-7-7s
8-7-75

15-7-7s

22-7-7s

0

7

I4

2I
28

35

42

49

60

25

1B

15

l_r

3

I
(r
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(Mount Barker) are presented irr Appendix I fo¡ ever.y week j-n the growth

periods prior to Harvests 1 and 2"

5"3. RESUL T S AND DISCLJSSTON

5 .3 " I" 0verall- compari.son of the selecte d and corltrol- clones

The overall comparison of the selected anc randomly chosen control

clones indicated that significant differences o plant measul:ements and

scoreô only occurred for the number of shoots per plant at each harvest

days of flooding (Tabfe 34 ).fiveand the appearance of plants after thirty

trihen the sel-ected clones were chosen durinq the regrowth Period in

Experiment 2 no emphasis was placed upon the appealance wl-lich the clones

had during the previous flooding.treatment, but the scoles o'F thu

sel-ected group were consistently lower although signifícant only on day

35 (Tab1e 34). This dj.fference indicates that the appealance of the

selected clones was less affected by flooding'

arisons between sefecte d and contr:ol. clon es within populations5.3.2. Comp

significant population x selection gloup interactions occulred for

eight pl-ant neasurements and wele caused by differences between the

sefected and randomly chosen cfones for one oI mole measurements in seven

of the twefve populations. 0nIy the populations which caused the sig-

nificant interactions and the plant measurements in which they occurred

are listed in Tab l-e 3 5 .

These signifiuant interactions wele associated witll the superior

performance of a nurnber of clones within the selection group in whiclilbhe

Iarger measurement occurred in the comparisorl between glouPS (Table 35)'

These clones generally had valr-es differirrg significantly from all other

clones, whether in the selected or random gr.oups, within each popul'ation

(data not presented ). The number of such superior c]-orles in each pop-

ulati.on and the selection group in t";hich they occurred were:
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TABLE 34 "

verall- comparison of the control- and sel-ected qro[tÞs 
"0

Pfant Measurement

ox Score

Group L"5.D"rs"

Selected 05; "0f; "001Dontrol

Harvest 1

PIant Height (cm" )

Shoot Length (cm. )

No" of Shoots

Dry \rrleight (Sm)

Av" Dry Vr/t" per Shoot

Inclination (sine)

llarvest 2

P-1.ant Height (cm. )

Shoot Length ("m. )

No. of Shoots

Dry Weight (gm. )

Av. Dry lrrl t. per Shoot

Inclínation (sine)

Visual- Scores .,É

14 Days

21 Days

2B Days

35 Days

42 Days

49 Days

F1o odin g

Floo din g

Floo ding

Flood ing

FJ-ood ing

Flooding

Ì4 .53

2I"6D

B "2I
r.9 3

o "23
o"62

4 "90
1.16

4 "22
0"53

0.1r
0. 65

r"45
2.29
2.58

3 "72
4.5r

5.47

14.44

2I.L2
B.B1

2.O6

o "2.2

o "64

5.5r
7 "75
4 "89
o"62

0. rl
t "61

1"45

2.16
2 "46
3.42

4.24

5 "25

N.5"

N"5'
0.60;0"78;1.00

N"S"

N"S.

N. S.

N. S.

N. S.

0"53; 0.70; 0"89

N.S.

N"5.

N"S.

N"S"

N"5.
N"5"

D.26;0.34; O"44

NoSo

N "S.

of
of
of
of
of

of

The visual. scores wele on a scale from f (unaffected by.Flooding)
to 9 (apparently dead rnrith no -Ieaf tissue remaining).

*
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TABLI 35.

as urement s w.ithin Fio o u].atio for which
Comparisons of plant me

cccurred b etweert the control and selected
siq ni'Fic ant difference s

oro Llp s of clones.

Height (Harvest l) HRxN

DxM8l

Shoot Length (Harvest l-) N x D

Pfant

Measurement

Dry Vrleight (Harvest 1)

Av. Dry hlt" (llarvest 1)

Plant inclination
(Sine, Harvest 1)

Height (Harvest 2)

Shoot Lengtl'r (Harvest 2 )

Noo of shoots Per
plant (Harvest 2)

Population
or Hybrid

HRxN

DxMBI

Denrn at

HRxN

DxMBI

DxM8l

PlBl x HR

NxHR

Demn at

Demn at

MB].

Demn at

NxD

Selection GrouP

Control Selected

L"S.D"rs"

.05; .01 ; .001

2"78;3"64;4-66

3.43; 4"49;5"74

O.69;0"91; 1"16

0"06;0"08;0.10

.075; .098; "I25

12 "37

18"35

29 "28

2A.O9

24.96

3 .00

r.67

2.53

o.26

"379

"()I4

TI"72

L2 "6I

2.O2

4 "67

6 "60

r5.22

?-L.65

24 "60

23.85

29 "40

3.12

2.47

3"6r

0"33

.532

" 518

16 "32

1_8.2r

4 .10

B "27

4"50

2 "24;

2.66;

1.84 ;

2 "93;

3.49,

3 .7s

4.46

2.4)-; 3"08
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Population No, of Clones Sel.ection GrouP

HRxN

DxMBI

NxD

IJernn at

NxHR

M81 x HR

Marusinska¡¡a 8I

3

3

3

îJ

3

2

4

Selected

Sefected

Control

Selected

Control

SeIected

Selected

The pattern of signf-ficant differences whj-ch occurred at Harvest I

(taken before flooding) was not repeated at [la¡:vest 2 (taken after flooding)'

The hybricJs (l-lR x N) and (D x M81) contributed seven of the e]-evert

dif-l'erences occurring at Harvest f and anc¡ther two populations, (MBf x HR)

and (ru x Hn) expressed differences ín morphology but none of these

clif ferences were repeated af ter f looding at H¿rrvest 2 " The superrlor' clones

of the populations (ltl x l) andrDemnatrcaused signilicant differences in

different plant measurements at each harvest" (N x D) was the only pop-

ul.ation j.n which the superior cl.ones contributirrg to pJ'arrt growth occurred

jn 1;he non-selectecl controL qrouP' The superior rDernnatt clones only

expressed hj-gher dry weight at Harvest l, but this advantage was lost under

flooded conditions ancl superioríty was expressed in plant height, shoot

length and shoot number.

Although the shoot number per plant was the only overalj- significant

difference írr plant growth at the individual population 1evel, higher

vaJues irr the sefec'ted gloup were only expresseC by the parentsrMarusinskaya

8lr and rDemnatr at Harvest 2. The controfs were superior in (ru x l) in

opposi-b:'-on to tl-r e general trend because of the superior performance of three

control- clorles.
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No population caused a significan'b population x selection group

interactj-on in scores for plant appearancB"

In Figure ll- j.s illustrated one replicate of therDemnatrpopu.ì-ation

demonstrating the height, shoot Length and shoot production of the superior

cloTres.

5.3.3" Compar:j.son of parerntaJ- and hybri.d populations

Because there were few sS.gnificant differences betweerr the selected

ancl control groups ot'any one population'che groups were combinecl and

compilrisons made betwee¡r the populations" The analysis permitted the

foJ.louring comparisons 
"

1" individual- parents w-ith hybrids (Tables 36, 38 and 40)

2" Between the me¿¡¡rs of groups of four hybrids with a common parent

('l'abIes 37, ll9 and 41)

3.' Between the means of groups of four hybrids and arry parent

('l-ables 3-/, 39 and 41)

4. Between recÍ.¡-,rocal crosses (Tables 36, 3B and 40)

Under non-flooded field conditions ¡'-n late autumn the fou¡ parentaJ-

populations had different growth rates. This is ref.Lected in the .ì-ength

and nurnber of shoots and the dry matte¡ per pJ.ant and per shoot (ta¡te ¡6).

lMarusínskaya Blt llad the lowest growth rate, tNar::agansettt arrC rHunter

River:r were inter¡nediate and rl]emnatt was the most active. The ratio of

shoot height to leng'bh (sine) demonstrates the difference in morphology

betr,veen the parenLs. rMarL¡sinskaya 81r and rNarragansettr are semi-

prostrate and tHunte¡ Riverr anci rllemna'b t erect.

In both harvests, individual hybrids and the means of reci.procal hybrid

pai.rs had values generally between their two parents or no'b significantl-y

different from one or other parent" The parental combinations Ín which

the reciproca-l-s had signíficantì.y diffe::ent values are indicated by an

aste¡isk j-n Tahl-es í16, 3B and 40.
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FTGURE 11

The variety rDemnatr after seven weeks of

flooding in the fie1d.

The clone in the top right-lrand corner of

the delineated sub-block was the most tolerant

and highest yielding clone in the plot of

individual plarrt perfurmance in FÍgure 12"

C - control- clones

5 - selected elones
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TABLE 36.

Plant orowth meas urements of each parental anC hvbrj,d population

at l-l arvest 1

Populatio n Plant Measurement

Height Length Shoo'b No. Ðry \nlt" Av. D.Wt" S-i-ne

Marusinskaya B 1

N arrag anset,t

Hunter River

Demnat

M81 x l-lR

HR x M81

MB1 x D

D x MB1

NxHR

HRxN

NxD

Dxftl

3 .09

8.15

15.97

30"31

6 " 6Blr'

9 .14x

'13.86*

19 .16x

1 0.53*

13. t4)É'

21.82

21"68

9.f5

17 "Og

21 "52

35.57

15.03*

17 "49x

20.70x

25.93x

18.00rÉ

20.95x

27.67

26.86

4"33

7 "90

8.04

B .03

9.z]x'

5.66*

9.33

10.55

8"34

9.O1

10.23

9 "45

0.81

1.38

1"54

3.27

1.43

o.96

2.43

2.85

1.51

1 .90

2 "7s

?,76

o "16

t"17

0.19

0.40

o.14

o "16

o "24x

t.zgx

0.18

0.20

o.21

o.28

.337

.479

"7 46

.860

.430*

.517x'

.650*

.733*

.584*

"643x

.779

"Bnn

Means 14 .45 21 "33 I .34 I .97 0 "22 ' 630

L.S.D. rs. between PoPulatj.ons.

.0s 1.70 2.12

.01 2"28 2"79

"001 3.02 3.69

1"66

2.22

2.94

o"52

o.69

t.92

0 .04

0 .06

0.07

.051

.068

.090
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TABLE 37

PLant orowth measLlr ements of Darents and hvbrid proqenies

after qloupfn at Ha::vest 1" lêàÊ

P1ant Measurement

Height l--ength Shoot Nr:' Dry hJt' Av'Lì"lllJt' Sine

Population or
Group of hYbrids

MarusinskaYa Bi

Narrag an se tt
l'lunter River

Demnat

MBr/HR HYbrids

MBr/D tlybrids

N/Hn Hyurias

N/D Hybricjs

MBJ. HYbrids

N llybricls

t1R Hybrids
D Hybrids

3"09

8"15

rs.91

30.3r

1"9L

.16. 51

II "19
2r.75

L2.2L
16.71

9"Bs

19. r3

9 .Is
17"09

2r"52

35"57

16 "26
23.32

L9 "48
21"27

]-9.19

23 .38

17.81

25.30

4.33

7 "90
8.04

9"03

7 "43
9 "94
I .7r
9 "84
8 "69
9 "28
g .07

9 "89

0. Br

1.38

r.54
3 "27
r"20

2 "64
1.71

2 "76
r.92
2.24

r"46
2.70

0"16

0. 17

0. r9

0 .40

0. r5

o"21

0. r9

o.20

o.2r
o "24
0.f7
o "2.8

.)aa
oJJ I

.479

"146

"860

"474

"692.

.6l'4

.19t

.583

.7t2

"s44
.14L

L" S"D"ts. Between

Any parent & .05
the mean of .01-
reciprocals "001

Any parent &

the mean of
4 hybrids

The means of
reciproc als

2 "D8
1'70Col/

3 .70

2.60
3.42
4 "52

2 "D3
2 "12
3. 60

1.86
2 "48
3 "29
r"66
2 "22
2 "94
1.17
r. s7

o,64
0"84
1" 13

0"58
o "11
1.03

o"52
o.69
o"92

0.37
t "490.6s

.05

.07

"04
"07

0"04
0 "06
0 ,07

0 .03
0"04
0.05

"u62
.083

"lL0
.057

"o7 6
.101

.051

" 
068

.091

"036
"048
"t64

"o9

"08

0

0
0

0
0
0

The means of .05
anytwo groups.01
of 4 hYbrids '001

"05
"01
.0Dl-

"05
"01
.001

l_. g0

2"s5
3"37

2 "31
3 "r2
4.13

2 "r2
2 "79
3 "69
l_. 50

r.91
2 "6L

1" 70
2 "28
3.D2

1"20
1. 6-r
?_"14 2 "OB

The parental measurt:ments are identical to those -presented in
iäËfã ãg und ."r-f,r"-=ã'''ir¿ he¡e for compari-son with 'Lhe

hybrid grouPS.

J(.1(
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TABLE 38.

PLant th measureme nts of eac h oarental and h vbrid poÞul.ationl:ow

at llarvest 2.

Pop ulatio n Plant Measurement

Height Length Shoot No. Dry Vr/t" Av'D'\l/t' Sine

Marusinskaya B1

Narra gan s ett

l-lunter River

Demrr at

MB1 x HR

Hlì x MBt

M81xD

D x MBI-

NxHR

l-lR x N

NxD

DxN

1 .62

3 .00

3 "97

13 "25

2"68

3"19

5.6s

6.74

4 "40

4"13

7. 10

5 "52

3 "12

4 "92

5.33

14.48

4.85

5. B3

8"52

9 "54

7 "24

7.70

9 "44

7"35

2 "71

3 .07

2 "72

5"85

3"90

2 "9r

5.22

6 "2r

4 "76

5 "96

s"90

4 .10

0. 15

D "23

0"30

1.32

o.32

o.28

g 
"67

0"89

0 .45

o "67

0.85

0.s9

0.06

0.07

û.10

t.22

0"08

0.09

o "L2

0.14

0"09

0.11

0"14

o "r2

" 
551

.604

.716

.90s

.546

.532

.669

.695

.621x

.535''(

.735

"759

Mean s 5.r0 7 "36 4"4r 0.56 0.11 0.656

L.S.D. rs. between PoPulations.

.05 3 .01 3.03

"01- 3.85 4.O7

.001 5.09 5 .3 B

2.II
2 "96

3 .7s

0.36

0 "48

o.64

0.03

û"04

0"06

"072

"o9T

"r29
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TABLE 39.

Pfant qrcrwth measuren ents of parents an dhvbr:id proqeni.es

after TO l-n at Harve 2 " 
i(-lF

Population or Plant Measurement

Group of hYbrids 

-

Height Length Shoot No' Dry \rrlt' Av"D'VJt" Sine

MarusinskaYa 81

Narra gan sett
Hunte¡ River

Demnat

MBr/HR Hybrids

Msl/D Hybrids
N/HR llybrids

N/D Hyurids

M81 llybrids
N Hybrids

HR Hybrids

D Hybrids

L"62

3"00

3 "97
13.25

2.94

6 "2D
4 "27
6.31

4 "57
5 "29

3.61

6 "26

3"12

4 "92
5.33

l-4.48

5"34

9.03
1 "47
8"40

1.19
7 .94

6.4L

8 "12

2 "71
3 .07

2 "72

5"85

3 .41

5 "72
5.36

5"00

4.51
5"18

4.39

5.36

0. l-5

0 "23
0.30

r"32
0"30

0"78
0"s6

t,12

0.54
o.64

0.43

0"75

0"06

0.07

0.10

o.22

0 .09

0.13
0"10

0. 13

0. r_I

o.t_2

0"10

0.13

,551

.6t4

"116
.905

"539
.682
.581

"7 47

.611

"664

.560

.71s

L.S.D.rs. between

Any par:ent &

the mean of
reciprocals
Any parent &

the mean of
4 hybrids
The means of
rec iprocals

3.69
4 "72
6 "24

2 "58
3.63
4.59

.05

.01

.001

.05

.0t

.001

.05

.01

.001

3.37
4.30
5.69

3 .01
3"85

s .09

3.71
4.99
6. s9

3.39
4.55
5 .01

3 .03
4 "O7
5 .38

2 "r4
2. BB

3"80

2.36
3.31
4.19

2 "IL
2.96
3"7s

r"49
2.O9
2.65

o "44
D. s9
0.78

0"40
tJ"54
o.72

0.36
0"48

o "64
o "24
0"34
0"45

0.04
0"05
0.0i
0"03
0"04
0.07

0"03
0.04

0 .015

o "o20.03
0.04

.088

" rl_9
.r44
.08 1

.108

.144

.D72

"o97

"r29
.051
.o69
.09r

Ihe means of .05 2"1-3
any two groups"Bl 2.72
of 4 hybrids .001 3.60

*{. The parental measurements are identícal lo those presented in
fu¡fb 38 and are presented here for cotnparison with the

hybrid groups o
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TABLE 40.

Sco¡es fo r pfant a Frpearance of the fJaren al and hvb¡id

oopul.ations at six i;imes afte r the comrnencement of

floodinq.(1 = unaffected, 9 = dead)

,J

Population No. of daYs of fÌooding

T4 2I 28 35 42 49

¡J\!
î

Marusinsl<aYa 81

Narragansett

Hunter River

Demnat

MAf * HR

HR x MBt

MBIxD

DxMBI

NxHR

HRxN

NxIJ

DxN

I"OI

1" 05

r"12

2.37

r.17

1.33

1.43

1. 54

r"29

1. 16

r. 56

I. 78

i-"78

1.7r

3.08

3 .48

2 "t2

2 .00

1. 90'x'

2.44x

1.87

1" B7

2.28

2.56

2 "r9

1.71

4"15

3"58

2.r7

2.30

2.o2

2,40

2"D2

2.r2

2.83

3 .05

3.53

3 .06

5"34

4.54

3"65

3 .54

2.89

2.99

2.61

3 ..r4

3 "96

4.15

4 .65

4.19

6 "31

5.44

4 "48

4 .31

3"38

3 "74

3.30

3.66

4 "28

5.25

5 .1.1

s"19

7.46

6.0s

5.58

5 .43

4"51

4 "67

4 "40

4 "63

È 11
JoLL

6 .47
I

Means 1"45 2.25 2.54 3"62 4.42 5.40

L.S.D.rs. between

,05

.01

.00I

pop ulations.

0"35 0"49

o.41 0 .6s

0.62 0.87

u.9r.

7.23

r"62

1" 20

1. 61

2.r3

l. 37

t. B4

2.44

r. 58

2.L2

2 "BO

I
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TABLE 4I.

earance at si.x times after th e cornmencementScores for plant app

of floodin for the arent s ri-d rc nies after rou l-n

*.tÉ

dh

(l = unaffected, 9 = dead)

Populati-on or No ' of days of f looding

Group of hybrids ---- - 

-

14 21 28 35 42 49

il
ì,ri

i

MarusinskaYa 8I

Narra gans e tt

Hunter River

Demr, at

M81/Hn Hybrids

MB ]/D t1y brid s

N/HR Hybrids
N/D Hybrids

M81 Hybrids

N tlYbrids
HR HYbrids

D l1Ybrirìs

L.S.D.rs Between

1" 01

1.05

r.72
2 "31
L.25

r.49

r"23
r.67
1.37

1.4 5

r"24

1. 5B

1.78

1. 71

3 .08

3 .48

2. "O1.

2 "r7
1."87

2.42

2.O9

2"r5
r"94

2.30

2.r9
I.7I
4"15

3.58

2.24

2.2r
2 "O1
2.94

2 "23
2.5r
2 "16
2.58

3.53

3"û6

5 .34

4.s4

3 .60

2 "94
2.9r
4.O6

3.27

3.49

3.26

3.50

4 "65
4.19

6.31

5.44

4.40

3.s6

3.48
4.71

3 .98

4.L2-

3.94

4.17

5 .11

5.19

7.46
6.05

5"50

4.s9

4.5?-

5.85

5 .05

5. 19

5"01

5.22

Any parent &

the rnean of
reciprocals
Any palent &

the mean of
4 hybrids

The means of
reciprocals

.05 0.39

.01 0"53

"001 0"69

.05

.01

" 001

0.43
0"58
o.76

0.35
t.47
D "62
0.25
0.33
o "44

0.60
0.80
1 .O7

0.55
0.73
o "97
o.49
0"65
0"87
0.35
o.46
o "62

1.47
1 "91
2.61

1 .2D
1. 6l-

2 "r3
0.85
L"14
f.5l-

1.68
2 "25
2.99

1"s3
?-.o6
2.73

I "94
2 "60
3.43

1 ,11
1"51
1 .98

1.O2
1 .38
'l .81

1 .34
1"80
2 "38

1 .77
2 "31
J.IJ

.05
"01
.001

o.91
r"23
r"62
o.64
0. B7

1. 15

o "91f.30
r"72

1"s8
2 "L2
2.BO

t.r2
f.50
1. 9B

1 .31
r_. B4

2.44

The means of .05
any two grouPs.0I
of 4 hybrids .DOlI

I
I

i

The parental measuremerlts
Table 40 anC are Presented
hybrid groupso

are identicaf to those presented in
here for comParison wíth the

I
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These differences wele most common in Harvest I and were not repeated irl

Harvest 2, alrd cou-Lcl have been the resul-t of superior growttr of a small

numbel of cfones in tlre crosses HR x MBl, HR x N and D x M81 which were

tal! more erect and hacl longer shoots than otlrer clones within these pop-

ulations or their reciprocals. Hybrid vigour was not common and was on-ly

signifícantly expressed fo¡ the number of shoots per plan'b in (D x M81)

and (trl x l) in Harvest f and (t1R x N) ín Ha¡vest 2 and for plant yield

ín (HR x N) in Ha¡vest 2.

The mearr per flormance at llarvest I of groltps of f our hybrids h aving a

common parent generally cletnotrstrates the intermedj'ate values cf plarrt

measLrrements l¡etween the winter dormant varie Lies rMarusinskaya B1r and

rNarragansettr and the more active varietíes rl-lunter Rivert and rDemrratr.

Shoot number was the only plan'b character which díd not have this patl'ern;

the hybrids being equivalent to the mole procluctive parents, rHunter Fliverr

and fDemtratr. Among the hybrids measurements were generally lowest for

therHunter Rivertgroup, reflecting the lack ofrDemnatrparentage in

this group (Table 37 ) .

In l-l arvest 2 the mean of plant meaËu¡ernents of the pairs of recíprocafs

or groups of hybrids wj-th a common parertt was gener'alJ-y not sígnificantly

differe¡t from the performance of their respective parents olc commorì par'ent

except for the lower yields ofrVlarusinskaya 81rand rNarragansettr and

the generaJ-]y superior performance of' rllennatr (Table 39 ).

The mean plant appearance of groups of four hybrids was generally

si¡ni1a:: but comparísons of the means vlith the colnûìon paretrts showed that

thelrybridswereno.bgenerall5lmo¡eaffectedthalrthetwomoretolerant

parents and weie signí.ficantly less sffer:ted by flooding than ì:he intolerant

varieties rHunter Riverr anci rDernnatr (Table 41).

In Harvest 2 the pattern of g::owth of the parental popurlations wêls

s:Lmj..lar to that at Harvest 1 (1'able 38 ) br-rt the visual applaisal of plant

L

til
r{
',iJ

!
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4'

tolerance at intervals of seven days (Table 40) showed differences in

sensitivity to flooding before the watertable approached the soil surface'

At 14 days rDemnatr was most affected, rHunter Riverr v"as intermediate and

rMarusinskaya 8Ir and rNarragansettr were virtually unaffected' The div-

ísion of the parents into tolerant (wet, N) and intolerant (HRt D)

varieties was evident on days 21 and 28, and subsequent assessments for a

completely waterlogged soil profil-e (Tab1e 33) showed the extreme sens-

itivity ofrHunter Riverrand rDemnatrand a decline in the apPearance

of rMarusinskaya Blr and rNarragansettt. The regrowth of clones in the

two or three weeks immediately following Harvest f contributed most to the

plant measurements and yields taken at Harvest 2. The onset of waterlogg-

ing severely restricted growth in all but a few clones in the experiment"

of individual clones which are toleran t to floodins and

l.{
rlù

5.3"4. Sefection

aq ronomic allv suitable for sout hern Australia

Thedesignofthisexperimentpermittednotonlyacomparisonof

parental and hybrid populations, but afso the 180 individual clones

repre"enting those PoPulations"

A comparison of clones is presented in Figure 12 using the visual

score at day 49 as an index of tolerance (y axis) and the yield per clone

at Harvest 2 as a measure of yield potential under flooded conditions

(x axis). The plot demonstrates the range of tolerance and yielding

ability of the material under flooded conditions. There vìras a wide range

of tolerance in the introduced parents rMarusinskaya 81r and rNarragansettr

but no significant differences between the yields of the elones" The

clones of rHunter Ríverrwere extremely intolerant and this was reflected

in low yields although under non-flooded conditions their average yield was

moderatel-y high (TaUte :6¡' The extreme range of variability in the

rDemnatr population was unexpected following the poor performance of the

variety in the glasshouse experiments. rDemnatr clones encomPassed the

range from the most sensitive to flooding, to the most tolerant and highest

yielding 
"

I

l
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FTGURf ]2.

The score for plan'b appearence (l- = unaff ected;

9 - dead ) and dry werigþt (gm per piarrt ) of each

clone of the four pa::ents and eiglrt hybri-d pop-

ulations after: seven weeks of regrow'Lh ulrder

floodecl conditions.

I
I

þ



I

V̂
tr
o
A
V
t
o
o
o
X
+o

ir.b
++f

o

q
oo
o+

ôo

9g

g

so

OO

-org
ov^

FtG. r2

MARUSINSI(AYA 8I
NARRAGANSETT
HUNTER RIVER
DEMNAT

8

7

+

+o
1E +.o

x)oo
t
E

co 9¡ {r(.
r"a9!x +

^ 
/¡lA O

^v 
Na

x
A VAI

aor€v

v !ot ^.

^

. siorL
a

o wÐQr
Âro

o
oo

xa
oo

t

i4e ' HR
MBI' D
N'l'R
N'D
HR ' M8l
l-lR ' N
D¡ Mgl
0' N

6

1

3

l/|
to
E'
c')\t
UJ(J
z.
L

IJ
fLÈ

h
z,

o-

b
l¡J

b(J
Ø

o

ta

5
?yo

oOt.O

?

oÇ r
X
I

o

o

.a+
o

a

o

t x

+o
VY

L.S.D. (p='01)

12
DRY WEIGHT per PLANT (gms)

1'

x

aa

x

x
.ttl

o

xaXA Y

2

0 3



128

Many hybrid clones were bo'l:h tcler:an'b to flootlirrg and had moderate to h'igh

yi.e-lds. 0ne clone of (ll x fiJ ) gave an extreme expression of the cc¡mbin-'

a.bíon of high yield and tolerance sought jn rnak:'-ng the crosses be-bween

Australian and introducecl varieties" Tþerefore rnany hybrid cl'ones did not

express the winter dormancy of the ínt¡oduced parents rMarusinskaya 8lr

alrd rNarragansettr or the ex ùIeme sensítivity to f'LoocJing of the dominant'

Australian variety rHunte¡ River'. A.lso, a larger proporti-orr of hybrids

than of the rDemnatr cf.ones expressed tol-erance"

The plot in Figure -r-2 shows that no cfones wer:e unaffected by flooding

lox 49 days although the. better cl-ones were only li.ghteî in appealance

than healthy clones (Score 3)" No:lones whích h.lere severely affected by

flooding using the vísuaf índex expressed high yields under f-ì-ooding.

After thirteen weeks of flooding all the su:r-'viving clones hJere hybri-cls

oxå"pt for four cl-orres of the parent rNarragansettr (Ta¡re ¿Z). Clones

whiclr contributed surviving plants we1'e presen'b in all hybrid populatiotrs

and occurred with approximately equal frequency in the hybrids derived

from each parent (Marr-rsinskaya B1 , 4A "41"; Narragansett , 46 "8/.i Hunter

River, 4I"61.; and Demnat, fi"zy'"). A statistícal- analysis of the yields

of the surviving clones was not possible because the surviving clones brere

only present in one or two repì-ícatr:s aird replesented L2"11' of the originol

plant population. Sonle cfones of the winter-dorrnant parents, rMarusinskaya

81 r and rNarragansett' may have been extrenrely Co¡mant having no top grotltlr

anci were the¡:efcre urrdetected, but most appeared to have died after sub-

meïge¡rce in the surface water: re'bained on the site after flooding and

ra:'-nf al-l-" The four survivirrg rNarragatrse'1,'Lr clones were not completely

winte¡-dormant" The crowns of tl're tHunter Rivert andtDemnatrclones

had ro.b,;ecl ancl their top growth had col-lapsed and decayed. The surviving

clones had retainecl merístemmatic activ-i-ty and green Ieaf tissue although

some had a h-igh propolL'ion of senescenoe' Tole::ant clones occurred with

approx.imately equal l'requency in the control (3r2"5/") and selected (36"71")

gILr up s .
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TABLF 42 "

Th e n uml: er of c l-ones in each Þopufat ion havinq at least one

survavan o nlant after thirte en weeks of floodínq.

(* The number of c10nes which survived in two replicates)

Populatio n

No. of clones surviving ín at least one
replic ate

Selection Group

Control Selected TotaI

M81

t-lR

M81 x l-iR

Htl x MB1

MBIxD

DxMBI

NxHR

HRxN

NxD

DxN

0

4 (r)

0

0

4 (t)

3

4 (2)

1

4

4 (3)

6 (2)

3

.tê

0

0

0

0

I

2 (1)

4 (2)

4

4 (r)

3

0

4

0

4

0

0

5

5

B

N

D

11

I

7

6

1

T'ot al 39 22 6I

Hybrids derived from:

M81

N

HR

D

1B

t7

15

20

11

11

1Ll

12

29

2B

25

32
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AIl other hybrid cl-ones ín the experiment were severeJ-y rotted, had no

active leaf tissue end many had disappeared '

s .4 . slJlqMå.8y.

ljnder non-flooded field colrditir:rns in late autumm the four parental

populations r{erle significantly different in yieJ-dr expressing different

levels of wirrter growth activity. The mean perfolmance of hybrid pop-

ulations was generally intermediate between parents"

Af,terfloodingWascommencedthegrowthofeachclonewasdetermined

by the interrefation of three factors; its wílrter growth, its adaptation

to the rising lvatertable ancl saturated soif surFace whjch were PTesent for

four rneeks after Harvest 1 and íts survivaf i¡r the subsequent period of

completelywaterloggedconditions.AfterHarvestlthegrowthofthe

populations \¡ras similar to thai under nonflooded condj-tions but the visual'

assessmentofplantsshowsthatatthepopulation.Ieveltheintroduced

parents ancl the hybrids were mol'e toferant than the Australian varie'bies'

At the cfcrral inclividual plant 1evel the variation of toferance with:'-n

popula'uionsv,iashighr'particularlyintheparenttDemnatr'AtHarvestZ

clones which were only slightly affected by flooding wele present in the

parents rMarusinskaya Bt', rNarragansett' and rDemnatt' and in many hybrid

popul.aticrns,buttlreleWasawiderängeintheyieldoftheseclonesunder

floc¡ded conditions" However, in the neXt sjx weeks of continuous wa'ber-

toggingmostplantsdiedbutsomeclonessurvived.ThesurvivorsbJere

hybrids (excep'b for four 'Narragansettr clones) and this result indicates

tira.b survival strongly depends upon a combination of genes from the j-n-

troduced varieties and the Aus'bralian varieties. The contribution of the

Austral-iarr varie'Lies is possíbly winter growth actívity and some con-

triL:ution to toferance fromtDemnatrand the contriburtj'on of the introciuced

varieties is their greater toleratrce to flooding which lvas evident at

l'larves;.b 2 bu.E was not explessed at the f ina]. scor:itrg for survival"
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The only overell dífferelrces between the control and selected grot'tps

of clones was in the numbe¡ of shoots per prant and one visual scoring"

However within some populations a nuntber of plant characters dír"fered

significantly between the selection groups" These difìferences wele caused

byfifteenofthesixtyselectedclonesandtherenayhavebeenagreater

1íke.tihood of obtai.ning differences between t'he corr tro-1 and selected groups

íf superior clones had been sel-ected from a much larger popuration than

that frorn which'bhe clones wele selected at the completion of Experiment 2'

A serection índex based on the plant appearance ancl yield of indiv-

ídual plants during the ffooding treatment in addition to their regrowth

after ftooding may have afso íncreased the lj-kel-ihood of selec'bing crones

from the survivors of the previous expeIitnent which wele more tolerant to

flooding" some of' the clones selected crnly on the basis of theír regrowth

mayhavebeenseverel-yaffectedduringflooding,butretainerlsufficient

Iíving root ancl crown tissue to initia-be new growtlr t"lhen the fÌooding

treatment was renoved. crowns which had higher nurnbers of active shoot

buds when regrowth commenced after fl-ooding would have been favottl.ed during

selec'bion.

The crones which survived flooding in this fiel-d experímen-b were gr(rw-

ing in flooded and water'loggerl t:oí1 cotrditions for three mon'bhs which j-s

equaltoorgreaterthantheperiodofwaterloggingwhichocculsinmos.b

waterJ-oggecl areas of southern Australia (except fo:: sv.rampy areas and low-

l.ying depressj-ons ). The surviving ctones fxom the experiment can therefore

be usecl as a popufatio¡r from which a waterloggi.ng tolerant atrd agronomically

acceptable variety may be seLected'
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6 GE NE RAL DT St]U5SIt]N

6.1. The ex ressi-on of wa terlo an tole ance b the varie ES d

br d o ati.o n s which were s ud i-e d

Inarlclftheexperimentsintlri-sstuclyrsignificantdifferences1.r'¡

tolerance to water.loggirrg have been found between parents' hybrid pop-

u-lations ancì individual- lucerne c'l-ones '

Theeightlucernevarietiesusedasparentsinthisstudywerechosen

toincludefourwlrichhadbeenreportecltoÌ:etofcralr.htowaterloggj.ng

( rMarusinskaya Blr , rMarLlsinskaya 425 r , r Rhizomat and rNarragalrset'br ) and

fourwh¡]-chexprecsaglÚnonriccharacteristics,ottlerthanwatertoggíng

toLerance, considered desirable i¡ Austrafj'an agricultural systents and

adaptecl to south ern Austral-ia ( rDu Puits I r I llunter Riverr ' 
rAfricant and

rDernnatr ) " These eight varieties also represent a spectrum of r:cotypes

of the 14edi c aclcl s a'biv a - Medicaqo Jþlqg-tg coeno-speci-fic complex' They

]|angef,romtheextrenle||sativa|lforms,tDemrratIanrllAfricanl,tc_l

rMarusínskaya 425t which is taxorromically cJose t o Medícaqo fafcata arld

expresses littl-e introgr:ession of characteristics fronl Mr:dicaqo sati-va

althouglr,likeitssisterfinetMarusinskayaBll,itwasselectedfronarl

interspecifi-c hybricJ populabion (sinskaya' l-951). rRhizomar and

rNarragansettr al-so had a comrnorl colrt::ibutiorr tc tllcir parentegc from

Mr¡cjicaflo falcarta var. rDonr (Boltcln, 1962)"

Ahighergeneral.Ieveloftoleral]ce\¡JasexpressedLrythefourj.ntro.

duced varieties, rMarusinskaya 8lr , rMarusinska'ya 425t 
' 

rRhizc¡rnaf and

tNarraganse'b'br , than by the Austraf ian varieties and tl-rey ccrntributed this

characteristictohybridsbetweenthetwogri:upsofVaTietieg.Tl-refour

introclucecl varieties have a comlÏon atrcestr-'y in the ffoodleind ecotypes of'

Med ic atlo Églg, which is widely clistribu'Led j'n the Caucasus and central

European Russia"

TÌle average lesPonse of -bhe lucerne popula'bions stuciied was similar

to that of tlre varie-by rRanrble::t ([]einrichs -197Û ' 
t91Z) ' 

but the performance

of the mos'L to.].erant varieties and e]C]nes ? particularly in the groundwater
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rendzina soil-, was mLlch better than the average perforntance and approachecì

thai of bolerant species of 'rtl@!n (Hoveland and \¡Jebster' 1965;

Marsha.ll and Mill-ington, t967; Heinrichs, I7TO). similar intra- and inter-

specific variation exists in the annual species of the genus Medic aqo

in which some genotypes of the most tolerant species (pt. ¡gJ-y¡fg-Slfg)

expressed torerance comparable to that of the annuaf crover r"iÍ@g -='tt¡-

terraneum.

Inallexperimentsthepar.entsandhybridsgeneratlyexpressedacon-

sisten.b pattern of performance, in which the four introduced varieties

were tl-r e lnost tolerant, the Austrafian varieties the Ìeast tolerant and'bhe

ave]1aqe

in the

hybrid performance ìdas intermed-iate. Thi-s pattern only diff'e¡ed

field experiment ín which, imrnediately after the commencement of

flooding, some cfones ofrDemnatrwere toferant (in contraot to the extremc

sensj-tivity of ,Dernnatr in tl¡e glasshouse) arrd, afte¡ prolonged f-looding,

the introduced varieties did not survíve floodi-ng in the winter dornlant

phase of their growth.

Because the parents and hybrids were heterogeneous and considereib-l-e

variation within populatiorls was expressed at the cf onaf leve1 no conc'l'us j on

can be made on the genetic basj-s of water.loggi¡g toferarrce crr the con-

tributiorì of watBllogging Lolerance to thc moct tolerant hybríd cl-ones"

l-lowever, the higher propo::tion of 'bo.Ierant plants in the introduced

varieties when grown in the g-lasshot-tse and when initially flooded írr the

fiel-d, suggests that they ar:e the strongest contributors" The persistenDe

of a few Denrnat clones dr-rring the first weeks of flooding in the field

suggests that a component of tol-e¡ance to fl-oodecl condi.tions may be con-

tribrrted by this variety" A proportion of the hybri-d clones expressed

winte¡ acti.vity as had Lreen previously reported by Morley et al" (1957)

for hybrids between dotmant and active varie'Líes assessed ín a sou'bherrt

Austra.l.j.an envircnmerrt" Anal--vsis at the clotral level ín the fiel-d r'-nd-ica'bed

that waterl.ogging tc¡ler¿¡nce and r,vinter actit,ity wÊre' present in the st:r:vivors

of prolonged f locrd:i.ng tvlrich wete a-lmost all hybrid c'Iones " Tþernfore 'bl-le
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d urin g tlr e

'From tlre
adaptatíon oÊ lucerne to waterlogging

winter in southern Australia requires

introcluced varieties, which contribute

under field conditions

a combination of genes

ancl al-so from the Australian varietiest

strungly to waterfogging tolerance,

which contríbute winter growth

cha¡acterístics.

The continuous distribution of -'l-evels of toler-ance t^rithin palents and

hybrids (Figure 12 ) and the o'veral.I differences in tolerance l¡etween soi]s

and environments indicate that totelance is not controlled by one (or only

a few) genes having a nrajor effect but rather by a J-alger number of genes

controt.Iing the expression of many characters. Tlre general l-ack of sig-

nificant population x soil (i"e. .genotype x env¡l-rorlrnent) irrteractions

underFlooding afso indicates that 'bhere ale ntJ speci.fic conrbinations of

genotype and soif which confer specific'bol-erarrce (or fack of it) withirr

the rarrge of genotypes and soifs which were studied. The only major

exception to the above occtlrred when the two Russian varieties anri sonle

hybrid plants expressed little deterj-oratic¡n in plant appeaÌance j'n the

floocled groundt,rater rendzina soí1 in Expr:ri-men'b 2 " F urthcr selection may

therefo::e be most rewarcJing ín sefecting a population aclapiecl bo ffooded

alka-l-ine b-lack earth soils.

between the qlasshouse and f .ir:ld cr iv.i¡onrnen'l,s6.2. The effect of d iffere nce s

on the assessmerlt cf wat t¡rloqq inq tol-erance

The major differences between the g-1-asshouse and fiel-d environments

were in the methocls of floodirrg, the temperatures, the daylengths anci 'che

soil types "

In Experírnerlbs I and 2 tl"te flooding treattnent was

immersing root systerns growing in well--drairr ed aerated

the water level just above the soil surface but in the

immerse the root sYstems ' Daí'l.Y

applied by suddenlY

soil- alrd maintaining

f iel-d flooding did

graduaJ-ly raised thenot quickly

watert able

and 34).

flooding

p ro'ii1eanci only after five week¡; was the: waterlogged (Tables 33
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Therefore plants with root systems abl-e to functicn i-n the rton-waterlogged

but almost compÌetely saturated surface ho::izon in the first weeks of

flooding in th e f iel-d tnroul-d have been at advantage but in comp]-etely water-

logged conditions this adr.rantage may not have been expressed " 'l'he sma1l

number of rÐemnatr c10nes which were tolerant aftel seven weeks of flt¡odi-nq

(only tr,vo weeks of complete v.iaterlogging ) may have been advantaged by thi's

difference between environments because the aclventitious root developmente

observed during Experimen L 2 on the selected clone subsequented found most

toLerant at Harves L 2 in Experiment 3r tras expressed in the field as a'

strong-ly developed nat of roots in the soil surface n'tr ich uras saturated

but beinS daily permeated by oxygenated flooclwater" vJllen the site became

completely waterloggecl these ciones died (Table 42 ) and in tl-re gÌasshouse

experiments norlletnnatrplants wele as toferant (us:'-rrg visual assessment)

as many plants ín the introduced varieties when the soíls were cotnplete'ly

waterlogged "

The mean aír temperature in the field (at the nearest meteorological

statj.on) was B"Boc (Appendix B) and the daylength j-n June and JuJ-y is

approxirnately ten hours bu'L the mean glasshouee temperatures during the

imposition of froocìing were 15. Boc and I 9.4of, in Experi-ments f and 2

respectiveJ-y (Appendices 5 and 6)'

These clifferences in temperature and daylength affected the grorvth

pa-bterrrs of the parents and hybrids. In the non-flooded treatments in

the glasshouse there were only srnall- differences in yi.eld between all-

populati-ons (l'abtes 6 and 19 ) although varier;al- and heterotic effects we::e

present" However in the fielcl the wj-nter dr:rmancy of in'broduced varieties

and cforres,¡lithin the hybrid populations reduced the avelage yie]ds of

these populations (ta¡te ¡6)" Therefore, irr the glasshouse r''rhere a]-L

populations were growíng ac'biveJ-y the highest yields occurred in the intr:o-

duced varieties whjch were affeùted least by flooding, but in the field at

Flarvest 2 rMarusinskaya 81r ancl rNarragansettr we:re winter-dormant and
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lcrwer yieldirrg than rDemnatr (Table 38 ) although they were less af fecì:ecl

by flooding when aesessed visually (Tabl-e 40 ) . The yield o'Í" the c¡the¡

Australian var-iety¡ tHunter Rivert, was not significantly higher after

flooding (Ta¡te SA) because aff cfones of that moderately v¡inter active

variety (Leach, IglI) fraa been severely affected by flooding (fig" L2),

T¡e introducecl varieties consistently retained a higher propor-tion

of meristernmatic activity and suffered less dec.l-ine in plant appealancE

than the Australian varie-bies both in the glasshouse (Tabtes 10 and 29 )

ancl in the first seven weeks of flooding in the fiel-d (Tabl-e 4D)' The

introduced va::ietj-es were also more tol-erant than the hybrid populations

in the g-Lasshouse (Table 29 ) but j.n 'bhe field the hybríds did rrct genera-l-J-y

differ significan-LJ-y in appearance from the in-brodrtced pa::ents (tat,le Af )

altd afte¡ prcJ.onged flooding almost al-1 cl-ones retaining meristemmatíc

activíty we::e hybrids (Ta¡l.e 4Z)" In the field tl-re introduced varíeties

generally did not regrow after harvest 2 and were severely affected by

fl oodin g .

Plan'b appealance , is a more con sistent cri-beria f or assessin g to-LelräncP

than yielrJ, because it is not as serrsitive to {;he environmental inff uence

on plant growth and gave the same generaf ranking of the paren'bs and hybrids

in both the glasshouse and field but assessment in yield is conf'oundcd

with plant grow'bh o Do:rrnant plarrts which cannot be easily sco::ed f or

appearance or apical activityrwere killed by ínundatj.on (Tat¡te qZ-) and

therefore tc¡f er¡¡lrce of. and su¡vivaf in,waterlogged conditiorts during tl-re

winter can be measured by scoring tl-re appearalrce of plants growing i.n an

environment '¡l hiclr perm:'-ts express:'-on of winter dormancy '

The numbe¡ of shoots which developed per plant in nonflooded contlj-tions

was deper¡dent upon the environment, experimentaL conditions and the grorrl'bh

of the plants (compare Tables 22 and 36). The greater ProPensity of 'the

in'broduced varieties to produce shoots under cclnditiorls favou::ing active

growth (Tabt* 23 ) was nc-b expressed by these varieties whi.le entering a
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winter dormant growth phase (Table 36 ) " Therefore ' 
as fcund f or yi-eJ'd t

th,ere is not a consistent relationship between tol-erance, based on p-lai-rt

appearancq and shoot Production'

The soii at the fj.eld site was most clc¡gely reì-ated to ihe solodized

sofonetz soil used in the grasshouse although ít was slightly higher in pH

than the sol-oclized solonetz and contaj.ned more sol-ubl-e salts than arry soil

used j.n the glasshouse (compare Appendices 4 ancj 7). The qeneral lack of

population x soil interactions j-n the glasshouse using three diverse sc:'-l-s

(Appendices 1,2 and 3 ) and the s.imilarity of the sol-orlízed solon etz- soil

and the soif at the fielcl site sLrggest that differences between soils woul'd

not have contrr'-buted to differ:ences between populations under flooded

conditions.

In the diverse Tange of tenrperatures, claylengths, flooding conditionst

plant densitíes and soifs used it-r these experiments the most consj'stcnt

criterion for assessing waterlogging toferance r,¡as the appearance of

actively growing Plants.

6.3. he mo:: holo ical arrd sio-l .ical conse uence s of water:1o

and the exnression of adaotive mechanisms

Severe red Llc'Lion and cessation

ol healthy tissuc

of rootqrowth

occurred in

of Rogers

who found that after

seriously damaged.

high temperatutes,

accompanied bY rottì,ng

almost all ¡r1ants,

Cameron (1973), Heinrichs

floocl ing for a few

Rapid necrosis and

and dl-slntegrar Liurr

corresponding with the resul-ts (1974) ,

(I97t, 1912) and

days the roots of

rotti.ng within a

by Cameron (1973)

experiments.

Tovey (I964)

fucerne were

few hottrs at r^rhich had been observed

and Lehman et al" (1959) did not occul iil this series of

Morphologica.l adaptation to fl-ooding occulled in some plants on

short, Iess branched fib:r'ot.ls roots developed from the cro\^/n neal the

surface. Although this root development was weak it is possibly a

morphologic al adaptation simi,Lar to adverrtii:lous root development i-n

species (Vaforas arrd Letey, 1966; Jackson, 1955)' These ¡oots were

soí1

oth er

not

wh ich
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obviously notícabfe until two or: tlrree weeks aft.er flooding when they were

associatecl with plants retaining meris'bemnratic aciivity and healthy, but

retarcled, shoot growth" In Fig. 6 the represenl:ative plants of

Marusinskaye 425 (14425) and Narragarrsett (N) illustrate the presence of a

fibrous root system which a¡ose frotn neal the crown on those plants"

Thick l ess-brarrched adventitious roo-bs were observed during f looding j-n

Experiment 2 on tlre tDemnatr clone wh ich was subsequently included in the

field experiment and expressed the highest tolerance after seven weeks of

flooding. The slower rise of the watertable and soil water content in the

fie'l d may have allowed a. stronger cJevelopment of tlrese roots in some

rllemnati clones than wou.lcl have beerr permitted by the sudderr ímmersíon of

root sys.bems i¡ the glasshouse. Sudden hycirological changes can even

disrr-rpt growt6 in more 'bolerant species cu-Ltivated in water:logged cond i'bions

(Varade, Letey and StoIzY, 197U).

Nodules were observed on the surface and adverltitious root tissue of

some plants j.n both the glasshouse and fie1d. I lrave observecl a sj.mj.l ar

distribution of nodules on waterlogging tc l-erant I rif oli-um s Flecaes"

The retention of some active noduLes by lucerne would compensate for the

loss of rritrtrgen fixation by nodules r"¡ithin the waterlogged soil. The

oxygen and nj.trogerr clernancls of ncdules must l¡e met to permi-b them to con-

tinue functioni.ng (Berger:sen, 197I)" The clissolved oxygen and nitrogen in

the surface layer of the waterlogged treatments seemed adequate for nodul-e

activity but nodul-es deeper in the waterlogged zones disintegrated and vve¡e

lost. Because nodule activi-by depends upon the plesense of healthy

supportive root tj-ssueri:he rotting of roots and abscence of adventitious

roo.bs most p-t,lnts wr¡uld not have allowed ncrdule survival oi development,

and therefore possib-ty ¡estricted the expression of nodule activity.

partial. desiccation of plant tops occurred j,n ai1 populations (tabte e¡

anil suggestsi a detrimen'La1 ef'fect of fÌooding to some degree in all

varieties.
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Theexc]usionofoxygenfromrootsprobablyreduct:ulwaterabsorptionand

the transpiration rate as reported in othe¡ species (Letey' Lunt et al'"

(rJ;6L); WiJ-ley (r970); Kratner and Jackson' (r954))'

ContinuedfJ-oodr..ng,causingpermanentrootdamage,wouldhavea.lso

reduced the po'bential uptake of water'

The yelJ-owing of apj-ces and early symptorns of flooding damage were

simifar to those reported by Graven et al' (1965 ) which they correfated

rarith rnanganese accumulation ' An adaptive mechanism similar to that reportecì

by0uellett'eandDesureaux(1958b),inwhichmanqanesetrans].ocationwas

l_o,u¡er in tof erant clones par:ticularly in the presence of ca-Lcium t may h ave

contributecl to the high tolerance to flooding of some pJ'ants growirr g in

the alkaline grounclr';ater rendzina soil (Figure I0)'

Thedeathofwinterdormantclonesinthefj.eldafterprolongec

flooding co0trasted r,rith, the survival of winter active hybrids (Tabl-e 42 )

andsuggeststhatanimportantadaptivemechanismoff,ucernetoflooding

is the ma:._nte.ance of growth so that the prants avoid irlundation"

Bendixen and Pe-berson ]962) have for-¡nd that a tropism t_n I ra folium

fra fe¡um t^lhicl-r keeps l'eaf tissue above the surface of tlre water in

flooded treatments is a major adaptive mechanism'

I¡rlucernethismechanismisprovidedbyttreer.ectgror,tingshootsclf

thehybridswhichareaboveandclonotfj-eintheshal].owfr.eesurface

f lood wa'ber.

l uce r-n e v a1]l-e tv whích AS

a

6"4 Se l-ection of a waterl.o qql.n o tolerant

aqron c¡mical.fv sui table for s o uth ern A us tral i.a

In the two glasshouse experiments the nost tolerant Plants occurred

fie-id the most tolerant
in the foul introduced varjeties' but j'n the

aftel ¡rrolonced flooding generalJ-y occurred within hYbrid PoPulations'
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AJ.though surviving plants rnrÌrich retained rneristemmatic activity occur:r'ed

withintheAustralianvarietiesduringthegJ.asshouseexperiments

(Tables 10 and 30) tl-rese surviving plants were mole a-Ffected by flooding

thanthemostto]-erantplarltsoftheintroduceclvarietiesandhadan

appealìance simifar to scores 4 and 5 (Figure B) whereas the most toferant

plantshadscoresof2and3(FiguresTandf0).Inthefieldatha::vest

2 some Demnat cfones harl scores for plant appearance as low as clones of

the introcluced varieties (Fl'-gures 11 and I2) but subsequently they deterior-

ated.

Selectionintheglasshouseexperimentsforbothrninimalplant

detericrration and yíeld woulcl have therlefore resul-ted in the choice of

plantsfrom.bheintrodtlcedvarietiesatrdintlrefirstweeksofflooding

in the fiel-d sel-ection would have f avouretl cl0nes of rDemnatt and some

hybridclones,butnoneofthesepopul.ati.onsprovi.dedthemosttoferan.b

clones"Afterprcrlongedfloodingtheselectedcloneswouldhavebeetì

chosen from hYbrids (Table 42)'

Inthisstudythehybridpopulationsweregeneratedbyrandomly

crossing unselected par.ent plants, but variation in tolerance exists with-

ín all the paren'bal populatisns (fig" J,2) ancl selection of the most

tolerant clones to use as parents may innlease tl-re f::equency of tuler'an'b

hybrids within their Progeny'

selec-bion withirr tlre glasshouse permi.ts a close control- of the fl-ood-

ing treatment from which plants r¡hich main'bain nreristemmatic activity and

express surface root development may be selected I¡ut the yiel-ds obtained

intheglasshouse,parti.cularfyundelhighertemperaturesandlongerdays

than those of fie]-d conclitions in winter, ale not reliable and yiel'd

assessment must be done irr the fi-el-d to discriminate between winter-

dorma.t ancl winter-active hybrids. Gradually increasing the soil- water

conter].bandraj.sj.ngtlretvatertab.Ieintheglasshousetomoreclosely
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simulate the fietd situation may also result in an improvecl sefection of

bothparentalclonesancltole¡anthybricls"Intlrefie]-dcaremustbe

taken.bo ensure that flooding i-s applied uni'iormly on the selection site

because srnal-l- differences in the refatiorr of the free water surface to the

soif surface can be reflected in quite large difle¡ences in plant per-

formance as demonstrated try the decl-ine in plant appearance of all pop-

ulatiorìs in Experiment 3 when the soil profite became completel'y water-

logged (TaUte ¿o).

Although there were few population x soil ínteractions in the glass-

house experirnents, the effect of ffooding was generally significarrtly less

in the groundwater r:endzína soil ancl the Rtlssian varietj-es welre significan'L-

ly more tof erant (when assessed visually ) irl that so¡'-f and therefore a

poput.ation having tolerance sufficien'b for adap-tation to the groundwater

rendz-ína soifs may be more easily obtainecl than foilbhe sites'Êr:om which

the so-lodized sol-onetz and lateritic podsof soil-s were chosen '

In southern Australia lucerne is utilízed as a pasture and foclder

plant at a1-l times of the J,ean. The growth rhythrns of the introduced

varieties in this study woul-d reduce herbage yie-Lds from late autunln to

early in spring. AlthoLrgh this f oss could be compensated by grornr-bh of

uurrrpanion specicc which aIB more winter active e.g. cuftivars of the

Derenne" Loli.um
G'

m ultiflorum PÌr al.aris tuberosa and Festuca.--..-grasses Lgli_uut

arundirracea or by the cfovers Trifoliun subterraneum I rr-t of r-um f raqi fer'um

andllj-foþl]Jn.IePe.lgrlhaveobservedthatthedormantlucernecrowns

tend to reduce the total herbage yield by con;:etítion for ground cover'

I n addition, l¡ecause extrelrefy dormant clones were ki] 1ed by f looding,

it woutd be necessary to retain as much win ber vigour as poseible in

waterlogging tolerant sel-ections. The tol-erance of lucerne to summer

drought,itsgr,owthitl.].atespringanclsummerWhenrnal]yotherpasture

species are more affected by moisture stress,arld its suitabil-ity for forage
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harvestinganclproductíonofhighqualityhayarestrongagronomicleasoll$

forattempting.boextencltheutilizationoflucerneinsouthernAustralia

intoareasfrornwhichcurrentvarietiesareexcfudedbecausetheyarenot

adapted to the period of winter waterlogging"

Theintroducedvarr..etiesdonothaveaseedyieldashighastlre

Aus-braliarr varieties (Appendix 9 ) '

To breed a waterlogging tolerant varietY, selection must be
l- ucern e

madedurj-ngtheproLllammeforbothwaterloggingtoferanceinarangeof

soilsanclforotheragrononicrequilements,particularlyseedproduction,

summÈr yield and adaptahility 'bo management practices'

Llsingarnodi.îicationofthetechniqueemployedinthisstudytomore

closelysimulatefieldflooding,tolerantclonesofboththeintroduced

andAustra]ianvarietiescoulclbeobtaineclj.nini.bialselectioninthe

qla""hou"u,byassessingactivelygrornlingplarrtsusingavisuafScore.

Fromfietdassesstnentsofhybridsbetweenindividttalc]-onesf.rom

boththeintrotlucedandAustralianvar:.-etiesatanumberofsites'

toleranthybridcfonescouldbeselectec].Thavefounclthatthefrequency

ofFrhybridsfoneshavinEanaccepl;ableseedyieldislowertharrthe

frequencyofwinteractivec].onesincrossesínvolvingtheextremelywinter_

tlormantintroducedvarietiesinthisstudy"Tllereforeanothercyr:leof

hybrj.dj.zationbe.bwc-:enthetolerantF,c.Lones(oralterna.birlelyabackcluss

oftheto]-erantF'clonestotheAus.brafianparents)fottowedbyselec-Lion

fortolerancemayincreasetlrefrequencyofsegregantsinwhichwater-

Ioggi-ngtolerernceandacceptableseedandherbageyi.eldsar.ecombíned"

Fromthesesegiegarrtseliteclonescouiclbechosenbycomparing

repliceltedclonalpropagulesinanumberc¡fwaterloggedsi-besandin

tríals desiqued to measure their potential yields of herbage ancl seed and

adaptability to managemelrt practices '

Furthercyclesofhybriclizationandclonalassessmentsmaybe

required.
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Frorn a compar.ison of polycross or: dialtel progenies prodirced frorn

the clones selected after the final cycle of hybridiza'bion a small

number of parent cl-ones for a synthetic variety could [¡e selected' Ihe

performance of the progenies and their stability from site to site woul-cl

j.ndicate whether it is possible to synthesise one cultivar having a wide

adaptation oI, alternatively, cultivars for specific enr¡ironrnents'

This study of the variation in waterfogging tolerance of l-ucerne

has demonstrated the val.ue of hybridization betureen.l-ocaI varieties which

do not express tolerance ancl introduced vari,etj.es which are.l-ess affecteC

by waterlogging but which are otherwíse poorly adaptèd. The exper:-inrents

in the glasshouse defined the range of variation in weterlogging to.ì-erance

and its expression in interva¡ietal hybrids. In the contrasting fiel-d

environment the survival of some p.ì-ants f¡om these hybr:'-cis has provided

encouraging evidence that the breeding of a waterloggirrg tole:cant l'ucerne

southern AustraLia shou-ld be pursued.which is aclapted to
ü
{g

t

v
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APP ENDIX 1.

ol-od i-ze d SoIon et z ic oil from the bol-iteb

al
Desc¡ ti of the

(exert from

en So h Aus al-i.ese

Location:

TopographY:

Climate:

Parent Material:

Profile Drainage:

Native Vege'bation:

Latrd Use:

MorphologY:

No. DePth

in. cm.

la -?- -5

'AHandbookofAustralianSoilsl,byStaceetal.'(1968)' PP I72-L73)

south-east district, South Austral-ia; 36o54' S. ,

140056'E; 33flft. (101 m).

Undulating plain with local relief of 30ft' (9m)'

Site on a gentl-e, west-facing elope'

Kybyborite, 36053's", 140o55'E; 2g9fl' (91 m) '

Evaporation: 44ín. (I,12Omm) ' Raínfa1l: 20in (510 rnm);

winter maximum.

Temperature : Jan. 82ol ., 50oh'" (28oc ' ' 
tooc " ) ;

July 56oF", 39oF. (13oc., ¿oc")'

Quaternary sandy clay or clayey sand"

Impeded bY claY subsoil'

Cfeared. Originally savannah woodland' Remaining trees'

mainly Eucalyptus camaldulensis (recl gum) and E" leucoxylon

South Aust. blue gum)"

Kybybo-lite Research Centre: Sheep and cattle grazing on

itnproved Pastures.

De scription

Greybrown (10YR 4/2 noj,st'); sandy loam; weak crumb;

soft, mellow (moist). Some fine roots" Moderately

sharp to -
Grey-brown (I}YR 4/2t 5/4 dry) flecked with yellowish

b¡own and Iight grey; sandy J-oam; massive; moderate'l y

compact o Some f ine roots,, A iittle Ìrard, subatrgular 
'

uni-form ferruginous grave-1- tä in', |cm" ) of cemented

quartz grains" Diffuse to

¡l
,{;

I

I

-4 10

r

1b
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PPENDIX.I. ( Conti nued )A

rl
¡tli

i

MorphologY:

No. DePth

in o cm.

2 -B -20

3a -10 -25

3b -I2 -30

4a -16 -4O

4b -20 -50

4c -24 -50

5 -35 -90

very light brown (10YR B/2 dry, 7/3 rnoist) fl-ecked wi.tlr

(10YR S/3); loamy sand; massive; moderately compact'

A few fine roots. lil uch ferruginous gravel' Sharp to-

Mottled dark red (LÛR 3/6), dark grey-brown (10YR l/2);

clay with veins and pocke'bs of offwhite (10YR 8/2)

sand; broad columnar (6in", 15cm.), breaking to prismatic

rvith polished cÌay sk-i-ns on ped f aces; tough " Eleached

sand and ferruginous gravel adhere to uneven tops of

columns. ArbitrarY to -
similar to 3a above, but with less inclucled sand and

[rreaki.ng'bo angular cloddy" An occasíonal piece ferruginous

gravel" ArbitrarY to -
Similar to 3b above at the top, changing in colour with

depth to red-brown ßYR 4/6) and grey-bror'vn (Syn 4/2) "

Mergíng to -
Similar to 4a above, except that the co-lour is reddish

brown ßYR 4/4 ) cliff useLy mottf ed wj-th dark grey

(sYR 4/I). A littl-e ferruginous gravel" Merging to -

Yellowish brown (Z ' Syn 5,/6 ) with some of th e ped f aces;

sonewhat darker; clay; coluntnar', break-ing to prisma-tic

wi.th clay skins less notíceatr-le; friable. llccasionaf

piece ferruginous gravel. A l-ittle soft carbonate from

21 in. (SZ cm.)" ArbitrarY to -
Yellow-brown (Z"SVn 5/6); clay; massiv; friable'

Occasj.onaÌ piece ferruginous gravel. Some soft carbonate

in cone-like pickets"

{

i

T
I

I

T
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A PPE ND x2.
e Maacoze Soi'l ociation, S Austr Extracted from C"S'I 'R.0"

Rep. 4/é5 Ctarke (1965)' P. fl o)

reserve between Sectiens l-60 and 327' Approx 5 chains N of

from E side of ¡oad lesetveo

ia" (

De sc

!-"ofilt. 114

Lcc at :_on

¡o undw atription of the G

o'l oq ical DescriPtion

er Rend zina soil from th

Div" of Soils'

Ground VrJ ater Rendzina.
f

County Robe. H"Robertson' 0n road

SE cnr Section 160, aPprox' 5 Yards

Morph

0-3 in "
Bj-ack(moíst)-d¡iestoverydarkgrey-si-Ityclayloam"Granu.larandcrumbly.Manyroots"

Low carbonate"

Biack (moist) clay granular and crumb - friable but slightly compact' l-ow carbonate'

very dark grey (moist) granuJ-ar clay. Increasing carbonate' Heavy limestone being weathered'
3-6

1-r2

Soil
No.

A615/ L

/z

/t

Depth
:^

0-3

3-6

Grav
d
/o

N aCl
oi

Moist
úl
io

Nii;
rl
/o

0rg C

61
lo

Phos
rl
lo

Carb 
"

úl_

a2

51 LI

l" l"

il

pH T. S I
LA

6/
/o

CS

l"
qn
ÞÞ

Pot
al
/o

F5
11
/orl

/o

t"4 "t79 .023 "D26 r"6 5 "715 on
"45 5.8

AA

2239t'9

8.6 "O97 "D28 L4

r20452
71 8.9 "054 r7

è
n

7-L2 "17 8"2

?E

2T
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APPENDIX 3 
"

Des r-o n heL e¡i.t odsol soil f

Va ore Sout A ustr

the on

(Cl-arke A ' R" P. personal cornmunicaticn )

Depth BoundarY Eolour Texture Structure Consistence

0-1

T-B

B-16

L6-32

32-5 I

diffuse

Diffuse

Diffuse

Diffus e

Diffuse

10YR3/1 (moist)

10YR5,/4 (moist )

10YR5,/B (mois'l )

Mott 7. 5YR5/B , I 0YR5/8
toYR6/ 4 ?- "5YR3/4
Coa¡se mott" I]YRT/2
5YR4/6, 1 "5YR5/6

crumb friable

vo weak friable
crumb

dense friable

dense m¡tssive late¡ite

angular hard
b locky

CoOcIfìo

L

L

C

c&

C
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APPENDTX 4 "

Lab oratorv Ana l.vsis of 5 oils Used in Ex perl-m ents I and 2.

Soil li

De pth
(cm. )

0-B

8-13

13-2 0

20-3r

31-51

51-66

66-9c

Solodised Solonetz

l'otaÌ SolubIe
Salts (1")

.018

.009

"o!2
.015

.040

.05 0

.101

Mechanical AnalYsis

% Gravef %Sand % 5i1t l" CIaY

pH

6"7

6.8

7.2

7.2

8"1

8"6

9.r

3

10

29

50

6

2

2

B5

77

6I

4I
30

50

5r

4

r[l

4

5

60

s7

45

B

5

6

4

4

I
aL

5oi1 2: Gro un dw ate r Rend zi n a

0-6

6-3 r
31-3 6

36-60

.o62

.05 g

. -102

.r25

1.7

7"9

8.5

8.7

0

0

58

81

36

23

9

9

7

1I
5

3

57

66

2B

7

Soil 3 Late ri-tic Podsol

0-B

8-15

15-2 0

20-38

3B-48

4B_6I

6r--69

69-1 6

76-8r
BI-90

.019

"ol2
" 
013

.OtB

" 
015

" 
015

" 
0L5

.015

.01-5

.016

7.6

7.s

7"0

6.6

6.1

s.9

5.8

s.6

s.7

s.7

36

39

52.

3I
64

64

72

77

74

66

44

35

30

2B

9

4

1

6

6

6

12

t.7

12

35

24

29

2D

t5

I7
25

B

9

6

6

3

3

I
2

3

3
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APPEND]X 5.

e minimum. mean and max imum dailv temoerature and hurni.ditvTh

Date

durin cl the r¡eriod of floo dino treatment in

Experiment l-.

Days of
Flooding

Temperature

min" mean max. min" mean max

HumiditY

June 23

24

25

2.6

27

2B

29

30

JuIy 1

2

3

4

5

6

7

I
9

10

I1

12

13

L4

15

T6

T7

IB

I9
2t

0

I
2

3

4

5

6

1

I
9

10

1I
L2

13

I4

15

L6

17

1B

19

20

2L

22

23

24

25

26

21

12 "o
11.5

11.0

10.5

12.O

r1" 0

1r.0

10"5

L2.O

12.0

10"5

12.o
'L2.O

12 "o
11. 5

10"0
11.5

12 "O
12.O

12"D

l_3"0

r2"o

11" 5

13 .0

r2 "o
12.O

1r.5
11 .5

16 .0

15"5

t7.0
l5 .5

17. D

14"5

r-6"0

r_4 .5

]-7"0

17.0

L5 .0

17.0

17.0

r6 .0

17 .0

14.0
13"5

15. 5

17. tl

14 .5

16 .0

15,5

16.0

14.5

15.0

16 .0

15 .5

15 .5

20"5

20"0

22.D

20. 5

2I.D

Ì8.5
2I"D

19 .8

23.O

2L.O

19"5

2r"o

23.0

20.5

46

39

37

50

32

47

47

5I
5l-

6D

5l

4I
47

4B

41

55

56

58

s7

64

49

48

52

60

66

36

48

49

50 .5

47 .5

45 "s
60.5

49.o

59.5

59 .0

63 .5

61.0

6s.5

62.O

s6. s

61. 5

62 "O

58.0

64 "A
63 .0

67.O

68. s

74.5

59.s

s7.0

s9.s

6B. s

12 "O

51.0

58.0

s9.0

55

s6

s6

7I
66

12

1t.

16

1L

1I
13

72

76

16

69

73

7u

16

Bu

B5

10

66

67

17

7B

bE,

68

69

2r.5

18"5
15.0

19.0

2r.o

17"0

20"o

lg"0
20.5

16.s

t8 .0

2û.O

20.o

19.5
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APPENDIX 5. (Cp¡rb:!¡ueSll

Temperature

min. mean maX. min

150

Humidity

mean ITì êX C

July 2t
22

23

.24
25

26

2T

28

29

30

31

August 1

2

Days of
Flooding

2B

29

30

31

32

33

34

35

36

37

3B

39

40

13"5

13.0

L2.O

12"t
11.5

12.o

12.0

12.O

11" 5

12.0

11 "5

lt.D
11 "0

r_7.0

17.0

17.0

15.5

r6"0

15.0

17.0

r-6 .0

f 6.0

15 .0

13. 5

15 .0

17"0

20.o

22.O

22.D

19. 5

2L.O

18 .5

2r.o
zo.5

2J..O

18 .0

15.5

f 9.5

24.O

60

54

47

50

s9

51

45

44

4s

4L

'39

47

45

68 .0

64.5

56. s

60"5

60. 5

60"û

50"5

51.0

53"0

50. 5

50"5

59"0

s9,s

16

75

66

7L

7L

69

56

5B

67

60

62

71.

7s

Mean over the experimental 11.

Period
72 15.79 19 "96 49.2 59.3 69,4
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APPENDIX 6 "

The avera oe weekf manimum. m aximum and ean temoeratures

umidities durino est ab lishmen t. floodin n and reorowthand h

inE xoeriment 2.

I¡leek Commencing

Temperature (oc) Relative Humidity g')

Min. Max" Mean Min. Max. Mean

Estabtishment Period

January 31, 1974

Feb::uary 7

February 1 4

February 2 1

February 2B

March 7

March 14

18"3

17"8

16 "7
16 .7

20.7

16.7

17. s

23 "5
23 "6

22.9

27.4

29 "5

25.1

25.1

28.9

2g "7
19 "8
22 "1

25.1

20.9

21"3

70.2

79.4

7s .0

64 "7

66 "6
74"3

72.3

96.2

96.A

92 "5
89.0

92 "7
94"1

93"3

83.2

87 "7
83. B

76.9

78.7

B4 "?-

82.8

Mean 17.8 25.3 21 .5 71"8 93"4 82.8

Flooding Period

March 21

March 28

April 4

April 1 'l

April 18

April 25

17,4

18.1

14.4

14 "4
16.7

14 .1

24.6

24.8

21"t
22 "7
22.8

21 "9

21.O

21"5

17 "7
1B "6
19.8

18"0

74 "9
67.6

75.4

66 "3
74 "1

66.6

92.O

90 "6

94.3

91.1

93"1

93 .0

83.4

79 .1

84.9

78"7

83.6

79.8

15.9 23"0 19.4 70.8 92.4 81.6
lvìe an
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APPENIITX 6 ( tontinu-e-d )

Regrowth Period

May 2

May 9

May 16

May 23

May 30

June 6

15.2

14 "3
9.3

6.6

10.7

'1o.2

22"8

25.3

19 "4
23.5

20.8

22.4

19"0

19 "B

14 .4

1s .0

1s.B

16 "3

67 "9
63.4

57.4

52 "6

58.7
63"3

g9 
"4

93.8

90 "4
86.3

BB"3

87.4

7B "7
78.4

73.9

69 "4

73. s

75.4

Mean 11.1 22.4 16"7 60"6 89"3 74.9
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APPENDTX 7.

Lab rv An 1vsis of the soil orofife from th e field

site dinE erlmen

Mechanical AnalYsisDepth
(cm. )

0-B

B-14

ï4-27

27-33

33-64

64-9r

Tota1 5o1ub1e
Salts (1")

0"184

0.110

0"070

0.068

o.r44

o.146

PH

1.2'

7.s

7.6

1.7

7.5

6"1

67

69

62

48

15

23

23

2I

21

27

60

24

10

10

11

19

69

53

% Gravel % Sana % sirt l" ctaY

0

0

0

6

0

0
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A PPENI] IX 8 .

eav a hre ekf m]-na max Llm and mean air em era ES

at Barke South strafi dur n he

be for e l-l arvests 1and2i n Experinrent 3.

Temperature (oc)

Vrleek Commencing

Minimum Maximum

e ds of owth

Mean

Before Harvest 1

April 30, 1975

May 7

May 14

l4ay 21

May 28

1.O

10"4

11.0

1t,1
1.9

18"7

16.7

16.1

18.3

11 .1

12.9

13.6

13.6

14"5

12:s

Means 9.4 17.4 13.4

Before Harvest 2

June 4

June I 1

June 'iB

June 25

JuIy 2

July 9

JuJ.y 16

3.1

3.4
0.3

s.7

3.3

6.6

4.6

16.1

12 "3
12 "3

14 "1

13 "4
13.6

13.7

9.6

7.9
6"3

9"9

8"4

10. 1

9.1

Maans 3.9 13 "6 8.8
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APFENDTX 9

The average yield (gm per plant) of thirty spaced plants of each

of the eigþt parent varieties at Northfield, South Australia,

during 1974 - 75"

Varj-etV

Marusinskaya 81

Marusinskaya 425

Rhizoma

Narrag ansett

Du Puits

Hunter River

A fríc an

Demn at

Seed Yield

30. g

t_.0

0,3

10.1

8.1

15 .6

22.O

2L.2
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