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&@, d@i?éenetlc study was 1nlt1hted 1n the tropical 1egume

-

“Desmodium to establish whether therP existed genetlic

@

.fvnrlntlon.'in -the synblbtic rolntlonshlp betwéen anmgilum

and Rhi;gninm Partfcular emphasis was‘pllced upon effective
.. ) 9,' . . - e ‘
VS 1neffect1ve nodulation and . guantitative ﬁvarlﬁtlon for

-
W2

., the estimates of nitrogen fixed. / s _ '

quantitative estimation Jofﬂ n;jrdgenﬁ_»flxgiion.' Since ;
/ B . L3 o ) , )

inbreeding depregsion for for%gé ylgyd ig’ generally

considered to .be ebsent iﬁ the prgéence' of adeguate:

¥
o

14

~

Analysis “of Fo -nnd,ﬁbackcﬁpsé  popu1afions from two

inferspéglfic crosses suégéstedu that a strain—specifﬁc

ineffective nodulation 1nteract16n was conditioned by a

) . ! . ) = . . ‘1 ]
dominant alLele at 'a sggele lLocuse

.,

S ) ‘ ' - *
Slgnlficant genetic variatioh was found among géhotypﬁs
for all nitrogen fikatlon estimatess The .major pqﬁtiohf'of
L o : co ¥ 4 :
the variation among genotypes was non—additive.§griation and
o o R a - @ : _"‘ . . "~
: N . I3

was attributable to a significent Yﬁrlet}gé vse. Crosses

genetic component. The mean of the Fa crosses was founﬁ to

be - 80% larger than the mean of the inbred parents 1ndlcat1nz -

L

‘that most ﬁ{ crosses exceeded thelr larger parent for the

EY ' - « - . 3 o -

\

:hitrogeh, the P, hybrid vigor for the nltgogen fixation

es timates was:due solely to these gitferenéeé when the

plants were grown in a nltrogenfklmitlng enylfonMenf.-rhe

.
- 3
slgnificance of these results waé/dlscussed.; '

Wy oo
7 y \

.

13

3N



Fl

Large cotyledons and Jjuveni le Iepves' appeared to be

‘controlled by dominant genes a% dif ferent loci. Plants with
‘ y B .

1argé cotyledons or juvenile leaves fixed signlfléantly more
_nitr%gen than ‘plants. vith small ones. AdJus;{ng the
Quaﬁtitative estimatés.for di fferené¢ces due to cotyledon and
juvenile tleaf slie pro#u;edla tofally additive model for the
inheri tance of the estimatees of qitrogen’flxatldn; Tﬁe ﬁon—
_addltive lvariande for the 'unadJJEted eétihatés,could be
divided into two‘componenté: (a) additive varistion due to
plant . vigor, and (b) additive variation due to tefficiency!

of nitrogen fixationa A breeding program utilizing these

addltive components was discusseds

- ¥
¥ .
Genotype x environment interactions were of significant

-

lmbo;tance suggesting that study concerning gquantitative
: N . .

AT

variation for amount of nitrogen fixed stould be conducfed

in different envlronments‘with-various Rhizoblium strdins.
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& ~ INTRODUCTION

-

The development of tropical agriculture has 'recentlyp

- \ Cy

e % » C _
commanded fmtgh_ interest In an effort to " solve pending

SH -

problems of world food shortagese. The improvement  of

troﬁlbal 1egumégu?pn contribﬁte‘to this development through
the 1mpro%éd,symblotic tixat;on of atmospﬁerlc nitrogen,. It
has been cdnce&ed tﬁat ffhe amounts of nltfogen fixed'ﬁy
troplcaf‘legumes were generally less than for temperate
legumes ( Vincent, 1974); S;née temberate/and tropical legume
species dlfferéd ln‘the ambu#t oi/zyt;ogen fixedy 1t would
be pertinent to inqguire as to’Awhé;hep genotypes withinq a
specles also differed. If geanypes diffege& slgnificaqtly.
can this variation‘wlthln.the hoét fof symbiotic‘ nitregen
fixation ﬁq explolg;d in , & breedlﬁg progfam‘ for the
improvement:of thnpical- leguﬁe species? If \would be ' of
pa;tlculir lntereét, fé 'igitlate a genetical study of-the
1nheg}tance df symbiotic nitrogen fixation in tpe tropical
legume Degmodium because of 1ts great varidfypn.in the
movéholéglcal differghtlation of the numerous specleé
(Bryan, 1966) and 1ts potential_ns.a forage legume (ﬁryﬁn,
1969). ,~

Norris (1956) postulafed that‘ the legume-Rhizobium

symbiosls orig "in tropical rain forests. As the legume

adapted to the subtropicatl 'pgd‘.temperate regions, the
symbiotic 1nferacfion " appeared fq "become“ mofe Bpéélflc.

Since the RBhizobium which nodulates Desmodium is a member of

the "Cow=-pea" group, a promiscuous interaction group of

T



s
Rhizobium, the Desmodium -~ Rhizoblum symblotic ' interaction
may represent a more primitive form of symblosis, However,

Bryan (1966) reported that this lnteracf{on appeared to be

epecific ds measured by numerous lnetfecfive nodulationse.

A.‘Generalized desérlptio; of Degmodiume.

Dgamggium_tlé a self-fertile tropical legume yith a
sématic c hromosome nﬁmber of 2n:22”(Rotar dnd»Uratd,A 1967i-
Kotar and. Urata (1967) reported colle;tlons of wmany
.different species from tropical countrles including two
speclés from Canadas McWhlhfer >(1969) suggeété& that the
center of origin of Qgsmgglum was 1In 'Soufh America. The

taxonomic 1dentity “of thls‘genus is uncertain (McWhirten,

19&9) and voucher specimens hﬁYe been} d;poslt;; by some
Dgamégigm researchers (Rbtur'fénd ﬁrati, 19673 McWhirtef,
pers. coms) at thé Barvard Unliversity Herbarium‘ for
identi ficatlions by. Dr.e ﬁernice Shubert, Arnold1A§botetum.;;

Harvard University.

Four anngLug' specieahave attracted attention as

. , . ) ]
forage legumes. These species are De. sandwicepse Ee. Mey, De

‘canuw (Gmel), D. aparines (Link) D.Ce* and D. upcinatum

(Jacg) DeCes Do ggﬁthgg and De unﬁlng1um have been released:-

as  the commercial 'cultlvafs. Greenleaf | and Silverleaf

desmodium, respectively, 1In Australia (Imrie, |1973) as thef

are :muchfmore_productive(ﬁhd robust (stem léngth is 5 to 20



meters) than either D« gcapnum or D. sandwicepse. R¢ canum has

attracted attention in Hawe&il ih'pagkure'svards‘(Younge, et

’

gl.,'1964),_ N annﬁxlggnag is the least robﬁéf of thééé toqfv
species wgzt( the stem length rarely exceedlngitwo meférs.
‘McWhirter (1969) repofted that Fl)heterosls for fornge yleld
was:not present in ipter<or intraJSpecific Qg&mQQLum crosses
"while Rotar and Chow (1971)2 in&;cateq.‘fﬁ;? .¥he ‘lntefnode

.length of a two-species Fqy cross was 1ntefmed1ate to its fWu

'parents. vThese‘ data suggesf.thut Qggngglumvls not affected

by inbreed ng depression for forage yield.

Than Aung (19709 descrlbed D; sanﬁungnﬁg as a postrate
herb whereué Rotar.and Chow (1971) observed an erect'ygrowth
h&blt. .The stem 'color “has been‘reported ﬁy Rotar et AL.,
(1967) .to be either red-brown .or green. The .segregntibn “of
_thls éharacter ig 3. red-brown to 1 green (Hufton and Gray,
1Q67). Than Auné (1970),found the stems to be green with red
Pigmentation at the nodes. fhe stem was found’ fo.’be /rpund
(Rofar,‘ gi ale, >1967). or}frlsulcate LThan-Aung,.19§05 in .
cross‘sgéglon. Thq gtems are pubéscent ﬁ;th_slightly hiépid
halfs-‘(fhdn Aung, i970) §r'giandu1ur‘(Rotar et aley 1967)s
'ﬁofar g;'gl; (1967) found the 1nternode 1ength .variedwﬁfho;ﬁﬁ
2;9 fo ‘3.2 c@' which  was: shorter than Q. unglngium or Q.
.gngtlnggg These aufhbrs'belie;e,thet’the in;ernbde tength_is‘
controlled by multiple éenes since the -interépecific' qfosg

with De. .'gngxingg iaé lnternediate to the_“bafentai‘v

)

phenotypes. o S . '.‘. : '  ﬁﬁ:ia A

The leaves of Desmodium are alternate, entire and



tfifollate with fthe terminal leaflet being larger. McWhirter
(1969) reported o dominant polyphyllous Ieat,gene; The.legf
’ ' : ‘ v

form of D. »agngnggngg.';s f;nceolate- with acute apices

‘(Rotar et aley 1967) da ovate and;cordafeigt the base (Than

Aung, 1970). Rotar gti glo, (1967) found/”the. lengfh/vidthv'

ratlo of the sixth leaflet from the flower bud to. range from

179 to 1.89 and the leat area (length x vidth),to be:from 8

tol_12 " aq - Than Aung (1970) found the 1eef area to vury

.from18 to 37 sq cm for'all ‘terhinnl leaflets. * Hutton and

i.Gray (1967) reported that. the 1eatleté of-Q.;aQQQWigghsg aﬁd

De. gngLnglgg contain a sllver—grey murking along the midrlb..

{

Thls character 'is dominant to the plaxn leatf and segregated'

as a qlngle locuse The Spotted 1eaf character common . in D-

‘>523x1nga 13 occnslonally found 1n Q.=§§ng11ggn§g (McWhlrter,

-

pers. ' COme e Hutton and Gray\ (1967) reported that - thls»

‘character was.deilnanf.tovthe plain leaf and segregated@wlth

<

a 3:1 ratio in the F, generation. . McWhirter (pers.”'eem;)o,

however; sugéestedfjthat the ‘SQottedt‘leaf’Chdracter‘1s,q

‘complementary dominant gene system. The spotted' leaf was

found to bei closely 11nked wltr the sten: color (Rotar g1

0

aley 1967).

v
. Y

lndetermlnaqt _and dlftevé from the Do uncinatum and D{
gggxingg"hlch flower in resbonsevto ehorf days (Rotar,‘ gi_
:  gl.,': 1967).: ‘The “above 'Authors'ﬂaleo report thafj Q.;*?u

'ggnggiggnag vill outcross at ‘a rate of 18%. McWhirter (pers.

com.) suggested that Dggmgﬁlnm 18 hlghly self polllnated “in

"The fiowerieg habit of Do ‘asndwicense 1is relatively



e
-

the bwlld and estimntes’the 6utcrossinz fo'be abouf 20%. He

; . S
Andica ted that most collectlons give an impression of beihg -

rnther hlghly inbred., o .

-

,1The flovers’-df Dgamgﬁxgm' are borne ,on/fermlnal or
axitlary rmcemeéq'fh€‘basa1 flowers offtﬁe raceme are  first :
to- open .and flowerlng‘ usually - éoﬁtlnues. fqr eight da&s

(Rotar et al., 1967) with about five floWéfs opening  each

day. Preceding the opening of the flowers, the raceme

. - : Ll e . I o ’ L
elongates rnpidly‘-separatlng‘_the floweré- The petalsu'
eldngafe beyond the seej}g/}he dav before “the flower open S

-
K

The unthers dehlse at this time and the Jpollen s 'matgre.’
_Thé female partS'pf the flower maturg theffollowing mofning:

when the standabd'becphés‘érect- Tre pistilu;é‘héld:fpétweeﬁ

frlpped'lt halts niﬁvay to the

the . keel floretd . andf'wben;

étanddrd i1thout.strikiné it. The pollen is’ discharged in’

, é1oud. abauéq:tﬁe'WStig;ﬁ. Hutton (1960) i?eported that Q.j
 &nng!1£§n§thrips spontaneously while Rotar:‘gi 'nl;_ (1967)
“f;state that it vill 'pollinate without trlpping. NMcWhirter
"(éers. com.) reported that the plstil 1s 1 to 2 hhj longer
“th§9u»£hé .stamens and that pollination wlll not 6ccur until

trlbpedjor' disturbed. Follqvlng .ollinafioé,"tﬁe flover

wilts rapidly with the standard t dlng over the stigmaa

The flowé% 'color ln Dggmgﬁium ls polymorphlc varying:**
» R

_from white to purple (Than Aung, 1970). ’The‘ purple floyeri-ﬂ>

color is. dominant  to whi te and 7%&18'.¢haracter shows g

f

) H Lo - . ] - - .
. complementary dominant. gene inheritance /in - crosses - of

\

certain white flbwéreq ‘species ( D. sgngzigghsg  dnd D.



- and De gggxlngg (1 8 gm) (Rotar and Urata, 1966).

\

R .

anninga) (McWhlrter, pefs.“com.).

The seed pods of Qggmggiug are, ﬂlStinctly artlcutifg&

<

'andA.contqin an- average of 6. 3 seeds per pod (Rotar gi Lii'

l1967). The pods are"covéved vlth ~shor't hairs” and',stlék

readily to clothlng or fur. The’ seeds are. kldney—shuped and

11ght brown in color. The 1000 kernel welght of.' Qg

&aanLsgnsg was 3.5 gm falllng between D- unglnaxun (4 0 gm)

}

The germinatlon ‘for machine harvested seed 1s 99% but

gepmlnat16n>1s reduced when hand harvested- Hnnd harvested

seeds may be scaflfied by chipping the feeta (McWhlrter.
pers.‘cbm.) or lmmerslon 1n concentrated sulfuric acid for

15.,m1ﬁ (Be. Graff,‘ pers. 'coma), Followlng scariflcation,

germlnation';s,normal.

McWhirter (1963) firsfv reported sdcééssful rérqsseé~

betwoen. Q-' ggngxiggnag and D ;ggtingao ﬂutton'and Gray’

+

(1967) reported successtul crasses bétween D.. sandwicense

’

”and g- unninnlum and n-_ nngxnatnn and Q- aparined. They
fOund ', no . gross?'T ytological -"barriers; hbwever,

,1ncompatab111ties we re found by McWhirter (pers-‘cam.) when

T

-‘specific 11nes were’ used. McWhtrter'(persg com.) éﬁﬁéested

- . . -

that Do ggggingg be used as a bridging species.

Rotar ‘ahd' Chow (1971) found . that pod formation was

hlghest when D. agngzlggngg was the female parent but"much

' reduced when it was the male parent..McWhlrter (pers. come )

also found a reduced pod get whter Do agnggiggnag ‘'was the

male5'paren¢¢'Rotar and Chov (1971) found cyosses betvaen Do

>
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uvncipatum ana D aparines to be low fﬁf pdd set and they
éoncluded that physiological factorsv may be ?nfluentlal.
Pollen abortion was‘hlgh;st in the De 'sgngnggngg X De
aperines crosses and ;as lowest in the D. gandwicense X D
uncinatum crosses (Rotar and Chow, 1971). Rotar and ngw
(1971) concluded ;hat Re sandwicense was mére closély
creinted to D. uncinatum fhan to De. gngnings. They reported
that pod set was Anegativelyv‘correlated wlth‘percentnge
pollen‘abortion.(r = «74, df = 21)e McWhirter (pers. coms )
reported thak morphological differentiﬁtlon was correlated
. . . ) B
with geugtlc divergence. He conclu&ed thet D uncipetum waén4

morphologically dliatinct : from De saendwicense and De.

aparines.

<

d

Chow and Crowder (1972) report a cross between De ganum
and;D. ghglngxgm. They conclude that D. copum is cenetically
separate from D. sandwicense, D--uugiﬁaium and D. aparines .

A
Be Genetic studies of symbiotic nitrogen fixation.

The study of gymbiotic nitrogen ji};tion has been of
conélderable 1hterest to agrlculture\}or numefous years and
this area has Irecently been comprehensively revie;éa
(Ouispel; 19743 ¢ Har&y and G;bson,1977). The limitation of

genetichlustudies of the 1nher1f&nce of symbiotic nitrogen

1 - ¥

.*”ffxétldnﬁ‘was ofAmanr'concern'(Dart, 1974). Tre maJorlty”of

w

~

L L . e . - . T . 4
- ‘the genetical studiles invdélved the  study of~3maJ9r/igenes

- 1"17_.'_:3, & . - . . - o i
cJﬁ@iﬁLonlng , non—-nodulating - or. ineffective 'noédulation
4 . o o . . ; " . . X

intdractions. Few genetlcal studies have been  peported



giving results for plant varlation for total nitrogen fixed.

)

Ma jor genés conditioning strain-specific nodulailon
que been reported in alfalfa ( Medicaogo satlya L.) (Burton
and'~wilson,: 19393 Glbéon,” 1962), red‘c1§~er ( Irifotium
pratense L.) (Nutman, 1954),} subterranien clover. ( I.
subterraneuym Le.) (Gibson, 1964}, szbedn ( Glyvcipe max L.
Merril) (Williams and Lynch, 1954; Caldwell, 1866; Vest,
1970; Vest and Caldwéll, 1972),.and peas ( Plsum sglixgm )
(Holl, 1975; Lie et al. , 1976) . fhe ma jor génes appearedu
to be of two types: (a) recessive genes with modifiers, or
(b) dominant genes. Thev ;nvestlgdfiéns in Irifolium
suggested th;t strain—-specific ineffective nodulation was
controlled by a single recessive gene modified by recessive
‘suppressor genes whlcn résfored effectiveness (ﬁutman, 1954
Gibson, 1964). ?ingle &Qﬁlnant genegf(Rjz.\Rjg-and Ris) fere
reporfed in soybeéans coﬂdlfloningl sfraiﬁ—speclfic
ineffective nodulation (Caldwell, 18966; Vest, 1970; Vest and

s

Caldwell, 1972) while the recessigg_geﬁg/(rjl)* ncgndgt}qd9¢

v

o s

a universal non-nodulation interaction in soybeads.(Wiliidméw

e e e o

and Lynch,. 19843 77 700 IO T e e e e

'Vest' éljjgl.dA(1973) féldss{fied théA”soybean' plants:-

r

nodulafed—ineftfective since - the plants .exhlblted ‘éhali,'

whi te cortical proliferations at the node sl tes. They

2

concluded that {nfection had taken place. However, nltrogen/-

E
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weas not being flxed. Vés;,gi gl; (1973)  reported that RJjz
and RJ3 appéaréd to be iinked yet both were indééendeqt of
rjye AFthouéh vRJZ and Rjs were similar phenotypically,-
producing numerous small, white qortlcal proli ferations,
they appeared to differ in the sefologlcal érbéerfles.of the
lneffective strains. Rjp> was ineffective with moegt strains
of the cl and 122 serogroups while Rj3z was ineffective with
only one partiéul;r stralp. éuldwellngi gl.-(1966)-p%rforned
reciprocal grafts of the:cultlvars Hu;dee (Rj2y Rj>) and Lee
(cdoy rJé) and reported that the root genotype'dlctatea fﬁé
‘nodulation interaction. -

The ineffective regponse for the Rj; Vg;;éq(ﬂiil x>
strain 61) appeared to be a'épébifid’;ésponsé in 'fhe_.séhsel
of the Rjz gene. The RJ.’gené produééa oniy“a féw.smﬂli,u
white cortical.proliferatlons since nodule apprf}qn;probably
occurred at a very early sStage Qf"Jeveloﬁmént '(Qest and
Caldwell, 1972). | b e

A unlversat n9nfnodu1at19n gene hgs.also beénl;éééfégﬁ-
'for peas. Holl (1875) and Holl and LaRue ( 1975) s tudying
,ch§5e§~of:qngﬁﬁgn&ﬁkstqn\dﬁptivqbi(ﬁpnfﬁéd@léfiég)‘repgpt;d
f‘°t genes 'atfacfing'"nodutation and fixatfoﬁ. H011.(1975)
vrepqgtgd.jhnt;thevSymzvlpcps (npdulati@n) Qnd the Symgz 1opuév
 (fi*ution) interacted to give four pﬁenotypés for fixation.

Plants with the genotype Symp f—,Symg‘——’weré'clusséd'usl

e PR T

nodulating and fixing while plants éifhi‘tHéVIgéngtYpé:'s}@Ql

Sympy —=— —-— were non-nodulatiné, @nd non—fixlng; waeveb,

when - -the Syﬁz gene  was - combined “with the - homozygous ~



e

recessive condition fot the sym3 gene the resultling
combinatilon conﬁltloned aiffériné interactions. If the Sym>
gene was heterozygous: the resulting .interaction was
nodula tion but no.fixatlbn{ whefeaéy‘a hdmd;ygqus &ominant
condition Tor the Sym, gene resultgd ir nodulation aﬁd low
fixation. The Symo 1o§us conditioned nodulation and
segregated 3 ?odulatlné t§ 1 non-nodulating phenotypese.

-Lle et ale (1976) reported a ‘strnin—speclflc,
temperaturqfegnslfive}nqnvngdulatlon interaction in the pea
cultivar, Iran. The futhors'.indicated that nodulestion

v

occurred odly when the root was subjected to "favorable

nodulation terperatures (26 C) for the second.-and third day

following 1nqcuLaflong &AdQerse temperatures ' during = this
period " reduced nodulation whereas advgrse temperatures

before .or after. the critical- pertods had no  effect. Lie et

P T

 glg':L1976)_réhonted;that,thls~strarn—speclflcy'tempergture—

séhélflvé 1ﬁéffect1yé.nod@1at1¢n‘}gfétggﬁloﬁ;ygé_qdﬁqif16§¢& ”'

”by a" domlnant allele at a slngle locus.,

e O

The - study of symbiotlc nltrogen flxation has generally

. dealt: “with qualitatlve 1nteractions relating to. nodulatlon

VSe non—nodulation. However, . genetical studies have been

reported for quantitative variation for estimates of

" nitrogen fixation. Burton and Wilson (1939) reported that

LVaEieaiééJ. Bf’”glfalfﬁi differeda ‘aignificently~ for ‘total

dy e e -wa fES B

e TR

nitrogen fixed when lnoculated by sévefﬁi strains of 'R.

melliloti. ,anvergqu _the Jauthors.walsouvnoted‘signiflcant

dlfferencesvwhen.strainé were compared as well as specific



11
"host-strain 1nterucﬁ10néc These data suggésted quan;itatlve
differences. among hosts.ahd among streinse. Burton and Wilson
(1939) also noted that the results tended ;o be‘errat{qv>qnd
attributed these deviations to environmental f;ctors- Later
.work in alfalfa'by Gibson (1962) confirmed genetic variution
of'fhe host—sf;aln interactione. He'noted that the Canadian
cultivar Rambler was 1nefficient‘ when 1inoculated ;ith
Austraiian stralus.of Re mgLiLg;i vet was efficient when
inoculédted with. Caqadiapi stralné. Gibson (1962) éuggested
that tﬁe M« falcata parentage of Rambleéer mey be, in pebt.
.feéééﬁéiﬁié” fﬁr_ this 1nefficilencye. Recentl& Seetin  and
ﬁa;nes (1975) ;ébéfteéb.genetlc variation  |in alfalfa for
qﬁgnfif@flve_,niﬁ%ﬁgen fixation estimafed,byithe ;cetylene
reduct ion assay and dr; weight accunulatién. fheée _aufhors
~indilceted th;tvthe alfalfa clones expresséd F{ heterosis and
ing;eédfhg? effects for the estimates of nitrogen fixation.
thigé et nlf'(1978)*reported that Fi progeny froﬁ Mesilla
‘élfalfa _pinnts selgcted for high acetylqu rgdﬁcflon yalues
gxpfesée& slgnifléaﬁtly greater gcétylene reductiqn values
than the parental populatione. Slénificant-results were not
reported for the low se}ection linee.

In recent reseerch wifﬁ field beens ( Yicia Zfebs ), El-
Sherbeeny et ale (1977a,b) reported genetic Qarigtion among
Rhilzobium leguminosarum strains and among field bean lines,
r;espéctivély.: Mytton et ale. (1877) indicated that the

genetic variation for lines or strains was found to be minor

in comparison to the line by straio interactions. Mytton ¢t



s

"nltrogeﬁ free containers (Glbson, 1962.

» . : 12

A\

.ale (1977) partitioned the genetic variarnrce into three

coﬁponents; namely, (a) the addlitive genetic effect of the

o R i
host genotype, (b) the additive genetic effect of the strain

«

genotype, and_(c).the non-additive effect of +the host by

strain: interactions. They indicated that 73% of the

o

phenotyplic variation could be directly 'aftribufed to host

strain interactions and concluded that simultaneous

selectlon>for a speclfic host-gstrain interaction . would  be '

mesf effective.

Mytton (1975), studying white clover (Irifolium repens)

symbiesisq found that host variation for nitrogen fixation

)

"was larger than for differences among strains. He concluded

that only effective strains had been collected thereby

reducing genetic variatione. ,Hoievef}' Mytteﬁf'(1975) L did

report significant host x strein interactions. Strains which
were selected from one plant generally entered into a more

productive interaction with relatives of  that plant than

with non-related plants suggesting selective hosts.

Mincﬁln et al. (1878) also found genetic variation

-

among cultivars of cowpea (Vigna unguiculata)-U ) but not

y-g

among Rhizobium strains. The above authors, unlike Mytton et

als  (1977), concluded that any breeding program should

‘concentrate on the macrosymbiont.

. Quantitative aSsessments of Athq_ ameunts féf?fnif;eéeﬁ”-

el iR LR e

fixed hud been measured in eurlier experiments by totalvdry

..... P

tal ‘...‘. '. I TR . ~~‘ - , . n

R . .t

Vincent, 19'0);«y

B E PR

e

s E T e e Tha sy ed oy

J
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;

welght accumulation of the shoots vhen plants were grown-wtns-
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.

15y me thod (Burrls and Wilqon, 1 57) andy reééntly,‘ the

'Acgtylene; reduction. assay. (Hardy g1 al-, 1068) have been

e . . . PR - . -

dévéloped ‘aé.vassays éfj,fﬁe- actlvity - of the ,“eqzyme-' -

nltrogenase -(Figure.,l)l Oof; these two assays.‘théf;éétilbﬁéf'“"

reduction assa& has been: most popular because it was slmple,;J‘”
rapid an&(more gensltlvglthan the 15N method;"bpt it Qas‘ an} :
indlirect appﬁdxlmdfibn-{ ;(Bufris,.' 1974)}1‘?$§66giygbtsi}{ﬁ.
introduction, the acgfylene“reduétiéam;ésa;»ﬂ;s appe;red‘ifﬁi;

meny ‘pUblicatlons -meaeuring nitrogenase activlty in 1nfnct
ﬁodules, nodule prepared cell—free éxtracts. fleld

.‘experiments, aa well as marine and fresh-water habitats

~(Quispel, 1974).

e

The redﬁction of acetylene to ethyleng by nitrogenase

was independently discovéred‘byASchollhorh and Burris (1966)
. (reviewed by Burris, 1974) and’ Dilworth (1966), Its

usefulneés as an index of ‘nitrogenase activity. was

vimmediately"reallzed by Hardy et AL- (1968) who qevelgped ;.

me thod éf measuring nitrogenase ac%ivity for ;‘field
. o :

experimenfs. The relatlonéhlp setwegn acetylene ﬂﬁnd_.Nz

:eduqtion may be represented ;s:

HC —=-- cﬁ + 2ef + 28% = HaC -— cng

N ——= N + 6e~ + 6H* = 2NE3

lnTheee 109mu1ae suggested that the converslan tafe

‘.Jérx-jBurris (1974) reported that:the COnvereion factor'fof;"*w

R

Ff%;;;l/B was&.not generally‘tound but was much closer to 1/4 and a0

N
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Burris suggested a ¢bmgnrison of the acetylene reduction

essay wlth the,lsN mefhdd togdetermine an exact conversion

‘facfor when required for a partlculur experiment.

L .
7 : : S

_E@cpht sfﬁdféé'wlthffhe.acqtylene"reduction assay -in’
féoybéaﬂsf~ suggested that - fnodule activity (CZH.) was,

»determined by the phyaiological stuge of the plant (Lawn et

~ b ‘m
~

al., 1974). Lawn ‘and Brun (1974) found that the nodule fresh

)

'ffweight and acetylene'reduction actlvity for soybeans reached‘

» - oo |

a maximum near the termlnafion of fléiérlng and'déCITned
o repl dly’during jj_fﬁéj’ onset . of tbé, ) pod°f1111ng stage. The
'uuthors attrlbuted thls decline to a competitlon by the pods.’

for availnble assimilate. Additionul studies. with reclprocal

grafts in soybeans indicated~ht§g33¢ﬂzgggg significant

differences among shoot and root genotypes as well ag for
' {

‘sempling dates as measured by the pcetyleneﬁpeduction assay

) PO . . "3 . .

(Lawn and Brun, 1974)." Slqniflcant shoot genotype x sampling.

date Interactions were fqund for all 'charactefs studiedi--

whi le root genotype x sampling dutekintefacfians were not
Bigﬁiflcant‘wlth thevexceptlon of the photosynthetic rate.
Theve. weré significant shoo+t genotype x root genotype
interactions for nodule number and’nodule slze. Nitrogenase
‘;ctivity (C2He) .- for the shoot gendtype means was
5{gn;fican¥lyfcorrelafed with noqulé fresh weilght, rzot dry
lfﬁeiéh¢; zéhobfiéogf'Jfafiptf phgtosyn%ﬁﬁsls‘ and . shoot dry
wélgﬁt: .ﬁ§vévéh nitrqgé;aséAﬂgétivifyv (Czﬁ;)j 'fpr'l root

'genotype 'neans was not signiflcantly correlated vith any of

N " e e P . o ¢ ’:4.,.‘ > i
_“v‘r.l e~ T w T ,.3‘,- ,_.— . a

"-ﬁthe ubove charucters. Lavn gj gl. (1974) concluded that root

v
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oy . PO i

genotypes may differ fh;fhelr,abilify @o]éffléleﬁ}iy utilize
thq photosynthate assimilated during s&dbiotié nitrbgén””"
 fixation. ' They algo .suggested that the. root genotype

v

_controlled nodule initlation ‘and nodule . size. which were
S ’ :

. found = to be significantly negativély correlated with ghe
L ‘ ' Loas s T
S, ..root . genotype effect on nodulgbnumbgrt s e e

Dart (1974) reporféd responses. .to. selection’ in several

.In}gng“m..sgggies‘ for ‘number of nddules per planfz time

. . N . - ey 8

O . e
PO

'thken'fb“forhf%ha‘fiﬁst noduie and’ éfféctivenééé.iof the

. nodules.- These characteristics were also affected by the

Rhizobium strain usede. Dart  (1974) ~COncluded that plant
breeding for 1ncreased'znodulatlon was of significant

~potential.

.Ca Objectives..

~ N R e -

‘2Ei;f¥;i;&é?tﬁé.qué@tiQé;gi‘th;s;éfhéi;;f ?f£§;;inhefl%;ﬁ;eV;
of. symbiotic ﬁ;tégééh: f1i@ti¢nf;1n ngamaﬁiué'fb”ééiagiisﬁ;?

3vwbé£he;n ér‘iﬁof‘;fhe?e éxis%Sn.geﬁe£1§"véfié£i§h fi;U;fhe
pfdcesses ;f the Symbl#tlé.retﬁf;oﬁship betveén'host'91A@t
and Rhi;gnlgm with particular empﬁasis upon effectivé vs
ineffectlive _noduldtionﬂ and the guantitative variation in
total symblotic nitrogen fixed per p}aht._ It was aléo“‘ofA_'
int;rgst >to : deterﬁiﬁé: ‘fﬁé ‘ geng?}b_.:@@élsf f;%j.s§ch
ditfe}ences,-if dlécloséd:_Tpe‘dty wéiéht_aééumuquioq in ,Q;'
bottle Jjar (Leonard J&f, ;ssembly)  aﬁd;xthe:,acéty?ehéulhl
reducfloq assay were assessed to détérmine their pofentlal

- “as ‘plant breeding tools.
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In this study cof théAinheiltdﬁéé?bf-éympiotlp_hitrpgéQ

fixation in Desmodium, - expefimentatlon "was _conducted ‘at

f

thvha-levels}'fheée,levelg{'{ﬁ*ihcfenélng order of interest,

v‘hgye‘Lgpééd“Lbfbddiyihdefihed " as 'méfhoddlogy,“_qquiﬁafivé
genetlc VariationJ and qudntitaf&vevgeneflc varintion‘(Tdbié

1)e The methdqlpgicaL-studies encompassed the background

s e AL

ﬁTgb{e‘l. Levels of study of the inherjitance of
symbiotic n{trogenwtixation‘in-thethQtif*

Comments:

.Prellmina;y studies
How? What? Where?
.Improvements? When?

Level 2 Qualitative Genetlc Variation V
“Host—strain 1nteractions*‘3 T Which? _
,ptfective ' ineffectivefvgi;’j' (MaJor genes?)
,Leng'S- Quantitive genetic variatlon .
'leﬁfion,"efflclency"* L  - o How much? L
“efficient “inefficient ... .. ...(Minor genes? )

-———————-————-_—._——.n——————-—»———..— ——————————— V-..- ———————————

Ultimate goal o

Why? AL
Selection

'Super-fixing inbred
llnes or hybrids .

*May also be modlfled by, atruin manlpulatlon.

stﬁdies‘neééssdry-fbrvfﬁgﬁdevéiopmqﬁf“anqli@provéméﬁf §£,thé
'fedhnidué‘.Aof ‘studylﬁg. vsymblptlc pltéqgen” “fix§11on;"
Experimentéiln qua}i%@%lvehgenetld vgfiation §ere{L;0n8§;t§q
to determine *ﬁe genetic basis for 1né£fe¢tiVe/;f£eétive

‘7 - | ) -  ';.
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-c?nchjnticnggihipnacflons; Thé3 exp§b1ﬁénts, involved the -
-ting:“ofu;the  observed<.segbegatlon_,ratios} in Fp and
..backcross populctions.fof a goodness of fit to an expected

~segregdtlbh:batipp

‘:%'”fhe” 'naibé%iﬁedés 1qvol§ing quantitative "éeﬁétlc'

‘VchLationrccnsfifu}ed the‘major 1ﬁteré$t ln,fhlsw:study 'and;

relate to the inveatigation of fhe'igheritahce of total.
symbiotic nitrogen flxgd-per plants The experimental designs

\

which were chosen to eqtabllshA ahd examine the geénetic
varidtion werel (1) a,five-pareht diallel cross, and (2)}5

‘cross between fwoﬁinbred 11nesQ The dlallel cross:”ccnsistéd

P e
W o e

- . il e T e PRI

.t e

f}}fqﬁﬁé& lineq” ot Q. agnggiggnag whlch were not selected
tor'fﬁé“éﬁaructers’undér studyo'The cross between two inbred

lines conqtituted crosses of Q- ggngxiggnag vith tWOﬁ'OtheRZT

. . ' .L-.«.

'”epecies of Dggmgglgm which;vere conspicuously dlfrerent from

WD? aan_xiggnas as well as a within D-,aanguxcgn&g cross.
e R - . . "»‘ = o - - v ; o X 0
. Be Materials. | ‘;“ Com T REREEIE

la.Rhizggigm’strnlnst

\

.Tp‘“study one component of the host—strgin interaction

lbfcsymbidflcfniftogen fixqtlcn; it was necegsary to hold the-

1

58 . G

other c0mponent constant. Since the variation within the

,populatlon creat‘d from crosses among Qgﬁmgglun 1ines was of'n

'maJor ”’1nterest, the‘ Rnizghium componeqt within - cach
" experiment has .been held;constqntgnndwﬁdé coneidéred to be

.gn‘.'envlronmental' component.. The two puré strains of



Rhizobium selectgd'wérq“'straln A (CB627)* and strain B
(CB1789)% which ‘vefe. lsolated from D& nLngé and D

ggﬂgxlggjag, respecflvely. The se strains differed 1n growth

jbfopéftles. Bbfhi'strqins- are classed =as slow growings

however, strain A is considered to be felatively fagter

«

growing than strain Be. Both strains are members of the "Cow-

pea“ group of Rni;gnlum (Vincent, pefs.'com.)lﬁﬁd strain A

has ‘been releaeed ln Australla as a commercialvlnoculuﬁ for

‘DﬁSmgélum-“

a

ngamgﬁinm lines.' . , N

The pgaggnxum llnes used in’ this siudy are described 1n'

Z,LTable «2;-‘2; ggﬁiilgéﬂﬁéf or its crosses were used in mosf

:experiments becauae 1t. “(a): . W-dip101¢{ ”sg1£—fert11e “and

reudily -_crossed,_ f(b)(..lé_'~relat}§e1y*=ftnsensitive”"to~

.5phofoperiodlsm and is. jéaéil&‘5mdiﬁfalﬁéd“xﬁndér 'gtasgﬁoﬁéé'*

ﬂcondit}ons,'(c) has a robust seedllng (desirablé‘foﬁ culture

cin a boftle Jar assembly), and (d) can be ﬁzbrldized eggily

wlth other conspicuously variable and commercialty'imporﬂant.
speclies of nggmgglgm (Than Aung, 1970). Prolonged 1nbreed1ng
does - not adversely effect plant vlgbr' and inbreeding

depression is generally consldered ‘to -be . absent (McWhlrfer,

©1969; Ratar.gnd Chow, 1971). These.chapucteristics made Do,

sandwicense  an excellent model organism for nitrogen

fixatidn studiese.

-—_———.——-————-—-.———-——-

 *Commonwealth of Australia ldentltication number.,
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Five inbred lines of D. gandwicensge (Dsl to Ds§5) were
crqssed, in alli possible combinutlons lnéludlng recipr;cal
c#psées to create a diallel cross. Although the inbred lines
were not selected for the characters studied, the lines have
been ponsi&ered as a filxed sample of D sandwicense lines.
The six populations (P;, Rz, Fyy F2y BCy, andlBCZ) derived
from u‘cross between two inbrgd lines were made for each of
thé following crosses: Ds{ x Dal, Ds2 x Dsp, and Ds2 x 595.
The diallel créss and the‘three crosses:between two inbred
lines constituted the basgsic material to cdetermine whether

Zenetic variation among dlffering populations existed for

symblotic nitrogen fixation 1n Degmoediume.

C. Experimental Procedures. v S
1. Crossing techniqgue.

Two crossing methods have been used in anmgginm,. the
emasculation method (Rotar et al., 1967) and‘ the tripping
method (McWhirter, perge.,com.)e The emasculation ;ethod is

achieved by opening the ftL er bud the night before maturi ty

and gently removing tte antherse, The racemes with the

emasculated flowers are then covered with a glassine bag

v

containing a moist ball of cotton. During the morning hours}
the flowers are pollinated with the desirable pollen using a
gsandpaper—tipped toothpicke.

In the tripping méthod the mature flower ie gently

tripped and the stigma is examined with a 10X hand lens.

- v

-Contaminated flowers are discarded. The‘ remaining flowers



 //;’ e |
are pollihated”ahd~fo[lov1ng pod formation glassine bags are

placed over the raceme to gvoid seed contamination.

i
Lo

Rotar et al. (1967) found thé. emasculation technigue t
3 : . ‘ ‘
“be superlgrl but ;mnore  difficult than the tripping method.

[N R e o

Théy reported that the emasculdtibn-wet cotton me thod

produced 60% crossed seed from a 10% flower set compared to

the tripping method which vielded 40% crossed seed from a’

13% flower set. The authors oniy brushed fhe_sfigma in the
tripping method which resulted in tﬁe low percentage crossed
seede Rotar et al. (1967) and Hutton (1960) bo{h noted that
crossing was most successful when the temperature was cool

"and the relative humidity was highe Rotsar end Chow (1971)

repoft that percentage pod set and the monthly average

temperatures were negatively correlated (r = ;.99' df = 3).

-

The crossing me thod used in this study was a

8

‘modification of the tripping methode Each flower was'é}asped

by’ th;\\thumb and forefinger at the calyx and tripped by

app&y!ng pressure at the base of the staendarde. Following

»
i

tripping, the anthers and polleﬁ were .brushed awaye.
Egglnnlng with the top flowers, the stigmas of .the tripped
flowers were thoroughly washed with & 2.5% (by weight) sugar
solution and immediately pollinated with the desli red ppllen.

Thé pollen was either taken directly from the pollinating

flower which was preparedlby holding ~the flower with ithef

thumb and forefinger at the calyx and gently rembving;fhét

petals without disturbing the pollen or by tripping‘ the-

pollinating flower directly onto a fingertipe. The finger was
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dipped into alcohol be tween pollinations. Following pod
formation the raceme was covered with a glassine ba g to

avold seed contamination. Crosses were made at the Colombian

P e o

Institute of 'Agriéuldure, Medellin, Cblﬁmblﬁ and at'tﬁe
University of -Sydney, Sydney, Austfalia. Study of t he
progeny from some of these crosses showed that 95% of the F,

crosses were ' hybrids for the’hspotted leaf character

(Append{x A).

2. Bottle jars.

fhé bottlfwjprs (Leonérd jJar assembly), for nitrogen-
free growth containers, we re éonstructed from various
1nexo?nslVg and readily availabile ﬁaterlals. The bottle Jjar
which .cénformed to the description of Vincent (1970) is
illustrated in Figure 2, During this study, the béttlg Jar
was modi fied +to facilitate the removal of thé_plant roots
intact for the acetylene reducfion anuiysis. The modi fied
bottle Jar is 111ust;ated in Figure 3. After filling the
spirits bottle with sand and coﬁpncting the sand abo;t *he

wick, the sand was wetted and the reservoir was fiiled with

2 nutrient solution compogpd of the foilowing:’

(

CaHPO, ' 1.0, g
K2HPO. ' .2 g
;ngso‘.7ﬂzo 2 &
NacCl :'.2 €
FeCls ' .1 g

Tap water 5.0 1
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seedling emergence)

- Glass Cover
0 '55': \ (removed after
] Dry Gravel Mulch

(placed after )
. seedling emergence)

- Water-Proof Tape

740 ml Spirits Bottle

Well-Washed River Sand
(4 mm maximum)

Cotto'n Wick

~ Water-Proof Paper B-ag '

Nutrient Solution

Reservoir Large - 21
Small — 600 ml

Cotton Ball

TOOPY. s i DT e e e

NAN\N \\\j’\""\'\';'\\\\;\'\'\‘\'\\\\\\\\\\\\\\\\\\\\\\\\Q-4 i _;_I-'-*_.-?.’

J/

Figure 2. Initial bottle jar desi.gn (Vincent, 1970).



Glass Cover

(removed after o

seedling emergence) . .

Dry. Rock Mulch « oo oo

o pldgedatter] LT LIS S
" seedling emergence)

— Water-Proof Tape .

.740 ml Spirits Bottle . .. ..

Well-Washed River Sand
(1.5 mm Maximum)

Water-Proof Paper Bag

Nutrient Solution .

7 —t Cotton Wick'

Small — 600 ml

< Cotton Ball

| WSS

7
é {
é o ~—Reserv0|f Large — 2 |
_
%
Z

_

Figure 3. Modified bottle jaf design. |
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'

»yThe»botfle'Jdr.wnsuéovéféd foh :d_NQ§terfbr6of paper b&g
which was secured with water—proof tapey capped wlfh hglf.bfgu

. so . 2 petri-dish;y and autddlaved’ £for’2 hours at: 1§-pesscles After
£ v P ) R I I T e R R ‘),":'.

cooling, the bottle Jars were planted with surf&éé'sterllzed
seedse The seeds were Sféril;zed in anp acidifled 0.2% HgCls

aéblutioh.LV{ncent,iJSVO) and - washed ;w;fbavgix’.gh&naes“ of

:

asterile watere The testa of the seeds had beenvpreviouslf'

7

'CHipped”to‘Iacilifafe germination. Following ge;minatiqnggﬁﬁ

inoculation the bottle jars were covered with a pebble mulch
T oo R B o = S

~(Vincent; 1970) and left undisturbed until harvest.
3. Rhizobium culture.
“Stock cultirés oFf tge'Rhiziﬁiuj.étrainSjwerewma;ptgéne@_

-as'agar slopes and stored at 2 C in McCartney bottles.
, ‘ ; . Het 2ot

Inoculum

for the experiments was grown as broth cultures in

L
A PR

. " . . S
350 ml: flats. The agar slopes Aqd troth cultures were made

from yeaest-wmannitol medium (Vlncent,-1970) wﬁich‘coﬁsisted
: . L. .. *

» oy

'\ of the following Ingredients:

K2HPO, ‘ _ | 0.5 &

Mgsd..vnzo ' | | 0.2 g &

NaCt b ' | 0.1 g

CaéO3 | 3 g

&unnlfol ' : ' IQ g F
Yeast water _ ) 100\' ml ‘ . N » ‘ ' Ay
D;stllled water 900 ml

Agar (when reguired) ‘ >15 P-4

Fifty ml of the above medium was placed in each flat

and autoclaved at 15 pegeies (120 C) for 15 mine The sterile

v

\
4



T,

-wafer.,

, : . S R L

;tlats were stored at 2-C until vequired.( Yeast“.wafe¥, was

freshly prepared by mlxing 100 g of fresh compressed baker s

oA

0 T S .

mg}éﬁﬁ_:'for%z 1 to 2 hours af‘.rdoh 'témperature‘wbefore

3 L .
it -
Ed

)

“yeas¥ in one l;ﬁqr of‘cool water, The mlxture was. allowed to"

autoclaving for 50 mine The suépended ma*erial was»adligygdw

EOREE

to vsetflé and the clear supernatgnt was used as the yeast

.

Dependlng on the strain . of Rnngpium,fveither. ten. - to

™ founteen days prior to the inoculation time of the plants, s

A

f}qt' was "“removed from storage' ahﬁ fnoculated with the

o

"desired strain using observed- bactenloﬁoglcal precautionse.

T

The Inoculated flat was placed ;ﬁAa growthxcabinét“qt 26 C -

"~ for-the required time 1to facilitate the growth ﬁf the

_Rhfzgnigm; _For ,the~'1npcu1at19n-'of“ the " experiments, . a

suspension of the Rhizebium ;As made by filllhé the. fint
with “gferile ‘water and shaking vigqrqusly fo dlaﬁérsé the
Rﬁizgnlgm. Fiye ml of this éuspeﬁsidn was applied fo the
base §f. e#ch pblant 3 to 4 days'fﬁllowlng emergenée. théh

was apprpxlmafely 1 week after plgnfing.’

4, Quantitative variableé.

- '(a) Acetylene reduction assay.

. o L = . o
The acetylene reduction asgay oI4qudyé;§1 ale. (4968)

was used»to assess the nitrogenase activity of the nodulated

rootb-.IndIVidhal plants were harvested from the bottle Jars .

and the ‘root section from each plant was placed in 2 13.5 ml

vial which was plugged with an eir tight seal. The vials

s ‘2:7,, LT



'Qere‘immedldtely place& on a vacuum

argon and - injected with 2.8 cc

'gcétylene (ethylene free), After 60

wéample-AV&SH.removed‘from each vial

system, refilted— Qlfh »
of éxygen and 3.5 cc of
min, a 200 microliter

and-lﬁchféﬁ into a F-11

w e o - -Perkin—Elmer ~gas chromatograph with a hydrogen . .flame.

ionization detector. The detector was attached to a Tohshin

electron chart recorder.‘Nltrogen was used as the carrier

.

o gas and the rcolumn was a astalnless steel tube of 30 ¢cm 1in

length and .32 cm 1n dlameter ahd'gfftle§<gwith_wPorépack T

packing mateérial. The column temperature. was held at 60 C

glving a retention time of 15 sec for ethylene and 30 sec

for_acetyléne; At peflbdlc intervals, duplicate samples were

processed to check the accuracy of samplinge. An acétylehe

-féeductldn estimate (nanomolar(nM)/pl/hr) was calculated from

peak height using the folloﬁing equation:

‘Es(Ef - Eo) .

il

Acetylene reduced

-

Ags(Af - Acg)

X Ac X St

whe re Ef.and.Af wére the final ethylene and acetylene peak

helghts,* respectively, Eo and Ao were the origin values for

ethylene and acetylene, and Es and As were the scales of

méaSuremeqt for ethylene and acetylene. Ac was the acetylene

constant which was determined as the mean of the acetylene

peak heights. St was the correction

sample of ethylene.

for a standard known

“

Acetylene reduction agssay conducted in. Experiment Vi

vy



generally followed the procedure outlined above, except that
a 35 ml vial was uée& Q{fﬁ no argonsd Thé.ethylene peak was

used as an estimate of acetylene reduceds.

. (b) Dry weight accumulation.

1ndiv1dua1 plants grown In. bbttlé Jar “‘assemblies. The -

harvested plants were clipped nt‘fhe cotyledoﬁary node and
the";shoot portioﬁ ﬁwqg .rétp%ned as the dry welght
accumulation samples The leaveé droppédﬂduringffhe.cOurée'éf
the experiment ‘yere co[}gcted and includéd in the sample.
The sahpieé'&ere bveh—drled'af 105 C for 24 hours ‘and 1eff
at room tempergture for a; 1egst one week before welghing to
the nea;eéf'mllligram. o

o
(c) Shoot lengthe

The shoot length was measured either in situ or on the
harv;sted plants before‘ovén &fxlng wilth measurements  being
recofded' to‘ the nearest milﬂ&neter for the primary shoot
length and the +two gsecondary shoots originating at the
,cbtyledonary node. Total shoot length was calculateﬁ by
égmming the primary and the two secondari shoot lengths.
De Experimental deslg;s”an&.unélyses.
1. Metﬁodological sfudlés.

(a) Selection for leaf size..

Prior to the commencement of the nitrogen fixation studies,

[

Dry - - welght - -accumulation data were collected for ¢
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studles  were conduc ted  -at ~thé"CblémblahJ:Aériculturai
SR S N\ . : L
Inatitute, Medellin, Colombia +to - become - familiar  with

"

DPesmodium growing in 1its natural habitate. A preliminary

kN

.selectlion study was conducted with D. agnﬂmlggnsg for larger
and smaller eighth node terminal leaflet arehg Four hundred

plants of a wild-Q; sandwicense populs tion wene selected as

the base popuiation.g'Several éhﬁracters' relating +to  the
eighth node leatf were measured; namely, the R8th leaflet

~length, and width, the petiole length, the internode 1ehgth
(batween the 7th and 8th npdesgwuand the shoot lengthe From

.

these characters the leaf area, the length/width ratio, the

petiocle/internode ratio, and the average  internode length

3

were computed. o .

H&éing .deﬁined'wtﬁe .selegtion criterlon (8th  node
terminal leaflet area) and the related chafdcters, the
selection was initiated‘py selgptlné‘five plants from the
high and low 'talléfuéf sélection britefion distffbution an;
randomiy éaflng the p1dnts withln-gach-llﬁeé'For‘th;.first
cycle of selection; duplicate data for leaf size were
recorded fof the tenth teaf and.were incladed to‘;etefmine
thelr response to a selection pressuré appliad to the eighth
node terminal legflet. One huddfed plants were grown for

each sélection cycle and selecting five plants from the

'tnllsf of the'select{on“criterionA distribption.' The data

)

for all characters for"cyc[es 1 and 2 were analysed with a

one-way analysis of variance to determine whether the

characters were responding to selectione. . o v

2
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(b) Growth patternss v\\ '
Q‘Tof détermlne whether the bottle Jjar was an effective

'container for:the study of nitrogen fixation in Desmodium, -a

study wasg initiated to observe the growth of DPesmodium in - a

bottle. Jjar. The tiftéen diallel genotypes were plented, two’
‘plants of one genotype, per bottle jar, along with five‘

“(inbred parents) uninoculated controls to determine a mean

growth curve. The experiment was conducted during the w1nter
season and the ‘primary “sholo t lenéth‘ was recorded every

twenty days. for 100" days. From the mean growth curve, a

sampling polht’for‘the‘nltrogén fixation studies would be

determinede.

(c) Linearity of acétylenexreduction..
Hardy et al. (1968) reported that following injection
of ucetylene into a vial with nodulated soybean roots,

acetylene _was reduced to ethylene at & linear rate until

Approiimgtely 90 minutes fo\lovihg injection. To verify that
b ’ .

acetylene reduction by nodufuted Despodium roots occurred at

a linear rate, four Desmodium species (Dsl, Dal, Dp, Du; -

Taﬁ%b 2) of plant breeding interest were iﬁoculated with

strain A and grown for 8 weekse. Two plants for each 1ine

were bulk hervested and prepared for the acetylene reduction

assayes Saﬁples, 50 microlitres eact, for each vial were

:rextfacted“and processed at 10 mine intervals.

.

The five diallel lines wore also prepared‘ for thd

acetylene reduction assay and =a 50 microlitre sample was

3t

P

(2
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measured every 10 min. to detefmlnev1f'£1xat;on‘was linears

» &)
(d)'Boftlé Jar‘deélgn.

e A tést»of. fhe‘.bottlé jar design wos ‘;nitidted" by
screenlnékriver sand 1nfo‘the tollowing'four sizes: -
() < 4.0 mm (equivalent to that bf Vincenf (1970))
(b) 1.0 = 3.0 mm o
(c) 1.0 ~ 15 mm =
(d) < 1.0 mm
The éahd sizes a to § were pléced in ﬁhe»lﬁiti#l Séttle 3&r
design (éigurev2) and in the mo&lfled degign cFigure 3) for

S : .

size d. The sand ih all botthvJars was‘éomp;cted_nbéuf th

. & . . -
wick ternsdre caplillary movement of the nutrient‘ solution.
The -boftle Jars were. arrgnggd _infov a rqnqdmized block
g*éeriment with élx bloeks; planted with the 4Dsl> 11n€ ana
lnogulated yith .strain B, Three seeds weyé planted in each
bottle Ja;,anq after the rock muldh wa apélied, e#ch‘ cell
waé thinned +to fhe two most vigorous plgnts-‘The'experlmen£
wﬁq harvested after élght weeks and the dats for dry welght
and shoot _lquth were recordeq for each cell as: (a) the
mean of'tﬁe two pldnts, and (b) the difference of the two‘
plants 1n‘fhe.same bottle’(vlthin—celi difference ). The cell
mean data Qe;e anal#sed with A tio-way analygls of varlan;e
f@  determ1ne signlflcant differences for dr&, welght

accumulation among sand sizes.
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2. Strain-speclific 1neffécfive nbdulatipn interaction.
i / . N . .

S%raln—spec%flc 1neftect1ve nodulatlon interaCtions
-between some lines of Q. gpgxlngg and strain B were found 1n;

this study} To_determine theqmode_of .inhgritance, of' these

lntergctioné, D. sandwicense (Dsl) X>Q- annniaga (Dal and
Da2) cross ptunts'vere scﬁ;ea‘tor-greé; or yellov—chlprotic
colori in _ﬁhe_»F§ and backcross (to Dsl) generatiéns to
;eferminé the segfegatloﬁ rafios. The scﬁfed tesﬁlfs4 wére
l' teé¥ed ﬁwlth'Afhe cﬁl—square goodness'of £it to ;n.éxpecfédl
segreguflon ratio. |

Two hundré; and fifty ¥, seegs, 150,backbross seeds and
IO.seeds.eaph for pafental conffols Qérg plaﬁtéé'Ain bottle
Jars ';Ad lnocﬁlated with 5”mL§o£.stru1n>B tq eaéﬁ seé&-.kt?
elght weegs the plants were 8cored for green or yellow color
and a rgndo; sample of seventy 1nef£ect1ve1y " nodulated F2
plantg were removed from thé-b§{¥le Jars'and 1nspecfed,for»
nodulation characterlstics. Folléwing . 1népecfion these
plaqts were planted in sand and fertillzed with a source of
hiérogén to deteruine 1f~n1trogen was, ln fact, the limlting
cglterioh. _ C - I' - ‘ o

Slncé'some,lines_of D- gngninga display the spotted
leat churacter, ball >the. plants were also scored for this
charac ter @nd testéd for a chl—square goodness of fit to ‘an
expec?éd Segreg&tion' ratio; qoint ’segregatlon tests were

. . C

determined for inefﬂ@ptive/e!fective nodulatlon and

spotted/plain leaves. -



3. Experimeﬁt Te

The .dlﬁllei cross ‘'was &rrangéd 1n‘Equr1;ent 1 as a
randomlzed'block design wlfh four blocks. (repllégfes) and
fifteen bottle Jars per block. The Hdttle jars were randomly
assigned tﬁe fifteen dlallél genotypes‘&nd-wgre randonized
on a 30 cm grid Avlthln each ‘SIOCK; Simitar bottle‘ Jjars
.. (original design, Figure 2) were used. withln each block with
blogks 1 and 4 having simllar pottle shapes while blocks 2
‘and 3 were dit;enent. Each bottle Jar was pla;ted with tﬁo
surface steriliied s9eds gnd ?ach plaﬁt was{inoculated wlfh
"a 5 ml suspension of'sffain B ?6}iovghg émebggncé. Bloc ks
were planted ‘at. di:fgplng pl?ntingn dgteé due ‘to space
'11@1tatdon§ and ‘to facilitate the 'aéefylené, reduction

-

analysis. Experiment I was conducted  during the winter
X : . - a ‘

season at the University o'f Sydney: therefore, the aQerage

- IS

glasshouse temperature was near 21 C.u
' k)
Each block was hmrvested diter a growth period of 10

weeks ;| and _data relatiﬁg tozgg;o%ﬁf 1ength, dry welght

‘accumulatlon and the acetylene ftﬁ‘ flon asSEsy were recordedi;
: ” \p
as the mean of the two plants in euch”bottle Jjare

. - _
Although the . inbred . 1lines were not selected for the

chgracteré studied, the lines have been conSidéred as a

@

fixed sample of D. gandwicense lines. The data were ahalysed
under the assumptions ot the model I,~method 2 (Gritfing,

1956) and Analysie II (Gardner and Eberhart, ‘1966) diallél
'deslqn to-eqtabllsh the combining ablllty etfects (Grlfflng,

ES

1956) and .genetic conétants (Gardner and Eberhart, 1966),
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4. Experiment II.
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respectively.

The Experiment II diallel CcCross wag 6rranged as a
: a

randomized block deslén with f&ur blocks (replicetes) and
fiftee; bottle Jjars per blocke The bottle Jjars were randomly
assigned the fifteen diallel genotypes and we re randomized
on a 30 cm grid within each block. Similar bot{ie Jjars
(original deslgn,vFigure 2) weré used within each block with
blocks 1 and 2 having one bottle shape, whereas bloﬂks 3 and
4 had anothere. Each\bottle Jarvwas planted‘wi¥h twog surface
sterilized seeds and each plant was inoculéted with a 5 ml
sugpension of strain A following‘ emergencee ﬂBlocks were
plarited at different blanting dates due to space limitations
and to facilitate “the ace?ylene reéuctlon analysis.
Experiment Il was conductéd during the spring seaéon at the
University ot Sydneys therefore, the aver;ge élasshousé
temperature was near 24 C.

Each block was harvésted.after a growth period of 10
weeks and data relating to dry weight accumulation and the
acetylene reducflén assay were recorded for each plant. The
data were analysed under the Aassumptions -of the,mo§e1 I,
method 2 (Griffing, 1956) and Anelysis 11 (Gardner and

Eberhart, 1966) diallel design to establish the combining

ability effecte and genetic constants.
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Se Experiment III.

Experiment III1 was grown'as a factorial e*perlment.vlth
- ¢two strains (A and ﬁ), two. blocks ‘for ‘euch strain, and
fifteen bottle jars per block with three plants for one
genotype planted in each bottle jare The ,fiffgen dlallél
génotypes< were randomly assigned to bo;tle jars which were
randomized on & 30 cm grid within each blocke. Each block was
rundom(y‘asslgned a bench location and blocks ‘léoculated
with différent straing were separated on the bench to u;oid
contaminationes The tofgl expetimen&lwas plunfed on one day
at . the University- of Sydney during thelgummer season. Thé
mean glasshouse temper@ture for this ‘experimenf was
approximatély 26 Ce

Similar types of pottle jars (modified design, Figure
3) were autoclaqu in two groups such that autoclaving has
been contoﬁnde? with blocks.

During the early juvenile leaf stage, Expériment 11X
was inveded by ;nsect larvae. Since leaf loss resul ted, the
experiment was sprayed with an insecticide and each plant
was clipped back to the cotyledonary no?e. After 10 weeksy.
all plnnts were harvested and measurements for the acetylene
reducfioﬁ asgay werg taken for strain A on one day and for
‘strain B the following daye One plock for each strain vas
analysed during the late morning with the "other block
analysed during the early afternoon. Dry weight accumulation
were ealso recorded f@r the sﬁoot portion of each plant. Due

‘o the death of several plants, the two plantsiwith the

<
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lafgest d;y wgight‘in each bottle jar were retained for
diallel analyéls. The data’ were analycsed under the
assumptions of the model Ij method 2 (Griffing, 1956) and
Analys;s II (Gardner and Eberhart, 1966) diallel design to
.establish the combining ability effects and genétlc

constantse.

6« Combined analysis.

The  same diallel cCross was used in the preceding
diallel experiments; thergfore, the data may be pooled for a
bomprehenslve analysise. Data for individuel pldnts were
available for block 4 in Experiment I and all blocks in:
Experiments IT and III giving nine blécks in total. Three of
these blocks were 1noculated with strein B whilile the
remainlng ‘six were noculated with strain A. Siﬁce strains
have been c&géigp?ed as env;ronmental effects for this
study, strains have been pooled with blockslfor the combined
analysise. :The da ta were analysed under the assumptions of
the model I, method 2 (Griffing, 1956) ahdj Analysis Ii
(Gardner and Eberhart, 1966) diallel design to qstabllsh the

éombinlng ability effects and genetic constants.,

7« Experiment IV.

A cross between the two inbred lines, Dsl x'Dal.(Table
2) was made creating the six populations: (P3(Dsl), Po(Datl),
Fy, Fa, BCy (Py x Fp), and BC» (P» x Fi)e Experiment IV was

grown during the spring season at the University of Sydney

a
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gé a randomized biock design with seven blocks and twelve
bottle Jjars per block. All bottlegjhrs were of the original
deslgn (Figure 2) and blocks 1 to 5 had 600 ml reservdirs
(Figure 2) while blocks 6 and 7 hed 2 1 reservoirs. The slx
populations Werg allotted to the twelve ‘bottle Jarg éuch
that the 'P;, P, and Fy populations reéeived one bottle jar
each, the Fo populétlon received flve,x-and the backcross
populations received two each. The bottle Jjars were
randomized within each block and all blocks were planted on
’ tﬁe same day with surface sterillzed.seeds. After e@ergence,
each plant wes inoculated with 5 ml of a suspension of
strain Ae. Thé experiment was harvested . after seven weeks
growth with dry welght accuﬁulat;on and the acetylenei
redﬁction désay beling recoyded for éach plan te. Tﬂe analysis
of variance of population means (Hayﬁén} 1958) was conduc{pd
as a two-way analysis of‘variance with the population means
wlthﬁ% each block constituting the data‘which was analysed
as -outlined 1kaection E2. Alghough ﬁayman did not partition
epistatic effects, a study was initiated to investigate thé
feaslbilit& of such a partition (see Results and Discussiﬁn

seces AS5).

8. Experiment V. ' ‘?

The gsix populations of the Ds2 x Dsp (Table 2) cross
were grown in Experiment V as a randomized block design with
flvevblocks‘and fl#teen Lottle Jars per blocke All‘ ﬁottle

Jars were of the modified design (Figure 3) and all had 600
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ml reservolirs (%1gure 3). @hé six popplafions were ullétted
to the,vfiftéen bottle Jars such fhat the P3yy P>, and F,
papulatlons beqéived oﬁé bottle Jjar each, the F popula tion
recelved osix, and the'backéroés populations feceiQed‘three
each; The boftle Jars werebrandomlzed within each block and
all blocks were ptanted on‘thq same day. After emeréance ;f
each plant was inoculated with a 5 ml sﬁepension of strailn
Be The éxperlment was harvested‘atter ¥en weeks growthe

Dry welght accumulation and the acetylene reduction
assay were‘recorded for each plant and the analysis of
veriance of éopulatlon means (Hayman, 1958) was coenducted as
a  two-way analysis of variance with the population means
within each block éonstitﬁting the data wh}ch w;}e analysed

as oufllned in Section E2;

8« Experiment VI.

Experiment VI consisted of the six populations from the
cross between the inbred lines Ds2 and Ds5 (Table 2) and was
grown in .a growth chamber ;t the University of Alberta.

. »
Three plants of one populatlon were.grown in » teno cm pot
and inoculated at planting with five ml of e suspension of
stralnaA. The pots wgre arranged Into four blocks; two of
which had sand of very fine (.15mm) gerticle size, one with
>fine ( «25mm) san@, while the remaining glock was a 50%
mlxturé of each sand slze., Within each block the populations

were allotted such that 5 pots each were allotted to the P,

(Ds2)y P> (DsS)y, and Fq populations while _20 pots were
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allotted to the. the Fy vopulation and 10 pots each to the
bpackcross populationses All pots were wetted with the

nutrient solution pfior to plantlng.f The experiment wmﬂ

ks -

maintained at a temperature of 23 C and harvested after 11

B

weekse Data recorded for each plant’ were the acetylene

. 2
P

reduction assay, sho6t fresh and . dry welght,\ root fresh
‘ . ﬁ& - ‘
welght, the clNyledon length and width (first node ), and the
width of the juvenile leaf (second node) since the Jjuvenlle
1leaf 18 nearly circular.e The data were analysed on an

individual plant basis as outlined in Section E2e

Fe éehefical analysese.
1. Diallel cross.

A diallel cfoss is a éet of all possible crosses among
a set of inbred ilnes andvthe diallel table is a Ssquare
matrix of dimension equal to»thé number of parentce. Tﬁe main
diagonal represeﬁfs t he inbred lines while the data above
and below the main diagonal répresentS'the F; and reciprocal
Fi créséeé, respectively. - In the absence of reciprocal
effects the matrix 1s'symmetrical. A diallel table may bé
formed by four methods from the coﬁponents of the sduare
ﬁatrlx (Griffing, 1856).

The dlallel andlysls of variance of the data in the
diallel table has been reviewed and discussed by several
workersy‘(Sprague and Tatum, 1942; Heyman, 19545 Griffing,

1956; Cockerham, 1963; Gardher and Eberhart, 1966) and - the

relationship among the 'four -methods and the analyses for
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each methodvreviewed by Baker, 1978.

The interpretation of thé diallel analysis of variance
depénds upan the model‘under 1nvest1gotion. Griffing (1956)
“;eported four differing modgls unde riying the analysis of
variance. The models are:

‘Model I. Fixed treatment and block effects
Model II; Random tfeatmen¥ and block effects
Model A. Random treetment and fixed block effects
Mo&el Be Fixed treatment and ranJOﬁ‘bléck effectse.
The ‘basic dlfterence‘~bgtween theég models relates to the
di fference in the interpretation of 1h§" fixed and random
treatment »(genotype) effects. The fixed modél uSsumes that -
the ;ﬁbred lines andbthelr Fq4 crosses constifute' the total
populafion gbout which inferences are to be mnade and
estimates combining ability effects an@ variances for ‘the
inbred llnes..The randﬁ& model assumes that the lnbrgq.llnes
are a random sample from an ancestral population.gnput_yhlch
'lnferences are to be madee. The;random model estlmﬁfes t he
genetic and non—-genetic componghts of the ’ population
variances.
: @ .

Hayman (1954) presented several assumptions underlying
a diallel anflysis which must bé s;tlsfled béfore‘ the
‘conclusions may be considered ﬁeliab[é. These assumptions
are:

(e) that the pdreqfs are homozygous,

(b) there 1s diploid segregation,

(c) there are no reciprocal effects,

-
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)

(d) there is no mﬁltlple allelism, : ,
(e) the genes are independently dlstrituted,‘and
(f) there is lndependent action of non—allellé genes
(epistatic effects).
Griftlng5(1956) reported that the independent action of

the non-allelic genes was  the assumption of ma jor
. - Y
1mportanceQ The diallel 'cross among inbred lines of D.

ggngxiggnﬁg'used in this study satisfled assumptions (a) and
. ' o
(b)) while assuwptions (q)_and (d) wereﬁconsidergd to be of

-

minor 1mpbrtance- Assumptions (e) and (f) concerning linkage

- .

and eplétatic effects, respectively, were of major concern

in the present investigation since Desmodium bas never been

tested for such effegts.
The ;ahalysis of the acetylene reduction aséay, the dry
welght accumulation”charaéters and other characters were

based on a‘Model I, method 2 diallel anaiysis as oQtplned byu
Griffing t1956i and modified to include Analysis II of
Gardner and Eberhart (1966).\The Model I, method 2 diallel
;nalysis uged In thilis study implies a statistical rather
than a genetic interpretation (Baker,'1978) to partition fhe
geﬁetlc compdnént sum of sgquares and - to  estimate genetic
_consfanﬁs‘ (Géfdnervand Eerhart,19§6)'andAcbmﬁinlng abillty
effects (Grlffing, 1956). A»llstiﬁg of the Fortfan computer

‘progruﬁ employed in this study for the diallel analysis of

the data is presented in Appendix B.
A . -
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' 2. Cross between twqggnbred 11&&55\1.' .

An analysis of a cross between - two inbrqd' lines as

outlined by MNather and Jinks (1971) may consist of six or
¢ . X
more populations. The six populattongpf the minimum design
. , - ’ . e et had
R S ) S Y T
are: " parent 1 (Pj), parent 2 (P>), the indtial cross (Fy ),
) e ) N . Ry e -
the segregating generation (Fp), and the backcﬁbsses&qf the

F; to both parents (B;y and Bz). For thie fixed model,

estimates of the type of zene action may tLe obtained from

first deg;%e statistics (Nather and Jinks, 19271). } %4
Estimates of the magni tude and significance of the
genetic parameters were calculated from the population means

with the formulae as presented by‘ynther and Jinks (1971).

)

The equations for the calculation of the genetic parameters

are.
m = .5P, + 5P, + 4F, - 2B, -~ 2B: 4
a = .5?1 - -Sﬁz + El - Ez

an

i
|
Y
'TH
n
+
)
ol
-
+
N
o
N

ad = =P, +F2+2§1-2E2 -

P, + P, + 2F, + 4F, - 4B, - 4B.

dd =

where g ’ . )
m = Fp; mean

a = additive effects

d = dominance effects

aa = additlve X additive interaction

ad = additive X dominance interaction
.dd = dominance X dominance interactione.



These. ¢quations allow for an estimate of the ‘magnltude

of nthe.~parametersht6 be‘made wlfh ‘the sigpiflcanceuof each

v . e - ' ' A
being tested by the t-test of the estimate to its standard
deviation (Mathef. and Jinks, 1?71)- The variance of each
pafhmeter is determined from the variances of the six
pdpglatﬁéns. For example, an estimate of the veriance of d
is obtained from the following équétion:
Vd = 2.25VP; + 2.25VP, + VFy + 64VF, + 36VBy + 36VB;
where Vd‘= the varience of the dominance deviations, VP, =
" the Qarlanqe of Py, VP> = the variance of Poy etce

An alternate analysis " of population means is the

analysis o;vvariance of the population means (Hayman, 1958;
[ » .

Voigt et aley 196§)- To estimate the genetic paréﬁeters of

the model a coded matrix was constructed (Mither and Jinks,

1971).- The éode; matrix is as follows:
.Meqp a | d . aa ad, dd

P, 1L 0 1 0 0

P '—j' 6 1 0 0

T, 0 t 0 0 1

Fs 0 1/2 0 0 1/4

B, /2 1/2 1/4 1/4 1/4

"B, —i/z{ 172 174€-1/4 174

The'matrix‘may be wélghted by dividing each row Sy thé
standard erﬁor of the population mean. The coded matrix was
subjec ted to a stepyise least squares analysis (Draper and
Smith, 1966) which has been restricted . in this

investigation. The genetic paramete rs of the mode 1l we re
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est}mated on the assgpptioh‘fhat wl&h;n locusreffects are‘of
more lmpo;;anée fh&ﬁ betvéen 16&1 intéfactlons in a genetic
mo&el; 1.0;_# simple model. Therefore thei;drlance amoné the
pqgulqtion means was first analysed for,,addltive' and
do:indnce ‘effecté . before estimating  the 1nteraétion
pgramgters (see Results and Discussion, Seétion AS)v/ The
significancé of the param@ter.mean squafes was tesfed by the
F—rgtlo with the error term from the Analysis of variance of
populdtlén means as the denomlnator (Voigt et ale, 1966).
Properly go@ing'the genotypes,‘repliéaflons, etces prior
to\ date entry allows ‘the usage of the SPSS statistical
analysls package (Nlej et nley 1975) for analyéing the data
for a cross between two inbred lines. SPSS@ls particulaflly
suited to the recnding of the da}a or the creation of new
variaﬁles to assist 1d the comple te -nnnlyslg jan&
interpretation of the data. The :partitlohing 'of/ the
population sum of squares into its éeﬁetic componentQ,;s not
avallable in & 9¢ ho;e;gr, an interactive Fortran cbmputer
program, listed in Arsperndix C, was developed forb this
analysis. Program HAYMAN follows thg Anafytlcal procedure
or the~analysis of variar:e'of populaflon means as defined
vy Hayman ( 1958) aﬁd earlze? ;1sdussed. HAYMAN is sulted for
genetic anqusig;of an; *ype of stntlstlc;L d;slgn wheth;r a
"ne-way of: a .mulf1-‘actqr1a1 analysis 401 v;riance or
c&varighce since . th. popula tion sum 01  squares is

partitioned into yanetic components by the correlation form

of the astepwise regression analysise. This regression
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analysis ' is independent of scale or design (Draper and -

(3) Principal compoﬁent trnnsform;tions."

Total nl;r?gen flxation has been estimated in this
study by many nea’ 'ures gnd correlations among the measures
would beﬁpkpecfed. When var;ables are hlggly.corrélated the
communal variation within the correlation matrix cangbe
sum&arized with a ¢principal éomponents transfo;mation

(Winer, 1871) to construct "variables" which estimate the

variation along' the axes of principal variatlon-' This

transformation 1is alsé caltled principal componenté analysig

(Over;li Aﬁd Klett{ 1972)'wher; the primary empﬁasié‘ is +to
define "composite or factor-acore variates that h;ve cehfﬁin
desirablé, stat{sticnl. pfopeftles". Principal compoﬂents
aﬂalysie may be &ivldqd into three stages of analysi s.

Firstly the analysis begins wlth the "calculation of a

@

correlation or a covariance matrix. Then the correlation or

covarliance matrix is mathematlc&ily reduced ferlgenvectors

(factor loadings) and eigenvalues (the amount of varianqe;T
acépunted by each elgenvector).- Generally a éorrelﬁtion
matrix with unity (total variﬁnces) along the main di@gonat

ie structured because this matrix is scale indepeﬁdentu

(Overall and Klett, 1972). Finatly, fac tor  score
e

coefficients are’ calculated from the factor loading matrix

with a straight¥Fforward mathematicael procedure analogoug to

F o

a regression of an . unknown dependent variable. on the

e
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original variables. k"cbmposlte variable . is a- linear

combination of facforEscore coetflcients of fhe variableé.\
The tlrst composi te varfgbie accounts for greatest gﬁount of
common variation in the qat;- fhe éecqnd composi te variable
is orthogonal to the f{rét»andunccoﬁntsxfor the next largest
SR - el
‘portlon of the commont‘resldual' variation. The remaln!né
composite vnriable-acdounts. for 'the :. remaining variatione.
Prlppi%ul components -Analysis, being primari}y éoncerned-
‘wgth construction of'composite variasle Scores, normalizes
 the eigenyéctorééby c&hverfing tﬁé eigenvect&f mntrlx;to one
of correlations amoné,thetorlglnal Qariubles aﬁd the deri?eq
factorse. Sucg a nofmalization ls,ét 1nt¢?est in defermining
‘wha t the _ﬁridglpul axes rep;esent;_‘Frbm the“ﬁorﬁallzed
eigenvecfors, compos!te';aviabiés!are*défihed which maximize
. . : . . : ‘:'.\‘IN -
existing‘difierfnces.among 1nd1v1d9a1 nggs-

Principal cdnponents analysls has7ﬁeen used in agronom&

by Denis and ‘Adams (1978) to relate plant varlables to yield

of Bhgggglgg ngggnla Le (g&@ggy bean) and by Hussaini, et
al. (1977)( to define maJor~ g;ouplngs withln the world

collection of Elguging ggxnggng L. ( finger millet)- However,

principal components analygls hqs not been employved as a

method of analysing differences among the populatlon j&eansﬁﬁ
Since‘ the principal ‘aiié‘ﬁof' varlatlon*lsfexpected to be

nitrogen fithion,'it-vould be ;eft;nen{.tg &éflne this axis

. and investlggte its vﬁrlatlbn.

C e The principal axis of variation in this study wae

8caled to a distribution with a mean and standard deviation

.
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of 1/3 that b?‘the'gcetylené‘reductioh assay. This scale was

ugsed because nitrogenase the

+

oretically reduces three times

the amount of"ucetylehe than N -( Burris, 1974). Following:
‘ . v ’ .

i

scaling, the coﬁposlte‘Nz fixation estiméte was {reated Qq
anotﬁer ‘Chhracter- for tﬁé‘ahaiyseé. The inférpyetution of
the princlbulléxls of variation w&ll bg.‘pestrlcted to thé'
investlgatloﬁ of fhe ;dlfferenceé » among .popﬁiut;on means
rather than atte@ptiﬂg to estimate fhé‘ agouﬁf of nitrogen

fixede. : : : ’

L



RESULTS AND DISCUSSION

Ao Metgodology

' - To achleve the ultimate goal of lines or hybrids with
greater total nitrogen fixatlon it is necessary to dftaln an
undérstandlpg of the genetic mechanisms operating in t he
hoste In this study, the aréa of genetic mechanisms of
nlfrogeq fixation has been divided into three levels (Table
1)e. In thié generalized sacti§n of me thodology several
studies were undertaken both 1n1t1a11y ‘ and during
'experlmentatlon to establish or to 1nvest1gat; various
aspects of methodology.

-

1. Selection for leatft size.

A preliminary study was initiated in Desmodium to
become familiar wlfh' tﬁis gspeclies growing in its natural
habitaf. This study involved applying a‘ séléction pressure
to the 'eighth node terminal leaflet area +to determigeiits
response to selectione. The frequency‘ distribution of the
eighth node terminal leaflet sizes for the base populetion
are preseqted in Figure 4. The dlstéibution indicated that
¢onsldé;;ble variation was presenf in the wild populatione.
Principal components uﬁalysls of the base population
characters sugges ted that";ost characters were relgted to
one factor‘i.e. a leqf size factor ( Factor 1, Table 3) while .

’the ratio characters are individually related to other

factors.

Data ocollected for the tenth node leaf for a Dsp (Table

49
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Eighth Terminal Leaflet Area (cm?)

Figure 4. Frequency distribution of the eighth node terminal leaflet
area for the base population.
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Table 3. - Eigenvectors for factors from the base population.

S

Factor

Charac‘ar 1 2 3

Terminal leaflet length(8%) 0.94 0.07 0.01
Terminal leaflet width(8) 0.91 0.05 -.34
Terminal leaflet area(8) 0.94 0.06 —-e17
Lgngth/width rutlio(8) -.04 0.02 0.95
Pefiolé length(8) 0«85 0.28 O.11
Intergode length( 7-8) 0.74 —e54 O.11
Pet: _e/internode(8) 0.10 0.96 0.04
Shoot length 0.81 -.33 0.25
Average internode length 0.81 —ed1 0.25

*node numbere.
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2) population indicated that leaf measuremcnfs’ﬁere relafed
4o éne factor while plant welghts related té aﬁstﬁer (Table
4); Ratio characters again were reléted/each +0 a single
factore )

.Princlpal componen ts analysis Qt the cycle 1 date still
suggested leaf size characters we re relafed‘ to the first
factor while ggtlo‘characters were related to another (Tablg
5)e The means and standard deviations for eect character for
cycle 1 are presented in Tableié. The base population weas
'found to ha;e a significantly larger glghth terminal leaflet
area than eithép +he high or low selection lines wi th ;he
exception of the ratioc characters where the reverse was
true. Means and standard deviations for thre factor gscore
variables lnd;cated the same patterns as the selection
criterion (Table T)e

Cycle 2 data also indicated the same pattern be tween
the chgracters aﬁd the factors (Table 2). The response to
cselection by {he high=}1ne wes found to be negatl@e for
cycle 13 howeve T, the high line wean was found ta be
significantly larger than the bage ﬁean suggesting e
responsé +0o selection ( Table 9)e The low line meen wes found
to be sigﬁlficantly‘ lower thaﬁ the\ 5ase mean while the

>
factor sScore means also indicated that the response to
selection away from the base popuiation was signiflcant
(Table iOi. The analyses ‘suggestéd that the leaf slze

characters were highly related as jndicated by their factor

loadings to factor 1 and gimilarily with which they



Table 4. Eigenvec tors for fact
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ors from the Dsp populatione.

.

Fac tor -
Character 1 2 3 4
Terminal leaflet length( 10%) -«04 V.94 -+ 07 0.28
Terminal leatlet tength(10)  —+06 0487 =07 =12
‘Term;nal leaflet area(10) -+ 06 0.97 —+10 0.10
Leggth/wiAth fatio(lO) 0.08 0.18 0.00 0.96
Petlole,lengtﬁ (10) 0.14 0.88 0.15 0.?1
Internode length (9-10) =06 0.73 -4 57 0.07
Petlolé/inf;rnode ratio(10) 0.19 -« 06 0.93 0.01
Shoot length 0.91 0.03 —e 21 0.17
SQRT(nos of nodes) 0.76 -¢36 0.16 -.10
Average internode 0.73 0.26 —e32 0.28
SORT( no. of tillers) 0.76 -a12 0.40 .00
Shoot welght 0.95 0.01 0.17 -.03
Leat welght . 0.88 _07 0.19 0.01
Total weight 0.93 -.04 0.19 0.00
Leaf/shoot ratio —-e72 —wla 0.01 0.11

" %node numbere.
SQRT - square root.s

-
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Table S Eigenvectors for factors from cycle 1.

Factor
Character‘.l ‘ - . -1 2 _ 3 | 4
Terminal leaflet lengtﬁ(8*) 0.88 ~e27 -.01 . 0.22\
Terminal leaflet width(8) .0;89 ~.26 -.04 -.20
Terminal leaflet area(8) . 0.51 N -;28 | -« 04 0.02
Length/width retio(8) -. 04 03  0.07 0.84
petiole length (8) | 0.74 ~ 0.42 0a.1% 0.11
Internode length (7-8) 0336 -+76  0.28 . 0410
Peticle/internode ratio(8) 0.14 ; 0.92  -.15 —.03
Terminal leaflet length(10) 0.91  0e17 0412 0.17
Terminal leaflet width(10) 0.88  0.20  0.05  -.31
Terminal leaflet area(10) 0.93 0.20 '6,08 -, 07
Lengfh/wiqth ratio(10) . 0.0i -.05 0.10 0.85
Petiole length(10) ~ 0.56 0.33 -39 -.01
Internode length(9-10) 0446 0402 0.75 0.09
Pétiole)interno&e ;atio(IO) 6-10 0.27 —e93 -«07

*node numbere.
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Table 8. Eigenvectors for factors from cycle 2.

. 58

Factor
Character 1 2 3
~Terminal leaflet length(8%) 0.95 -.12 0{05%'
Terminal leaflet length(R%) 0.92 -.09 -.24
Terminal leaflet area(8) 0.94 —e12 -.10
. R ;
Length/width ratio(8) -+ 17 f.OS‘V 0.84
Petiole length (8) 0.91 -.06 ;iyr
Internode length (7-8) 0.56 —«75 -.11
Petiole/internode ratio(8) Na16 0.89 0.04
Terminal leaflet length(10) 0.96 0.02 0.06
Terminal leaflet vid“th( 10) 0.93 0.01 -+30
Terminal leaflet area(10) 0.96 0.00 -.13
Length/width ratio(10) -e14 0.05 0.86
-Pefiole length (10) 0.84 0.21 -+20
Internode lengfh (9-10) " 0. 64 - <63 -«10
Pefldle}lnternode ratio(10) 0}11 0.90 ~-e11

*node number.
4
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Table 10. Means and standard deviations from a one-way
: analysis of variance of the factors for cycle 2.

»

Factor
-Selectlon line n 1 2 3
’
‘High 95  0.74%2.98a% —0.47£0.97p  -0.20%0.80b
Base | 99 0.00%.79b 0.28%1,12a  =0.23%0.97b

Low 95  -0.74%.59¢ 0.17£0.70s - 0.44:1.06a

*meéans followed by the same letter are not significantly
different at the 5% lavel for the new multiple range test.

4
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responded - to a éelectloh pressure Uupon one of theme. The

.

selection response for the eighth node terminal 1eaflét]iand
the  first principal factor over ~tvof'c§cles has been

summarized in Flgdre S5e¢ -

2. Growth patternse. A .

o

An initial stﬁdy was conducted with the crosses among -
D sgngxlggngg lines inoculated with strain B to observe‘the:
. .
growth of Desmodium in a bottle Jar and to obserye'fhé

general growth pattern over a period of ' time. The mean
growth patterns ,of-‘the'1noculated-and.uninocutﬁted plants

A3

are presented in Figure 6, During’ the winter season, the .
v rsente _ > -1 . A .

transition . from lag to ilog .érowfh“ phase occurred at

P

approximately the 10th week for the inoculated plants. Since.

e

this transition occurred later in +the winter season, the
10th week was chosen as an appropriate sampling time for a

etudy of the relationship between dry weight accumulation -

and.the acetyléne reductioﬁ assaye. T he uplnoéulited gontrols
were yelldw and cfldrotic an&‘their height did not lhcreuse
beyond the height ?éj‘ Jufenllé stagee Tﬁié chlorotic
conéitlon ‘Buggeated that }he bottle‘Jar'Was ;hbeffective
as;éﬁblyﬁfor the. study of symbiotic ﬁitrouen fixation 1in

Desmodium.
. /: . .
Diallel tables for several characters.m‘nsute# on- the

N
i

inocdulated plants of the above study were constructed ‘and
partioned into genetic componehf /mean sqﬁares ﬁhich‘are '

expressed as aibercentage of the genotype mean sqdnre and
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Figure 5. Selection response of the high and low lines for the selection

. variable ard the first principal factor.
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Figure 6. Mean growth curve for the fifteen genotypes.of D. sandwicense
inoculated with Rhizobium strain B and the uninoculated controls.
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presented fin T;ble 11. The pattern whléh.emerged was thé
conslstenai}with which general effects and average heferosls
values exceeded the mean square for genotypes while the
other cbmponents were lesse. These date sugeges ted the
presence of heterosis and additiye genetlc variancees

It was observed in the above stud& the t the parental
11nes~ appeared to differ igigrowth before.the initiation of
the log growth phase and remained di fferent until fhe study
terminated. To confirm fhése resul ts - the primary shoot

length was recorded weekly for the parental plants in block

1. of Experiment Te The grovtﬁ.purves for +the fivg inbred

i
i

11nés-are pf§sent9d in Figure 7. The differences. be tween
these lines;becgme eviaent as early as the sixth week after
- planting..

Hybrid. . vigor for forage yiela "has been éeneralyi
considered to be absent 1n.’anquLum when . adequately
ASupplied with nitrogen(McWhirter,r 1969; Rotar and Cho;,
1971). The heterosis present in the estlmatesvof symbiotic
nitfogen fixatioq'mus;.be due solely ‘to 'tﬁe processes of
nlfrogen flxat;én because the pon4nodu1ated controls did not
accumulate dry mafter.. Theréioée;' thé bottle jar {s an
effective fool'for creatlng a’nifrogen limi ting .envirohmént
for exéreséing ldifferénces 1ﬂ nitrogen fixing potential

among'bopulatlon genotypese.

3. Linearity of. acetylene ré&uctibng

Acetylene reductlonAéamples were prepared to :determine.
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it . thg reduction of aéetylene by Desmodium wes Ilnéér. The
acetylene reduction dlagrams for four lines are presented in
Figure 8. All samples lndlgnte 11near:reductIon and a sample
taken at one hour should adequately represent the amount of
ncetyiene reduced in a one hour. period. ‘It shoﬁld be
cautioned that Figure 8 is 1nteﬁded to. refer to the linear

rate of acetylene reductiontonly and any comparison among

. - L ;
genotypes should be avoided. Tﬂ%-acetYlene'reduction curves:

for the five diallel lines are p}esented in Figure 9. These

1ines also present a linear reducfion rateq

The above results sugges ted that symbiotic nitrogen

fixation resulted from nodulated roots; however, the studles
‘ ' ] ‘.1 v :
did not indicate whether the nodule was the site of nitrogen

fixation. Nodules re removed from plant roots and placed
»

separately in one vial a d\fhe roots 1In another. The pairs:

of vials were prepare and analysed by the acetylene

reduction assay. Only the nodule sample indicated any

dcetylene\,reduction. It may be concluded tha#t the nodules

are the site for nitrogen fixation in Desmodiume.

~

4, Bottle jar designe

During Experiment II in tHe guantitative - genétic_

(‘g

»varigtlon' section (Level 3, Table 1), two short-icom ngs of

&hé bottle Jar design became apparent. Firstly, the Yplant

S . ‘ . A
??pts would grow lnto the wick and 1t was dificult to

e

N

; . .
,sepa te the nodulated roaots 1ntact.-1t was also, observed .

\
e

that thé envlronmental varlation in the quantﬂtative genetic

‘ .
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studles was ' excessiveiy " large nnduappeared to be confined
largely to within blocks which suggested that tpe boftle Jar
des ign m{éht be mdniphlated in an effqrt to reduce 1@18.
vnriation. It was susgpected, that the sand pvarticle size and
the distribution of tbe particles within the'bottle Jjar may
contribute to thié venvlronmentnl Qaplgtion. Within bottle
Jjar vn?iation ﬁlght be reduced lt‘th? sand particle size was
more constante.

. @
The analysis of varlance for sand sizes is pgesenfed in
Table 12. Significant differences. were reco;ded fér sand
islze means. Th cell means and within-cell differencesh
indlcated that some. meang Aangﬁhdifferences haa‘ largeg

_Quriances than others (Table 13).'The < 4.0 ;m sand sizeE
meané were found to be less for dry weightiﬁnd shoot length
while ‘fhe < 1.Q ﬁm size  had tﬁevlowest di fference and
varlanée for the within-cell .differénc; between the +two
plaqts. Sand éizes with large 1nterfparfic1e spaces.appeared
to héve‘ ldrger~ within cél} differences suggesf!ng theat

perhaps small sand gfalhs assist capillary movement of +the °

nutrLeﬁt solutigﬁ.
' : Vi

> : S B ,
The germiudtion of the plants in the above experiment

was of consldeiablé-lnterest. It was noted that tﬁe < 1.0 mm
slze was the quickest io‘germinate whiie the 1.0 - 3.0 mm
size emerged 2-3 .days lntér. The other ltwo slzes wére
intermediate with the < 4,0 mm 91£e ﬁeing slightly e;rller.
fhe sandv surface qf thebl.Q - 3.0 mm-and.i.O.—lfs mm sizes

dried before the rock mulch could be applied while tﬂg plant
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Table 12, Mean squares from the analysis of va
s .

sand size experiment.

72

rience o. the

Dry welght

Shoot length

Source df (mg/pl) . (cm/pl)
Blocks ~s 455.80 2.57
Sand gize 3 1718.92% 35.15%%
Intéraction 15 1191.83 16.99%
Error 23 568.70 5.62

*slgniflcant at the 5% level of probability,
**significant at the 1% level of‘probablllty.

Tﬁble 13. Means and standard deviations

1

and within-cell

differences and standard deviations for the sand
size experiment.,

Sand Dry wt. Shoot léngth
Size (mg/pl) (cm/pl)
Cmm) , : - —
Mean Wcat - Mean . wedat
L 4 - ) .
< 4.0 42.4111.3 15.2% 9.4 11.9:1.3 1.5£1.1
1.0-3.0 63.4%41.7 37.2443.3 15.0+4.4 3.6%3.9
1.0-2;5 67.7£26.5 26.0% 9.5 15.5%3.0. 2.811.1
< 1%0 62.4113.7

{

Te 2% 4.9

14.2+1.9

0.9£0,5

twithin-cell difference.

-
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roots of the 1.0 - 3.0 mm size wefe found to be
predominantly confined to the wick area. This 1nf§$mution
suggested that seeds planted in the finer sand slzes imbibed

. v ' -
water more readily. These results may be due to a uniform

‘cdpillury movement of the nutrient solution within the < 1.0

mm sand slize.

The reduction of ‘the within bottle jar. variation would
reduce environmental variation; therefore the modified

pottle jar was accepted as a less variable conteainer.

S5 Analysis of variance of population means for individusl

eplstatic effects.

'

Voigt et al. (1966) stated that an analysis ~of

‘populatlon means from a cCcross between two 1nbred'11nes

,

"explalns ag much pf the variance among mesa as possible 1h

terms of addltive gene action" Meredith and / Laster (1975)

repért: that "the éstlmates of A and D are 1nde§endent and
Jg".; A S S o . ’

uri, p@rglated only i1if E 1is not gignificant". To investigate
’ \;" ;‘ \ ) . ’

thes'e }seemlngly contradictory statements a coded matrix for

t E . .
the genetic_ parametéers (Mather and Jinks, 1971) wvas

fi ; v
constrﬁhted and three types of least sguares eanalysis of

'b-

ﬁthfé-matrlx werevinvestlgated. The_thfée ty pes ot . analyses,

‘,\“ b L \ -

. "
d&(¢q§lng in ordg“\?f parameter 1nput, were (a) the foward

’solu%jok 1east squareé\annlysls whlch assumed a simple’ model-

\r

and vhich explalned Qbe maximum amqunt of ﬁhe epistatic

/\\

._u

effects in term{pqt additive gene actilon, (b) a restricted

4

stepwice least Squﬁres &mglysis which assumed a simple wmodel

A

-+ ) e
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by forcing into the gnalysis the‘ additive ahd dbminéqce
effect vectors and then explained the remaining variance
among the poﬁulation:menns by enteffng jhe'ched'interactlon
vec tor with the largest hartial correlation. The vremalnlpg

vectors were entered by the same’ criterion ‘until the

variance of the population means was explained. And (c) 2
s . Na : v

free stepwise least squares analysis wheéef the coded

. >
parameter vgctors were entered_ in terms of the Iarggst

partial correlation. Thls analysis quumed no modele.

. . A . R

The . three analyses of variance of the population means
‘& . :‘( .

.

' o v . o
are presented in Table 14. For this study the - restricted
stepwise least squaresWanalyels has been assﬁmed to be the,

superior method due to the free pagtltion of the epistatic

~

B . * Ed -‘
effects. It the epistatic effects were not partitioned thef

résfricted stepwise least squares‘nnalysis was ldentical to

i
!

the forward solution least squares analysis for order of

parameter input.

According to Meredith: and Laster (1975)  twe

. i
LN

slgnlflcaﬁéé of thé epigstatic effects éagsed thé lLoss of
;ndepeqdenceﬁbetween tﬁé-addltlve and dom{pance-e;fectg, To
presenf the rélatlonshihs‘ﬁequgn the genetic pqrumeters and
the pqﬁulation ﬂeansi path diaé?qms‘ (Li" 1975) we?e
consﬁ?uctéd for the abbve nnalysisf The' %ath diagﬁams are

-»

presented 1in Figure 10. The additive and dominance effects

remain orthogonal for both the direct and the ‘indirect
’ - A . ' » N Q
pathwaysnghe.non—orfhogonality wae between the mein effects

and ‘the . 1nfgractidn beffects.r  Becdusé' of the 1large

)
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coefficients of determination (r%)_between *he malin effects
and tﬁe lnterachOn effects the anllyéls of varliance of .
poéulution ne;ns should be interpreted with caution, Elnée a
large proportion of the main effects may be explained as
inferaction éffects. Howeve}. the analysasis 1s of some‘;ulue
because thé ma}; effects were orthogonal even in the
presence of significant epistatic effects ;nd also provided

an ‘estimate of the asignificance - of the interaction

perameters. . "

6. Strain-specific ineffective nodulation interactione.
N e
Severa%\ lines of conspicuously: different Resmodium
gpecies Wereﬁdested with the selected ‘strains to determiné

the type of hostfstrain 1qteract10n.'The 1ﬁteractlons are
]

presented in Teble 15. D. gngnlngg llneé Dal, Da2 and Da3

were found to be ineffectlvely ﬁodulated by strain B. These

Iin;s also exhibited s;u1L¢seed size and all o;iglnated from

Co?ta Rica or Guatemala (Imrle, 1973 )e The D« aparines lines

Da4 and Da5 exﬁiblted effective nodulation interactions with

strain B as wellfué large Segds. These lines were orlglnaily

collected from Colombia and Mexlco, respectively.

Be Qualitﬂtive genetic variatione.

The area of study of the inheritance of nitrogen
fixation * which hHas commanded the grenfest interest has been

the study of nodn-nodulating or strain-specific ineffective
d

nodulatione. These conditions were found to be produced by



Table‘ls. Strain-specific interactions of Degmeodium 11nes\

with Rhizobium strqlns.

'

.-

¢ 'Rhlzobium Strain

Lines I A , B
Ds1 ' E E *
Ds2 . E T E
Ds3 ) E E
Ds4 : E - E '
DsS . E . E

. .y _
Dat B I

, -
Da2 E \ I . @
‘ }
Da3 : . E : 1
Da4d ‘ - E E °
DaS : ) E : E
‘ .
Dp E E )
Du -~ E E \
. : ' “yv ’

Dsp . E Ex
Dse S & E%

E - effective nodulation (green plant).’
I - ineffective nodulation (yellow-chlorotic plant).
? — not verifled. '

* - appears to be pH sensitive.

‘18



79

ma jor genes. In preliminary experiments of this study‘\id
pggmgﬁlgm it was noted that a strgln-speplfic ineffective
nodqiation 1nteractloﬁ was fand.between some De aparines
lines ;hen inoculated with strain B. The numbers of

. 1 s
observations for each of the scores of ' the Fo plants for

;

nodulation interaction - and sbotted ‘1eaf“ character are

preserited in Table 16. The statistical analyses of the Fo»

- plants  suggested that inheritance of this strafn—spec;tlc.

ineffective nodulation interaction was conditioned by a
dominant allele At a single iocus.,
" The ,unalys{s of the leaf flecking character indicated

the presence of compléméntary gene interaction in the Ds X
; :

Da?2 crosse The Dsl X Dal cross atpeared to be segregatlnglat

a singlé__locus. as the data confbrmed to & 3:1 segregatloh

ratios. The Jjoint segregation of the ineffective/effective

.-

nodulation and spofted/plain leaf character for the Dsl X Da

"cross suggested that the two characters were independent in _

i

! {
inheritance. ‘

<

To test the hypothesls that a single dominant gene_
conditioned the  strain-specific ineffective nodulation

interaction between some De aparines iines and strain B, the.

backcrosses to Dsl were grown and the plants scored for

v

&reen vs yvyellow—-chlorotic color and for spotted vs plain

leavess The character scores for the backcross plants ‘are

\

presented in Table 17. These data for nodulation conformed
to the expgbtatlons of a single gene bypothesis thereby

suggesting the slngle“ gene  hypothesls for fhé,'sfraln-
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' ippeclfic lneftective nodulafion ln QggmgdLum. These fresults

have been publiahed ky Plnchbock (1978) (Appendix D) and are

!

in uccord 1'2th the published vesults for soybean’ where three
eingle douinnnt genes vere- reported tor strain—speclfic

-lnef!ectivc”1nteractions‘(Cnldve11, 1966; Vest, 1970.\ Vest
and Caldwell, 1972). | '
Lo ~ A

Seventy -randomly selectéd vinéfféctiﬁely nodulated‘F{

plants,weqb ;nSpect;d for nodulation charactérlstics and re-

. . R ’

plante& ‘in éots' and “sdpﬁiléd_ with _hitfogen. ALi;
1neftect1ve1y noduiate& plahté _ reéponded té nit;ogen
fer{itizer. The roots of the 1nef£ect1ve1y nodula ted planfs
ethbited. various degrees of nodule formatlon. The maJority
qf nd&ules.w;re snall wheréas'a few were near normal .slzeb
A1l nodules 1acked plnk plgmentation, &, slén'of.an-actige
nodule &Vlncent, 1970)- These nodules . appeared to be slmllar
 tovt:;se’reported by Caldwell (1966) and W%st (1970) for thé
RJZ and RJj3 genes . ln soybean. S S bbi S
The symbols Nllnl qre ' gsuggested for the designation of
th¢ \ D- “fgggxinga straln-speclfic ineffective genes Do
5gng¢1ggn§g has the geDOtYpeﬂnl,n; while the lﬁeffécfivgly
nodulated D. gng:inga llnes have the genotype Nl, N}.
| Slmi}ar _phenotypqs . for. 1neffective nodu}ation
“.interaction ;ere exhibi ted by Dal and Daz lines ﬁoﬁevef,
_it 1svﬁqt'knovn whefher these phenotyﬁes were coﬁditione¢-bv
sinitar' or ditterenf gehes..vTo cqnflrﬁ thls-quegtibh a
vetandurd test of functional allelism (Srb,.dwen and'-Edg&r,

”1965)~w0u1dvneed to be applled to the Fo generatlon of ‘a Datl

e
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Experlmentation‘ for the'frelatlonshlp_ befWeen‘the N1

' . L

geneAand seed slzo vas not - pursued lm fhls study &9 a single
' :t::. .

n <

]gvne 1nf1uencing seed s&ze hhs not *been _reported. ‘Thls.
avenue 'wodla be best examined by explorlng tne fertile De

Qggnlngg x DRe unglng;nm cross since oth speriea"exhlblted
thé extremee for seod slzeﬂnnd have differenf genotype% for
’ ' o ‘ ) -‘-"‘", ) v ) B 9

the N; gene. F S

' B

" Ce. Quantltative genetlc V&flﬁtiOﬂr

{\ A great need in 1nternatlonal agricultdfe has bgeﬁ to

vincreaéé totul symbiotic ﬁltrogen fixation. The trqdftionéi
ﬁetpod of 1ncreaslng total flxatlon has been manlpul@tlon;of
 the Rhlzgnlgm strains used for inoculum (Vlncent, 1874). Aq.
laltgrnate- researc%i;gvenue is to . establlsh and exploltAthe'
¢ variabillity witgln the hoste It was an ‘ObJecftve of this
:stﬁdy to 1n§§étlg&fe the hypofheéls that fﬁere_ls variation
withln annggigg for total symbiotic nitrogen 'fixatlon ;ﬁ&
that this varlatlon has a heritab}e basise The diallel cross
- . 8 /
and a Cross betweéh-tio inbred iides have»beeﬁ’e&ployed as
-quantltaflve fgenét;c. désighs' to  estaﬁllsh” ghié genétié

variatione.

“1e Dlallei'crosé(
as Expériment I.

The 'analysis> of variance¥ for two chaéacters}frbm-

-7

k4
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- P
[

Experiment I is presented in Table 18+ Tukey's teset for non-

additlfity of . the data (Snedecor and‘ Cochran,f 1967)
1nd1cafed that a fransformatlon ot the ddata was ne;essary.
Vincent- (1970) <§9ggested thnt dry weight accumulatlon data_
should Se analysed in the Iogrlthmetic sqale. Non-—

egignificance for geno types was recorded for dry weight and

. .

) the cause:appeared o be block 2 ‘which was significantly
different from the remain&tr ( Table 19). This block may have

differed for three reasons: (a) due 'to K%he mechanical

fallure ot the gas chvomatogrnph thls block #us‘ harvested
v .

‘one week later than the remglnder, (b) block 2 may have been

1no¢uluted ;itﬁ a contaﬁln;ted"broth of‘Rhiz;hLum'since thgv

valhes.of bnrenf 4 and xsome' of 1té crosses. gre &hpatly

-Aincreased; ‘or (c) thgt. the bottle typéﬁusé& in blogg 2

creﬁted a different ep&lronﬁeﬁt therdby uffecting the dry -

‘ wefght accumuiation resultse. Blbck_ 2 w&s delefed from
turtﬁer-#naiyses;

Prinéipkl cqmpohégfs -analysis of the coliected
characters : indicated ‘¥hat- the éharacters were .highly
correlated and related to one prlnclpal f;ctor (Table 20).

The genotypef means for thé fcharacters measured

'(tfgnsformed to logio0) aré‘ pfésentgd“ in .Tablé 21. The
‘diallel genotypes revealed thqtb most‘ crosses ekhlbifed

o

heterosis éuggestlng that heterosls'may be a characteristid

¢

¥Due to & mechanical fallure of the gas chroma tography " the
acetylene reduction data were not collected for blocks 2 and
3 of this study. Therefore acetykene reduction character was
not reported for Experiment 1. N '

Y |

I _ /
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Table 18. Mean squares of two original characters for
Experiment TI. o

L ) ' . ' -
Co R ‘ : ’ Total . fATétal
‘ : ' shoot a ~dry

‘ ) . Co “length - weight
-Source ' defe .~ (em/pl) . nglplp
Blocks 3 2084%% :)48750*#
' Genotypes °© 14 109% S 2842

Error . - 42 44 1873
Non-additivity 1. 610%% 2343 9%%

Residual - a1 31 1347

*significant at the S% 1evel of probability.
. F*gignificant et the 1% level of probubillty.'
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Table 19. Dry weight (mg/pl) of the
Expédriment I.- s

didllel_génotypes fo;

~ Genotype ° 1 2 .9

- Det 70 136 51

Da2 o 41
Ds3 - 917

Ds4 . '11'

Ds5 a5 142 - 49

Dst x Ds2 64 . 109  ° 107

Del x Ds3 115 . 163 . 74

Psi x Ds4- ~ 48 316 . 117

DPs1 x DaS§ 60 . 137 81

Pe2 x De3 13 194 123

Ds2 x b§4; ' 42.f 157 BRE-T'Y

Ds2 x Ds5 33 L2140 66
Ds3 x De4 - 52 . 300 - 65
D3 x Ds5 -~ S5 220 - 48

'Ds4 x DsS 40 170 51

$§E§ck heahs ¥ .56 181 66

,f111»
35 o
39
37 ¢ 1

65

102
120

112

112

122
96

141

136

93

5
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in Desmodium-for total symbiotic nitrogen fixed.

‘The diallel analyses of variance for - the log1io

transformah characters in lExperinent 1 are presented in

Table 22. All characters including the ""Nitrogen fixation!

factor were noted. to have' a similar analysis pattern. The

Iy

'siganlcuht mean sqqarés for genotypes suggected that

o ,
genetlic variation ‘for the characters existed within the De.

.sandwlcense populatione. Significant generalw effects

indicated that a. portion of this variation was heritable.

.

Although heterosis was not significant, average heteroslis

was shown to be -highly significant indicating that the F,

Cy

. - " . {
progeny means were significantly di

fferent from the parentﬁl

meanS.
,

The egstimates of the GeCoaAe effects and varlety"'

. N

‘.constants afe\ presented in Table 23. Line Dsl exhlbifed

posiflve G.C.Af effects ahd:vé;iéty constants-fop totgl‘»dry"
ielghf while 1line Ds4‘yas tound“toﬁhave ;'ﬁégatlve G.C;A.
effecj and vqr;ety-constant.

| Est{;ateé of ébe heterosis c;nstanté revea Led thaf;L in
general, the 1llilne, AndA speclflé heferosiswéonstan{é‘wére
emall ln‘magnltUQgﬂ1nxc6mparlson to the averuée he terosis
constaﬁt (Ta$1e 24). Theselfesults ;ere éxpecfed since line
aha spbélflé‘geteros;s effects were not sigﬁlficant. in the

diallel a;;lysls of variance.

. The estimates of the S.:C.A. effects failed to define

-lany hybrid which was’ superlor to the remainder (Table 25). .

The. néggtlve. SeCeAe. estim&tes for inbred lines suggested
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sel s(1;j)-s(k,1)]

Table 25. Estimates of Gritfiﬁé?s S«CeA. effects for
Experiment I. '
Mgid Secondary Total Leaf T
shoot shoot shoot dry
- SeCsAe. length length length ﬁéigbf 
effect (cm/pl) (cm/pl) v(cm/pB?' (mg/pl)
s(DsiS»L “_'4.059 -.311 =+ 090 _.136
e(ps2) « —.086 -.521 -.140 .4;1
4”s(D83) N | —.064: —.395: ) “ %.094‘/ -—.:;::)
s( Ds4) -;ids" - 4525 -+139 -.1089
£(Ds5) ) ~.038 —o247  © -.081 ¢ -.092
sels(1)] .041 .188 «051 - .069
“se[s(1)-s(4)] . 055 ' 7252 .oesf. .093
" s(Dsl,Da2) 076 146 . 098 4097
a(Ds1,Ds3) ~.004 195 023 .047
s( Ds1,Ds4) .068 -.283 .071 e113
a(Dal,Ds5) ~e022 002 - .00@ 015
s(Ds2,Ds3) <048 .331 ,fdé1° .103
o( Da2,Bs4) $021 .390 .0S5 \\;osﬁw
‘e( D52, Ds5) .028 176 .050 054
' s(Ds3,Dsd) «072 .158 .058. . 086
g(nsé,nsS) .013 _.102 .026 018
s(ns4,nss) +057 ;;218 : ;095 097
| ; se[a(1.jf];' 052 .238 . 064 .088
sel 5(1;4)-8(1,k)] 078 .356 .096 . 132 “
071 <325 .088 120




3

Table 25'»(cont)- Estimatés of Grittlng'é SeCoeAs

Experiment I.

’

» 95
\’p‘;g;'.' .

effects fggln

‘Totul

se[ s( 1

Shoot Nitrogen .
, “ dry dry fixation
SeCoeAe . velght welght “factor"
effect (ﬁg/pl) Smg/pl)- |
- s(Ds1) Soe2 —.140 ~;El-.'sw,
&(Ds2) . —.167 N o2 =747
s(Ds3) 4 BT} | L;134 l;;}asso
s(Ds4) ~§7 -.192 -.190 ~.840
&(Ds5) -.065 —.088 . -.374
sels(1)] . . .o19 .072 .284
sel s(1)-s( )] L1086 . 097 .381
a(psi,ps2) o 113 .102 . 446
s(DsI,bgﬁ)‘n - ‘  944 <046 .179
5(951,u§4)v'  | ,,,v_ .154. .126 .518
s(Dsl1,Ds5) ’—.647 . <006 -.044
s(Ds2,Ds3)  ° s .108 . 468
s(Ds2,Ds4) o ;;056, .ogs . 346
s(Ds2yDs5) 0 .099 . 049 . 234
&( D3, Ds4) \ 102 092 .386
;(Dsa,DéS)v’ . <043 .023 .127
s( Ds4,Ds5) - ' - «096 . 09‘7 . 431'
sel(s(1,4)] T 100 .091 .359
sels(i,d)-aC1,k¥] 149 . 137 .538
Ji-s(k, 1] 4136 . 491




i)

'conflned to among pgrentaL 1}ges and between the progeny and

1.
!

that honozygoué 11nes may be exh;bitlng inbreeding

3

depression tor‘total aymbiotic nitrogen fﬂxed.

b. Experiment II.

The ‘date from Ex iment I indlelted that  total

1

symbfotic ,nitfogen fixed appeared to beﬂ heritable, To

fﬁrthef anestigate the hypothesis that there 'exists genetic

i .

variation for nitrogen fixation, fhe dialfel Qross was grown:

‘with Rbizobium strein A . to determine 12! the mode of

inherltgnceiwes conslistent for a different straine

Prlncipal .components 'nnulysis. of fhe charaeters

'

measured for Experiment II revealed that all characters were

]

hlghly correlated and related “to one factor (Table 26).

'The" genotype : means- from the loglo transformed

[}

characters are presented ln Table 27.'An-eiam1ﬁation of  the

indlvldual -genotype" means - revealed that eyery cTross
exhlbited heterobeltiosisv except éross Ds2 - x Dsd ‘which

_porfrqyed : only' completdlv heterosis  for the acetylene

reduction assaye
' The odiaglel' analyses of variance for the . logio
e : ' \ . '
transformed éharacters for Ekperlmenffll are givenfln Table
s .

28, There were slgnlflcnnt dlfferences among genotypes which

confirmed that genetlc‘variutlon was preeent in the diallel
. . : ‘
popdlation; General eftects, heterosis and average heterosls

cempohents‘ ~were slgnlficdntﬁ uhiie 1ine and _spécrfic“

Sy

heterosis were non-slgniflcantﬁ_ The* ggnetic, varidhée Cwa

I I ES

ST TR
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Table 27, Logio means and standard‘'error o
between “two means for Experiment IIl.

£ the

98

difference

Leaf

Shoot Total
. dry dry dry
" elght welght welght

Genotybg e ‘? i mg/ pl) ( mg\/p'l ) (mg/pl)
pel 1.627 1.056 1.732.
De2 1.6%0 1.147 1.777

Da3 1.838 1.355 1.962

ps4 1,749 1.127 .842

D85S 1.795 1.272 1.909
Dsl x Ds2 . 1.842 1.308 @ﬁhl 1.954

pel x Ds3./ 1.948 1.452 o 2.070 |
pel x Ds4 2.003 14466 2.115
psi x Ds5 1.950 1.457 2.073

‘Ds2 x Ds3 1.914 1.425 2.037 -
De2 x Ds4 2.035% 1.494 2.145

Ds2 x Ds§ 2.036 ',i;szs- 2.153

Ds3 x Ds4 2.214 1.683 2.327

D3 x DsS 2.141 1.640 2.261
' Ds4 x DsS 1.941 1.346 2,048
se.of de H0-199 . 0.172




-Tnble

27

(cont). Logjio means and standard
difference between two means for

error of thé
Experiment IX.

99

Genotype

Acetylene
reduced .
({nmoles/pl/hr)

‘Nitrogen

fixation
"factor"

Ds1
Dg2
stS
bs4
‘ps5
“_Dsl *
Dsl x
Dslix

Dsl  x

D82 x

Ds2 x

Ds2 x

red x

Ded4 x

se of

Ds?2

Ds3

.Ds4

D85

Ds3

Ds4

1.648
1.488
. 1.8564

1.506

1.726
1.759
Lss0
1.835
1.996

,1.863

1.898
2.122
2.083
2.030
1.732

0.206

1.855

" 1.831
1.831

1.847

1. 835

1.842

1.845%

1.883

1.855

1.851

" 1.857

1.861

1.870

1.866

1.849

0.460

)7
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‘; | o o . . } .101‘ 
pareatal means. ' Block x genotype lhteracttons ‘were not

significant fér.dry welght Chqrucfets buf  signlflcant for

" 'the nacetylene reductlon‘u35dia Thlsvcomponenf was distorted

Lo

*thicause of a prdblém off'thg separation of the 'nodulatéd

roots . from. the lamp wick (Ftgure 2) in the preparation of

]

the plants for- the assay. As a result of'_this problem . the
boftle‘dar'design gdsvmbdtfied (Flgure 3)-}_
" e estimntes of . the GeCeAs effects and ' variety

.

constants are presentedbin Efﬁl§/29 and line Dsaf.wué shown

to huve"tﬁe greatest G.C¢A. effect and vafiety»cdnstnnt for

V4

”-ﬁll-charactebé. Line Dél, however, exhibited .a negatlvéb

‘ GeCoAe ‘effect and.vafietj congtant which is the reverse of

xwa§ a Dsl backcross line from an original Dsl x:Q.

“strain x génotype»interactiqn‘mqyﬂpﬁjsuggested.]

"feductlbﬁ assaye. Thé_cross-Ds2 x' Ps5 ‘also

Experiment I. These results were of interest since line Ds3

. -

eparines

(Dal) cross. Since strain A was isolated fﬁéhﬂn. ggggingﬁ, a

The estimates of the heterosils constants again revealed

thatvuverageaheférQSIS ‘was vﬁuch larger than either. the

.

estimates.bf‘thgrline Qr spec1Ii6fheterbé{s-cbnstgnfsﬁ(Ilee

. . 3
- q

.301‘ - | :}, “ o L l:;; }_: ;; | | \;;

._Thé : SlC'A;‘ ~;££Qét eétiﬁﬁfeé, révggled‘ 1nbre§dingt
dépreésioﬁ In'théfinbfed.lines _jdf all characters _(Tébié'
31); EThe.‘cross Dsé;#‘Ds4 éhoved ponsidef%big é.C.AJ”ef?ectf
térvthe-ary‘;gight chdfacteré{'ﬂoievéf:itﬁé c;oéé Ds2_x‘ DsS
exhiblfed ’.a-,sqpéflﬁri S.C.A.  éffegt for. fhe' gcefyleﬁé

had a';Layger

-

 deety1eﬁe.j%educflon-'aseay S;Q.A.'valué relative to. its dry

T e
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Qelght accumulutiﬁs S.C.A.'vnlue, whereas, the‘cfoss‘ Deld X
Ds4 showed equal dry weight accumulation and acetylene
reduction S«CeAe. values. These results."suggested that dry
'weigﬂtwlﬁcpumulgwion and the';acétylene :e&pction /usgay,
although assumed to measure symbiotic nitrogen fixatlon, may
measure c losely related‘componepté of a cdmpléx charactere.
| )
ce. Experiment III.
Slnép both strain and/or enviropmentalléffects appéaréd

to be of importance in the precedlng studies, Experiment IIIX

wag inititatad to determine it .strain X genotype
interactions were of significant importance in a De

sandwicense populations.
A review of the origlnal and logaog transformed means
for the within-gtrain - and overall analyses for Experiment

ITI illustrated that heterosis was of the eapproximate

]

‘magnitude of 1.6 (Tables 32, 33 and 34; respectively). The
low mean values for the acetylene reduction weanalysis in

etralin A (Table 32) appeared to be due to the néaulﬁsAbff'

e [ R

_that ‘strain quqgwwln,*&;létgféji§§f3iseﬁe8cence.- Nodule

_senescence ‘may -have

. been due -to the harsh Yenvironmental"

.

’“poﬁdltionsL.lmppseg‘:pggn_-this experiment; ye¥  éfr&{h' B

appeared unaffected. Since strain A weas faster growlng than

étraln B the nodules of strain A may have been sampled at a

1qfér phjsidlogiqul stagee. The compatability of the dry

N

weight means may be explained by the releasing ~of 'nltrogen’

from,, 15§1 .qééEy£né'7ﬁodu1es"for~ plant growths.  Further

e - N . . R T e, ame - PEETE . - - “ - -
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L . . -

experimentation would be necesédry to clarifty fhese?resuLté.

The within—strain diallel analyses of varianéé”fpr the

normal - characters are presented in Teble 35 ' and - for
. : ’ R ’ .
comparison "the logig transformed dilallel analyses of

variance 1sl giVén in - Tab}e_36@ Thq élmi[érlty ofrthe.two
:scglés sugg;;ted'tﬁat.scabe'effects hadi been"rgmbvéd réom
fﬁ{svexperlmgntvthroughvimproved exﬁe;iméntal énd3b§ttle Jar
)deslgn: |

Signlflcant variation Qas‘ aga;n- found aﬁoné,‘%ge
genotypes and the maJority of ‘this' variation ‘was “due to '
average ﬁeterosls. Bioqk X genotype tnteracflbns were also
found Qfo"bé‘ élgniflcant for must gengtié conponoqté-

suggesting genetié component X environment interacticnse

.

TheSe.resq}ié were exoected since Vincent (1965)”‘reported'-
thaf theﬁe;;ifonment;1qftuéhée&;s§m${ot1;‘;itroéehuffxailcthw’
lFAcforiEl di#llei andlyseé~of{var1ance for or%giﬁﬁi s@d
logyo transformed éhardpteré_ are ‘preseqted An Tqblev37.
Strains ﬁe;e'not " significently differeht_vfor dry ”wéight |
aécumdlatlon} yet 'hlghiy signlfiéant f§r the aéetyléﬁe
reduétloﬁ ﬁsgay for,both schléé due to nodule senescence - in
Strﬁln lA. - Genotypes we§e  highly 'élénlficénf for all
ch@racters and scales suggeéf@ng tﬁat'geneficvvurlation was
preséht'gp fhls population and.thaf this vaflation was.scalé

independents’

A partition of_the ggnofype;varlanceﬂsgééééiéd:fhﬁﬁ;&:,

-

i LRSS S
o

BT YTy
PR SN Sy e R

. o e

predominant portion of this variance was due to ‘domlnﬁncaf{v:

R T T > b e W a4 S ee Tmoe et .
B ee e e o e

Y devistions  “since:

Céenerdl T dffects werée significant for the

L B T TS A
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'lﬂtcomparlsons could be made with Exﬁeriment JII - (Table 28). The

113 |

loé(g “transformed’ acetylene reductlion 'asspyl‘oﬁfy;" The

sdditive. effects fwhich.fwefé5'phesbﬁf“fh,¥ﬁéﬂiithjpfétri1€'
. s S Tt .
analyses may be céncelled 1n a'factoridl'anaiysis (Comstock,_,a

v . . . i

'RsEs, peré. comm.). Average heterosls ‘wes hlgbly signlflcant
\

for all analyses while the slgnlficance of 1lne and - speciflc

!
heterqsls was characfer and. scale dependente.

: N _ . ?
Atstypln‘]by geno type 1nteract10ns~'véée”‘beﬁd;”to be

. R T .
T R A N L T B

slgnificant 1n"th;é expériments: " Strain’ X heterosis and
strain X speclfic heterosis’ 1nter¢cf10néf vefé. significanf
“for ' all analyses QH;le therel&ppeqreﬁjto;b23viltiéféf§&iﬁ;X ﬁ3wt'”

- average hejerosis interaction.

A linltdtibq‘tgitﬁigﬂgﬁqu51éffé'fﬁe llhited number - of
degrees of freedom for tﬁe*iptéraction‘terms, Since straiﬂs
hgve.been éonsidéred to ba an edvironmenfallvcoipodent fn
this Qtudy; the strains and_‘bloqks. were confounded,aﬁd

analysed _psg‘a‘ four block expérfmedt. B8O »thaf direct

o - e '.

e X 1

. ,,...::_.vb
RPN N . .

verall diallel analysesﬂ of variance for the orlginnl mnd

'loglo transformed characters' are presented Jiﬁf Tnble'jBS.

©

Genotypes were found to be signitlcantly different for bothv
scalgs,asqzkcg/all components with the exception of " Specific
heterosis for +the logig transformed acetylene reduction

assayYe ALl 1nteractlon terms were >§1¢n1£icant wilth the

excegtion of blocks/strains X gengral.’ﬁhlch-vwas‘*"nbh&":

slgnificant 'fér 'the - logro tédﬁéfﬁfﬁéd‘”"&by' iéight
accumulation. The',signlflcancei of the: tnfééaéfibni—terms

P N

suggested that genetlc qtudles for total synbiotic nltrogen
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'ﬁave”°‘beenzwreduee&“ b§fvapproxléately onebhalf thogegﬁgﬁ4p;
Experiment 5 O (Tabl’; .Thls reductlon 15 most Iikely E'e“"”'”
:fo. the: modlfi'aflon of ‘the bottle Jar deslgn (Flgure 3{
which reduced 1th1n—cell varlatlon. Once the variation ’aQ;v
fo-~boftle J r design whs.remove¢, the 103;5 transformation:
was not neceesary as the o¥ig1na1 aealyses were slmiiar to
':tﬁé; '16@15 _aneIVéee;: Tbese.:dataebsuggest ‘that lfurthefv
1nvest1gat&on of t;e{&;;iggggég;;éiiighkdeS?jqfa@eaﬁﬂ;fgizef:;ﬂi"3“"
m_would ‘be benetlclal;:v  “‘”i‘i-F B | o

v

E]

D

N -~ 115
‘.‘“-“M ¥ " ;ﬁg' o 'J.h S l

P

sy

.

stterent envlronnents 5P the experlmental results are to be

'éellgble.

R

eThe'eerror meaﬁ"equdres'fbﬁ'dby'welght &ééumuldfienAahd

the acetylene reductlon ussay in Experlment 11X (Tuble 38)

. 3
[y

-

The estlmatee Leflqthe variety eenstants,_&nd G-C.A.

PR N _) N P 3
- W ; "

‘“ ,,‘V_n LT #] ...‘.‘ - w o

'”feffects for the origiual and 1og10,.transiormed ;charactersf

e . . _-“».u

ST ‘.":“_* T N

'.iﬁoﬁf’elle analyses a&é' presented 1n' Tables*f39"and 40,»

o

'H respectlvely- The estlmates o! the .GeCehe etfects~vf0r'_fﬁev

n Y.

»

\ezlog;g  transformed -characters’»for strnln B. (Table 39) wereﬁ

Jfoﬁnﬁ to be slmilar to the results of Experlment Te Llne Dsl

A

~was found to have the largest G.C A. effect for ‘both

Jéhnracfebéf whlle :Ds4b‘showed‘ the 1argest negative ‘GeCa A.

.effect..Line D52 showed the largest heterosis constant for

l

Tdry welght butﬁDsl hud the 1arger constant for thefaéétylehef.

reduction assay. The G.C.A. effects for straln A (Tabielég)'“'"’”‘

were not slmilar_to thoee reported fto:~,Exper1ment. Ile. As

earlier discussed fhe’n0du1es of the plants of straln A iefee

fixed tshould be tested wlth /differedt straina and 1n
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in a state of senescence and this physiologicael state may
have affectgd the results for the acetylene reddction
#haiyslé. Ho;ever ghe GeCeoAo effe§ts for ery weight
acé#mulation were.sim}lar. therefore noduie senéscence may
not ‘explain ~the dlvérgence from the GeCeoeAe effects of
Exp§rim9nt II. Line Ds5 presented the 1argest,G;¢.A. effect
for stﬁain‘ Ae. Its crosseslhad larger means th;n *he other

crosses (Table 32). Line Ds5 and its crosses may have ' been

resistant to nodule senescense or responded more quickly to

cylpplng of the ,uvenile plants. Line Ds5 also has the

1argéét G.CesAe effect for both characters for tbe overall
analysis (fablé 39).

The estimates of the heterosls constants and thefé.C;A.
effects dérived from the original and the Llogia cha?apterg

in the | various analyses are presented in Tebles 41 to 44,

respectively.

de Combined analysis. : » ©
The preceding expe@me‘ts were conducted with the same

diallel cross but‘ differed» in environmental and atrain

effectas. Since strains have been initially considered as an

’enﬁirOnmental effect, it would be pertinent to pool the

above experiments for a combined analysis. Blocks 1,2 and 3

of Experiment I have been deleted from the combined analysis

because subsamples within cells were not availlable for’ block

\ } . , ) .
1 and the acetylene reduct}on’assuy;was not recorded for

< "'
blocks 2 and 3. The remaining nine .blocksa, ‘glx inoculated
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with strain A and three with strain. B, were pooled .such that

block and strain effects were confounded.

C R T

Theforiglnal and logyqg means confirmed thaf the mean of_il
L Ithe” [Fy Tdengtypes” ‘was”-much-larger -than the means of.their
. .~ S TR LTI e T St e e e, e e e O . e el ;
‘ . , . e “ ¥ N e Ty et e

inbred purenté (Table 45). The mean heterosls ‘for all .
characters appeared to be approximately 1.8.
7 The djisllel analyses of variance for Gardner's_Analysis

IT of the ofiglnai and logyg transformed charecters of the
"combined analysis are presented iy Table 46f'&n&7516§r

. ) ’ ) e . » ‘rv S . ‘o Cae e s . e A . , ] ; .
comparison Gardner's Analysis III is provided’ in Table 47« .

v
1 < me .

Béth Anatygqs ahq ¢§ompqtlb§é; .bq;gveri'fyheh.genéral.vme;g'
equare Qaé largér ~for Analisis‘,lfi thah‘for‘An;1§51§ II
:Eﬁggéétfn§ fﬁh£”hérqugiefgffée?é”&bg‘giveﬂ:_mth:jWg{gﬁf&Pé~ 
‘b&‘fhe Anﬁiyeis_ill.'Gardperlaﬁd Eberh#rt.(1966) report fﬁat

_ Analyslsf III mey be

e

superior when average heterosis is

. o - o ;i N ity G /.L;;Jl L U s - DR ¢ .
highly significant as in the . preésent . data;  however, eithér_
. analysis is applicable.
\ Significant differences among genotypes were found for

all characters except the original acetylehe reduction

: . ¥
assay. These results were not unexpected since the acetylene

reduction eassay values in the pariien”,experimqnts»wera

affected by the difficulty of removing the'root intact from

‘the bottle Jjar wték. Highly 'signltidhnt-_héterdsis and
s x it ‘ :
afernée heterosis effect37\§were~_ also 'réqorded. . ALl

1nteracf10n; effeéfs for the logio transfprmed,ch&bacters
were slgnifichnt _'lfh the exception of block/strains X

uvéruge heterosis for the logroa transformed acetylene

)
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envlrohméhf ‘interactions wqreiof gignificant importance in
the study. of total symbiotid nltrogen fixé;} Significant.

: C N\ R AT
general effects for the '1bélo"f§anéformed characters for

[

‘poth ‘diallel eanalyses suggested Fhat - heritable = genetic

|
. ‘ |
variation was presente.

The comblniﬁg_—aﬁilify ﬁnal&slé for Goc;A; etteéts dnd
'vdviefy'cbﬁstgnts are_préseﬁtéd ?nliqblg 48;'ks 1nﬁ;cafe& ﬁyu
the genotype me;hs, if;é ﬁsvaaé shown té have the lgrggsf
GeCeAe effect und‘varlefy constant fqr the logio tranéfopmed
chab:ctzrs.% Lines Dé2 :Anq“ Ds4, ~ﬂo;;on.,theot-m‘:; heandy had
neg#ti#é GeCeAe etfécts.”:ﬂeierosis cbnsfants and SeCeA.
effects for the qu scalés a;e preséﬁfed”ln Tables'49 and
50,'hespéctively. The avefage ﬁgtefoslsbbconstgﬁt was much
YEAEger that thef'ofﬁgrvhetenosié cqnstéﬁté suggestiné that
thebmajor portlog of the gégetic» varieance is due td Fi

heterosis (Table 49). - On the otherbhand, all inbred lines
exhlbited’ negatlve'ﬂS.CtK. effects suggesting . inbreeding,

iz

‘depression (Table 50). Further studies would have to be
undertaken to determiné wﬁether the iarge average he terosls-

effects ware due to F‘ he terosis or inbreeding depbession

e ~

“exibited by the inbred lines when grown in  a nitrogen
limiting environmente
The combined analysis indicated that total symbiotic

nitrogen fixed had both  heritable  and non-heritable

components of the geneflg varlgnce.iTﬁe targefuproportloh of

variance was contributed by the non-heritable portion '

sy

e “Zf'fff..‘if27f

Hé;~

reduction‘assqyl These resultg»_sugggsted:xthat““géhot&hé‘ x
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Table 50. Estimates of Grlftlng S SeCeAe
. v--cambined analysls. :

.. 130

effects for the

f original logia’
O  v - ~ S .
-, I : ) Dry .. Acetylene Dry ;cetyleQP
iSZCqA - welight reduced we}ght reduc ed
‘effect ‘ (9g/p1) (§q{p}<h§) A (mg/p}) .(n@/p}(hr)i
s(pst) .} 68 -18.3 -.169 -.172-
gZDsz) : —26 “ "-1§18v —;097 -140
A;s(DgS)l o %—70_ -31.4 o181 -.148
s(Ds4) =66 ~26.3 ~.184 -+170 .
s(Ds5) -a1 -45.1 ~.204 —.219
;;Aééwff@@fgtryf / 15 12.2 .032 040
’ sel s(1)-s(J)] ZQ 1643 043 .058
s(Ds1,Ds2) 9 . .5 «059 wi;o4sf*f_f 
“s(Ds1,Ds3) 71 _,9.4‘ 5Q135. .116
s(Ds1,Ds4) ' 15 4.6 .055 .053
s( Dsl,Ds5) 42 ' 2242 089 © .136
's(bgz,nga) -16 ~2.4 .056 083
. 8(De2,Ds4) 19 1.5 . 090 125
s( D2, Ds5 ) 27 38.0 <100 <163
s( Da3,Ds4) 3s 2§§2, e142 <131 ;
s(Ds3,Ds5) 51 ) .139 <109
o(De 4, DS ) 62 "20.4 .08t .03t -
vsé[s(i}J)] 19 "15,4‘ «041 051
se[s(i,J;és(;;k)] 28 'lza.i «061 .077
 sels(i,j)-s(k,1)] 25 .056 070

21.1

RN

~

Soom
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P : : . e '
because of the expresslon of average heterosls. Crbsses D a4

x DsS, DPs1 x. Ds3d and/or Ds2. x DsS 'ould be of significant
intefest for. an intensive . study since _ these crosses

‘exhibited high mean yleld and specific combinirg Abilfty

“

effects for at 1east one of the tvo characters;

\

: U
e Correlutlon between dry welght accu-uietlon. and the

-acetylene reductlon ‘assaye

. -

A 'secondary objective of this study was to relate drv'

. . =

1
welght accumulation and the acetylene reduction assay as

,quantltaflve measure for total symblotlc nltrogen fixation.

- 1 - .
The correlation coefflclents fop these ‘characters for the

\

o . . o . i
diallel experlments are _preaented in - Table 51l.  The

_corfeletlon coeffielents vere'foqnd to bewh;ghly.slgnlficunt
with the eXception of the unadjusted overall. correlations
These "datae suggest 'that"the &cetylenesreductioqvaséay is

T .
compatlble ‘with dry welght accumuldtion for Juvenile plupts

A 4

grown in bottle. Jacs.,‘A simllarly 1arge correlation (r =

.89) was found by La'n gx 31. (15§4l~ for total nodule
Y T \z“" . :

~ )

; -
activity .and shoot dry weight jo’ 5§enotype meanss

I+ may be concluded that the B ?lene reductlon assay'
LA : . .
S ER108 . o
‘lwould_be suitable as a plant breeding tool for screening»'of
. » .

Juvenile genotypeq lnto various classes for total nitrogen”

fixed. %&ébe the ucetylene reductlon assay does not require

. ¢ .
nitrogen-tree growth : condltlons thls assay would. ' be

effective and reliable. for:_screening‘ plants . grown under

'tleid conditionse
]
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Table S1. Unadjusted and block adjusted correlation
coefficlents between dry welght (mg/pl) and
. acetylene reduced {(nM/pl/hr) for the diallel

‘experiments.

'

) Block
Experiment Unhdjusted "r" Adjusted "r'"%
1 «92 « 86
11 : .92A «83
i1 , » 76 «83
Combined “ ;43, «85

»

%*all block means in each character:
mean for that character.

are adJuste&\to the grand
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2. Cross between two Iinbred lines.

A second approach to the study of quunflf;tlve genetlic
variance 18 provided by the analysis of populations produced
"by a cross between. two inbred lines. Thropgh the analysis of
first degree statistics, the cross befwe;h two inbred 1#nes
vwill provide information a#out'epistgtip interactions which
c;nnot be obtained from a dl§11e1 crosse In this study of
the 1ﬁheritance of symbiotic ni trogen fixa%lén the croés

’

between fwo inbred lines has beeﬁ enployed as an alternate
quantlfafiée 'géneflc design for he establishment and the
partition of th; genetlc vgriance EXd——4o investlgate the
influeace of epistasis in.tﬁe expression of heteroslsn Three

experiments were conducted in this section.

ae. Experiment IV.

Seven blocks were grown in this experiment, thréé}
blocks were deleted due to their uniéuenéss- Blocks 7.nnd 8
were grown 1n large bottom (21) - bottle Jjers while the“
remainder had small bottles (600ml). Block § was missing
many of the B; populatlon plents and wus-no{ considered to
be complete; Because of poor germination - ‘withinp the B,
population, 8ix By plants from the dJdeleted blocks ;ere
fltted71hfd'the remaining blocks so as not to bﬁppreclably

e

change the within block meane.

The original and logio means revealed F; heterosis with

the F; mean falling very near the midparent value suggesting

the random segregation of alleles (Table 52). The backcross
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means do not appear to fit any pattern.

- The mean séuares of the analysis of variance of
A

' S

popuiat;pn means for the\qr%ﬁingl and logso transformed datn
, . ‘ .
are  presented in Table 53. The qnqusls of variance of the
population megnsbindlcated the blocks were pofjsigniflcﬁnfly
different while populations were higbly significantly
differente Additlve; domlnance‘ and éplstatic effects ﬁere
also élgniflcant with dqmlnance by dominance interactions
accounting for ;he maJpr eplstatlé varlgtlon. The tést for
non—-additivity revealed that the logg g scale was the most

appfbprinte due to the effects of the bottle jar deslgh

(discussed earlier Iin the diallel sectlon).

be Experiment V.

The means of the six populatlons cfeated from a cross
between Ds?2 ans Dsp (Table 1) revegled that the F1 mean wa%\
iurgerjthgn the other means 1ndicdt1ng ;he preéesce of F,
heterosis 1in this population (Table ©54). The backcross
pogutation neané tended to excee&>vthe Fi mean which is

unexpected fbrv'an addl tive model. These results suggest

0

epist;tic interactions. The mean for Dép wasg found to bé
. much less than expectede. Observing the Fo populatioﬁ
dlsfribﬁtlon for the orlgigal and logi1o0 4ry - welght
ucéumulation,vlt was 'notgd that the logio data “was akewed
~toward the upper end of'th§ éistribution (Figure 11). These
distributions may be inteypreted as 8 confounding of two

digtributions (Figure 12). The phenomenon producing thé low
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Number of Plants

30

20
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-31
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1 . ‘ .
83 - 140 198 255
Dry Weight (mg/pl)

Figure 11.

- -
1.8 2.5

- Dry Weight log o (mg/pl)

Normal and Iogm distributions of the F2 dry welght
values for Experiment V.
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Normal

lOQ1Q

5

Flgure 12, Normal and Iog1o distributions suggesting the dlstrlbutlons of
segregating factors A and B for Experiment V.
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1's

Dsp, leand Bo scoreé‘uppeared to be . a gene segregating for

Y

pH e%;aets since theugsp Line %§$Vcnormally at pH 6e2te2.
. i A .
lFﬁftﬁer _investlg&tion vould be necessary to determine the

exact nature of the Iow.Dsp‘scoreg.

The six populations of a cross-@%;wgan Ds2 and Dsp when
o \

‘analysed for the analysis of variance, of pé?ﬁlation meads

2

showed hlghly signlficant populatlon differences (Taﬁ}e 55 ).
|}

Additive, dohlnance and eplstatic effects were highly

signlficant. Dominance X dominance and additive X dominance.

interactionts ‘contributed to epistatic variatione Theséiy

-

‘results were compgtible with those of Experiment IV.

ce Experiment VI. J

The cdmblned analysis of the diallel suggested theat

A}
three crosses showed high mean yleld and specific combinling -

N

ability for tﬁé characters studied. Cross Ds2 x DsS wasf the
cross which' had the highest mean yield for the acetylene

Q&

reduction-gssay.so in Experiment VI the six populetions _pf.
the Ds2 x .DsS cr&gs'weﬁe créated for lnténsive éfqdy;;. d
The correlation cdtfic%:nts for the charaéfers studied
are presented in Table 56. The estlmates of Np fixation were
found to be” highly correlated anong themselves und partially
correlated with the leaft chnrgcters. Applying the:'prlnclpal
compdnenfs trﬁnsformatlon to the - fixetion egtimate
characters yielded one factor (Table 57). The estlm@fg

variebles were highly corvrelated with the first factor

indicating that all estimates measure the principal axis of
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JTable“57; Elgenvecfors

‘"for factors from Eipeq

2,

iment VI

143

Factor
. Character 1 2 3 4
Acetylene reduced 0,90 —.35 0.24  0.00
Top fresh weight 0.97 -.01 -.22 0.11
Root.ffesh”wglght 0.90 0.38 0.20 0.00
2] '
‘Top dry weight 0.97 ~e02 -e20 -e11
‘Eigenvalue 3.51 0.27 0.19 0.02 °
% variation explainéd 88 1 5 0
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varlaflon; namely Né leatiee; Shoot fresh and ery welght
apeeaved t0o be the better eetimates of N2 fixation sfece
they are mostr.hiéhly eorrelated with theVprinciﬁei axise.
Since scoree for the er1nc1ba1 axfs=eae Se eefihed elth‘ a
prlnclpel ebmponeets transforhution,_ the "facter"ISCOres
were calculated‘ for the principal axis from the
eigenvectoré. The new &efiveq~‘charééter' hns‘been termed
the "Nitrogen fixetlon" factor and dltferehcesv among
population means are of 1mportance rather than the nmeunt of
Nze'f1Xed. The "Nltrogen flxation" fuctor has been.given a
'distribution of 1/3 the mean and standard deviation ef;.the
acetylene 'reduetion_ assay since nltrogennse ls assumed to
ﬁtheoretically reduce 1/3 the amount of eNz'fthan>‘acetylene
(Burris 1974)- The "Nitrogen fixntion" fac tor was added to

‘the data set - and freatedH’as . another character .for the
» ‘ v -0 - Lo
remalining analyses in Experiment VI#N'

whe .
. _ e ,
The means and standard deviations S or-the original and
AN

ltogyo, transfofmed data are presented in Tables S8 ahd,'SS.

bespecflvelygs’The Fy4 mean wasixfound to be greeater than

jeither parent for‘all scalee ﬁ%&-q&iractefs ;hlle tﬁe Fz snd
'baekcroee’meeneevere not slgnf&iegntly' aifferent from the
parents. The Ds2 mean‘was;fo&hd'%e'be slgniflce;tly smaller
than the B, menn;for the/cofyf;;;n chafactere;v(Table S58)e.
Eoth Athe Ds2 and By nednﬁ_were,slgnifienefyffi;Ss'thdg'fheﬂl
:other populatlon means suggesting a ;génet{¢ _g;s;s »%o .fhe_

ditference. A"similanv pattern has. aIso been shown for the

Juvenlle leaf charactere.



. X
- &5

5. .. . a © "7 s3se} aBuwa 1ndY

'

~UBUABN-F}U2PN3S 3uy '30x IUIIFITP bwvcdoﬁmW;uqm 30U BIV 1933391 euvs @8y} Aq Pamol1]10F BUVOW,

—— —— o
. 2

au(SSITIFCT  A(6VIELFEPT . UESSIFISIFI0°T A(9P)IIITIPLS ae(95)SEFE9 111 2
2a(LS)TTFET  a(1S)OLFBCT  PI(S3)TB0F5P "1 a(Ly)ereFees,  A(TS)0EF8S- BOT !
24(0S)0IF0T a( Sy )IZ9¥8ET 2da(6p)S8°0FEL L. A TP)IBITELES _G(TS)OEFES 6T 24
 e(1P)0IFPZ  S(LEIPOFCLI  GU(EPITBTOFTE7T  O(9EITETILSI S(SYIEEFTL = 65 L E
S(EPIL FLT  A(BEILPFITI P-A(8EIEI°*0F9I9°T a(9c)OLIFSLY a(ev)ITTFIS  SS (g8a)3d
2a($9)ZEFET  A(LSIBLFLET - P(E3)98OFLEI a(yS)IPBIFSTS  HAV(LSILEFSY  8S | (TBA)MA
, (1d/3my S (1d/3) o (1d/7w) . (3u/1d/Nu) U uofywndod.
ad01D9F, Fudram : : IYBIIM - 3yBATem paonpad ' . ..@,..x:
VO TIVXTF S—  Aap . S ysedj ysauj : euai4Liedy = . “_\. : ;
uaBoJa3fN -~ ¥oous - 300y / soous AR L
S JmP.vdvewuonxm J0J S33309IvYdD

19uidjFa0 ayz Jog Uoj3VfIvVA IO mwcomwahuwou puv isuotjetaap pavpuu3ls $SUVIN JMWWO&QOH

N

Y



146

FY-T-3% ¢MCdu 1Ne ~USWMd N~} UapPN3is aujl
J03 a:@pwwmun hﬂycuodHﬁGMuw jou 24a% &ovaA ewuvs oyl Aq pemo]1oF Ssuvaw,

S(31)C*IFC° L ®(ZZ)3F1IY 9(ZI)9*F0°S nAawvm.«a.w 111 g
9({ST1)6°0F1°9 A(8T1)9FPC AG(TI1I)IS*FS*°¥ a(6 IL*FP°L 8OI T
A(01)IL°0F0°L B(RI)ILFBC v (01)S*F6°Y °(6 JL*FO°*8 6TT L
qQu(8 )9°0FTI°L (TIISFIV - ¥(8 IYW*FO°*S (L )9°*FCT*B 8BS ta
C(ZI1)8°0FP°L C(LIILFOD ¥ (01)S°*°F0°S v(6 vh.ﬁo.w SS (S8q)2d
P(IT)9°0FL"S S(LI)ISFBT uamﬁvm.ﬁm.m +2(L )S*¥B*9 8BS Ammavum
’ -

(nw) . (puww) . (ww) (maw) - u uofjzweindod

YIPTIM vagy v Uirptm yizBuan

Tual " - i ) .

owﬂcw>:h.. : . ) uopa14A30D

)

*JA jUSWJIIAXT JOF SAd} OVIVYD ~CmeﬁuV 33} JOJ UOTJ3IVFuava

.JO BIUSJOJIFB00 PUV ¢IUOCTIVFAIP PIVPUULS SBUBIN *(3UOD)

8S °19%L

.



147

4

*1833 oBuva

1nN2i-UBUWA3N-3U3PNIS 3Y3} JOJF 3IUBJIDITTP hau:couuu:dww JOU 33T J333 9} wetm ey3 Aq pemo]10j SuUveW,

av( €T )IZBT*FS9T T A(TIISPT FITI 1

a(ZZ)P9Z *F€0T*1
aC61)9cz ITHT*1
9(91)ZIT FSHE 1T

a(1Z)1SZFT81"1

a( 11)EZT*FP8O°1 PA(90T)HIET*FCITI*0

4(0T)E0T"F960°T

3

(8 JIBSI*FT0T° L

a(6 JoeT1*F¥9¥0°1 nnAaaﬁuNom.«Nmﬁ.O‘

3

R(LOT)II9C*¥EPT 0

W(CIT)IIZT #LBI*O

9(18 )961°FI¥Z°0

Q(PECIOVD°*FOST*T (T )I8PT*F¥B8I90°T °2(0SEC)ISPC*FOLO®O

(1d/3)
Iuydtom
ysadg
300y

Q(8)9ZT*FLOL*T G®(0T)IBIT*FBTL*T 111 o |
A(L)IBBT*FELIT A¢O0T)ISLT*F¥C69°T 801 -
q(L)9BI*FCE9°C - 6 IPET FECIL'T 6T | 23
9(9)6LT*FT/L T  ©(L )ITIT°F118°1  6S . ta
QCLIPLIFOPO°T  4(8 )S0T°¥999°1 SS (ssa)id
A(8)ISTT*¥L99°C +49( QT )CLT"FBEL®T 8S (Z8a)'d
(19/8u) . (d4y/1d/RAu) u uo¥3eindod
3IUdtTom . poeonpaJd
ysaazy aueldL3iedOy
yoous v

* (1d/3wm)
ud03}3Vg,, Iydiom
UOT3OXTJF Aaxp
uaBoad3) IN j}ooys

paugogysuvay

0301 3ayy 203

. *JA julduiaedxyqg aou.muovuohdno
UOT3VJJIV¥A JO SIUITOTFF20D puvw SUOTIVTASP pIvpuvis iguveN *g§S °1q%lL



148

The analyses of variance of the pbpulntlon meaﬁs, for
the .original and the koglo transforme& characters are glven
in Tables 60 and 61, réépectlvel&. Populations.and dominance

e o . .
effects were highly slgnlfic;nt'for all characters 1>I both
scales; .owever, addltivev effects were significant for root
fresh-welght. Epistasis appearedi to be absent for most
characterse. These. data suggegt a completely non-heritable
model for the estimates of total symbiotic nlt;qgen
fixation.

The .analyses of variance of the population means for
the cotyledon and Jjuvenlile leaf gharacters indicated that an
addltive-domlnancé model adequ;tely explgins the
distri. ation of the meanse .Thesg data suggest th;t 1uré§
cotyledons and juvenile leaves appear -to be.conditioqed:by ;‘A
domlnanf allele‘at va single .1o¢us or = blqck-‘of:.ioci
‘segregating as a single unlt.-‘To defermiﬁétwhethef the
cotyledon and Jjuvenile leaf élze expressed pleigtéopism the
cotylédon area and Juvenile,.leﬁf width .charaptgrs were
suﬁ&ivlded into groups. The crosstgbulation oflz}£e> groups
indicated tbat .plants with snall cofyledons and laﬁgev
Juvenile léavgs and 11gg yerss were found implying thaf the
'éotyledon and juvenile leat sizes are controlled by
differenffgenes (Tab1§ 62 ).

Havlng .defined the cotyledon areea nﬁd Juvenile« leatf
width groups, it would be of lnterest to determine 1if plants

with larger cotyledons and Jjuvenile leaves would fix more

nitrogens. The meqﬁs. standard deviatlons, - and coéfficienté
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~Table 62« Numbers of plants for cotyledon area by Juvenile
leatf wldth crosstabulation for Experlment VI.

Y

Juvenile leaf width

Cofyledon < 6 mm 6-7 mm > 1 hh_ Row;~
area ' T } total
X . I I ) S
< 32 mm? I 96 1 48 1 12 I 156
1 I I X
g ‘ L N I I _ I
32-39 mm? 1 s2 I 57 I 21 X 130
: /’“\\\' I I I 1
‘ 1 T , T
39-42. mm? I 35 I 91 I 49 I 175
I I I I
I I - i 1
> 42 mm? I 10 I - 56 | 96 I 162
o X I 1
\ . ————rr
Column » '

total 103 252 178 623
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of variation for the nitrogen fixation estimates are

presented in Table 63; Plants with 1§$ger cotyledons and
JuveniléA'leaves‘vfixed signlficgntly‘;ore nitroéen. It was
also nqted that plnpfs'growing'ln fine sand also fixed more
nitrogén than d;d plants groving.ln very fine sand (Teble
63). éombinlng the above groupings with populations, ‘o
factorial | analysis of varianée was perfofmed on the
estimates of nltroéen fixathé to’ determine whether
population lnteractlons' existed. These ana}ysés,.bf the
orlgidalfﬁhd logyo transtor@ed data #re presented 1in Tables,
64 and 65,. respectl??ly. ALl ‘main étfects ‘were highly
élghlfiéant-for all estimates except root fresh welght for'
populations when ‘adJusted for the other main effecté. The
only iﬁferaétlén of signlflcﬁnce'qu population 6& sand size
1nd1catidg-tﬁaf changing sand ‘size in ean expériﬁent nay
;ffect the 'gstimutes of Qltrogeg fixatione éince cotyiedon
area and Juvenile leaf width groups shov.  significnnt
differences for the total fixatloq_eﬁtimates,'lt_would be of
interest to treat cotyledon érea and‘Juvenile leaf width as
covariates‘to; ad just th; ,estimaqu for effects due to
cotyledon br Juvenile }eﬁf size ( juvenile plant vigor)
. ’ T

beéguée these leaves are ‘tunctional. during the onset of
nodulatlon.  Because plants with larger cotyledons and
Juvenile leaves'ma& iixamoré nitrogen'(Mytto;, 1973), this
advaﬁfdge should be removed from the analysis to‘undgrstadd
the meéhanlsms of'Nz\{ifaélon. The apalyslé‘ of covariance

£o ' '

T A

for the estimates ‘? the original and logio transformed

.
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dat; aré presenfed in Tables 66 and ’ 6%, respectively; As
expec ted thé covérlates were highly sfgniticaqt as were
dlfferences among .the populationé,(see poigl 56).‘4qugvgr,‘.
domlnance 4dev1ations ‘vere no longer‘ slghlficant whereas
addltlve.eégects hﬁva become‘hlghly slgnlfiéant. These data
suggest that the "efticlency" (amount of fl*ation followln;
nodule formatldn) of nitrogén fixation appears  to be
heritable. ﬂExaﬁlnlng the population ' means fqllowlng
adJuétﬁent for the covariates revealed th&f fﬁe Ds2 mean was
' A S /
ad justed upward (Table 68) as expected frpﬁ’ edélief%'dqtu

' . -

(Tab'l.e 60).

Since }Ds2 was sashown to be similar fo DsS for the
hnhdjgsted eSflmate’means and'_slgnitICantly gifferent._fqr
cotyledonﬁ and Juveﬁile leaf slze it ;ay be assumed that Ds2
is more "efficient" for total fixantion pérl'unlt avea’ 6f
cot;kedon or juvenile leaf £6an 1$?D55;

A  method to investigate this.“eftlciency" o£ fixation
would be to divide the nitrogen flxafiqn est;mgtes gy either
the cotyledon area or«dJQ;enile leaf width to c;ente
characters 61 fatios,of tlxatlén per unit of{qotyledon area
. or Juvenlle: 1e§f widthe. The  pohu1df1on _means - for the
estimate rtatios 'have beep éivgh riﬁ‘Téblés 69 and 70'fo£
cotyledén area and Juvenile ‘1eqf wl@fh . adJustment.
reapectivelye. For. the estl;;tq ratios, Ds2 was uga}p;?bﬁpd
to be sl#nlti#éhtly more “éttlcienf“ than PsS for. ail

estimates except root fresh weighte. The.dnalysIS'offvariance

for the estimate ratios revealed that total geneticpeffects,
>
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Table 68.'AdJusted means i -
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2m an analysis of covariance for

B2 111

. Experiment VI. ‘
Shoot Root Shoot Nltroge;—_
Acetylene freash fresh dry fixation
reduced welght weight weight . "factor"
PSfpulation n (nm/pl/hr) (mg/pl) (&/pl) (mg/pl)
original
P;(Ds2) = 58 78.0 657 1.88 173 24.9
P>(Ds5) 55 47.2 432 1.47 106 15.4
F, 59 6847 617 7 178 164 23, 0
Fa 229 - 57.1 519 1.67 1234 19.0
By . 108 65.0° 596 1.77 158 2241
B2 111 5841 . 521 1.85 135 20.3
_108no
Py (Ds2) 58 1.85 2.79 0.21 2.20 1.35
P,( Ds5) 55 1.64 2.61 0.14 2.00 1.15
Fy 59 1.78 2.75 0.20 2417  1.30
F» ' 229 1.70 : 2.t8 0.17 2.08 1.22 -
By fos 1.7% 2,75 0.19 2.15 - -1.289
1.68 2.66 0.19 2.06 1.20
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were additive for cotyledon adjusted.data (Table 71) whe?ens
deminance effects vefe'shown to be present for shoot welghtg
and the “lerbgén fixation" factor for the Juvehile’ lea{
adJusted data (Table 72). Grouping thé shoot dry_weighf
estlmafe.ratlos and crosstabulating with 'elther cofyladon
area or Juvenile 1e§f éroups, revealed the presence of
plants with ‘tlarge cotyledons or ‘JuQenlle .lenves with
"efflcien§yﬂ_ of’flxation and yice versa (Tables 73 and 74).

It would appear to - be possible to select plants' with'

vigorous séedlings whlch were "efficient'" for tiXation.t

De Host geneé fof.symbiotic.nitrogén.fixatiénnln DPesmodiume.

| The ‘genes cdntrolllng the:torﬁzﬁé?ﬁﬁof’niﬂrogendse'ar?‘
found on the Rni;ghium genome.(Berg&éE%g% :94){"§1nce‘ each
experiment Qas i{noculated - with what we 8 aséumed to be a
homggeneous BniZQ§Lgm:culfﬁfe then the vn1frogenase ‘enzyme.
shoﬁlq- " be ‘uﬁltorm within each éxper}ment. Significapt
genof?pebéffects may 1ndlcate‘thaf the lhost plants. diffebéd
An\, thel; b.abllitib - to support' ni trogen 'ifixaflon

.physiologically. Nltrqgénase Qouid not be expected_to be the

-

limiting factor since it'wgs_e#pgcted to be-the gnme fof‘tﬁé
"efficlenfﬂ as for the "1hefficien¥“ géﬁqtypee..I{ muat"ﬁe
éonctuded. fhat fhefé ;;e génes.within anmgﬁLgm ihiéh may
'1ndir?cfly‘ fegula}e"nltrqgen; flxationf‘ 'Incfeasing_ the
‘fixatioﬂ - rate Aof'thekngsmgginm -.Rnlggﬁlghllnteraéflqﬂ.uai'
not be“cqmplefeiy. etfect1;e vby‘~so1ef& ‘mahlpﬁtatlng !the
4Rﬁlz§hlhm*§f?&1"3 whléh has peén'the fradltlonal'pracfice.'

[
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Table 73.
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Numbers of plants for shoot dry weight/cotyledon
area ratio group by cotyledon area or Juvenile
leaf width crosstabulation for Experiment VI.

hoot dry velght[cotyledon area ratio

/( 3-5 ‘ 3- 5"'7.0 > 700
- Cotyledon area . ) ) . Row o
: ) . - total "
‘ 1’ 1? o I I
< 32 mm? b 66 I 67 I 24 I 1587
1 ¢ I I
I I I I . .
32-39 mm?2 I 74 I 52 I T4 1 130
: 1 I S I
I I o I S
39-42 mm2 I 95 I 73 1. 7. 1 175 °
: I . I B | ' 1
_ ¥
g I - X 1 1 -
> 42 mm? I 82 76 1 4 1 162
I I 1 ' I
Juvenile,leaf width - - » : Row 7_
\ : ' ' : - total’
\a 1 I ‘ . 1
« < 6 mm X 103 I 73 . 1 - 17 193
I ) G ¢ : 1
- 1 _ . I R | S
6=7 mm I 133 I 103, I, 16 1 252
AR 1 - 1 R ¢ ’ 1
‘ EE I 1
> 7 wmm I 80 I 92 I 6 I 178
I . _ 1 1 -
\ o
\ Cotumn '}

total

‘317 268 39 624
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Table 74. quberé of blants for shoot dry welght/ juvenile
‘ leat width ratio group by cotyledon area or
Juvenile leaf width crogstabulation for Experiment

VI. ‘, : 5
Sthioot dry weight/ juvenile leaf width raf}o
< 20 0-40 > 40 R
. b
' I
Cotyledon area N C - _ Row
N total
: I A ¢ N I
. < 32 mm? I 88 I 57 I 10 L 15¢€
’ I : I S & I
I I I I
'32-39 mm? I . 88 I 37 I 4 I 129
X ‘I I I :
I I X
39-42 mm?2 I 91 1 77 1 7 T 178
I ' I i I ’
: _ I B  GU I 4
> 42 mm? I 74 . I - 83 I 5 I 162
- f S S S I S
\Juveniia leaf width ' ' ' Row T
' ' ' ' total
: 1. I I _ i,
< 6 mm 1 101 I 80 I 11 1 192
' : 1 X 1 I
S I R O
6-7, mm I 143 I ‘98 I 11 I 252
) I I 1 1 - .
, - L A ¢ B
> 7 mm I 98 1 76 I 4 1 178
' I /“\_I 1 I
Column )
total v 3 342

254 . 26 622
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All analyses of the unadjusrted estimates of nitrogen
fixation revealed that‘all F( . Crosses exhiﬁlted he terosis
when . the plants were grown .ln‘ a nitroggn 1im1t{n§
environmente. However, when nitrogen is supplied in adequa te
amounfs, there appeérs to be no difference between the f1 or
paréntaf plunts.(McWhlrt;r, 19693 Rotar and Chow, 1971)- The
heterosis in +this study may‘~be.simply‘the expréssion of
parental inbreeding dqpression wﬁgn the plants are grown .ln'
a nltrogen limiting‘ enviroﬁmeﬁ%.‘\These -concluslon; gre

supported by the negative estimates of the parental SeCe A

effects from, the diallel studies (Table‘SO).
. E .

-t

Ee Breéding procedures for nitrog&n fixdflon in Qésmggigm.
The analyses o} this étudy revealed two major points
copcerning tﬁe 1nhgr1tun¢e bf symbiotic nltr;gen fixafion in
Dﬁsmgglum.‘Tﬁeee_hypotheSes are:(d)_that theré was a mejor
domiﬁant gene vconditiohihg stfain—gpeciflc ineffective
nodulﬁtlon, and (b)) ‘that ‘tﬂﬁre was significant 'génetic
var&aflon for total éymplof;é ‘nitrogen flxétion .among
effecfiﬁgly npdulated Desmodium genotypes and that fhls
Qariatiod 'aphr rs Qto hhvg a heritable bnsisfiPa;fltioning
.{hls' genetlic .%éklance sugggsted ‘theat additive" grene'ti.c::‘1

A . . : ’ .
variation and éohinance variancé were pgesent with domlnadcg
vhrlaﬁce 'belﬁg‘ ﬁéch i@rger when the estimates of nitroggn
‘a;evnot adJQsted for queniie: plaﬁt v;gor. AdJusting;ifhe.
ggtlﬁdteé of nitrogen }tlxgtion for ‘Ju;enlle‘plgdt vigqé
feyéateaiah almbét-tofu}ly ;ddltivév(hérl£ab1é)lbasis to the

P
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genetlc varlatlone
-

Y

1. Strain-spgciflc,1neftecfive hodulafion geness.

The preseﬁcé Qr struin—sbéclflc ineffective j'nodulcztlon
genes‘»mny: be construed as a dlsndv;ﬁtage wheh Bréedlng fof:
1n¢reased nltfogen fixation 1in anmggium. Howéver, . these
genes may also be used :% advantages If a Qgﬁmggigm line or
hybrid were tq be/relea9§d as a c&mgercial cultivar 1t would
be ngcessary to eliminate'maJor 'génes causing ineffective
nodﬁlationw A rapld ééreéning pfog;aﬁ with recurreﬁt
selection for thelrecesslvévgenot&pe (effectivev nodalation)
du?lng eaély‘genera{ion grebdlng trials wéuldvqﬁickly_remove

‘1neffectivé nqdulatiﬁn geﬁes'from the potentiai cu}tivafe;

The ;neffectlve ho&ulatlon genes may ALéﬁ be used.by a
'm;crobidl§glst a8 a ‘heanér of seieétiné for 'ﬁﬁdﬁlntipn
coﬁpetitiyeneésv amongistralns of Rhllgﬁinm (Vingént"1974).

-Havlng4sel§cted a,serlés‘of. Dgamgiigm. tester 1lines which'
»carry‘ | ieast one Asl‘traln-specl'.fic 1rv1ettect“1\'re nodul‘.atfi'on

\‘N . .
\gene,. a mlcrobiologist may 1n1t1ate competitlpn studies to

o

'rﬁnkv'the strains from mpst to lteast competl tive for the_
hodulqtion‘sites.‘The-MOst_COmpetitlvevstrain it desirable

in ally other gharacterlstics' would be'~nelgaeed',§s the

-

commercial 1nocu1um. The plant breeder havlng :availdble a

deslrable strain of Rhizghium vould begin to: select or breed

'.for‘ a Dgamgginm hybrld or 1nbred 11ne which would muxlmlze

A

the_fgtal flngion by the Dggmggign llne‘ﬁ‘commerclal straina

':;nteraction, '
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2..In§reasing total symbliotic nitrogen fixatione.

The ‘ou{sthnding fe;fure. §t the data from the
gquantitative experiments was the éxpression‘of a;jerosjs-
Those data clearly indicated that heterozygbus.genotfpes of

- Degmodiunm were slgﬁlflcantly"super;Or to lnbred lines for
total,s&msiottc nitrogen fixation. ; hybrld breeding prograﬁ
‘exploiting this heterésls would be desirebles

Th; reportiﬁg of cytoplasmic—-genetic male-sterility in
Desmodium (McWhirtgr,‘ 1969) greatly assiéts the'inltiation
of a hybrldvbreeding.progrém. The male—;terile factor v?s
found- ;n ‘line Ds1l and f;rtillt? was partially restored in
crosses with line Dal. !’1e—sterllé factors were also found 
in lines Ds2 and Da2. ﬁ;ﬁever fertility restor;tion was poor
(McWhirter, perse. com.).iBefore lnitlnting a hybrid breeding

'progrdm for total fixation, complete fertility restoratlon
would havé to‘bé established.
- ﬁowever; wi,th vthe presencg of si  .ficant 'avéruge
heterBsis'.the'accu;ulatlon of efficient ii:iéd lines should
Lbe adcomﬁhnied by'u hfﬁrld‘testing.éfog?am. Such‘a breediné

éﬁqgedura has been 'referred to aB reclprocal recurrent

By .
seﬁ@ctlon (Comstock et ale, '1949). Base populations‘for use

(R

1n g' réciprocal recurrent selectlon program could involve
-~ ? s -

h£\ annninga or Q- aparines by' Q. gnginginm CPOSSESy

11nes negti?ary for thls progra- could be &eveloped

elth@rﬁky mass sele@&loh;- 1eee preservathn of ad@itlve'

eifects or by 51ng1e*seed descent (Goulden, 1939).
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3. Nitrogen flxyffﬁa\fomponents.

Heterosis or dominance genetic effects appear to be the rule

when the ni trogen fixutlon estimates are analysed in thelir

% tality. However, when the total variation for. each

-

estimateu is partitioned into componénts %hé dominance

effects disappear. The: genetic variation of  each part 1is
/ ’ ’ .
a}most excltusively addltlve (heritable). In‘Experimént vI,

two components of total nltroéen-fixed were defined asg; (a)

\

Juvenile ‘plant vigor; est}mated by cbtyledon‘langa anq
‘Juvepile ’1edfv\wldth, and (b)) "efficlency"v of. nitrogen
f%xgtion as estimated by‘ﬁhe ratio of total nitfogen fixed
to juvenlle plant viggr. Large cotyledon and Juvenlle leaf
size appeared fo: be condltloned by~a dominant allele at a
sihgle Iocus.lPlants vlth 1arge cotyledons wg;e shown to-flx
slgniflcantly more nltrogen so 1t would "be .advungag?oué ;f_
fhe early stages.ot a breéding p;ogram‘to select for lar%e
cotyledons or Jjuvenile leaves. These plants would brobubfy
be more vlifrous und therefore n;dulate more quickly or fo;m
nodules at more sltes. The se results are similar to thé
results reported by Mytton (1973) wherek 1;rge. seéd weigh{:

. . § . i
asslsted nodulatlon. It would be expected fhaf selectlon for

’
}u:ge cotyiedons and JuVenile ﬁleaveg in QgﬁmggigmAwoulﬁ___
rapidly réséqnd'¥b setect’on since a single gené appears"to
contfol these chaéacters. Also achieved with thls selection
Qould'b? p?anté with increased seedLing vigor which wou@d

estabiish‘-a‘ sward . and begln flxlng ‘nitrogen and dry matter -

more quicklye. Havlng selected a populntlon of seedlings wgthn
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large cotylé&onéqu JUvenite'leﬁveé the'plahts, wogl; enter

v the ’secqnd pﬁaee‘of the breedlhg progrnm;7naﬁé1y selection
for M"efficlency" of nitrogen legt;;n. nghly' e:ilcienf
~plants would b§ tested_‘against_ the seiected' Rhlzeoblum

strains (discussed in part 1" of this section) to de termine

the most favorable interaction which would be competitive

for nodulation sifes under field conditionse. Such superior

interactions could’ be selected for superior general

,adapteblllty- or éuperldr specific adaptability to. a
particular location which exhlibits wunligue environmental

P . .( (

conditions. If\\?n interaction 'was selected for eneral.
adapteability +thils interactlion would have to be téstéd under

many IOCatlons, sltes. and/or years since envlroﬂmental

~ N 4

conditions greatly effect total nitrogen fixation.

y . At thls early stage in the development of the study of
Voo . ] .

' host vabiatlon for nitrogen fixation, the vbest avenue . to

v

pursue to &@hieve maximum return f or research‘input 13 not
clears A hjbrid brqedlng» prdgram working directly with

hefe;%slq may be more ettectlﬁb where capltaliand facilities

L . . . M
e \

\&re not 1im1ting since the heritable varlatlon is malntained
‘\ . - .

under .rqclprocal recurrent selection.’The Ilmltatloé ot the
i . ‘ . rwm, . .
breeding program would be the numbers of 1nd1v1dunl plants

which would hpve to be maintalned to 1nsure fhat to program

ool

e ‘ o e . .
W&S'eifectlve. : o , .

o \hslhitlating" a bfee¢ing . program ;embhastsidg-. the
components - of total nitrogen - fixation would be  more

advhht@geouénﬂor laboratories with limiting resources. After

'




173

¢
selection for'vigor&us bpvenfle pLanfﬁbthe populations c;uld
ge étfectivgly reduced_ by theg.eiimiﬁntion of fhg non-
,vigopous plgnts.1 rh9"résearchef  éould concentrut; his}
vreéources to a smgllbr.number of prants because the_ éengtic
bagis of; the componénfs appears to . be ‘ﬁéritdble ;gé,u

selection. responge for greater “eff}cienéy" wou ld be

13

expected.

]

It _m;y be easy to speculateiuﬁoﬁt'the expec ted reéplfs
of:@ breediné brqué-‘ é%plof}ng _élfh?r ‘appancA but the’
~ultimate crltebioh» Judging the success of‘any re§earch for
lncrensed nltrogen fixution vould be 'a. s;iectiqn resﬁonse
‘4cqlm1nqtlng  1h ‘av inbreqlkvarlefy ’dri‘the ’cre;tion qfia

. | . ’ . v ! Iv . )
superior hybrid which fixes a maximun 'bnount of nitrogen

—

under fleld condlfions. Only when - tHg produmts of research

achieve practical results under

;flchltﬁrawj‘5§
g ! , w )
ln tropical agr;cuthre ie

a . forage '1egume'_would‘
provide 1ncreased forage 'prdteln for» animeal consumption

thereby etfectlvely’lncreaslng &Nailabillty of’/protein for
;human‘.consunption. Sec;ndly; nggmgnlum as a 1egume, f#xes;t
#tmospherl§ nltroéen thch asslsts non-legdnbéonswblant;‘ fo
'produée” lncreased yleld.n It uihev totul flxation could be
1ncreased Dggngglgn vould be valuable 1n the t;opic; AQS Q.

green manure crop and a soll conditloner ae well as a rorage

»
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‘1egu@e.

The pending pppdlutlon increases in the tropics will
. BV ' .

. i - o .
dictate that +the food chains be made 88 efficient as

possible, l.e direct plant to human puthiays for pro&eln. Re.

sandwlicepse may be used in this context ns'a_nodel organism
. : ] | .
for legume studies - because’ of its many attribufes for

glasshouse growtha. Prlnciples ‘of inheri tance found in . D.
sandwicense may be directly applicable to other self-fertile

grain legumes which are uesed for human cbnsunptlon. The

future of the need for adequate amounts of protéin fon‘hdhan
. - . X r

consumption cannot be underestimated and it is in this area

where legumes may make a great contributione. \

‘ The secondary contribution of 1egumés would be as a
rotationql érop with cereqls - to buffer‘v against

catastrophies. In short, it  would be optimel. .-to aebelop

. ’ ¢
o . . ¥ . - ..
annual grain 1qgumes which f%} more ‘total nitrogen and

increases protein production and rotate these legumes wilth

the cereal crops&fwhlch have been bred to produce maximum

X

v

energye.



SUMMARY AND CONCLUSIONS ; . ’
The genetic study of symblot%c ni trogen fixation in the

tropical . Iedume ngamggium was divided into three sectlions;

»

namely, methodology, ﬁunlitatlvé genet;c‘ variaf!on, and

guantitative genetic variation. The initial studies-infthe
. N ' A . o
methodology section suggested that the bottle jar was

.}efféctive' for studying  n1trogen ffixation _iﬁ' Dg&mgﬁlgm.~
Unlﬁoculatea or lnéftectlvely nodulﬁtedﬂcqntrol‘planté4 were
yeLlow ahd chldrotlé suggeéting the.lnck of.nit;ogen. Green
plaﬁts were taken from the bottle Jaré and nﬁalysed with fﬁe

acetylene reduction usqay. Dry weight nccumulation‘was also .

S

recorded?\\geduction ofAncetylenq to ethylene preceeded at a

~ e

linear ratanor7apptoxinately 90 minutes. Lireesr " reduction

-,1ﬁd1cated~,that senescence of ha?Vésteﬁ'anmggLum plants was

not a limiting factor for the acetylene reduction analysis.

The within-bottle Jar variation amongiélmilﬁr genot§pes‘

‘suggested that thév deaign of .the bottle Jar ~could ' be

modi fied to  ‘reduce  within-bottle  Jar' variation.

»

Modiflcgtlons to the designyaﬁg sangd parf}cle slze greatly

reduced th}s‘vaflatian.

_Initihl »nqdulatlon stu?leb ,1nd1catéd that'3some B

gngxlngg'lines were Ineffectively nodulated by strain B.

”

Studies of F2 and backcross populations from De. sandwicenge

x D« aparineg crosses implied that the strain-specific
ineffective nodulafionllntéractlon be tween some D. aparines

lines and strain B was condl tioned by a dominant allele at a

."slnglé locus.

175
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The analysis of quantitative genetic vhrlaf!on

suggested tpat several points were of lmporfunce.'Firstly,
N " . [y . . N

the correlatlion between dry 'welghtk eccumulaticon and the.

~ »

~acetylene reduction assay wes highly significant and there -

appéqred to be a conaslstant pattern for both characters
. ' ) ) 1 . .

within an experiment. The acetylene reduction may be used as
a @lant breeding tool to screen juvenile Pesmodium plants.

The ‘ﬁpst significant = aspect illustrated by all
: - ° . N - - . ‘
quantitative experiments was thevexpressiqn'of.Fl he terosise.

4

F; hybrids were slignificantly superior to inbred 1ines' for:

" total nitgogen fixed. A breeding progrdmu incorporating

reciprocal recurrent selection would ‘maximize the effect of

9 .

Fy heteroéls. Aﬂthough F1  heterosis was significant, §
portion of the genetic veﬂsan¢e~ also apoeared to ' 'be '

heritable and"analyslé"pf. components of total nitrogen

fixation opredominantly .ﬂ%xpreséed additive , (he}itable)
genetic variation. Selec ting inbred  1lines for ' these

heritaple effects would be beneficial since these lines

could /become the basis for recurrent seléctiqn programs or

. i
released as culivarse.

2
Since genes-controlllng,the formafibn of nitrogenase
are found on "the Rhizobilum genome, quantitative variation in

>

total nitrogen fixed,hay_be due to physiological'differences
among. host’ plantse The host plant may 1nd1r¢ctly_con{sol

symbiotic nlt}ogen fixatlonw

. . ) . ) AN !
Genotype by environment interactions - were of

slgnlficqyt 1mportaﬂcé sgggestlng that studies concerning
y ‘

— N
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F

5

gquantitative variation  for symblotic ’hltrogen fixatioh

should be conducted under dltferlng environments, locations,

o

and/or vearse fB

‘ ' . . S
Breeding programs utilizing qualitative and

quantitative genetic variation were outlined. Such a program

would be ‘useful for +the productioé of highly efficient

/

varieties. The relevance of such varietles . to tropical
/
agriculture was also discussed.

N

The preceding .analy“g suggested theat the nuall

¢ o

vhyéotheéié»yig té be rejected-.fhg n@lpbhypofhgsié waé fhat
there was.no géﬁetlc ‘&arlation in fhe' ﬁcheéées of the
symbfatiq felatlonshlp betweeﬁ Dﬁamggiim and ghi;#nlgm. fwﬁ
hypofheses may be>postu1ated. These are: &(gj fhat strqin—
;speqifie‘lnefféctive nqdﬁlﬁfion interactibh between strain B
aqdv some ﬁ. aparipes llneséwas coﬁtltloned'by ajdom{hant

sllele at a slnglg locus, and (b))  that “there WAéi genetic

variation in symblotlc_nitrogen fixation in Desmodiume
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" Table le jBnyiBiZatlon and emesculatloﬁ}ebse vations using:
B ‘various washlngﬁ:olutlons and flower preparations.

v -

Number of
. o ; flowers
Treatment. : BT - manipulated.

a @

ercent Ave noe
pod  -seeds
1. set - per pod

50 . 1e7
‘84 ‘.. 3.9.
o

-Distllled'ﬁuter o -Lpaftialfflefer+"' 53_'
‘ o - entlire flower < 32
- emasculated: .45

le0

2.5% sugar soluflon -'pertiai fl&ier;”ﬂyeZS _ . 34
' : ' 195 58
’ : 23

- entire flower = 45
- emasculated . ,_63m

o - : o

' 8.0% spgar solution - partial flower 437 |46
- S « 7 .= emasculated S0 18. 0 0

.+the tip halft ef‘fhe\pefels removeds

| e - S e T
‘Table 2.. The percent pod . set and the aver

Ze number‘of
‘seeds pet pod obteined during a Sx5 d
) -

'allel*crosg.

Numﬁer of Percent;Av- no. Number of .-

: : . ‘flowers pod = seeds - seed "Percent
. Method ~ : manlpulated set per pod tested hybrids‘:'
. o L . v 5 R . '
"Pollinated . 387_» Y8420 7443 104 | | 95
Emasculated - 60 646 - 2.5 S ST E T

A

-
oo P

- Tuble 3+  The correlatlons between environmental factors nnd
- hybridizutlon results. . i .

Percentv‘ g 'AiQ noe.
pod set Sl gtjseeds

Maxe daily tempe. o R s 15e- e ‘:'-;99, .
Min, duily tempe . .o De30:. - " =18
_Mean daily tempe S 0.24 . =ed4l T o
Temps at pollinat¢ion =~ :0.07 = =—.17 =
‘SQRT(Duily precipltation) —e24 o 0.19"

,SQRT = square root
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"Xbpehdlx‘Bf.D;allel_ddglysls gbmputer program’llstiné.j

1 DIALL sﬁbrbdflne 1pét5uctlons..o" : l‘ . 187

o e

3: DIALL mample outpute - . .=~ 206

g . R . “ .

e

on .

Acknowledgment: A model 1, method 1 diallel program was

~ obtained from Nrd’ Pp‘HsuifDedt.‘onglani Science, The Univ..:

_quAlﬁerfég ThisgpnogrQM'was'-exfbns;vely 1§qlféd§ ﬂéxpdhdedA
‘and " corrected by the author to. produce an all model. and ’
'ﬁeth##fdlqll@L‘progrumq' C R B ' '

o

- -

A 2;<bIALL sub?&gzizf l1st1ng.f-; . Lo f‘ﬁ .]91' :
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.Subroutine name: DIALL

‘Subroutine title: Diallel analysis
: Programmer : B. Pinchbeck - ‘ : ,
‘\
. \ : : :
Program Description _ ' %

Sourcé Language: Fortran IV

¢

«
<

Purpose: . . The analysis of a diallel.crosé for models I, II,
‘ and A; methods 1 to 4.

Description: DIALL is a algorlthm which: computes the diallel
analysis of variance, components of genetlc
variance, Griffing's combining ability effects,
or Gardner—~Eberhart's constants. The subroutine :
generally follows the diallel analysis -as outlined
by Griffing (1956) yet is modified to. include the
analysis of variance of Hayman (1954) and Gardner .

~ and Eberharkt (1966) for methods 1 and 2, respect-
~ively. The X p) or within=block
diallel téblés' ? X:b) are calculated from the -

formulae: .
, 1
Xij = SQRT(bs) z Zijkl (for a two-way randomized block de51gn with.
1nteract10ns) -
‘or
X L T Z.. (fb% a two-way randomized block design)

ij _ SQRT(b) ijk

and .
’a =
(Xh ) 5'——;1———-2 (z..), ; k=1,b {
ij'k SQRT (s) i3’k i
and .
- ) \
s, - =1 (S - S -
be LS T %
where
p = number of 'diallel parents.
'b = "number of blocks (replications, locations, years, etc )
s = number of subsamples per cell N
X = diallel table entry . . S
2 = indjividual cell entries - . . . R

1

'xij = the ijth entry in the overa}xfatallel table
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(X;5), = the ijth entry .in the diallel table of the kth blgck.
Sg.;f' = the sum of squares of the block X genet1c component

E. 1ntéract10n
(s )k = the 'sum of squares for the genetlc component in the kth

g block. '
S - = the sum of squares for tKe genetlc comp@nent for the overall
& diallel table. -

’

The above adjustments were incorporated so that the sum of the sum of
squares of the main effect genetic components would equal to the
treatment sum of squares for the two-way analysis of variance.

Griffing's combining ability' effects and Gardner-Eberhart's constants
are calculated from a diallel table of genotype means as outlined by
Griffing (1956), and Gardner and Eberhart (1966), respectively.

Components of genetic vatiance are calculated from the diallel analysis
of variance such that: '

. ' [
VA-= (inbred parents)
VA = 4Vg (noninbred parents)
VD'= Vh + V£ (methods 1 and 3; inbred parents)
Vo = 4V "+ V -(methods 1 and 3; non-inbred parents)
D.. 'h T N . v P
VD . (pethods 2rand 4y inbred pareﬁts) ’ t ‘ o
VD = (methods 2 and z;\non—inbred parents)
SLe av . )
= +
G A vD
V., =V, +V ‘
'p = Vs Vg (model A) o
VP = vG + VBG + vE (model TI)
L
and where the estlmated variance of ‘the components are adjusted for
block and subsamples. (for example) :
~ _ ]_ . 4A‘ 3 . »
Vg = bs(p+2) (M Mh) (for model II, method 2) .
-whereas Griffing (l956)»pre3entstthe formulatl
g % 1 oMy T .
g pt2 g S ‘ IR .
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and where ‘ R 4 : /
Vg = the general (G.C.A.) variance comnonent : .
th= the heteéerosis (S.C,A.) variance.component

;’\ . ‘? v .
Vr = the reciprocal variance component

AVA‘= the additive genetic variance component A —

, VD = the dominance genetic variance component

&
VG = the genetic variance component.
A - \ .\-
VP = the phenotypic variance component

'_VBG= the block x genotypeyvariance component
VE = the environmental variance component (error mean square)

Restrictions: . - " .

The subroutine is limited. to an 1nput dlallel table matrlx of
genotype means of 10 parents x 10 parents x 10 blocks ; .

Program‘Usqge

. ) : s L
Calling Sequence: CALL DIALL (NP, NQ, NR, NS, MO, ME, NA, CH, IE, EMS,
A, IW, IP) ; ' : : t )

Bl

Parameters:

Name ' ; ‘ Purposef
NP - hunber'o% wparenfs
(\’ .
NQ - rank of the third dimension of the diallel table
. NR'$ f number of blocks in. the orlglnal de51gn ’
. ’y/
‘NS - ‘ f the number of subsamples per cell in the original design
MO - . j diallel model number

y 0 - fixed model T - Gardner-Eberhart constants

1 - fixed model I - Griffing combining ability effects
'2'- random model II - components of variation

3 - mixed model A - components of vatiation

ME - ° . diallel method number

1 = parents, Fl's'and recipiocal Fl's
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~ 2 = parents and F;'s
3 =F:1's and recipiocal F,'s
- 4 = Fi's - :
0 = parents and F;'s (GardnerlEberhart Analysis III)
NA - ‘é'vector_descnibing the experihent (20A4)
- CH - a vector describing the analysed character (lOA&)
- 1IE - ' error degrees of freedom
EMS- / ‘error mean square . : .
A = / matrix of block sums.if NP x NP diallel table or
: subsample means if NP x NP x NQ diallel table
IW - . logical I/0 unit for output statements WRITE (IW, FMT)...
IP - - f . 0 - if parents are inbred

1 - if parents are not inbred
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.SUBROUTINE DIALL(NP NQ,NR,NS, MO, HE NA,CH, IE,EMS, A Iw,IP)
DIALLEL ANALYSIS SUBROUTINE
VERSION 1.0, JUNE 1979

NP = NUMBER OF PARENTS = (MAX. 10)
' NQ = 'NUMBER OF DIMENSIONS OF DIALLEL TABLE (MAX. 10).
* “(1.E. THE RANK OF THE THIRD DIMENSION OF ‘A’)
NR = NUMBER OF REPLICATIONS (BLOCKS,LOCATIONS,YEARS) ,
_IN THE ORIGINAL DESIGN
NS = NUMBER OF SUBSAMPLES PER CELL IN THE ORIGINAL DES!GV
MO = DIALLEL MODEL NUMBER
"® = FIXED MODEL 1 - GARDNER-EBERHART CONSTANTS
1 = FIXED MODEL I - GRIFFING'S COMBINING ABILITY EFFECTS
2 = RANDOM MODEL II - COMPONENTS OF VARIANCE
3 = MIXED MODEL A - COMPONENTS OF VARIANCE
ME = DIALLEL METHOD NUMBER
@ = PARENTS AND F1'S (GARDNER- EBER@ART ANALYSIS IID
1 = PARENTS,F1'S, AND RECIPROCAL F1
2 = PARENTS AND F1'S | .
3 = F1° g AND RECIPROCAL F1'S.
: = F1° :
NA = VECTOR DESCRIBING THE EXPERIMENT (20A4) .
CH = VECTOR DESCRIBING THE CHARACTER BEING ANALYSED (10A4)
IE = ERROR DEGREES OF FREEDOM ]
EMS = ERROR MEAN' SQUARE t
A = MATRIX OF BLOCK SUMS IF NP X NP DIALLEL TABLE OR N
. SUBSAMPLE MEANS IF NP X NP X NQ DIALLEL TABLE
IW = LOGICAL [/0 UNIT FOR OUTPUT STATEMENTS : WRITE(IW,FMD)...
IP = 0 IF PARENTS ARE INBRED -

1 IF PARENTS ARE. NOT INBRED
PROGRAMMED BY BRIAN R. PINCHBECK

DIMENSION A(10, 10 10) ,NA(20), CH(10)
DIMENSION S(10, 10) R(l@ 10), X(l@) Y(10) ,G(109), VS(lO)'VG(l@)
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DOUBLE PRECISIOV RV SN, A S, R X,Y, W G,VS,VG,BT,BA,BD, BDD Brp,BCD, BR

&,BMR,BOR,SST ,SSA, SSD, SSDD, $SPD, SSCD, SSR, SSMR , SSOR, TOT
- COMNON W(le,ie) .
IA=NP-1 . ' e
ID=NP*1A/2 . , i g
ICD=NP¥*(NP-3)/2  * . ‘ '
IOR=(NP-1)® (NP-2)/2 : ' :
IF. (NS.LE.@) NS=1_
IF (ME.EQ.®) ID= ID—
PP=2.0
PU=1.0
PPP=1.0
IF (IP.EQ.1) PP=4.0
IF (1P.EQ.1) PPP=16.0
IF (IP.EQ.1) PU=4.0
IBA=IB*1A
IBD=IB® ID A
IBCD=1B*ICD o e
'TBOR=IB* IOR
CAl=IA
“DI=ID
CDI=1CD
ORI=IOR
BI=IB
BAT=1BA-
‘BDI=1BD
BCDI=1BCD
BORI=1BOR
SN=NS
'RN=NR
PN=NP_

&
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R -Rl e o IETRT]
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LME=ME+1
GO TO (199,19, 199,360,550) ,LME

10 CONTINUE
METHOD | ANALYSIS OF VARIANCE

IT=NPee2-1

TI=IT

IF_(NQ.LE. 1) GO TO 40

IBT=IT*IB

BTI1=1BT

DO 30 X=1,NQ

DO 20" I=1,NP .
DO 20 J=1, NP

WL, 3 =AdT, J,K)*DSQRT (SN) "

20 CONTINUE -
CALL DAV!(NP,SST,SSA,SSD, SSDD SSPD,SSCD, SSR, SSMR , SSOR)
BT=BT+SST . )
BA=BA+SSA . i S
BD=BD+SSD ' .
BDD=BDD+SSDD - , : (4
BPD=BPD+SSPD
BCD=BCD+SSCD
BR=BR+SSR N
BMR=BMR+SSMR
BOR=BOR+SSOR

30 CONTINUE -

49 CONTIN
DO S6 I=1)NP
DO 50 J=V,NP

W(I,1)=0.9 ' ' . o
DO S0 K=1,NQ ;
WL, 3 =W(T, D) +AC1, T K)'DSQRT(SN)/DSQRT(RV) \

50 CONTINUE
CALL DAV1(NP,SST,SSA,SSD,SSDD,SSPD, SSCD, SSR, SSMR, SSOR)
BT=BT-SST
BA=BA-SSA
BD=BD-SSD -

BDD=BDD-SSDD
BPD=BPD-SSPD ‘
BCD=BCD-SSCD - e . x ,
BR=BR-SSR . = : , Y e
BMR=BMR-SSMR :
BOR=BOR-SSOR .
SMT=SST/T1 . I R
SMA=SSA/Al : > - )
'SMD=SSD/DI : : '
SMPD=SSPD/AI
SMCD=SSCD/CDI
SMR=SSR/D1
SMMR=SSMR/AI
SMOR=SSOR/8RI
FAT=SMT/EM
FBT=SMTYBMT
FAA=SMA/EMS
FAD=SMD/EMS -
FADD=SSDD/EMS
FAPD=SMPD/EMS S o
FACD=SMCD/EMS _ o
FAR=SMR/EMS ‘ '
FAMR=SMMR/EMS ‘
FAOR=SMOR/EMS '
'PAT=FPROB(IT, IE,FAT)
N,  PAA-FPROBU(IA, IE,FAA)
PAD=FPROB(ID, 1E, FAD)
~ PADD=FPROB(1, IE,SSDD)
_PAPD=FPROB(I4, IE, FAPD) ,
PACD=FPROB(ICD, IE, FACD) -
PAR=FPROB(ID, IE,FAR) |
* PAMR=FPROB(IA, 1E, FAMR)
PAOR=FPROB(I0R, IE, FAOR)
-IF_(NQ.LE.1) GO TO 60
BMT=BT/BTI
BMA=BA/BAI
BMD=BD/BD1 _ - ,
BMDD=BDD./BI -
BMPD=BPD/BAI
BMCD=BCD/BCDI -
" BRM=BR/BDI
'BMRM=BMR/BAT
BORM=BOR/BORI
FABT=BMT/EMS

e
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*  FABA=BMAVEMS - . : /
FABD=BMD/EMS , :
FABDD=BMDD/EMS ‘ \
FABPD=BMPD/EMS ‘ \
FABCD=BMCD/EMS . /
‘FABR=BRM/EMS _ Ry
FABMR=BMRM/EMS 4 it
FABOR=BORM/EMS . Y ,
. PABT=FPROB ( IBT, IE,FABT) - \
PABA=FPROB(IBA, IE,FABA) N .
PABD=FPROB ( 1BD, IE, FABD) >
PABDD=FPROB (IB. IE.FABDD)
“PABPD=FPROB ( IBA, IE,FABPD
PABCD=FPROB ¢ 1BCD, 1E, FABCR)
PABR=FPROB (1BD, 1E, FABR) ‘
PABMR=FPROB (1BA, IE,FABMR)
PABOR=FPROB ( IBCR, 1E, FABOR)
69 CONT INUE
MRITE (IW,730) ME,NA,CH \
*WRITE (IW,720) ; \
WRITE (IW,740) ~
WRITE (IW, 1020) IT,SST,SMT,FAT,PAT .

WRITE (IW,750) IA, SSA SMA FAA PAA
WRITE (IW,760) ID SSD,SMD, FAD,PAD -
WRITE (1W, 770)vSSDD SSDD FADD PADD PR
WRITE (IVW,780) IA, SSPD SHPD IAPD PAPD |
WRITE ¢1W,790) ICD SSCD SVCﬁ FACD PACH -
WRITE (IW,800) ID, SSR SHR FAR PAR 3
WRITE ¢IW,810) IA, SSWR S“WR FAHR PAMR

" WRITE (1W,820) IOR SSOR.~IOR FAOR PAOR

IF (NQ.LE.1) GO TO 70

WRITE (1W,830) IBT,BT,BMT,FABT,PABT
WRITE (IW,840) IBA,BA,BMA,FABA,PABA
WRITE (IW,850) I1BD,BD,BMD,FABD,PABD
WRITE (1W,860) IB, BDD, B“DD FABDD PABDD
WRITE (IW,870) IBA BPD BWPD FABPD PABPD
“WRITE (1W,880) IBCD BCD BHFD FABCD PABCD
WRITE (IW,890) IBD, BR BRW FABR PABR

WRITE (IW.900) IBA.BMR,BYRM,FABMR,PABMR
" WRITE.(IW.910) IBOR,BOR,BORM,FABOR, PABOR
70 CONT INUE
. WRITE (IW,920) IE,ESS,EMS
. WRITE (IW,730) ME,NA,CH
WRITE (IV,1160) (I,I1=1,NP)
DO 90 1=1,NP

PR

o
—_ OO

QO
1ol e @10
ki

1,NP.
(I,J)/DSQRT(SY)/DSQRT(RW)
WeW (I, D
AU, D , . ,
. TOT=TOT+W(I,J} - ,
0. CONTINUE _
WRITE (IV,1089) 1,(W(I1,J),J=1,NP)
9@ CONTINVE
“NMU=TQOT/PN**2
SE1=SQRT (EMS/PN®*2)
WRITE (I¥,1)39) XMU,SEl :
C METHOD 1 COMPSNENTS OF VARIANCE
‘IF (M0.LT.2) GO-TO 100
WRITE (IW,72&) ME,NA,CH
CALL _COV (NP, §R,NS,H0,S¥A,SHD,SMR, BT ,EMS, AT, DI ,BT1, IE,PP,PU,PPP) .
~ RETURN.
100 CONTINUE ' - 3 » » .
IF (WD.NE. 1) GO TO 170
€ METHQD I GRIFFING'S COMBINING ABILITY ANALYSIS
*EMS=EMS/RN/SN
DO 120 I=1,NP
R(1,1)=0.0
vS(i)=0. L : ,
GUD) = ¢ (XD +Y /A2, ﬁpw))—xxu It
DO (120 J=1,NP o
SO, D =T, DWW, D) 2. - ((Y(I)+X(J)+Y(I}¥Y(J))/(2 *PN))+YMU
ST =S, 1)
TF 1-3) 110, 1207M™Q v - L o ‘
110 CONTINUE = c TR R e
US( VSIS, Deez. .
CRCL, DS, =W, D) /2. . e
RGI.D==R(L)D - T e T -
{20 CONT!NUE ST SRR R S

R
~em

ey L



DO 139 I=1,NP .
VG(D) =G(I1)*G(1)-(PN-1.)/PN/PN/2.*EMS
VS(I1)=VS(I)/PN/2.-(PN-1.)/PN/2_.®EMS

130 CONTINUE
SE2=SQRT ( (EMS® (PN-1.))/2./PN/PN)
SE3=SQRT (EMS/PN)
SE4=SQRT ( (EMS*® (PN-1.)®(PN-1.))/PN/PN)
SES=SQRT ( (EMS® (PN®*PN-2,*PN+2.))/2./PN/PN)
. SE6=SQRT (EMS®2.*® (PN-2.)/PN)
SE7=SQRT (EMS*® (PN-1.)/PN)
SE®=SQRT (EMS® (PN-2.)/PN)

SE9=SQRT (EMS® (3.*PN-2.)/2./PN)
SE10=SQRT (EMS* | .5® (PN~ 2 )/PN)
SEL1=SQRT(EMS/2.)

SE12=SQRT (EMS)
WRITE (IW,730) ME,NA,CH
WRITE (IW, 1039)
WRITE (IW 1040) .
DQ 140 I=1,NP e
WRITE (IW 1050) I,G(I),VG(1), VS(I)
140 CONTINUE )
“~WRITE (IW,1060) SE2,SE3
WRITE (IW, 1070)0(I I-l,NP)
DO 150 I=1,NP
, WRITE (IW 1080)AI,(S(I,J),J=1,I)
1506 CONTINUE

WRITE (1W,1090) SE4,SES5,SE6,SE7,SES

WRITE (IW,1100) SES,SE10

WRITE (IW,1119) (I,I=1,NP)

DO 160 I1=1,NP ’

WRITE (IW,1080) I, (R(I, Iy,J=1,NP)
160 .CONTINUE ‘
- WRITE (IW, 1120)° SE{1,SEl12
v RETURN
170 CONT INUE
DO 189 I=1,NP
DO 180 J=1, NP
W, J)-(W(I Jy+W(J, I))/2 %)
. W(J, 1)=N(I, D
180 CONT INUE o
GARDNER-EBERHART CONSTANTS
WRITE (IW,730) ME,NA,CH
CALL GARDCO(NP ME, IW)
RETURN -~ .
190 CONTINUE
METHOD 2 AVALYSIS OF VARIANCE
IT=NP*(NP+1)/2~ 1
TI=I1T
-IF (NQ.LE.1) GO TO 220
- IBT=IT®*IB = |
BTI1=1BT . :
DO 210 K=1,NQ
DO 200 I=1,NP
DO 200 J=I, VP :
W(I,J)Y=A(1,J K)‘DSQRT(SN)
W(J, D =W(I, J)
200 COVTINUE
CALL DAV2(NP,ME,SST,SSA,SSD, SSDD SSPD, SSCD)
© BT=BT+SST
‘BA=BA+SSA |
BD=BD+SSD
BDD=BDD+SSDD
BPD=BPD+SSPD
BCD=BCD+SSCD
210 CONTINUE -
228 CONTINUE
DO 230 I=1,NP
-.DO 230 J=1,NP
I, n=0.0  _ . !
Ly 230 K=1,NQ
WL D =W, J)+A(I J K)’DSQRT(SN)/DSQRT(RN)
. W(J D =W L, D
230. COVTIVUE P et o

CALL DAV2 (NP ,ME, S?T SSA,SSD, SSDD SSPD SSCD)

- BT=BT-SST
-BD=BD-SSD

S

~ .0 “BA=BA-SSA.

BDD=BDD-SSDD” T iowoo T
& °BPD=BPD-SSPD = e
- 'BCD=CD-SSCD : '

194



SMT=SST/T1
SMA=SSA/Al
SMD=SSD/D1
SMPD=SSPD/A1

. SMCD=SSCD/CDI
FAT=SMT/EMS
FAA=SMA/EMS
FAD=SMD/EMS
FADD=SSDD/EMS
FAPD=SMPD/EMS
FACD=SMCD/EMS

PAT=FPROBCIT, I1E,FAT) .
PAA=FPROB(IA, IE,FAA)
PAD=FPROB (1D, IE,FAD)
PADD=FFROB(1, IE, FADD)

PAPD=FPROB ( I
PACD=FPROB( 1

E FAPD)
IE FACD)

IF (NQ.LE.D) GO TO 240

© »BMT=BT/BT1
BMA=BA/BAI
BMD=BD/BDI
BMDD=BDD/BI
BMPD=BPD/BAI
- BMCD=BCDyBCD1
FABT=BMT/EMS
FABA=BMA/EMS
FABD=BMD/EMS -
FABDD=BMDD/EMS
FABPD=RMPD/FMS
'FABCD=BMCD/EMS
PABT=FPROB( IBT,
PABA=FPROB(IBA,
PABD=FPROB(IBD,
PABDD=FPROB (1B,
* PABPD= FPROB(IBA

IE,FABT)
IE,FABA) .
IE,FABD) -
1E,FABDD)
IE FABPD)

PABCD=FPROB(IBCD,IE,FABCDY

249 CONTINUE
WRITE (1W,730)
WRITE (1IW,720)
WRITE (IW 740)
WRITE (IW,1020)

ME,NA,CH |

IT,SST,SMT, FAT,PAT

IF (ME. EQ 2) GO TO 250’

WRITE (1W,950)
WRITE (IW,940)
WRITE (IW,936)
WRITE (I¥,960)
WRITE (IW,980)

1A,SSPD, SMPD, FAPD PAPD
SSDD. %QDD FADD PADD
ID SSD,SHD FAD,PAD -
IA,SSA,Shg,FAA,PAA
ICD SQCD WCD FACD PACD

IF (NQ.LE.1) GO TO 269

WRITE (IV,830)
" WRITE (IW,1019)
WRITE (1W,1000)
WRITE (IW,990)
WRITE (IW,970)
WRITE (IW-880)
GO TO 260

250 WRITE (IW,750)
WRITE (1¥.760)
WRITE (IW,770)
WRITE (IW,7S@)
WRITE (IW,790)

IBT,BT.BMT,FABT,PABT

IBA BPD B%PD FABPD PABPD
1B, BDD BMDD FABDD PABDD
IBD,BD, BYL. FABD PABD
IBA,BA,BMA,FABA,PABA |

IBCD BLD EWCD FABCD PABCD

I'A,SSA,S¥A,FAA,PAA
1D,SSD,SMD,FAD, PAD
SSDD, SSDD,FADD,PADD .
IA,SSPD,SHPD, FAPD,PAPD
ICD SSCD SWCD FACD PACD

IF (NQ.LE.1) GO TO 260

- WRITE (IW,830)
WRITE (lV,840)
WRITE (IW,850)
WRITE (iW,860)
WRITE (1W,870)
WRITE (IW,880)

260 CONTINUE
WRITE (IW,920)
WRITE (IW,730)

- WRITE (iW,1170)
DO 290 l~l NP
CX(1)=0.0
DO 270 J=1,NP
W, =W, /D
X(I)= X(l)+W(I I

270 CONTINUE
DO 280 J=1,1
TOT=TOT+W(1,J)

280 CONTINUE

IBT,BT,BMT,FABT, PABT
IBA,BA,BMA,FABA,PABA
IBD,BD, BWD FABD,PABD

IB, BDD BWDD FABDD PABDD
IBA,BPD.BMPD.FABPD,PABPD
IBCD, BCD,BMCD,FABCD,PABCD

IE,ESS,EMS

ME,NA, o
(I I=1, VP)

SQRT(SN)/DSQRT(RN)

195
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WRITE (xw 1880) I, (w(l L I=1, D
290 CONTINUE ;
XMU=TOT®*2./PN/(PN+1.)
SE1=SQRT (EMS*2./PN/(PN+1.))
WRITE (IW,1130) XMU,SE1
C METHOD 2 COMPONENTS OF VARIANCE
IF (MO.LT.2) GO TO 300
WRITE (IW,730) ME,NA,CH
CALL COV (NP ,NR,NS,MO.SMA,SHD,0.0, BMT,EMS, AI, DI BTI, IE,PP,PU,PPP) .
RETURN
300 CONTINUE
C GARDNER-EBERHART CONSTANTS
IF (MO.NE.Q) GO TO 310 .
WRITE (IW,730) ME,NA,CH : : .
CALL GARDCO(NP,ME. I¥) ' 5
RETURN
310-CONTINUE
C  METHOD 2 GRIFFING’S COMBINING ABILITY ANALYSIS
EMS=EMS/RN/SN -
DO 320 I=1,NP
VS(1)=0.0
G(I)=((X(D+W(I,D)-(2, ‘TOT)/PN)/(PN+2 )
DO 320 J=I,NP
S, =W D= (XD +XD WU, D+, D))/ (PN+2.)) + (2. *TOT) / ((PN+
&1.)%(PN+2.)))
o S(J, D=8, D -
IF (1.EQ.J) GO TO 320
. VS(I)=VS(I)+S(1,J)yee2
320 CONTINUE .
DO 330 I=1{,NP
VG(I)=G(1)*®2—( ((PN~-1. )/(PV'(PN -2.)) Y*EMS)
VS(I)=(VS(I)/(PN-2.))~(((PN-3.)/(PN-2. ))“EMS)
330 CONTINUE
SE2=SQRT (( (PN-1.)/(PN® (PN+2.))) ®EXS)
SE3=SQRT ( (2.°EMS)/ (PN+2.))
SE4=SQRT ( ((PN*(PN=1.))/((PN+1.)®(PN+2.)))*EMS) .
SES=SQRT ( ( (PN®®2+PN+2.) /( (PN+1.)* (PN+2. }))SEMS) . ’
SE6=SQRT ( ((2.*(PN=2.))/(PN+2.))*EMS) °
SE7=SQRT ( ((2.®(PN+1.))/(PN+2.))*EMS)
SE8=SQRT (( (2.*PN)/(PN+2.))*EMS).
WRITE (IW;,730) ME,NA,CH .
WRITE (1W, 1030)
WRITE (IW, 1040) _
DO 340 I=1,NP . ‘ :
_ WRITE (IW,1050) 1,G(1) ,VG(I),VS(D)
340 CONTINUE : .
~ WRITE (IW, 1060) SE2,SE3
WRITE (IW,1070) (I,1=1,NP)
DO 350 I=1,NP ,
WRITE (IW, 1080) 1,(5(1,1,3=1,).
350 CONTINUE. . : p
. WRITE (IW, 1090) - SE4,SES, SE6,SE7, SES
RETURN
369 CONTINVE
C METHOD 3 ANALYSIS OF VARIANCE
IT=NP®*2-NP-1 . -
TI=IT .
IF (NQ.LE.1) GO TO 390
IBT=IT*IB"
BTI=IBT *
DO 389 K=1,NQ
* DO 370 I=1,NP _ '
. DO 370 J=1,NP
‘ W(I,J)=A(1,J,K)*DSQRT (SN) ,
370 CONTINUE -
CALL DAV3(NP,SST,SSA,SSD, SSR SSMR SSOR) ‘
BT=BT+SST
| BA=BA+SSA i .
" BD=BD+SSD . ‘
- BR=BR+SSR :
© BMR=BMR+SSMR
BOR=BOR+SSOR . .
. 380 CONTINUE - : e . )
390 CONTINUE R ‘ \
DO 400 I=1,Np .. A
DO 400 J=1,NP ‘ _
W(I1,1)=0.0
DO 400 X=1,NQ
W(I,J)=W(I, J)+A(I ,J K)°DSQRT(SN)/D50RT(RN)
400 CONTINUE

©



CALL DAV3(NP,SST,SSA,SSD, SSR SSMR, SSOR)

BT=BT-SST

- BA=BA-SSA

BD=BD-SSD

BR=BR-SSR

BMR=BMR-SS

BOR=BOR-SSOR

SMT=SST/TI

SMA=SSA/Al

. SMD=SSD/CD1

SMR=SSR/DI

'SMMR=SSMR/AI

_ SMOR=SSOR/ORI1
FAT=SMT/EMS &
FAA=SMA/EMS =~

FAD=SMD/EMS /

FAR=SMR/EMS ’

FAMR=SMMR/EMS

FAOR=SMOR/EMS
PAT=FPROB(IT, IE,FAT) -

,PAA=FPROB(IA, 1E, FAA)Y " -
PAD= FPROB(%D [E,FAD)
PAR=FPROB ( D,IE,FAR)

PAMR=FPROB (1A, 1E,FAMR)

PAOR= FPROB([OR IE FAOR)
IF (NQ.LE. 1) GO TO 410
BMT=BT/BTI -

BMA=BA/BAI

‘BMD=BDvBCD1

BRM=BR/BDI

BMMR=BMR/BA!l
BMOR=BOR/BORI

FABT=BMT/EMS:

FABA=BMA/EMS -
FABD=BMD/EMS
FABR=BRM/EMS -

FABMR=BMMR/EMS

FABOR=BMOR/EMS
PABT=FPROB (IBT, IE,FABT)

PABA=FPROB (IBA, [E,FABA)

PABD=FPROB(IBD, IE,FAED)

PABR=FPROB(IBD, IE,FABR)

PABMR=FPROB(IBA, IE,FABMR) = .

" PABOR=FPROB (IBCR, IE,FABOR) -

410 CONTINUE )

WRITE (IW, 730) ME,NA,CH

“WRITE (IW,729)

“WRITE (1IW,740)

L WRITE (IW,1620) IT, SST SMT,FAT, PAT
WRITE (IW,750) IA, SSA SWA FAA PAA

WRITE (IW,769) ICD SSD SMD FAD PAD

" WRITE (IW,800) ID, SSR SMR FAR PAR
WRITE (IW,810) IA, SSWR SMMR, }AﬂR PAMR °
WRITE (IW,820). IOR SSOR SHOR FAOR PACR

IF (NQ.LE.1) GO TO 429
‘WRITE (1W,830) IBT,BT,BMT,FAD T PABT
WRITE (1W,840) IBA,BA,BMA,FABA,PABA_

"WHIFE (IW,850)
WRITE (IW.890)

WR1.E (IW,900).

WRITE (IW,910)

420 CONT INUE

WRITE (IW,920)
EMS;EHS/RN/SN
. WRITE (1IW,730)

WRITE- (IW,1160)

DO 440 I=1,NP

IBCD BD B“D FABD PABD”

‘IBD, BR, BRM.FABR, PABR

1BA, BHR B“HR FABMR > ABMR

lBOR BOR B%OR FABOR PABOR

IE,ESS, EWS

ME,NA,CH .
(I,X=1,NP)

W(I,0)=0.0 %
CX(1)=8.98_
Y(I)=0:9
DO 430 J=1,NP
WOILIY=W(l, J)/DSQRl(SV)/DSQRT(?N)
C XM =X(D) +W(T, D) ‘ .
YD =YD WD -
TOT=TOT+W (1, I} : .
430 CONT INUVE 9 _ T
~ WRITE (1¥,1080) I, (W(1,1),J=1,\?) -

449 CONTINGUE .
| XMU=TOT/PN/(PN-1.)-
SEl= SQRT(EWS/PN/(PV {. ))

197



WRITE (IW,1130) XMU,SEl

- C_ METHOD 3 COMPONENTS OF VARIANCE

450

IF (M0.LT.2) GO TO 450 | o .
WRITE (IW,730) ME,NA,CH

CALL COV(NP,NR, NS, MO, SMA, SHD, SR, BMT , EMS, A, D1, BTI, IE, PP, PU,PPP)
RETURN -

GONTINUE ‘ . '

IF (M0.NE.1) GO TO 530

C. METHOD 3 GRIFFING'S COMBINING ABILITY ANALYSIS - B

- 460

- DO 460 1=1 NPv

1

70 1=1,1G -
- (
78

S
)
<
~
o
G-a
~
+
S
¢-q
Bt
A4
~
N
N
[
T~
><:
~
4
A
4
»
”~
. Gy
A
+
=
~
bt
- -’
+
<
”~
()
o
A4
N
N
N
-~
3
2
N
A
X
El
N
g
z

: S(J.Y)=S(I,J)

490

500
510

520

R(J )=-Rd, J) LT
CONTINUE =~ , L~
DO 498 I[=1,NP : .

DO 480 J=1,NP ' | -
o ISID R e R s
4

CONT INUE :
G(I)=(PN® (X(D)*Y(I))-2.*TOT)72./PN/(PN-2.)
‘VG(I) =G (1) **2-EMS® (PN~1.)/PN/(PN-2.) /2.

VS(1)=VS(I)/(PN~2.)/2.~EMS® (PN-3.)/(PN-2.) /2. Ty

CONT INUE .
SE2=SQRT (EMS (PN-1.) /2./PN/ (PN-2.))
SE3=SQRT (ENS/ (PN-2.)) =
SE4=SQRT (EMS*{(P)
SES=SQRT (EMS? (P}
SEL=SQRT (EMS
SE7=SQRT (EMS/2”
WRITE (IW,730) ME,}
WRITE (IW,1030)
WRITE (IW,1840) .. . ,

DO 500 I=1,NP . e ) L

WRITE (IW1050) I,G(D),VG(D,VS(D a :

CONT INUE. SR , o
WRITE - (IW,1060) SE2,SE3 '~ ~ = .. = . . SRR
WRITE (IW,1070) (I,I=1,NP) . .0 . "~ Lo

DO 510 I=1,NP’ :

WRITE (IW,1080) I,(S(1,d),J=1,1)

CONTINUE =~ S ' » S “‘ r % -

WRITE (IW,114@) SE4,SES,SE6 - D o
WRITE C(IW,1110) (I,{=1,NP) R by
DO S20 I={,NP- . ° = * " N\, o co T
WRITE (IW,1080) [,(R(I,3),J=1,NP):
CONTINUE :
" WRITE (IW, 1150)'§E7--A L
RETURN -
CONT INUE.

- s30

549

DO 540 1=1,NP
DO 540 J= 1 ‘NP

WL D) KV(I I +WI, 1)) /2. 0 o

VA D=WL D L R
CONT INUE- TR

C GARDNER-EBERHART COVSTANTS

WRITE (IW,730) ME,NA,CH
CALL GARDCO(NP ME, IW)
RETURN

'C METHOD 4~ANALYSIS OF VARIANCE .

550

CONTINUE T

- IT=NP® (NP- 1y72-1

TI=IT

- IF -(NQ.LE: 1) GO TO Ss©

IBT=IT*IB

~ BTI=IBT o
- DO §7 'Kil,NQ”f .

DO 5§60.Y=1,NP.

. D0.560 J=I.NP L

560

W(l,3)=AC1,J K)'DSQRT(SN)',‘

- W, 1) =W, n

CONT INUE \
CALL DAV4(NP SST SSA SSD)



/—’—"‘\\___
: 570
- 580
. 590

= ,C

C METHOD 4 COMPONENTS OF VARIANCE

LW, 1)=W

| BT=BT+SST "
'BA=BA+SSA
BD=BD+SSD
CONT INUE

CONT INUE
DO 599 1=
DO 590 J=
W(I,))=0
DO 590 K
W(I, D) =W

1,NP
I, NP
o’
1,N ’
I,J)
I,

(I,J)+A€1,J,K) *DSQRT (SN)/DSQRT (RN)
( ,

CONT INUE ‘

CALL DAV4(NP,SST, SSA SSD)

BT=BT-SST

BA=BA-SSA

BD=BD-SSD

SMT=SST/TI

- . SMA=SSA/AI

SMD=SSD/CDI

" FAT=SMT/EMS

FAA=SMA/EMS ~
FAD=SMD/EMS .. . ° - 0
PAT=FPROB(IT, 1E,FAT) .

. PAA=FPROB(IA’1E.FAAY

PAD=FPROB (ID;, 1E,FAD) -
IF (NQ.LE. 1) ‘GO 101600 - } :
BMT=BT/BTI - o

MA=BA/BAI -
. MD=BD/BCDI

ABT=BMT/EMS _
FABA=BMA/EMS . . 0
FABD=BMD/EMS . T

- PABA=FPROB(IBA, IE,FABA)

600

PABT=FPROB ( IBT, IE, FABT); oo 4\ .

PABD=FPROB(IBD, IE,FABD) - =T
CONTINUE . - v _
WRITE (1W,730) ME,NA,CH

~WRITE (IW,728)

¥RITE (IW,748) a

WRITE (1W,1020)-IT,;SST,SMT, FAT PAT
WRITE (IW,750) IA, SSA SHA TAA PAA
WRITE (1W,760). ICD SSD bHD FAD PAD
IF (NQ.LE.1) GO TO 610 . :

f.WRITE (1W;830) " 1BT,BT,BMT,FABT, PABT
" WRITE .(1W,840) IBA,BA,BMA, FABA PABA.

610

S X(j=e.e - . f{‘- e

T 620

- 630,

>646

|

650

660

F.WRITE (1W,850) IBCD BD BHD FABD PABD

CONTINUE

WRITE (IW:,920) lE ESS, EﬂS :
WRITE (1W,730) ME,NA, CH -
WRITE (INW,1170) (l I= l VP)
DO 640 1= l NP

N -
J)/?SQR[(SN)/DSQRT(RV) :
( -

CONTINUE S N
DO-630 J=1,NP ' .

T0T= TOT+W(I Iy

CONT INUE

WRITE “(IW, 1089 I, (W(I N,J=1, I)
CONT INUE

SEl= SQRT(EMS‘Z /PN/ (PN-1. ))
XMU=2.*TOT/PN/(PN-1.)

“WRITE* (IW,1130) XMU, SEl

IF- (MO.LT.2) GO TO 650
WRITE (IW,730) ME,NA,CH

199

CALL COV(NP,NR NS, MO SWA S“D(ﬁp\\BMT EHS Al DI BTI, IE PP PU PPP)

RETURN
CONT INUE

'C GARDNER-EBERHART 'CONSTANTS

-IF (MO.NE.®) ‘GO TO. 660

WRITE (1W,730) ME,NA,CH

" CALL GARDCO(NP,¥E, IW) ;
RETURN - -
‘CONT INUE

METHOD. 4 GRIFFING S COMBINXNG ABILITY ANALYSIS

- EMS=EMS/RN/SN.

‘DO 670 I=1,NP. . . e

\
4

@



e

G(I)= P
VG(I) =G
VS(I) =V

690 CONTINU
. . SE2=SQR
.SE3=SQR

SE4=SQRT (EMS* (PN~3.)/ (PN~
- SES=SQRT(EMS*2.* (PN~ 3 )/(PV-Z

-SE6=SQR

" WRITE ¢
‘WRITE (
“WRITE (
DO 700
. WRITE "(
- 709 CONTINU
. " WRITE. «
WRITE (
DO 710
CWRITE (

&

© 710 CONTINUE. -

WRITE (

. "RETURN.
720 FORMAT

© 73@ FORMAT -
740 FORMAT

& MEAN SQUARES’

759 FORMAT
760 FORMAT
770 FORMAT
780 FORMAT
799 FORMAT
"~ 800 FORMAT
- 810 FORMAT
- 820 FORMAT

. 830 FORMAT

- 840 FORMAT
850- FORMAT
860 FORMAT
870 FORMAT.
§80 FORMAT-
890 FORMAT

© 993 FORMAT
910 FORMAT
920 FORMAT
930 FORMAT
940 FORMAT.

-."950 FORMAT:

960 FORMAT .

970 FORMAT

980 FORMAT

" - 999 FORMAT

I@GG&FORMAT
. )

- 1010 FORMAT
- 1020 FORMAT

1030 FORMAT

- 1048 FORMAT'
&7X,
1050 FORMAT

*S.C.A. VARIANCE’/)

)
i /
./ :

TO 670 / ‘
(X(L)+X(I))/(PV—2 )*2 'TOT/(PN—I )/(PN 2. )

4

"0

\*X(I)-Z o7 PN/(PN-2.)

o
(I)y**2-EM3®( ) /PN/(PN-2.)
S(D)/Z{PN- 2. ) -EM

S (PN-3. )/(PN—ZI)
T (EMS® (PN-1. )/PV/(PN—'
T (EMS®2./ (PN-2.))

T(EMS*2.% (PN-4.)/(PN-2.}

IW,730) ME,NA,CH .- . -
IV, 10930) - R
W, 1040)
1=1,NP

1V, 1050)
E
W, 1060)
1V, 1070)
1=1,NP .
1V, 1980).

I, G(I) VG(D), VS(I)

SEZ2) SE3
(1 I-I,NP)

i,(S(J;J);j:i,xx
SE4,SES,SE6

, "ANALYSIS' OF VARIAVCE /)
.'“ETHOD’ 12,’ DI1ALLEL ANALYSIS 771X, 20A4//1X 19A4//);
'SOURCE OF VARIATION', 12X, 'DF’,8X, ’SUM OF SQUARES' 8%,
18X, 'F’ , 14X, >P*)
2X, sGENERAL - (GC?)’ 15X, I3,2F20.4, 10X, 2F15 4) .
»2X, "HETEROSIS (SCA)’ 13X I3 2F20.4, IOX 2F15.4)
4, ‘AVERAGE HETFROSIS' IIX ’1' 2F20. 4, IOX 2F15.4)
4X, 'VARIETY HETEROSIS’,9¥X, 13,2F20.4, 10X 2F15 4) .
4N ’SPECIFIC HETEROSIS’ 8X 13,2F20. 4 IOX 2F15.4)
ZV *RECIPROCAL, ISX, I3, 2F20. 4 10X, 2F15.4) '
4( 'MATERNAL RECIPROCAL’ 7X, I3 2F20, 4,10X,2F15. 4)
‘4\, NON-MATERNAL RECIPROCAL' 3X 13, 2F20. 4,10X,2F15.4)°
‘FEVOTYPF INTERACTION’ , 10X, I3 2F20 4, 10X, 2F15.4) -
.ZY "GENERAL INTERACTION‘ 9X I3 2F20. 4 IGX 2F15.4)
2X,-'HETERGSIS INTERACTION’ 7X 13 2F20.4, IOX 2F15 4) .
.,4Y *AVERAGE . INTERACTION' , 7X 13 2F20. 4, IOX 2
,4X, VARIETY INTERACTION®, 7X 13,2F20.4,10X,2 15. 4)
4X 'SPECIFIC INTERACTION' 6X I3 2F20. 4 IGX 2F15 4)
,2X, 'RECIPROCAL IVTERACTION' 6X IS 2F20.4, IOX 2F15.4)
4X,'HATERNAL INTERACTION’, 6X I3 2F20. 4, 10X 2F15.4)
4Y ' NON-MATERNAL INTERACTION"ZX I3 2F20. 4, IGN 2F15 4)
'ERROR’ 24X, 14,2F20.4//), .
2% CROS\FS’ 21X 13,2F20.4, 10X, 2F15 '4) )
ZX 'VARIETIES VS’ CROSSES’ , IOX Ay ,2F20.4, 10X, 2F15 4)-
, "VARIETIES", 19X, IB.ZFZO 4, IOY 2F15.4)
’GE\ERAL (GCA)' 13X,13, 2F20. 4,10X,2r15.4) :
© 0' 4X 'GENERAL - INTERACTION' 7X 13, 2F20. 4 10X,2F15.4)
€’Q",4X, *SPECIFIC (SCA)’,12X, 13 2F20 4, 10X, 2F15.4)
(10" 2X ' CROSSES JVTERACTION‘ 9X 13, 2F20. 4,10X,2F15.4) -
(*@’,2X,'VARIETIES VS CROSSES" INT. 3%, 13, 2F20 4, IOX 2F15. ‘

« 0’ 2X 'VARIETIES INTERACTION’ 7X,13, 2F29 4, IOX 2F15.4)

W, 1140)

(’
o1
(9,

o',
o,
e,
o,
(!9'

-

P

'a', ’GF\OTYPES' 21X, 13,2F20.4, IOX 2F15 4) »
(*8°, "GRIFFING ”S COHBINING ABILITY ANALYSIS . (MODEL /)
¢+@>, 10X, 'PARENT’, 7X ’G C. A VARIA\LE’

,'G.C:A. EFFFCTS'

, 12X, 12,9X,F10.4, 2(IGX F12 4)) E
. EFFECIS =

¢ '
=', 20X, FIO 4/11X

1060 FORMAT ('’ 0’ 10X,'S.E. OF THE G.C.A 'S.E.
: - & OF THE DIFTERE\CES BETWEEN G.C.A. EFFECTS -" FIO 477y '
. 1070 FORMAT . (’6' 10X,'S.C.A. EFFECTS'//6X, ’PARENTS‘ 4X, 15 9!10)
1080 FORMAT ('0', 11X,12,2X,10F10.4)
- 1098 FORMAT - (° 0‘ 10X, 'S.E.- OF: THE PARENTAL. S.C.A. EFFECTS -’ 35X FIO 4/
&11X,'S.E. OF THE CROSS S.C,A. EFFECTS -',38X,F19.4/11X, ‘'S E. OF TH

%E PARENTAL DIFFERENCES (S. C:A. EFFECTS) —* 21X F10. 4/IIX 'S.E. OF

. &THE COMMON . PARENT "CROSS DIFFERENCES (S.C.A

&11X,S,
&S) -
,1190 FORMAT "

VI LF19.4)

EFFECTS) - IOY Flo.4/
E. OF THEvDIFFEREVT PARENT CROSS. DIFFERENGES «S. C A. EFPECT

’S.E. OF THE PARENT MINUS PROGENY\DIFFERE\CES (S C

\
\
\\

L

(' y 10X,



| 201
&.A. EFFECTS) -',9X,F10.4/11X,'S.E. OF THE PARENT MINUS NON-PROGENY
& DIFFERENCES (S!C.A. EFFECTS) -’,SX,F10.4)

1118 FORMAT ('@', 10X, 'RECIPROCAL EFFECTS' /725X, MALE PARENT'/’ FEMALE
&PARENT", I8, 9110)

1120 FORMAT (' 0' 10X, 'S.E. OF THE RECIPROCAL EFFECTS -’ , 40X, FlO. 4/11X !

&S.E. OF THE DIFFERENCES BETWEEN RECIPROCAL EFFECTS -’ 20X F10.4/7)

1130 FORMAT: ( , '"POPULATION MEAN - ',F10.4,5X,'S.E. - ' Fl@ 4//)

1140 FORMAT , 10X, 'S.E. OF S.C.A. EFFECTS - +48X, Flo. 4/11X 'S.E. OF
& THE COM ON PARENT CROSS DIFFERENCES (S.C.A. EFFECTS) - . 10X,
&F10.4/11X,'S.E. OF THE DIFFERENT PARENT CROSS DIFFERENCES (S.C.A
&EFFECTS) - ' ,7X,F10.4)

1150 FORMAT (’0°', 'S.E. OF THE RECIPROCAL EFFECTS - ',40X,F10.4)

1160&F8¥¥$T ('@, DIALLEL MEANS'//25X, "MALE 'PARENT' /‘ FEMALE PARENT’, I8

)
1170 EggMAT (’0’, 'DIALLEL MEANS'//6X,'PARENTS’,4X,15,9110)

SUBROUTINE DAV1 (NP,SST,SSA,SSD,SSDD, SSPD,SSCD, SSR, SSMR SSOR)
DIMENSION X(10), Y(i@)

DOUBLE PRECISION PN,X,Y,W,SST,SSA,SSD, SSDD,SSPD, SSCD SSR, SSMR SSOR
&,X1,X2,X4,X6,%8,H2, H4 H6 TO SP SSP

COMMON W(l@ 10)

PN=NP

I1A=NP-1

X1=0.0

X2=0.0 -

X4=0
X6=0

8 :
0 . »
X8=0 ’ ‘
0
0

H

.

0
%)
0

—~ T
LSRRG oD RN D

S o

%)

X

o) e

20 CONTINUE
‘DO 30 I=1,1
DO 39 X=1I, IA
J=K+1
H4=H4« (W(I, ) -W(J, 1)) ee2
HE=H6+(W(I, 1) +W(J 1)) ee2

30 CONTINUE
SST=X1-TO**2/PN/PN
SSA=(X2/2./PN)-(2.*TO**2/PN/PN)

SSD=(H2/4.)-(X2/2./PN) + (TO**2/PN/PN)
SSDD=(TO-(PN*SP))*®2/(PN-1.) /PN*¢2
SSPD=(X8-(((2.*TO-PN=SP)**2) /PN))/PN/(PN-2.)
SSCD=(H6/2.) - (X6/2./(PN-2.)) + ((TO- »P)"Z/(PN =2.)/(PN~-1.))
SSR=H4/2.
SSMR=X4/2./PN
SSOR=SSR- SSWR
. RETURN.
END

DIMENSION X(
DOUBLE PR
&Y4 X6,X%,H2;SSP . : )
“~* COMMON w<xe 10) ' T T

PN=NP - I IR
SP=0.0

e SUBROUTIVE62§92(NP .ME,SST,SSA, ssn ssnn SSPD ,SSCD) .+ -
SION PN,X;W,SST, SSA, SSD SSDD SSPD sscn SSAA SP,T0,X2, -

Toseo L T e e

X2=0.8
X4=0.9

<P
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el
NOOD

8% 0w nn

154
) -~

10 CONT INUE
X2=X2+ (X(I)'+
X4=X4+ (X (1) - e - ,
X6=X6+ (X (1) + ((PN+2.)/2.)*W(1,1))*2 . o
DO 20 J=1,NP - SRR s
H2=H2+W (I, J)**2 , L
TO=TO+W (1, J) .
20 CONT INUE :
SST=H2-2.4TO**2/PN/(PN+1%)
SSA=(X2-4.*T0O**2/PN) /(PN+2.)
SSAA=X4/ (PN-2.)~4.,¢ (TO-SP)**2/PN/ (PN-2.)
SSD=H2-X2/ (PN+2.) +2.*T0®®2/(PN+1.) / (PN+2.)
- SSDD=(TQ~TPN+1.)/2.%SP)®®2%4. /PN/(PN**2-1.)
SSPD=46‘(XG—((Z.*TO—(PN+2.)/2.'SP)*'2/PN))/(PN'°2~4.)

L4 b4

-~~~
P vl P
bt Pt
-’ ot N
|

SSCD= (H2-SSP)-X4/ (PN-2.) +2.# (TO-SP)**2/(PN-1.) /(PN-2.)
IF (ME.NE.9) RETURN
§§§B§§SPD+SSA—SSAA '
=SSAA . , )
SSD=SSA+SSCD ‘ ~
RETURN
END
SUBROUT INE DAV3 (NP, SST,SSA, SSD, SSR, SSHR, SSOR)
DIMENSION N(10),Y(10)
&DgUBLE PRECISION PN,X,Y,W,TO,SST,SSA,SSD,SSR, SSMR,SSOR,X1,X2, X4 42
4
COMMON W (1@, 10)
PN=NP

1S , .
i sl j sl
8AAD—O\AAAOA
1 S bt )

b~ -

CH2=H2+ W(E, D) +W ”,oz,ﬂglig';ﬁfgmfff";'x,”w‘A; o A
Ha=H4+ (WCT I =W - P A . e
‘20 CONTINUE - y

A/\

.. SST= Xl—TO"z/PN/K N 1. )- L ce Lo
SSA=X2/2./(PN-2.)-2.°T 0"2/PN/(PN 2.0 - J
.SSD=H2/2,-X2/2. /(PN -2. )+T0"2/(PN—1 )/(PV 2. ) .

SSR=H4/2",

SSMR=X4/2./PN

SSOR=SSR-SSMR

RETURN

END -

SUBROUTINE DAV4(NP,SST,SSA,SSD)

DIMENSION X(10)

DOUBLE PRECISION PN,X,W SST,SSA SSD\XZ H2 TO
COMMON %<(10,10) -



acaaaaaaan

aaa

10 CONTINUE

X2=X2+X(1)®2 .
" DO 20 J=I,NP
H2=H2+W(l,J)"e2
,T0=T0+V(I,J)
20. CONTINUE
" SST=H2-2.°TO**2/PN/(PN-1.) ’
SSA=X2/(PN-2.)-4, *TO*22/PN/(PN-2.) : C
SSD=H2-X2/ (PN- 2 )+2.*TO**2/(PN-1.)/(PN-2. )
RETURN
END
SUBROUT INE GARDCO(NP ME, W)~
GARDNER-EBERHART DIALLEL CONSTANTS SUBROUTINE .
NP = NUMBER OF PARENTS
ME = DIALLEL METHOD NUMBER

@ = PARENTS AND F1'S (GARDNER-EBERHART ANALYSIS 1o
I = PARENTS,F1’S,AND RECIPROCAL F1'S

2 = PARENTS AND F1'S

3 £ FI'S AND RECIPROCAL F1°S

4 = FI'S

IW = LOGICAL 1/0 UNIT FOR OUTPUT STATEMENTS - WRITEC(IW,FMT) ...
= ( .

INPUT) DIALLEL TABLE (NP X NP)

DIMENSION X(19),Y(1@) «
DOUBLE PRECISION VM,CM,AH,X,Y,W
COMMON W(10, 19)
NA=O
IF (ME.EQ.3% NA=1
NA = TYPE OF ANALYSIS
O = ANALYSIS 11
1 = ANALYSIS 111
WRITE (1W,90)

W
W

I

IF (NA.EQ.©) WRITE (IW, 160) :
IF (NA.NE. 0) WRITE (IW, 170} : .
VM=0.0 )

CM=0.0 C o

DO 19 I=1,NP ’
VM=VM+W (I, I)/FLOAT(NP)

DO 10 J=1,NP

CIF (1.EQ.D) GO TO 10
CH=CM+U/ (T, J) /FLOAT (NP® (NP~ i
10 CONT INUE
AH=CM-VY. -
IF (ME.GT.2) GO TO 30
" WRITE (IW,100) VM,CH,A
DO 20 I=1,NP
X(I)=W(I,1)-VM
~ WRITE. (IW,120) 1,X(I) - o '
20 CONT INUE e
~ GO TO S0 A :
30 CONTINUE - R R L
 VM=0.0 ‘ -
AH=0.0 L
‘WRITE (IW,110) €M~ - e

"1 DO 49 I=1, NP
T 40 X(1y=0.9 -

-5 CONTINUE-

DO 69 I=1, NP S
-~Y(I)=0 Qo e e e
‘D060 J= 1, NP
- IF-(1.EQ, J) GO 'TO. 69. ..
XD EYCH (WL, 3 -CM- (X(I)*X(J))/Z )/FLOAT(VP D
68 CONTINUE
- . WRITE (IW,130) .

. ..DO 70 1=1.NP

Y(1)= Y(l)+Y(l)/FLOAT(NP 2)
VH=Y(I).

IF (NA.NE.®) VH= Y(I)+X (1) /2.
WRITE (1W,120) I,VH

70 CONT INUE

WRITE (IW, 140) R P
DO 80 I=1,NP S
DO 89 J=I,NP L
IF (I1.EQ.J) GO TO 80 DR

WAL D =W, 1) -CY- (Y(I)+X(J))/2 —Y(I)—Y(J) '
WRITE. (IN,150). 1,3,W(L, D>

" 80 CONTINUE
90

. RETURN | ' ‘
FORMAT O OGARDNER EBERHART CONSTANTS’)

[ o~

203

- 108 FORMAT (°OVARIETY MEAN’ ;Fi15.4/° CROSS MEAN’ ,F17. 4/‘ AVERAGE HETERO -



LS

™ | | ) " | 204
#SIS’ F10.4//° VARIETY CONSTANTS'/’ PARENT',SX, 'consrm')

110 FORMAT (' OCROSS MEAN',F17.4)
120 FORMAT (' ',IS,Fl4.4)

138 FO MAT (*@VARIETY HETEROSIS CONSTANTS (ID) OR GENERAL (IID)°/® PAR- ~

&ENT" , SX, 'CONSTANT ')
140 FORMAT ('@SPECIFIC HETEROSIS CONSTANTS’/’ CROSS ,SX, 'CONSTANT")
150 FORMAT (' *',F2,' X ',I12,F13.4) : '
160 FORMAT (° GANALYSIS I11°/)
170 ESRMAT ("OANALYSIS III'/)Y
SgBROUTINE COV (NP, NR NS,MO,SMA, SMD,SMR, BMT, EMS Al,DI,BTI,IE, PP PU,
" &PPP)
PN=NP .
RN=NR™
" SN=NS

- C MODEL A DESIGV COMPONENTS OF VARIATION

CVA=0 ,

CVD=0. a ' : : :
CVR=0.0.

VCA=0.0

VCD=0.0

VCR=0.0

HF=0.0

IF (SMA.GT.EMS) CVA=(SMA-EMS)/2./PN/RN/SN
IF (SMD.GT.EMS) GVD- (SMD-EMS)*PN®#2/2./ (PN®$2-PN+1.)/RN/SN

IF (SMR.GT.EMS) CVR= (SMR-EMS)/RN/SN/2.

VE=SORT (2.%EMS**2/IE) .
IF (SMA.GT.EMS) VCA=SQRT(2.*CVA®*2/AI)

IF (SMD.GT.EMS) VCD=SQRT(2.*CVD**2/DI)

IF (SMR.GT.EMS) VCR= SQRT (2. *CVR®*2/DD)

.

AV=PP*CVA . . .
DV=PU*CVD+CVR'
GV=DV+AV
PV=GV+EMS ‘
VAV=PP*PP*VCA
VDV=PPP*VCD+VCR
VGV=VDV+VAV
VPV=VGV+VE
[HN=AV/PV* 100
IHB=GV/PV* 100 . :
IF (DV.GT.0.9.AND. AV GT.5.0) HF= SQRT(DV/AV)
IF (MO-EQ.2) GO TO 10 -~ , ‘
WRITE (IW,20) .
WRITE (IW,30). CVA,VCA, cvn VvCD
. WRITE (IW,40) CVR,VCR
_"WRITE (IW, se) EMS,VE, AV VAV‘DV vnv GV VGV Pv VPV EMS VE 1Hv IHB HF
"RETURN .
-~ 1@ GONTINUE - - -
c MODEL T1 DESIGN COMPONENTS OF VARIATION
ST GVAROO , o . R
“VCA=Q.0 = .- - L T‘F' it e ey

T VeV 1E0.07

o o -~ HF=0,0 - -

IF. (SMA.GT.SMD)’ ch QSMA ~SHMD) /2. /PN/RN/SN

C1F (SMA.GT.SMD) VCA= SQRT(Z SCVA®*2/Al) .

IF (BMT.GT.EMS-AND.NR.GT.1.AND,NS.GT.1) cv1 (BMT~- EMS)/SN :
IF (BMT.GTEMS.AND. NR*GT 1 AND NS.GT.1) VCVI= SQRT(Z ‘CVI"Z/BTI)'
AV=PPOCVA - o

GV=DV+AV ~ :

PV=GV+EMS+CVI

VAV=PP*PP*VCA

VGV=VDV+VAV = .-

VPV=VGV+VE+VCV]

[HN=AV/PV® 100

IHB=GV/PV? 100
*1F . (DV.GT:0.0.AND.AV.GT.Q.0) HF= SQRT(DV/AV)

WRITE (IW,6Q)

WRITE .(I1W.30) CVA,VCA, cvn VCD

" WRITE (IW,40) CVR,VCR

“WRITE ‘(I¥,50) EMS,VE,AV,VAV,DV,VDYV, GV, VGV PV, VPV Ews VE, IHN 18B, HF f;

«& - RETURN- oot
‘20 FORMAT ( e' ‘FOMPONENTb OF “GENET IC VARIANCE '(MODEL A)'/)

30 FORMAT ('®’ 9x "GENERAL' ,F20.4,' +-',F15.4//10X, 'HETEROSIS' ,F18.4,
& +-',FiS. 4.}

. .40° FORMAT - (-~ , 9%, ' RECIPROCAL’ ;F: =" F15.4/) "

50 FORMAT ¢’ ' ,9X, 'ERROR’ ,F22:4, ~47//710X, 'ADDITIVE‘ Fi8.4,’
& +-',FIS. 4//10x *DOMINANGE? ., F17. o
&, s ,FIS. 4//1@x ’PHEVOTYP!C' F16.4,""

&AL’ ,F13.4,' +-° FlS 4////on 'HERITAéILIT_

A

FlS. 4//10Y ’GENETIC' F19.4
‘FIS 4//16X " ENV.IRONMENT
/715X, ’NARROW' 110, ‘7 /
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&/15X,'BROAD' ,111,°7%'///10X, 'HETEROSIS FACTOR (SQRT (DOMINANCE/ADDIT
- &IVE))’ ,FlO. 4.

~60

10

20

39
40

FggﬂAT ('@’ , *COMPONENTS OF GENETIC VARIANCE (MODEL 11)*/)

E

FURCTION FPROB(M,N,X)

COMPUTES PROBABILITY OF F-STATISTIC X WITH M AND N DEGREES OF
FREEDOM IN NUMERATOR AND DENOMINATOR RESPECTIVELY. :

INTEGER A,B

FPROB=1.0

IF (X.LE.9..0R.M. LE.0.0R.N.LE.®) RETURN

A=2® (M/2)-M+2 } .

B=2¢ (N/2)-N+2 : e

“W=X*M/N

Z=1./(1.+W)

IF (A.NE.1) GO TO 20

IF (B.NE.1) GO TO 1@

P=SQRT (W) ’

Y=0.31830639

D=Y®Z/P

P=2.*Y*ATAN(P)

GO TO 40 ‘

P=SQRT (W*Z)

D=0.5°P*Z/W

GO TO 49

IF (B.NE.!) GO TO 30

P=SQRT(Z)

D=0.5%23p

P=1.-P .

GO TO 40

D=Z’Z: ‘ : o : N
P=W*Z ' _ ‘

Y=2.%%/2

J=B+2 .
1IF (J.GT.N) GO TO €0

‘DO 50 K=J,N,2 . ' -
D=(1.+A/ (K-2. ))eDeZ . -

1F (A.EQ.1) P=P+D*Y/(X~-1)

IF (A.NE.1) P=(P+W)*Z

CONT INUE ,
Y=WeZ .
2=2./2 ' .

. B=N-2.:

[=A+2 +
IF (1.GT.M) GO .TO 80

- DO 70 K=1,M,2

70
80

J K+B
D=Y*D®J/(K-2)
P=P-Z*D/J
CONT INUE
FPROB=1.-P
RETURN

- END
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U1: HAYMAN -subroutine lstinms - < o L
j2: HAYMAN sghple<o§fput. ) T T L  7



211.
SUBROUT INE HAPM(IW,X,V,PMS, IE,EMS’, NAME, CH NC NV)
HAYMAN'S ANALYSIS OF POPULATION MEANS AN o
'VERSION 1.9, JUNE 1979 L - [
IN = 10 UNIT FOR.WRITE CONTROL (I.E. WRITECIW,..%.)) o
-~ VECTOR OF MEANS (ORDER = P!,P2,F1,F2,B1,B2)
VECTOR OF ST. .DEVIATIONS (ORDER = P1. P2,F1,F2,Bl, BZ) ,
POPULATIONS MEAN SQUARE - . _ , .
ERROR DEGREFES OF FREEDOM, * = ... ‘f-" Lo
ERROR MEAN=SQUARE - - : SR T e
NAME OF . TIE, EXPERIMENT (ALPHANUMERIC 20A4) T . ,
-~ CHARACTER IDENTIFICATXON (ALPHANUMERIC 20A4)
 MAXIMUM .NUMBER OF 'WORDS®' IN..’NAME' AND 'CH'

v\'

0anNQaN0NOO0Nn
&
[ R A T T R I |

z
<
!

O = UNWEIGHTED,

1-= VARTANCE" WEIGHTED

vREQUIRES SUBROGRAM - FPROB

DIMENSION X (1) ;V( 1)), NAME(1) ,CH(1) "

" DIMENSION A (6, '6) 0(6) P(6),

REAL B(6,6)/1.0
 40.0,1.0,0.0,0.0 °0.0.0.0.0. 25?1
20.5, 125/

)/ P1 "BC1’,’BC2"/

'£,0.25,1.0,

REAL POP (6 _ S

PSS=PNS*S. S oA

JESS=EMS*IE. . .o ol LA
: DO 10 1=1,6 -~ RO B ;
10 B(1,D=X(D) .. B S
-C VEIGHTING BY STANDARD' ERROR T I T I

IF "(NV.EQ.0) GO TO 30 : - : oo ooy
DO 208 J=1,6 A : ~ : SRR
DO 20 1=1,6 . .-
. UBULD=EBUL DAV
20, CONTINUE R - :
30~ CONTINUE.. A
C COMPUTE CORRELATIONS
DO 50 1=1,6
DO 50 J=1.6
| TX=0.0 -

(6), Y(6) . o o
'9.0,1.0,-1! e 0.0 e, ,g,g.a, .

CTY=TY+B(J,K)
SX=SX+B (1K) **2
SY=SY+B(J/K)**2
SXY= SXY+BII KIPBCT,KS

- CONTINUE -
SMX=SX-TX*#2/6.

SMY=SY<TY**2/6. o

SMXY=SXY-TX*TY/6." VAR
AL, D= SWXY/SQRT(SMY‘SMY;/ ’

*Y‘A(J D=A,D
'CONT INUE - e
SC COHKE;EIMULTIPLE R SQUARED; ZND SUMS OF SQUARES
S Rth=ie /! A T T P IS
© -.DO:118 L=2,6 ) R PO Lo
. K=L - A "*.f ' ‘
o IF (L.LTI4) 60 TO 7@
C FINDS AND ENTERS THE INTERACTION 'COMPONENT WITH THE 4g~
'C "LARGEST PARTIAL CORRELATION WHEREAS THE MAIN EEFECTS -
C ARE ENTEREDFIRST DIRECTLY »
AM=0.0 . : S
DO 60 M=4,6- S ‘
VC=(A(1 M)'A(H,l))/A(WaM) - &
IF (VC.LE ~AN) Go TO 60 . - ]

‘K=M
- AM=VC

1,6 ' R




Y

iee CONTI

R(K)=AUP- A(l 1)

- Y(K)= PSS’R(K)
. AUP=ALl,
CONTINUE

110 S
- €- . COMPUTE! ANOVA COWPOVENTS“'»«,A
© - EPSS=Y(4) +Y(5)+Y(6)

° + :ERSQ=R(4) ¢R(5)+R(6) .

EPMS’EPSS/3~* -

'PF=PMS/ENMS -

= . PP=FPROB(5,1E ; PF):;°4
IE,AF)
1E,DF) .

S U AF=Y(2) JEMS
- . AP=FPROB(I,
© DF=Y(3) /EMS -
DP=FPROB(1,

EPF=EPMS/EMS

-+ " EPP=FPROB(3, IE,EPF)

- AAF=Y.(4)/EMS -
" AAP=FPROB(I,IE,

. ADFsY (5)/ENS -.
. ADPZFPROB (1, {E.
.  DDF=Y (6) /EMS.

-~ - DDP=FPROB(I,
WRITE (I¥; 130)
WRITE (IW, 140)
WRITE (W, 148)

ABE) Lo
Wby

IE,DDF)

(NAME(I) I=1,NC)
(CH(I}, I= 1,NC)‘

IF (NV.EQ.1) WRITE (IW 150)°

C. PRINT MEANS *
WRITE. (IW,160)
DO .120 l—l 6

WRITE (IW, 170)

POP(I),X(I).

IF (NV.EQ.Q) GO TO 120

WRITE (1W,180)
CONT INUE -

120
: C PRINT ANOVA TABLE -

WRITE. (1W, 190)
WRITE (IW,200)
WRITE (IW,210)

.. . WRITE (IW{ 229)
- MRITB-¢IW,230)
- WRITE (IV,240).
“WRITE (IW,250)
WRITE (1W,260)

V(I)

PSS, PMS,PF,PP,R(D)

Y(21.,Y.(2), AF AP R<2)‘~¢_,14__‘
Y (303 Y:(3)» DF, DP R(3) 7 1707

EPSS EPMS, EPF EPP ERSQ
Y- (4),Y (4) AAF, AAP R (4)
Y (5 ;Y (S) ,ADF,ADP ,R(5).
Y(6), Y (6) . DDF DDP, R(B)

R

- 1e

'gg%ggN< ¥,270) IE,ESS, EWS o
FORMAT . {* IHAYMANS. ANALYSIS OF POPULATION ANS /’ +'(ADJUSTED* FOR M. .
\ &EAN EFFECTS)*) BN } S :
148 " FORMAT {’0",20A4) - A T LT
150; - FORMAT "OWEIGHTED (STAVDARD ERRORY ANALYSIS % EETRE TR
_ FORMAT (' =POPULAT ION MEANS®/) S :
© 170  FORMAT [ * 3K A4, erﬁg
186~ .FORMAT [( O Vil Fle.4)
190 FORMAT §’—AVALYSIS OF VARIANCE Y SOURCE‘ 8K, 'DFr;14x ’ss'
o L &MSY19K; YFY, 19X, P, 18X, SRSQD o ,
“'300  FORMAT .(’ GPOPULATIONS" SvisE2e.4y L el
210 - FORMAT (*@ ~ADDITIVE’, *1' 5F20.4) ST
220 "FORMAT (*© = DOMINANCE’, 4x '13,5F20.4) -
230 FORMAT ('@ - EPISTASIS',4X.'3’,5F20.4) :
246  FORMAT ('©  ADD-ADD', 4x '17.5F20.4) ~
250 FORMAT (*©@ ~ ADD-DOM’.4X,'l1',5F20.4) "
260 FORMAT ('@ DOM-DOM',4X,'1',5F20.4) = =~ :
270 . ESDMAT ('@ERROR’ ,6X, 15, 2F20 4) - ‘
= “FONCTION FPROBM,N,X) L
'C - COMPUTES PROBABILITY OF F- STATISTIC X WITH M AND N DEGREES OF
C. ~ FREEDOM -IN NUNERATOR AND DENOMINATOR RESPECTIVELY.
“+ " INTEGER A,B ‘ ‘ L
QFPROB 1.0 P T -
IF (X.LE.0..OR.M. LE e OR. N.LE. o R TURN
CA=2% (M/2)-M+2. | -
B‘Z'(N/Z) “Ne2 : g
KON T -
Z=1. /(L WW) oo

IF (A.NE.1) GO TO 20

IF - (B.NE. 1), GO 'TO 10
P=SQRT (W) —_—

' Y=0.3183099 i
D=Y*Z/P . e .
P=2.SYSATAN(P) - . T L
GO TO 40 S e e e

18X, "v.*“



10

~70

50

P=SQRT (W*2)
D=0.5°P*Z/%

GO -TO 40 C

IF (B.NE.1) GO TO 39

P=P+D*Y/(K-1)
P=(P+W)®Z

I=A+2 :
IF (I.GT.M) GO TO 80

'DO.70 K=1,M,2

J=K+B
D=Y*D*J/ (K~2)
P=P-Z*D/]
CONT INUE

"FPROB=1.-P

RETURN
END
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STRAIN-SPECIFIC INEFFECTIVE
NODULATION OF THE TROPICAL LEGUME
DESMODIUM BY RHIZOBIUM!

- - B. R. Pinchbeck?
ABSTRACT
The Rhizobium strain CB1789 originally isolated from

Desmodium sanduwicense E. Mecy produces a strain-
. specific ineffective nodulation response with several lines.

.Of D. aparines. (Link) D, C. Study.of. F, and backcross . o .-

populations from D. sendwicense X 'D. aparines hybrids
provided evidence for segregation bf a dominant’ gene
at a single locus conditioning ineffective nodulation in
D. aparines. The D. aparines lines expressing ineffective
nodulation are used in.commerce. )

Additional index words: Genetics, Inoculation, N fixa-
tion. ' )

II\'EFFECTIVE nodulation of soybeans [Glycine
max (L.) Merr.] by Rhizobium japonicum (Kirch-
ner) Buchanan has been shown to be controlled by the
three dominant genes Rj, Rjs, and Rj, (2, 7, 8).
Major genes conditioning strain-specific nodulation

! This investigation was supported by a Ph.D. research gr~a’nl
from the International Development - Research Ctr., Ottawa,
Canada. Received 3 June 1977. ) .

? Statisticdl Analyst, Comruling Services, Uniy.. of .Alberta,
Edmonton, Canada (formerly graduate student, Plant Breeding

Institute, Univ. of Sydney, Sydney, Australia).
! Commonwealth of Australia identification number.

v

‘Table 1. Qualitative interactions of Desmodium lines with two ‘

Rhizobium strains.

Ny

Effectivenesst

CB627 CB1789

Speciest

D. sandwicense (CP118156)
D. sandwicense (CP118183)
D. sandwicense (N993)

D. sandwicense (CSL)

D. sandwicense (CWF)

D. sandwicense (CLL)

D. aparines{CP123189)

D. aparines (Q8382)

D. aparines (CP118010)

D. aparines {Desica-1}

D. aparines (CP133814)

D. pringlei (CP138722)

D. uncinatum (CP18990)
D. sp. {(Ecuador)

olviviclolivioicicioiolioNolo]
RivEvlolole R R lolviviololo]

§

T Accession or line identification. 1 E—eﬂecﬁve nodulation
(green), I—ineffective nodulation (yellow-chlorotic). § Strain in-
duced chlorotic reaction that appears to be PH sensitive. :

-y . P . " .

have been reported in Trifoliitmn pratense L. (6) and
T. subterraneurn L. (3). In preliminary studies with
the tropicak legume, Desmodium, an ineffective nodu-
lation interaction was found for several lines of D.

‘aparines (Link) D.C. [D. intorfum (Mill.) Urb.] when

inoculated with Rhizobium strain CB1789? (Table 1).
Strain CB627, referred to in Table 1, is a commercial
inoculum for Desmodium and effectively induced nod-
ulation of all lines studied. Strain CB1789 was isolated
from. D. sandwicense ‘E. Mey and strain CB627 was

isolated from-D.-aparinies. Strains CB627 and CB1789,.

members of the cowpea group of Rhizobium, are slow-
growing: however, strain CB627 is relatively faster
growing than strain CB1789 (J.M. Vincent, persanal
communication).

‘This study was undertaken to determine the mode of
inheritance of the ineffective nodulation interaction
between D. aparines and Strain CB1789. :

MATERIALS AND METHODS

F, populations were groduccd from a D. sandwicense male-ster-
ile line derived from CPI18156 (5). which was crossed to the D.
aparines lines CPI23189 and QQ8382. Backcrosses were obtained
by crossing the F, hybrid onto the male-sterile line. Crosses be-

tween D. sandwicense and - D. aparines produce fully fertile '

progeny and are considered to be closcly allied species (4).

The F. and backcross plants were grown successively in “'modi-
fied” Leonard jar assemblies (9) under N-free growth.conditions
and inoculated with 5 ml of a suspension of strain CB1789. Un-
inceulated controls and parental genotypes were placed adjacent
to the experiment. Eight weeks following planting, .the plants
were scored for green vs. -yellow-chlorotic ‘color induced by N
deficiency. Seventy randomly chosen F, plants were removed from
the Leonard jars, inspected for nodulation response and replanted
in pots to check their response to N fertilizer. i .

RESULTS AND DISCUSSION

The nodulation scores of the F; and backcross plants

are presented in Table 2. The ineffectively nodulated -

plants were extremely stunted and chlorotic at 8 weeks
and were similar in appearance to the uninoculated
and ineffectively nodulated controls. The roots of the
ineffectively nodulated plants exhibited various de-
grees of nodule formation. The majority of nodules
were small, whereas a few were of normal size. All
nodules sampled lacked pink pigmentation. When
these ineffectively nodulated plants were transferred
to pots, all responded to N fertilization.

Chi-square analysis -of the segregation data support
the hypothesis that the strain-specific ineffective nodu-
lation interaction between lines of D. aparines and
strain CB1789 is produced by a dominant gene at a

Table 2. Observed nodulation scores and Chi-square probability of F; and backcross plants inoculated with strain CB1789.

F, Backcross

- 1= - -
"Nodulation Chi-square - Nodulation Chi-square
- probability - probability

Cross ] Ineffective Effective 31 ~ Ineffective  Effective 1:1 -

D. sandwicense (CPL18156) x ’ .

D. aparines (CPI 23189) 88 36 0.80-0.70 35 36 0.95-0.90
- D. sandwicense (CP1 18156) 'x .

-D. aparines (Q 8382) 91. 24 0.80-0.70 41 32 0.50-0.40
Deviation y? 179 60 0.99-0.95 76 68 0.70-0.60
Heterogeneity x* 0.30-0.20 0.60-0.50




single‘locus. These results.are similar to those report- -

ed for soybeans (2, 7, 8).

The symbols Ny/n, are suggested for the designation.

of this incffective nodulation gene. The Desmodium
lines which are effectively nodulated have the geno-
type min;. The ineffectively nodulated lines would be
expected to have the genotype N,N;; however, further
experimentation. would be required to test for func-

tional allelism between the two D, aparines lines stu-’

died. The ineffectively nodulated D. aparines’ lines

have small seeds while. effectively nodulated D apa- "

rines lines have larger seeds. The linkage of the N,
allele with small seed size has not béen studied.

One ineffectively nodulated line of D. aparines has
attracted interest as the commercial cultivar — 'Green-
leaf’ (1). Ineffective nodulation alleles carried by this
cultivar may be at a disadvangage if strain CB1789
were to attain a dbminar;g status in the field. .
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