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SI]MMARY

Vìcia faba is under consideration for inclusion in the farming

roÈaÈíon practised in southern Australia. It would serve as a cropping

replacement of the pasture phase. The local pctenÈial of Èhe species

has not been established and most of the research and agronomic informa-

tion, has come from Europe. In Europe the species has a reputation for

fluctuating yields. This has been partly attríbuted Èo its dependence

on bees for tripping and pollination. In southern Australia flowering

of the crop coincides with the coldest and wetÈest part of Èhe winter;

condítions whích are unfavourable for bee activity. It was decided Ëo

st.udy variation in V. faba for the ability Èo seL seed in Èhe absence of

bees and the influence this has on yield. The material consisÈed of

introductions, anq inbred and hybríd progenies derived from these

introductions.

The term autofertility is used to describe the ability of Plants'

in the absence of bees, to set seeds when the flowers are not tripped.

Self-fertility refers to their ability to set seeds when flowers are

trípped or self-pollínated.

The experíments ínvolved (a) an assessmenË of arrtoferti-1ity

among a range of inÈroduced populations and (b) a comparison of auto-

and self-fertility among various inbred and hybrid generations. The

experiments vrere conducted fxom 1974 to 1976 in the field, within a cage

that excltrded bees.

Among 100 introduced populations, many plants within the popula-

tions had a zero autofertility. Low auËofertílity was found ín both

small-seeded and large-seeded populations, but ín a second study of 20

more uniform populaÈíons inbred for tr¿o generatíons there rnras an índicaÈion
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that autofertility \^tas negatively correlated wÍth seed weight. The

indíces used for autofertility were the numbe-r of seeds and the number

of pods. Anong the populations there l47as no apparent association

between yíeld and seed weight.

Trippíng improved pod set and cross-pollination improved it even

further. The only exception to this general rule occurred in material

that had at the outset a very hígh autofertility and pod set. No

further ímprovement in pod seÈ was t.hen obtained from tripping and cross-

pollination and it is suggested that physiological limj-ts r,lere operatíng

to prevent further increases in yield.

The number of seeds per pod was little affected by the flower

treatments and there may be a limíted capacity for change in thís character.

The beneficíal effect of cross-po1lír-ratíon !,Ias nct consj-dered to

be due to overcoming incompatibility but to the process cf pollination

which ruptured the stigmatic structures and resulted in better pollen

grol^tth.

The fertility of inbreds was much lower Èhan thaÈ of hybrids.

Low autofertility of the inbreds is a. consequence of inadequate pollina-

tion. This is evident when an increased pod seÈ resulÈs from Ëripping.

Inbreeding for one generation was sufficíent to result ín a resp'onse to

tripping. Further ínbreeding resulted in very low autofertility in some

but not all lines. This suggests that inbreds may be selected wíth a

high autofertility. Selection for thís character must be carried out on

advanced generatíon inbreds as heterozygosíty strongly affects the

character/. The material need/to be homozygous before selection is
/

attempted,

A higher autofertility for yield, pod and seed set occurred in
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hybrids than in related inbreds. In some ínstance.s the hybrids also

produced more seeds Per pod and heavier seeds than the inbreds.

Because of their high autofertility the hybrids show a límíted response

to Èrípping. Again a physiological limítation to increases ís suggested.

The level of self-fertilíty was a factor limiting Èhe production

of seeds afËer pollínation Ì.ras accomplished. Hybrids show high self-

fertílity but inbreds varied in the level of self-fertility from very low

to as high or even higher than the hybrids.

Variation ín the combined levels of auto- and self-fertility was

found among the inbreds. Some had both low auto- and self-fertÍlity;

others had a low auto- but high self-fertilíty. Overcoming the tri.pping

requirement in the laLter would result in good yields.

ltriÈh regard to the production of high yielding v. faba varieties'

the sÈudy indicated that breedíng míght have as íts objective hígh auto-

and self- f.ertíLí+y inbred lines which would not be dependent on bees for

trípping and pollínatÍon. Hybrid varieties have such qualities but are

not consídered feasible in the current síÈuatíon. Breedíng for both

these possíble objectives rnras considered in the discussion and compared

r,rith Èhe more normal breeding objectives of producing ímproved populations

which are natural mixturetl'of inbreds and hybrids.
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WAITE iNSTIIUTE

I.IBRARY
1

1.0.0 INTRODUCTION

Thls study ís concerned. with the fertility and potentí41 yíeld

of vìcia faba ín southern Australia. The species is under considera-

tíon for j-nclusion in Ehe ley farrning rotation, with its alternate

years of cropping and pasture. The pastures usually consist of

annual legumes such as annual medícs or subterranean-clover (frifolium
l,'F ^X'

subterraneum) (I^lebber ,'1976¡. Grain legumes could possíbly replace

the pastures in such rotatíons. They could provide high protein feed

grains, improve soíl nitrogen and avoíd the continuity of disease and

pest infestatíons that oòcurs if a cereal is grown year after year.

One grain legume being considered is Vicia faba lcnor¡n commonly

as field beans or faba beans. In the past this crop has been grown in

southern Australía only on a very límited scale (not rated a menÈion in

the StaEístical Register of South Australia). The local potentíal of

V. faba has not been established and most of the research and agronomíc

information avaílable has been derived from work in Europe, V' faba

is grown in other regions of the world but few research rePorÈs have been

pub lished.

The climatic conditions in Europe, where beans are grolvnt

differ greatly from those of southern Australía. The growing season in

AusÈralia begins wíth the autumn rains and the reproductive phase of the

crop coincídes with the coldest and wettest part of winter, unlike

Europe where temperature and radiation increase duríng the reproductive

phase. IÈ ís not known whether the fertilíty of flowers ís greatly

affected by winter growing conditíons.

The European literature refers to the influence of bees on the

yield of V. faba, Some of the important bee species present ín Europe
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do not occur in southern Australia. Tf the bee species existing here

have a low activity during the wínter, the yíelds of faba beans may be

adversely affected.

There has been no locally adapted cultívar available in

Australia. Recently introductions from the Mediterranean region arrd

other areas where V. faba is grown have been made by the l¡laite Agricul-

tural Research Institute. Little is known of the fertílíty of these

introductlons and their dependence on bee actítivy.

Breeding of v. faba tlas been undertaken ín Europe, Egypt and

North America, In some-prograilìnes, attempts have been made to utilise

the hybríd vígour that occurs from crossing inbreds. One of the probl.ems

appears to be the poor ability of the inbreds to produce seeds and

selection for high yíeld, using this approach, has met with limited

success. Further information of the fertility of varieties when inbred

or crossbred would be useful in determining yield improvement prograrunes.

In this study, therefore, the self-fertilíty of. V. fabaíntroduc-

tions is investigated together with the effect of ínbreeding and

hybridization on yield.
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2.0.0 LITERATURE REVIEW

2,r,0 Variation wíthin Vicia faba.

Vicia faba exhibits a diversity of forms that are classified

into 2 subspecies, paucijuga- and eu-faba, the laËter consisting of

3 botanícal varietíes: var, minor Beck, var. equina Pers. and var.

major Harz (Muratovar 1931).

The var , minor is knor^¡n commonly as the tick bean and is

characterízed by small spherical seeds with a mean seed weight of

0.3g. At the other extreme of seed síze ís the var, major also called

the broad bean r,¡ith large flat seeds weighing l.0g or more. Inter-

mediaÈe between these t\^/o groups is var, equina or the horse bean with

oval seeds and an intermedíate seed size. Generally the tíck and horse

bean are grown as field beans for animal feed and the broad bean type

ís used for human consumptíon (Srnith and Aldrich, L967),

Othei names such as r^rínter beans or spring beans díffefenËiate

beÈween autumn and spring so!ün types. Both of these names are associa-

ted hrith the small-seeded type (Bond and Fyfe, L962),

The growth habit of v, fabaj.s usually indeterminate, but

determinate type muLants wíth a terminal inflorescence are known

(sjodín, L9711 Lavres, L973). However, some forms that do not have a

terminal ínflorescence have been observed in the present study to cease

gro\¡rth as a result of the senescence of the terminal bud. These forms

are vegetatively deÈerminate as opposed to those Èhat are floral deter-

minates. The term determinate is used to refer to such vegetatively

determínate forms ín the present study,
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2,2,0 The eld oblem

2,2,L Cultivatíon and Yields.

Vicia faba inas been cultivate<l sínce the Brou.ze age (Schultze-

Motel , Tg72). However, in spite of its early culLívation there has

been liËt1e improvenent and the crop has a rePutation for unreliability

with wide fluctuations in yielcl (Rowlandsr 1955; Scriven and Allen,

1961), Yíel.ds in Brítaín vary from I to 6 t/ha (Lawes, 1974). The

unreliable yield has been responsible for the decline in the area of

the crop, partícularly in Europe (Rowlands, 1955¡ SmiËh and Aldrích'

Lg67). Between L962 and 1973 the area in Europe fell by 407" from

9021000 to 534,000 hectares (FAO, 1973). In the same period the area

in the world devoted to faba beans declined slíghtly from 4.83 to 4,73m

ha,

Cultural and other factors af.fecting yield.

Yíelds are influenced by different agronomic pr:actices such as

different sowing dates, plant densities, soil conditions and fertilizer

applicaÈions (Sope::, I952a, I952b, 1953, 1956; Hodgson and Blackman,

1956, Lg57). The plant may produce over a hundred flor¿ers but iew of

these develop into mature pod.s. Betr¡een 40 and 607. of the flowers may

inítíally develop into pods but many of these abort before reaching

maturity. Several workers have reported that only about 20% of aL1-

flowers produce mature pods (Soper , L952b; Rowlands, 1955; Riedel and

I^lort, 1960; Inoue et a7., 1963; Akhundova, L967; Kambal , I969ai

Graman, L}TL). These maËure pods develop from inflorescences on Èhe

lower part of the sten (Graman, L97l; Poulsen, L972; Ishag, I973al

2,2,2
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Adcock and Lawes, L976). At a podding inflorescence one or two pods

are founcl and these usually arÍse from the lowest flowers on the

racene (Inoue et al-., L963; El-Tobgy and lbrahim, 1968b).

The hígh proportion of flor¡ers failing to develop young pods

suggesÈs that pollination may be inadequate (Drayner, 1959) while pod

abort,ion may be due to adverse weather condítions such as low temper-

atures, storms, drought (Soper, L952a; Ishag, I973a) or to phy'siologí-

cal conditions such as inter- and intra- ovary competition for

assimilates and hormones (Kaurbal , I969a),

2.2.3 Floweríng, pollínation and yield.

The sequence of events between flowering and the production of

the mature seed has 2 phases, Èhe fírsÈ, from pollen production to

fertíLizatj-on and the second, from fertilizatÍon to the fully developed

mature seed (Lawes, 1973, L974). In the firsË phase various factors

can affect fertílizaEíon of the ovules, The factors considered by

Lawes (1973) included (a) the availability of adequate viable pollen,

(b) Èhe pollination process and (c) the fertilízaLíon process.

There has been no record of inadequatevíablepollen limitíng

yíeld except in the case of male sterile planÈs (Bond and Fyfe. L962;

Bond et aJ.., L964a, L966a). Pollen víability of 80 to 9O7" was reported

by Rowlands (1958) and varíation in po1len quantity observed by Drayner

(1959). The transport of the male gamete from the anthers to the ovum

is, therefore, a more critical factor affecting yield and is reviewed in

the follor+ing sections.
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2.3.0 Pollination

2.3.r Insect pollinators.

a) Tvp e and eff icj-ency of pollinators.

Burnblebees (nombus species) and honeybees (epis neTTifera)

are the maín pollinatíng insects of V. faba in Europe (Poulsen, L973;

Kendall and Smith, 1975). Bumblebees do not occur in Australia

(Míchener, 1970).

Bees vary in the method in which they visit the flowers. The

long-tongued species of bumblebees (e. g. B. agTotum and B. hottotum)

as well as honeybees enËer Èhe mouth of the flower when collecting

nectar or pollen, but the short-tongued bumblebees (e. g. B. Iacotum

and B. Èerrestris) gaín access to the flower by bíting holes aÈ Èhe base

of the corolla. Some honeybees may also use these holes to gaín access

to the nectaries (Free, 1970).

The mode of enteríng the flowers affects the effíciency of Èhe

bees ín causing pollination. In field bean, vísits by honeybees and

the long-tongued bumblebees cause a 667. to 7L% pod seË. In contrast

unvisited flowers and flowers vísited by the short-tongued buurblebee-s

through holes at the base of the corolla produceð 377" to 457" pod set.

(SmiÈh et aI., L974; Kendall and Smith, L975).

The rate of visíts to Èhe flowers determÍnes the usefulness of

the species as pollinators. Bntry through the front of the flowers was

observed to be 4.34 visits per minute for honeybees and 7.03 and LO.25

visits per minute respectively f.ot B. agroTLlm and B. hottotutn

(poulsen, Lg13). Free (1962) had reported previously that bumblebees

worked at 2 to 3 tímes the rate of honeybees. In the pollínation of the
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crop the ¡umber of bees foraging is also important (Kendall and Smi-th,

197s).

b) Honeybees and yield of V. faba'

In many countries honeybees are the rnain pollinators especial-ly

where bumblebees are few, or completely absent, as in South Australia'

The contributíon of honeybees to the yield af V. faba tras been investi-

gared in Brítain. Studies on the effecË of honeybees have been

conducÈed using cages to conf íne or exclude bees. The cages \^/ere

generally about 3m x 3m x 2m (e.g. Riedel and l{ort' 1960; Scriven and

Allen, 1961 and Free, f966) and in some cases \^lere smaller (!üafa and

Ibrahim, f960). The results of these studies have to be considered

crítically because bees do not alrvays work satisfactorily when confined.

In addítion the cage may affect Ëhe environment of the plants. Riedel

and l,{ort (1960) found thaÈ twice as many beans were produced on plants

in open plots than within cages which excluded bees. The authors díd

noÈ find any significanË difference in the yield of plants caged with or

rrrithout honeybees (L7.6 and 13.l beans per steü respectívely). They

explained the absence of a significant difference between plants caged

with or without bees as being due to a greater number of beans produced

by the upper inflorescences of plants caged without bees. llhen pollirta-

tíon was inadequate an íncreased yield from the upper inflorescences

compensated for the low yield of the lower inflorescences.

Other authors have reported hígher yields when bees r,7ere present

in the cages. The exclusion of bees from Ëhe cages resulted ín a 2-87"

decrease in the number of mature pods when compared to control open-

pollínated plots Plants caged with bees had a IA.4% íncrease in pod
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set (Wafa and lbrahim, 1960). Símilar resulËs I¡lere reported by

Scriven et al., 1961). They obtained twice the yíeld when bees vrere

pre-sent in cages than when they were excluded, l^Jatts and Marshall (f96f )

reported a reduction of 30 to 40% ín yield when bees \¡Iere excluded from

the cage. Sirnilar experiments by l-ree (L966) also confirmed high

seed sets and more seeds per pod due to Ëhe presence of bees. In

Freers experirnent, the adverse ef fect of caging plants l^7as also evident.

Plants in the open produced twice the yield of plants in cages.

Two characteristícs of planËs from which bees were excluded

r^rere their extencled flo¡¿ering period and late podding. The lack of pods

on the lo¡¿er part of the stem \¡ras compensated for by more pods produced

higher up (Riedel and Wort, 1960; I¡lafa and lbrahim, 1960; Llatts and

Marshall, 1961; Free, 1966; and Poulsen , 1972). Riedel and tr^lort (1960)

suggested that the adequacy of pollínation may be indicated by the dis-

tribution of pods on the stem. Pods clustered on the lower part of the

stem are a sign of adequate pollinatíon.

c) Iùeather conditions and bee actívíty

- Temperature greatly influences bee activity. Honeybees do

lÍttle pollinatíon when the air temperature fal1s below 15oC (OOÒf) 1.

At temperatures below lOoC (SOof') and above 37oC (100oF) bee actívity

stops completely. The optimtm temperature is about 33oC (gZo¡) (Grout,

L949). A maxímum number of bees lrere reported to forage on red clover

at a temperaËure of 33oC (I,Jratt, 196B). lüíndy conditíons, approaching

1'The te-*perature in degrees centigrade was convert-ed from the authorrs
values ín degrees Fahrenheit.
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storms and v/et conditíons following rain are also unfavourable for bee-

activity (Eckert and Shaw, 1960).

It is relevant here to draw a comparison betweerr weaËher con-

dítíons ín Eulope and those Ehat prevail during flowering ín South

Australía. The comparison ís made t-o evaluate the likelihood that bee

activity will present a pr:oblem ín South Australia.

In Europe, I/. faba cxops are autumn or spríng sor¡trl . in England

they are predominantly autumn sor^rn between Àugust and mid-October.

spring sowing is f rom míd-February to l"farch (Bond and Fyfe, L962;

M.A.F.F., 1970). The reproductive phase occurs Ín the sunmer betr¡een

June and August (Soper , L952, 1956). The average maximum temperatures

duríng the reprocluctive phase are l¡/armer in England than in South

Australia (Table 1).

During Èhe reproductive phase in south Australia (July to

September, but ín this country, the winter) maximum daily temperatures

are aïound 15oC which are well below the optimum for bee-activiÈy (33oC).

July and August are the eoldest months of the year, The few days

during these months when bee activity will occur is evident from Table

2. The maximum temperatures occur only briefly in Ëhe afternoon since

the daylength is short and solar radiatíon at :a, minímum (winter months,

Fig. 1). In the northern latitudes the opposite is true. In

Aberystwyrh and Cambridge (Latítude 52oN) the day length during the sante

months is about 16 hours. Solar radiatíon is also twíce that received

at Adelai¿e (:SoS). Therefore, undeï the conditions of higher maxímum

temperatures, longer days and greaËer solar radiatíon bee-actívity c.an be

expected to be higher than in southern AusËralia.
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10

ì{ean monthly minímum and maximum aír temperaËures for

stations in South Australia// arra U.f.

Minimum oC Maximum 
oC

MONTH
WARI I^IPRS PBI WARI I^TPBS PBI

January

February

March

Aprí1

May

June

July

Augrrst

September

October

November

December

t6.2

r6.3

L5.4

L2,9

10.5

8.5

7r7

7.9

9.2

10. B

L2.6

14. 5

2.7

-0 .7

2.5

3.1

5.1

9. B

L0.7

11. 3

10. B

10.9

4.6

0.7

0.4

0.7

1.3

3.9

6.6

9.2

10. B

10.7

9.L

6.6

2.9

1.1

27.8

27.4

25.6

2L.5

t7 .7

15. 1

14. 1

1.5.1

L7.6

20.3

23.2

25.7

8.1

6.2

9.4

12.4

l-3.4

18. 2

18. B

19. B

L7.I

15. B

10. 4

7.2

6.1

6.9

9.4

L2.4

L6.6

]-9.9

2t.l

2L.I

18. B

L4.9

9.4

6.9

// 
"O*, 

I,{aite Agrícultural Research Institute in South Australía;
mean for L925 to L973.

I^IPBS !'lelsh Plant Breeding Station, Aberystwyth;
mean for 1919 to L969.

Plant Breeding Institute, Cambridge;
mean for 1958 to L914.

The reprocluctive phase of v. faba grown in s. Australia is
from July through september while that in Aberystwyth and

Cambridge occurs in June, July and August.

PBI

Note:



TABLE 2:

NoËe:

June

July

AugusÈ

September

October

11

Mean number of days in Ëhe month ín whlch the maximum

daily aír Èemperature exceed 15, 20, 25 arrd 30 oC for
the period 1961 to 1973 at llaite Agricultural Research

Institute, South AusËralía.

Number of days exceedíng
Month

15oc 2ooc zsoc aooc

17.6

11. 1

13. 0

20.5

28.L

1.5

0

1.5

6.7

15.5

0

0

0.1

1.l_

8.1

0.1

1.4

0

0

0

There ís little bee-activity below 15oC and optímum

temperature of bee-activity is 33oC.
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Fígure I

Daylength and mean daily solar radiatíon.

Solar radiation averaged for the years 1965 to 7973.
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2.3,2 The tri a mechan

The consequence of bee visítatíon through the front of the

flowers is to effect the release of the stigmatic column from the

enveloping keel petals. Thís ís referred to as tripping. It rnay be

achíeved manually l# a.pt""sing the keel petals. Pollen is pushed on

to the stigrna at the same time (Rowlands, 1955; Drayner, 1956). An

advantage from tripping has been demonstraËed in Vicia faba a¡d in

general, trípped flowers yield more pods than untripped flor¡ers (Row-

lands, 1955, 1958, 1960; Drayner, L956, 1959; Holden and Bond' 1960;

Kambal, I969a; Lawes, 1973).

In lucerne (Uedicago sativa) the process of trípping has been

reported Èo rupture the stigma and consequently encourage pollen germina-

tíon (Armstrong and vlhite, 1935; Brink and co<,per, 1936). A símilar

effect has been suggested as occuring ín field beans. Trípping results

in the breakage of tiny papillae on the stigma and their contents affect

the germination of pollen (Rowlands, 1958; Holden and Bond' 1960).

Scarífication of the stigrna may also rupture the stigmatic

paplllae and influence seed setr Toynbee-Clarke (L974) obtained a

better seed set from self-pollinaÈion following emasculation Èhan self-

pollinatíon by trippíng, and aÈÈributed the difference to the accidenÈal

scaríficatíon of the sti-grna during the emasculaÈion Process.

2,4.O. Self- and cross- fertiliçY.

2.4.L Self-fertility.

Self-fertility ís a term used to describe the property of some

p1-ants able to prociuce seeds through self-pollination. However, from the
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literature relaËing Eo V. fal>a it ís evidenË that a distínctíon needs

to be drawn between plants that are capable of setting seeds from un-

tripped flowers and those that requíred trípping before seeds are produced.

Both types produce seeds through self-pollínatíon.

In order to identify plants or seeds set from flowers Ëhat were

untrípped, the terns "spontaneous self-fertilityt' and rrautofertilitytr \dere

used by Drayner (1956, 1959). Such "autofertile'r plants \nlere also known

as "self-tripping" by Hanna and Lar¿es (L967). The term "autofertility'r

ís used in the present studY to índicate plants able to set seeds without

anv tripÞíng of the flor¿ers.

The abilíty to seË seed from self-pollínatíon after tripping \^ras

referred to as "self-fertilíty propertt by Lawes (f973). An absence of

pods and seeds from tripped flowers indicated poor t'self-fertilíty proper".

The abbreviated term. t'self-fertilityrl is used in this study to indicate

the abilít of the plants to set seeds after self-pollinaÈion.

Various criteria and derived values have been used ín studíes of

V. faba to índicate Èhe extent of fertility. The number of pods and

seeds produced by the plant, various ratios such as the number of seeds

per 100 flovrers, seeds per pod, pods per 100 flowers (percentage pod set)

have been used (e.g. Drayner, J;gsg; Holden and Boqrd, 1960; RowiandsrLg64;

Hanna and Lawes, 1967).

Differences in autofertility have been observed among I/. faba

genotypes, some have good seed set wj-thout trippíng and show litÈle

response to trippíng, while others with very low seed set in Èhe absence

of tripping had improved seed sets when tripped (Drayner, L959; Holden

and Bond, 1960.; Rowlands , L964; Hanna and Lar¿es , L967) .
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2.4.2 Self- and cross- pollination.

The yield improvement resulting from bee-pollinatj-on may indicate

an advantage of cross-pollinatíon in addítion Lo that arising from

trípping. If Ëhe amounÈ of self pollen is inadequate or if some form of

self-inconpatibílíty mechanism is present, then an outsíde source of

pollen would be beneficial. However, information on the need for cross-

pollination has been inconsístent.

An improvement in seed set was found when 4th generatíon inbreds

hrere cross-pollinated (Drayner, L959). However, with commercial seeds,

hybrids and earlier generatíon inbreds, Drayner did not find any difference

in the seed set from self- or cross-pollínaÈion.

Other workers (Holden and Bond, 1960; Toynbee-Clarke, L974) díd

not find any diffcrence in the number of seeds set from self- and cross-

pollínation. The latter author used hi-ghly inbred material (4th and

5th generation inbreds).

2.4.3 Self-incompatÍbility.

Self-íncompatíbi1ity, whether controlled sporophytically or

gametophytícally, involves a failure of pollen tubes to penetraÈe the

stigmatic surface, a progressive reduction in the growth rate of pollen

tubes in the style, or a faílure after fertiLization has occurred. In

many plants the inhibitory action ís expressed soon after pollen tubes

enter the style (tr{íllíaurs , L952) .

Some evidence of inhíbition of the rate of pollen tube growth by

the stylar extract of the same flower v/as presented by Rowlands (1958).

However this was not confirmed by other workers. Drayner (1959) did not
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find any difference ín tube growth of self and foreígn pollen grown in

pistí1 extracts on agar medía although she noted some inhÍbition of

pollen germínation in exËracts of the pistil of the same flower.

Further studies ínvolving the decapitation of the sÈy1e at various

íntervals after pollination also failed to shor^r any difference in the

growth rate of self and foreign pol1en. She obtaj-ned símílar seed sets

after self- and cross-pollination. Confirrnatory results rnlere obtaíned

by Hotden and Bond (1960). They felt that the stylar decapitation

technique did not discríminate sufficiently between small differences in

the growth rate of self and cross pollen and differences in growth rate

may occur nearer the ovary. Using black hílum as a Senetíc marker,

they studied the position of seeds resulting from self- and cross-

fertíIízaÈion. A more frequent cross-fertilization of the ovules nearer

the stigrna would have indícated a faster growth rate of foreign pollen.

llowever, Èhey did not show any difference in the proportion of cross-

f.ertiLized seeds at either end of the pod. There was also no evidence

to suggest that self pollen v/as slow in growth since the number of seeds

ín the pod was the same for self- and cross-pollinatíons.

Othe-r experiments on the proportion of selfed and crossed

progeni.es followíng open-pollínation díd not índicaËe any tendency for

seeds near the stem end of the ovary to be cross-ferElIized. Thi.s nay

indic.ate no difference in the growth rate of self or cross pollen Ëubes

(Hanna and Lawes, 1967). I^Iith the exceptíon of Rowlandsr report (f958)

the studies do not support the presence of a self-incompatibility system.

The possibílity of zygotic incompatibility l^/as proposed by

Ror¿lands (1961). He identifíed 3 factors that ínfluence seed set. They

hrere, (a) the basic fertility of ttre plant (number of fertile ovul.es),
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(b) the tripping mechanísm which favoured cross-Pollination and, (c)

the restrictíon of self-fertilization. Tripping díd not result ín a

seed set more than 25% of. the basic fertility and he suggested a form

of íncompatibility affecting the posË-fer1i-Lj,zation developmenÈ phase

which he called zy}otj:c incompatibility. He proposed a genetic system

in which the presence of homozygous recessive al1e1es resulted in

sterility. I4fith this system an increase in the number of genes affect-

ing the character would cause the proportion of fertile ovules resulting

from selfing to decrease logarithmically so Èhat for 15 gene pairs, only

2% of self-ferti]-ízed ovules r¿ould be fertile'

2,5,0 The breedíng system.

2.5.L Natural crossing.

As discussed Ín the previous sections self- as well as cross-

fertílizatíon occurs in y. faba and there are no barriers betr¿een botan-

ical varieties of V. faba from the small seeded var, minor to the large

seeded var. major (Erith, 1930).

Estimates of naÈural cross-fertíLization have been made. They

range from 267. to over 65% outcrossing, depending on the cultivar'

location and season (Fyfeand-Bailey, 195f; Fyfe, L954; Ilolden and

Bond, L96O; Hanna and Lawes, Lg67; Marrtyanova, L967; Poulsen, L974,

Lg75). Also important are the síze and locatíon of the plants ín the

field (Bond and Pope, L974). Plant density !'Ias shohtn to affecÈ cross-

po11ínaÈion; plants spaced 6in (15cm) apart lnad 427", whíle those 2ft'

(61crn) apart recorded 65% cross-fertLLízatíon suggesting that high

density reduced the access of bees to the flowers (Holden and Bond' 1960).
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More cross-pollination occurred within a row than between ro\¡/s

(Karnbal , L969a). The flowers on lo\,¡er ínfloresence of a planÈ

tended to outcross more (5L7") than florvers on the upper inflorescences

(33i¿) possíbly due to changes in the exËernal envíronment and bee-

acÈivíty as the season progressed (Hanna and Lawes ' L967), Similar

tendencies hrere reporÈeci by Poulsen (1975). An extremely low level

of crossing (77") was recorded by Olclershaw (1943). However, it ís

generally accepted thaÈ between 30 Xo 407" of the croP resulËs from

cross-fertilization (Hua, L943¡ Fyfe and Bailey, 1951; Fyfe, L954;

Rorvlands, 1958; Holden and Bond, 1960; Ivashkina, 1968).

2.5.2 CharacËeristics of inbreds and hvbríds ín V. faba.

The outbreeding nature of V. faba is evidenË from the entomophil-

ous flower shape and floral mechanisms and the reported levels of out-

crossing. Inbreeding of a normally outcrossed species leads to

deleterious effects. Most of the evidence on deleÈeríous effects'

relates to the fertility of the inbreds and hybrids, there is very little

information on their vegetative vígour.

a). Autofertí1ity.

Inbreds have a low autofertility and trípping is necessary for

seed productíon (Drayner, 1959). In Diaynerrs experimenÈs, 4th and 5th

generation inbreds hrere practically sterile in the absence of tripping

but their F, hybrids had a high seed set and did not respond to trippíng.

A rapid decline in spontaneous self-fertility (i.e. autofertility in the

terminology of this thesis) was also reported by Holden and Bond (1960).

They postulated that spontaneous self-fertílity r.ras associated with
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treterozygosity and \,üas also possibly under Ëhe cont-ro1 of specífic

genes,

b). Self- and cross- fertilitY.

In her sËudies of hybrids, Drayner (1959) obtaíned equal amounts

of seeds set from self- and cross-pollination of the hybrids' In the

2nd generation inbreds, there r^ras no difference in the seed set from

self- or cross-pollination but in the 4th and 5th generation inbreds,

trippíng (self-pollieg¡tion) followed b)' cross-pollination produced more

seeds. She was unable to confirm the advantage of cross-pollination

over self-pollination in these ínbreds (4th and 5th generaLion) when

emasculated buds were pollínated with self and cross pôllen. In other

experiments, she found self and cross pollen to be equally effective ín

proclucíng seeds. Comparing inbred and hybríds she did noË find any

evídence to show thaÈ pollen from ínbred plants was less able to secure

fertlLízation than hybrid pollen.

2,5.3 Inbreedins depression and heterosis.

Cytological evidence on inbreeding depression was presentecl by

Rowlands (1958). In studies on inbreds from a large collection of small

and large seeded forms of v. fabatre foundalrnormalitíes occuring during

meiosís, such as fragments and brídges resulÊíng from stickíness and

breakage of chromosomes. There was also a high chíasma freqtrency per

bivalent, (3.15 t 0.05). He concluded that such abnormalíties were

consístent with ínbreedíng a normally outcrossed specíes as was also

found in rye.

Heterosís occurs in l/. faba. (Bond and Fyf e, 7.962; Bond, L966,
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1967, L96B1' Abdalla , L974). Hybr:íds produce more than their parents

and inbreds. In some instanc.es a 20/ higher yíeld than the CoP parent

was obtained.

2.5.4 Consequences of the breeding system.

The breeding system of V. faba is intermediate between allogamy

and autogamy and this is regulated by the auËofertility of the plants

(Drayner, 1959; Holden and Bond, 1960). These authors suggested that

as outcrossíng ís about 30 to 407", one-third of the poptrlation can be

expected to be hybrids and the rernaining two-thirds, inbreds in each

generation. The hybríds will Ëend to produce selfed progenies through

spontaneous self-fertí1iËy and the inbreds wí11 tend to produce equal

proportions of self and crossed progenies. This will resulÈ in one-

third hybrids and Èwo-thirds inbreds in the followíng generatíon. The

cross-pollination level of 30 to 407 may thus be an equilibrium point

whereby the 2:1 proportion of inbreds to hybrids is maíntained.

2.6,0 Yield improvement.

A breeding system with an intermediate level of hybridíËy gives

natural flexibility to the population in an evolutionary sense. It also

enables the specíes Èo survíve occasional seasons in which there is a

failure of cross--pollinatíon. But such a system is difficult to manipu-

laÈe in a breeding programme (Drayner, 1959), Drayner felt thaË the

selection of inbred línes from a heterogeneous population and their use

as cultivars \^ras unlikely to result ín higher yields than the original

population in which 30 to 40% of the plants v/ere hybrids. She also

suggested that ahybrid cultivarr¿ould not be stable but would self-pollinate
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readily rrrrith subsequent loss of yield in the following generation.

It would be advantageous if high yietding material could be

produced that was autofertile and thereby avoid a dependence on be-e-s.

As noted above there is considerable varíatíon in the level of auto-

fertility (e.g. Ror¿lands, 1958; Holden and Bond, 1960; Hanna and

Lavres, Lg67; Abdalla, L974, L975). Hybrids are more autofertile than

inbreds (Drayner, 1959) buÈ in some instances inbreds may be more auËo-

fertíle Èhan hybrids (Hanna and Lawes, L967).

Selection for autofeïtil-ity has gíven inconsistenË results.

Some workers have successfully íncreased the autofertílity of selected

inbreds over unselected material (Holden and Bondr 1960) but others such

as Rowlands (f961) have been unable to improve autofertílity \^7ith 3

generations of lntensive selection, He suggested that the selection

caused rapid fixation of genes and effectíve recornbinaËion could not occur

in the absence of crossíng. The exploitation of heterosís through the

development of F1 hybríds I^Ias suggested by Bond and Fyfe (L962) and

Bond (L967). Stu<líes have indicated that the good yields of hybrids

vrere noË dependent on any specific combination of genes whích could be

fíxed in an inbred line (Bond, L966). The ísolation of male-sEerile

(genetic and cytoplasmic) field bean plants should improve Èhe feasibility

of producing hybrids on a commercial scale (Bond et a7,,1964a, I966b).

The following scheme is an illustratíon of Bondrs (1968) proposal for

Èhe production of hybrids.
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non-res toring pollinaÈor
@z)

all male sterile
(As)

x

fert ility-restoríng
pollínator (B)

male-fertile F1 hYbrid
(AxB)

The male-sterile is crossed to an inbred (AZ) whích has a non-

fertility-restoring genoÊype. Their male-sterile progenies (41) are

backcrossed for several generations to the non-restoring inbred (LZ) for

several generations so that by the time the male-sterile is used in the

final cross it is almost ídentÍcal to Line A in all respects except that

it is male-steríle (Ag). The male-sterile line is used as the female

parent and'a fertiliÈy-restoring line is used for the pollen parent to

produce male-fertile F1 hybríds.

However not all inbreds can be produced as male-sterile, some

are parÈial resÈorers of fertility and when used as female parents ín

hybrid productíon result in a small degree of contamínation of the hybrid

seed crop with self seeds. The. feasíbílity of usíng such mixtures of

hybrids and parental inbred seeds have been studied (Bond et a7., 1966c).

Mixtures of 5:1 of hybrÍd to inbred yíe1ded as high as pure stands of the

hybríd ín some crosses buÈ produced less yield in oÈhers.
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Fertility has to be restore<l to the F1 hybrids and suitable

fertilíty-l:esËoring lines are necessary in making the cross. Problems

have been encountered in obtainíng full-restorers of fertility. Studies

have been carried out by Bond eÉ af. (L966b, 1966c) on the non-restoring

and restoring abílity of inbred lines

In producing the hybrid seeds, the male and female parents are

generally gro\^rn in alternate blocks and adequate pollinators a]:e

necessary Ëo carry out cross-pollination. Small scale production has

not experienced any probJ-ems with bee-pollination (Bond and Fyfe, 1962;

Bond et aJ., 1-966a). However, productíon on a commercial scale involves

large areas. Bond and Hawkins (L967) found a tendency in honeybees to

avoid the male-sterile blocks because the::e ra7as no pol.len available to

them. pollination of male-sterile flowers tlas restricÈed to chance

vísítation by bees nel¡7 to the plots ' The bees soon move on to v¿ork in

the male fertile blocks. Such problems have to be overcome before-

connnercíal production of F, hybrid seeds is possible'

The development of inbred lines with high self-ferÈility has been

proposed by Lawes (1973). Ile suggesËed a procedure of recurrenÈ

selection and assortative mating to prevent rapid fixaÈion of genes and

to allow for the recombination of desirable genes. Thís is a simpler

approach and seeds could be produced by the grower'

2.7 ,O Statístical methods.

In the results to be presented iÈ has been necessary at tímes to

consider derived variables, transformation and ratios. In bíological

research deríved or comPuted variables are frequently used. Such

deríved varíables are based on two or more índependently measured variables
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vrhose relatíons are generally expressed as ratios, percentages' indices

or rates (Sokal and Rohlf , 7969).

One disadvantage of a ratio i-s its relative inaccuracy when

compared with the direct measurement? The me'asurement of continuous

variables are appïoximaEions and the ratio of 2 approxímat.ions is

subject to wide variatíon. RaÈios also have distributj-ons that may be

unusual and not normal. Another disadvantage of ratios ís that they

do not provide information on the rdlatíonship between the 2 variables

whose ratio is beíng taken.

' Ãlthough derived variables present problems they are sornetimes

necessary to provide an understanding of certain Eypes of biological

phe-nomenon (Sokal and Rohlf ' 1969).

The requírement Ëhat the error variances be normal is imporËant

for many sta¡istícal tests (Snedecor and Cochrane, L967). Moderate

departures from norrnality are not serious but large departures can

affect the valídiÈy of significance tests. Skevmess in dístributions

tends to produce too many signifícant results (Bartlett , L947).'

In order to conform to the assumptíons for statistical tesEs,

various transformatíon such as angular, squarê root and logar:íthmic

transformations have been developed. However, Ít ís often difficult to

obtain a transformation that can satísfy all the assumptions símultan-

eously. In some cases the original scale is more relevant and more

understandable than the transformed scale. The use of transformaËion

also creates problens in the presentation of standard errors or confidence

lírnits for the estimates of means on the familiar or:íginal scale. This

is due to the dífference ín the scale of the tr:ansformed and the original

data. lfhere no simple transformation is satisfactory, llon-parametric
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tests can be substituted for the analysis of variance'

In each instance in the results where ratíos or deríved

varíables are used, reasons will be given for theír use and- alterna-

tíve presentations considered.

2.8.0 Sumrnary of litera ture revae\^7 and relevance of overseas

findinss to the oresent investigation'

From the literature revíewed it appears that the major factorq

in the unpredictable yield of the I/. faba crop may be (a) the

requirement for trípping and (b) the influence of hybridity on

fertility.

The first factor ís dependent upon foraging bees whích to be

effective lnust enter the flowers from the front and depress the keel

petals. The amount of bee-actívíty varíes with cljmatíc and ecological

conditions Èhus causing varíation in yield.

The second factor is dependent on genetic mechanisms ín the

species and on its breedíng system. These operate to maintain an

íntermediate level between inbred and hybrid plants in the crop. There

has been líttle evidence to support the presence of an incompatibility

reaction between pollen and sÈyle but a low autofertility has an effect

similar to íncompatíbilíty. The inbreds with theír low autofertility

ar¿ait bee activÍËy to cause tripping and aÈ the same time receive foreign

polleni the outcome being hybrid progeny. The hybrids âre more

auÈofertile than the inbreds and produce rnainly selfed progeny. Such

differences between the inbre.ds and hybrids control the proportíon of

each kind of progeny in each generation to give Èwo-thirds of inbreds and

one-Lhírd hybrids.
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A consequence of such a system when breedi-ng for yield is the

diffículry in selecting effectívely for high yiel.ding autofertile types.

Plant- breeders are divided ín their views. One school favours

maxinizíng heterozygosity (and autofertility) through the development

of hybrids and synthetic varietíes. The other school believes that
I

autoferlle lines may be isolated through a recurrent selection programme

of assortative matings. They believe these 1ines, although irrbred,

will be auto- and self-fertíle and have a high yield even in the absence

of bees. Progress has been achíeved in each prograÍtme but difficulties

are present in Èhe commercial production of hybríds. Development of

inbred lines may be a simpler approach.

2.8,I 'Overseas find ínes and Dresent investígation.

It was dec.ided to undertake study of V. faba inttoductíons Ëo

determine whether their yield \^7as increased by tripping or 'Cross-

pollínation, Those introductions that have a hígh trípping requirement

nay yíeld poorly ín the absence of bees. Others wíth a high auto-

fertility may be less dependent on bees.

If hígh autofertiliÈy was desirable, one breeding approach

would be to produce hybrids as these have been reported to be more auto-

fertile than inbreds and not dependent on tríppíng of the flowers

(Sectíon 2,5.2). However, if the indication is correct thaÈ hígh

autofertility may be selected among inbred material, then there may be

some success in selection for autofertíle inbred lines which are símpler

to produce than hybríd varieties.

Hybríd vigour in V. faba lnas been reported (section 2.5.3).

Further information is ne-eded on whether Èhe hybrids have a greater
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vigour ín addition to a hígher autoferÈility than inbreds. If hybricts

are basically more vígorous and productive than inbrecls they should

produce hígher yields when both have been Ëripped. It ís of interest

to knorv the exÈent to which heterosis is expressed when pollination is

non-limitíng.

one aspect of low yíeld in v. faba is low self-fertility

(Secrion 2.2,0). Self-fertility is affected by (a) the autofertility

of the plant and (b) the capacity of the plant to produce seed from

self-pollination (self-fertility proPer, Section 2.4.L). There may be

plants with both a low autofertílity and a low self-fertility, plants

that have a lor¡ autofertílity but are híghly self-fertile' and plants

that are both highly auto- and self-fertile. In the selectíon for hígh

yields in the absence of bees selection will be against the first two

categories even though some plants may have a high self-fertility.

This results ín an unnecessary tírnít being placed on the range of

materíal avaílable for further ímprovement. Recognízjrng the dífference

between auÈofertilíty and self-fertility could facilitate yield improve-

ment. It is of ínterest to know whether auto- and self-fertility can be

readily identi.f ied.
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3.0. O EXPERIMENTAL DETAILS

3.1.0 The experimenËs.

To answer the questions raised in Ëhe preceding Section

2.8.I, several experiments \^7ere carried out.. They may be placed ínto

tvto groups. One involved an assessment of auto- ancl self-fertility

among a range of introduced populations (Exp. 1 and 2) ; the second

involved comparísons of inbred and hybrid generations and the assess-

ment of auto- and self-fertility ín various progenies (Exp. 3 to 6).

The first experiment rras set up ín 1974 (Exp. 1) to determine

the autofertility of a range of ínÈroductíons and to determine their

dependence on bee actívity through Èheír responses to trípping and

cross-pollínation. I{hen the results of this experiment were available

it was evident that plants withín a populaÈion varied widely in auto-

fertílíty. The difference in hybridity betvueen the plants \¡7as consid-

ered to be responsíble for this range of autofertility. A símilar

experimenL was undertaken in 1976 (Exp. 2) using more uniform ínbred

populations.

The inrroduced populatíons in l-974 had exhibited dífferences Ín

gro\¡rth habit; some were indeterminate and the plants produced few stems

rnrhereas in others, terminal growth ceased soon after flowering (deter-

minate) and the plants produced many lateral stems. The suÍtabilíty

of each type indetermínate or determinate for South Australían conditions

hras questioned. In Experiment 3 and 4 the autofertílity and the

response to trípping of the inbreds and hybrids derived from populatíons

with indetermínate and determj-nate growËh habits were investigated.
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In 1976 a follow-up study on the autofertílity and tripping

resporise of some inbrecl progeníes derived from Experime-nÈ 4 was made

(n*p. 5). These inbred progenies had undergone an extra generatíon

of selfing.

Also ín L976 an experiment (Exp. 6) was conducted on the effect

of different levels of hybridity on auto- and self-fertilíty and the

expression of these t\^/o characters in parental lines and their inbred

and hybrid progenies. Thís experiment provided informatíon on

whether the level of autofertility of the inbred parents would deter-

Íorate \,rith further inbreedíng and r¡hether the level of autofertility

of the hybrids would increase when they originated from crosses made

between progressively dissímilar parents i.e. hybríds from plants of

the same populatíon as opposed to hybrids from crosses betr^/een popula-

tions.

3.2,0 Site.

The experiments \47ere carried out aÈ the Inlaite AgriculÈural

Research Institute which is sited on slopíng foothills, 122m above

sea-level. The Instítute is approxímaÈely 6.5 K¡1 south-east bf

Adelaide.

The soil \^ras a red-brown earth (Urrbrae seríes) which has about

25 cm or more of topsoil of fine sandy loam texture, a prismatic

strrrctured clay subsoil and a calcareous deep subsoil with waterr¡/orn

gravel or stone (Lítchfield, 1951).
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3.3.0 Climate.

South Australia has a Mediterranean type climate \n7Íth hot, dry

sufitmers and cool, \nret winters. The cropping season begins in lvlay

(Autumn) and ends in November (Spring).

The mean monthly air temperature, rainfall, pan evaporatíon and

solar radíation are given in Tables 3, 4 and 5. These rneteorological

data were recorded at the Instituter s mefeorological station located about

200m from the experimental sites.

The experiments \^Iere- carríed out in L974, 1975 and L976 in the

fielcl. The average temperature during th.e growing seasofl Ín Èhese years

approximated to the mean fot 49 years but rainfall varied considerably

from the avelage. Tn L974, Lg75 and 1976 the seasonal rainfall (May 1

to November 15) was 523rnm, 492mn and 34$mm respectively. The long terrn

average for the seasorl was 455mm.

3.4.0 The bee-proof cage.

The studies on autofertility and the response to tripping and

cross-pollination required Plants to be grovln in an environment free of

bees. It was decided not to undertake experiments on plants ín'plots Ín

a glasshouse as the environment \¡Ias too dissirnílar from that in the

field. Instead a bee-proof cage hras constructed in the field to provide

an envíronment sÍmí1ar to that of crop conditj-ons.

The cage neasured l5m by 17m by 2m high and \^las covered rvíth

nylon nett.ing (2mm x 2mm mesh) . ZLppers \¡7ere fítted at the sídes to

enable enÈry and access to the plants. The cage \^7as erected before

flowering. It \,ras used for all the experirnents on different sites each
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Monthly mínimum and maximum air temperaÈuïe (oC) at InlaiËe

Agricultural Research Instj-tute averaged for the years
1925 - 1973 and in L974, L975 ar.d 1976.

Month
r925-r97 3

Min. Max.

rgt 4 L975 L97 6

ì,lin. Max Min. Max. Min Max

January

February

March

April

May

June

July

August

September

October

November

December

L6.2

L6.3

Is.4

L2.9

10. 5

8.5

7.7

7.9

9.2

10. B

L2.6

14. 5

27.8

27.4

25.6

2L.s

l.7.7

15 .1

14.1

15. 1

]-7.6

20.3

23,2

25.7

L9.9

16. B

L8,2

13.7

11. 1

9.4

9.2

9.5

9.1

11. 9

L2,L

]-4.7

29.L

26.8

27.9

20.5

L7.6

15.5

L4.s

15. 6

16.2

19.9

22.7

25.O

L4 .4

L9.2

14,7

13. 3

13.0

8.5

10. 3

8.8

10. 9

11.9

15 .1

L7.3

25.3

30.1

24.L

2L.5

tB. 8

L5.2

L6.6

L4.9

IB,2

18.4

24.7

27.8

l_6 .3

18. 6

14.6

L2.9

10. 3

9.0

8.4

9.0

9.8

10.4

t2.5

75.7

26.9

29.2

25.2

2L.2

17.3

].4.9

15 .0

15.8

L6.7

17.9

22.9

26.2
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TABLE 4: Monthly rainfall (nm) and pan evaporation (mm, AusËralian tank)
at ilaite Agricultural Research Institute as long term avel:ages '
and for the years L974, 1975 and L976.

Month
L925-
L973

]_959-
L973

L97 4 t97 5 r97 6

Rain Evap Rain Evap Rain Evap Rain Evap

January

February

March

Apríl

May

June

July

August

September

October

November

December

23.0

27 .5

20.6

s7.0

81.5

7 4.9

84.9

74.r

60.5

5L.7

39,5

31. 1

243

202

L76

tl.z

64

4B

47

65

9B

148

181

2L5

43.6

65.2

1.6

78.6

54 .4

48.0

141.8

71. 0

78 .0

L26.4

3.8

18. 4

23r

L64

]-75

76

54

47

47

6L

76

111

t62

193

36. s

2.2

100. 6

26.4

110. 0

27.5

rL9.6

46.6

69.5

100. 2

23.2

6.L

L94

214

r52

105

67

44

63

59

92

106

160

226

L7 .2

69.6

1.0

4s.9

43.6

62.2

31. 4

57 .6

56.0

66.0

33. 6

31.0

2L4

207

r62

110

6B

44

59

7T

B2

10s

163

2L3

Annual total 626.2 L599 730.8 1397 668.4 L4B2 515.1 L49B
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Mean solar radiation (MJ.m-2.a"y-l) at the üïaíte

AgrÍcultural Research Institute; averages for the years

1965 to 1973 and in 1974, L975 and' 1976.

Month L959
to

r973
1,97 4 L975 L97 6

January

February

March

April

May

June

Ju1-y

AugusÈ

September

October

November

December

27.O

24.0

19.4

13.0

8.8

7.4

7.2

10.4

t4.7

20,2

23.7

25.9

25.L

24.4

19. 5

11. 0

8.9

7.7

6.6

10.1

13, 3

18.1

26.L

27.O

27.8

23.8

18.4

L3.7

7.5

8.3

7.9

10. 0

]-4.7

L3,7

22.6

27.6

?.7 .5

23.6

2L.3

13. 0

9.2

6.6

8.7

10.5

L4.4

18. 7

25. 0

27.6
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year.

It is consídered that apart from excluding bees the cage did

not affect significantly t.he environment of the plants. Reasons for

this belíef are:

1. The cage was large in comparison ¡*rith those used by other

rororkers which have been approxímately 3m x 3m x 2m or, srnaller

(e.g. Ríedel and l,{ort, 1960; tr{afa and lbrahim, 1960; scriven

and Allen, L96I; and Free, 1966). The envíronment \Àtíthín

l-arge cages díffers little from the outsíde (Pederson et a7.,

19so).

Z. Light transmissíon through the cage resulted in radiation

levels 80% or more of ambient radíatíon. There was little

restriction of air movement. The rninímum and maximum air

t.emperature hrere similar to Èhose of the nearby meteorological

station (Table 6). t

3. The plots r^rithin the cage hrere located aÈ least 2m f rom

. its edge and \¡tere surrounded by non-experímental plants. Border

effects were thus minimized.

4. All the results to be presented were obtaj-ne-d from material

within the caged envíronment and environmental effecÈs Ì^/ere not

confounded r^rith any treatment effects.

Although the cage was large, the need to use it límited the size

of the experiments that could be conducted in arì.y one season and the

number of plants in a treatment.

3.5.0 Material and method.

General experimental procedures such as land pr:eparation, seedingt

transplanting, fertlLízer applícation and cultural operations lr/ere similar
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Daily minimum and rnaximun aír temperature (oC) re.corde-d
within the experimental cage anrl aË the l^Iaíte Agricultural
Research Institute meteorological station in August 1975

and I976.

Day

L97 5 t97 6

Minímum Maximum Minímum lfaximum

Cage I^IARI Cage I^IARI Cage IIIARI Cage I^/ARI

1

2

3

4

5

6

7

I
9

10

11

L2

l-3

L4

15

L6

L7

1_8

L9

20

2I
22

23

24

25

26

27

2B

29

30

31

6.5

9.5

9.0

8.5

9.0

8.5

7.5

7.O

8.0
8.0

7.5

6.5

6.5

8.5
8.5

7.5

6.0

11.0
10. 5

9.5

7.0

9.5

8.3

8.1

9.4
8.7

7.7

6.4

9.4
10.8

8.4

5. B

6.8

8.2

7.8

7.3

6,8

10. 4

L2,7

9.8

L4.5

12.0

L4.5

14. 0

]-4.5

12.5

14.0

15. 5

L7 .5
18. 0

L4.5

L4,5

14. 0

11. 5

11.5

14. 0

17. 0

17. 0

r6.0
14.5

12.5
12.5

L4.5

17.0
20. 0

14. I
12.L

14. 0

L3.7

L4.L

12,8

13.7

16.0

L7.7
LB.2

L4 .5

13. 9

L4.3

11. 8

]-L.7

L2.9

16.2

TB.2

L7.L

14.3

13. 3

L2.9

]-4.4

9.0

6.5

9.0

7.5

10.5

9.0
8.0

7.5

8.0
9.0

7.5

5.5

9.5

6.0
5.5

11.0

10. 5

6.0

13 .0
8.5

9.0
8.0
6.0

6.0

11. 5

11.5
3.0

8.5

6.9

8.0

7.7

tL.2
8.3

7.9

8.0

8.8
8.8

7.4

6.3

8.6

5.5

9.7

12.8

10. s

9.6
6.9

7.5

11. 5

)_2.5

13. 5

15. 5

14. 0

13. 0

13. 5

L4.5

15. 5

12.5

12.0

14. 0

L4.5

16. 0

18. 5

19 .0

13. 0

13.5

17 .0

19. 5

22.0
13.5

11. 0

t4.5
72.0

L2.O

t3.2
13.4

15. 9

15. 3

13. 0

13.9

L4.9

13.2

14. 3

L3.7

15. B

L9.6

19. r
13. B

2r.0
23.8
14 .4

10.7

18. I

15

13.

5

4

2

7

.5

.B

14. 3

8.4

8.3

9.5
8.0

9.3
8.1

12.3

9.9

9.5
5.5

6.5
5.5

13

16

I4
11

7.3
5.8

7.5

8.0
r0.5
L2.O

10.0

4.5

9.5
9.5
7.O

7.L

7.7

9.4

15

20.

9

B

5.1

9.4
10. 0

8.8

15. 0

15. 0

L6.5

15, 1

L4.6

L4.5

15. I
15. 5

15. 9

6.5
5.7

7.8

12.9
L3.4
L4.2

1.8.0

20.0
23.5
20. 0

15

15.

5

0

.0

.0
L4

l5
13. B

L4.9

2L.2
23.L
20.4I7 .0

The cage Èemperature has been rounded off to the nearest 0.5oC.
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throughout and will be described only for the first experiment (Exp. I'

Le74).

DeÈaíls specífic to each expeïiment are given separaÈely. These

Ínclude the experimental material, desígn and layout of the exPerí,ment'

application of flower treatments and the analysis of data.

3.5.1 eriment I L97 4

a). Material.

The objectÍve of Èhis experiment was to deterurine the auto-

fertilíty of introduced populations and their dependence on bee-activity

for pod seÈ. The populations r^/ere open-pollinated íntroduction obtain-

ed by the l{aíte AgriculÈural Research Institute as part of a graín

legume project. One hundred populatíons from various countríes or

regions (e.g. Turkey, Czechoslovakia, India, England, MediÈerranean

countríes) were used. These populations varied ín growth habit

(fndeterminaÈe or deÈermínate) and seed size. The availability oÍ an

adequate number of seeds for the experimeni influenced the choice of

populations.

The size of the bee-proof cage also imposed limitatíons and a

choíce had to be made beÈween many plants of a f ew populations or fe\¡¡

plants of many populations. As the purpose r¡/as to investígate the

productivity of a ne\^r crop under local growíng conditions, the choíue

favoured the inclusíon of many populations, Thus, 100 populations hlere

used wÍth lB pJants of each.

The accession numbers, origín, seed weight, seed shape and test

colour are given in Table 1 of the appendix.
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b) . Desígn and layout.

The 18 plants of the 100 populatíons vlere gro\,nrl as single rows

of 6 plants in 3 replicatíons. A randomized complete block design was

used. The plants \¡Iere spaced 20cm apart and 50cm between rovts' The

experiment üras surrounded by border plots.

c). Land preparatíon.

The experimental síte was mechanically cultivat.ed with a springed-

fíned harror¿ and superphosphate aL 27 kg/ha P was applíed and míxed into

the topsoil. No further fertilizet application was made during the

season.

d). Seedi ancl transplanting.

1
The experíment \^7as sown on May 2, 1974. A May sowing is

customary for crops gro\^rn in this region which has a winter rainfall.

The seed vras inoculated with a commercial preparation of peaÈ culÈure

rhizobia ("Nodulaidt', Group E) ín a suspension of r¿ater íurnediaÈely prior

to sowÍng. The seeds hTere sovlrl 3cm deep.

trlhere necessary replacement seedlings' sown at the same time as

the ,tría1, hrere transplanted to vacant positíons taking care not. to

damage the primary rooË. No signs of set back and very little wiltíng

occurred after transplanti-ng. Less than 5% of the planLs in the experi-

ment were transPlanÈed.

lTh" uoring dates for all experiments are given in Table 2 of
appendix.

the
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e) . Cultural operati-ons.

At intervals duríng the season the area was hoed to break up the

surface crust and to control weeds. No oÈher control vlas necessary.

f). Flor^¡er treatnents.

The florvers on 4 sËems of each plant were subject to some form of

treatment. Inflorescence (raeemes) on consecutíve. nodes were either

(a) untreated, (b) tripped orn (c) tripped and cross-pollinated with

pollen from another plant of the same population. The latÈer treatment

is referred to as cross-pollínation although seeds may have set from self-

or cross-f ertílization.

The treatmenL sequence \Áras randomized for each planÈ, but on a

plant the order r/as repeated up the stems. The 2 lowesÈ flov¡ers on each

raceme rrere treated and Èhe remaining flowers removed. A complete plant

treatnìenf- involved 12 racemes on each stem (4 sets of 3 treatments).

The varíous treatments and racemes were identified wiÈh coloured

rings made from insulated copper wire,

Treatment of the flowers was discontj-nued after the crop lodged

on September 13, L974 as a consequence of an exceptionally heavy storm

with strong wínds. Plants \^rere entangled and any aËtempt at futther

access to t.he plots would have caused more damage. The crop was left

to mature.

s). Data collectíon.

The lodging prevented completion of the flower treatments on all

but 32 of the populations but it did noÈ affect the assessment of auto-

fertility as more than 90% of the plants had commenced flowering before

the storm (Fíg. ?) and continued to grow and form pods if they were
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Fieure 2

Distribution of plants for the number of days to first floweríng.
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autofertile.

The treatments on the 32 populatíons had been completed before

the sÈorm and these constitute Èhe detailed studies on the resPonse Èo

flower treatmenÈ.

The experime-nt \^7as harvested betrøeen November lB arld 29 and the

1

pod and see<l numbers recorded. t The yiel-d h¡as not measured as the seeds

at harvest \^rere j-n various stages of d.evelopmenÈ due to differences in

the flowerÍngandmaÈurat,ion period of the population. An assessment of

the flower treatment ütas considered to be more meaningful when based on

the number of seeds and pods Èhat developed'

The data on autofertílíty were cletermíned from the pod set of the

plants. A plant was considered autofertile íf it carried at least one

pod to maturity in the absence of tripping'

The number of seeds per pod was derived from the total number

of seeds and the total number of pods produced per plant.

h). An ses of data.

In all experíments, the original variables are presented together

wíth tests of theír sígnificance. Ratios vlere avoided where possible,

however it r¿as meaningful to include seeds per pod as a component of

yíe1-d.

The analyses vlere carried out on the Universíty of Adelaíde

CDC 6400 computer using FORTRAN Prograilmes and the STATSCRIPT package

for the analyses of variance (Lamacraft, 1-973) '

lTh. h"t.resting daÈes for all experíments are given ín Table 2 of the
appendix.
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The eomparisons between flower ËreaËments htere based on t-tests.

A calculated statisËic, tr was used to test the dífference between 2

treatment means (d) as follows:

tr = d/sd

where sd = standar<l error of the difference between

the treatment means.

tr{hen the number of observations differed for each tr:eatment, Ehe

sd ís calculated from the variance of each. A weíghted t value is used

to test tr (LeClerge, Leonard and Clark, L962).

The levels of signifícance used and notations are:

NS = Not significantly different at a probability of P = 0.05.

>k = P<0.05

** = P<0.01

c<**= P<0.001

Least sígnificant differences (L.S.D.) are given for a

probabilítyofP=0.05.

Standard errors (S.E.) are the standard errors of the mean unless

oÈherwise stated.

3,5,2 eriment 2 t97 6

a) Material.

The results from Experiment 1 showed that t.here was much varia-

bility between plants in a populatíon. It was realised that the

populations \^rere recent introductions and may have been heterogeneous.

Cross-pollination could have occurred during seed rnulÈíplication over-

seas or duríng the quarantine phase in Australia contríbr.rting to the

varíability. It was decíded to repeat the experiment with inbred nate-rial
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t.o obcaj-n greater uniformíEy within populatíons. The ntrmber of popula-

tíons studied was reduced to l0 small-seeded (rn.inor) and 10 large seeded

(najor) populations t.o enable detailed flower treatmenÈs to be ntade.

The inbred representatÍves of the populations are referred to as lines.

Each lÍne is the bulked inbred Progeny of approxJ,mately 15 plants.

Seed was produced as a result of auÉoferËility.

b). Design and layout.

The 20 lines r^rere growït in separate plots, each ploË consísting

of a row of 6 plants spaced 17cm apart. The distance bet\{een ro\'¡s hlas

B0cm Èo enable access and treatment of flowers. There were 4 replica-

tíons of each line. The experiment \^/as surrounded by border plots'

c). Flower treatmenLs.

The flower treatments I¡Iere similar to that of Experíment 1

except that only one st.em per planÈ was treated, and untreated flowers

on the raceme (i.e. from the thírd flower upwards) rnrere not removed.

Six plants Per plot were subject Èo flower treatment. To ensure good

contact between the foreign pollen and the stigma when a cross-pollination

was being made, the original plug of pollen was first removed with a

toothpick.

d). Dís:ase control.

one ll-ne (Line 3) became infected by Ascochgta fabae after

flowering had commenced but a folíar spray of Benlate (BenomyL 507" \l/\l)

at 130g/100 I applied fortnightly checked the disease.
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e). Data collection.

Plants l¡/ere assessed for the number of young pods, mature pods,

yield and seed number. These measurements \4lere recorcled f or the

untreated control, tripped and cross-pollínated flowers and for the

remaining flor¿ers on the Plant.

f). Analyses of data.

The data were analysed as in Experiment I (section 3.5.1. (h)).

The effect of tripping and cross-pollinatÍon on the flowers

setting pods (pod set) was analysed separately for each line because the

lines díffered in the number of flowers Èreated. The percentage pod

set r,ras used only to indicate the relative change in pod set for each

treatment (Section 4.2.3>.

The relation between Èhe number of flowers treated and the number

of pods set, and bet\^teen the number of seeds and the number of pods for

each of the flower treatments r¡ras studied usíng regressíon analysis

(Snedecor and Cochrane, 1967),

3.5. 3 erimenÈ 3 t97 5

a). Materíal.

The populatíons studied in Experiment 1 varied in autofertil ity

and growth habít (indeterrninate and determinate). High auËofertilíty was

reported to be associated with heterozygosity, and inbreeding results in

low autofertílity (see Sectí.on 2.5.2, Lit. Rev.). The suitability of

the indeterminate or determinate growth habit for local cultivation is not

known and it was decided to study the fertílity of inbreds and hybrids
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from both Èypes of populations.

The inbreds and hybrids were produced in the glasshouse ín the

surmer of. L975 (Jan. to Mar.) wíth 30 plants from each of l0 populations.

The inbred and hybrid progenies were produced from cofltmon seed parents

to allow direct comparÍson Èo be made. For each seed parent there was

3 crosses. All the seed parents \'üithin a populaÈion were cr:ossed to

the same 3 pollen parents (as in a top cross) to allow conparíson

between pollen parents.

An emascul-atíon and cross-pollínation procedure was used for

the productíon of hybrids,

The flower buds hrere emasculated abouÈ 5 days príor to flower-

ing (Voluzneva, 1971). Emasculatíon ínvolved peeling the calyx on one

side of Èhe bud to allow the side of the standard to be folded up out

of the way. Using a pair of fine curved forceps the 10 anthers were

removed through the opening aÈ the top of the kee$ petals. The forceps

were left slightly apart duríng the process to allow the style and stigma

to slíde through while the anthers v/ere caught and removed.

Pollination \^las carried out immediately after emasculaÈíon to

avoid dryíng out of the floral parts and the difficulties encountere-d ín

reopening the bud at a laÈer date. Pollen was applied to the tip of

the stigma with a tooÈhpíck or by invertíng the pollen plug on the stylar

brush of the donor flower directly onto the stigma.

the petals of the cross-pollinated bud vrere unfolded and set in

place to prevent drying of the pístil.

During the crossing programme it became evident that success from

cross-pollination \das lo\nr, There r¡as also ínadequate fresh pollen from

the male parents to pollínate all seed Parents, Many selfed flowers
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(assisted by tripping) also failed to produce pods. As a result six

populations did not have plants that set an adequate number of inbred

and hybrid seeds. The remaining four populations consísted of 2

índeterminate and 2 determinate types.

Each of the two indeterminate populations had at least 12 seed

parents each with adequate seeds of the inbred and 3 hybrid progenies'

However, Èhe two <leterminate populations had only 6 seed parents each.

These two populations had only one hybrid. Due to the differences in

the number of seed parenËs and the number of hybríds available and ín

growth habít, ít was decided !o conduct tvro separate studies (Bxp. 3

and 4).

The first study on the autofertility of inbreds and hybrids

(Bxp. 3) consisted of 2 small-seeded indeterminate type populations.

One population was ,deríved from Maris Bead (coded 155) and the other was

an imported commercial tick bean (coded 680). For each'population t-here

$¡as one ínbred and 3 hybríds derived from each of the 12 seed parents

available. The oríginal open-pollinated maÈerial was included for

eomparíson.

b). Desien and layout.

The seed parent and pollen parents were nested wíthin each popula-

tlon. It was decíded to adopt a split-splít-plot layout to minimíze

ínter-plot variation. The populations were assígned to maín plots and

the varíous progenies (open-pollinated, inbred and 3 groups of hybrids)

assigned to 5 sub-plots. The sub-plots were further divíded into 12

sub-units for each of the 12 seed parents. The open-pollinaÈed material

whích could not be related to any seed parent had an equal number of plants
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as that of the inbred and hybrid progenies to allow later comparisons.

The compleÈe tríal contained 1080 plants, i.e. (12 seed parents x 4

progenies x 3 plants) + 36 open-pollínated plants, replicated 3 times

for each populati.on.

The plants r^rere spaced lTcm apart in the row and B0cm beÈween

]|O'[^IS .

c). Flower treatment.

The treatments consisted of tripping 4 racemes each on the maín

stem and the first lateral stem. Treatmerit was applíed when aË least

5 flowers r^rere opened and could be tripped. All the plants rnrithin a

replication r^rere treated on the same day. One raceme \¡7as treated per

plant on each day of treatment.

d) Disease control.

Control of bean rust (uromgces fabae) during the late st.age of

crop gror^Tth consisted of foliar sprays with Plantvas fungicide (75% IÑ.P.,

2r3-dihydro-6-methyl-5-phenylcarbanoYl-1, 4-oxathín-4, 4-dioxide) aÈ the

rate of L.3 e/1.

e). Data collection.

The yield, number of pods and seeds \tere measured separately for

each plant and each treatment (untreated and tripped flowers) ' In

addition for the unÈreaËed and trípped flowers, the number of ferÈilized
oJi

ovules that aborted was determíned from pods that reach'maturity, i.e.

pods with at least one mature seed.

A visual assessment of the height of inbreds and hybrids was made.
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The plants r¡Iere very ta1l at harvest and vrere groT¡/íng up against the

roof of the cage. The number of sterns r¡Ias recorded for each plant.

f) Analyses of daËa.

As mentioned in Section (b) above, the seed and pollen parents

srere nested wiËhin populations and separate analyses of the populations

Ifere necessaly.

The first comparisoÍt r¡/as made betr¿een the open-pollinated, inbred

and the 3 hybrid progenies for each population.

Source of variation Degrees of freedom

Replications

Progenies

Error

In comparísons betr¿een ínbreds and hybrids of each seed parenl-!

the open-pollínated progenies hrere excluded as ít could not be related

directly to a seed parent. A split-plot analysís of varíance IÁIas

carried out for this comParison.

Source of variation Degrees of freedclm

2

4

I

Replications (R)

Progenies (P)

Errora(RxP)

Seed parents (S)

P x S interacÈíon
. (nx$ =-E;rror b ;-" (RxPxS=

2

3

6

11

33

B8
22)
66)
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The Kruskal-I{allis non-pararnetric one-\4ray analysis of variance

based on ranked means (Steel and To::rie, L960; Colquhoun, 1971) was

used to test the difference involving percenËage values.

3. 5. 4 Experíment- 4 (1975) .

a). MaÈerial.

For reasons given in Section 3.5.3, this experíment !'¡as set uP

separately from Experiment 3. It dÍffers from Experiment 3 in that the

2 populations from Crete and India (coded 41 and 95 respectively) were

determinate Ín growÈh habit. In each population the inbre¿ (If) and

hybrid (F1) nroeenies were produced from 6 seed parents. I^Iithin each

popul-ation, the hybrids share a conmon po1len parent. The trial consist-

ed of a total of 2L6 plants (2 populations x 6 seed parents x 2 progenies

x 3 plants per replícation x 3 replications).

b). Design and layout.

Tl;'e 24 selfed and crossed progenies were grown ín the usual

3-plant plots and were placed in a randomized block design \^/ith 3 replica-

tions.

c). Flower treatments.

Racemes r¿ere alternately trípped and untripped (control) on the

main stem and first lateral stem. Tripping began from the second raceme

produced and 2 earlíest flowers on Èhe raceme were tripped. The re-

maining unt,reated flowers were not removed. There. r¡Ias a maxímum of 5

tripped racemes on each stem.



49

d). Data collection.

This was símilar Lo Ëhat of Experíment 3.

AddíEional daÈa was obtained for the main sËem and fírst lateral

on the date of fÍrst floweríng, nodal positíon of fírst flower, number

of racemes and flowers per raceme. The number of racemes that failed

to develop ínto flowers (aborted racemes) on each of Ehese stems rn/as

also recorded. The number of racemes that produced pods was recorde<l

for all untreated flowers on the plant.

e). Analyses of data.

The statistical analyses of the data involved Ëests similar Èo

those in Experi-rnent 3. The initial analyses of varíance for the entire

experíment showed sígnificant differences among progeníes wiLhin females

within populations (P <0.001) in the yield characËers. Subsequent

analyses was therefore carried out separately for each population to

al1ow further interpretatíon of the results since the seed parents \^Iere

nested within populati-ons. The partitioning of the variatíon l¡las as

follows:

Source of variation Degrees of freedom

Replications (R)

Progenies (P)

Seed Parents (S)

P x S interaction

(RxP =2 )

Error(RxS =10)
(RxPxs=10)

2

I

5

5

22
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In the cclmparison betr^reen untreated and trj.pped flowers, only

the pod and seed yields of the lateral stem was used. A variable

number of flowers I^/ere treated on the main stem and on many plants there

\^ras not an adequate nr:mber of racemes on the maín stem for the Èreat-

ments. Main stem results rvere, therefore, excluded from the comparison

to avoíd the effect they may have had on Ëhe treatnents and the need

to use ratíos such as the percentage of flowers podded, in order to make

the results comparable.

3.5.5 Experíment 5 (L976).

a). Material.

This experiment hras a follow-up study on the autofertility and

tripping response of some ínbred determinate Progeníes derived from

Experiment 4. In all Èhe other experiments inbreds and hybrids were

deríved from plants in Èhe open-pollínatecl populations and íÈ is not known

whether these plants in the open-pollinated populations \,/ere themselves

inbreds. Despíte this uncertainty, the progenies have been called

Irts as they are from one known generation of selfing. In Èurn their

irrbred progenies are called 12rs. The crosses between plants of the

open-pollínated populations are callecl Hybrids (F1 t 
") 

and the inbred

progenies of these hybrids are called Frrs. The ltrrs represent one

generatíon of inbreeding, which is less than any of the I2t". In thís

experínent the T2ts are compared with the FZt".

The material used rnay be schemaËically represented:
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Population 4l
(open pollinated)

Seed parents 1 to 6

selfed crossed

Exp. 4 (1975) Inbreds (It's) Hyb rids (Ft'")

selfed selfed

t

I

t

I

Exp.5 (1976) Inbreds (IZ's) Hybrids (FZ's)

In order Èo reduce the number of f-2rs and F2rs in Ëhe trial so

that the experíment could be manageable, only the I-2 and F2 progeníes

derived from one 11 and one F1 plant of each seed parent of population

41 was used. There were thus six 12 and six F2 Pro8enies derived from

6 original seed parents which wíll be referred to as Parent 1 to Parent 6'

b). Design and layout.

The plot size was doubled that of Experíment 4 and consisted of

six plants in a single row. A randomized complete block desígn with 3

replications \^Ias used.

c). Flower treatments.

The flower treatmenÈs \,/as applied to 2 stems on each plant.

A total of eight racemes were tripped. Each raceme had an untreated

control.

d). Data collection.

The usual yield, pod and seed set data ü/as recorded on a single

plant basís.
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Anala ses of data.

The analysis of variance was carried out as follov¡s:

Source of variatíon Degrees of freedom

Replications (R)

Progenies (P)

Female (F)

P 
" I interaction

(RxP

Error (n x f'

(RxPxtr'

2

L

5

5

22

3.5.6 Experiment 6 (L976).

a) Material.

It became apparent from ExperimenÈ 3 and 4 conducted in 1975

that autofertility may be influenced by the parents. The obj'ective of

thís study (Exp. 6) was to determine if autofertiliÈy was increased in

crosses that involved progressively díssimilar parents (e.g. inbreds at

one extreme to hybrids between different populations at the other) and

whether the level of autofertilíty of the parents was similar to that of

their offspring.

In such a study, a completely orthogonal desígn -- a diallel --

would have been preferable but this would have been extremely difficult

to achieve. The parents \¡Iere single plants; they could not be easily

pïopagaEed by vegetat-ive means (see Sectíon 4.7.i) and inbred síster lines

=2)

=10 )

=10 )
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had not been inbred for a sufficient number of generations Ëo be con-

sÍdered as being genetically identical. From the nature of the faba

bean plant with few pods and few seeds per pod, it ís not practi-c-al

Èo produce a large number of seeds of B crosses on each parent plant to

achieve a diallel design.

A desígn was chosen Èhat would include (a) crosses between

plants of the same populatíon (I1l), (b) crosses between populations of

the same seed size -- a small-seeded wíÈh a small-seeded population, a

large-seeded with a large-seeded populaËion (H2), and (c) crosses

between a small and a large seeded population (tt:). These crosses \^7ere

to have been grown together with the inbred progenies (lù of each seed

parent ín a comprehensive study (Fig. 3A). Figure 3A is symmetrical

and provídes for the range of crosses without beíng a complete dj-allel.

An attempt r4ras made to produce 8 seËs of the design using different

parents in the respective populatíons.

The complete seÈ of crosses represenËed in Fígure 3A was not

achieved. Due Èo the very restricted production of seed from selfíng

and crossíng the large seeded plants and some small-seeded plants, it. was

decided to use the available maÈeríal to ansr¡rer Èr^ro questÍons on yield

and fertility.

1. Is fertilíty and yield hígher in hybríds produced

between dissimilar parents than between similar parent.s?

2, Are differences in the fertílíty and yíeld of inbreds

reflected ín Ëheír hybríds?

To answer the first questíon inbred and hybríd progenies of

crosses wíth increasíngly dissimilar parents (I2, H1, HZ, H3) were studied

(Fig. 38). These progenies had a cornmon seed parent. There were
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Figure 3

Schematíc díagram for the productíon of inbreds and hybrids for
Experiment 6.

rt =

12=

H1 =

H2=

H3

Inbreds wÍËh one generaÈion of ínbreedíng used as parents.

Selfed progenies of It plants.

Crosses between parents of the same Populatíon.

Crosses between dlfferent populations but of the same

seed síze.

Crosses between populations with different seed size.
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progenies from 8 seed parents, 4 frorn each of populations 4J. ancl 95 ín

the study. The inbred parental line (If) from which the seed parenÈs

were obtained and the open-po1-linated progenies of populations 41 and

95 were included.

To answer the second question Èhe hybrid (H1) was studied \,/it.h

the seed and pollen parental material (It), and inbred progenies derived

from the seed parents (I2) as shown 1n Figure. 3C. The hybrid between

2 srnall seeded populations (H2) was also included. There were 4 sets

of the progenies 12, H1, H2 deríved from 8 parents (4 from each of popula-

tÍon 41 and 95).

b). Design and layout.

The regular 3-plant plot was used. The entries were randomly

assigned to plots of a randomized block replícated 3 times.

c). Flower Èreatments.

These were identícal to that of Experiment. 5.

d). Measurement of vegetative characters.

Plant heÍght r¡ras measured 4 weeks príor to harvesting (Nov. 18,

L976). The heíght above ground of the folded termi-nal bud on the

tallest, stem on the plant \¡Ias measured.

The weight of tops (above ground parts) vlas measured after dry-

íng aÈ 75oC. Most of the leaves had shed by harvest and the weight

obtained was mainly that of the stems and petioles.

The number of stems refer to the flowering stems produced early in

the season. Srnall shoots resulting from late rains t^Iere not included.
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e). Analyses of data.

In the fírst group cornpared (Sectíon (a) above) the analysis

for the progeníes (IZ, 11, OP, Hl, H2, H3) from seed parents of each

population is as follows:

Source of variatíon Degrees of freedom

Replícations (R)

Progenies (P)

Seed parenËs (S)

P x S interaction

(RxP

Error (R x S

(RxSxP

2

5

3

15

= 10)

=6)

= 30)

46

In the second group all the crosses and their Parents (ft) and

ínbreds v¡ere analysed together and a conìmon standarcl error used in the

comparísons made between parents, ínbreds and hybrí<1s.

The percentage heterosis for yield and seed set relatíve to the

míd-parent and the high parent was calculated as follows:

% above mid parent = ft|Yq x 100

7" above high parent = # x 100

"-where H hybríd,

mid-parent =
Parent 1 t_P"t"nt_Z

2
MP

P higher yielding of Èhe 2 pareirts
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4.0.0 RESULTS

4.1.0 eriment 1 L97 4

4.1.1 Autofertility of the population.

This experiment !üas concerned wíth the ability of the 100

populations to produce pods without tripping, in a bee-proof cage. It

hras an assessment of autofertilíty. A plant was considered auto-

fertile íf it carried at least one pod to maturíty from ttntreated flowers.

The number of autofertile plants in the populations ranged from

0 to all 18 plants (Table 7). The distribution of populations for

autofertílity is gíven in Figure 4. At. one extreme, it was found with

population 56 that not one of its plants was autofertile whereas at the

other extreme in populatíon 84 all of the plants \üere autofertile.

Both populatÍons belonged to the small-seeded type. A majority of the

other populations had about 9 out of the 18 plants auÈofertíle. There

\¡ras no evidence that autofertílity occurred more frequently ín popula-

tions with small than with large seeds and similar distributions were

obtaíned for both types (Fie. 48 and 4C). .

Among the plants the level of autofertilíty varied from 1 to

97 pods per plant. There $rere very few plants that produced more than

20 pods (on1y 7l out of the total of 1800 plants). This category of

plants was found ín 30 populatíons. The range of autofertílity among

the 18 plants ín a sample of populations is shown in Table 8. Very few

popuJ-atíons have plants of high autofertility.
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TABLE 7: Numl¡er of autofertile plants in each population.

Pop. No. Pop. No. Pop No. Pop. No.

1(L)

2 (s)

3(s)

4 (L)

s (s)

6 (s)

7 (s)

B (S)

e (s)

10 (L)

11(L)

12 (L)

13 (L)

14(s)

ls(s)

r6 (r)

17 (L)

18 (L)

19 (L)

20 (L)

21(L)

22(L)

23(L)

24 (L)

2s(L)

26(L)

27 (s)

28 (L)

2e (s)

30 (L)

31(L)

32 (L)

33 (L)

34 (L)

3s (s)

36 (L)

37 (L)

3B (r)

3e (L)

40 (L)

41(L)

42(s)

43 (L)

44(L)

4s (s)

46 (L)

47 (L)

48 (s)

4e (s)

s0 (L)

11

B

l-3

9

11

I

5

10

10

B

7

16

7

10

5

10

11

L2

9

7

9

5

10

9

6

l1

I4

7

9

4

13

7

5

10

B

I

9

9

L2

4

5

13

6

2

16

11

1

L6

12

6

s1(L)

52(s)

s3 (s)

s4 (L)

ss (s)

s6 (s)

s7 (L)

sB (L)

se (L)

60(s)

61(s)

62 (s)

63 (L)

64 (L)

6s (L)

66 (L)

67 (L)

68 (L)

6e (L)

70 (L)

71 (s)

72(s)

73 (s)

7 4(L)

7s (L)

L2

8

7

13

10

0

10

7

9

9

L2

L2

I2

11

13

3

I4

10

8

4

7

11

B

4

7

7 6 (r,)

77 (L)

7B (s)

7e (s)

80 (L)

81(s)

82 (s)

83 (L)

84 (s)

Bs (L)

86 (s)

87 (L)

88 (s)

B9 (S)

eo (L)

e1(L)

92 (s)

e3 (s)

e4(L)

es(s)

e6 (s)

e7 (s)

eB (s)

ee (s)

100 (s)

3

16

9

7

2

10

2

9

1B

10

10

10

9

13

9

15

T2

16

B

10

13

I4

9

7

7

(S) Sma1l seeded type (L) Large seeded type
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I'i-gure 4

Distribution of populations for the percentage of

auto-fertíle plar-rts in a population.

A. All populations (f00)

B. Srnall seedecl PoPulations

C. Large seedecl PoPulations

(42)

(-5 B)
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TABLE 8

Population
nr:mber

20

36

1

51

62

27

4s

The autofertility .(nr:mber of pods) of plants from a sample of population.

The plants are ranked for autoferÈility.

1234567
Plants within Èhe population

8910111213L4 t5 16 17 18

6 0

0

0

0

0

0

0

0

0

2

0

0

0

0

0

0

0

0

0

I

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3

5

0

2

3

5

0

2

3

3

0

2

2

3

0

1

2

2

0

0

1

2

0

0

0

2

0

0

0

1

0

0

0

1

0

0

0

0

02

49

57

6L719
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48li13]-618242528343940

10 11 13 L4 19 20 20 22 30 40 69 71

0111L2223411L2

o0o01l1-23346782A58

25B4

o\
O

3 2

2

9

6

0

1

4

4

0
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4.L.2- Detaíled studies on the restr:icted sroup of popr.rlat-j.ons.

a). Effect of late flowers and flower treatment on the number of

fertile planLs.

As mentíoned in the Material and Methcds only 32 of the 100

populaÈions had been sufficj ently treated before thc storn of September

13 to provide data on the effect of tripping and cross-pollínation.

As the flower treatnents hrere discontínued after the st.orm,

all the control, trípped and cross-pollínated flowers \^lere Ëhose produced

early ín the season. Many planÈs did not produce pods from the early

flowers that r¡ere unt.reated (i.e. the control flowers of ttre t-reatments).

However at harvest some plants that had not been autofertile during the

treatment period produced pods from late flowers high up the stem' There

were 174 plants a:rtofertile early in the season (out of 576) but 2Bl plants

r,rere autofertile by the end of the season (Fig. 5, Table 9). Almost all

populatíons ímproved in autofertility as the season advanced. One

population (No. 34) wtrích had 14 auËofert.íle plants early ín the season

bore pods on all 18 plants at Èhe end of the season. Two populations

(65, 73) had Èhe same number of autoferËile plants early as we.1l as late

in the season.

The ímprovement in the number of fertile plants early in the

season by trípping and cross-pollination treaËmenÈ of the flowers varied

from population Êo population. In some populations the number of fertile

plants increased when flowers hrere tripped but no further increase was

obtaíned with cross-pollination (e.g. No. 15, 22, 3f). In other Popu-

l-ations, tripping increased the number of fertile plants and cross-

pollination inc.r:ease.d the value further (e. g. No. 20, 29, 53) . Trippíng

increased the number of fertile plants from L74 ítt the control to 383
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Figure- 5

Distribution of 32 populations for percentage fertile plants

when flor¡ers !¡ere untreated, tripped and cross-pollinated.

A. Untreated (early flowers)

B. Tripped

C. Cross-pollinate-d

D. Untreated (al1 flowers)

A, B. C are comparable (early flowers)
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TABLE 9:

63

The number of plants that set pods from early auto-
fertility, late autofertility, from tripped flowers and
from cross-pollinated flowers (The maxjmum number of
planrs is 18).

Populatíon Untreated
early

f 1or¡ers

Untreated
late

flowers

Tripped
flowers

Cro s sed
flowers

2

4

6

15

L7

20

22

29

30

31

34

3B

39

44

53

58

59

65

67

68

70

73

75

76

7.7

80

B3

84

8B

89

91

92

6

4

0

4

B

3

4

I
3

3

1

6

10

0

3

2

5

13

11

8

1

I
5

I
1

0

2

L4

5

T2

L4

9

B

9

1

5

11

7

5

9

4

13

10

9

T2

2

7

7

9

13

L4

10

4

18

9

13

15

L2

15

10

3

9

12

11

7

T4

9

L4

1t
t2
l5

6

9

1.0

13

18

15

18

5

13

13

9

17

4

13

1B

L4

16

L6

14

15

13

3

9

I2
13

7

L7

L2

L4

L2

L7

16

L2

13

11

15

18

I6
1B

6

15

15
13

17

4

I4
18

16

L6

L7

L7

B

7

3

L6

2

9

Total L74 2BL 383 43L
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(367" of the toial-) whíle cross-pol-línation gave a further j,nc-rease Ín

the number of fertile plants by 48 plants (8.32). There r,¡ere siill-

145 plant s (25%) that did not bear any pods in spite of the tripping

and cross-pollination treatments.

It r,ras not appt:opriate to relate autofertility to the orígin

of the populations because of the linited nunrber of populations from

each country included in the sample.

b). The effect of tri ppinq and cros s-pollination on pod and seed set

of autofertile Dlants.

From Table- 9 it is evident Ëhat marry plants that were not auto-

fertile, bore some pods when their flowers were trÍ-pped cr cross-

pollinated but it is also of ínterest to know how many more po<ls and

seed r,¡ere set on autofertile plants as a result of tripping and cross-

pollination.

The autofertile plants responded in various degrees to tríPpíng

and,cross-pollinaÈion as may be evidence from the pod number and seeds

per pod on a sanple of 25 plants varying in autofertílity (Table l0).

A sample is presented as the complete data, i.e. fot L74 aui:ofertile

plants ís too extensíve and can only be presente-d as means (Table 11).

In Table 11 tl-re tripping treatment is compared statistically u'ith

untreated flowers and cross-pollinated treatment r¿ith Ëripped flowers

because the cross-pollination treatment involves tripping the flowers

prior to applicat-ion of pollen from another plant.

Jn each group of populations there were sign.ificant j-ncreases in

the number of pods due to tripping or cross-pollinat.ion. I^lhen all the

plants vJere considered together, both trípping and cross-pollinatíon

ínc.reased the nulrber o-f pods set. Autofertile plants therefore' are



TABLE IO:
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The number of pods and number of seeds per pod on a
sample of 25 autofe.rtÍle pJ-ants from flowers that
r^rere untreated, tripped and cross-pollinated.

Flor¿ers Nurnber of pods Seeds per pod
Plant Popn. per

treatmerit Untreated Trípped Crosse-d Untreated Tripped Crossed

I
2

3

4

5

6

7

I
9

10

11

L2

13

r4

15

16

T7

1B

19

20

2L

22

23

24

25

2

2

2

2

15

t7

29

29

29

29

29

29

29

30

30

30

6B

6B

84

B4

84

B4

B4

B4

B4

1B

2B

24

24

T2

26

16

22

20

24

22

L4

20

18

16

22

l_B

24

22

10

1B

18

T2

1B

10

1

10

10

6

1

9

1

8

2

3

11

2

4

2

1

2

4

9

5

10

2

10

5

9

4

6

11

L7

9

5

11

6

I
4

L4

13

5

3

7

1

3

2

6

5

9

9

L6

10

13

7

2.0

2.L

2.5

2,5

2.O
to

1.0

2.5

1.5

1.0

2.t
3.0
2.8

1.0

3.0

3.0

2.8

2.3

1.8

3.3

2.O

3.1
2,8

2.3

3.0

3.0
2.6
,>2

2"L

L.7

2"9

2,5

2.2

3.0
L.2

2.5

2.8

4.0

4.0
2.0

3.0
2.7

2.7

3.8

3.6
I.7
3.5

3.1

2.2

3.0

2,5

2.4

1.8

2.L

2.0

3.6

2.3

2.4

2.5

2.2

2.4

3.0

3.3

3.4

5.0

3.0
2.0

2.3

2.6

2,9

1.9

2.9

3.4

2.4

3.3

3

13

I2
7

3

11

2

B

3

B

11

5

1

1

1

2

3

1t
4

I
7

11

6

10

4
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TABLE 11: The effect. of flower treatment on pod set and seeds per

pod of autofertile Plants.

Flower treatment Small-seeded Large-seeded Both types

Pod SeÈ

Seeds per pod

Untreated

Trípped

Cross-po11ínat ed

4. 06'l

f*
s. 581

lNs

6.s4)

2.2L

NS

2.4

NS

2.4

2.5

2.7

3.4

2

NS

.L

4.82)

i

2.70)

Untreated

Tripped

Cross-pollinat ed

ì
NSI

f.
*rl

I

J

641

f"
7sl

f*'
87)

2

2 NS

Snall- seeded = 69 Plants

Large seeded = 105 Plants

NS Not sígnifícant at P = 0.05

* P 0.05

** P 0.01

*** P 0.001

The above notation ís used in the tables throughout this thesi-s to

índícate the level of signífícance.
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capable of higher yields when the flowers are tripped and cross-

pollinated.

The number of seeds per pod varíed betr,ree-n treatments. As

evident from Table 11 the effect of tripping or cross-poll-ínatron

individually was small but there was signif ica.nt improvernerrr- j.n the

number of seeds per pod rvhen cross-pollinated flowers were compared with

the untreated flor¡ers. This could suggest that the nrrmber of seeds per

pod improved vríth flower treatment but the difference rnras insufficíent

to reach signíficance at P = 0.05 when the effects \^rere considered

separately. The number of ovules in the ovary is limited and consequently

increases in the number of seeds per pod is expected to be small.

4.L.3 Conclusion

The maín conclusi.ons from this experiment t/ere:

1. Many plants in a populatíon do not produce any pods when

the fl<¡wers were untreat-ed and not exposed to bee activíty.

(60% of. the plants \¡rere not auËofe.rtile)

2. Flowers produced late in the season tend to set more pods

wíthout trippíng than ea-rly flowe::s.

3. There rnras no evidence in the 100 populations thaÈ a higher

autofertility occurred ín eíther small or large seeded

types.

4. Tripping and cross-pollination of the flowers ProgressÍ-vely

ímproved pod seÈ.

5. However eve.n wíth Èhese treatments 257" of the plants bore

no pods. This lack of pocls was not a resul.t of the storm,

any apparent pathogens or a lack of vegetative agents.



6.

6B

Seeds pe-r pod were incr:eased in thjs experiment by some

treatments but ther:e rnay be a lir¿ited ca,oacity for change

ín this characËe-t: , Later ex1>e-ritnerlts \dere onl-y abl-e to

esLablish small differences.
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4.2.0 Experiment 2 (L913)

The objectíves and naÈure of this experiment rnrere simil-ar to

Experimenr I (1974) but consisted of inbred lines deríved during 1974

and 1975 from 20 introduced populations. Each líne was a bulk of

ínbred seeds produced on approximately 15 plants oi each population as

a result of autofertilÍty. The experímenÈ \ÁIas so\tn on May 16, L976.

4,2.L Groupíng of lines by seed characters.

On the basis of their seed shape and seed weight, the 20

populatíons (lines) \^rere separated ínto 2 gïoups (Tab1e f 2) .

(1) Small spherical to oval shaped seeds with mean seed

weight per line ranging from 0.16 to 0.60 g.

(2) Large flar seeds ranging from 0.77 to 1.58 g (broad bean

tYPe) '

4.2.2 Autofertili of the ínbred lines.

AuÈofertility of the plants \^ras evident from two assessments.

One is based on all the untreated flowers on the plant (Section 4.2.2)

whereas, Ín Section 4,2,3 it is based on the rnarked untreated flowers

that served as controls for Èhe treatments.

a). Autofertile plants.

Arnong the 20 lineg nearly all the plants were autofertile and

97iÁ of the plants set some pods from untreated flowers. Sterile plants

occurred ir-r only a few of the lines (7 out ox 20 lines) (Table 13).

Apparently growing the line over 2 generations of selfing (obtaining

seed as a result of autofertility) had eliminated the plants that \dere
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TABLE 12: Seed and plant c.haracters of 20 lines of v- faba-

Line
No.

Seed
Shape

Mean
seed
weight
(e)

Mean
No. of
stems per
plant

Mean
No. of
Racemes
per plant

Days to
first
flower

1

2

3

4

5

6

7

B

9

10

11

L2

13

I4
15

16

t7
18

19

20

Sp

Sp-0v

Ov

Ov

Ov

Ov

Ov

Ov

Ov

Ov

FB

FB

FB

FB

FB

FB

FB

FB

FB

FB

0. l6
0.37

0.39

0.41

0.4s

o.47

0.50

0.52

o. 57

0.60

o.77

0. B1

0.89

0.96

1. 04

1.06

t.23
L.27

1. 36

1. 5B

6.3

3.4

1.9

2.5

2.7

3.3

2.7

3.4

3,1

3.2

3.7

4.2

4.9

3.2

3.5

4.4

4.7

4.6

3,7

4.0

66.7

61.1

22.8

65.9

44.L

84. I
60.4

40.6

7 3.9

86.5

53. 3

6L.7

72.O

58.2

55.5

68. 3

7 5.r
69.2

81.3

68. 6

96

92

69

97

70

9s

76

7J

88

88

7L

79

B2

75

75

78

82

80

8B

81

sPq

Ov

FB

Spherical

Oval

Flat and broad



TABLE ].3:

7I

Percentage of autofertile plants in sma1l and large

seeded lirres of v.faba (ij values based on 24 plants)

Small seeded lines Large seeded lines

Line No. % autoferÈíle plants Line No. 7" autofertile plants

1

2

3

4

5

6

7

8

9

100

100

100

96

96

100

92

l_00

100

100

11

72

13

T4

15

16

T7

18

19

20

100

100

t_00

96

100

75

96

100

96

10010
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not autofertile. However, there hras sone variation in the level of

autofertility among the línes.

b). Autofertilít and seed size.

In this thesis, autofertilíty has been defined as the ability

of a planÈ Èo produce one or more pods ín the absence of Èrippíng. A

further index of autofertÍlity may be obtained from the number of seeds

produced from untreated flowe::s. I,{hen this criterion was used it was

found thaË autofertility \,ras negatively correlated wÍth seed size.

This relatíonship was dif f erent from tl're smal1 and large seeded groups 
'

the negative regression in autofertílíty being more marked for sma1l

seeds than large seeds (Fig. 6). Two lines which \^/ere very autofertile

produced more than tr¿ice the number of seeds of the other lines (lines

1 and 2, P < 0.005).

As srnall-seeded populations may be expected to produce more

seeds than large seeded populatíons it was decided to also assess auto-

fertíliÈy usíng the number of pods. A sÍmílar negative relationship

between pod number and seed weíght was obtained, this was partícuarly

evident for the small-seeded lines (Fig. 7) ,

c). Yield of the línes from untreated flowers.

The yield per plant ís shown in Figure 8. I^líthin each seed size

group, lines wíth high yield were evídent. There does not appear to be

any relationship between seed size and the yield of the plant. Lines

with a low number of seeds set were stíll able Ëo have a high yield as

a result of large seeds e.g. lines 19, 20, the two lines with the hígh-

est weight per seed. The highly autofertile line 1 díd noË have a

propor:tionately higher yield because of its extremely small seed. The
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Figure 6

The relationship between the number of seeds and seed weight.

A

B

Small seeded lines

Large seeded lines

The mean number of seeds per plot is the average of 4 replicates

each r¿ith 6 plants.

The number of seeds is used as ari index of autofertilíty.
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Figure 7

Srnall seed types

Large seeded lines

The mean number of pods per pJ-ot is the average of 4 replicates

each with 6 p1ots.

The number of pods is used as ari index of autofertility.

The relationshíp between the number of pods and seed weight.
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Figure B

Mean yield per plot for l-ines hritlì different seed wej-ght.

I g per plot yield of 1. ?-25 t/ha (approxírnately).
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yield of the lines ranged fron 3.17 to 0,28 t/ha respectívely

línes 2 and 10. These yields were based on only 7 plants m

compared wíth the possible optimum of 20 plants m-2.

for
-2

d). Components of víeld from untreated flowers"

The relation between yield and its various components for all

20 línes is given ín Table 14. Yield v/as not correlated with the

weight of seed nor the number of racemes produced by the plant" This

indicates that the number of racemes \^ras not a limítíng factor to yield.

It was common to find that only 1 raceme ín 4 bore any pods.

Considering the primary components' the number of mature pods

and the number of seeds per pod rn¡ere closely correlated \^/ith yield

vrhereas the weight per seed was not.

TABLE 14: Correlation between yield and its componenEs in untreated

f l-owers.

Character correlated with yield r

Primary components;

Number of mature pods

Number of seeds per pod

Number of seeds

hleight per seed

Secondary components;

Number of racemes

Percent racemes wiËh pods

Number of po<ls per podding race-me

0. 59 '*)k*

0.53 ***
0. 56 't*

-0. 01. NS

-0.11 NS

0, 50 tr)!r*

0,29 ¿<x
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There was only a wealc relationship betr+een the number of pods

per podding racetne and yield. This was because each podding raceme

generally produced only 1 or 2 pods and therefore variatíon in this

character was unlikely to have a great effect on yield. Yíeld was

influenced more by the percent racemes with pods.

4.2.3 The effect of the Erínoins and cross-pollinatíon treatments.

a). Pod set.

The results \rill be presented in 2 forms; as the actual number

of flowers thaÈ set pods (nuinber of pods seË) under Èhe varíous

treatments and as percentages. This second presentation ís given to

enable comparisons to be made where dífferent numbers of flowers rùere

t.reat ed.

In all línes except 1 and 3, there were significant differences

across treatments (Table 15). The lines 1 and 3 that díd not show an

ímprovement over the untreated flowers by tripping or cross-pollinatíon

were highly autofertile with more than 60% of the untreated flowers

producíng mature pods (Table l6).

This ís also seen ín Figure 9 where a sample of 1ínes is

presented. I/trith the exception of the autofertile línes I and 3, in

every instance the slope of the 1ine,Íncreased between tripped and cross-

pollinated flowers.

Although large differences existed between lines in Èhe auto-

fertílity of untreated flowers, the good response to the c.ross-pollination

treatment meant that dífferences betr,¡een lines were- small afËer cross-

pollinatíon. Lj-nes with low autofertitity achieved the level of pod set



TABLE 15:

7B

The effect of flower treatment ori the mean number of

pods set per p1ot.

Line
No.

Approx. No.
flowers per
treatment

Flower treatnent

Untreated Tripped Cross-pollj.nated LSD

I

2

3

4

5

6

7

8

9

10

11

L2

13

T4

t6

17

1B

L9

20

2B

55

24

60

37

60

50

37

60

60

40

48

4B

60

50

32

60

4B

60

52

20.2

24.2

L5.7

2.7

7.0

6.7

7.0

9.7

7.0

1.0

7.7

9.5

2.2

6,7

7.5

0.5

2.2

1.5

0

1.5

23.0

30.0

l-5.7

6.7

L0.7

L3.2

16. 0

11. 5

13.0

2.2

9.0

14.7

4.7

15.7

15. 5

7.O

5.7

3;7

5.5

7.O

23.5

47 .7

17 .0

34.2

33.2

40. 0

39.7

3L.2

42.0

27 .5

30. s

42.5

23.0

40.2

38.7

24.5

43. 0

37.7

23.2

38.2

NS

4.2

NS

3.1

3.2

6.4

2.7

15. 3

5.9

8.4

5.3

7.L

2.3

6.2

2.9

2.9

7.3

0.6

2.9

2.8

15
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TABLE 16: Percentage of flowers forming pods when flowers htere

untreated, Èripped and cross-pollinated.

Llne
No.

Flower treatment

Untreated TrÍpped Cross-pollinated

l_

2

3

4

5

6

7

I

9

10

11

T2

13

L4

15

16

L7

1B

1"9

zo

73.2

43.4

63.2

4.6

r_8. 6

LT.2

14. 1

30.3

11. 6

r.7

19. I

19.5

4.7

LL.2

14. B

1.3

3.8

3.1

0

2.9

8s. 4

54. r

65.6

LL.4

29.2

22.L

3L.7

35.2

22.r

3.8

22.2

30.7

9.8

26.O

30.7

2T.T

9.l-

7.8

8.4

]-3,4

88. 7

86.0

70. B

57.L

89. B

6s. 0

79"5

83.4

70.0

45.2

75.2

BB. 6

47 .9

67 .4

79,O

77.3

72.3

78.6

38. B

73.1
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Figure 9

Some typical responses to flower treaËment of

línes with loi¿ and high autofertility.
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of lines \^ríth high autofertility, after cross-pollínation (e.g. lines 16,

L7,18, 20). The lines that had a low autofer:tílíty benefíted more

from cross-pollination Ëhan the highly autofertile línes which may have

reached their physíologícal limít for pod set.

In some lines (e.g. f.ines 10, 13, 19) the percentage of flowers

settíng pods after cross-pollination v/as still relatively 1ow in com-

parison wíth lines 1, 2, and 3 and some factors other than pollínatíon

must be responsíble.

It rvas of interest to determíne whether any oÈher component of

yield besides pod set was similarly ímproved by tl-le treatments. Matters

investigated were:

(1) I,ühether tripping or cross-pollínation increased the number

of seeds in the pods. This was ínvestigated for the materíal as a

whole (SecÈion b) and for índividual lines (SecËion c).

(2) llhether a higher percentage of pods developed to maturity

after trípping or cross-pollination (Sectíon d).

b). The relation bethTeen pods ancl the number of seeds.

The effect of the treatments on the relatíon between pods and

seed number r^7as studied using regression. There ütas very close relation

between the number of pods and the number of seeds borne on a plant for

each of the treatments (Fig. 10). A comparison of the three regressions

showed no signifícant difference betr¿een them for thej-r position

(índicated by the y-ínÈercept) and for slope (regression coeffícient) as

is evídent from Table 17.
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Figure 1.0

The relatíon between the number of pods arrd the number

of seeds for each flor^rer treatment. (Each value is the

plot mean).
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TABLE 17: The regressíon equations for pod and seed number when

flowers \^/ere ulltreated, Eripped or cross-pollinated'

Flower treatment Regression equatíon
(y=a+bx)

t S.E.

a b

Untreated

Tripped

Cros s-pollinated

y=-1.78+2.81x

!=-4"68+3.04x
y = 6.75 + 2. Blx

0. 99

L.66

15. 90

0. 10

0.r2

0.46

The results indicaÈe that tripping or cross-pollínation of the

flowers did not inc-rease the nurnber of seeds in a pod (the regressi-on

coefficients are not significantly dífferent) when all the material ís

consídered together.

c). Comparíson of individual lines for seeds per pod.

The analysis using the number of seeds per pod showed a

significant interactíon between the flor^¡er treaÈment and t.he lines

(P < 0.001). The tríppÍ-ng treatment did not increase the number of

seeds per pod relative to the untreated flowers in most lines but

cross-pollination resulted ín more seeds per pod than trippíng treat-

ment in many línes (Table lB). Some lines had the same number of

seeds per pod whether they were untreated, tripped or cross-pollinated.

This interaction between treatments and lines could cause Ëhe lack "'f

difference between treatments when the lines \^rere considered together in

the previous section (b).

The relation betwee.n and mature Pods.d).

A comparison betr,¡een treatments for the number of ínit.i,''t-ed pods
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TABLE 18: Mean seed numbers per pod from untreated, tripped and

cross-pollínated flowers.

Line Flower treatment

Untreated Tripped Cro s s-pollina ted
No

I

2

3

4

5

6

7

B

9

10

11

T2

13

L4

15

L6

t7

1B

T9

20

2.82

2.97

2.42

2.67

1. 88

2.62

2.L7

2,Or

2.66

1. O0/l

2.86

2,35

3.r2

2.89

2.46

3. so/l

2,25

2.33

1.50#

3. 05

3.02

2,55

2.86

2.LI

2.56

2.39

2.34

2.47

1.56

2.7 7

2.43

2.97

3. 01

2.46

2,37

r.7 6

2.0r

3.L2

2.36

3. 06

3.44

2.7 6

3. 07

3. 06

2.9s

2.9L

2.93

2.7 5

2.04

3.46

2.83

3.27

3. BB

3.26

3. 40

2.40

2.55

4. 03

2¿36

LSD between any 2 means = 0.44

/i calculated from less than 5 pods.
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that reach maturity i-s illustrated ín Figure ll. Although a pod,

once it had set, normally reached maturity, small but signifí.cant differ-

ences were obtaíned between treatments (Table 19).

TABLE 19: The regression equations for young and mature pods when

untreated, tripped or cross-pollinated.

Tlower treat'ment Regression equation

(y-a+bx)

T S.E.

a b

Untreated

Tripped

Cros s-pollinated

Y=-0.170+0.846x

y = 0.682 + 0.836x

y=-0.7L4+0.980x

0.296

0. 406

1.156

o.026

o.027

o.032

In the combined analysís, the three regressions Itere significant-

ly dífferent (P < 0.01) for positions and slopes. The survival of young

pods developed from cross-pollinatíon \^tas better than from untreated or

tripped flowers but as evident from Figure 1l this difference was small.

4.2.4 Concl-uslon

1. For the 20 lines (populations) the level of autofertility as

measured by seed number and by pod numbers \^7as negatívely

ccrrelated wíth seed weíghÈ.

2. There trvas no apparent relationshíp between seed size and the

yield of the lines.

3. Yíeld is dependent mainly on the Percentage of racemes forming

pods.
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Figure 11

The relation between the number of young pods and the

number of mature pods for each flower treatment.

(Each value ís the plot mean).
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B7

Except in very auËofertile linesr tripping and especially

cross-pollination increases pod set.

The flower treatments did noÈ affect the number of seeds per

pod.

The proportíon of young pods that develop to ntaturity v¡as

slightly higher when flowers \^/ere cross-po1línated than when

untreaÈed or triPPed.
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4.3.0 Experiment 3 (1975) .

The previous experiments \^/ere concerned with treatilents conduct-

ed on open-pollinated plants or on inbred plants. Beginning uith this

sectíon the comparison j-s extended Ëo include treatments on Ìrybrid plants.

It has already been mentíoned that hígh autofertiJ.ity was associated

with heterozygosity and inbreeding decreases the 1evel of autofertílíty

(Sect-ion 2.5.2 Lit. Rev. ) , It r¿as of ínterest to comPare the: yield 
'

and response to tripping, of inbred and hybrid material. As this was

the first time this kínd of study was being conducted heren no hybr:ids

were avaílable a¡<l it \¡ras necessary to carry out a selfÍ,ng and crossing

programme with introduced material in preparatíon for Ëhe experime-nË.

The e-xperíment \^Ias conducted in the 1975 season.

Observatíons on the íntroduced material in the L974 experiment

revealed dífferences ín growth habit, namely indeterminate and deter-

minate (vegetatively). The growth habit of a variety may infl.uence its

suítabj.lity for cultivation in South Australía. Indeterminate plants

are tall and susceptible to storm damage, and the lirnited growing season

may ínhibít any advantage that might be obtaíned from theÍr extended

floweríng period. The determinate forrns have a low habít, profuse

branchÍng and a short flowering period which promotes even maturity of the

pods. Due to the difficultÍes in obtaíning sufficient inbred and hybrid

progenies (as already explained ín Section 3,5.3) a comprehe-nsive compari-

son of the two Èypes of growth habits and the ínbred and hyb::id progenies

could not be made ín a síngle experíment. Separate experírnents v/ere

necessary for the indeLerminate (Exp. 3) and determínate (Exp. 4)

material.
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Experiment 3 involved comparÍsons between inbreds and hybrids

of 2 populations (155 and 680). For each population there were 12

inbreds and 36 hybrids produced lxom L2 seed parents. The hybrids were

obtaj-ned from crosses of the seed Parents vrith 3 pollen parents. For

comparison, the open-pollinated progenies of the original populations

were included in the trj-al (Section 3.5.3(a)).

4.3.1 Plant growth.

The indeterminate habit resulted in p]-ants over 3m tall at

harvest. The plants continued to produce flowers to the end of the grow-

íng seasorr (November) r¿hen moisture stress and high temperature stopped

further growth.

There ¡.rere no visual differences j-n the heights of the various

progenies but significant differences (P < 0.05) occurred between the

progeníes of each population in the number of stems per plant (Table 20) '

Some hybrids had a hígher mean number of sterns than Èhe ínbreds but this

advantage \Àtas noÈ consistent.

4,3,2 Autofertility - Yíeld and its components

The yíeld and components of yíeld for the open-pollinated, inbred

and hybrid progenies are gíven in Table 21.

In each populatíon the hybrids had higher yíelds than the inbreds

largely.lue to more pods beÍng set. In some crosses there was also a

sígnifícant ímprovement in seeds per pod and the mean seed weight, partic-

ularly ín crosses of population 155.

The open-pollinated progenies, whích are anticipated to be a

mixture of ínbrecls and hybrids, showed some indication of having yields



TABLE 20:

90

Mean number of stems per plant for the open-po1línated,

inbred and hybri.l progenies. l

PopulaËíon
2rrogeny

155 680

Open-pollinated

Inbred

Hybrld 1-

Hybrid 2

Hybríd 3

2.52

2.55

3. 04

2.69

2.94

2.L9

2.2L

2.45

2.28

2.7L

L. S.D. 0.30 0. 28

1Average of 108 plants.

2Th. hybríds of population 155 are unrelated to

those of 680.



TABLE 21:
tlf

Mean yield, pod nu*berlplant, seeds per pod and weight Per seed for open-pollínated, inbred and

hybrid progenies. The values rnrere measured from untreated flowers.l

155 680Population

Progenies//

Open-pollinated

Inbred

Hybrid I

Hybrid 2

Hybrid 3

Yield (e) Pod I{o. Seeds/Pod

6.96

4.27

7.77

7 .83

13. 40

r. 06

3.44

9.72

7 .70

ro.97

9.55

L5.02

1.86

2.79

2"54

2.L6

2.52

2.63

2.87

0. 17

0.26

Seed Wt.
(e)

0.253 '

0.24L

0.280

0.300

0.293

0.008

0.027

s.46

2.7L

7 .08

6.90

4.02

L.7L

2.32

8.45

s. 04

11. 34

9. B3

6.L7

1. 9B

3.20

2.54

2.62

2.66

2.99

2.73

0. 05

0.16

Seed I,It.
(e)

a.232

0. 200

0.229

o.233

0.234

0. 0rl

Yield (e) Pod No. Seeds/Pod

\o
F

S

L.S.D.

tE

NS

t The yield varues may not exactly equal the product of the 3 components as they were assessed from

calculaËions based on single plânts. The values in the table are the overall mean of these calculations

/l ttre hybrids of population 155 are unrelated to those of 680.

1' Average of 108 Plants.
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Mean number of seeds per plant producecl by untreated
flor^rers on inbred and hybrid progen:Les of each seed parert. I

Seed
Parent

Progeníes

Inbred Hybrid I Hybrid 2 HYbrid 3 Mean

Popn. 155

9

10

11

12

I"lean

Popn.6B0

58. 6

L7.0 (2)

16. 3

23.7

29.7

29.7

ls.0 (2)

2L"3

33.9

Is.z (2)

30.6
39.9

27.6

20.o

28.3

29.4

18. 0

28. 8

40.7

39 .7

46 .4

26.L

t2.L
23.r
22.4

2L.6 (r)
20.4

30.2 (1)

26.7 (1)

l_5.2

30.6
27 .B

25.2

(1)

(1)

L.S.D. = 9.3

24.4

22.O

28.3

37 .4

32.6

39.2
27 .4

30. B

29.9
27 .6
36.4
L7.2

29 .4

I

¡
I

I

I

i
I

I
I

I

i

i
I)

1

2

3

4

5

6

7

8

27 .2

r0.0
2.2

19. 3

29.4

tr.2
11. 9

2L.t
]-5.2

9,4
23.9
18. 6

L6.6

(2)

(4)

(r)

61. 8

40. 4

18. 9

48. r
48.3

4r.3
28.9

34. B

63. 3

18. 1

s6. 3

65.7

43. B

48. s

23.4

L2.4

28.6

32.5

25.9

19.1
26.9

34. B

L4.5
35.3
39 .0

(2)

(1)

(1)
(1)
(1)

LSD

=9 .4

I
2

3

4

5

6

7

B

9

10

11
T2

Mean

8.6

L5.4

5.1

10.1

19,4

11.4
22.8

11. 0

25.0
8.3

11.3
10.4

L3.2

(2)

(3)

(2)

(1)

(r)

(3)
(r)

9.8

L5.7

]_3.7

7.3

24.7

23.8
t6.6
2L.B

26.L
11. 0

L7.B
L2.6

L6.7

(1)

(3)

(1)

(1)

(r)

(1)

L5.7

20.4

19. 1

TB.2

26.4

28. B

26. 6

24.9
28.9

18. 4

27 .B
t4.7

LSD

=7 .0
I

36.

34.
26.

30. s

)
)

I
1

(
(

0

6

6

7

4

(1)

45.
18

(1)

(2)

L. S. = 8.4

lM."rr" were based on 9 pl-ants. Sterile plants were included in cal-
culating the means. Figures within brackets indicaÈe nrrmber of
sterile plants.
No signíficant interactío¡r between progenies and seed parents.
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Mean yield (g) per plant produced by untreated flowçrs
of inbred and hybrid progeníes of each seed parent.^

Seed
parent

Progenies

Inbred llybrid 1 Hybrid 2 Hybrid 3 Mean

Popn. 155

11

L2

l"lean

Popn.680

6.L2

2. sL (2)

o.57 (4)

4.50 (1)

7 .32

2.eL (2)

3.7e (r)
s.94
3.77
2.44 (L)

6.64 (1)

4.7 3 (1)

4.27

r.77 (2)

2.4s (3)

0. B0 (2)
2..74 (1)

4. 10

5. 0B

2.BL (1)

4. 8B

I.4L
2.Ls (3)

1.7s (1)

2.7L '

15. 19

4.e6 (2)

5. 0B

5. 60

8,22

B.2L

3.7 6 (2)

6.59
r0.29
3.63 (2)

IL.23
10.48

7.77

4 .52

5.62

6.20
4. 30

6. B0

10.04

to.32
9.19
7.6e (1)

6. 05

11.ls (1)

3.7e (1)

7. 08

15. 53

7.92

4. 07

6. 8B

7 .07

6.33 (1)

6.7 6

,e .69 (1)

B.7s (1)

4.86

10. 55

B. 57

7.83

6.r9
03

76 (1)
24 (1)
24

7. 0B

B. 09

6.47

6. s1 (1)

B.L7

3. es (2)

6. 90

L7.50

LL.25

6.00

L3.22

15. 33

13.11

9.L6

9.53
rB. 85

s.26 (1)

20.42

2t.22

13. 40

12. B3

6.66

3. 93

7 .55

9 .48

7 .64

5.87

7 .94
10. 41

4. 05

L2.2L

tt.25

3.69

4. 05

4.28
4.25
6. 08
6.84

6.7s

6.4L
6.29

4.11
6.4L
3.r4

LSD

=3.24

LSD

=1. 58

1

2

3

4

5

6

7

I
9

10

L.S.D. = 3.93

1

2

3

4

5

6

7

B

9

10

11

L2

Mean

.02572

5

6

B

7

9

2.26 (3)

3. 11

3.34
L.72 (1)

6.L6
5.7 4

4.sL (1)

s. ss (1)

6. 11

2.48
4.16
3. 09 (1)

4 .02

L. S. D. = 2.49

I-Means were based on 9 plants. Sterile plants were included ín cal-
culating the means. Figures r^rithín brackets indicate number of
sterile plants.
No significant interaction between progenies and seed plants.
Conversion to t/ha =x 0.0735
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íntermediate beËween inbr:eds and hybrids.

The inbreds and hybrids had a common seed parent. The yields and

seed set of each seed parent are given in Tab|es 22 and 23. In troth

the populatic¡ns studíed, there were slgnificant differences bet\,üeen

seed parents and also between progenies (effect of the pollen parent).

There \^/as no sigrrificant interaction l:etween the seed parent and the

progenies.

The productivity (yield and seed set) of some hybrids showed a

positive relationship with the inbred parent (Fígs. 12 and 13).

For each group of progeny a range of autofertility as measured

by seed set I^ras evident (Fig. 14). The inbreds tended to have a large

proportiorí of plants that had low autofertility whereas the hybrids

showed a less skewed distríbution r^rith many plants in the high fertilíty

classes. The open-pollinated progenies consisted of a wíde range of

fertility types.

4.3.3 The influence of triooine on vield charact-ers.

The mean yield, number of pods and the number of seeds set Per

planÈ from tripped flowers (40 flowers from B racemes per plant) are

given j-n Tables 24 Lo 27. The overall meên of the 5 groups of progenies

is given in Table 24 while in the other Ëables the means for the inbred

and the hybríd progenies of each seed parent are given.

The populations díffered ín the relatíve performance of the ínbred

and hybrid when flowers were tripped. In population 155 the analysis

show no signíficant difference between progeníes for yie1d. However,

the variance-ratio for yield had a probabilíty of P = 0.055' when c-om-

pared with an error, (replication x progeníes) which \^/as very close to t-he

arbítary level of 0.05 used as the critícal level in the test of sígnífícance.
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Físure 12

The relation between inbreds and hybrids for the yield of

unÈreated flowers.
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Figu::e 13

The relatíon between inbred and hybríds for the seed set

of untreated flowers,
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Figure 14

Distribution of plants for the number of seeds produced

from untreated flowers of open-pollinated, inbred and

hybrid progenies of population 155 and 680.

A = Pr:ogenies derived from population 155

B = Progenies derived fron populatíon 680

Ilybrids of A and B are not related.

Each distríbution consisLs of 108 plants.
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TABLE 24: Mean values for yield characters from tripped
of inbred and hybríd progenies. l

flowers

Population 155 680
Progeníes Yield

(e)
No. of
pods

No. of
seeds

Yield
(e)

No. of
pods

No. of
seeds

Open-pollinated

Inbred

Hybrid 1

Hybrid 2

Hybrid 3

L. S .D.

3.97

4,27

6,7 3

5. l8

5.78

1

3.82

4,77

6 .43

5. 19

5. 00

IL,7

13. 0

20.4

l-5.2

L6.7

3. 16

r,97

3.62

3.69

2.60

3,25

2,L4

3.73

3 .90

2.45

9.8

6.6

LL.7

L2.3

7.6

lt
58 1.31 4.8 0.80 0.71- 2.t

I

#

Average of 108 plants eac-h with 8 racemes tripped

Probability of variance-ratio = 0.055
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The hybrids ín this population showed a limited advantage over Ehe

inbred ancl open-pollinaLed progenies. One hybrid (Hybrid 1) was

signíficantly superior to the inbred and open-pollinated progenies

for yield, pod and seed number when flor¿ers r./ere tripped.

In the other population (680) the open-pollinated progenies

wer:e better than the ínbred but \^/ere not sígníficantly different from

Hybríds I and 2. These two hybrids were also significantly higher

yielding than the inbreds.

In the detailed analyses of the progenies of each seed parent

no results for open-pollinated plants are presented as these plants do

not relate directly to any seed parent. The error and L.S.D. used in

the comparisons between inbred and hybrid progenies differs slightly from

that gíven in Table 24 due to the exclusion of the open-pollínated group.

In population 155, there \^rere no signifícant clifferences between

progenies for yieldr pod and seed numbers although for many seed parents

the hybríds show a higher pod set from tripped flo\^Iers than the related ín-

bred (Tables 25^27). The large replícate .effect and the loss of precísion

j-n testing the main plot factor (progeníes) in the split-plot layouË used

for this experiment vras considered responsible (Tab1e 2B).

In population 680, differences betrnleen the í.nbred and hytrids

\^rere found when flowers were tripped. The inbreds were inferior to the

hybrids in yield characters from untreated flowers and this persisted

even with trípping of the flowers. It may be noted Èhat the yields of

the ínbreds in thís population l¡/ere generally lower than Èhose in

population 155. Such low vigour may have I j.rnited any benef ít in yíeld

likely to be derived from tríppíng of flowers 
"
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TABLE 25: Mean yiel.l (g) per plant produced by tripped flor¿ers of
inbred and hybrid progenies. 1

Seed
parent

Progenies

fnbred Hybrid I Hybrid 2 Hybrid 3 Mean

Popn. 155

1

2

3

4

5

6

7

I
9

10

11

L2

Mean

Popn.680

I
2

3

4

5

6

7

I
9

l0
11

L2

7.70

4.44

5.20

4.28

B. 23

6.96

5 .01

10.01
8. 56

4.23

9 .87

6. 31

5.07

1.50

2.38

4.66

7 .5L

2.64

3. 40

6.26
5. 10

3.22

5. 60

3.94

5.82

3.L7

5. 40

5.4L

7.78

4.32

5. 9B

4.60
6.39

4.78

4.43

4.LO

5. 18

5.7 4

3. 3r

3. 91

4.s4

6.92

5. 35

6.49

4.23
9.22

3.28

9.73

6.58

5. 7B

2.49

2.O0

0. 6B

2.92

3. 10

3. 1B

1. 59

4.63
2.96

2.32

2.86
2.43

2.60

s.80

3. 11

3. 88

4.60

6.88

5.02

4. sB

5 .57

6. 81

3.67

7.r2
5.19

3.24

2.53

L.46

3..54

3. 07

4.56

3.22

4.06
2.58

2.30

3. 33

2.r8

LSD

=L.94

,<

.(

4.27 6.73

Mean L.97

N. S.

4. 03

4.L4

2.06

4.4s

2.28
6.84

s.49

3. 60

3. 06

3.26

3.64
L.44

3.69

LSD 0. B8

3. 1B

0.53

0. 11

3. 60

2.95

4.62

2.LL

2.L7
1.58

0.83

0.34
r.64

2.64

2.56

1.18

3.69

4.5r
4.25

3.22

3.92

5.2L
2.22

3.62

LSD

=1. 31

7L

2B

6.

3.

1Average of 9 plants each with B racemes tripped.
No sígnificant interaction between progenies and seed parents.
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TABLE 26: Mean nunber of pods per plant p
of inbred and hybrid progenies.

roduced by tripped flowers

Seed
pârent

Progenies

Inbred Ilybríd 1 Hybrid 2 HYbríd 3 Mean

Pol".-_L55-

1

2

3

4

5

6

7

11

L2

Mean

B

9

10

6,56

L.67

2.33

5. 00

9.56
3.22

3.7 8

s.44
6. 33

3.22

5.44

4 .67

B. 11

4. 11

4 .67

5. 33

B. 56

6.78

4.44

8.22
8.33
4. 00

8.44

6.11

6.43

3.22
2.78

r.44
4. 00

4.00
4.44
3.22
6. 11

3. 7B

6. B9

3. 33

4.67

4 ,67

B. 33

4.00
5. 11

s.44
6.67

4,89

4.22
4. 00

5.L9

4.67

4. 00

2.tr
4.78

2.22

6.33
6.00
3. 56

3.67

3. 56

3.89
2. 00

6. 00

3.22

3. 33

3.s6
5.78
4.78
s.44

4.44
7.78

2.89

7. 00

5.78

5. 00

6. B9

3.08

4 .64

4.64
8. 06

4.69
4 .69

5. B9

7.28

3.7 5

6.28

5.L4

3.64
2.28

3..00

4.6r
3.25
3.7 5

3.25
2.78

3.08
2.L4

LSD

L.46

LSD

L.26

.77

N.S

Popn- 680

L 4.44
2 0.56

3 0.11

4 3,67

5 2.89

6 4.44
7 2.rl
8 L.78

9 2.22

10 1.00

11 0.56

12 1. 89

2.22

1. 7B

0. 78

2.67

2.89

3.22
L.67
3. s6

3. 33

2.44

2.67

2.22

t. 11

3. 78

I

i

ij
I

I

;

I

I

I

I
i

i

i
I

I
I

I

4. 11

Mean 2.L4

5.22
2.44

3.73 3. 90 2.45

LSD 0. s9

I'Average of 9 plants each rlith 8 raceme.s tripped
No signíficant interaction between progenies and seed parents.
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TABLE 27: Mean number of seeds per pl.ant
of ínbred and hYbrid Progenies. lroduced 

by trípped flowers

Seed
parent

Progeníes

Inbred Hybr:id 1 HYbrid 2 HYbrid 3 Mean

Popn. 155

L2

18. 9

4.9
7.L

L5.2
22.0
8.2
9.8

16.4
16. r
9.7

L4.7

13. 0

Mean 13. 0

Popn.6B0

1

2

3

26.L

L2.9
L4.9

L5.4
27 .8
2I.8
L5.2
26.9
26.0
13.6

25. B

18. 7

20.4

19.4

14. 0

23.4
L2.7

16. 1

15. 6
L9.7
L4.0

12.L

T2.L

L5.2

18. B

r0.4
11. I
L2.2
19.3
l.6.4

18. 6
12.8
27 ,4
8.9

19. 6 \
9.4

10. 9

9.0
14.6

rt.2
9.2

L4

7.6
10. 5

7.2

13.9
20.7
15. 3

L3.2
15. 9
20.7
11. 1

18.6

15. 6

10. 5

7.8
4.9

L5.2
10.5
11.6
9.0

LSD

=5. 1

LSD

=4.L

I
4

5

6

7

I
9

10

11 24

L9

16

3

9

7,
N.S

I
2

3

4

5

6

7

I
9

10

11

L2

Mean

lt .9
1.8
0.4

11.4
9.2

6.6

9.0

12,L
13. 3

ls. 6

9.9
L9.6
LL.9
12.3
17. 0

7.8

IL.7

13.8

13. 0

7.0

7.

22.
19.
10.
11.

11. 6

LL.7

5.6

L2.3

7.6

8.9
8.9

10.1
5.1

L2.4
10.0
6.7
8.3
6.0

7

5.4
2.2

7.9
4.3

ì
i

I
I

t

I

I

I

!

I

I

I

i

I
I

I
I

i

I

I

I

I

I

)

ls. 6

6.3
5.8
5.9
2.9
L.2
6.3

2

7

4

2

2

0

6

4DLS 2

I'Average of 9 plants each with B racemes tripped
No significant ínteraction between progenies and see.d parents.
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TABLE 28: Analysis of variance of yieJ.d, pod and seed number of
. populaÈíon 155 from trípped flowers.

Yield
M. Sq. P M.Sq. P M. Sq. P

Pods SeedsSource of
varíation d.f.

Replication (R)

Progeny (P)

Error a

Seed parenË (S)

PXS

Error b

2

3

6

11

229.9

115.3

40. 5

77.L

L5,2

L7.T

0. 041

0. 128

<0. 001

0.64t

]-'Lg,6

59.2

25.2

85. B

9,2

9.7

0. 058

0. 171

<0.001

0. 554

1051.2

1049.1

255.6

700. 0

96.3

LL6.2

0.075

0.067

<0.001

o.72433

B8

l"t. Sq. Mean Square

P Probabilíty of Variance-ratio
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In both populatíons, significant diff erences r¡rere found between

the seed parents. Some of the seed parenËs sho\,/ low productivity

relaÈive to others ín spite of the tripping treatment given to the

flowers.

In the top-cross type of test considered ín the experiment

significant differences \¡rere found between tester and betr,'een geno-

types being tested.

In both populations and for each yíeld character studied the

interaction between the seed parents and various progenies was not síg-

níficant.

The pod set of tripped flowers cannot be directly compared

wíth those of untreated flowers in this experimenL. llhile tripping was

carried out over a period of 2 to 3 weeks, th9 po<l set from untreated

flowers occurred from the conmencemenË of flowering till the end of the

season. Differences in environmental conditions would contribute to any

difference that may be found. In experíments to be descrj-bed later,

there were trípped and untreated control flowers to allow for direcÈ

comparisons to be made (Section 4,4.2).

4.3.4 Abortion of fertilized ovules.

The nurnber of fertílized ovules that aborted in the ínbred and

hybrid piogenies from pods set from untreated and Èripped flowers are

given in Table 29.

The various progenies did noË differ ín the number of ovules

aborted whether flowers \^Iere untreated or tripped. The seed set from

untreated and tripped flowers results from self-pollinatíon and differ-

ences ín the proportion of aborted ovules among ínbreds and hybrids could

be expecte-d if homozygosis of deleteríous genes were to result from selfing.
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Mean number of fertilized ovules that aborted per
'|

l-00 pods. -

Progeny
155 680

Untreated Tripped Untreated Trípped

Inbred

Cross 1

Cross 2

Cross 3

60. s

55. 5

62.4

52.3

55. 9

44.6

57.6

38. 6

4s. s

42.2

4L.9

39.1

4L.6

46.6

43.5

38.2

K-trù statistíc 0.95 NS 1.36 NS 0.69 NS 0.44 NS

lDerived from mature pods of 108 plants withín each type of progeny
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The abortion of ovules !üas not influenced by the hybridity of the

progenies.

4:3, s

1.

Conclusion.

2.

3

No obvious differences fn height or stem number was found

due to hybridity.

Hybrids r¡/ere superior to inbreds for yield, number of 
.pods

and seeds per pod as a result of autofertility. The open-

pollinaxeùprogenies r¡rere generally íntermediate between the

inbreds and Ëhe hybríds.

!ühen flowers hrere trípped most hybrÍds continued to outyield

the inbreds.

4. There ïras no difference/ in Ëhe proportion of fertillzed

ovules that aborted ín inbreds and hybrids.

5. The performance of the hybrids appeared to be related to that

of the inbred and varied wíth the particular pol-1en parenE used.

I
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4. 4.0 eríment 4 t_97 5

It will be- recalled that due to difficulties in obtaining

sufficient inbred and hybrid progenies this experilnent on determinate

rnateríal \4/as separated from Experiment 3 on jndeterminate. types. It

ì^/as not statistically valid to combine the two studj-es. In this experi-

ment t\,/o, determínate type populatíons (41 and 95) were used. Each had

6 inbreds and their related hybríds (common seed parent). Nt-r open-

pollinated progenies t¡ere included.

The comparisons between ínbreds and hybríds were similar to those

of Experiment 3 except that the effect of tripping could be directly

studied by comparison of the tripped flowers with íts untreated control.

4.4.r Autofertilitv - Yíeld and its components.

The findíngs ín this experiment were similar to Experiment 3 in

that the hybrids \¡/ere superior to the inbreds for yield, and pod number.

Moreover, the hybrids also produced heavier seeds than the inbreds.

(Table 30). There !üas a tendency for the hybríds to seE more seecls per

pod ín population 4l but this was not aPparent ín population 95.

The distributíon of plants for autofertility follows the trend

found in Experiment 3. The number of seeds produced in the absence of

any flower treatment'hras again used as an index of autofertility. Among

Èhe inbreds there r^7ere a Large number of plants with very 1or¿ auto-

fertilíty whereas the hybrids shor¡ed a wide range of autofertility with

some plants producing more than 100 seeds (Fig. 15).

Although the comparisons between the inbreds and hybrids showed

simílar trends as that in Experiment 3, the deterninate populations in

this experiment appeared to produce much higher yields than the indeter-



TABLE 304: Yield characters of inbred and hybríil progeníes PopulaÈíon 41

Seed

Parent

Yíe1d (e)

r I

Number
of

pods

Number
of seeds
er od

2.L8

2.26

L.72

1. 84

2.L5

L.69

1. 9B

I,{eight
per seed

Number of
podding
racelDes

I

Pods per
podding
raceme

NS

FrttFt I F utttt1rt F
1 I 1 I

1

2

3

4

5

6

L2.2

16.8

2s.3

8.3

8.9

5.9

L2.9

35 .7

35. 8

44.8

30. 0

40.2

49.8

39 .4

19. 1

15. B

34.L

10.3

IO.7

6.9

16.3

0.29

0.49

o.43

0. 53

0. 41

0.50

0 .44

33.7

35. 0

42.3

24.9

27.3

40.2

33.9

2.53

2.L5

2.47

2.54

2.7L

2.37

2.46

0.45

0.47

0.44

0.48

0.55

0.52

0. 4B

L3.4 27.4 L.46 r.20

11. 9 27 .6 L"29 L.27

23.8 33 . 1 L.42 L.26

9.6 20.2 1.05 L.2L

B. 6 24 .6 r.22 1. 11

6.3 34.3 1.04 L.tl

L2.3 27.9 r.25 L.20

ts
O
@

Mean

L. S. D. 7.0 5.5 0. 15 0. 04 3.7

Significant interactíon (progenies X seed parent) L.S.D. between 2 means

for these characters: : Number of seed per pod 0.39

lleight per seed 0.08

The above values were based on all untreated flowers averaged fox 9 planÈs.



TABLE 308: Yield characters of inbred and hybrÍd. progenies, Population 95

Seed
ParenË
(ro)

Yield (g)

F

Number
of

pods

F I

6.6 22.3

L5.2 2L.6

14. B 30.9

Number
of seeds
per pod

1.85

r.70

2.30

2.49

2.45

2.64

2.23

hleight
per seed

(e)

Number of
podding
racemes

l-3.4

11.8

7.3

10.0

L2.0

3.1

Pods per
poddíng
raceme

FIrttt

I

rt

5

7.7 8.7

F i

2.2r 0.38

2.46 0.38

2.4L 0.35

2.33 0.49

2.L6 0.33

2.87 0.46

2.4L 0.40

rt

7

F F II

29.6

22.4

38.2

rL.7

LL.2

33.2

24.4

I 1

0.49

0.43

0.51

o.57

0.50

0.6s

0.52

1 1

11

I

I

2

3

4

5

6

7 79.9

19 .0

26.4

9.4

11. 6

L6.4

17 .3

0. 83

I.2I

1. 05

L. s4

0. B6

1.09

1.11

1.13

1. 16

t.02

0.77

1. 05

1.04

9. B

L2.9

9.3

8.9

14. 0

Mean 10.0

11.1 8.9

r0.9 L7.6

1t_. 0 18. 3

1

H
O
\o

L. S.D. 7.9 3.4 NS

Significant inËeracÈion (progenies X seed parent)
for these characters: Number of pods

Pods per podding raceme

LO.4

0. 04

L.S.D. between 2 means

NS

8.4
0.33

The above values were based on all untreated flowers averaged for 9 plants
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Fígure l-5.

Dístributíon of plants for the number of seeds produced

from inbred and hybrid progenies of population 41 and 95.



12

l2

41

1s0 50

95lnbreds

Hybrids

200 0

Completely
autosterile

o
#
G'

CL

Þ
o
L
o
3
E

z

I

1

0

I

4

0

r
ri: i:

0 s0 100

Number of seeds per plant

100 150 200



111

minate populations. Even though the trtlo experiments \^Ìere not statis-

tically conparable the differences in the means or individual values

indicaËed that the determinate populations \i/ere capable of better yields

than the indeterrnínate type. (Compare Tables 2L or 22 \^riËh 30).

This was in spite of the shorter habit of the deterntinate types and

limited f lowering period, which I¡/as compensated f or by a large number

of stems per plant (Table 3l). The experimenËs on the indeterminate and

determinate types \^rere managed identically and there is no reason to

doubË the advantage of the determinate type.

4.4.2 The effect of tríooíne on Dod and seed set.

In both populations there \^rere more pods proclucecl by tripped than

untreated flowers. There was also a sígnificant interactíon between the

inbred and hybrid progenies with the flower treatmenË (Table 32). There

trere large increases in Ëhe pod set of inbreds when the flowers were

tripped but not signifícantly different in the hybrids. The inbreds had

a strong çripping requirement if they were to achíeve Ëhe pod set of the

hybríds. However in population 41 the inbreds had still significantly

less pods than the hybríd even when flowers were tripped which suggested

that tripping requirementwasnot the only factor límiting yield. Other

factors such as vi-gour of the plant or self-fertility could also be

involved.

Tripping did not increase the number of seeds per pod in either

the inbreds or the hybrids.

4,4.3 Conclusíons.

1. The results for comparisons between inbreds and hybrids are



TABLE 31:

LI2

Mean number of flowering stems per plant for inbred

and crossbred progenies of determínate populations.

Population
Seed
parent

4L 95

Inbred Hybrid Inbred Hybrid

1

1

2

3

4

5

6

4.00

4.44

3. B9

4.22

3.22

3. 89

4.67

4.22

4.61

4.44

s. 89

5. 56

5.00

5. 00

3. s6

4.33

5.44

5. 00

6. 33

5.78

s.56

4.62

4.56

5. 33

L. S.D.

(any 2 means) 1. 33 1. t-3

IAverage of 9 plants. This also applíes to other tables

of thls experimenË.
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Mean number of pocls and number of seeds per pod

produced from untreated and tripped florvers of
ínbred and hybríd progenies. I

Flower
treatment

4L

Inbred Hybrid

95

Inbred Hybri.d

Nurnber of pods

Untreated (control)

Tripped

Number of seeds per pod

Untreated (control)

Trípped

2.20 NS

*rt?k NS
¿-L

2,27 2.66 ¿ 2.29 2.4L NS

2.48 2.60 NS 2.36 2.67 NS

NS NS

0.92

2.59

3.57

4.IL

J L.4L

2.L3

2 *o2

NS

NSNS

IAverage oÍ. 54 plants !/íth 10 untreated and 10 tripped flowers each
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essentially the same as for Experiment 3 ---

(a) There \^ras no consistent advantage in stem number due

to hybridíty.

(b) Hybrids !üere superior to ínbreds for yield and its

components.

nl
Inbred have a strong tripping requirement whereas hybrids do

not respond to tripping.

The deterrninate type appeared to be higher yielding than the

indeterminate type.
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4.5.0 eriment 5 t97 6

As stated ín the Material and Methods, thís experiment \^/as set

up to compare ínbred progenies of known origin. In the- experiments so

far, although inbreds have been studied, the number of gener:atíons of

inbreeding ín the oríginal parents was unknown. The progenies cal.led

F2 in thís experiment would represent plants wíth only one generation of

ínbreeding from the hybri.d condition. These E2 are compared r'dth I,

whích would have at least 2 generations of inbreeding. Tl;e T2 and F,

progenies of population 4 were used.

4.5. 1 Autofertilitv Yield and íÈs components.

Most of the F2 progenies were higher yielding and bore more pods

than 12 progenies (Table 33). All the yield advantage j-s attríbutable

to pod numbers. There \,Ias no advantage in the number of seeds per pod.

Differences ín the number of seeds per pod were associated wíth the seed

parents.

4.5.2 The influence of tripping on seed set.

The overall effect of Èrípping on yield could also be studied

from the number of seedr'instead of the components, pod number and seeds

per pod. The number of seeds per plant produced from untreated control

and tripped flowers is given ín Table 34.

Both the 12 and F2 Progenies responded to tripping. The F1

material had been previously shown noÈ to responcl to tripping as they

already produced many pods and seeds in Experiment 4 (Sectíon 4,4.2).

One generatíon of inbreeding from the F1 to the F, had been sufficient

to cause a substantial requirement for tripping.
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TABLE 33: Mean yield, pod number per plant and seeds per pod for

I, and F, ProBenies (UntreaËecl f lorvers).

Seed
Parent

Yíeld (g) Pod number Seeds per pod

F ITz
2

FTz
2

uz
2

1

2

3

4

5

6

25.6

22.7

25.2

2L.0

L6.9

8.0

43. 0

17. B

2L.4

42.6

26.6

43.5

24.6

20.L

23.4

16. 3

13. 1

7.r

28.9

11. 9

lB.1

29.0

2r.3

32.2

2,22

1. 89

1. 81

1. 9B

2.r8

1. 91

2.32

r.79

r.49

2.L3

1. 84

1. 98

L.S.D. L2.4

(betsreen any 2 means)

8.4 NS

Note: The number of seeds per pod was only significanÈly different

beÈween seed parents.

The above values r^rere based on all untreated flowers.

Each value is the mean of 9 Plants.
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TABLN 34: The mean number of seeds per plant produced from

unEreated (control) and tripped flowers of I, and
.1!2 progenaes.

Parent Flower treatmenÈ ,2 F
2

l_

Untreated

Tripped

Untreated

Trípped

UntreaÈed

Tripped

Untreated

Trípped

Untreated

Trípped

Untreated

Tripped

B.B

22.2

t.6

16.8

¿¿

5.1

1l_.3

¿J

5.9

t7.0

J-&

4.9

9.3

**

1.8

16,7

LJ.

L4.2 NS

22.L NS

**

4.6

9.L

NS

úJ

4.1

11. 8

NS

11. 9

l-9.9 NS

3.1 NS

9.2 NS

úú

11.9

L7 .3

¿ù

2

3

4

5

¿-L

NS

¿s

ùJ

NS
6

Jú

lA.r"trg. of 18 plants each with 16 flor^¡ers untreated and trípped.
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4.5.3 Conclusions.

1. The F, progenies had a hígher yíeld and pod set than the I,

progeni.es which have at least one extra generation of inbreeding.

2. Seeds per pod rnras rioÈ dlfferent for the t\^7o progeníes.

3. The F2 as wel-l as the 12 progenies showed a response Lo tripping.

Evidently a single generaÈion of ínbreeding from the hybríd con-

dítlon results in a response to tripping. Inbreedíng depression

ín thls characÈer must occur frequenÈly in normal crops.
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4.6.0 Experiment 6 (L976),

The preceding experiments on the effect of hybrídity provided

a direct comparison of i.nbreds and their hybríds. In Ëhís sÈudy,

materíal over a range of hybrídity i.e. wíth different relationshíps

was used. Basically it consisted of second generaËion inbreds (T2),

first generation inbreds (I1), open-pollinated progenies of 2 small

seeded populations, together with crosses between plants of the sane

populaÈion (H1), crosses bet¡^reen tlne 2 small seeded populatíons (HZ)

and crosses between the small seeded populatíons and large seeded

populations (H:). HL, H2, and H3 are consídered to represent increas-

ing hybridity. The 12, and the three hybrids were produce from a

conmon seed parents deríved from I, rnaterial. There were 4 seed parents

from each of the small seeded populations which were codeà 41 and 95.

As the inbred 12 and the various hybrids v/ere derived frorn different

populatíons the results are presented separately for each group of seed

parents. Further details about the material were given in Sectíon

2.5.6

4.6,I Autofertílity.

The yíeld and seed set from untreated flor¡ers for the various

progenies are shown in Figure 16. There v/as very marked íncreases in

yield from 12 to the hybríds. However, íncreases between H1 and 11, were

not consistent.

Thls r¿as also seen among the individual progeníes of each seed

parent (Table 35).

Between the hybrids, í.e. between H1, H2 and H3 ín general the

differences r¡tere not signíficant. The H3 of seed par-ent No. B however,
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Fígure 16

Mean yield, seed number and seed weight of inbred' open-

pollinated and various hybrid progenies.

Progenies are ranked by increasing dissimilarities of the

female and male parelrt.

A = Progeníes derived from seed parents from populatíon 41.

[, = Progenies derived from seed parents from population 95.

T_L2-

r1 =

OP=

Hl=

Hz=

H3=

Second generatíon inbreds derived from I1.

Fírst generatíon inbreds.

0pen-pollinated progenies of the populaÈions 41 and 95.

Hybrids wiÈhin small seeded populatíons.

Hybrids between small seeded populatíons 41 and 95.

Hybrids between a small and a large seeded population.

I2, H¡, HZ, H3 are derived from common seed parents (I1) within

each population

FJ----[J Yield (g) per plant

^- 
- 
-A Number of seeds per plant

'O- - -O l^leight per seed

There were 36 plants for each of the progenies.
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TABLE 35: Mean yield (g) per plant f o:: pr:ogenies of dif f erer-rt levels

of hybridíry.1

Seed
pa rent s

Progeny

OP H Httrz H
32I

Popn. 4L

Mean

Popn. 95

Mean

1

2

3

4

4.8

4.3

4.3

18. 4

27.2 22.7 63.6

54. B

49.9

70.3

61. 6

70.0

59.s

63. 3

4:\.4

66.4

67 .7

60.3

13.6 25.3

3.0 L7.3

39.4 22.6

8.2 20. B 22.0

L. S.D.

39. 1

4L.4

32.t

37.f)

19. I

20.L

26.5

10.0

39.7

L7.5

34. 3

20.L

59. B

10. 1

49 .3

48.4

43 .6

45. B

7 3.8

57 .4

49 .6

46.6

7 5.6

51. 1

5L.2

83. 7

63.4 59. s

5

6

7

8

19.1 27 .9 37 .6 46.8 55.3 64"6

L. S.D. 10. I

IAverage of. 9 plants

Second generation inbreds

FirsÈ generation ínbreds

Open-pollinaEed progenies

H Crosses rdithin populatíons

Crosses bet¡^reen smal1
seeded populations

Crosses between small and
large seeded populations

Tz

rt
OP

1

Hz

H3

The above notatíon applies throughout this experÍment-

No signíficant interaction between Progeny and seed parent.

Conversion to t/ha =x 0.0735
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yielded almost twice that of the oËher hybrids but this !üas Ehe result

of larger seeds rather than higher autofertility in tentts of seed set

(Tabl e 36).

The yield was closely associated with number of seeds (r = 0.90***)

but ouly slightly correlated with seed weight (r = 0.lJ *'xx). As shown

in Fígure 16 the number of seeds follow Èhe yield closely except ¡¿here

seed síze was different as in H3.

Among the hybrids, H2 representing a cross between populations

of the same seed size tended to have a higher seed set than H1 whereas

with Il3 there \^7as a fall in seed numbers. The drop in autofertílity in

H3 rnay have been due to

(a) The larger seed size of the H3 - 
seed síze has been shown

to be negatively correlated with seed weight (Exp. 2, Section

4 .2.2) .

(b) A lower level of fertílity in the large-seeded parents.

The seed productíon data of the large-seeded parents used to

produce the crosses shor¿ed that the pollen parents of H3 had a

very low seed set relative to the other parenÈs (Table 37).

Thís factor of low seed set \^7as the reason for having to modify

the e>:períment from one that would have had the various

. progenies produced by seed parents of both srnall and large

seeded populatio the present experíment consist of only

half of the symmetrical sets of progenies planned (see

Sectíon 3.5.6).

Inlhen direct comparisons are made beÈr¿een a hybrid and its Èwo

pare,nts, it is ev j-dent that all the hybrids had higher yields than the

top parents even though in several crosses the other parent had very low
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TABLE 36: Mean number of seeds per plant for progenies of dífferent

levels of hybridity. l

Seed
parents

Progeny

I H H n¡rt OP I 22

Popn. 4L

Mean

Popn. 95

Mean

I

2

3

4

7.5

7.0

8.5

18. 9

46.8

28.4

5.2

50.2

39. 1

47.L

32,8

36. 3

97 .O

94.0

66.6

98. I

82.6

L23.5

L03.2

7 4.8

59.2

72.2

77.6

s2.2

10.6 32.7 38.8

L. S.D.

88. B

15 .8

6s.0

87 .7

63.6

72. O

95.2 65.3

5

6

7

B

28.0

4L.2

29.4

12,2

59 .2

31. 0

47 .O

28.2

62.9

64.4

60.1

s6.9

108. 0

98. 0

77.O

77.9

71,2

s0. 8

s4.9

7s. 0

27 .7 4r.6 61. 1

L. S.D.

72.L

13.0

88.6 62,4

No signifícant interaction between progeny and seed parent.

1Average of 9 plants

The above values were based on all unÈreated flowers.
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Total number of seed produced by parent plants ín the

productíon of ínbreds and hybrids. (Fígures in
parenthesís indicate the number of selfed seed).

Seed

Parent

Pollen parent

Cross 1
(Hr)

Cross 2 Cross 3
(1{3)(Hz)

185

2 1.36

383

46L

557

643

759

BBO

(20)

(53 )

(17 )

(28)

(32 ¡

(17)

(28)

(sl)

69

81

B7

44

87

88

5B

56

(22)

(47)

(61)

(11)

(67)

(43)

(3s)

(37 )

B7

93

43

37

69

83

54

10

(67)

(24)

(17)

(3s)

(22)

(17)

(11)

(2)

17 (3)

0 (0)

4 (0)

18 (11)

13 (4)

19 (19)

10 (10)

19 (r5)

The pollen parents for H, crosses are large seeded.

All other parent plants are sma1l seeded.
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yields (Table 38). The yíeld advantage of the hybríds when expressed

as a percentage of the mid-parent and the better pat:ent showed much

variation. Increases up to 2.9 times that of the mid-parent was ob-

tained ín one cross (Cross 2) but was small in the other crosses. No

specific trends \^rere noLed in the performance of hybrids from crosses

wiÈhin a populaÈion (Crosses 1 to B) or crosses betrnreen populations

(Crosses 9 to L2) and both types of hybrids had various levels of yield

increase over the parents.

In a number of inbreds, there ïras no difference between the yield

of the I, and 12, that is, between the parent and inbred values in

Table 38. The additíonal generatíon of ínbreeding on these inbreds did

noL resulÈ in a depression in yíe1d. Examples include the parents of

Cross 12. These and some other inbreds had yíelds not very inferior t.o

Èhe lowest hybrids.

Again, yield tìras strongly associated wíth the number of seeds

(r = 0.96 ***). The data in Table 39 which are the number of seeds and

an index of autofertility strongly reflect the yield values gíven ín

Table 38.

4,6.2 The effect of tripping.

The data on autofertilÍty, presented in the section above, r{as

based on all the untreated flowet:s on the plants. In thís section,

reference is made to untreated and tripped flowers. Here a matching set

of flor^rers \¡ras considered so that the untreated flowers are controls for

the tripped f lo¡^rers.

The intrreds with an initial 1oi¿ level of seed set from untreated

flowers in general showed a large ímprovement following tripping. This
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TABLE 38: Mearr yield per plant (g) for parents, inbreds ancl hybr:Í-ds

-- all untreated flowers -- togettrer rvith the calculated

value for hetero"i". l

Female Male % heterosis
aboveCross

Inbred Parent Hybrid Parent Inbre<l Mid-P High-P

1

2

3

4

5

6

7

B

9

5.5

9.6

L2.0

L2.2

31. B

30.5

23.3

34. 1

7.7

L8.2

47 .4

40. r

43. 5

6.9

9.5

23.9

4s.6

28.0

30.6

4L.3

3.0

23,9

4L.7

36.3

48.0

60. 1

7 3.4

63.4

46.5

47 .5

49.9

68.4

56.5

57 .7

81. 0

56.5

3.0

23.9

4L.7

36.3

39. 1

11. 9

42,9

44.6

4s.6

28.0

42.9

44.6

7.7

TB.2

47 .4

40. 1

2L.0

24.7

2I.B

45.4

31. B

30.5

2L.B

4s.4

107

2-89

LB7

111

10

130

36

59

133

LT7

92

40

l0

151

76

75

70

16

53

24

106

B9

27

2

10

11

L2

L.S.D. between any two values = L9.2

IAverage of 9 plants. This applies to all tables ín thís experirnent.

PopulaÈions ínvolved in rnaking the úrosses.

Crosses 1 to 4, 4L X 4I
Crosses 5 to B, 95 X 95

Crosses 9 to L2, 41 X 95 (has a coflrmon parent with each of
the crosses 1 to 8)

This order of presentation ís retaíned throughout thís experiment.
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Mean number of seeds per plant for parents, inbreds,

and hybríds.

Cross
Female Hybríd Male

Parent InbredInbred Parent

1

2

3

4

5

6

7

I

9

8.4

17 .6

17. I

19. 0

43.L

s4.8

27.0

56.6

15. 3

18. B

59.7

55.8

70.3

r0. 4

14.0

50. r

70.6

55. 0

36.9

61. I

4.r

2I.2

54. 3

47.9

73.5

7 8.7

99.L

109. 3

59.3

83. 1

80.8

l-Ll-"2

80.7

84. 8

111.4

84. 9

4 .1,

2L¿2

54.3

47 .9

57 .8

L9.2

59.2

81.8

70.6

55. 0

59.2

8r.8

15. 3

18. B

59.7

s5. B

29.2

4t.7

36.4

69.2

43.L

s4. 8

36.4

69.2

10

11

L2

L.S.D. between any tr^7o means 28.7
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\rtas most proriounced ín the 12 material (Table 40) . However some

inbreds did not respond to trippíng and had a 1ow seed set. Examples

were 12 of seed parent 7 and It of parents 1 and 3. This probably

indicates low self-fertílíty rather Èhan ínadequate pollination. Lor¿

self-fertility was also evidenË in some ínbreds that did respond sig-

nificantly to tripping such as the T2 oL seed parents 1, 3 and 4.

DespiÈe their response they contj-nued to have a low seed set.

Some ínbreds that benefited from tripping had tripped seed sets

as good as or even better Ëhan Ëheir hybrids (e.g. progenies of seed

pareuts 2, 5 arrd 8). Il these j-nbreds, a 1ow seed seÈ and autoferEíliÈy

was due to inadequate pollinaLion or a tripping requirement raËher tltarr

low self-fert.ility.

Generally for the hybríds, Hl, H2 and H, there was liÈtle differ-

ence between untripped and tripped treatments possíbly because the

hybríds have a high level of seed set in untripped flowers and a further

improvement could noË be expected.

Consideration wíll now be gíven Ëo the dírect comparison of

hybrids with their parents and the response to trippíng. The results in

Table 4l- show that the hybrids indívidually did not respond significantly

to Èrippíng although their parents (the I1s) and Èhe inbreds of the

parerrts did. The results indicate that the requiremenË for tripping was

ínfluenced by hybridíty rather than genotype.

This association of autofertilrty with hybridity could make

selectj.on for autofertile genotypes dífficult. The material needs to

be ínbred suffícienÈly before the true capability of the plant to set

seeds from untreated flowers in Ehe absence of bees ís evident. Some of

.the 12 with hi.gh seed set from unÈreated flowers may possess characters



TABLE 40:
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The effect of flower treatment on the mean seed set per

plant of progenies of different levels of hybridity. I

ProgenySeed Ilower
parent treatment I I Ht H2 HgI2

1

2

3

4

5

6

7

B

Untreated

Tripped

UnËreated

Tripped

Untteated

Trípperl

Untreated

Tripped

UntreaÈed

Trípped

Untreated

Tripped

Untreated

Trípped

Untreated

Tripped

2.4

6.4

L7 .3

19. 1

2.L

26.6

4,4

32.2

14,6

23.6
NS

0

4,9

0.4

6.1

9.4

L4.3

&

JJ

¿

¿

NS

^gJ

NS

&&

NS

T2.L

L2.9

26.8

33. 9

2L.B

22.6

11. 0

10.1

20.8

20.4

NSNS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

JJ

0

2.2

L7 .9

L6,7

15. 6

19.2 NS

NS
2.4

6.0

7.L

16. 8

B.

11.

L4.9

]-6,6

12.3

11.9

15. 1

20. 8

8.7

13. 1

L5.2

L6.2

13. 6

13.8

9.0

9.7

ú
L0.7

L2.4

NS

NS

2L.2

24.2

20.8

20.9

10. 6

10. 0

9.7

L2.2

NS

NS

2.2

3.2

2.8

33.4

8.4

L4,L

3.4

6.L

7.r
24.L

10.6

l-7.2

6.0

8.2

9.8

9.2

NS

NS

¿¿

tr*

J

¿ú ú

t6.4
2L.4

ù& NS NS

UntreaËed refer to the flowers used as control. There were 16 flowers

untreated and 16 flowers tripped for each plant.

IAverage of 9 plants.
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TABLE 41: Mean number of seeds per plant produced by untreated and

tripped flowers.

Seed
Flower
tTeatment

Iemale
Inbred Parent Hybrid Male

Parent Inbred

1UT 0

6.0

1.0

4.3

1.0

6.0

3.2

38.2

7.3

18. 9

1.0
3.2

5.1

10. 1.

9.1
LT.7

20.7

20.L

15. 0

18.9

2L.7

24.9

L7.3

15. I

19. B

2t.8

L2.O

15. 1

23.3

26.6

2L.O

22.6

15. B

18. 1

0.2

8.3

10.9

13. 0

0.4

8.7

2.L

10.4

6.3

L4.6

3.8

13.8

3.3

14. B

10. 1

L6.4

5.4

L6.7

LL.2

13. B

11. 0

19. B

7.3

tB. 9

5.4

L6.7

IL.2
13. B

&

ú&

*?t

^L¿

TS

¿J

NS

0.4

2.4

0.4

8.9

NS

&&

3.1

8.2

3.0

6.4

8.0
LI.2

8.7

9.8

4.5

12.o

*

&

úJ

J. J.

J-.L

¡¿

NS

¿¿

**

JT

T

2UT
NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

¿

4UT

3UT

5UT

T

T

T

T

T

T

T

T

T

T

11. 0

19. 8

13.7

18.4

9,4

31.9

11. 9

14,L

1.3

5.8

J.J

NS

J

**

J

NS

NS

NS

NS

¿¿

NS

JJ

NS

6UT

7 lJT
&

BUT

9UT

10 UT

]-1 UT

L2 UT

T

11.1

24.8

0.4

8.7

2,7

10.4

6.3

L4.6

**

&¿

¿J-

&ú

10.1

29.7

ro.2
2L.B

o.2

8.3

l-3.7

18.4

3.1

8.2

3.0

6.4

8.0

LL.2

11.9

L4.L
¿

L2.7

12.3

10.9

13,0 NS

3.8

13. I
18. 9

20.6

L0.2

2I.B

UT Untreated control

NS

T Trípped

NS
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conferring hígh autofertílity.

The heterosis of the hybrids in relation Ëo their parents vlas

apparent in the untreated flower treaÈments, and ín the tripped flower

treatment. The seed set of tripped flowers indicates the level of

self-fertility. Heterosís was strongl,y expressed when the self-fertility

of the parents was low (e.g. Cross 2 and 3), buÈ hybríds from parents

showing good self-fertility had little improvement above the míd-parenË

(Crosses 4, 5 and B, Table 42). Such a situation rnight result from a

level of seed set that approaches the maximum possible before other major

lírniting factors come ínto p1ay.

The number of seeds per pod was not influenced by tripping ín

the various types of progeníes (Tables 43 and 44).

4.6,3 Vegetative and floral characters.

' A study was made of the vegetative and floral characters to see

if they could account for the high yíelds of the hybrids.

In general with the exceptíon of plant height, there qlas no

consistent advantage shown by the hybrids over the oËher progenies. In

the comparison involving various inbreds and hybrids (TZ, 11, H1, H2 and

HS) the hybrids were taller than the inbrecls (Table 45).

For most of the other characters the hybrids H1, H2 and H, were

not superíor to I2r I, and OP and ín some were signífícantly inferior.

This is supported by the values in Tabtes 46 to 49 where details are

given of the vegetatíve character of the parents and their hybrids. The

superiority of the ínbreds and parents over the hybrids for some of the

vegetatíve characters may be a dírect consequence of their lower yields.

The sf-ems may have a greaEer weight in the inbred and parents when less
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TABLB 42: Percentage heterosis of the crosses based on the seed

set. of tripped flowers.

Cross
Hybríd
seed
set

Mid-
parent
seed set

Heterosís
above M. P.

High-
parent
seed set

Heterosis
above ll. P.

"/.

1

2

3

4

5

6

7

8

9

LL.7

20.L

18. 9

24.9

15. 1

2I.B

15. I

26.6

22.6

18.1

L2.3

20.6

9.2

5.3

7.6

2L.6

14.1

13. 0

9.4

25.8

13.4

TL.2

9.7

16.5

27

279

L49

15

7

6B

61

3

69

62

27

25

10.1

8.2

8.9

31. 9

18.4

L4.L

13. 0

29.7

18.4

14. 1

13. 0

2L.8

L6

L45

TI2

-22

-18

55

16

-10

23

28

-5

-6

10

11

I2
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TABLE 43: The effect of flower treatment on the mean number of

seeds ín the pod of progenies of dífferent levels of

hybrÍdity.

Progeny
Seed Flower

parent, treatment I I Ht Hz H
2 I 3

1

2

3

4

5

6

7

I

Untreated

Tripped

Untreated

Trípped

Untreated

Trlpped

Untreated

Tripped

Untreated

Tripped

Untreated

Trípped

Untreated

Trippe<1

Untreated

Tripped

No pods

3. 00

2.83

3.26

1.50

1.81

3,r2
3.L2

2.79

3.34

No pods

2.L0

2.43

2.46

2.22

2.30

2.L5

2.25

2.O9

2.L4

2.06

2.5r

3.16

3.L4

2.BL

2.70

2.79

2.59

2.4L

2.5L

2.49

2.53

L.97

2.r8

2.47

2.68

2.28

2.7 4

2.7 4

2.63

2.77

2.64

2.56

2.42

2.4L

2.7 4

3. 09

2.56

2.6L

2.33

2.6L

2.L5

2.83

2.4s

2.7L

2,84

2.55

2.79

2.27

2. 00

2.35

2.30

2.86

2.65

2.57

2.40

2.46

2.42

2.76

2.L8

2.38

1. 98

2.3L

2.67

1.78

1.56

3. 00
J&

No significant difference between treaÈments for all progenies

except t}le 2 indfcated.
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TABLE:44:Mean number of seeds per pod produced from untreaÈed and
tripped flowers.

Seed
Flower
treatment.

-_-___ i'914e1_e-_.__

Inbred Parent Hybríd Male
Parent Inbred

lUT

2. UT

3UT

4UT

no pod

3. 31

L.L]
2.1.9

1. 50

r. 7B

2.6L

3. 50

2.25

2.62

1. B3

2.24

2.r7
2.27

2.40

2.66

2.00

3.28

1. 9B

2.43

2,33

2.54

1.65

2.24

2.94

3.L2

1. 00

2.00

1. 00

2.23

2.5L

3. 3s

2.TL

2.46

2.23

1. B4

2.33

2.4r

2.34

2.82

2.00

2.r8

3. 00

2.2L

2.22

2.06

2.77

3. 03

2.95

2.93

2. B3

2.77

2. 57

2.64

2.64

2.53

3.01

2.97

2.43

2.26

2.54

2.59

2,20

2.33

2.96

2.BL

2.56

2,52

2,89

2.7 0

2.23

2.25

2.OO

2.LB

3.00

2.2r

2.22

2.06

2.77

3. 03

2.64

2.54

2.77

2.42

2.30

2.57

2.I5
2.66

2.LL

2.46

2.23

1. B4

2.30

2.57

2.L5

2.66

2. 00

3.28

1. 98

2.43

2.33

2. s4

1. 65

2.24

2. B0

2.57

2.03

2,36

2.22

2.s4

L.7L

L.92

2.25

2.62

1. 83

2.24

2.22

2.54

1. 71

L.92

J

T

T

T

T

T

T

UT

T

7

T

T

T

T

T

5UT

6UT

8UT

9UT

10 UT

11 UT

L2 UT

s

&

J.

UT = Untreatedcontrol T=Tripped

All UT and T not significant except for the pairs índicated *
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Mean plant height, stem nurnber, stem weight and raceme

number per plant for progenies wíth different levels of
'|

hybridíËy. ^

Seed
Character parent

group
tlTz OP H H

"3
LSD

21

Plant

height

Stem

number

Stem

!üeight
(e)

Raceme

numbcr

80.1

7 6.9

79.2

72.r

88. 6

82.3

A

B

89. 1 93.9 90. 1 4.7

84.4 87.6 9r.3 6.9

A 5.44 4.s0 4.06

B 4,89 4.86 5.19

A 61. B 46.5 55. B

B 32.9 27 .s 28.L

4.97

5 .64

49.3

29.O

4,92

5.2L

4r.3

4r.7

4. 81

5.56

38.2

36.2

0.7 4

NS

B.B

5.1

A

B

9L.4 B1.B 76.2 B0.B 72.4 66.L 9.8

68.2 66.9 69.0 68.8 79.O 74.3 NS

1Average of 9 plants. This applies to other tables ín this experiment.
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Mean plant he.ight (cm) of parents, inbreds and

hybrids.

Female Male
Cross HybrÍd ParenË InbredInbred Parent

1

2

3

4

5

6

7

I

..9

10

11

L2

78

86

93

100

90

86

BO

89

107

87

92

B7

92

95

93

101

90

87

8B

B9

109

92

9T

80

96

93

100

L02

94

95

B2

97

l_05

96

99

93

109

92

9L

BO

B1

BO

82

94

90

87

B2

94

L07

87

92

87

100

86

78

89

90

B6

78

B9

L.S.D. between any two means = 10
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TABLE 47: Mean number of stems per plant for parents, inbreds and
' hybrids.

Female Hybrld Male
Cross

Inbred Parent Parent Inbred

1

2

3

4

5

6

7

I

I

10

11

t2

4.00

3.22

3.89

4.22

4.37

4.67

5.67

3.56

2.33

4. 00

5.67

6,56

3. 89

3.25

4.00

4.44

5. 89

4. 1_1

6.44

3. 89

2.89

s.44

4.78

s. 89

4. 33

4.LI

s.44

5. 78

4.67

4.78

7.LI

4,00

4.L4

4.89

6.22

5. 00

2.89

5.44

4.78

s. B9

6. B9

3.67

5. 00

5. s6

5.89

4.LL

5. 00

s. 56

2.33

4. 00

5.67

6.56

6.22

3.87

5.22

5. 00

4.37

4 .61

5.22

5.00

L.S.D. between any t\,üo means I.27
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Mean stem weight (g) per plant for parents, j-nbreds and

hybrtds.

Cross
Female Hybrld Male

Pareirt InbredInbred Parent

:l

2

3

4

5

6

7

8

9

10

l-1

L2

64.7

62.7

94.2

87 .7

28.L

4L.3

55.l_

40.6

6e.4

56.7

69.L

51. I

53.6

81.1

95. I

77 .4

3r.4

40.9

60.1

35.0

89.2

90.0

65,9

31. 1

7 3.2

44.6

67.4

45. 0

29.3

35.0

3s. 9

36.7

42.O

44.6

49.O

36.L

89.2

90. 0

65.9

31.1

24.2

26.7

32.8

49.O

3L.4

40,9

32.8

49.0

68.4

56.7

69.1

51. I

46.O

29.2

24.6

36.6

28.L

4r.3

24.6

36.6

L.S.D. between any two means 2L.O

i
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Mean number of racemes per plant for parents, inbreds

and hybrids.

Cross
Female Hybrid Male

Parent InbredInbred Parent

1

2

3

4

5

6

7

I

9

l_0

11

L2

c\

75.L

70.2

90.2

7L.6

64,s

72.L

87 .7

50.0

59.2

6L.9

110.7

9r.7

73.9

86.6

95 .6

77.2

7 5.9

66.8

100.0

54,9

80.2

91.6

96.4

7t.3

87. 3

63.9

97 .9

74.9

58. 3

67 .L

82.6

60. 1

64.9

77.8

98.4

67 .L

80.2

9L,6

96.4

7L.3

7L.9

45,6

67 .L

79.4

75.9

66.8

67.L

79 .4

59.2

6r.9

110.7

9L.7

7L,6

sB. 0

5s. 9

69. 0

64.5

72.r

5s.9

69.O

L.S.D. between any tl¡¡o means 18. I
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meËabolíc material has gone into the- gro\^7th of pods and seeds.

It may be concluded that the higher yields, the lower need

for tripping and the greater number of seeds per plant exhibíted by the

hybríds are Ëhe heterotic characters and that vegetative characters do

noÈ show any evidence of heterosis in this material of Vicia faba-

4.6.4 Conclusions.

1. Yield was influenced by hybridity and íncreased markedly from

the 12, 11, OP to the hybríds. Increasing dissimílarities

betweerr parerÌLs of sorue hybríds did not result in those hybríds

having lncreased ytelds.

2, Heterosís for yíeld and seed set hTas expressed strongly over

the mid-parent and Èhe hígh parent in many crosses.

3. There $Ias no relationshíp between yield of the parenÈs and that

of Lhe hybrids.

4. Inbreds buË not hybrids generally responded to triPping.

5. A problem of lov¡ self-fertility that lirnited seed set \^7as found

in some inbreds.

6. Other inbreds \nrere not af fected by further inbreeding and

produced yíe1ds not much lower than those of hybrids.

7 . In all progenies, the number of seeds per pod \¡/as not inf ltrenced

by trippíng.

B. In contrast to yield and the number of seeds set, there \¡las no

expressíon of heterosís for vegetatíve character or in the number

of racemes.
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4.7,0 Miscellaneous studies.

As with any nevr crop thet:e aÏe many aspects of íts eulture or

biology that are unknor¿n and needed investigatíon. These were assess-

ed in supplernentary experírnents. They included the vegetative

propagation of I/. faba ar.d the effect of scarification of Èhe stí-gma

on pod and seed set.

4.7.1 Vegetative propagation of V. faba.

It would have been much simpler to resolve some of the matters

considered irr l-hls LhesÍs if ít had been possible to vegetatively

propagate genotypes. For example the low production of seeds per plant

would noL have been importânt if the genotypes could have been propagated

as clones.

In a study of vegetative propagation, several experiments \^7ere

conducted on the feasíbilíty of propagatíng stem cuttíngs of various

length and from different parts of the stem. Mist propagatíon equip-

ment $/as used for the experíments. Cuttíngs ü/ere kept ín the prop-

agator for 15 days. In one study 24 stems l¡/ere taken from 12 plants.

These were divided into cuttings of the terrninal, i-ntermediate and basal

portions of the stems. Half of these cutËings served as controls and

the other half were treated with Seradix.l There r¡las no advanËage

attributable to Seradíx. The crrttíngs bearíng the terminal bud had

the highest frequency of rooting and tne number of roots (Table 504).

In another study it was found again thât the terminal portíon of the stem

Seradix 1, a commercial ro.oting powder for softwood cuttings containíng
4-indol-3-ylbutyric. acíd (IBA) .

1
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TABLE 50: The effect of rooting compounds on the rootíng of cuttings

from different Parts of the stem.

A

1

Cuttíng
Number of cuttings rooted Roots per cutti.ng

Control Treated Control Treated Mean

Terminal

Intermedíate

Basal.

5th node Single
node

10th node cuttings

7

3

2

2

4

9

6

3

4

4

L2..7

2.8

1.1

1.6

L.7

L4.2

1.3

0.9

0.5

4.0

13./r

2.4

1.0

L. S.D.
=2.2

1.0

2.8

N. S.

lTh. *.*i*um possi,ble r,¡as 12

B

2No. of cuttings rooted

IBA O s000 100000

Roots per cutting

0 5000 10000

Cuttíng
Terminal

Intennedíate

Basal

6

6

5

6

6

5

6

6

3

53.7

7.5

3.0

58.0

62.7

42.8

33. s

57 .7

35. B

LSD between any 2 means
= 28.7

2Thu *r*imum possible was 6
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had the greatest number of roots and did not benefit from the applica-

tion of a rooting êompound, IBA (Table 50B). The lower portions of

the stem r¡rere found to benefit frorn treatment r^rith IBA at 5,000ppm in

50% ethanol buË concentrations as high as 10r000 ppm \¡lere unnecessary

and were no better than 5,000 pPrn.

There \^/as no difference in the abílity of cutt-íngs with 3 or

5 nodes to produce rooËs T:ut the presence of the terminal meristem was

necessary for good root production (Tab1e 51).

TABLE 5l: Itooting of cuttings with different number of nodes wl-ttr

and without terminal bud.

Cuttíng
length

Mean number of rootsl
I{ith terrninal bud I'Iithout Ëerminal bud

3 nodes

4

5

Mean

19. 0

19. 0

23,O

4.2

13. 8

8.3

20,3 8.8

L.S.D . = 6.6

rMaximum of 2

Síngle-node cuttíngs $/ere capable of producing roots (Table 52).

The cuttings had very lÍLtle vigour and their success was low when

transplanted to the field.

Although these results have shown that cutÈings from varíous

portions of the stem cari produce rooËs the only cutting that has a good

producËíon of roots and a high rate of success is the termínal portion

of vigorously growing shoots. Furthermore the cuttings without a

termínal bud were unable to contínue growth unless a lateral. bud developed.
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TABLE 52: Mean number of roots produced from síngle node cuttíngs 1

CharacÈer
Position2
of cuttíng

PPM IBA

0 5000 10000

Number of
cuttíngs
roo ted

RooËs
per
cutting

Node 6

Node I

Node 10

Node 6

Node B

Node 10

Mean

2

1

0

4

3

1

6

5

5

3. 00 o.67

4. 50 0

3. s6 2.06 0.33

L.S.D. = 1.3r

l".rn of 9 cuttings
2Th. ,rod" number refers to the position on the stem counting
dor¿nwards from the first visible node on the shoot apex.

The development of the lateral bud was infrequenÈ and lrregular (Table 53).

TABLE 53: The number of propagules that develop to pod production.

Number of propagules
Cuttíngs

Transplanted Produced lateral Flowered Podded
shooË

3.r7 3.67

2.L7

0. 33

0.33

tr{íth terminal bud

trùithout terminal bud

16 4

4

T6 16

2311
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If propagules can only be successfully obtaíned from termj.nal

portíons of the stem no great advarrtage in the use of vegetative propaga-

tíon can be expected with existíng techniques. This would represent an

ínsuffÍcient mulÈiplícation of material. Further refinements of Lhe

Èechnique should be explored as the benefit from vegetative propagation

would be considerable. These refinenents might involve temperature

control of the r:ooting bed, varíous concentrations of several growth

substances to encourage root and lateral bud development. Improvements

ín the handling of rooted cuÉtings and transplanting needs also to be

investigated. This may require treatment agafnst root paLlIogeIì ur

environmental "hardening" of the cuÈtings.

4.7.2 The effect of scarification of the stigma on pod and seed set.

In 1974 the effect of scarificatíon on the pod and seed set of

24 plants was studíed. The plants \^rere represenÈatives of 3 populations

with B plants of each. The plants r^/ere gro\^In in 25cm diameter poËs in

the glasshouse. At the tíme of treatment none of the plants had set

any pods from flor¿ers and the plants appeared autosterile. Treatments

were applíed to Èhe 2 lowest flowers in each pair of ínflorescences.

On a plant, one inflorescence was trípped and the other tripped and Èhe

stigma scarified by gently strokíng with a toothpick. It hras then re-

pollinated rvith self pollen from hTithín the keel petals. The results

are given below.
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Population

IPod n.umber per plant Seed number per plant

Trípped Scarified Tripped Scarified

1

2

3

0

0.62

0.25

L.25

L.T2

1. 8B

1. 38

0.62

3. 00

2.38

6.25

0

Mean

t s.n.

o.29

0. 11

r,42

0,32

0.67

0.28

3. BB

0. 96

I
Maximum of 2

The effect of scarificat,ion r4ras to cause more rupturing of the

stímatíc papillae and membrane Èhan would have resulted from tripping

alone. This apparently leads to a betÈer pollen germination and a

beËter pod and seéd set.
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5.0.0 DISCUSSION

The first part of the díscussion deals with various aspects of

the autofertility foun,J ín the introduced populaÈions, ínbreds and

hybríds. The following section is devoted to the effecË of f1or,¡er

treatments on yÍeld. Yield is an important objective in the breeding

of V. faba and the characters r¡hich can possíble affect yíe1d are

reviewed. Some consideration/ is then gíven to the breeding alterna-

tives that are open to a plant breeder. And final1y, it ís appropríate

Ëo refer to the special problems of experimentation that are encountered

wíth I/. faba,

5.1.0 Autofertilíty.

a) Autofertility of the material studied.

A wide variation ín autofertility was found r¡ithin an,J between

the 100 introduced populations. This variation was evident in

(a) the number of pods produced by a plant (the level of autofertilíty)

and (b) the number of plants in a population that produce pods number

of autofertile planÈs). ltríthin a population it was possible to fínd a

range of plants from those that díd not bear a single mature pod to planEs

with more than 20 pods. Differences between poþulations were found ín

the ngmber of autofertile plants. In some populations all the plants

\^rere sterile whereas in others a variable number bore pods.

The variation in autofertitity of the íntroduced populations and

the level of autofertiliÈy of the plants was possible due to the míxed

naËure of tb.e populatio inbred and hybrid plants a result of

open-pollinatj-on during the seed rnultíplication phase.
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More uníformity was obtained by using inbred poptrlations (lines)

in the second study (Se-ction 4.2.0). In thÍs study nearly all the plants

bore some pods but there were variation betr¿een the 20 populations ín

number of pods on a plant Ehat is to say tl-re level of autofertility.

Later studies (Se-ctíons 4.3.0 to 4.6.0) using inbred and hybri-d

plants showed large differences in the level of autofertil ity. Inbreds

\¡/ere generally of lower autofertílity than h¡rbrids.

b). Early and late autofertility.

It ís evident Ehat autofertílity changed during the season. In

the 32 populations, many more plants (an additíonal L27") were fertile

at the end of the season (27 vreeks after sowing) than early ín the season

(19 weeks). The later autofertility was not due to the late procluction

of flowers as all plants had flowered by the l5th week. It has been

reported in England that y. faba pLants with inaclequate bee-pollination

of early flowers set more pods on later florvers (Riedel and ltlort, 1960)

and Poulsen (L975) suggested thaÈ late pod set v/as a survíval mechanism

should bee-pollination be inadequate. Features of the southern Australian

environment are the great variation i-n the length of the growing season

and the frequent sharp curtailment of growing conditíons in the spring

or early sufirmer. In this envíronment, therefore, a dependence on late

pod formatíon would be hazardous. Plants with late autofertility ín some

seasons would be setting pods under very unfavourable hot dry conditi-ons.

In contrasE, plants with early autofertílity are able to set pods over the

whole season and should have a greater stabílity of yíeld.

c). Autofertility and se-ed síze.

In the 100 populations studied, there \das no evidence that smal1-
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seeded populations had a larger number of autofertile plants than large-

seeded populations. Howeverr the differences in the level of auto-

fertilíty among populations rras evident ín the 20 populatíons studied in

Experíment 2. I,rlhen both the number of seeds and the number of pods were

used as indices of autofertility, a negatíve correlation was obtained with

seed weight. Simj-lar negative relations was obtaíned by Yassin (f973).

It is possíble that such negatíve correlations are fortuitous ¿rnd a con-

sequence of the small number of populaÈions used ín the present and other

studíes. However, if the association between autofertility and seed size

io rcal, thcn gencs conferríng Èheee charactere \^7-ill be linked and

selection for high autofertility based upon seed numbers will lead to small

seeded varieties. In breedíng for high yieldíng autofertile types it is

possible that an optimum seed size ín relation to maximum yield could be

obtained.

forms,

damage

In fíeld beans there ís no agronomic dísadvantage Í.n small-seeded

on the contrary such types are easier to sow and harvest withouÈ

tr{here beans are beÍng used for domestic consumption, small seeds

may be a disadvantage.

The population that had the highest autofertility (seed number)

was from India but since there were only a sma1l number of populations

studied ít was noÈ possible to draw any general conclusi-on on the likely

geographic distínction of autofertile materíal.

d) . Autofertility in inbreds and hybríds.

Inbreds were found to have a lower autofertility (pod and seecl

sets) than hybríds in all experiments. A single generatíon of ínbreed-

ing was adequate to cause a loss of yield anci a lower autofertílity.
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The hybrids were highly autofertí.le. Hybrid vigour is a

phenomenon found in many species when two díssÍmilar parents are crossed.

However:, Èhe attempt to achíeve increasir-rg di-ssímilarity in the Present

study based on crosses between parents of the same poPulation (Ht)'

between populations of the sa.me seed size (H2) , and between populations

of different seed síze (H3) did not resulË in a consistent effect on

autofertility. In one group of crosses a progressive increase in auto-

fertility and yield was achieved but in the other group there \^7ere no

dífferences (Sectíon 4.6.0). The larger seed size of the widest cross

(H3) maV have influenced its yield and seerl se.t carrsing the lack of

lmprovement. Large seeded populations has been shown to be of lor^l

autofertility (SecÈion 4.2.0).

It is also possible that the H3 hydrids may not have been more

heterozygous than crosses betr¿een more similar parenÈs (H1' H2) even

though the parenÈs differed in seed size. From the results of the present

study, the only advantage ín using seed parents r^ríth different seed size

1s ttre possible íncrease ín yield through hígher seed weíghL rather than

au tofertility.

Thus although it cannot be shornm that hybrids from increasingly

dissímilaï parents have a higher autoferÈility it can be concludêd that

an advantage in hybridizatíon of I/. faba ís an írnmediate improvement in

autoferti.lity.

5.2.0 Effect of flower treatment.

a). Effect of tripping.

I,trhen the introduced populations rnrere tripped there \'¡as an íncrease
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in the number of plants that bore pods (Exp. 1). There was also an

increase in the pods set per plant when compared to untripped flowers.

Similar results were obtained usíng ínbred populations (Exp. 2).

Variation ín the degree of response rnras found among the inbred popula-'

tions (línes). Very autofertile lines showed little i,rnprovement ín pod

set with trippíng but lines with low auÈofertilíty had a significant

increa se.

The- inbred plants generally show a response to tripping indícat-

ing that when they are noË tripped their flowers are inadequately

pollinated. ltybrids have no requirement for trippíng and do not responci

to the treatment. The ímprovement from trípping was due to ari increase

in the number of pods and seed seË but not in the number of seeds per pod.

b). Effect of cross-pollination.

Cross-pollínation resulted in large improvements in pod set.

There r^ras srnall ímprovement in the number of seeds per pod; but thís

was only signifícant when compared to the untreated flowers (Exp. 1).

These results on seeds per pod together with the ones ín the paragraph

above would índicate a limited capacity for improvement l-n the number of

seeds per pod.

The hígh pod set from cross-po1línation could indícate that

self pollen \,/as less effecËive than cross pol1en in achieving fertiLiza-

tion. It míght be suggested that this was evidence of incompatíbilíty,

hor¡ever results from the scarificaLion study (Section 4.7.2) and from

ot.her workers (Drayner, L959; Holden and Bond, 1960; Hanna and Lawes,

1967; Toynebee-Clarke, L974) suggested that the process of applying

pollen rather than self-incompatíbility \¡ras responsible for the increased
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pod and seed se-t. It ís possible that when cross-pollinating, the

stigmatic papillae and membrane are- more effectively ruptured than when

flowers are only trípped. The ruptured sËigmatíc structures allow

clo'ser contact betlnleen the pollen ancl the stigma and provided the

rnoisture riecessery for pollen germination. The enËrance of a bee ínto

a flower and íts foraging may also favour rupturing of the stígmatic

surface and a higher pod seÈ.

Rowlands (1953) proposed that posÈ-fcrtilization abortion of

ínbred embryos could occur due to homozygosis of deleterious recessive

gefres. This form of self-incourpal-ibilÍLy rnras not evj-dent jn the results.

The proportion of fertilízed ovules that abort ín inbreds \^/as the sante

as Ín hybrids.

There r¡Ias an índication that a larger proportíon of young poCs

resulting from cross-pollínatj-on reach rnaturity. Ilowever the eff ec-t

was small.

In Experiment 1, 251l of the plants did not produce pods even when

they were .toss-po1linated. Such sterility \,ùas not evident ín later

studies and could possibly have been due to the poor adaptation of sone

of the introduced materíal.

5.3.0 Characters associated wíth yield improvement.

In the detailed experiment (Exp. 6) assessíng inbred parents and

hybrids, the greater yield of the hybrids was a consequence of a greater

number of seeds. Yíeld and seed number were híghly correlated (r > 0'9 ?t?t*)

whereas the correlation r^Iith seed weíght was only slight (r = 0.J tk'Å'*).

This emphasises that the greater yield of trybrids r¡Ias determíned largely by

a greater number of seeds and only slightly by an increase -in weight.
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l{hen material being assessecl is comparable, and of the. sane

generation, for example the 20 inbred populations in Experí-me-nt 2, there

r,/as no relationship between yield and seed weight.

Inlhen seeking an improvement in yield the number of racemes that

bears pods. is very irnportant. The tota.l nuntber of racemes on a plant

and ttre number of pods on a podded raceme have stnal-l effects on yield.

The number of racemes on a plant that bears pods is only 1 in four and

the number of pods on a podded raceme is usually one.

The proportion of young pods that reach matrrrity was very high

in these studies in contrast to that repor:Ëed by Kambal (L969a) ln which

approximalely 50% of young pods aborted. In Èhe pre-sent study the

problem of pod set \^ras mo-re a matter of ínadequate pollination than any

physiologica1 liuriting factor.

5.4.0 Plant vigour and yíeld improvement.

No inbreeding depression was evident for the vegetative and flora1

characters of the plants (e.g. height, sËem number, raceme number). The

reductíon in yield followirrg inbreeding is atÈributable to low fertility

of the plant rather than low vegetative vigour.

It is unusual for a species with a high degree of cross-pollínaEion

to show ínbreeding depressí-on only in regard to fertilíty and not vegeEa-

tive vígour. Most cross-pollínated species such as maíze, J-ucerne, or

pastu-r:e grasses shor¿ a great loss of vegetative vigour from j,nbreed'ng.

The loss of fertility which is the only obvious effect of inbreedrug in

V. faba favours outcrossing. In this way the specíes has evolvc<l an

alternative breeding system to the incompatibílíty and loss of vigour that

encourages outct:ossing in other species.
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Vigourous vegetative grorvth was shown by the incleterminate

populations vrhether inbred or hybrid, and ter:minal growth continuecl to

the end of the season. Determinate forms however, ceased terminal

growtþ after 15 to 20 inflorescence were produced on a stem. The shor:t

growth peri.od of t.he determinate type is compensated for by the large

number of stems. The more rest.ricËive podding period of the determín-

ate type allowed pods to reach maturíty by the end of the growing se.ason

but wÍÊh the extended flowering of the indeterminate types, pods formed

late in Ëhe season did not develop fully. Such dífferences coulcl account-

for the higher yíelds of the determinate populatíons (Sections 4.3.2 and

4.4.L). Under southern Australian conditions, the indeterminate

forms with their tall habit are also susceptible to lodging. It would

appear: that the determinate habit is preferrable in a breeding progranme.

5" 5.0 Breeding consíderations.

a). The idenÈification of genotypes with high autofertility.

The assocj-ation of heterozygosity with autofertilíty makes j-t

díffícult to identify autofertile genotypes. A plant breeder will not

know whether an autofertíle genotype has an inherent high autofertilíty

or v¡heÈher it ís just more heÈerozygous. In Experíment 6 some inbreds

were found that did not have Èheir autofertílíty (seed set) lowered by

additional ínbreedíng, These inbreds had un<lergone t\üo generations oÍ

controlled selfing but the original level of inbreeding of thei.r parenËs

r¿as unknown. The matter may be considered theoretically. The approach

to homozygosis following inbreeding is indicated by the coefficienÊ F,

devísed by I,lrj.ght (as quoted by Allard, 1964). It is calculated as

F = r¿ (1 + Fr ) where Fr is the inbreeding coef f icie-nt of the preceding
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generatíon. Homozygosity can be expecte-d Èo incre-ase by 50% with

each generaLion of ínbreeding as given below:

Generations of j-nbreeding F

I
2

3

4

5

6

7

B

9

l0

0. 500

0. 750

0. 875

0. 938

o.969

0. 984

0.992

0. 996

0. 998

o.999

The corresponding decrease j-n heterozygosity is greatest during

the fírsË 3 generations of inbreeding and changes at a very slow rate

wíth further gene.ratíons. Therefore, if inbreeding depression occurs,

it should be greatest in the early generations. The ínbrecLs for whích

the yíelds between generations did not díf fer significantl.y \¡/ere con-

sídered to be more hornozygous -- possibly due to a longer period of

ínbreeding -- and to have reached Èheir basic 1evel of auËofertility.

Sínce the early generat.ion inbreds retain some heterozygosiLy,

selectíon for autofertility should be delayed until homozygosity is

achieved; only then can a basic level of autofertility be identified.

The btrlk population metTrod of handlíng heterozygotrs and heterogeneous

rnaterial may be suitable for sel.ecting for autofertility as it allows the

material to bècorne homozygous before selection is applied however, the

bulk plots would need to be grovm in a bee-proof cage to prevent any cross-
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pollinal-ion.

b). Self-fertílity.

The seed set of trí.pped flowers indicates the level of self-

fertility of the plants, as pollen is then not lirnitíng. A range- of

self-fertílity was evident in the inbreds but hybrids generally had a

hígh self-fertility. In'Experiment 6, inbreds were found that had

seed sets as high as the hybricis after trippÍng. Hígh self-fertility

Ín plants is a character of value to the plant breeder. tr^Ihen combined

with high autofertility, lines would be produced that self-po11i-nate anrl

produce good seed sets v/ith self-pollínation. The identification of

self-fertile genotype ís simply accomplished in a bee-proof e-nvironnent.

It only requires tr:ipping a uniform sample of flowers on the plants

the selectíon of plants wÍth a hígh pocl set.

c). Relation of progeny to parents.

An ínherited influence on autofertility was suggested by the-

results of Experiment 3. In thís experiment the crosses had cornmon

pollen parents (top-cross procedure) and common seed Pare-nts. Some

pollen parents produced hybrids with a higher autofertílity than others.

The level of autofertílíty in the inbred progeny of these seed parent

was positively correlated with the yield of the hybrids. ThÍs suggested

that autof ertility \n/as genotypically determined.

Ilowever, in Experiment 6 where hybríds and their parents and

inbrecls were studí.ed, there \¡/as no correlatíon between the yíe1ds of the

parents or ínbreds and that of the hybríd. It is not obvj.ous why a

correlation \^Ias found in Experiment 3 and not in Experíment 6.
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Differences ín the mater:ial coul.d be a factor, Experinient 3 was

undet:taken on indetermínate types !¡hereas Experiment 6 was on determin-

ate :types. Another nattet: of possibl,e r:e,levance is th¿lt the riraterial-

involvecl in the correlatj-on j-n Experimc,-nt 3 were not very rlíssirniiar in

yield whereas in Experiment 6 the inbreds had yields far below that of

the hybrÍcls. The. latter situation ::esernbles that frequently experi-ence-d

in maíze where- no correlation is obÈaí.ned- beÈween the assessment of

inbrecls and their l-rybrids.

d) . Open-po_l_li_nated popula_Liols.

Most land races and cultivars of y. faba are open-pollinated popu-

lations, Under open*pollination seeds can set from self- or cross-

pollination and the composition of a populatíon can be expecLed to vary

r¿ith the activity of the pol-linators; honeybees in Australia. If bee

activity was adequate- during floweríng, then a balance in the type of

progenies from self- and cross-fertil-ization could be expected. B;:t if

bee actívíty was low in one year, 1t would result in a large proportion

of inbred progenies. In/hen these are gro\¡rn as the crop th.e next season

they can be expected to be poor j-n autofertility arrd very dependent on

tee-pollination Èo cause pod and seed set. Thus the population balance

arrd yield will be determined by bee activity and r,¡ill vary from year to

year. Open-pollinated varí,eties cannot. be expected to be stable unless

adequate bee actj-vity is present each yea.r.

Open-polJ-inated popul.ations could be the objective in populaiion

ímprovement prograrfines. However, ttrere must be adequate bee activity to

ensure a liigh proportion of l-rybrid progenies. If bee activity is

inadequate Ín southern Australia during the rvinter it may be necessary to



158

have specialÍsed seed production, under irrigation, duríng the sunimer or

ln some other area of the country wher:e l^/inte-rs are less colfl.

Alter¡atj-ves to operr-pol-línated populatíons are high-yielding

inbrer]. l-ínes or F, hybríds. Breeding for these will be díscussed irt

the following sec.tions.

e). Inbred lines.

There has bee¡ evídence of inbreds with high autoferEílity as

well as high self-ferÈility occurring on different plants (Section 4.6.L)

Some of these inbreds had hígh seecl sets and yields of 3.5 t/ha frorn

unËreaÈed flowers. The fact that these ínbreds \^rere not selected, and

that they lrere gror¡7Tl at a density lower than commercial would suggest

the further inprovements are possible. Density in the experíment was

-,) -)7 plant m-¿ whereas the optímum density appears to be about 2-O piants rn -

(Laurence, private communication) .

The identifícation of genotypes for high autofertílity and high

self-fertility has already been dealt rvith (see (a) and (b) in this

section). In southern Aust-ralia the simplest and most practical appr:oach

with V. fa.ba would be the breedíng of inbred línes with a high level of

auto- and self-fertilíty. Inbred lines are easy to maínEain, they do

noË show a depressíon in vegetative vigour, and the farmer could produce

hís own seed.

f). Hybríd seed production.

The higher autofertility of hybrids, and the clepression in

fertility thaÈ accompanies ínbreeding, suggests that autofertilíty may be

controlled by domínant genes. If this ís true it should be possible to

breed genotypes ín which many of the favourable dominant genes are Pres€]nt
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and homozygous" Some inbreds were found r,¡i.th hígh auto- and self-

fertÍlity. However, no inbred was found Ín the experimental materíal

that out*yielded the hybríds rvhen floruers vrere untreated. High yield

ís not dependent on hígh auËofertility alone. OÈher unkno\nrn factors

of the plant could also contribute to an irnproved capacity for seed

production. If many genes are ínvol-ved selection will. be effective but

slow. Improvement will occur when far¡ourable cross-overs take place

in the 6 liukage groups. Therefore, although autofertile inbre-<ls wíth

good yíelds are possible a more rapid improvement may come from the pro-

ductÍon of hybrids,

A disadvantage with hybrid varihies is the high cost of seeds

and the need for the farmer to obtain F1 seeds each season. A hybrid

seed programme would require specíalised seed produce-rs able to maíntain

the inbreds, an efficíenË male sÈerility system lrith restorer lines aud

a suítable envirorunent. In South Australia the production of hybrid

seeds commercially could encorlnter problems of inadequate bee-pollínation.

5.6.0 Problems of experímentation with 7. faba.

I¡Iith any ner^7 crop there are many problems of loca1 adaptation

that- have to be resolved. These problems can be ínvestigate¿ ror"

readily íf uniform plant material is available. For instance, when

investigating the effects of flower treatments iË would have been of great

benefit if it had be-en possible to vegetatively propagate the genotypes.

Ho¡¡ever the number of propagules thaÈ could have been sur-rcessftrlly

propagateci from one plant-. was lirnited and these were not as vigorous as

the original plants. The propagules generally did not produce any lateral

stems (Section 4.7.L). Vegetatíve propagation of exci.sed stem apex in
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nutrient nedia r¡ras successful.ly carríed out by Aubry et al-. (1975) but

thj.s method is too slow f or curr:ent purposes.

In order to maintain some uniformj.[y in t]re material sLudied,

inbreds and various hybrid progenies r¿ere obtained from common seed

parents. However, the 1ow seed pr:oduction of the parents resulted ín

inadequate seeds of the various pr:ogenies from a plant. The large-

seeded populations were partícularly diffícult ín this respecÈ. Many

plants bore a maximum to l0 to 15 seeds. This represents a very low

number when it. was desirable t.o use the seeds in experiments irrvol-vi-ng

several- Èreatments or when maklrrg quântit.aÈ1ve breedl-ng Ëests suclt as

topcross or diallel analyses.

Additional features of y. faba which complicated experimentation

íncluded the greaÈ varíabilíty present within populations, the- inter-

medíate nature of the breedíng system r¡riËh high frequencies of self- and

cross-pollination and the uncerLainties of year to year bee activity.

It is the combination of all these features rvhich made the breeding of

v. faba a special and chal-lenging task and very different from wheat,

maíze, sorghum, lucerne or soybeans rnrhere well researched breeding

programmes have been formulated.

Clearly V. faba has a hígh yield potential in this enviroàment.

Its realisation depends on the appropriate breeding programme being

undertalcen.
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TABIE L Vicia faba introductions used in Experiment 1 (197 4)

No
Present
L{aít e
code

Prevíous
hlaite
number

Origin
100 seed
weíght
(e)

Seed
Shape

Seed
Colour

1

2

3

4

5

6

7

B

9

10

11

L2

13

I4
15

16

T7

1B

19

20

2L

22

23

24

25

26

27

139

110

090

133

151

086

131

o67

066

125

r49

051

r47

138

L07

082

088

068

056

L4L

094

077

103

092

091

2BB

031

CPI

CPI

CPI

CPI

CPI

CPI

WI

CPI

CPI

I^II

CPI

tr^II

CPI

CPI

CPI

lür

WI

I,JI

!ür

CPI

CPI

I^lI

CPI

CPI

CPI

JHS

CPI

60606

l9BBO

22BB]-

60598

226L2

L9878

5345

226L3

22894

5350

60583

5378

605BB

22878

19881

5342

5358

537L

536s

60s99

6057 2

s349

60601

60622

60603

18

22892

Tur

Ind

Cze

Tur

Ita
Ind

Swe

Ita
Cze

Tur

Tur

Cre

Tur

Cze

Ind

Cre

Sic

Cre

Cre

Tur

Tur

Gre

Tur

Tur

Tur

Cre

Cze

139.1

62.2

52.8

178.1

50.0

53. B

40. I
5s. 3

s8.6

181. 2

L24.6

100. 0

126.4

82.3

39. B

121. B

TLg.7

99.7

r52,7

L7 2,6.

138. B

193.3

r58.2

178. B

155"8

163. B

64 .6

Flat
Oval

Oval

Flat
Oval

Oval

Oval

Oval

Oval

Flat
Flat
FlaË

Flat
Oval

Oval

Flat
Flat
Flat
Flat
Tlat
Flat
FlaË

Flat
Flat
Flat
Tlat
Oval

Buff
Brov¡n

Brown

Buff
Brown

Bror¡n

Black

Bror,¡n

Brown

Buf f
Buff
Buff
Buff
Brown

Bror,rn

Buff
Buf f
Buf f
Buff
Buff
Buff
Buff
Buff
Buff
Buff
Buff
Brown

PresenÈ Vlaite code: numbers are Preceded by 100 e,B. L39 = 100139.

Origín: The countríes are represented by the ínitíal 3 letters, e.8.
Tur = TtrrkeY.
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No
Pr:esent
I^laite
code

Previous
I,traite
number

OrÍ-gin
100 seed
weight
(e)

Seed
Shape

Seed
Colour

28

29

30

31

32

33

34

35

36

37

38

39

40

4T

42

43

44

45

46

47

4B

49

50

5I
52

53

54

55

56

57

58

59

089

03s

037

034

065

070

039

038

o27

004

286

287

026

111

100

014

075

L20

015

061

063

146

o29

028

020

095

L23

041

043

080

087

113

CPI

!¡r

!ür

I^II

CPI

CPI

trür

I^lI

CPI

l,rlI

JHS

JHS

CPI

WI

CPI

CPI

}TI

CPI

CPI

WI

CPI

CPI

CPI

CPI

CPI

CPI

I,JI

I^lI

CPI

CPI

I,JI

I^lI

Tur

Cre

Ita
Gre

Tur

Tur

Cre

Swe

Tur

Tur

Cre

Cre

Tur

Yug

Cze

Tur

Cre

Cze

Tur

Swe

Cze

Cze

Tur

Tur

Tur

Ind

Cre

Cre

Ita
Tur

Ita
Cre

60584

5340

5357

537 7

6058 7

6058 9

537 5

s344

60608

5370

16

17

606L2

53s5

22885

606L9

5376

22898

60580

537 4

22882

22890

60607

60s85

60609

L9879

5351

5353

22615

60586

5362

5372

r54.6

65 .6

t52.4
L27.6

14Q. 3

140.9

r34.2

48.9

r49 .4

14B. 5

t97,.0

L26.4

179.4

]-52.L

60. s

153.3

ts4.9
69.5

L86.4

97 .2

78.4

47 .B

1s0.3

L77 .0

79 .4

75. 0

183.3

62.4

53.2

198.8

7.8r.2

L74,2

Flat
Oval

Flat
Flat
Flat
Flat
Flat
Ova1

Flat
Flat
Flat
Flat
FlaL

Flat
Spherical
Flat
Flat
Oval

Flat
Flat
Oval

Oval

FlaÈ

Flat
Oval

Oval

Flat
Oval

Oval

Flat
FlaL

Flat

Buff
Brown

Buff
Buff
Buf f
Buff
Buff
Brown

Buff
Buff
Buff
Buff
Brrf f
Buff
Brown

Buff
Buff
Brown

Buff
Brown

Brown

Brown

Buff
Buff
Brown

Brown

Buff
Brown

Brown

Buff
Buff
Buff
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Pre.sent
No. tr{ai-te

code

Previous
I,'laite
number

Origin
100 seecl
weight
(e)

Seed
Colour

Seed
Shape

60

6L

62

63

64

65

66

67

6B

69

70

7L

72

73

74

75

76

77

7B

79

80

8r

B2

B3

B4

B5

86

87

BB

B9

90

OBI

074

L34

136

148

TL2
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No
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TABLE 2 : Sowing and harvesting date-s

Experiment Year Sown Harvested

I

2

3

4

5

6

r97 4

L97 6

L975

L97 5

L97 6

L97 6

l(ay 2

May 1.9

May 6

May 6

May 19

May 18

November

Novenrber

Nove.mber

November

November

November

29

December 2

26

t9

25

22

1B

26

2L

L]

23

l5

to

to

to

to

Ëo

to




